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ABSTRACT: Although intravenous thrombolysis with alteplase remains the primary treatment for acute ischemic stroke, tenect-
eplase has shown potential advantages over alteplase. Animal studies have demonstrated the favorable pharmacokinetics
and pharmacodynamics of tenecteplase. Moreover, it is easier to administer. Clinical trials have demonstrated that tenect-
eplase is not inferior to alteplase and may even be superior in cases of acute ischemic stroke with large vessel occlusion.
Current evidence supports the time and cost benefits of tenecteplase, suggesting that it could potentially replace alteplase as
the main option for thrombolytic therapy, especially in patients with large vessel occlusion.
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ally and ischemic stroke constituted more than

60% of all incident strokes in 2019." Intravenous
alteplase thrombolysis was approved by the US Food
and Drug Administration in 1996, and has become
the first-line treatment for ischemic stroke due to its
high-quality evidence for nearly 30years,? but there
are concerns including hemorrhagic complications, re-
stricted fibrinolytic efficacy, and achieving arterial reca-
nalization in less than 40% of patients.® Tenecteplase
(TNK-tissue-type plasminogen activator) has a lon-
ger half-life, with more fibrin specificity and possibly a
lower rate of intracranial hemorrhage than alteplase,
which may make it a better thrombolytic agent.*®
When compared with alteplase, tenecteplase is easier
to administer,” which reduces the potential for medi-
cation errors, dose interruption, and time delays. This
improved ease of administration also facilitates inter-
hospital transfer.

Tenecteplase has been suggested to improve reca-
nalization and reperfusion without increasing the risk
of hemorrhage and may lyse large vessel clots more
effectively.8® Based on these findings, some national

Stroke is the second-leading cause of death glob-

guideline committees have endorsed tenecteplase in
lieu of alteplase for intravenous thrombolysis in patients
with intracranial large vessel occlusions (LVOS) eligible
for thrombectomy, while grading these recommen-
dations as being of weak strength and low quality of
evidence.?'°

Studies about tenecteplase are emerging and,
globally, more than 20 trials have been completed
or are ongoing. The phase 3 trials AcT (Intravenous
Tenecteplase Compared With Alteplase for Acute
Ischaemic Stroke in Canada)'’, TRACE-2 (Tenecteplase
Versus Alteplase in Acute Ischemic Cerebrovascular
Events-2),' and ATTEST-2 (Alteplase-Tenecteplase
Trial Evaluation for Stroke Thrombolysis-2)'® recently
provided robust results that 0.25mg/kg tenecteplase
was not inferior to alteplase with a similar safety pro-
file within 4.5hours of symptom onset. The latest 2023
European Stroke Organisation guideline' strongly rec-
ommended that 0.25mg/kg tenecteplase can be used
as an alternative to 0.9 mg/kg alteplase for patients with
acute ischemic stroke (AIS) or stroke due to LVO within
4.5hours of onset. The 2023 edition of the National
Clinical Guideline for Stroke for the United Kingdom
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Nonstandard Abbreviations and Acronyms

AcT Intravenous Tenecteplase
Compared With Alteplase
for Acute Ischaemic Stroke
in Canada

AIS acute ischemic stroke

ATTEST Alteplase-Tenecteplase Trial
Evaluation for Stroke
Thrombolysis

Tenecteplase Versus
Alteplase Before
Thrombectomy for Ischemic

EXTEND-IA TNK

Stroke
ICA internal carotid artery
LvVO large vessel occlusion
MCA middle cerebral artery
mRS modified Rankin Scale
MSU mobile stroke unit
NIHSS National Institutes of Health
Stroke Scale
NOR-TEST Norwegian Tenecteplase
Stroke Trial
RD risk difference
sICH symptomatic intracranial
hemorrhage
TRACE Tenecteplase Versus

Alteplase in Acute Ischemic
Cerebrovascular Events

and Ireland also recommended that thrombolysis with
alteplase or tenecteplase should be considered for pa-
tients with AIS within 4.5hours of known onset.”® In the
real-world setting, many centers have switched from
alteplase to the off-label use of tenecteplase based on
the clinical trial data and guideline recommendations.

This review provides a comprehensive summary of
the recent advancements in the use of tenecteplase
for AIS.

PHARMACOKINETICS AND
PHARMACODYNAMICS OF
TENECTEPLASE

Cross-linked fibrin proteins, as one of the main compo-
nents of a thrombus, can be dissolved through the pro-
cess of fibrinolysis.'® Vascular endothelial cells secrete
tPA (tissue plasminogen activator), which has the abil-
ity to convert plasminogen to plasmin. Subsequently,
plasmin enzymatically cleaves the fibrin skeleton, lead-
ing to the dissolution of the thrombus and the recanali-
zation of the occluded vessel.'"'®
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Tenecteplase is a genetically engineered mutant tis-
sue plasminogen activator that possesses 3 sites of
amino acid replacements as compared with alteplase'®
These structural alterations endow tenecteplase with
advantages in pharmacodynamics and pharmaco-
kinetics (Figure 1).47620 Tenecteplase exhibits a more
prolonged half-life and slower plasma clearance, fa-
cilitating its administration as a single bolus instead
of a bolus accompanied by continuous infusion,
which makes it better for interhospital transfers.”2!2?
Furthermore, tenecteplase has a 14-fold increase in
fibrin specificity and an 80-fold higher resistance to
PAI-1 (plasminogen activator inhibitor-1) compared with
alteplase.”® Theoretically, tenecteplase should have a
greater rate of recanalization and a lower risk of hemor-
rhagic events when compared with alteplase.?® When
considering these pharmacokinetic and pharmaco-
dynamic characteristics, tenecteplase is a reasonable
and promising alternative to alteplase.

