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Tenecteplase versus alteplase for
intravenous thrombolysis of acute
iIschemic stroke patients with
large-vessel occlusion: a
systematic review and
meta-analysis

Beibei Yao', Xintong Wang', Yao Wu, Qing Zhu, Li Li,
Xiaogang Tang* and Minghua Wu*

Department of Neurology, Affiliated Hospital of Nanjing University of Chinese Medicine, Jiangsu
Province Hospital of Chinese Medicine, Nanjing, China

Background: Tenecteplase (TNK) was found non-inferior to alteplase (ALT) for
acute ischemic stroke (AIS). We sought to further elucidate the efficacy and
safety of intravenous TNK versus ALT for AlS patients with large-vessel occlusion
(LVO).

Methods: We systematically searched PubMed, Embase, Web of Science, and
https://clinicaltrials.gov/ till 20 January 2024 for randomized controlled clinical
trials (RCTs) comparing TNK with ALT in AIS patients with LVO. The quality of the
included studies was estimated using the Cochrane Risk of Bias Tool. Pooled
analysis and publication bias were conducted using RevMan 5.3 and Stata 15.
Risk ratios (RRs) with 95% confidence intervals (95% Cls) were reported for each
outcome measure. The primary outcome was excellent neurological recovery,
which was defined as a modified Rankin Scale (mRS) score of 0-1 at 90 days,
and safety outcomes included any parenchymal hematoma, sympomatic
intracerebral hemorrhage, and 3-month death.

Results: Five RCTs enrolling 1,028 patients were included. There were no
significant differences in terms of 90-day excellent neurological recovery (RR
1.18; 95% Cl 1.00-140; p = 0.05), good neurological recovery (RR 1.18; 95% ClI
0.90-1.54; p = 0.23), early neurological improvement (RR 1.00; 95% CI 0.57-
1.77; p = 1.00), or successful reperfusion (RR 1.15; 95% CI 0.93-1.44; p = 0.20).
In addition, no significant differences were observed in safety outcomes,
including any parenchymal hematoma (RR 1.01; 95% Cl 0.70-145; p = 0.98),
symptomatic intracerebral hemorrhage (RR 1.14; 95% Cl 0.62-2.10; p = 0.68),
or 3-month mortality (RR 1.22; 95% CI 0.52-2.84; p = 0.65).

Conclusion: TNK is an alternative to ALT for thrombolysis in AIS patients with
confirmed LVO, offering lower cost and easier administration without increasing
safety concerns.

Systematic review registration:
identifier CRD42024540215.

https://www.crd.york.ac.uk/prospero/,
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Introduction

Although intravenous thrombolysis with alteplase was the only
approved agent for acute ischemic stroke, accumulating evidence
indicates that tenecteplase may represent an alternative for its longer
half-life, easier administration, and greater resistance to plasminogen
activator inhibitors than alteplase (1, 2).

However, studies on the exact efficacy of tenecteplase and alteplase
for treating AIS patients with LVO remain controversial. Campbell
et al. (3) found that intravenous thrombolysis using TNK before
endovascular thrombectomy was associated with 2-fold higher rates
of successful reperfusion and better functional outcomes than
ALT. Nevertheless, in a recently published RCT (4) comparing the
safety and efficacy of TNK with ALT in LVO stroke patients who
underwent thrombectomy, no difference was detected in successful
reperfusion rates in the first and final angiograms. Therefore,
we conducted this meta-analysis to compare the efficacy and safety of
TNK versus ALT for treating AIS patients with LVO.

Methods

This study was performed following the prespecified protocol
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Data sources and inclusion and exclusion
criteria

Two investigators (XW and YW) performed literature searches
independently in PubMed, Embase, Web of Science, Cochrane
Library, and ClinicalTrials.gov from inception to 20 January 2024. The

» «

search strategy included keywords such as “tenecteplase,” “alteplase,”

» « »

“stroke,” “cerebral infarction,” “brain ischemia,” and “Randomized
Controlled Trial” Only studies published in the English language were
searched. All references from the included studies and previous
relevant systematic reviews were manually searched as well.

The inclusion criteria were as follows: (1) randomized clinical
trial, (2) thrombolysis with TNK versus ALT, and (3) AIS patients
with LVO.

The exclusion criteria for this meta-analysis were as follows: (1) a
follow-up time of no more than 90 days; (2) incomplete clinical trials;
(3) non-English studies; (4) basic experimental research, case reports,
conference abstracts, and reviews; and (5) incomplete data and
repeated publications.

