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INTRODUCTION

The therapeutic landscape for acute ischemic strokehas evolved
considerably, mainly due to advancements in both pharmaco-
logic and mechanical interventions. Intravenous thrombolysis
with tissue plasminogen activator (tPA) remains the gold stan-
dard for eligible patients within 4.5hours of symptom onset.1,2

The extension of this window in certain cases, supported by
imaging biomarkers indicating viable brain tissue, has broad-
ened treatment eligibility.3,4 Mechanical thrombectomy up to
24hours from symptom onset has redefined outcomes for a
significant subset of stroke patients.5,6 Recent trials have con-
tinued to refine the criteria for patient selection, emphasizing
the importance of comprehensive vascular imaging and swift
workflow protocols.7,8Management of acute stroke demands a

rapid, coordinated approach that maximizes the use of existing
therapeutic options while continuously integrating emerging
evidence into practice.9

Tenecteplase (TNK), a genetically engineered variant of
tPA, is emerging as a promising therapeutic option in the
treatment of acute ischemic stroke. Developed to have a
longer half-life and greater fibrin specificity than alteplase,
TNK facilitates a more targeted and efficient dissolution of
clots.10,11 Clinical trials have demonstrated the potential
advantages of TNK over tPA, including improved reperfusion
rates and functional outcomes with lower rates of systemic
bleeding.10,12–18 This is a narrative review of the current
literature with updates on the treatment of acute ischemic
stroke with TNK.
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Abstract Tenecteplase (TNK) is a genetically engineered variant of alteplase, showing promise
for acute ischemic stroke treatment. With a longer half-life and higher fibrin specificity,
TNK enables more targeted and efficient clot dissolution. Clinical trials demonstrate
potential advantages, including improved reperfusion rates and functional outcomes
with lower systemic bleeding. Though not officially approved for this purpose by all
regulatory agencies, TNK is used off-label and in acute stroke guidelines due to its ease
of administration and effectiveness. The 0.25mg/kg dosage within 4.5 hours of
symptom onset was shown to be consistently effective and safe. Further trials are
expected to identify patient subgroups that benefit most from TNK treatment. The
present narrative review assesses the existing literature and evidence regarding the use
of tenecteplase for the treatment of acute ischemic stroke.
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CHALLENGES IN ACUTE ISCHEMIC STROKE
TREATMENT

The treatment of acute ischemic stroke presents several
challenges that impact patient outcomes significantly. One
of the primary difficulties is the narrow time window
available for effective intervention.9 This time sensitivity
requires rapid diagnosis and decision-making, which
can be hindered by delayed patient presentation to
the hospital and the time it takes to perform necessary
imaging studies.19

Additionally, there is the logistical challenge of providing
rapid, coordinated care. This involves the immediate health-
care team, emergency medical services, and the broader
hospital infrastructure, whichmust facilitate urgent imaging
and treatment. Moreover, disparities in access to stroke care,
particularly in rural or underserved regions, exacerbate
these challenges and can lead to significant differences in
outcomes among populations.19,20

Addressing these challenges requires continuous
improvements in stroke care protocols, training for health-
care providers, public education to increase awareness of
stroke symptoms, and enhanced systems for rapid patient
transport and treatment. These improvements are crucial for
increasing the effectiveness of stroke treatments and im-
proving survival and recovery rates.19–21

The use of TNK could help address several challenges
in the treatment of acute ischemic stroke. First, its
administration involves a single bolus dose, which
simplifies and speeds up the treatment process compared
with the infusion required for alteplase. This can signifi-
cantly reduce the door-to-needle time, a critical factor in
stroke management, during which every minute counts.
Additionally, TNK-enhanced fibrin specificity and longer
half-life may improve reperfusion rates, potentially
leading to better outcomes for patients with large vessel
occlusions, which are critical candidates for rapid reper-
fusion therapy.11,22

