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Abstract

Background: Intravenous thrombolysis is the preferred clinical treatment for acute ischemic stroke.
Alteplase is an intravenous thrombolytic drug used in clinical practice. Recently, studies have shown
the efficacy of another intravenous thrombolytic drug, tenecteplase, and have reported that the risk
of bleeding is low. However, at present, Chinese and international research has yielded controversial
results regarding the efficacy and risks of tenecteplase. Therefore, this systematic review and meta-
analysis of the efficacy and safety of tenecteplase were performed. Methods: PubMed, the Cochrane
Library, MEDLINE, the Wanfang Database and CNKI were searched for all studies on the thrombolytic
treatment of acute ischemic stroke. All studies published in English prior to March 2021 were retrieved.
The studies were screened and selected based on the inclusion and exclusion criteria. Then, the data
were extracted and recorded by trained researchers. RevMan 5.4 statistical software was used to
analyze the data on the 24h recanalization rate, early neurological improvement (24h reduction in the
National Institutes of Health Stroke Scale [NIHSS] score of at least 8 points or 24 h NIHSS score of
0~1 point), mRS score at 90 days, intracranial hemorrhage, symptomatic intracranial hemorrhage and
mortality in the tenecteplase group and alteplase group. Results: A total of 565 related studies were
identified through the initial searches in each database. The citations of meta-analyses and related
reviews were screened for additional eligible articles. Eventually, 9 high-quality English-language
articles that included 2149 patients with acute ischemic stroke (including 1035 in the tenecteplase
group and 1046 in the alteplase group)were included in this meta-analysis. The meta-analysis results
were as follows: (1) Efficacy: The 24 h recanalization rate with regard to vascular recanalization
was significantly better in the tenecteplase group than in the alteplase group(OR = 1.83, 95% CI:
1.23~2.72,z = 2.97, P = 0.003). There was significantly greater improvement in early neurological
function in the tenecteplase group than in the alteplase group (OR=1.34,95% CI: 1.11~1.63,7Z=3.00,
P =0.003). There were no significant differences in 90-day mRS scores between the two groups (mRS
score =0-1, OR = 1.20, 95% CI: 0.99~1.46,z = 1.82,p = 0.07; mRS score =0-2, OR =1.17,95% CI:
0.94~1.45,z=1.38,p =0.17). However, the subgroup analysis showed that the 90-day mRS score of
the 0.25 mg/kg tenecteplase group was significantly different from that of groups treated with other
doses of tenecteplase (OR = 1.48,95% CI: 1.01~2.03,z =2.03, p = 0.04). (2) Safety: The incidences
of any intracranial hemorrhage (OR = 091, 95% Ci: 0.55~1.49, z = 0.39, p = 0.70), symptomatic
intracranial hemorrhage (OR = 1.21, 95% CI: 0.63~2.32, z = 0.56 P = 0.57), and mortality (OR =
0.85,95% CI: 0.57~1.26,z = 0.82, p = 0.41) were not significantly different between the tenecteplase
and alteplase groups.

Conclusions: Tenecteplase can significantly increase the 24-hour vascular recanalization rate and
improve the neurological prognosis of patients with acute ischemic stroke and it does not increase
the risk of intracranial hemorrhage or mortality.
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INTRODUCTION

Stroke is one of the main causes of death and
disability worldwide. The lifelong risk and
disease burden of stroke are as high as 39.3%
in China, which ranks first globally." Ischemic
stroke is the main type, accounting for 81.9%
of all strokes.? Alteplase is the most effective
intravenous thrombolytic therapy and is the
preferred treatment for acute ischemic stroke.
However, studies have shown that** the success
rate of the treatment of acute ischemic stroke
with alteplase is low, and there is a high risk
of hemorrhagic transformation. Tenecteplase is
a new third-generation thrombolytic drug. It is
a modified recombinant plasminogen activator,
and can promote the conversion of fibrinogen and
plasminogen into fibrin and plasmin.

In recent years, the number of clinical studies
comparing the efficacy and safety of tenecteplase
and alteplase as intravenous thrombolytic
therapies for the treatment of acute ischemic
stroke has gradually increased, and most studies
have shown that tenecteplase is not inferior in
terms of efficacy and safety. Some studies showed
that tenecteplase had a certain advantage with
regard to improving vascular recanalization and
early neurological function,”” but the conclusions
varied among the studies. Therefore, this analysis
was performed to clarify the recent evidence
regarding the efficacy and safety of intravenous
thrombolysis with tenecteplase.

METHODS

Literature search

We conducted a literature search in PubMed,
the Cochrane Library, MEDLINE, the Wanfang
Database and CNKI to identify all studies on the
efficacy and safety of intravenous thrombolysis
with tenecteplase and alteplase for the treatment
of acute ischemic stroke. The deadline for the
retrieval of studies was March 2021. The language
was restricted to English. The keywords were as
follows: “acute ischemic stroke”, “acute cerebral
infarction”, “tenecteplase”, and “alteplase”.
Manual screening of the references of a previously
published meta-analysis was also performed.

