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Objective: To systematically compare the benefits and risks of all thrombolytic
agents (tenecteplase, reteplase, and alteplase) at different doses for thrombolytic
therapy in patients with acute ischemic stroke (AIS).

Background: Alteplase is the cornerstone treatment for AlS, but alternative
thrombolytic agents are needed. The efficacy and safety of tenecteplase and
reteplase, compared to alteplase, remain unclear, as does the optimal dosing
for these treatments.

Method: A systematic search was conducted in PubMed, Web of Science,
SCOPUS, and the Cochrane Central Register of Controlled Trials (CENTRAL)
for relevant English-language studies up to July 5, 2024. Randomized
controlled trials (RCTs) comparing standard-dose alteplase with varying doses
of tenecteplase or reteplase in AIS patients were included. Primary outcomes
were functional outcome at 90 days, symptomatic intracranial hemorrhage,
death within 90 days, and serious adverse events. Data on study characteristics,
patient demographics, interventions, and outcomes were extracted, and bias
risk assessed. A multivariate random-effects model was used for network meta-
analysis to derive odds ratios (OR) and 95% confidence intervals (Cl).

Result: Twelve RCTs were included (10 with tenecteplase, 2 with reteplase)
involving 6,633 patients, all compared against 0.9 mg/kg alteplase. In comparison
with alteplase, tenecteplase demonstrated OR of 1.08 for achieving an excellent
functional outcome at 90 days (95% Cl: 0.97 to 1.22, P = 0.17). Reteplase,
on the other hand, showed a significantly higher OR of 1.55 for the same
outcome (95% ClI: 1.23 to 1.95, P = 0.0002). Reteplase at 18 mg + 18 mg (OR
1.6, 95% Cl: 0.91-2.5) showed a higher probability of achieving an excellent
functional outcome at 90 days compared to alteplase. When considering a
good functional outcome at 90 days, tenecteplase had an OR of 1.03 (95%
Cl: 0.81 to 1.3, P = 0.82), while reteplase had an OR of 1.15 (95% CI: 0.61
to 2.19, P = 0.66). Tenecteplase at 0.25 mg/kg (OR 1.3, 95% ClI: 0.79-2.5)
had the highest probability of achieving a good functional outcome at 90
days. For safety outcomes, 0.25 mg/kg tenecteplase had lower incidences of
symptomatic intracranial hemorrhage (OR 0.88, 95% Cl: 0.35-1.8), death within
90 days (OR 0.91, 95% Cl: 0.54-1.4), and serious adverse events (OR 1.0, 95% ClI:
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0.47-2.3) compared to alteplase, though differences were not statistically
significant. Reteplase at 18 mg + 18 mg had higher incidences of death within 90
days (OR 1.2, 95% Cl: 0.48-3) and serious adverse events (OR 1.4, 95% Cl: 0.4—
5.0) compared to alteplase, without significant differences. Subgroup analysis
showed better efficacy with 0.25 mg/kg tenecteplase in Asians (OR 1.18, 95%
Cl10.96-1.45, P = 0.12) than in Caucasians (OR 1.08, 95% CI 0.9-1.3, P = 0.39).

Conclusion: This study suggests that tenecteplase and reteplase are viable
alternatives to alteplase for thrombolysis in AIS. Tenecteplase at 0.25 mg/kg
and reteplase at 18 mg + 18 mg may offer better efficacy compared to
standard-dose alteplase, although the risk of adverse events with reteplase
should be considered. Tenecteplase at 0.25 mg/kg appears to provide the best
benefit-risk profile based on current evidence. Further head-to-head trials of
tenecteplase and reteplase are needed to determine the optimal thrombolytic
agent and dosing.

Systematic review registration:

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

PROSPERO CRD42024566146.

KEYWORDS

acute ischemic stroke, alteplase, tenecteplase, reteplase, network meta-analysis

1 Introduction

AIS is among the most common and life-threatening
cerebrovascular diseases worldwide. Intravenous thrombolysis with
alteplase within 4.5h of symptom onset is the globally recognized
cornerstone of AIS treatment. However, due to its short half-life,
alteplase requires continuous infusion, increasing the complexity
of patient care and limiting its clinical use (1-3). Tenecteplase, a
genetically modified version of alteplase with a longer half-life, can
be administered as a single bolus injection, offering similar clinical
benefits to alteplase and has been frequently recommended by the
European Stroke Organization (ESO) guidelines (4, 5). Similarly,
reteplase, a recombinant plasminogen activator given in a double-
bolus regimen (two injections 30 min apart with a fixed dose),
has shown a higher likelihood of achieving excellent functional
outcomes compared to alteplase (6, 7). However, due to a lack of
direct comparative evidence, the relative advantages of alteplase,
tenecteplase, and reteplase for intravenous thrombolysis in AIS
patients remain unclear.

