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Abstract: The efficacy and safety of intravenous thrombolysis (IVT) for acute ischemic stroke (AIS) in cancer patients
remained uncertain due to low level evidence in the latest guideline for AIS. The aim of this study was to assess the
efficacy and safety of IVT in cancer patients with stronger evidence. We searched Medline, Embase, CENTRAL and
ClinicalTrials.gov until April 2020 for studies reporting outcomes of functional independence, hemorrhagic trans-
formation (HT), symptomatic intracranial hemorrhage (SICH), major bleeding (MB), in-hospital mortality or 3-month
mortality after IVT for AIS in cancer patients. For each outcome, the odds ratio between cancer and non-cancer
patients, the risk difference between gastrointestinal and other malignancy, and the proportion in cancer patients
were calculated. The meta-analysis showed no significant difference between cancer and non-cancer patients in
favorable outcome, HT, SICH, MB, in-hospital mortality and 3-month mortality. Furthermore, there’s no significant
difference between patients with gastrointestinal and other malignancy in favorable outcome, HT, SICH, MB and
3-month mortality. In race-based subgroup analysis, Asians implied greater likelihood of HT and SICH than non-
Asians. Therefore, the study confirmed and strengthened the validity of the guideline with stronger evidence that
cancer shouldn’t be an exclusion criterion of IVT. Inconsistent with the guideline, gastrointestinal malignancy may
not remain an absolute contraindication of IVT while Asians implied increased HT and SICH, which needed further
exploration.

Keywords: Acute ischemic stroke, intravenous thrombolysis, cancer, gastrointestinal malignancy, systemic review,
meta-analysis

Introduction and AIS, which were the two leading causes of
morbidity and mortality worldwide [5].

It's estimated that there would be 18.1 million
new cancer cases and 9.6 million cancer

deaths in 2018 worldwide [1]. A twofold

Intravenous thrombolysis (IVT) with alteplase
(recombinant tissue plasminogen activator) is

increase to 3.0% was observed in the 6-month
incidence of acute ischemic stroke (AIS) for
cancer patients compared with the general
population [2]. The independent association
between incident cancer and subsequent
strokes could partly be explained by cancer-
mediated hypercoagulability, non-bacterial thr-
ombotic endocarditis, direct tumor compres-
sion of blood vessels and radiotherapy related
atherosclerosis [3, 4]. Overlapped risk factors
especially advanced age and smoking has fur-
thermore led to the co-occurrence of cancer

the only approved medical reperfusion treat-
ment for AIS [6]. Previous randomized con-
trolled trials showed good efficacy and safety
of intravenous alteplase within 4.5 hours of
stroke onset, including the National Institute
of Neurological Disorders and Stroke (NINDS)
trial [7] and the European Cooperative Acute
Stroke Study (ECASS) lll trial [8]. However, these
authoritative trials failed to provide data on the
efficacy and safety of IVT in cancer patients.
Published studies on this issue were mainly lim-
ited to cohort studies and case series, which
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held different opinions on whether IVT could be
used in cancer patients. In the latest guide-
line for the management of AIS, the American
Heart Association and American Stroke Asso-
ciation (AHA/ASA) also stated that the efficacy
and safety of IVT in patients with current malig-
nancy weren't well established [9]. But it still
provided some instructions on this issue,
whereby IVT was contraindicated in intra-axial
intracranial neoplasms and gastrointestinal
malignancy while recommended in extra-axial
intracranial neoplasms and systemic malignan-
cy with reasonable (> 6 months) life expectancy
[9]. Noteworthy, these instructions were con-
sensus of expert opinion based on clinical
experience, which offered low level evidence.
With longer survival owing to continued advanc-
es in cancer treatment, we needed to assess
the efficacy and safety of IVT in cancer patients
with higher level evidence.

Hence for the first time, we conducted a com-
prehensive meta-analysis with stronger evi-
dence to evaluate the efficacy and safety of IVT
in cancer patients via the following outcomes,
including functional independence, hemorrhag-
ic transformation (HT), symptomatic intracrani-
al hemorrhage (SICH), major bleeding (MB), in-
hospital mortality and 3-month mortality.

Materials and methods

The systematic review and meta-analysis was
conducted in accordance with the guidelines of
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [10].
Ethical approval wasn't needed because all
data were based on previously published
studies.