Study inclusion and exclusion criteria

Inclusion criteria: The following were the
inclusion criteria: (1) clinical studies comparing
the efficacy and safety of intravenous thrombolysis
with tenecteplase and alteplase for the treatment
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of acute ischemic stroke. (2) Intravenous
thrombolytic therapy with tenecteplase was
administered to the experimental intervention
group, intravenous thrombolytic therapy with
alteplase was administered to the control group,
and the subjects had not used other thrombolytic
drugs before enrollment. (3) At least one of
the following outcomes was reported: 90-day
modified Rankin Scale (mRS) score of O~1 point
or 0~2 points, early neurological improvement
(24 h reduction in the National Institutes of
Health Stroke Scale [NIHSS] score of at least 8
points or 24 h NIHSS score of 0~1 points), 24 h
recanalization rate (full or partial recanalization
of the occluded blood vessels at 24 h or an initial
angiographic evaluation after thrombolysis with
the blood flow restored to more than 50% of
the original infarct area without a recoverable
thrombus), symptomatic intracranial bleeding, any
intracranial hemorrhage and mortality. There were
strict parameters for the outcomes of the studies.

Exclusion criteria: The exclusion criteria were
as follows: (1) summaries, meta-analyses, case
reports, subgroup analyses of clinical studies and
animal experiments; (2) studies with incomplete
data or unclear outcomes; (3) studies with
defective designs or poor quality.

Data extraction

Two researchers conducted the literature search,
read the articles, applied the inclusion and
exclusion criteria to select the eligible articles, and
extracted and summarized the relevant data from
the included studies. A third researcher checked
and reviewed the collected data and discussed any
discrepancies with the researcher who entered the
data to arrive at a solution. The data extracted
from the studies were as follows: (1) basic study
information, such as the first author, country,
publication date and design; (2) basic information
about the experimental group and control group
patients, including sample size, age, sex, baseline
NIHSS score, time from onset to thrombolysis and
relevant risk factors; (3) intervention measures,
including the specific doses of tenecteplase and
alteplase used for intravenous thrombolysis; and
(4) outcome indicators as mentioned above in the
inclusion criteria.

Literature quality evaluation criteria

The quality of the included literature was
independently scored by two trained reviewers.
The quality of cohort studies was evaluated with



the Newcastle-Ottawa Scale, while the quality
of randomized controlled trials (RCTs) was
evaluated with the modified Jadad 7-point scale.
Disagreements were resolved through discussion
or with the assistance of a third researcher.

Statistical analysis

RevMan 5 4 software was used for the statistical
analysis. The 72 test and the I? statistic were used
to test the heterogeneity among the studies. If P
was <0.05 and I? was >50%, there was significant
heterogeneity among the studies, and the possible
causes of heterogeneity were determined by
subgroup analyses. If I> was <50%, there was no
significant heterogeneity among the studies, and
the fixed-effects model was used; otherwise, the
random-effects model was used. The relative risk
(RR) and its 95% confidence intervals (CIs) were
used for the dichotomous variables. A funnel plot
was constructed to assess bias in the meta-analysis.
Asymmetry in the funnel plot is an indicator of
bias. The more pronounced the asymmetry is, the
greater the degree of bias is. P<0.05 indicated a
significant difference.

RESULTS

Study selection

Initially, 565 studies were retrieved. By reading
the titles and abstracts, 534 irrelevant studies
were eliminated. Additional screening led to
the exclusion of 10 meta-analyses®!” related to
tenecteplase and 12 studies'®? reporting subgroup
analyses of clinical studies and control groups
that were not administered alteplase. Ultimately,

PubMed, the Cochrane Library,
MEDLINE, the Wanfang Database
and CNKI (n=565)

a total of 9 studies™’**% were included in this
meta-analysis, and all of them were published
in English. The literature screening process is
shown in Figure 1.

This analysis included 2,149 patients, with
1,098 patients in the tenecteplase group and 1,051
patients in the alteplase group. Nine studies were
included; 4 studies reported the use of 0.25 mg/
kg tenecteplase, 2 reported the use of 0.4 mg/
kg tenecteplase, 1 reported the use of 0.1 mg/kg
tenecteplase, and two reported using different
doses of tenecteplase (0.1, 0.4 mg/kg and 0.1,
0.25, 0.4 mg/kg). For the basic information and
data from the studies, see Table 1A, 1B and 1C.

Analysis of the effectiveness of intravenous
thrombolysis with tenecteplase

Early neurological improvement after intravenous
thrombolysis

A total of 7 studies investigated the improvement
of early neurological function in patients treated
with intravenous thrombolytics.6,7,30-33,35 The
results show that 12 = 42%, indicating an overall
moderate level of heterogeneity; therefore, the
fixed-effects model was selected. There was
a significant difference in early neurological
improvement between the two groups (OR =
1.34,95% CI: 1.11 ~ 1.63, z = 3.00, P = 0.003).