TENECTEPLASE: AN OVERVIEW

Endogenous tPA is a serine protease produced by endothelial
cells. It plays a crucial role in coagulation homeostasis by
converting plasminogen into plasmin, degrading fibrinwith-
in thrombi.23 The development of recombinant DNA tech-
nology has facilitated the production of this wild-type tPA,
making it possible to use therapeutic fibrinolysis to target
arterial thrombi and treat acute ischemic conditions effec-
tively. Tenecteplase, a variant of tissue plasminogen activa-
tor, is engineered with three amino acid modifications
relative to alteplase.11 These structural modifications
improve its pharmacodynamic and pharmacokinetic pro-
files, offering enhanced therapeutic benefits.24

Tenecteplase features an extended half-life and reduced
plasma clearance rate, allowing for its administration in a
single bolus rather than the continuous infusion required by
alteplase, which is particularly advantageous during inter-
hospital transfers (►Table 1).22 Additionally, TNK demon-
strates a more than 15-fold increase in fibrin specificity and
an 80-fold greater resistance to plasminogen activator in-
hibitor-1 (PAI-1) than alteplase.25 The pharmacodynamic
and pharmacokinetic advantages of TNK over alteplase
have been substantiated through animal studies. Tenecte-
plase exhibits a significantly slower clearance rate in rabbits,
highlighting its sustained activity, as opposed to the faster
clearance observed with alteplase. Tenecteplase also has
enhanced fibrin specificity, affecting fibrinogen, plasmino-
gen, and α2-antiplasmin levels to a lesser extent than
alteplase, suggesting a more targeted action. Additionally,
unlike alteplase, TNK does not promote platelet aggregation
facilitated by collagen or arachidonic acid at the thromboly-
sis site, which reduces the likelihood of reocclusion in
recanalized vessels. This profile suggests that TNK could be
more effective in managing platelet-rich clots without
compromising safety.11,25

Tenecteplase, known commercially as TNKase in the
United States by Genentech, and Metalyse in Europe, by

Table 1 Comparison between tenecteplase and alteplase in the treatment of acute ischemic stroke

Medication Alteplase Tenecteplase

Synthesis Recombinant version of tPA Bioengineered version of alteplase

FDA approved indications Acute ischemic stroke
Myocardial infarction
Acute pulmonary embolism

Myocardial infarction

EMA approved indications Acute ischemic stroke
Myocardial infarction
Acute pulmonary embolism

Acute ischemic stroke
Myocardial infarction

Administration 10% bolus followed by 1-h infusion Single bolus

Fibrin specificity Lower than Tenecteplase 14–15x higher than alteplase

Degradation Less resistant to PAI-1 80x higher resistance to PAI-1

Plasma half-life 4–6minute 17–20 min

Abbreviations: EMA, European Medicines Agency; FDA, Food and Drug Administration; PAI-1, plasminogen activator inhibitor-1; tPA, tissue
plasminogen activator.
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Boehringer Ingelheim, received regulatory approval in 2000
for ST-segment elevation acute myocardial infarction
(STEMI). This medication is prescribed in a tiered, weight-
based dosage—starting at 0.5mg/kg and capping at 50mg—
and is administered as a rapid 5 to 10-second bolus specifi-
cally for treating STEMI.26 As of January 2024, the European
Medicines Agency has approved the use of TNK for stroke
treatment.27 In India, TNK is available under various brand
names for treating STEMI and stroke, although the dosages
vary.26 Boehringer Ingelheim’s in vitro studies suggest that
the Indian version might be less pure and less effective in
thrombolysis, which has sparked debates on its status as a
biosimilar.28 Additionally, TNK is also produced in China. The
Chinese medication was recently evaluated in extensive
phase-II and -III stroke clinical trials.29