Data extraction and outcomes

Data were extracted and documented by XW and YW. QZ and LL
verified the extracted data. Details recorded from each study included
the name of the study, study period, country, sample size, TNK
dose(s), mean age, baseline NTHSS, occluded vessel, endovascular
thrombectomy (%), and primary outcome. Any disagreements were
resolved by consensus review.

The primary outcome was excellent neurological recovery at
90 days, defined as an mRS score of 0-1. The secondary outcomes
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were as follows: (1) good neurological recovery at 90 days (defined as
an mRS < 2), (2) early neurological improvement (according to the
definition used in each study), (3) successful reperfusion (defined as
an eTICI score of 2b-3), (4) any parenchymal hematoma (any PH), (5)
symptomatic intracranial hemorrhage (sICH, according to the
definition used in each study), and (6) 3-month mortality.

Quality assessment

YW and QZ independently conducted the quality evaluation
according to the Cochrane Collaboration tool (5) in seven domains,
including random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, selective reporting, incomplete outcome data, and other
biases. Arguments were settled by consensus. RevMan 5.3 software
was used to visualize the plot of risk bias.

Statistics

Data synthesis and statistical analysis were conducted using
STATA 15 (StataCorp, USA) and Review Manager 5.3 (RevMan;
Cochrane Collaboration). For dichotomous variables, risk ratios (RRs)
and 95% confidence intervals (CIs) were pooled, and a p-value of
<0.05 was considered statistically significant. The I* value was a
quantitative measure to assess the heterogeneity. A fixed effects model
was used if I < 50%, suggesting a small heterogeneity among the
included studies (6). Otherwise, a random-effects model was used.
Moreover, sensitivity analysis was conducted to assess the quality and
consistency of the results. Publication bias of the included RCTs was
evaluated using the funnel plot, Egger’s test (7), and Begg’s test (8).

Results
Study selection and study characteristics

We identified 589 potentially relevant citations from PubMed,
EMBASE, Web of Science, and the Cochrane Library (Figure 1). A
total of 173 duplicated articles were excluded from the study.
We screened the title and abstract to exclude 367 unrelated articles.
Among the remaining 49 studies, 44 were excluded after reading
the full article and 5 studies with 1,028 patients met the selection
criteria (3, 4, 9-11). However, six of these studies were excluded—
three RCTs (12-14) and three pooled analyses (15-17) included
no intravenous alteplase treatment control group. In addition,
another two articles (18, 19) including overlapping participant
data were excluded. The patients were randomly assigned to TNK
at doses of 0.1, 0.25, and 0.4 mg/kg and ALT at a standard dose of
0.9 mg/kg. The characteristics of the included studies are presented
in Table 1.

Risk of bias and quality assessment

Assessment for the risk of bias is summarized in Figure 2. All
the included trials had a low risk of random sequence generation

frontiersin.org


https://doi.org/10.3389/fneur.2025.1487711
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://ClinicalTrials.gov

Yao et al. 10.3389/fneur.2025.1487711
[ Identification of studies via databases and registers ]
)
5 . " Records removed before
= Records identified from*:
& screening:
= Databases (n = 589) > .
£ Duplicate records removed (n
)
K=} =173)
D
\ 4
)
Records screened Records excluded**
—>
(n=416) (n=367)
\ 4
Reports sought for retrieval
tsn (n =49)
c
7}
g
é v
Reports assessed for eligibility Reports excluded:
(n =49) ’ Non RCT (n =4)
Non-LVO patients (n = 11)
No alteplase as comparator (n =
6)
Protocol or rationale (n = 8)
D ) _
Overlapping date (n = 2)
= Studies included in review Irrelevant studies ***(n =13 )
@
3 (n=5)
§ Reports of included studies
__J (n=5)
FIGURE 1
PRISMA flowchart of literature search and study selection.

bias and an unclear risk of allocation concealment. In the domain of
the blinding of participants and personnel, all five publications
showed a high risk of bias due to different administrations of TNK
and ALT. However, although participants were aware of the
interventions, the evaluation personnel were not aware. The risk of
other bias was marked as high in three studies reporting analyses on
subgroups of patients with LVO randomized within the
original RCTs.