Previous meta-analyses on thrombolytic therapy for AIS have
yielded conflicting results, often limited by the lack of high-quality
data from randomized trials (8, 9). This study addresses these
limitations by exclusively including RCTs and overcoming other
constraints: (1) We expanded the outcome measures to include
death within 90 days and serious adverse events as safety indicators.
(2) We conducted a network meta-analysis of different doses of
tenecteplase and reteplase. (3) We performed subgroup analyses
based on race and age.

The objectives of this systematic review and meta-analysis are:
(1) To assess the efficacy and safety of alteplase, tenecteplase, and
reteplase in the treatment of AIS. (2) To determine the optimal
doses of tenecteplase and reteplase for AIS treatment. (3) To
explore the impact of race and age on intravenous thrombolysis
outcomes in AIS patients.
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2 Method
2.1 Registration

This review follows the pre-specified protocol registered
with PROSPERO (CRD42024566146). Differences between this
review and the original PROSPERO protocol are detailed in
Supplementary Table S1. This report adheres to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for network meta-analyses (10). Ethical
approval was not required as this study was primarily analyzed
using data from existing RCTS in the database.

2.2 Eligibility criteria

Inclusion criteria for this network meta-analysis:

1. Studies utilizing all thrombolytic drugs for
intravenous thrombolysis.

2. Large-scale phase 2/3 RCTs.

3. Studies involving adult patients (aged 18 years and above)
undergoing intravenous thrombolysis who meet the standard
criteria for thrombolysis.

4. Studies reporting at least one outcome measure of interest for
this meta-analysis.

Exclusion criteria for this network meta-analysis:

. Studies combining antiplatelet therapy with thrombolysis.
. Studies involving mechanical thrombectomy.
. Studies not published in English.

B W N =

. Studies classified as fundamental experimental research,
conference abstracts, case reports, or reviews.

1521

. Studies lacking a comparison group.

[=)}

. Studies presenting overlapping participant data.
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2.3 Outcomes

The interventions of interest included different doses of
tenecteplase (0.1 mg/kg, 0.25 mg/kg, 0.4 mg/kg) and reteplase
(12 mg+12mg, 18 mg+18 mg), compared to the standard dose
of alteplase (0.9 mg/kg). Studies comparing these interventions
against each other or against alteplase were included. Exclusion
criteria are detailed in the Supplementary Table S2. Primary
outcomes included functional outcomes at 90 days, determined by
the modified Rankin Scale (mRS), including excellent functional
outcome (mRS 0-1, or no change from baseline) and good
functional outcome (mRS 0-2, or no change from baseline). Safety
outcomes included symptomatic intracranial hemorrhage (sICH),
death within 90 days, and serious adverse events (SAEs). Additional
outcomes such as any parenchymal hemorrhage, any intracranial
hemorrhage (ICH), asymptomatic ICH, and major neurological
improvement within 72 h were initially considered but ultimately
excluded due to insufficient data.

2.4 Data sources and searches

Two authors (Li-chao-yue Sun and Wen-shu Li) conducted
a comprehensive search of PubMed, Web of Science, SCOPUS,
and the Cochrane CENTRAL for relevant English-language studies
up to July 2024. The search strategy included terms such as

» <«

“stroke,

» «

tenecteplase,

» «

reteplase,
Additional eligible trials were identified from two published

alteplase,” and “randomized.”

systematic reviews (11, 12). Detailed search strategies are provided
in the Supplementary Table S3.