EVIDENCE FOR ADVANTAGES OF
TENECTEPLASE IN ANIMAL STUDIES

The advantages of tenecteplase in pharmacody-
namics and pharmacokinetics were proven in animal
experiments. Tenecteplase has the following charac-
teristics compared with alteplase. (1) Lower clearance:
the clearance of alteplase (16.1 mL/min per kg) was
significantly faster in rabbits compared with tenect-
eplase (1.9 mL/min per kg)."® (2) Enhanced selectivity
of fibrin: from plasma samples of rabbits with the use
of either tenecteplase (0.6 mg/kg) or alteplase (6.3 mg/
kq), investigators reported that tenecteplase had only
slight effect on reducing fibrinogen, plasminogen, and
a2-antiplasmin levels whereas alteplase caused a sig-
nificant degree of reduction of these materials. Stewart
et al** also indicated that tenecteplase has higher fibrin
selectivity than alteplase. (3) Less platelet aggregation
and more potent lysis of platelet-rich clot: different from
alteplase, tenecteplase does not enhance collagen- or
arachidonic acid—facilitated platelet aggregation at the
site of thrombolysis, which may cause the reocclusion
of the recanalized vessel.?>?% In addition, tenecteplase
has been found to reduce the inhibition of PAI-1 by
80 times when compared with alteplase. As a result,
the dose of tenecteplase needed to achieve 50% dis-
solution of platelet-rich clots in vivo was 13.5 times
lower than that of alteplase.'®?” (4) Greater thrombo-
lytic efficiency: Keyt et al'® indicated that to achieve
50% lysis, tenecteplase (0.18mg/kg) spent 3-fold less
time compared with an equivalent dose of 0.18mg/
kg alteplase (35minutes compared with 120 minutes,
respectively). In a rabbit model of carotid artery throm-
bosis, investigators found that tenecteplase was sig-
nificantly better than alteplase with faster reperfusion,
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Figure 1. Pharmacodynamics and pharmacokinetics of altepla

more durable, and more complete recanalization.?®
(5) Fewer bleeding-related events: in animal studies,
Thomas et al®® found that compared with excipients,
tenecteplase (0.6 mg/kg) caused significantly fewer in-
tracranial hemorrhages and the bleeding time did not
substantially elevate in the first hour, which was dif-
ferent from alteplase (6.3mg/kg). In addition, Benedict
et al®® reported that in comparison with alteplase, the
amount of blood loss from a deep surgical incision site
was 35% less with tenecteplase.

EVIDENCE FOR ADVANTAGES
OF TENECTEPLASE IN CLINICAL
STUDIES

Tenecteplase Thrombolysis in Clinical
Trials
Efficacy and Safety

In myocardial ischemia, an intravenous bolus of
0.5mg/kg tenecteplase resulted in similar mortality
rates but less systemic bleeding than those rates in
patients treated with front-loaded alteplase®® and led
to Food and Drug Administration approval of tenect-
eplase. Subsequently, a series of tenecteplase trials in
AIS started (Figure 2).2°-%% We summarized the base-
line characteristics and outcomes of these clinical tri-
als in alteplase and tenecteplase, which are shown in
Tables S1-S4 and S2.

Initial Investigation in the Optimal Dose of Tenecteplase

In 2005, a pilot dose-escalation safety study3* was con-
ducted on 88 patients with AIS within 3hours of symptom
onset. The study evaluated the safety of tenecteplase
doses ranging from 0.1 to 0.4mg/kg, with the primary
end point being symptomatic intracranial hemorrhage
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se vs tenecteplase.

(sICH). However, the study did not determine the opti-
mal dose for achieving favorable functional outcomes
at 3 months. A phase lIB/lll randomized, multicenter,
double-blind trial®® was conducted on 112 patients to
determine the optimal dose of tenecteplase among 0.1,
0.25, and 0.4mg/kg. The study used an adaptive, se-
quential dose selection procedure. However, the trial
was prematurely terminated as the 0.4 mg/kg dose dis-
played a high sICH rate. Furthermore, it was not pos-
sible to distinguish between the 0.1 mg/kg and 0.25mg/
kg doses as neither showed clear efficacy. It should be
noted that these findings represent early results that
informed subsequent studies. In 2012, the Australian-
TNK (Low-Dose Tenecteplase Versus Standard-Dose
Alteplase for Acute Ischemic Stroke) trial,*® another
phase IIB trial based on a perfusion imaging mismatch
and a proximal vessel occlusion within 6hours after
onset, demonstrated that tenecteplase 0.25mg/kg was
superior to tenecteplase 0.1 mg/kg and alteplase 0.9mg/
kg for recanalization and 24-hour clinical improvement,
with no additional risk of hemorrhage. A longer-term
clinical benefit (0-2 score of the modified Rankin Scale
[MRS] at 90days) was also seen in the 0.25mg/kg tier
(72% versus 40%, P=0.02). Although the sample size
was very small, it was the first trial with no truncation
to test the optimal dose for tenecteplase. Multimodal
computed tomography (CT) imaging selection crite-
ria in the trial resulted in exclusion of 79% (477/604) of
patients who were otherwise eligible for intravenous al-
teplase. Instead, The ATTEST (Alteplase-Tenecteplase
Trial Evaluation for Stroke Thrombolysis) phase 2 trial,*?
using imaging criteria as exploratory outcome measures
rather than selection criteria, found a similar percent-
age of penumbral salvage on CT perfusion imaging
when comparing 0.25mg/kg tenecteplase and stand-
ard 0.9mg/kg alteplase (68% versus 68%) administered
within 4.5hours of stroke onset. This was the first study
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Figure 2. History of alteplase and tenecteplase trials in acute ischemic stroke.