The subgroup analysis was stratified by the
dose of tenecteplase, which could be divided into
four groups: the low-dose group (0.1 mg/kg),
two medium-dose groups (0.2 mg/kg and 0.25
mg/kg) and the high-dose group (0.4 mg/kg).
Among the low-dose group, the high-dose group

The titles and abstracts were read, and

y

Studies obtained after
preliminary screening
(n=31)

Y

irrelevant studies were excluded (n=534)

Careful reading of the full texts was
performed, and 21 studies that did not
meet the inclusion criteria were excluded,
as were 12 studies that did not involve the

A

Included stsudies
(n=9)

Figure 1. Literature selection flow chart

Y

administration of altephlase in the control
group or were subgroup analyses (n=12).
Ten meta-analyses related to tenecteplase
were also excluded (n=10).

673



December 2021

i) () (LL£9) (SL-15) HOHo 12
€ ¢ (0cz-ogn) / (0gz-s01) / (02-01) 91 / (€z—2D) 61 / / / ST 80SkY 66 61 90001 oamdads L9 &
0L 69 SOI30YdAsq
S91 S91 -01q4
(o) (o) (08-S (z8-89) e
/ / (081-021) / (SL1-€2D) / (02-6) ST / (0z-1D) 91 / 6 / / / / 1€ 1€l oduenl  ID¥ 6 D
9 L SIOUAS
6v1 Syl
IV 12
/ / / / / / / / / / / / / / / / v8 Ty Epul DA 9 ey
‘v 12
v 1z / / / / Lr-9)¢1r L1996 (S1-9901 (A1-)8 9IFTL 9IF89 SIF69 6IFL9  +I/LI  OW/Iy 1€ 18  vVSQN  ID¥ %9 o\m_mm
o) Lo e
/ /@ yoFET / / Y OFhE (81-11) ST / / LTI-€D ¥T SEIFF69  / / S6FOEL / S¢  ¢I erensny aanoads g suosITq
-01d
(urur) (uru) 12
/ / (L1-08)  (081-6L) / / TSFS  YGFOS / / / / / / TIT/6EE $TUITE 1SS 6vS  AemioN  ID¥  #L (el
I 811 1ese
o D 12
/ [ (urw) per / (urw) ¢z1 / LT / L1 / LEFGIL [ TSIFFOL / 6v/cS  €p/8S 101 101 Eiensny  1O¥  $9 :m
I1eqdwe)
(urur) (urur) } } _ _ 110 12
oo / PhFHS1 / 91-8) 11 / (81-6) CI / TIFIL / EIFIL / 8I/1¢  LIOE 6V  L¥ 3N 109 IS Sueny
/ /(W 8§0FLT / ® @ CTFO Y1 / CTFOYI  €TFSYI  ¥'8FOL / V689 69FCL €l/cl  bT9T st 0s wmensny 1oy f¢ 00%
LOFOE  60FI'E ’ suosied
By/8w 3y/Su 3y/Sux By/Sw 3y/Sux 3y/Sux Sy/Sw  SyBw  By/Sw vd
VA OINL oo, 0 STO 10 Vd-M 0 sT0 10 Vd-) ¥'0 sT0 10 VdH O3INL L INL
SINL SINL SINL SINL SINL SINL JINL - JINL SINL adky
uoned0| VO sepms
(W) VIL Apms
*uauryed} (] (u) (areuay ()
10 Ioq)s 03 L %9100s SSHIN duIpseq w03 opew) xo sjoned
SIS 1 v / S 1

Neurology Asia

S3IPNJS PIPNIUI Y} JO SONSLIIBIBYD YL, V] dqeL,

674



110409 1P 12
6¢ / 6l / It L L1 6 / / Sl € €l 4 S¢ Sl 99331H aA1ads01g 19 sordoypAsq
v D 12
Iel / 1el / / / / / / / / / / / / / douBIg re). | i s10U0g
oIV 12
/ / / / / / / / / / / / / / / / BIpUJ ire). | 9 eddeley
o' IV 12
[4 S 6 € L 6 Ll 6¢ / / e Sy ¥ Ll (44 L9 vsn ire). | 9 oreH
}1040d Jv 12
/ / / / / / / / / / / / / / / / Blfensny aAnads01g 19 suosIeg
Kemio I wl? 12
76 6 / / L6t 8¢ S9 19 69 0S [43 8¢S YL L 9¢¢ 9r¢ N ire). | L ofesoT
e IV 12
81 / Ic / / / / / / / / / / / / / elensny ire). | 9 [eqduresy
1610 12
8¢ / 33 / (8 €l L 14 Sl 61 / / L L 8¢ 0c AN ire). | i< Suengy
910 12
€C / 4 ¥C 1 14! 6 8¢C 9 (44 / / 1 4! Sl [43 Blfensny ire). | i< suosIeg
Sy/8w  3yBSw  Iy/Bw
Vd-M o ST0 T'0 V431 3INL Vd3 3NL V43 3INL Vd3 MNL V4 3INL vd-3 JNL
SINL SINL  3INL adKy
@ uones0| fpmg VO Sa1pm)S
(W) (W) (W) or @ (W) (W)
neqrqy
UoISN[II0 [3SSIA dae| Sunjourg eruwapidisAq - dd)D sdjqeIq uorsud.RAAH