2.5 Data extraction and quality assessment

Two authors independently screened titles, abstracts, and
full texts for eligibility, with discrepancies resolved by a third
reviewer (Li-chao-yue Sun, Wen-shu Li, Wei Chen). Four
researchers (Ze Jiang, Li-chao-yue Sun, Wen-shu Li, Wei Chen)
independently extracted data using standardized forms, including
study characteristics, patient demographics, intervention details,
and outcomes of interest. Any disagreements were resolved
through consensus with a third evaluator. The risk of bias for
eligible RCTs was independently assessed using the Cochrane
Collaboration’s risk of bias tool (13). Each study was evaluated for
low, unclear, or high risk of bias across multiple domains.

2.6 Data synthesis and analysis

For each outcome, we first conducted pairwise meta-analyses
using fixed/random effects models to estimate pooled OR and 95%
CI. Heterogeneity was assessed using the I? statistic. For efficacy
and safety outcomes, we ranked the probabilities of each treatment
(alteplase, two doses of reteplase, and three doses of tenecteplase)
using surface under the cumulative ranking (SUCRA) curves.
Data analysis and bias assessments were performed using Review
Manager Version 5.3, Stata 16 (mvmeta command and network
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routine), and the “rjags” and “gemtc” packages in R software
(version 4.4) (14).

2.7 Sensitivity and subgroup analyses

The Supplementary material describes the methods for
assessing consistency and publication bias (funnel plots and Egger’s
regression test). We examined potential sources of heterogeneity,
including geographic regions (Caucasians and Asians), mean
age differences (dichotomized at 65 years), baseline National
Institutes of Health Stroke Scale (NIHSS) scores (0-5: low/minor
stroke, 6-15: moderate, 15-20: moderate-high, >21: high), and
gender. Subgroup analyses were performed for overall tenecteplase,
reteplase, and alteplase (regardless of dose), as well as specific
doses of tenecteplase (0.25 mg/kg) and reteplase (18 mg+18 mg)
compared to the standard dose of alteplase.

3 Result

3.1 Systematic review and characteristics

Among the 4,220 non-duplicate studies screened, 12 RCTs
(involving 6,633 acute stroke patients) met the inclusion criteria
for this study (Figure 1) (15-26). These RCTs provided at least
one outcome included in our network meta-analysis. Detailed
reasons for exclusion are available in the Supplementary material,
and Table 1 documents the basic characteristics and outcomes of
the included RCTs.

Of the 12 RCTs included in the network meta-analysis, 10
(83.33%) directly compared the efficacy and safety of tenecteplase
with alteplase for treating acute stroke, while 2 compared reteplase
with alteplase (25, 26). Based on dosage, 8 RCTs reported
comparisons between 0.25 mg/kg tenecteplase and alteplase, 3
reported on 0.1 mg/kg tenecteplase, 3 on 0.4 mg/kg tenecteplase, 2
on 18 mg + 18 mg reteplase, and 1 on 12 mg + 12 mg reteplase. The
outcome measures in RCTs exhibit variations in their definitions.
In assessing excellent functional outcomes at 90 days, Campbell
et al. (17), TASTE-A (16), and NOR-TEST2 (PARTA) (24) define
it as a mRS score of 0-1 or a return to baseline, whereas nine other
RCTs define it as an mRS score of 0-1 at 90 days. Regarding sICH,
ATTEST (18), Campbell et al. (17), TASTE-A (16), and Li2024
(26) define it according to the SITS-MOST criteria; NOR-TEST
(20), TRACE (19), NOR-TEST2 (PARTA) (24), AcT (21), TRACE-
2 (23), and RAISE (25) define it based on the ECASS III criteria.
For details on the definitions of efficacy and safety outcomes, refer
to Supplementary Table S5. All RCTs employed a parallel control
design with the control group receiving 0.9 mg/kg alteplase; 8
trials had two groups, 3 had three groups, and 1 had four groups
(Figure 2). The network map for different outcomes is shown in
Supplementary Figure S1.

3.2 Quality assessment

Due to the lack of blinding for participants and personnel, most
studies were deemed to have a high risk of bias (Figure 3). Green
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Records identified through SCOPUS:2118 . i
Citations removed reviews and case reports
Records identified through Cochrane:925 E—
(n=2565)
Records screened after duplicates removed:
n=4220
1655 Citations screened Citations excluded after screened by title and
—_— Abstract (n=1594)
Citations excluded:
61 Citations assessed for eligibility Single-arm studies without control groups.
—_—
basic studies, and animal studies
studies that did not meet the data requirements (n=49)

Records included in review

0=12)

FIGURE 1
Study flow diagram for evidence source and selection.

represents low risk, yellow indicates unclear risk, and red denotes
high risk. The direct comparisons between 0.25 mg/kg tenecteplase
and 18mg +
significantly to the network (Supplementary Figure S2). The
RAISE trial did not provide blinding details, and the TRACE trial
did not describe the allocation method, resulting in an unclear

18 mg reteplase with alteplase contributed

risk assessment.