AcT indicates Intravenous Tenecteplase Compared With Alteplase for Acute Ischaemic Stroke in Canada; ALLY, Adjunctive Intra-
Arterial Tenecteplase Following Mechanical Thrombectomy Pilot Trial; ANGEL-TNK, Intra-Arterial Recombinant Human TNK Tissue-
type Plasminogen Activator (rhTNK-tPA) Thrombolysis for Acute Large Vascular Occlusion After Successful Mechanical Thrombectomy
Recanalization; ATLANTIS, Recombinant Tissue-Type Plasminogen Activator (Alteplase) for Ischemic Stroke 3—-5hours After Symptom
Onset; ATTENTION IA, Intra-Arterial TNK Following Endovascular Thrombectomy in Patients With Large Vessel Occlusion of Posterior
Circulation; ATTEST, Alteplase Tenecteplase Trial Evaluation for Stroke Thrombolysis; ATTIS, Alteplase Versus Tenecteplase for
Thrombolysis After Ischaemic Stroke; BRETIS-TNK, Intra-Arterial Tenecteplase During First Thrombectomy Attempt for Acute
Stroke; BRIDGE-TNK, Endovascular Treatment With Versus Without Intravenous rhTNK-tPA in Stroke; CHABLIS-T, Chinese Acute
Tissue-Based Imaging Selection for Lysis In Stroke-Tenecteplase; DIRECT-TNK, Randomization to Endovascular Treatment Alone
or Preceded by Systemic Thrombolysis With Tenecteplase in Ischemic Stroke; ECASS, European Cooperative Acute Stroke Study;
EPITHET, Effects of Alteplase Beyond 3Hours After Stroke in the Echoplanar Imaging Thrombolytic Evaluation Trial; ETERNAL-LVO,
Extending the Time Window for Tenecteplase by Effective Reperfusion in Patients With Large Vessel Occlusion; EXTEND, Extending
the Time for Thrombolysis in Emergency Neurological Deficits; EXTEND-AGNES, Post-Thrombectomy Intra-Arterial Tenecteplase
for Acute Management of Non-Retrievable Thrombus and No-Reflow in Emergent Stroke; EXTEND-IA TNK:Tenecteplase Versus
Alteplase Before Thrombectomy for Ischemic Stroke; HOPE, Treatment With Intravenous Alteplase in Ischemic Stroke Patients
With Onset Time Between 4.5 and 24 Hours; INSIST-IT, Improving Neurological Outcome for Acute Basilar Artery Occlusion With
Sufficient Recanalization After Thrombectomy by Intraarterial Tenecteplase; INSIST-TNK, Improving Neuroprotective Strategy for
Ischemic Stroke With Poor Recanalization After Thrombectomy by Intra-Arterial TNK; IST-3, The Benefits and Harms of Intravenous
Thrombolysis With Recombinant Tissue Plasminogen Activator Within 6 Hours of Acute Ischaemic Stroke (The Third International Stroke
Trial; NINDS, the National Institute of Neurological Disorders and Stroke rt-PA Stroke Study; NOR-TEST, Norwegian Tenecteplase
Stroke Trial; ORIGINAL, A Study in Chinese Patients to Compare How Tenecteplase and Alteplase Given After a Stroke Improve
Recovering of Physical Activity; POST-ETERNA, Extending the Time Window for Tenecteplase by Recanalization of Basilar Artery
Occlusion in Posterior Circulation Stroke; RESCUE-TNK, Rescue Thrombolysis for Medium Vessel Occlusion; RESILIENT (EXTEND-
IV), Randomization to Extend Stroke Intravenous Thrombolysis in Evolving Non-Large Vessel Occlusion With TNK; ROSE-TNK, MRI-
Guided Thrombolysis for Stroke Beyond Time Window by TNK; TASTE-A, Comparison of Tenecteplase With Alteplase for the Early
Treatment of Ischaemic Stroke in the Melbourne Mobile Stroke Unit-A; TECNO, Safety and Efficacy of Intra-Arterial Tenecteplase for
Noncomplete Reperfusion of Intracranial Occlusions; TEMPO, TNK-tPA Evaluation for Minor Ischemic Stroke With Proven Occlusion;
THAWS, Thrombolysis With Alteplase at 0.6 mg/kg for Stroke With Unknown Time of Onset; TIMELESS, Tenecteplase in Stroke
Patients Between 4.5 and 24 hours; TNK-S2B, Phase 1IB/Ill Trial of Tenecteplase in Acute Ischemic Stroke Results of a Prematurely
Terminated Randomized Clinical Trial; TRACE, Tenecteplase Versus Alteplase in Acute Ischemic Cerebrovascular Events; TWIST,
Tenecteplase in Wake-Up Ischemic Stroke Trial; and WAKE-UP, MRI-Guided Thrombolysis for Stroke With Unknown Time of Onset.
* The BRETIS-TNK (NCT04202458) and ROSE-TNK (NCT04752631) trials were completed but not published.

comparing 1 dose of tenecteplase against alteplase
with patients selected by criteria currently used in clini-
cal practice to assess eligibility for thrombolysis in a
4.5-hour window. The application of advanced imaging
for outcome assessment rather than patient selection
avoided restrictions of generalizability and some delay
in treatment initiation. However, the use of advanced
imaging did reveal some baseline imbalances, such as
differences in the proportion of patients with large artery
occlusion and baseline ischemic core volume. Although
these imbalances were not statistically significant, they
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could potentially affect the interpretation of the neutral
results. As a result, larger sample size phase 3 trials are
warranted. The pooled analysis of these 3 trials (Haley
et al, Parsons et al, and ATTEST) found that a dose
of 0.25mg/kg tenecteplase had the greatest odds of
achieving early neurological improvement (odds ratio
[OR], 8.3 [95% CI, 1.5-7.2], P=0.093) and excellent
functional outcome (MRS score 0—1) at 3 months (OR,
1.9 [95% ClI, 0.8-4.4], P=0.28), with reduced odds of
ICH (OR, 0.6 [95% ClI, 0.2-1.8], P=0.43) compared with
alteplase.®®



Wang et al

Tenecteplase Thrombolysis Followed by Endovascular Therapy
The EXTEND-IA TNK study (Tenecteplase Versus
Alteplase Before Thrombectomy for Ischemic Stroke)®
compared the efficacy of tenecteplase (administered
at a dose of 0.25mg/kg) to alteplase in thrombectomy
candidates with occlusion of the internal carotid artery,
basilar artery, or middle cerebral artery within 4.5hours
of symptom onset. The results of the study showed that
tenecteplase significantly increased the absolute rate
of successful recanalization of large vessels by 12%
compared with alteplase. The subsequent EXTEND-IA
TNK part 2 trial*” is the first substantial head-to-head
comparison of the 2 candidate doses of tenecteplase
for ischemic stroke and showed a similar percentage
(19.3%) in >50% reperfusion of the previously occluded
vascular territory comparing tenecteplase doses of 0.4
and 0.25mg/kg. There were no significant differences
in functional outcomes, all-cause deaths, and sICH
between the 2 groups. These findings suggested that
the higher dose of 0.4mg/kg of tenecteplase did not
provide any advantage over the lower dose of 0.25mg/
kg in patients with major vessel occlusion who were
scheduled for endovascular thrombectomy. In the
2019 American Heart Association/American Stroke
Association acute stroke guidelines, it was suggested
that choosing tenecteplase (administered as a single
intravenous bolus of 0.25mg/kg, with a maximum
dose of 25mg) for bridging therapy patients may be a
reasonable option over alteplase (class of recommen-
dation llb, level of evidence B-R [moderate level of evi-
dence from randomized clinical trials])."