SIIPNJS PIPNIdIUI Y} JO SONSLIAILIRYD Y], T dqelL

675



December 2021

Neurology Asia

" V1L 10 901 o1wayosi Jo A10)s1y snoradid e i sjuanied Jo Joquunu Y], 0} SIOJRI Y 9[qeL Ul VLI JO 9YOo:ns JIWayds], JO ejep Y],

[e11) PI[[ONU0D

paziwopuel=1 )y ‘Juawssasse A)[enb=y ) yoene orwayost Judlsuen=y[], ‘9seasIp ey A1euorod=qHD ‘odeyrioway [erueroenul onewoidwis Aue=HO[-ANYV ‘5eyLIoway [erueIoenul
onewo}dwAS=HDI-S ‘9[eds unjuey payrpow=syuw ‘asejdaye/ioreanoe uagourwseld odA)-onssn JueurquoddI=yJ-1 ‘9se[do1ooud] =3N.I, "9[eoS Y0NS YI[eH JO saimnsu] [euoneN=SSHIN
*o[eos jurod-/ peper payIpow 9y} Aq PIssSasSyE ‘SAIPNIs 100D J0J [edS BMBII-2[ISLIMIN AU} AQ PIssIssy L *(soSuel o[rrenbidjur) sueIpaw 1o SIS F SUBW A S pIssaldxo are ele

110700 /10 12
C € € 4 L 4 / / 61 I SI L €1 T ORI adsorg ) soiSouoksq
w10 12
/ / / / / / LTl LTl / / / / / / douery 10¥ s s10u0g
'V 12
4 I / / I 4 6C 0T 8% 43 / / 91 I eIpuy LDYd 9 eddefey
. 010 12
I S S 4! 8 4! / / / / €1 4! S (44 vsn AFo):| 9 ol
110700 v 2
/ / / / / / 6T/ST €1 / / 1 6 / [ BRSOV edsoig L9 suosteg
. w1 12
€l SI 0S Ly 9T 6T / / (45 20 4 RN 4 S 44 vIT 67T  AemIoN AFo):| L oneSo]
e I 12
I I / / 81 o1 o1 (44 0S €9 |82 6 69 TL  viensny LDYd 9 [eqdwen)
1D ]2
IS/ TS/e TIS/HT TS/8 9 8  S€/9C Te/1T 6l L1 o1 €l I 61 N AFo):| s mm%m
* gD
€ 4 / / € v U8 8WI8T I 9¢ 01 LT 6 t¢  viensny LDYd € suoseg

Vd-M JINL VdM JINL VA JINL Vd-M  JINL Vd-M  JINL Vd-H JINL  Vd-M JINL

()

(u) (u) (W (w (W yowAoxdunr  Uopedo ] adLy Apmg vO - sapmg

i feLo uopezifeuedy  SAEp 0618 ¢-0  SABP 06 B IO o

HDI-S HDI ANV LI LR D) 20 qbz J0 2100s SyW  Jo 2100s Sywr | .%_.wm

S3IPNJS PIPNIUI AY) JO SINSLIdIRIRYD Y], DT d[qeL

676



Tenecteplase Alteplase

Study or Subgroup  Events

Odds Ratio

Total Events Total Weight M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

3.1.1 0.1mg/kg

Haley et al.(30) 7 31 5 31 2.2%
Parsons et al.(6) 11 25 9 25 2.8%
Subtotal (95% Cl) 56 56 5.0%
Total events 18 14

Heterogeneity: Chi’ = 0.01, df = 1 (P = 0.92); I’ = 0%

Test for overall effect: Z = 0.86 (P = 0.39)

3.1.2 0.2mg/kg

Rajappa et al.(35) 11 42 16 84 4.4%
Subtotal (95% ClI) 42 84 4.4%
Total events 11 16

Heterogeneity: Not applicable

Test for overall effect: Z = 0.92 (P = 0.36)

3.1.3 0.25mg/kg

Campbell et al.(33) 72 101 69 101 11.1%
Haley et al.(30) 11 31 5 31 1.8%
Huang et al.(31) 19 47 12 49 3.9%
Parsons et al.(6) 21 25 9 25 0.8%
Psychogios et al.(7) 12 19 13 39 1.8%
Subtotal (95% CI) 223 245 19.3%
Total events 135 108

Heterogeneity: Chi’ = 9.48, df = 4 (P = 0.05); I’ = 58%

Test for overall effect: Z = 3.56 (P = 0.0004)

3.1.4 0.4mg/kg

Haley et al.(30) 4 19 5 31 1.7%
Logallo et al.(32) 229 549 214 551 69.6%
Subtotal (95% Cl) 568 582 71.3%
Total events 233 219

Heterogeneity: Chi* = 0.08, df = 1 (P = 0.78); I’ = 0%

Test for overall effect: Z = 1.03 (P = 0.30)

Total (95% CI) 889 967 100.0%

Total events 397 357

Heterogeneity: Chi? = 15.43, df = 9 (P = 0.08); I* = 42%

Test for overall effect: Z = 3.00 (P = 0.003)