3.3 Benefits

Compared to alteplase, tenecteplase showed no significant
difference (excellent: OR 1.08, 95% CI: 0.97-1.22, 1> = 27%).
However, patients treated with reteplase had better outcomes
(excellent: OR 1.55, 95% CI: 1.23-1.95, I* = 34%, P = 0.0002)
(Figure 4). For good functional outcome at 90 days, neither
tenecteplase (OR 1.03, 95% CI: 0.81-1.3, I’ = 60%) nor reteplase
(OR 1.15, 95% CI: 0.61-2.19, I* = 62%) showed significant
differences compared to alteplase (Figure 5).

A network meta-analysis of different doses of tenecteplase
and reteplase was conducted. For excellent functional outcome
at 90 days, the efficacy ranking was: 18 mg + 18 mg reteplase
> 0.25 mg/kg tenecteplase > 0.9 mg/kg alteplase > 0.4 mg/kg
tenecteplase > 0.1 mg/kg tenecteplase > 12 mg + 12 mg reteplase.
For good functional outcome at 90 days, the ranking was: 0.25
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mg/kg tenecteplase > 18mg + 18 mg reteplase > 0.9 mg/kg
alteplase > 0.1 mg/kg tenecteplase > 12mg + 12 mg reteplase >
0.4 mg/kg tenecteplase (Figure 6). Compared to 0.9 mg/kg alteplase,
patients treated with 0.25 mg/kg tenecteplase (excellent: OR 1.2,
95% CI: 0.94-1.7; good: OR 1.3, 95% CI: 0.79-2.5) and 18 mg +
18 mg reteplase (excellent: OR 1.6, 95% CI: 0.91-2.5; good: OR
1.2, 95% CI: 0.42-3.5) had better functional outcomes at 90 days
(Supplementary Figures S3, S4).

3.4 Harms

All RCTs reported sICH and death within 90 days, although no
sICH cases occurred in the TASTE-A trial. Eight RCTs reported
SAEs. The risk of sICH ranked from lowest to highest as follows:
0.1 mg/kg tenecteplase > 0.25 mg/kg tenecteplase > 0.9 mg/kg
alteplase > 18 mg + 18 mg reteplase > 12mg + 12 mg reteplase
> 0.4 mg/kg tenecteplase (Figure 7A). Both 0.1 mg/kg tenecteplase
(OR 0.78, 95% CI: 0.15-3.2) and 0.25 mg/kg tenecteplase (OR 0.88,
95% CI: 0.35-1.8) had lower risks compared to alteplase, as shown
in Supplementary Figure S5.

The risk of death within 90 days ranked as follows: 0.1
mg/kg tenecteplase > 12mg + 12mg reteplase > 0.25 mg/kg
tenecteplase > 0.9 mg/kg alteplase > 18 mg + 18 mg reteplase >
0.4 mg/kg tenecteplase (Figure 7B). Here, 0.1 mg/kg tenecteplase
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TABLE 1 The characteristics of included RCTs.