Further Investigation of the Optimal Dose of Tenecteplase in
Phase 3 Trials

These results from the preliminary trials, though with
small samples, encouraged tenecteplase use and
lent support for phase 3 randomized trials comparing
tenecteplase with alteplase, preferably incorporating
penumbral/angiographic imaging selection. The NOR-
TEST (Norwegian Tenecteplase Stroke Trial),*® the first
phase 3 and the only superiority clinical trial of tenect-
eplase at a high dose (0.4mg/kg) versus alteplase,
enrolled 1100 patients who fulfilled standard thrombol-
ysis eligibility criteria not selected by advanced neu-
roradiological modalities in 13 stroke units in Norway.
Although tenecteplase was not superior to alteplase
for excellent outcome (MRS score 0-1), the study
added important evidence of safety. The 0.4mg/kg
tenecteplase dose was almost discarded by previous
researchers because of safety concerns. However, the
similar frequency of sICH (2%-3%) in the NOR-TEST
trial showed that tenecteplase 0.4 mg/kg has a similar
safety profile to alteplase 0.9mg/kg within 4.5hours
of symptom onset or of awakening with symptoms. A
meta-analysis®” included 5 randomized clinical trials
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(the TNK-S2B [Phase IIB/Ill Trial of Tenecteplase
in Acute Ischemic Stroke Results of a Prematurely
Terminated Randomized Clinical Trial], Australian-TNK,
ATTEST, NOR-TEST, and EXTEND-IA TNK trials) and
1585 patients (828 tenecteplase, 757 alteplase) identi-
fied a 4% risk difference for the disability-free 3-month
outcome (MRS score 0-1) (95% CI, —1% to 8%). The
lower 95% CI bound fell well within the noninferior-
ity margin of 1.3%. The additional efficacy end points
such as functional independence (MRS score 0-2) (risk
difference [RD], 2% [95% Cl, —-3% to 6%]) also met the
prespecified noninferiority margin of 5%. The rates of
sICH and mortality were low and comparable (sICH: 3%
versus 3%, RD 0% [95% ClI, —1% to 2%]; 90-day death:
7.6% versus 8.1%, RD 0% [95% CI, —3% to 2%)]). The
evidence was, however, strongly dependent on NOR-
TEST, which had a probable selection bias in favor of
minor stroke and 17% had stroke mimics, which diluted
the efficacy of tenecteplase over alteplase. The latest
published NOR-TEST 22 trial, a phase 3 and noninfe-
riority trial, enrolled patients at 11 hospitals with stroke
units in Norway with National Institutes of Health Stroke
Scale (NIHSS) score >5 and investigated the efficacy
and safety of tenecteplase 0.4 mg/kg versus alteplase
within 4.5hours after symptom onset or patients with
wakeup stroke with a diffusion weighted imaging-fluid-
attenuated inversion recovery mismatch. The 0.4 mg/
kg dose of tenecteplase yielded worse safety and
functional outcomes in moderate and severe ischemic
stroke compared with alteplase. The study failed to
show that 0.4mg/kg tenecteplase was noninferior to
alteplase in moderate and severe ischemic stroke, and
a part B trial (NCT03854500) is ongoing with a lower
dose of tenecteplase (0.25mg/kg).

The Efficacy and Safety of 0.25mg/kg Tenecteplase in Phase 3
Trials

A series of phase 2 trials proved that 0.25 mg/kg tenect-
eplase achieved better reperfusion and early neurolog-
ical improvement with no increased risk of sICH and
mortality, especially in patients with LVO and intention
to proceed to endovascular treatment. Additionally,
secondary clinical outcomes analysis showed a ten-
dency for better functional outcomes at 3 months. The
phase 3, multicenter, and noninferiority trial ACT'' re-
ported that 0.25mg/kg tenecteplase dose was nonin-
ferior to standard of care with alteplase in mRS score
of 0—1 at 90 to 120days (36.9% versus 34.8%, unad-
justed RD, 2.1% [95% ClI, —2.6 to 6.9]), meeting the pre-
specified noninferiority threshold of —5% for patients
with AIS presenting within 4.5hours of symptom onset
and eligible for thrombolysis per Canadian guidelines.
The rates of sICH at 24hours and all-cause death
within 3 months were similar between the 2 groups.
This was the first phase 3 randomized controlled trial
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to show that intravenous thrombolysis with 0.25mg/
kg tenecteplase was comparable to alteplase in terms
of efficacy and safety in patients with AIS presenting
within 4.5hours of stroke symptom onset. The large
sample size, pragmatic eligibility criteria, and consist-
ency of results across multiple secondary outcomes
and subgroups attest to the generalizability of the trial’s
results. However, these trials were all aimed to establish
the safety and efficacy profile of tenecteplase in White
patients. In East Asian patients, the rhiTNK-tPA (recom-
binant human tenecteplase tissue-type plasminogen
activator) used in China had the same terminal amino
acid sequence and a different production process for
the tenecteplase made by Boehringer (Metalyse) and
Genentech (TNKase).*® The TRACE (Tenecteplase
Reperfusiontherapy in Acute ischemic Cerebrovascular
Events) trial*® enrolled 236 Chinese patients with AIS
within 3hours of symptom onset, and suggested that
rhTNK-tPA was well tolerated with similar rates of im-
provements in neurological deficits in Chinese patients
at 0.1, 0.25, and 0.32mg/kg doses. However, the sICH
rate was numerically lower and the mRS score 01 rate
was numerically higher with 0.25mg/kg. The subse-
quent phase 3 trial TRACE-2" informed by TRACE-1
enrolled 1430 patients with AIS who were eligible for
standard intravenous thrombolysis within 4.5hours
but ineligible for endovascular thrombectomy from
53 centers in China and established the noninferior-
ity of 0.25mg/kg tenecteplase compared with 0.9 mg/
kg alteplase with a noninferiority margin of 0.937 for
the risk ratio (RR; mRS score 0-1: 62% in tenecteplase
group versus 58% in alteplase group; RR, 1.07 [95%
Cl, 0.98-1.16]). The risk of sICH within 36hours and
mortality within 90days was similar between the 2
groups. Our latest published meta-analysis®® of phase
3 clinical trials including NOR-TEST, AcT, and TRACE-2
revealed that tenecteplase was noninferior to alteplase
for achieving excellent functional outcome (MRS score
0-1) at 90days (63% versus 50.5%, RD, 0.03 [95% CI,
—0.00 to 0.06], meeting the prespecified noninferiority
threshold of —4%) without increasing safety concerns.
The meta-analysis including 4068 patients of different
races strongly recommends tenecteplase as an alter-
native to alteplase. Another phase 3 trial ATTEST-2'3
has just been presented at the World Stroke Congress
2023. In the 0.25mg/kg tenecteplase group, 885 pa-
tients with AIS who were clinically eligible for throm-
bolysis within 4.5hours from last known well, achieved
noninferior functional outcomes at 90days compared
with 891 patients in the alteplase group (90-day mRS
score distribution: adjusted conditional OR, 1.07 [95%
Cl, 0.90-1.27]; noninferiority test P<0.0001). Although
superiority tests were not significant, all MRS outcomes
at 90days favored tenecteplase and there were no
significant safety differences in this trial. The findings
from the phase 3 trial in the United Kingdom added the