Primary outcome

Excellent neurological recovery (mRS
0-1)

For the analysis of mRS score 0-1, 4 studies and 953 patients
were included (Figure. 3). Intravenous TNK was superior to ALT (RR
1.18;95% CI 1.00-1.40; p = 0.05) for achieving excellent neurological
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recovery, although this difference did not reach statistical
significance. No significant heterogeneity was observed (I* = 0%,
p=0.39).

Secondary outcomes

The pooled results of three studies showed that the rates of 90-day
good neurological outcomes were not statistically different between
patients receiving TNK and ALT treatments (RR 1.18; 95% CI 0.90-
1.54; p = 0.23). There was no significant difference in the incidence of
early neurological improvement between the intravenous TNK and
the ALT treatments (RR 1.00; 95% CI 0.57-1.77; p = 1.00). A higher
incidence of achieving successful reperfusion was observed in the
tenecteplase group than in the alteplase group; however, this
difference did not reach statistical significance (RR 1.15; 95% CI
0.93-1.44; p = 0.20). In addition, there were no statistical differences
between the two groups in the rates of any PH (RR 1.01; 95% CI
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TABLE 1 Characteristics of the included studies.

Country

Canada

No. patients
(TNK/ALT)

263/257

TNK dose(s),
mg/kg

0.25

Mean age

TNK
74 (65-84)
ALT
73 (63-83)

Baseline NIHSS

TNK 17 (11-22) ALT
17 (12-22)

Occluded vessel

(%)

ICA 26.0%
MI-MCA 45.6%
M2-MCA 22.5%

BA 6.0%

EVT (%)

TNK78.7%
ALT 78.2%

Time window

45h

ATTEST +
Australian TNK $§

2008-2013

Australia and Scotland

60/53

ICA: 0.9%
MCA: 87.1%
ACA/PCA: 12.0%

N/A

45/6h

Australian TNK

2008-2011

Australia

50/25

0.1/0.25

TNK(0.1) 72 + 6.9
TNK(0.25) 68 + 9.4
ALT 70 £ 8.4

TNK(0.1) 14.5 + 2.3
TNK(0.25) 14.6 £2.3
ALT 14.0+2.3

ACA: 1.3%
M1-MCA: 76.0%
M2-MCA: 13.3%

PCA: 4.0%

ACA: 1.3%

None: 4.0%

0%

6h

EXTEND-IA TNK

2015-2017

Australia and

New Zealand

101/101

0.25

TNK 70.4 + 15.1
ALT71.9+13.7

TNK 17 (12-22)
ALT 17 (12-22)

ICA: 23.8%
BA:3.0%
M1-MAC: 58.9%
M2-MCA: 14.4%

N/A

45h

NOR-TEST*

2012-2016

Norway

52/66

0.4

ICA: 6.8%
MI1-MCA: 51.7%
M2-MCA: 41.5%

TNK

9.2%

ALT
10.3%**

45h

$ Patients with partial or complete vessel occlusion in ATTEST and Australian TNK. *As provided in the Supplement of the relevant publication. ** Of patients with moderate and severe stroke on admission (baseline NTHSS score more than 6).
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FIGURE 2
Quality assessment of the risk of bias for each included study.

0.70-1.45; p = 0.98), sICH (RR 1.14; 95% CI 0.62-2.10; p = 0.68), or
3-month mortality (RR 1.22; 95% CI 0.52-2.84; p=0.65).
We summarized all the pooled results of the primary and secondary
outcomes in Table 2.

Results of subgroup analysis

With regard to neuroimaging parameters, no difference was
observed in successful reperfusion in the initial (RR 1.36; 95% CI
0.55-3.36; p=0.50) and final (RR 1.11; 95% CI 0.90-1.38;
p=0.32) angiographic Detailed
regarding the results of the subgroup analysis is provided in

acquisition. information

Figure 4.

Sensitivity analysis

Sensitivity analysis was performed using the method of removing
item by item to test the stability of the meta-analysis. The findings
indicated that the stability of the results had no significant change
(Supplementary Figures S1-S7).
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Publication bias

Based on the five included studies, we tested for publication bias
in each trial (Supplementary Figures S8-514). The funnel plot results
showed that the left and right sides were symmetrical. Both Begg’s test
and Egger’s test results showed symmetry of the results (p > 0.05),
indicating that there was no publication bias in each study.