References Recruitment Country  Publication RCT number Intervention \[o} Age, mean Male sex (%) Time of Baseline Outcomes
patients ( onset to
treatment
Haley et al. (15) 2006-2008 United States 2010 NA TNK (0.1/0.25/0.4 31:31:19:31 TNKO.1:67 £ 16; TNKO.1: 39; NA TNK0.1: 8 (5-11); | mRS at 90 days,
mg/kg) TNKO0.25:69 £ 15; TNKO0.25: 52; TNK 0.25: 10 sICH, death within
TNKO.4:68 + 16; TNKO.4: 68; (6-15); TNK 0.4: 9; 90 days,
rt-PA:72 £ 16 rt-PA:16 (5-17) rt-PA: 13
(5-17)
Parsons et al. 2008-2011 Australia 2012 ACTRN12608000466347 'TNK 25:25:25 TNKO0.1:72 £ 6.9; TNKO.1:52; TNKO.1:3.1 + 0.9; | TNKO0.1:14.5 + 2.3 | mRS at 90 days,
(22) (0.1/0.25mg/kg) TNKO0.25:68 + 9.4; TNKO0.25:52; TNKO0.25:3.0 + TNKO0.25:14.6 + |sICH, death within
rt-PA:70 + 8.4 rt-PA:48 0.7; rt-PA:12.7 £ | 2.3; rt-PA:14 £ 2.3 90 days,
0.8
ATTEST; Huang 2012-2013 Scotland 2015 NCT01472926 TNK (0.25mg/kg) 47:49 TNKO0.25:71 £ 13; TNKO0.25:64; TNKO0.25:184 + TNKO0.25: 12 mRS at 90 days,
etal. (18) rt-PA:71 £ 12 rt-PA:63 44; rt-PA:192 + 54 | (9-18); rt-PA: | sICH, death within
11(8-16) 90 days, SAE
NOR-TEST; 2012-2016 Norway 2017 NCT01949948 TNK (0.4mg/kg) 549:541 TNKO0.4:70.8 + TNKO0.4:58; TNKO.4:118(79- TNKO.4:4(2-7); mRS at 90 days,
Logallo et al. (20) 14.4; rt-PA:71.2 + rt-PA:62 180); rt-PA: rt-PA: 4(2-8) sICH, death within
13.2 111(80-174) 90 days, SAE
Campbell et al. 2015-2017 Australia 2018 NCT02388061 TNK (0.25mg/kg) 101:101 TNKO0.25:70.4 + TNKO0.25:57; TNKO0.25:125(105- | TNKO0.25:17(12- mRS at 90 days,
(17) and New 15.1; rt-PA:71.9 £+ rt-PA:51 156); 22); sICH, death within
Zealand 13.7 rt-PA:134(104- rt-PA:17(12-22) 90 days, SAE
176)
TRACE; Li et al. 2018-2020 China 2022 NCT04676659 TNK 60:57:60:59 TNKO.1:62.4 + TNK 0.1: 80; TNK TNK0.1: 154 TNK0.1: 7.0 mRS at 90 days,
(19) (0.1/0.25/0.32 11.1; TNKO0.25:64.3 | 0.25: 74; TNK 0.32:  (56-195); TNK | (5-10); TNK 0.25: |ICH, death within
mg/kg) +12.8; 70; rt-PA: 64 0.25: 149 (80-179); | 8 (5-12); TNK 90 days, SAE
TNKO0.4:64.8 + TNK 0.32: 147 0.32: 7.5 (6-12);
12.1; rt-PA:66.5 + (69-220); rt-PA: rt-PA: 8 (5-12)
12.6 153 (18-187)
TASTE-A; 2019-2021 Australia 2022 NCT04071613 TNK (0.25mg/kg) 55:49 TNKO0.25:76 TNKO0.25:60; TNKO.25: 97 TNK: 8 (5-14); mRS at 90 days,
Bivard et al. (16) (60-84) rt-PA:61 (68-157) rt-PA: rt-PA: 8 (5-17) death within 90
rt-PA:73(61-80) 92 (66-31) days,
NOR-TEST2 2019-2021 Norway 2022 NCT03854500 TNK (0.4mg/kg) 96:101 TNKO.4: 73.2 £ | TNKO.4: 45; rt-PA: TNKO.4: 92.5 TNKO0.4: 11.5 mRS at 90 days,
(PARTA); 12.6; rt-PA: 68.6 + 51 (74-143); 1t-PA: 99| (8-17); rt-PA: 11 | sICH, death within
Kvistad et al. (24) 15.6 (73-143) (8-17.6) 90 days,
AcT; Menon NA Canada 2022 NCT03889249 TNK (0.25mg/kg) 806:711 TNKO0.25:74 TNKO0.25:52.6;rt- TNKO0.25:128 TNKO.25:9 (6-16) | mRS at 90 days,
etal. (21) (63-83) ;rt-PA:73 PA:51.6 (93-186) 1t-PA:10 (6-17) | sICH, death within
(62-83) srt-PA:131 90 days, SAE
(95-188)
TRACE-2; Wang 2021-2022 China 2023 NCT04797013 TNK (0.25mg/kg) 705:696 TNKO0.25:67 TNKO0.25:69; TNKO.25:180(135- | TNKO0.25:7(5-10); | mRS at 90 days,
etal. (23) (58-73) rt-PA:65 rt-PA:68 222); rt-PA:7(6-10) | sICH, death within
(58-72) rt-PA:178.5(135- 90 days, SAE
230)
(Continued)
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TABLE 1 (Continued)
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1. RCT, randomized controlled trials; TNK, tenecteplase; ALT/rt-PA, alteplase; Ret, reteplase; sSICH, symptomatic intracranial haemorrhage; SAE, serious adverse event.
TNKO.1: 0.1mg/kg tenecteplase, TNKO0.25: 0.25mg/kg tenecteplase, TNKO0.4: 0.4mg/kg tenecteplase, Ret12: 12mg+12mg reteplase, Ret18: 18mg+18mg reteplase.