TENECTEPLASE IN STROKE CLINICAL TRIALS

Recently, many clinical trials have evaluated TNK in acute
ischemic stroke (►Table 2). Phase two trials tested different
doses of TNK and assessed safety, efficacy, and reperfusion
rates. In 2010, the Study of Tenecteplase in Acute Ischemic
Stroke (TNK-S2B) trial tested 3 doses of TNK (0.1, 0.25, and
0.4mg/kg) against alteplase and showed that TNK was safe
and similarly effective.12 Two years later, the Tenecteplase
Versus Alteplase for Acute Ischemic Stroke (TAAIS) trial
showed greater reperfusion rates in a pooled group of TNK
with 0.1 and 0.25mg/kg doses compared with alteplase.10

The TNK-Tissue-Type Plasminogen Activator Evaluation for
Minor Ischemic Stroke With Proven Occlusion (TEMPO-1)
was a small phase-2 trial evaluating the safety and feasibility
of TNK inpatientswithminor stroke arrivingwithin 12hours
of symptom onset and showed good recanalization rates in
both dosages.13 The Alteplase-Tenecteplase Trial Evaluation
for Stroke Thrombolysis (ATTEST) trial evaluated penumbra
salvage with a 0.25mg/kg dosage, and the Tenecteplase
versus alteplase for the management of acute ischemic
stroke in Norway ( NORTEST) trial evaluated a 0.4mg/kg
dosagefor improving functional outcomes, compared with
0.9mg/kg of alteplase.14,15 The studies did not demonstrate
that TNK was superior to alteplase but indicated similar
safety outcomes.

Both TAAIS and Tenecteplase versus Alteplase before
Thrombectomy for Ischemic Stroke (EXTEND-IA TNK) trials
suggested that patients with large vessel occlusion had
improved functional outcomes when treated with TNK com-
pared with alteplase.10,16 The EXTEND-IA TNK trial deter-
mined the inclusion of TNK in the 2019 American Heart
Association acute stroke guidelines as an option for treating
patients undergoing thrombectomy.9 This phase-2 non-in-
feriority trial showed that recanalization occurred in 22/101
(22%) of patients treated with 0.25mg/kg of TNK vs 10/101
(10%) of those treated with alteplase (p¼0.002 for non-
inferiority; p¼0.03 for superiority). Functional outcomes
were improved with TNK when comparing the median 90-
day modified Rankin scale (mRS) for TNK and alteplase (2 vs
3, p<0.04). Additionally, there was lower mortality risk in
patients treated with TNK in the EXTEND-IA TNK trial. The

EXTEND-IA TNK part 2 trial, published in 2020, evaluated 300
patients within a 4.5-hour timewindowwho had large vessel
occlusion and received 0.25 or 0.4 mg/kg of TNK prior to
undergoing mechanical thrombectomy.30 Reperfusion rates
and functional outcomes were similar between the two
groups. A pooled analysis of EXTEND-IA TNK trials showed
higher rates of symptomatic ICH and mortality with the dose
of 0.4mg/kg compared with 0.25mg/kg of TNK.31

The Comparison of Tenecteplase with Alteplase for the
Early Treatment of Ischemic Stroke in the Melbourne Mobile
Stroke Unit (TASTE-A) was a phase-2 trial published in 2022
evaluating reperfusion rates in patients who were treated
with TNK compared with alteplase in a mobile stroke unit. It
showed improved reperfusion (lesion size 12mL vs 35mL,
p<0.003) with similar safety outcomes.17 In the same year,
NOR-TEST 2 showed that the higher dosage of TNK (0.4
mg/kg) led to worse functional and safety outcomes than
alteplase in moderate to severe strokes.32 The Intravenous
Tenecteplase Compared with Alteplase for Acute Ischemic
Stroke in Canada (AcT) trial was a phase-3 non-inferiority
trial evaluating 1,600 patients. It showed that TNKwas non-
inferior to alteplase in routine clinical practicewhen treating
patients within 4.5 h of ischemic stroke (mRS 0–1 at 90–120
days of 36.9% in the TNK group and 34.8% in the alteplase
group).33 The The Tenecteplase versus Alteplase for Stroke
Thrombolysis Evaluation (TASTE) and Tenecteplase versus
alteplase in Chinese patients with acute ischemic stroke
(ORIGINAL) trials were presented in 2024 and showed that
TNK was non-inferior to alteplase in the 4.5-hour time
window.34–36