J Am Heart Assoc. 2024;13:e031692. DOI: 10.1161/JAHA.123.031692

Tenecteplase for Thrombolysis of AIS

evidence in favor of tenecteplase as a standard of care
for thrombolysis.

Given the ease of use of tenecteplase versus al-
teplase, results from the AcT, TRACE-2, and ATTEST-2
trials, when combined with other evidence to date,
provide a compelling rationale and solid evidence to
switch the global standard for thrombolysis to tenect-
eplase at a dose of 0.25mg/kg in patients with AIS
who present within 4.5hours of symptom onset, indi-
cating action and modification of the current intrave-
nous thrombolysis guidelines and protocols.®®

Recommendations of Tenecteplase in Societal/Organizational
Guidelines

Based on the limited evidence, tenecteplase was
considered in specific populations based upon the
inclusion criteria of previous clinical trials®*3 accord-
ing to the 2019 American Heart Association/American
Stroke Association acute stroke guidelines.’® It may
be reasonable to choose the 0.25mg/kg tenecteplase
over alteplase in patients without contraindications
for thrombolysis who are also eligible for mechanical
thrombectomy (class of recommendation lib, level of
evidence B-R [moderate level of evidence from ran-
domized clinical trials]). The AcT and TRACE-2 trials
have provided strong evidence of tenecteplase’s non-
inferioirty. The pooled analysis including AcT in the lat-
est 2023 European Stroke Organisation Guideline'
showed an OR of 1.17 (95% ClI, 0.98-1.39) for a 90-day
mRS score 0-1 in the 0.25mg/kg tenecteplase group
with a similar safety profile when compared with al-
teplase and strongly recommended that 0.25mg/kg
tenecteplase can be used as a safe and effective al-
ternative to alteplase 0.9mg/kg f or patients with AIS
and LVO within 4.5hours of onset based on the mod-
erate quality of evidence. The updated 2023 National
Clinical Guideline for Stroke for the United Kingdom
and Ireland also recommended that thrombolysis with
alteplase or tenecteplase should be considered for
patients with AlS, regardless of age or stroke severity,
within 4.5hours of known onset.'®

Use of Tenecteplase in Specific Populations

A pooled analysis of the ATTEST and Australian-TNK
trials suggested that the benefits of tenecteplase were
possibly more prominent in the subgroup of patients
with a defined target mismatch (absolute mismatch
volume >15mL, mismatch ratio >1.8, baseline ischemic
core <70mL, and a volume of severely hypoperfused
tissue <100 mL), regarding early clinical improvement
(median NIHSS score change: 6 versus 1; P<0.001)
and late independent recovery (MRS 0-1: OR, 2.33
[95% CI, 1.13-5.94]; P=0.032).%°

Another pooled analysis of these 2 trials showed
that patients with baseline complete vessel occlusion
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had a significantly better rate of compete vessel re-
canalization at 24hours (71% versus 43%, P<0.001),
approaching rates seen in the recent endovascular
trials,®6"92 |arger reduction in 24-hour NIHSS score
from the baseline (9 versus 1, P=0.001) early clinical
improvement, and higher rate of mRS score of O to 1
at 90days (49% versus 25%, OR, 4.82 [95% ClI, 1.02-
7.84]; P=0.05), with much lower risk of hemorrhage
(3% versus 7%, P=0.002) and no sICH in tenecteplase
group. The finding suggested that tenecteplase may
offer greater recanalization efficacy compared with
alteplase, possibly more so in patients with complete
vessel occlusions on baseline CT angiography.®® A re-
cent meta-analysis conducted by Katsanos et al®* in-
cluded ATTEST, the Australian-TNK, and EXTEND-IA
TNK randomized controlled clinical trials with a total
of 433 patients with confirmed LVO. They found that
patients with AIS and LVO receiving intravenous throm-
bolysis with tenecteplase had a 3-fold higher rate of
achieving successful recanalization (OR, 3.05 [95% Cl,
1.73-5.40]) and a 2-fold higher rate of having a favor-
able clinical outcomes of MRS score 0-2 at 3 months
(OR, 2.06 [95% ClI, 1.15-3.69]) compared with patients
receiving intravenous alteplase. The 2 treatments had
a similar safety profile. The meta-analysis was the first
to date that provided clear evidence of superiority for
tenecteplase compared with alteplase for the treat-
ment of AIS due to LVO.