2. Time of onset to treatment is usually measured in minutes/min.

10.3389/fneur.2024.1490476

(OR 0.59, 95% CI: 0.21-1.5), 12mg + 12 mg reteplase (OR 0.66,
95% CI: 0.13-3.9), and 0.25 mg/kg tenecteplase (OR 0.91, 95%
CI: 0.54-1.4) had lower risks compared to alteplase, as shown in
Supplementary Figure S6.

The risk of SAEs ranked as follows: 12 mg + 12 mg reteplase
> 0.25 mg/kg tenecteplase > 0.4 mg/kg tenecteplase > 0.9 mg/kg
alteplase > 0.1 mg/kg tenecteplase > 18 mg + 18 mg reteplase
(Figure 7C). The risks for 12 mg + 12 mg reteplase (OR 0.99, 95%
CI: 0.17-1.9), 0.25 mg/kg tenecteplase (OR 1.0, 95% CI: 0.47-2.3),
and 0.4 mg/kg tenecteplase (OR 1.0, 95% CI: 0.19-5.5) were as
shown in Supplementary Figure S7.

3.5 Sensitivity and subgroup analyses

We performed subgroup analyses based on different patient
baselines in the included RCTs. All RCTs had a higher proportion
of male patients (>50%), showing no gender-based differences.
Regarding mean age, only the TRACE trial (64.5 years) for
tenecteplase had a mean participant age <65 years. For reteplase,
both the RAISE (63 years) and Li2024 (62.5 years) trials had
mean participant ages <65 years. Based on race, the TRACE
and TRACE-2 trials, RAISE, and Li2024 (conducted in China)
included Asian patients, while other RCTs predominantly included
Caucasians. Stratifying by NHISS baseline, the NOR-TEST trial
had a low NHISS score (<5), the Campbell2018 trial had
a moderate-high NHISS score (15-20), and other RCTs had
moderate NHISS scores (5-15). Due to limitations in the number
of RCTs and lack of data, we conducted subgroup analyses only
for race and mean age, including tenecteplase (not dose-stratified,
Supplementary Tables S5, 56), 0.25 mg/kg tenecteplase, and 18 mg
+ 18 mg reteplase (the most effective doses in previous analyses,
Supplementary Tables S7, S8).

3.5.1 Type of age

We stratified by a threshold mean age of 65 years, dividing into
<65 years and >65 years groups. For patients with a mean age
<65 years, tenecteplase showed no significant difference compared
to alteplase (excellent: OR 0.98, 95% CI: 0.54-1.78, P = 0.98;
good: OR 0.87, 95% CI: 0.45-1.68, P = 0.68). For patients with
a mean age >65 years, tenecteplase also showed no significant
difference compared to alteplase (excellent: OR 1.05, 95% CI:
0.93-1.18, P=0.44; good: OR 1.04, 95% CI: 0.81-1.34, P = 0.74)
(Supplementary Table S5). Comparing 0.25 mg/kg tenecteplase to
0.9 mg/kg alteplase: for patients with a mean age <65 years
(excellent: OR 1.09, 95% CI: 0.52-2.3, P = 0.82; good: OR 1.04,
95% CI: 0.46-2.37, P = 0.92), and for patients with a mean age
>65 years (excellent: OR 1.12, 95% CI: 0.98-1.29, P = 0.1; good:
OR 1.23, 95% CI: 0.88-1.77, P = 0.22) (Supplementary Table S7).
Regardless of average age, 0.25 mg/kg tenecteplase was the most
effective tenecteplase dose, and 18 mg + 18 mg reteplase was the
most effective reteplase dose (Supplementary Tables S5, 57).