In 2023, TRACE-2 and ATTEST-2, 2 phase-3 trials with a
total of 3,288 patients, had results presented showing the
non-inferiority of TNK 0.25mg/kg compared with alteplase
in acute ischemic stroke within 4.5 hours.18,37 The TRACE-2
trial showed mRS scores of 0 to 1 in 62% for the TNK group
and 58% for the alteplase group (greater than the non-
inferiority margin) at 90 days, with no significant difference
in safety outcomes. These results provide extraordinary
evidence to support the use of TNK at a dose of 0.25mg/kg
within 4.5 hours of acute ischemic stroke as a non-inferior
option to alteplase. Consequently, the 2023 European Stroke
Organization published a document recommending TNK
0.25mg/kg as an alternative to 0.9mg/kg alteplase for
patients with acute ischemic stroke within 4.5 hours of
symptom onset.38 The 2023 edition of the National Clinical
Guideline for Stroke for the United Kingdom and Ireland also
recommended that thrombolysis with alteplase or TNK
should be considered for patients with acute ischemic stroke
within 4.5 hours of known onset.39

Although TNK has consistently shown benefits in the 4.5-
hour time window, trials evaluating its use in an extended
time window have shown conflicting results. The Thrombol-
ysis in Imaging-Eligible, Late-Window Patients to Assess the
Efficacy and Safety of Tenecteplase (TIMELESS) trial pub-
lished in 2024 evaluated TNK in the 4.5 to 24-hour time
window in patients with NIHSS of 5 to 25 and large vessel
occlusions. The study showed no benefit of TNK in this
extended time window.40 The TRACE-III was a Chinese trial
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that also evaluated TNK in the extended time window of 4.5
to 24hours in patients with mismatch ratio>1.8 and mis-
matchvolume>15ml and large vessel occlusion that had not
received thrombectomy treatment. The trial showed better
functional outcomes in patients receiving TNK compared
with placebo (33% vs 24%, p¼0.03).41 The difference be-
tween these two trials is that in TIMELESS, most patients
(77.3%) received endovascular treatment, which might have
influenced the results. This is crucial, particularly in low- and
middle-income countries with limited access to endovascu-
lar therapies. The CHinese Acute Tissue-Based Imaging Se-
lection for Lysis In Stroke Tenecteplase II (CHABLIS T II) trial
showed better recanalization but no improvement in func-
tional outcome between 4.5 and 24hours.42 The Tenecte-
plase in Wake-up Ischemic Stroke Trial (TWIST) trial
evaluating TNK within 4.5 h of awakening in patients with
wake-up stroke did not show improvement in functional
outcomes in 90 days.43

The effectiveness of tenecteplase in patients with low
NIHSS and large vessel occlusion has been studied, but no
treatment benefit was demonstrated. The TEMPO-2 trial
evaluated 886 patients within 12hours of acute ischemic
stroke with NIHSS 0 to 5 and large vessel occlusion and
showed no difference in the primary functionality out-
come.36 The use of intra-arterial TNK has been explored in
the BRETIS-TNK trial, which evaluated TNK intra-arterially in
patients with large artery atherosclerosis undergoing me-
chanical thrombectomy and showed a trend to a higher
reperfusion rate that was statistically significant after pro-
pensity score matching and a trend toward a better func-
tional outcome.44

Further trials are ongoing evaluating TNK in extended
time windows (RESILIENT EXTEND-IV, ETERNAL-LVO, POST-
ETERNAL), TNK as bridging therapy to endovascular treat-
ments (DIRECT-TNK, BRIDGE-TNK), and adjunctive intra-
arterial TNK (INSIST-IT, INSIST-TNK, ALLY, TECNO, BRETIS-
TNK II, RESCUE-TNK, ATTENTION IA, ANGEL-TNK, EXTEND-
AGNES TNK).11