The TEMPO-1 (TNK-Tissue-Type Plasminogen
Activator Evaluation for Minor Ischemic Stroke With
Proven Occlusion) study,*' a dose escalation, safety,
and feasibility trial, included 50 patients with an NIHSS
score <5, intracranial arterial occlusion on CT angiog-
raphy, and absence of well-evolved infarction within
12hours of symptom onset. No drug-related serious
adverse events as a primary outcome were observed
in this trial. The single patient in the 0.25mg/kg tier with
a symptomatic parenchymal ICH had a small temporal
lobe hemorrhage (20 mL), which was transient, and she
had an independent outcome at 90days (MRS score
2). Compared with 0.1 mg/kg tenecteplase, the dose of
0.25mg/kg was confirmed to achieve higher rates of
complete recanalization (52% versus 39%) and excel-
lent functional outcome (76% versus 56%). However,
the study was a proof-of-concept safety study in a
small sample that did not compare tenecteplase to
a matched control group of patients who used stan-
dard antiplatelet treatment or alteplase. The ongoing
TEMPO-2 (NCT02398656) compares tenecteplase
0.25mg/kg with an antiplatelet agent(s) in patients with
minor stroke with LVO within 12hours of symptom
onset, targeting a sample size of 1274.

Intravenous alteplase is the only approved throm-
bolytic agent for ischemic stroke, including patients
>80years 0ld.%® The subgroup analysis from NOR-
TEST including 273 patients >80years with a medium
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baseline NIHSS score of 7 compared the efficacy and
safety of 0.40 mg/kg tenecteplase (n=130) and 0.90 mg/
kg alteplase (n=143) given within 4.5hours from stroke
onset. It identified no significant differences in the 2
treatment groups regarding the rates of excellent func-
tional outcome (MRS score 0-1) after 3 months (43.2%
in tenecteplase group versus 39.9% in alteplase group,
OR, 1.14 [95% ClI, 0.70-1.85], P=0.59) and frequency
of sICH during the first 48hours (8.5% in the tenect-
eplase group versus 7.0% in the alteplase group, OR,
1.23 [95% ClI, 0.50-3.00], P=0.65).56 In the subgroup
analysis of the EXTEND-IA TNK trials including 137 pa-
tients>80years and with LVO in the bridging endovas-
cular thrombectomy setting, a lower dose of 0.25mg/
kg tenecteplase was significantly associated with im-
proved 90-day mRS score compared with 0.40mg/kg
tenecteplase and alteplase after adjusting for baseline
NIHSS score, age, and time from symptom onset to
arterial puncture. There was no sICH associated with
tenecteplase thrombolysis.®”

Tenecteplase use in extended time windows (4.5—
24 hours, wakeup stroke, or unknown onset time) has
not been fully investigated. The subgroup analysis of
NOR-TEST®® included 40 patients with wakeup stroke
and found that there was no difference in the number of
patients achieving a good clinical outcome (MRS score
0-1) in either treatment group (68.8% versus 65.2%,
P=0.82). However, patients treated with tenecteplase
showed better early neurological improvement (87.5%
versus 54.2%, P=0.027). No sICH or mortality was de-
tected after thrombolysis. The findings were moderate
for the small sample size but encouraged further inves-
tigation in this population. The latest reported TWIST
(Tenecteplase in Wake-Up Ischemic Stroke Trial),%® a
phase 3 trial conducted at 77 hospitals in 10 coun-
tries, aimed to determine whether tenecteplase given
within 4.5hours of awakening improves functional
outcome in patients with ischemic wake-up stroke
selected using noncontrast CT instead advanced im-
aging selection. In this trial, 578 eligible patients with-
out intracranial hemorrhage and large infarct core on
noncontrast CT were randomly assigned to either 0.25
mg tenecteplase or control (no thrombolysis). The re-
sults did not support treatment with tenecteplase in
patients selected with noncontrast CT with an as-
sumption of a clinically relevant treatment effect with
an OR of 1.50 (90-day mRS distribution: adjusted OR
[aOR], 1.18 [95% ClI, 0.88-1.58], P=0.27). However, the
trial failed to reach the inclusion target of 600 patients
and thus was underpowered. The placebo-controlled
TIMELESS (Tenecteplase in Stroke Patients Between
4.5 and 24 hours) trial has just been completed.®* The
neuroimaging inclusion criteria were internal carotid
artery, M1, or M2 occlusion stroke by magnetic res-
onance angiography/CT angiography with target mis-
match profile on CT perfusion or magnetic resonance
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perfusion (ischemic core volume<70 mL, mismatch
ratio is >1.8 and mismatch volume is >15 mL). Note
that 77.2% in the tenecteplase arm and 77.4% in the
placebo arm were patients who had undergone en-
dovascular thrombectomy. In the primary efficacy end
point analysis, there was no significant difference in the
odds of a lower mRS score at 90days (common OR,
113 [95% ClI, 0.82-1.57], adjusted P=0.45). However,
complete recanalization at 24 hours was increased in
the tenecteplase group as compared with placebo
(76.7% versus 63.9%, OR, 1.89 [95% ClI, 1.21-2.95)).
With imaging selection, several other trials exploring
the efficacy and safety of tenecteplase in the extended
time windows are ongoing to provide more evidence.

The results of pooled analyses, subgroup studies,
and proof-of-concept trials in specific populations pro-
vide suggestions for patient selection for tenecteplase
thrombolysis. Tenecteplase use was clearly noninferior
overall and superior to alteplase in patients with LVO
and target mismatch but was uncertain in patients
with minor stroke, oldest patients, and extended time
windows.