Test for subgroup differences: Chi* = 6.44, df = 3 (P = 0.09), I’ =

1.52 [0.42, 5.43]
1.40 [0.45, 4.35]
1.45 [0.62, 3.38]

1.51[0.63, 3.63]
1.51 [0.63, 3.63]

1.15 [0.63, 2.10]
2.86 [0.86, 9.56)
2.09 [0.87, 5.01]

9.33 [2.43, 35.84]

3.43 [1.09, 10.78]
2.05 [1.38, 3.04]

1.39[0.32, 5.97]
1.13 [0.89, 1.43]
1.13 [0.89, 1.44]

1.34 [1.11, 1.63]

53.4%

Figure 2. Forest plot for early neurological improvement

and the 0.2 mg/kg tenecteplase group, there were
no significant differences in early neurological
function (OR = 145, 95% CI: 0.62 ~ 3.38,
z=0.86P=0.39;0R=1.13,95% CI: 0.89 ~ 1 .44,
z=1.03,P=0.30; OR=1.51,95% CI:0.63 ~3.63,
Z =0.92, P = 0.36). Tenecteplase administered
at 0.25 mg/kg) significantly improved early
neurological function (OR = 2.05, 95% CI: 1.38
~3.04,z =3.56,p =0.0004) (Figure 2).

24 h recanalization rate after intravenous
thrombolysis

Six studies investigated the 24 h recanalization rate
in patients after intravenous thrombolysis 56313335

i

+

2

0.05

0.2
Favors [alteplase] Favors [tenecteplase]

20

The I? statistic was 31%, indicating that there
was moderate heterogeneity among the studies;
therefore, a fixed-effects model was used.
There was a significant difference in the 24 h
recanalization rate between the two groups (OR=
1.83, 95% CI: 1.23-2.72, Z=2.97, P =0.003)
Figure 3.

Prognosis at 90 days after intravenous
thrombolysis

mRS score of 0-1

Seven studies®’3%3* reported the proportions of
patients with mRS scores of 0-1 at 90 days, and I?

Tenecteplase Alteplase 0Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Campbell et al.(33) 22 101 10 101 21.5% 2.53 [1.13, 5.67] [ —
Huang et al.(31) 21 32 26 35 23.5% 0.66 [0.23, 1.89] —
Parsons et al.(5) 13 15 15 29 3.8% 6.07[1.16, 31.82]
Parsons et al.(6) 28 48 8 22 12.6% 2.45 [0.87, 6.94] T~
Rajappa et al.(35) 20 42 29 84 27.9% 1.72 [0.81, 3.67] T
Seners et al.(34) 127 131 127 131 10.7% 1.00 [0.24, 4.09] S E—
Total (95% CI) 369 402 100.0% 1.83 [1.23,2.72] g
Total events 231 215

i . 2 — — — 12 = ! + + |
Heterogeneity: Chi* = 7.27, df = 5 (P = 0.20); I = 31% bo1 o1 10 100

Test for overall effect: Z = 2.97 (P = 0.003)

Figure 3. Forest plot for the 24 h recanalization rate

Favors [Alteplase] Favors [Tenecteplase]
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Study or Subgroup

Tenecteplase

Events

Alteplase
Total Events Total

0Odds Ratio
Weight M-H, Fixed, 95% CI

December 2021

Odds Ratio
M-H, Fixed, 95% ClI

3.2.1 0.1mg/kg
Parsons et al.(6) 9 25 10 25 Not estimable
Haley et al.(30) 14 31 13 31 3.9% 1.14 [0.42, 3.11] I
Parsons et al.(5) 9 15 12 35 1.6% 2.88 [0.83, 10.00] —
Subtotal (95% CI) 46 66 5.5% 1.64 [0.76, 3.55] —ei
Total events 23 25
Heterogeneity: Chi? = 1.28, df = 1 (P = 0.26); I = 22%
Test for overall effect: Z = 1.25 (P = 0.21)
3.2.2 0.25mg/kg
Psychogios et al.(7) 7 19 15 39 3.4% 0.93 [0.30, 2.90]
Haley et al.(30) 15 31 13 31 3.7% 1.30 [0.48, 3.54] —
Campbell et al.(33) 49 101 41 101 11.6% 1.38 [0.79, 2.41] —r——
Huang et al.(31) 13 47 10 49 3.9% 1.49 [0.58, 3.83] —
Parsons et al.(6) 18 25 10 25 1.5% 3.86[1.18, 12.61]
Subtotal (95% CI) 223 245  24.1% 1.48 [1.01, 2.16] |
Total events 102 89
Heterogeneity: Chi* = 3.28, df = 4 (P = 0.51); I° = 0%
Test for overall effect: Z = 2.03 (P = 0.04)
3.2.3 0.4mg/kg
Haley et al.(30) 7 19 13 31 3.4% 0.81 [0.25, 2.61] —
Logallo et al.(32) 354 549 345 551 67.0% 1.08 [0.85, 1.39] :
Subtotal (95% CI) 568 582 70.5% 1.07 [0.84, 1.36]
Total events 361 358
Heterogeneity: Chi? = 0.23, df = 1 (P = 0.63); I? = 0%
Test for overall effect: Z = 0.56 (P = 0.58)
Total (95% CI) 837 893 100.0% 1.20 [0.99, 1.46] L
Total events 486 472
g 2 _ — _ L2 + I 4 L 4 }
Heterogeneity: Chi® = 7.38, df = 8 (P = 0.50); I* = 0% 0.1 0.2 0.5 2 s 10