3.5.2 Type of ethnicity
Due to the inclusion of only Asian patients in reteplase-
related RCTs, we conducted subgroup analysis for tenecteplase
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0.9mg/kgALT
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Reteplase 12mg+12mgrPA 18mg+18mgrPA

FIGURE 2

Network plot of studies included in network meta-analysis. (A) The network of included studies by type of thrombolytic drug. (B) The network of
included studies by type and dose of thrombolytic drugs. ALT, Alteplase; TNK, Tenecteplase; rPA, Reteplase. Each node represents a treatment
modality, with its size proportional to the number of patients receiving that treatment. The lines connecting two nodes indicate direct comparisons
between the two treatment modalities, with the thickness of each line proportional to the number of trials comparing those two treatments. Dashed
lines indicate that no direct comparison exists between the two thrombolytic treatments.
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Cochrane risk of bias tool.

vs. alteplase based on ethnicity. For excellent functional outcome  0.93); 0.25 mg/kg tenecteplase in Asian (OR 1.18, 95% CI: 0.96-
at 90 days, tenecteplase in Asian (OR 1.16, 95% CI: 0.95-1.42, 1.45, P = 0.12) and in Caucasian (OR 1.08, 95% CI: 0.9-1.3,
P = 0.15) and in Caucasian (OR 0.99, 95% CI: 0.86-1.44, P = P = 0.39) (Supplementary Tables S5, S7). These results indicate
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that tenecteplase is more effective in treating Asian AIS patients
compared to Caucasians, and 0.25 mg/kg tenecteplase is more
effective than other doses and the standard dose of alteplase
across ethnicities.

3.5.3 Type of NIHSS score

We stratified patients based on the average baseline NIHSS
score, following the criteria of the AcT and TRACE-2 studies
(21, 23), into three groups: scores below 8, between 8 and 15,
and above 15. There were 3 RCTs using tenecteplase in the
group with scores below 8 6 RCTs in the group with scores
between 8 and 15; and only 1 RCT in the group with scores
above 15. All RCTs involving reteplase had patients with baseline
NIHSS scores below 8. Regardless of the average NIHSS score,
tenecteplase showed no intergroup differences in efficacy and safety
outcomes compared to alteplase across all score ranges, as detailed
in Supplementary Table S11.

3.5.4 Other outcomes and heterogeneity
analyses

This study also provided detailed subgroup analyses of the
safety outcomes for tenecteplase and reteplase based on age
and ethnicity (Supplementary Tables S6, S8). Additionally, we
presented the publication bias of this network meta-analysis for
different outcomes using funnel plots (Supplementary Figures 58—
S12). Other patient stratifications (NHISS baseline, onset-to-
treatment time) and outcome indicators (major neurological
improvement, any intracranial hemorrhage, any parenchymal
hemorrhage) were not analyzed due to insufficient data. No
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adjustments for other potential sources of heterogeneity were made
due to a lack of power.

4 Discussion

This study represents the first network meta-analysis to
simultaneously compare the efficacy and safety of reteplase,
alteplase, and tenecteplase for treating acute ischemic stroke.
By including 12 RCTs encompassing 6,633 patients (2,661
tenecteplase, 833 reteplase, and 3,139 alteplase), we assessed
the benefits and risks of thrombolytic treatment with different
doses of these agents. Preliminary analysis indicates that reteplase
outperforms alteplase in achieving excellent functional outcomes
at 90 days, while tenecteplase and alteplase show no significant
differences. For other outcomes, including good functional
outcomes at 90 days, symptomatic intracranial hemorrhage,
death within 90 days, and serious adverse events, reteplase and
tenecteplase demonstrated no significant differences compared
to alteplase. Dose-specific analysis revealed that 18 mg + 18 mg
reteplase and 0.25 mg/kg tenecteplase provided higher probabilities
of achieving excellent/good functional outcomes at 90 days
compared to 0.9 mg/kg alteplase, with 0.25 mg/kg tenecteplase
showing lower risks of sICH, death within 90 days, and SAEs.
Subgroup analysis by mean age and ethnicity confirmed the
superior efficacy of 0.25 mg/kg tenecteplase regardless of race
or age.