Time and Economic Benefits

The ease of administering tenecteplase, which involves
a bolus-administered medication that does not require
infusion monitoring during intrahospital or interhospi-
tal transfer, may aid in decreasing dosing errors, as
well as enhancing patient workflow and potentially im-
proving outcomes. The completed phase 2 TASTE-A
(Comparison of Tenecteplase With Alteplase for the
Early Treatment of Ischemic Stroke in the Melbourne
Mobile Stroke Unit) trial®® in 5 tertiary hospitals in
Melbourne aimed to test the hypothesis that tenect-
eplase administered in a mobile stroke unit (MSU)
would result in superior reperfusion at hospital arrival,
when compared with alteplase. In this study, 104 adult
patients with ischemic stroke who were eligible for
thrombolytic treatment were randomly allocated in the
MSU to receive, within 4.5hours of symptom onset, ei-
ther standard-of-care alteplase (n=49) or 0.25mg/kg
tenecteplase (n=55), before being transported to the
hospital for ongoing care. Treatment with tenecteplase
on the MSU in Melbourne resulted in a superior rate of
volume on the posttreatment perfusion lesion on ar-
rival at the hospital assessed by CT-perfusion imaging
compared with alteplase (median, 12 mL [interquartile
range, 3-28]) versus (35 mL'®78; adjusted incidence
rate ratio, 0.55 [95% ClI, 0.37-0.81]; P=0.0030), and
no safety concerns were noted. Notably, compared
with patients allocated to alteplase, those allocated
to tenecteplase had a shorter median time between
MSU CT imaging and thrombolysis initiation and time
from MSU arrival to thrombolytic treatment. This trial
provides evidence to support the use of tenecteplase
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and MSUs in an optimal model of stroke care. This is
the first trial to provide evidence of tenecteplase use
in the prehospital setting. However, the phase 2 trial
was underpowered to show a difference in 3-month
outcomes between tenecteplase and alteplase. Phase
3 randomized clinical trials comparing ultra-early
tenecteplase use with alteplase are ongoing to inves-
tigate the long-term benefit (ACTRN12613000243718,
NCT03889249).

From an economic standpoint, the cost savings
from switching to tenecteplase can be significant. In
the United States, the substitution of intravenous al-
teplase with tenecteplase saves approximately $3000
per treatment.®® Outside the United States, switching
to tenecteplase was estimated to represent a 50%
cost savings for the medication.%® In the TRACE-2 trial
in China, the total cost of rh tenecteplase-alteplase
therapy was also lower compared with alteplase (11
255.45 versus 12 094.25 yuan).” The EXTEND-IA
TNK investigators suggest that in Australia, tenect-
eplase was associated with less additional lifetime cost
(96357 versus 106304 Australian dollars) compared
with alteplase and greater benefits in the long term.”

Whether the transition in acute stroke thrombolysis
from alteplase to tenecteplase will be cost effective or
reduce key system metrics associated with improved
outcomes (eg, door-to-needle time, door-in-door-out
time, and transport times) at a population level remains
to be seen.

Tenecteplase in the Real-World Practice

Tenecteplase use was investigated in the real world,
through mainly retrospective and small sample size ob-
servational studies (Table S3). In 2021, to compare the
safety and effectiveness of intravenous tenecteplase
(0.25mg/kg) with intravenous alteplase (0.9mg/kg) for
patients with AIS and LVO in everyday clinical settings,
Psychogios et al”' from Greece conducted a prospec-
tive study enrolling 58 patients (tenecteplase=19, al-
teplase=39) for acute reperfusion therapies (intravenous
thrombolysis with or without mechanical thrombec-
tomy). A nonsignificant higher rate of both averted
thrombectomies (31.5% versus 17.9%, P=0.243) and
sICH (15.8% versus 5.1%, P=0.318) in the tenecteplase
group was observed, and the 90-day mRS score of
0-2 did not differ between the 2 groups. A single-
center cross-sectional retrospective observational
study in 2022, including 184 patients (tenecteplase=45,
alteplase=139) with AIS due to LVO confirmed by
CT angiography/magnetic resonance angiography/
transcranial Doppler, also showed that tenecteplase
(0.25mg/kg) could be superior with a preendovascular
thrombectomy recanalization rate of 22.2% and higher
odds of excellent functional outcome (MRS score 0-2)
at 90days than alteplase (0.9mg/kg). The rates of sICH
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between the 2 groups had no significant difference.”
Estella et al”® conducted a multicenter, retrospective,
observational cohort study to compare intravenous
tenecteplase (0.25mg/kg) versus alteplase (0.9 mg/kg)
in the bridging therapy for patients diagnosed with AIS
due to LVO. One hundred patients (tenecteplase=0, al-
teplase=80) who underwent fibrinolysis at the primary
stroke center and then transferred to a comprehensive
stroke center for thrombectomy were included. The
effectiveness measured by successful recanalization
(modified Thrombolysis in Cerebral Infarction score 2b-
3) rate and excellent functional outcome (MRS score
0-1) at 90days, as well as the safety assessed by mor-
tality and intracranial hemorrhage, showed no signifi-
cant differences between tenecteplase and alteplase.
In the CERTAIN (The Comparative Effectiveness
of Routine Tenecteplase Versus Alteplase in Acute
Ischemic Stroke Collaboration), which involved 9238
patients with ischemic stroke treated with either al-
teplase or tenecteplase, the group receiving 0.25mg/
kg of tenecteplase demonstrated a significantly lower
rate of symptomatic intracranial hemorrhage compared

Table. Directions for Further Investigation of Tenecteplase
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with the alteplase group (1.8% versus 3.6%, aOR, 0.42
[95% CI, 0.30-0.58]; P<0.01)."