Literature search

The Medline, Embase, Cochrane Central Regi-
ster of Controlled Trials (CENTRAL), and the US
National Institutes of Health Ongoing Trials
Register (ClinicalTrials.gov) were searched until
April 2020. Various terms homologous with
“stroke”, “cancer” and “thrombolysis” were
applied to maximize the scope of the search.
Detailed search terms and search procedures
were described in Supplementary Search
Strategy. Additional relevant studies were
acquired by searching the reference lists of
the included articles. No language restrictions
were imposed.
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Inclusion and exclusion criteria

The inclusion criteria for the meta-analysis
were: (1) original articles or conference
abstracts reporting randomized controlled
trials, case-control studies, cohort studies, or
case series; (2) studies with at least 5 cancer
patients; (3) studies depicting IVT for AIS in
cancer patients; (4) studies reporting the num-
ber, proportion or odds ratio of at least one of
the following outcomes: functional indepen-
dence, HT, SICH, MB, in-hospital mortality or
3-month mortality.

The exclusion criteria for the meta-analysis
were: (1) articles reporting case reports, edito-
rials, commentaries or reviews; (2) studies
involving stroke mimic; (3) studies involving
benign tumors were excluded if data of patients
with malignancy couldn’t be extracted sepa-
rately; (4) studies with intra-arterial thromboly-
sis or endovascular therapy were excluded if
data of IVT couldn’t be extracted separately; (5)
duplicate publications from the same study.

Data extraction and quality assessment

Data were independently extracted by 2 auth-
ors (SH and XL) and any disagreement was
resolved by consensus. The following data fr-
om eligible studies were collected: first author,
publication year, article type (article or abst-
ract), country, study period, study design (retro-
spective cohort or case series), sample size,
age, gender, baseline National Institutes of
Health Stroke Scale (NIHSS), stroke onset to
treatment (OTT) time, follow-up duration, out-
comes (functional independence, HT, SICH,
MB, in-hospital mortality or 3-month mortality)
and matching factors (age, gender, baseline
NIHSS, OTT time, anticoagulant use, atrial fibril-
lation). The outcomes were extracted as dichot-
omous data or adjusted odds ratio (OR) with
95% confidence interval (Cl). The retrospective
cohort studies provided data of cancer and
non-cancer patients respectively, whereas
case series only provided data of cancer
patients. Besides, dichotomous data of out-
comes were also extracted for gastrointes-
tinal (Gl) and other malignancy from involved
studies.

The study quality was assessed by two differ-
ent tools. Newcastle-Ottawa Scale (NOS) was
used to assess the methodological quality of
cohort studies on the basis of cohort selection,
comparability and outcomes [11]. It contained

Am J Transl Res 2020;12(8):4795-4806



IVT for AIS in cancer patients

8 items with a maximum of 9 points, and a
score greater than 5 was regarded as high
quality. The Institute of Health Economics (IHE)
checklist was applied to appraise the quality
of case series based on the objective, design,
population, intervention and co-intervention,
outcome measures, statistical analysis, results
and conclusion, competing interests and sour-
ces of support. It included 20 items and the
study with 14 or more yes responses was con-
sidered to be of acceptable quality [12].

Outcomes definition

The efficacy outcome was functional indep-
endence, which was defined as a modified
Rankin Scale (mRS) score of 0-2 at 3 month.
The safety outcomes included HT, SICH, MB,
in-hospital mortality and 3-month mortality. HT
was defined as any intracranial hemorrhage on
the follow-up CT/MRI scan after IVT. SICH was
defined as any intracranial hemorrhage which
led to an increase of at least 4 points in NIHSS
or death after IVT according to the ECASS Il
criteria [8]. MB was indicated as any hemor-
rhage which was life threatening or required
blood transfusion. It included SICH and major
local or systemic bleeding. In-hospital morta-
lity and 3-month mortality were indicated as
all-cause mortality recorded till hospital dis-
charge and 3 month after IVT treatment,
respectively.