Discussion

Our findings demonstrated that although patients with LVO receiving
TNK had higher rates of excellent neurological recovery (RR 1.18; 95%
CI 1.00-1.40; p = 0.05), the difference was not statistically significant. A
numerically higher but statistically non-significant reperfusion was seen
on both tenecteplase and alteplase (RR 1.15; 95% CI 0.93-1.44; p = 0.20).
Further subgroup analysis showed that rates of successful reperfusion at
either first or final angiographic acquisition were similar across different
groups (RR 1.36; 95% CI 0.55-3.36; p = 0.50, RR 1.11; 95% CI 0.90-1.38;
p =0.32). Katsanos et al. (20) found that AIS patients with LVO receiving
intravenous thrombolysis with TNK have 3-fold higher odds of successful
recanalization, which did not corroborate our findings. Previous analysis
only included two small sample size trials with a total of 315 patients.
However, the latest Intravenous tenecteplase compared with alteplase for
acute ischaemic stroke in Canada (AcT) (4) trial including 520 AIS
patients with confirmed LVO was added to our study. AcT (4) study
found that intravenous tenecteplase conferred similar reperfusion
compared to alteplase among patients with LVO. In contrast, the
EXTEND-IA TNK (3) trial revealed that intravenously administered
tenecteplase was superior in improving early reperfusion among AIS
patients before endovascular treatment. We presumed that it could
be attributed to the fact that AcT (4) was a pragmatic trial evaluating the
safety and efficacy in all AIS patients, while EXTEND-IA TNK (3) only
enrolled LVO patients eligible to undergo thrombectomy.

With similar reperfusion, tenecteplase has the advantages of lower
price, longer half-time, greater fibrin specificity, and higher resistance to
plasminogen activator inhibitors (1, 2). These pharmacological properties
allow a single bolus administration, leading to stronger clot dissolution
and faster vessel recanalization. The clinical benefit of TNK makes it an
alternative drug, especially for AIS patients with LVO, who require rapid
transfer for early endovascular thrombectomy in the emergency
department or an ambulance. Bivard et al. (21) evaluated the volume of
the perfusion lesion in patients receiving thrombolytic treatment in the
prehospital mobile stroke units. Compared with alteplase, administration
with tenecteplase resulted in a smaller perfusion lesion volume and
greater early clinical recovery, providing strong support for the early use
of tenecteplase in mobile stroke units. In terms of safety outcomes, there
were no significant differences in any PH (RR 1.01; 95% CI 0.70-1.45;
p=0.98), sSICH (RR 1.14; 95% CI 0.62-2.10; p = 0.68), and mortality at
90 days (RR 1.22;95% CI 0.52-2.84; p = 0.65) between TNK and ALT. The
more rapidly administered TNK may provide greater practical benefit
without increasing the safety concern.

Limitations

Several limitations should be acknowledged in our meta-
analysis. First, subgroups of patients with confirmed LVO from
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Tenecteplase Alteplase Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AcT 86 263 76 257 493% 1.11[0.86,1.43] il'-
ATTEST+Australian TNK 28 60 14 53  95% 1.77[1.05, 2.98] Tl
EXTEND-IA TNK 52 101 43 101 27.6% 1.21[0.90,1.62) ™
NOR-TEST 19 52 24 66 136% 1.00[0.62,1.62] -1
Total (95% CI) 476 477 100.0%  1.18[1.00, 1.40]
Total events 185 157 . . )

Heterogeneity: Chi*= 2.98, df=3 (P =0.39), F=0% :[l 01 EI-1 1- 1-0 1UEI'
Testiorieversl] SfRct.2= 106 3= 005) Favours [tenecteplase] Favours [alteplase]

FIGURE 3

Forest plot of excellent neurological recovery.

TABLE 2 Pooled results of primary and secondary outcomes.

No. of Total no TNK Pooled results Heterogeneity

studies patients 95% Cl P-value 12 % P-value

Primary outcome

Excellent 4 953 476 477 1.18 [1.00-1.40] 0.05 0 0.39
neurological

recovery

Secondary outcomes

Good neurological 3 797 414 383 1.18 [0.90-1.54] 0.23 67 0.05
recovery

Early neurological 3 395 203 192 1.00 [0.57-1.77] 1.00 75 0.02
improvement

Successful 5 1,321 670 651 115 [0.93-1.44] 0.20 80 0.0004
reperfusion

Any PH 4 903 462 441 1.01 [0.70-1.45] 0.98 24 0.27
Symptomatic ICH 4 903 464 446 1.14 [0.62-2.10] 0.68 0 0.51
3-month mortality 4 903 464 446 1.22 [0.52-2.84] 0.65 79 0.003

Bold values are used to highlight that he difference is statistically significant.