Test for overall effect: Z = 1.82 (P = 0.07)
Test for subgroup differences: Chi* = 2.67, df = 2 (P = 0.26), |I* = 25.0%

Favors [Alteplase] Favors [Tenecteplase]

Figure 4. Forest plot for mRS 0-1 at 90 days

was 0%, indicating that there was no heterogeneity
among the studies; therefore, a fixed-effects model
was used. There was no significant difference
between the two groups (OR=1.20,95% CI: 0.99-
1.46,7=1.82,P =0.07). A subgroup analysis was
performed stratified by the dose of tenecteplase. A
significantly higher proportion of the patients who
received 0.25 mg/kg tenecteplase had a mRS score
of 0-1 at 90 days than the patients who received
alteplase (OR=1.48,95% CI: 1.01-2.16,7=2.03,
P =0.04). There was no significant difference in
other subgroups (0.1 mg/kg: OR= 1.64,95% CI:
0.76-3.55,7=1.25,P=0.21;0.4 mg/kg: OR=1.07,
95% CI: 0.84-1.36,7=0.56, P =0.58) (Figure 4).

mRS score of 0-2

Six studies6,7,31-33,35 reported the proportions
of patients with mRS scores of 0-2 at 90 days, and
12 was 59%, indicating that there was moderate

heterogeneity among the studies; therefore, the
random-effects model was used. There was no
significant difference between the two groups
(OR=1.45,95% CI:0.94-2.24,7=1.67,P =0.09)
(Figure 5).

Safety of tenecteplase

Any intracranial hemorrhage after intravenous
thrombolysis

Four studies”?**? reported the incidence of
intracranial hemorrhage after intravenous
thrombolysis, and 1> was 25%, indicating that
there was slight heterogeneity among the studies;
therefore, the fixed-effects model was used. There
was no significant difference between the two
groups (OR= 0.90, 95% CI: 0.64-1.29, Z=0.56,
P =0.58) (Fig. 6).

Tenecteplase Alteplase Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Campbell et al.(33) 63 101 50 101 20.7% 1.69[0.97, 2.96] T
Huang et al.(31) 17 47 19 49  14.7% 0.89[0.39, 2.05] e
Logallo et al.(32) 421 549 432 551 27.7% 0.91 [0.68, 1.20] —
Parsons et al.(6) 36 50 11 25  11.8% 3.27[1.20, 8.92] . —
Psychogios et al.(7) 11 19 19 39  10.4% 1.45[0.48, 4.38] e
Rajappa et al.(35) 32 42 48 84 14.7% 2.40[1.05, 5.51] —
Total (95% CI) 808 849 100.0% 1.45 [0.94, 2.24] o
Total events 580 579
Heterogeneity: Tau? = 0.16; Chi? = 12.24, df = 5 (P = 0.03); I> = 59% 051 O=2 055 % é 150

Test for overall effect: Z = 1.67 (P = 0.09)

Figure 5. Forest plot for mRS 0-2 at 90 days
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Tenecteplase Alteplase

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Haley et al.(30) 12 81 5 31 9.4% 0.90 [0.29, 2.82]

Huang et al.(31) 8 52 14 51 18.3% 0.48 [0.18, 1.27]

Logallo et al.(32) 47 549 50 551 69.9% 0.94 [0.62, 1.42]

Psychogios et al.(7) 4 19 3 39 2.4% 3.20[0.64, 16.07]

Total (95% CI) 701 672 100.0% 0.90 [0.64, 1.29]

Total events 71 72

Heterogeneity: Chi? = 4.01, df = 3 (P = 0.26); I* = 25%
Test for overall effect: Z = 0.56 (P = 0.58)

Figure 6. Forest plot for any intracranial hemorrhage

Symptomatic intracranial hemorrhage after
intravenous thrombolysis

Six studies®’3%3335 reported the incidence of
symptomatic intracranial hemorrhage after
intravenous thrombolysis, and 1> was 17%,
indicating that there was slight heterogeneity
among the studies; therefore the fixed-effects
model was used. There was no significant
difference between the two groups (OR= 1.27,
95% CI: 0.78-2.07,Z=0.95, P =0.34).

Patients who developed symptomatic

Tenecteplase  Alteplase

0Odds Ratio

0.01 0.1 1 10 100
Favors [tenecteplase ] Favors [alteplase]

intracranial hemorrhage were analyzed in subgroups
according to the dose of tenecteplase. There was
no significant difference in the occurrence of
symptomatic intracranial hemorrhage among the
groups stratified by dose (0.1 mg/kg: OR=0.31,
95% CI: 0.05-2.07, Z=1.21, P =0.23; 0.2 mg/
kg: OR= 1.00, 95% CI: 0.09-11.35, Z=0.00, P
=1.00;0.25 mg/kg: OR=1.07,95% CI: 0.45-2.56,
7=0.15,P =0.88; 0.4 mg/kg: OR=1.76,95% CI:
0.90-3.44, Z=1.66, P =0.10) (Figure 7).

Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 0.1mg/kg

Haley et al.(30) 0 31 1 31 5.2% 0.32[0.01, 8.23]

Parsons et al.(6) 1 25 3 25 10.1% 0.31[0.03, 3.16] -
Subtotal (95% Cl) 56 56 15.3%  0.31[0.05, 2.07] —e—

Total events 1 4

Heterogeneity: Chi? = 0.00, df = 1 (P = 0.98); I> = 0%

Test for overall effect: Z = 1.21 (P = 0.23)

3.3.2 0.2mg/kg

Rajappa et al.(35) 1 42 2 84 4.6% 1.00 [0.09, 11.35] . E—
Subtotal (95% CI) 42 84 4.6% 1.00 [0.09, 11.35] —.——
Total events 1 2

Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

3.3.3 0.25mg/kg

Campbell et al.(33) 1 101 1 101 3.5% 1.00 [0.06, 16.21]

Haley et al.(30) 2 31 1 31 3.3%  2.07[0.18, 24.07] —

Huang et al.(31) 3 52 4 51  13.4% 0.72[0.15, 3.39] L
Parsons et al.(6) 1 25 3 25 10.1% 0.31[0.03, 3.16] e E—
Psychogios et al.(7) 3 19 2 39 3.9%  3.47[0.53, 22.80] ]

Subtotal (95% CI) 228 247 34.1% 1.07 [0.45, 2.56] ‘

Total events 10 11

Heterogeneity: Chi® = 3.14, df = 4 (P = 0.54); I> = 0%

Test for overall effect: Z = 0.15 (P = 0.88)

3.3.4 0.4mg/kg

Haley et al.(30) 7 19 1 31 1.7% 17.50[1.94, 157.88]

Logallo et al.(32) 15 549 13 551 44.3% 1.16 [0.55, 2.47] ——
Subtotal (95% CI) 568 582 46.0% 1.76 [0.90, 3.44] ‘
Total events 22 14

Heterogeneity: Chi? = 5.36, df = 1 (P = 0.02); I> = 81%

Test for overall effect: Z = 1.66 (P = 0.10)

Total (95% CI) 894 969 100.0% 1.27 [0.78, 2.07] >

Total events 34 31

Heterogeneity: Chi* = 10.89, df = 9 (P = 0.28); I> = 17% =0 001 011 110 10001

Test for overall effect: Z = 0.95 (P = 0.34)
Test for subgroup differences: Chi? = 3.22, df = 3 (P = 0.36), I> = 6.7%

Favors [Tenecteplase] Favors [Alteplase]

Figure 7. Forest plot for symptomatic intracranial hemorrhage
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Tenecteplase Alteplase Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Campbell et al.(33) 10 101 18 101 25.4% 0.51[0.22, 1.16] —
Haley et al.(30) 12 81 8 31 15.4% 0.50[0.18, 1.37] I ——
Huang et al.(31) 8 47 6 49 7.6% 1.47[0.47, 4.61] e e —
Logallo et al.(32) 29 549 26 551  38.4% 1.13 [0.65, 1.94] —,—
Parsons et al.(6) 4 50 3 25 5.8% 0.64 [0.13, 3.10] S E—
Psychogios et al.(7) 2 19 7 39 6.4% 0.54 [0.10, 2.88] e
Rajappa et al.(35) 2 42 1 84 1.0% 4.15[0.37, 47.14]
Total (95% CI) 889 880 100.0% 0.86 [0.60, 1.24] <
Total events 67 69
Heterogeneity: Chi? = 6.51, df = 6 (P = 0.37); I> = 8% IO o1 051 150 100‘

Test for overall effect: Z = 0.80 (P = 0.42)

Figure 8. Forest plot for mortality

Mortality after intravenous thrombolysis

There were 7 studies®’3%333 that reported mortality
after intravenous thrombolysis, and I* was 8%,
indicating that there was no heterogeneity among
the studies; therefore, the random-effects model
was used. There was no significant difference
in mortality after thrombolysis between the two
groups (OR = 0.86, 95% CI: 0.60 - 1.24, Z =
0.80, P = 0.42) (Figure 8).

Publication bias

In this study, funnel plots were used to assess
publication bias. If a funnel plot has a standard
symmetrical distribution, there is no publication
bias. If a funnel plot has a nonstandard or
asymmetric distribution, there is publication
bias. As shown in the figure below, each funnel
plot has the basic standard inverted distribution,
indicating that there is no publication bias in the
included literature (Figure 9).