Statistical analysis

STATA version 12.0 (Stata-Corp, College
Station, TX, USA) was used for the statistical
analyses. For the comparative analysis of out-
comes between cancer and non-cancer
patients, OR with 95% Cl was calculated as the
overall effect measure via the metan com-
mand. It's either extracted directly from the
study, or calculated from the dichotomous data
in the 2*2 table by the Woolf method. If there’s
one zero cell in the 2*2 table, 0.5 was added to
each cell to calculate the OR. If there're two
zero cells, the study was discarded from the
meta-analysis. For the comparative analysis of
outcomes between patients with Gl and other
malignancy, risk difference (RD) with 95% ClI
was calculated as the overall effect measure. It
equaled to the proportion of Gl malignancy
minus that of other malignancy. It's calculated
from the dichotomous data via the metan com-
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mand. For the overall and race-based subgroup
analysis of outcomes in cancer patients, pro-
portion with 95% Cl was calculated as the
overall effect measure via the metaprop com-
mand. It's calculated from the dichotomous
data by Clopper-Pearson method and Freeman-
Tukey double arcsine transformation [13, 14].
All meta-analyses were conducted with the
DerSimonian and Laird random effect model in
case of clinical heterogeneity among studies
[15]. A p-value of less than 0.05 was consid-
ered statistically significant. In race-based
subgroup analyses, no overlapping in the 95%
Cl was considered as significant difference
between Asian and non-Asian cancer patients.

Heterogeneity among studies was assessed by
the I? statistic and Q test, and it's considered
statistically significant when the p-value derived
from Q test was < 0.1 [16]. The sensitivity anal-
yses excluding conference abstracts were
made due to absence of peer review. The
publication bias was assessed by Egger test
[17], and P < 0.05 was considered statistically
significant.

Results

As shown in Figure 1, we collected 8328
studies from Medline, Embase, CENTRAL and
ClinicalTrials.gov. After the review of the title
and abstract, 31 potentially relevant studies
were assessed for eligibility. We further ex-
cluded 2 studies whose involved tumors were
mainly meningioma, 2 studies without definite
diagnosis of AIS, 3 studies including intra-arte-
rial thrombolysis or endovascular therapy, 4
studies without available data, 3 studies with
sample size < 5, and 2 case reports. Finally, a
total of 15 studies [18-32] were included in
the meta-analysis. Detailed characteristics of
included studies were demonstrated in Table
1. Of the 15 studies, there're 11 articles [20,
22-28, 30-32] and 4 conference abstracts [18,
19, 21, 29]. With respect to the study design,
11 studies [18-28] were retrospective cohort
studies which made comparisons of outcomes
after IVT between cancer and non-cancer
patients, and 4 studies [29-32] were case
series which only depicted outcomes in cancer
patients. High quality of all cohort studies was
observed with the NOS score higher than 5

(Supplementary Table 1), and good quality of 1
case series [32] was observed with 14 yes
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8328 records identified through database searching

mortality (OR 1.30, 95% CI
[0.93, 1.81]; I? = 71.3%; 7
studies, 258938 patients),
and 3-month mortality (OR
1.00, 95% CI [0.49, 2.03]; I> =
0.0%; 4 studies, 735 pati-

ents). All analyses suggested
no significant heterogeneity

Excluded (n=16), with reasons
1.involved tumors were mainly

2.no definite diagnosis of AIS (n=2)

among studies (P > 0.1), ex-
cept for in-hospital mortality
(P = 0.002). The sensitivity
analysis excluding the study
of malignant brain tumors
[22] still indicated no signifi-
cant difference in HT (OR
1.20, 95% CI [0.80, 1.82];

endovascular therapy included (n=3) 2 — 0 o i
4.data unavailable for analysis (n=4) I 12'46) and in hOSpIta|

mortality (OR 1.10, 95% ClI
[0.89, 1.35]; I? = 32.3%) with-

o Medline and Embase via Ovid (n=8133)

o CENTRAL (n=195)

= ClinicalTrials.gov (n=0)

=h

Q

Q0

=2

E]

(e _ | Studies excluded based on

w title and abstract (n=8297)

Q

kD 3

g- Potentially relevant studies

« assessed for eligibility (n=31)

m

Q meningioma (n=2)

=3

E 3.intra-arterial thrombolysis or
5.sample size < 5 (n=3)
6.case reports (n=2)

=)

c_) A

g_ Studies included in quantitative synthesis

8 (meta-analysis) (n=15)

Figure 1. Flow chart of publication search and selection. Abbreviations: AlS,

acute ischemic stroke.

responses to the IHE checklist (Supplementary
Table 2). The data of 34 cancer patients were
extracted for meta-analysis from a total of 40
patients with neoplasms in 1 study [23].