Two recent meta-analyses showed a superiority of TNK
over alteplase in ischemic stroke. A 2021 systematic review
and meta-analysis of randomized clinical trials evaluating
TNK in patients with large vessel occlusions showed a better
rate of complete recanalization and neurological improve-
ment after 3 months.45 Likewise, a 2022 systematic review
and meta-analysis of non-randomized studies showed real-
world evidence of better recanalization rates and functional
outcomes with TNK.22

PRACTICAL CONSIDERATIONS FOR THE USEOF
TENECTEPLASE

Tenecteplase is easily administered for acute ischemic stroke
through a single bolus dosage of 0.25mg/kg over 5 to
10 seconds with a maximum dosage of 25mg. It does not
require infusion monitoring during transfer, and it may
reduce dosing errors and improve patient workflow. The
TASTE-A trial showed it can be administered without prob-
lems in the prehospital setting.17 Costs may also be reduced

when using TNL as a thrombolytic. Studies have shown that
substituting intravenous alteplase with TNK can save ap-
proximately $3,000 in the United States. In other countries,
switching to TNK can represent a 50% cost reduction.11

Two ongoing clinical trials in Brazil are investigating the
efficacy of administering TNK in different scenarios. The
Randomization to Endovascular Treatment Alone or Pre-
ceded by Systemic Thrombolysis With Tenecteplase in
Acute Ischemic Stroke due to Large Intracranial Vessel
Occlusion (RESILIENT DIRECT TNK) trial is assessing the
effectiveness of administering TNK prior to mechanical
thrombectomy, in patients arriving within 4.5 hours of
acute ischemic stroke, compared with placebo. Mean-
while, the RESILIENT EXTEND IV trial focuses on patients
who are not undergoing mechanical thrombectomy,
examining the effects of TNK administered during a later
time window, compared with placebo, specifically
between 4.5 and 12 hours after symptom onset.

In the real-world setting, many centers have switched
from alteplase to the off-label use of TNK based on clinical
trial data and guideline recommendations.22 However, sev-
eral countries and institutions still await approval by the
corresponding sanitary agency for use in stroke. The Euro-
pean Medicines Agency (EMA) approved TNK for stroke in
January 2024, and since then, several European countries
have changed their practice to make TNK the first choice for
stroke treatment.27 The only FDA-approved drug for acute
stroke treatment is alteplase. Real-world registries support
the use of TNK in acute stroke. A multicenter prospective
registry of 588 patients with stroke found that TNK had a
higher proportion of patients achieving target door-to-nee-
dle time within 45minutes (41% versus 29%, p¼0.001) and
target door-in-door-out time within 90minutes (37% versus
14%, p¼0.02). Unfavorable outcomes such as symptomatic
ICH, in-hospital mortality, or discharge to hospice were
numerically lower in the TNK group (7.3% versus 11.9%),
and total hospital costs were also lower in the TNK group
($13,382 versus $15,841, p<0.001).46

Given their similar mechanism, the potential side effects
of TNK are similar to those of alteplase. The treatment of
post-tenecteplase symptomatic intracranial hemorrhage
should also be similar to alteplase-related hemorrhagic
transformation,with blood pressure control, cryoprecipitate,
and tranexamic acid per the American Heart Association
(AHA) guidelines.47 Healthcare providers need thorough
education on the proper use of this new medication to
preventmisuse and complications. Future trials are expected
to help determine the most suitable patient subgroups for
TNK treatment.

In conclusion, TNK has been demonstrated to be a viable,
easy-to-administer, and effective drug for managing acute
ischemic stroke. Although not officially approved for this
purpose by all regulatory agencies, it has been used off-label
and even included in acute stroke guidelines. The dosage of
0.25mg/kg within 4.5 hours of onset of symptoms has con-
sistently shown to be effective and safe. Future trials are
expected to further delineate the patient subgroups that
would benefit most from TNK treatment.
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