In addition, a multicenter prospective registry
of 588 patients with stroke (tenecteplase=234, al-
teplase=354) found that tenecteplase had higher pro-
portion of patients achieving target door-to-needle
time within 45 minutes (41% versus 29%, aOR, 1.85
[95% Cl, 1.27-2.71], P=0.001) and target door-in-door-
out time within 90 minutes (37% versus 14%, aOR,
3.62 [95% CI, 1.30-10.74], P=0.02), and unfavorable
outcomes (sICH, in-hospital mortality, or discharge
to hospice) was numerically lower in the tenect-
eplase group (7.3% versus 11.9%, aOR, 0.77 [95% ClI,
0.42-1.37]). Furthermore, the total hospital cost was
lower in tenecteplase group ($13382 versus $15841,
P<0.001).”® Another prospective study from New
Zealand confirmed that patients treated with tenect-
eplase had a shorter door-to-needle time (53 minutes
versus 61 minutes, P=0.0002) and no significant dif-
ference in sICH rates or death by day 7.8

The real-world findings suggest that tenecteplase is
relatively effective and safe, with time-saving benefits

Directions for further investigation

Ongoing trials

Tenecteplase use in extended time windows (4.5-24 hours, wakeup stroke
or unknown onset time)

CHABLIS-T Il (NCT04516993),

RESILIENT (or EXTEND-IV, NCT05199662), ETERNAL-LVO
(NCT04454788), POST-ETERNAL (NCT05105633),
TRAGE Il (NCT05141305)

Tenecteplase in the bridge EVT vs direct EVT

DIRECT-TNK (NCT05199194),
BRIDGE-TNK (NCT04733742)

Tenecteplase use for minor ischemic stroke (with proven occlusion)

TEMPO-2 (NCT02398656)

Tenecteplase use in posterior circulation stroke

POST-ETERNAL (NCT05105633)

Adjunction of tenecteplase with other drugs in the early treatment

ATTIS (NCT05604638)

Adjunctive Intra-arterial tenecteplase

INSIST-IT (NCT05657457),
INSIST-TNK (NCT04201964),

ALLY (NCT05172934),

TECNO (NCT05499832),

BRETIS-TNK Il (NCT05657444),
RESCUE-TNK (NCT05657470),
ATTENTION IA (NCT05684172),
ANGEL-TNK (NCT05624190),
EXTEND-AGNES TNK (NCT05892510)

Tenecteplase use in mobile stroke units

ALLY indicates Adjunctive Intra-Arterial Tenecteplase Following Mechanical Thrombectomy Pilot Trial; ANGEL-TNK, Intra-Arterial Recombinant Human TNK
Tissue-Type Plasminogen Activator (rhTNK-tPA) Thrombolysis for Acute Large Vascular Occlusion After Successful Mechanical Thrombectomy Recanalization;
ATTENTION IA, Intra-Arterial TNK Following Endovascular Thrombectomy in Patients With Large Vessel Occlusion of Posterior Circulation; ATTIS, Alteplase
Versus Tenecteplase for Thrombolysis After Ischaemic Stroke; BRETIS-TNK Intra-Arterial Tenecteplase During First Thrombectomy Attempt for Acute Stroke;
BRIDGE-TNK, Endovascular Treatment With Versus Without Intravenous rhTNK-tPA in Stroke; CHABLIS-T, Chinese Acute Tissue-Based Imaging Selection
for Lysis In Stroke-Tenecteplase; DIRECT-TNK, Randomization to Endovascular Treatment Alone or Preceded by Systemic Thrombolysis With Tenecteplase
in Ischemic Stroke; ETERNAL-LVO, Extending the Time Window for Tenecteplase by Effective Reperfusion in Patients With Large Vessel Occlusion; EVT,
endovascular thrombectomy; EXTEND-AGNES, Post-Thrombectomy Intra-Arterial Tenecteplase for Acute Management of Non-Retrievable Thrombus and No-
Reflow in Emergent Stroke; INSIST-IT, Improving Neurological Outcome for Acute Basilar Artery Occlusion With Sufficient Recanalization After Thrombectomy
by Intraarterial Tenecteplase; INSIST-TNK, Improving Neuroprotective Strategy for Ischemic Stroke With Poor Recanalization After Thrombectomy by Intra-
Arterial TNK; ORIGINAL, A Study in Chinese Patients to Compare How Tenecteplase and Alteplase Given After a Stroke Improve Recovering of Physical Activity;
POST-ETERNA, Extending the Time Window for Tenecteplase by Recanalization of Basilar Artery Occlusion in Posterior Circulation Stroke; RESCUE-TNK,
Rescue Thrombolysis for Medium Vessel Occlusion; RESILIENT (EXTEND-IV), Randomization to Extend Stroke Intravenous Thrombolysis in Evolving Non-
Large Vessel Occlusion With Tenecteplase; TECNO, Safety and Efficacy of Intra-Arterial Tenecteplase for Noncomplete Reperfusion of Intracranial Occlusions;
TEMPO-2, A Randomized Controlled Trial of TNK-tPA Versus Standard of Care for Minor Ischemic Stroke With Proven Occlusion; and TRACEII, Tenecteplase
Reperfusion Therapy in Acute Ischemic Cerebrovascular Events-IIl.
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in acute stroke settings. Many centers in the United
States, Canada, and Australia have switched from
using alteplase to off-label use of tenecteplase, par-
ticularly during the COVID-19 pandemic.”” However,
certain logistics must be considered when making the
switch. First, tenecteplase should be used as an alter-
native to alteplase only if it is recommended by guide-
lines or approved by local hospitals. Second, based on
current evidence, 0.25mg/kg tenecteplase is the rec-
ommended dosage. However, the drug package may
vary between tenecteplase (Guangzhou Recomgen
Biotech Co., Ltd), Metalyse (Boehringer Ingelheim),
and TNKase (Roche/Genentech) in different countries
and regions. Therefore, special attention should be
given to the preparation of intravenous tenecteplase.

POTENTIAL FUTURE ADVANCES

The introduction of tenecteplase has had a significant
impact on stroke thrombolysis. When administered in-
travenously, tenecteplase has been found to improve
reperfusion and provide similar clinical effectiveness to
alteplase in patients with AIS due to LVO. Importantly,
the use of tenecteplase has not been associated with
increased risk of intracranial hemorrhage. One of the
major advantages of tenecteplase is its ease of ad-
ministration, which could potentially lead to shorter
treatment delays compared with alteplase. Recent tri-
als have expanded the time window for tenecteplase
use to 12hours, using advanced imaging techniques
for patient selection. Ongoing trials are further explor-
ing the extension of the time window. However, there
are still some unanswered questions related to tenect-
eplase (Table). Therefore, further studies are needed
to investigate the use of tenecteplase in an extended
treatment window, in patients with minor strokes, in
combination with endovascular therapy, and in the
prehospital ambulance setting (Table S4).
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