Comparative analyses of outcomes between
cancer and non-cancer patients

A total of 11 retrospective cohort studies [18-
28] were included for the comparisons between
cancer and non-cancer patients. Among them,
5 studies [19, 20, 22, 25, 27] provided the
adjusted OR. 1 study [22] only included malig-
nant brain tumors while others included vari-
ous cancers. For each study, there’s no signifi-
cant difference between cancer and non-can-
cer patients in given information regarding age,
sex, baseline NIHSS or OTT time (P > 0.05). As
shown in Figure 2, there’s no significant differ-
ence between cancer and non-cancer patients
in various outcomes, including functional inde-
pendence (OR 1.00, 95% CI [0.51, 1.97]; I> =
30.3%; 4 studies, 735 patients), HT (OR 1.40,
95% CI [0.93, 2.11]; I? = 37.1%; 7 studies,
164061 patients), SICH (OR 2.12, 95% CI
[0.33, 13.76]; I? = 55.9%, 3 studies, 672
patients), MB (OR 1.09, 95% CI [0.21, 5.80]; I?
= 0.0%; 2 studies, 556 patients), in-hospital
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out significant heterogeneity
(P > 0.1). All analyses indicat-
ed no significant publication
bias by the Egger test (P >
0.05).

Furthermore, the sensitivity

analysis excluding abstracts
[18, 19, 21] also indicated no significant differ-
ence between patients with and without cancer
(Supplementary Figure 1).

Comparative analyses of outcomes between
patients with Gl and other malignancy

6 studies [23, 24, 26, 30-32] were included for
the comparisons between patients with Gl and
other malignancy. The demographic character-
istics of patients with Gl and other malignancy
were demonstrated in Table 2. For each study,
there’s no significant difference between pa-
tients with Gl and other malignancy in age, gen-
der, baseline NIHSS, OTT time and cancer ther-
apy (P>0.05, Table 2). As shown in Figure 3,
there’s no significant difference between Gl
and other malignancy in various clinical out-
comes, including functional independence (RD
8.63%, 95% CI [-30.43%, 47.69%]; I> = 41.5%; 4
studies, 64 patients), HT (RD -4.56%, 95% CI
[[39.75%, 30.63%]; 1> = 0.0%; 3 studies, 17
patients), SICH (RD 6.37%, 95% CI [-14.45%,
27.19%]; I? = 0.0%,; 5 studies, 62 patients), MB
(RD 5.72%, 95% CI [-17.08%, 28.53%]; I° =
0.0%; 4 studies, 57 patients), and 3-month
mortality (RD -21%, 95% CI [-55.71%, 13.71%)];
I? = 53.9%; 5 studies, 69 patients). All analyses
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Country/Stud Stud Cancer/Non-cancer or Cancer Matchin
Author/Year Type y‘/ y ) y - - - - Follow-up Outcomest g
period design Sample size Age* Male (%) Baseline NIHSS* OTT time* (min) factorst

Schwarzbach/2012 [18]  Abstract Germany/NA RC 18/27 NA/NA NA/NA NA/NA NA/NA Discharge 5 d

Kolb/2013 [19] Abstract  Israel/2008-2011 RC 9/107 NA/NA NA/NA NA/NA NA/NA Discharge 3 NA

Murthy/2013 [20] Article USA/2009-2010 RC 614/21596 NA/NA NA/NA NA/NA NA/NA Discharge 2,5 a, b

Portilla/2014 [21] Abstract Spain/NA RC 23/134 NA/NA NA/NA 7.7 (x7.1)/75 < 270/NA 3 months 1,2,5,6 NA

(£7.4)

Murthy/2015 [22] Article USA/2002-2011 RC 119/123667 NA/NA NA/NA NA/NA NA/NA Discharge 2,5 a,be

Sobolewski/2015 [23] Article Poland/2006-2013 RC 34/495 71.1(£8.5)/70.7 53/53 13[11-17)/11 < 270/< 270 3 months 1,3,4,6 a,b,cdef
(#12.1) [8-17]

Geraldes/2017 [24] Article  Portugal/2010-2015  RC 7/20 72.6 (+10.5)/NA  86/NA 13 (£6.2)/NA < 180/NA 3months 1,2,3,4,6 a

Weeda/2019 [25] Article USA/2013-2014 RC 416/13577 75 [66-82]/71 55/50 NA/NA NA/NA Discharge 2,5 a,f
[59-82]