Tenecteplase Alteplase Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H. Random. 95% CI M-H. Random, 95% CI
initial reperfusion
AcT (initial) 19 206 21 199  9.8% 0.87 [0.48, 1.58] -
EXTEND-IA TNK (initial) 22 101 10 101 7.7% 220110, 4.41) o
Subtotal (95% CI) 307 300 17.5% 1.36 [0.55, 3.36] et
Total events 41 K}l

Heterogeneity: Tau®*= 0.32; Chi*= 3.95,df=1 (P = 0.05), F=75%
Test for overall effect: Z= 0.67 (P = 0.50)

final reperfusion

ACT (final) 174 206 177 199 32.4% 0.95(0.88,1.02]

ATTEST+Australian TNK 46 60 25 53 19.8% 1.63[1.18,2.23] =
EXTEND-IA TNK (final) 83 97 80 99 30.3% 1.06 [0.93,1.20]

Subtotal (95% CI) 363 351 82.5% 1.11[0.90, 1.38]

Total events 303 282

Heterogeneity: Tau®= 0.03; Chi*=13.33, df= 2 (P = 0.001); F= 85%
Test for overall effect: Z=0.99 (P=0.32)

Total (95% CI) 670 651 100.0% 1.15[0.93, 1.44]
Total events 344 313

Heterogeneity: Tau®*= 0.04; Chi*= 20.42, df=4 (P = 0.0004); F=80%

Test for overall effect: Z=1.29 (P = 0.20)

Test for subaroun differences: Chi*=0.18.df=1 (P=0.67).F=0%

0.01 0.1 1 10 100
Favours [Tenecteplase] Favours [Alteplase]

FIGURE 4
Forest plot of the subgroup analysis of successful reperfusion.
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three of the included trials were enrolled. It is well known that
subgroup analysis suffers from low power. Second, it is important
to acknowledge the apparent overlap in patient enrollment
between the ATTEST + Australian TNK and the Australian TNK
trials, particularly concerning the 0.25 mg/kg TNK dosage.
However, upon further investigation in Table 2, we found that no
duplicate data were calculated, thus having little impact on our
study outcomes. Third, although the standard dose of alteplase
(0.9 mg/kg) was used, the dosage of TNK varied between 0.1,
0.25, and 0.4 mg/kg across the studies. Compared with 0.25 mg/
kg, intravenous tenecteplase of 0.4 mg/kg failed to improve
cerebral reperfusion before endovascular therapy among patients
with large-vessel occlusion ischemic stroke (12). Meanwhile,
NOR-TEST 2 part A (22) using a dose of 0.4 mg/kg TNK was
prematurely terminated for high intracranial hemorrhage rates.
A recently published network meta-analysis (23) including 11
RCTs indicated that tenecteplase 0.25 mg/kg was superior to
alteplase 0.9 mg/kg in excellent functional recovery without
increased risk of safety outcomes. Fourth, despite included
studies evaluating patients eligible for intravenous thrombolysis
within 6 h after symptom onset, the findings of this report cannot
be extended to patients beyond 6 h or wake-up stroke. A new
randomized clinical trial TIMELESS (24) has reported that
0.25 mg/kg tenecteplase could improve recanalization compared
with placebo among stroke patients with M1 occlusion between
4.5 and 24 h. In Chinese patients with acute large/medium vessel
occlusion or severe stenosis in the anterior circulation and a
favorable penumbral profile between 4.5 and 24 h, both
tenecteplase 0.25 and 0.32 mg/kg demonstrated promising
efficacy and safety (25).

In addition to intravenous thrombolysis, direct thrombectomy
or bridging thrombectomy has a significant impact on the prognosis
of patients with large-vessel occlusion. Apart from the differences in
the time window and tenecteplase dose, no consensus was reached
on the definition of outcomes in the included studies (i.e., early
neurological improvement and sICH). Otherwise, the analysis is
limited to published literature and does not include unpublished
studies, ongoing trials, or sub-analyses on LVOs that were not
reported separately in publications. Finally, heterogeneity was found
across the included outcomes, which limited confidence in
our conclusions.

Conclusion

Our meta-analysis elucidated that TNK may serve as an alternative
for thrombolysis without increasing safety concerns. Its quicker
administration and lower cost make TNK a viable option for patients
with LVO ischemic stroke.
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