Sensitivity analysis

In this study, a sensitivity analysis was performed

major clinical improvement 24h 24h Recanalisation

Favors [tenecteplase] Favors [alteplase]

using the leave-one-out method. After excluding
one study, the significant difference in the
proportion of patients with mRS scores of 0-2
at 90 days between the two groups disappeared.
The exclusion of three studies®*!* resulted in the
disappearance of the significant difference in the
proportion of patients with mRS scores of 0-1
between the 0.25 mg/kg tenecteplase group and
the alteplase group; the exclusion of the other
studies had no effect on the original results.

DISCUSSION

This study showed that the early neurological
improvement was significantly better in the
tenecteplase group than in the alteplase group,
probably due to the higher vascular recanalization
rate in the former group. In this study, 6
articles>®313335 reported the 24 h recanalization
rate, which was significantly higher in the
tenecteplase group than in the alteplase group.
Tenecteplase is a new third-generation intravenous
thrombolytic drug and a modified recombinant
plasminogen activator. This drug can be rapidly
administered in a one-time bolus; additionally, it

mRS 0-1 mRS 0-2

ANY-ICH S-ICH

mortality

Figure 9. Funnel plots for efficacy and safety outcomes
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has higher fibrin specificity and can enhance the
resistance of plasminogen activator inhibitor-1,
its plasma clearance is slower, and its half-life
is significantly longer than that of alteplase.*
Therefore, tenecteplase has a better thrombolytic
effect and is associated with a higher rate of early
recanalization. In addition, this study showed that
tenecteplase has a dose-effect relationship with
regard to the improvement of early neurological
function. The moderate dose (0.25 mg/kg) had
the best clinical efficacy, which was significantly
different from the alteplase group. There were
no significant differences in early neurological
improvement between patients in the low-dose
tenecteplase group (0.1 mg/kg) and high-dose
tenecteplase group (0.4 mg/kg) and those in the
group receiving the standard dose of alteplase
(0.9 mg/kg). This is mainly due to the limited
thrombolytic effect and low recanalization rate
associated with the low dose of 0.1 mg/kg.
Although tenecteplase at a dose of 0.4 mg/kg
has a better thrombolytic effect and a higher
recanalization rate, it is associated with an
increased risk of intracranial hemorrhage. The
latest European Stroke Organization (ESO) 2021
acute ischemic stroke intravenous thrombolysis
guidelines also recommend an intravenous bolus
injection of tenecteplase at a dose of 0.25 mg/
kg as a form of bridging treatment plan before
mechanical thrombectomy in patients with
ischemic stroke caused by acute aortic occlusion.”’
The results of the comparison of activities of
daily living showed that there was no significant
difference in the proportions of patients with a
mRS score of 0-1 and a mRS score of 0-2 between
the two groups at 90 days. The subgroup analysis
showed that the proportion of patients with a
mRS score of 0-1 in the moderate-dose (0.25
mg/kg) tenecteplase group was relatively higher
(P=0.04), but the results were not stable. The
sensitivity analysis showed that the exclusion of
three studies®?!** led to the disappearance of that
significant difference, possibly due to the small
sample sizes in the included studies.

The safety analysis showed that there was no
significant difference in the overall incidence of
intracranial hemorrhage, symptomatic intracranial
hemorrhage or mortality between the two groups
of patients. The above results about safety show
that the safety of tenecteplase and alteplase for
the treatment of acute ischemic stroke is similar.
However, the subgroup analysis showed that as
the dose of tenecteplase increased, the incidence
of symptomatic intracranial hemorrhage tended
to gradually increase (0.1mg/kg,1.79%;0.2mg/

kg,2.38%;0.25mg/kg,4.39%; 0.4mg/kg,3.8%).

This meta-analysis investigated the outcomes
reported in the literature, such as early
neurological improvement, the 24 h recanalization
rate, the mRS score and the incidences of any
intracranial hemorrhage, symptomatic intracranial
hemorrhage, and mortality. The funnel plots
showed that there was no obvious publication
bias. However, this meta-analysis also had certain
flaws, such as the following: (1) the numbers of
included studies and cases were small, which
led to instability of the results, as shown in the
sensitivity analysis;**'33 (2) the designs of the
included studies varied, which may have affected
the results; (3) the baseline data, such as sex, age,
and NIHSS scores, varied among the studies,*’-
which may have affected the results; and (4)
most of the studies included in this analysis were
performed in Europe and the United States, and the
conclusions may only be generalizable to patients
in European and American countries. More
high-quality clinical studies in non-European
and American countries are needed to clarify the
overall efficacy of tenecteplase.

In summary, treatment with tenecteplase
resulted in better early neurological improvement
and a higher 24 h recanalization rate than treatment
with alteplase. The proportions of patients with
mRS scores of 0-1 and 0-2 and overall mortality
at 90 days were not inferior in the tenecteplase
group compared with the alteplase group, and the
use of tenecteplase did not increase the incidence
of serious adverse events, such as symptomatic
intracranial hemorrhage. Tenecteplase at a dose
of 0.25 mg/kg had the best effect. However, in
view of the shortcomings and deficiencies of this
study, more high-quality clinical studies are still
needed to further clarify the clinical efficacy and
safety of tenecteplase as a method of intravenous
thrombolysis in the treatment of acute ischemic
stroke.
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