Despite the current lack of consensus on the optimal dose of
tenecteplase for AIS, previous meta-analyses have supported 0.25
mg/kg as the most effective dose, aligning with our findings (9, 12,
27). Two RCTs demonstrated that 0.4 mg/kg tenecteplase provided
no additional benefits over 0.9 mg/kg alteplase but increased the
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FIGURE 7
Summary of target safety outcomes by bayesian network meta-analysis, including (A) symptomatic intracranial haemorrhage, (B) death within 90
days and (C) serious adverse events.

incidence of mortality and hemorrhagic events (16, 28). Our study
found that 0.1 mg/kg tenecteplase was less effective than 0.9 mg/kg
alteplase for 90-day functional outcomes, likely due to underdosing
(29). Reteplase, traditionally used for acute myocardial infarction,
has shown efficacy comparable to alteplase in trials such as GUSTO
III and RAPID II (30, 31). Li’s RCTs have extended the use
of reteplase to AIS, suggesting that 18 mg + 18 mg reteplase is
a suitable dose (25, 26). Further high-quality trials are needed
to determine the optimal reteplase dose and its efficacy relative
to alteplase.

Simultaneously, the thrombolytic time window for alteplase has
been extensively investigated. A recent TRACE-III study indicated
that the treatment time window for tenecteplase could be extended
to 24 h, which resulted in an increased risk of bleeding but did
not elevate the incidence of serious clinical adverse events (32).
For tenecteplase and reteplase, most evidence suggests optimal
thrombolysis occurs within 4.5h; however, further research is
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required to ascertain whether these thrombolytic agents possess
longer therapeutic windows.

Key indicators for evaluating thrombolytic efficacy
include the rate of complete or partial recanalization within
24h and major neurological
Previous meta-analyses have shown higher rates of successful
recanalization with tenecteplase compared to alteplase
(34, 35). Tenecteplase has demonstrated comparable or
superior outcomes for major neurological improvement at

improvement at 24h (33).

24h. Some RCTs have introduced new metrics such as the
Barthel Index score at 90 days to assess patient recovery,
providing alternative perspectives on thrombolysis results
in AIS patients (23, 24, 36). Additionally, the high cost of
alteplase may limit its clinical use, whereas tenecteplase offers
a cost advantage (37, 38). However, there is currently a lack of
cost-effectiveness analysis comparing reteplase and alteplase for
AIS treatment.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1490476
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Sun et al.

5 Strength and limitation

1. The two RCTs involving reteplase exclusively included Chinese
stroke patients, which may introduce racial bias. Further trials
focusing on Caucasian and African populations are necessary.

2. The primary patient population in RCTs conducted in Western
countries is predominantly Caucasian (though not exclusively),
while the majority of RCTs conducted in Asian regions involve
Asian populations. This demographic difference may introduce
a certain degree of bias in the description of our results.
Furthermore, we believe that including an analysis by ethnicity
in future RCTs could help mitigate this bias and enhance the
generalizability of the study findings.

3. The small number of studies and limited sample sizes in some
trials may introduce errors in our results, highlighting the need
for larger-scale RCTs.

4. There are no direct comparison trials between tenecteplase and
reteplase. Due to heterogeneity in the trial populations, the
results from indirect comparisons have inherent limitations.

5. Different RCTs used varying scales for outcome measures,
such as SITS-MOS and ECASS II for sICH, potentially
introducing bias.

6 Conclusion

Using systematic review and meta-analysis, this study
investigated the effectiveness of different thrombolytic agents in
improving functional outcomes in AIS patients. We compared
the efficacy of alteplase, tenecteplase, and reteplase, incorporating
dose-specific and subgroup analyses. The findings indicate
that tenecteplase and reteplase, in addition to alteplase, are
effective treatment options for AIS. Specifically, 0.25 mg/kg
tenecteplase and 18 mg + 18 mg reteplase demonstrated higher
probabilities of achieving excellent/good functional outcomes
at 90 days compared to 0.9 mg/kg alteplase. Furthermore, 0.25
mg/kg tenecteplase showed superior safety compared to alteplase
and 18mg + 18mg reteplase. These results provide valuable
guidance for clinicians in selecting thrombolytic agents for
AIS treatment.
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