Selvik/2018 [26] Article Norway/2006-2012 RC 5/261 68 (+8.5)/68.7 80/63 9 [8-14]/7 [4-15] 73 [45-124]/90  Discharge 2 a,b,cd,f
(+14.9) [59-135]

Owusu-Guha/2019 [27]  Article USA/2013-2015 RC  11750/83375 74.2 (+32.5)/67.2  50/51 NA/NA NA/NA Discharge 5 a, b,
(+£28.9)

Sallustio/2019 [28] Article Italy/2011-2018 RC 11/11 NA/NA NA/NA NA/NA NA/NA 3months 1,2,3,5,6 a,b,c,f

Lee/2011 [29] Abstract S.Korea/NA Cs 24 NA NA NA NA Discharge 2

Graber/2012 [30] Article USA/1999-2010 CS 6 72.8 (£7.7) 33 NA <180 3 months 2,3,4,6

Cappellari/2013 [31] Article Italy/2004-2012 cs 11 72.5 (+9) 64 10.5 (5.9) 170[162-183] 3 months 1,3,4,5,6

Nam/2017 [32] Article  S.Korea/2010-2015  CS 12 69.3 (+8.5) 67 12.2 (7) 60 [30-105] 3months  1,2,5,6

*Mean (+ SD) or median [interquartile range] reported. All known parameters without significant difference (P > 0.05). tOutcomes: 1, functional independence; 2, HT; 3, SICH; 4, MB; 5, in-hospital mortality; 6, 3-month mortality. $Matching
factors (apply for RC studies only): a, age; b, gender; c, baseline NIHSS; d, OTT time; e, anticoagulant use; f, atrial fibrillation. Abbreviations: NA, not available; USA, the United States of America; S.Korea, South Korea; RC, retrospective cohort;
CS, case series; NIHSS, National Institutes of Health Stroke Scale; OTT, onset to treatment; HT, hemorrhagic transformation; SICH, symptomatic intracranial hemorrhage; MB, major bleeding; SD, standard deviation.
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Events/Total % Cl [4.59%, 1170%], ? =
Study Cancer  Non-cancer OR (95% CI) Weight 42.4%; 7 StUdieS, 1105 pati-
1. Functional independence 0, _
Portilla 2014 1123 68134 — 0.89(0.37,2.16) 3426 ents), and 18.26% for 3
Sobolewski 2015 21/34  272/495 —— 132 (0.65,2.70)  43.04 i 0
Geraldes 2017 3 5/20 ————  225(0.37,1371) 1203 month mozrta“ty (Cl [5.89%,
Sallustio 2019 511 9 —_— 019(0.03,1.29) 1066 Ul I2 = % i
Subtotal ("2 = 30.3%, p = 0.231) <> 1.00 (0.51,1.97)  100.00 _34'2190/(2' ! . 6’[354:" 7.f.StUdt
1es, patients,). |gn| ICan
2 HT
Murthy 2013 25/614  1386/25196 — 067 (0.21,1.13)  15.94 heterogeneity among studies
Portilla 2014 223 18134 —_—t 061(0.13,2.84) 6.2
Murthy 2015 NA 6802/123667 - 2.33(149,365) 3073 were observed for HT (P =
Geraldes 2017 " 5/20 — 050 (0.05,522)  2.87
Wesda 2019 49/416 1012113577 - 160 (117.2.17)  38.05 0.0), SICH (P = 0.013) and
Selvik 2018 o5 10261 ——1+—— 218(0.11,42.03) 1.84 . _
Sallustio 2019 311 am — 100(0.15,6.53) 4.34 3-month mortality (P = 0.012).
Subtotal (12 = 37.1%, p = 0.146) o 1.40(0.93,2.11)  100.00 All analyses indicated no sig-
3.SICH p P :
Kolb 2013 5/9 111107 — +—— 843(1.88,37.65) 4368 nificant publication bias by the
Sobolewski 2015 1/34  22/495 — 065(0.09,4.98) 3533
Geraldes 2017 o7 1/20 ———————— 087(0.03,23.72) 20.99 Egger test (P > 0.05).
Subtotal (12 = 55.9%, p = 0.104) —f——  212(0.33 13.76) 100.00
4aMB Of the 13 included studies
Sobolewski 2015 1/34  22/495 — 065(0.09,4.98)  67.30 .
Geraldes 2017 17 1/20 ———+—— 3.17(0.17,58.70) 32.70 above, 3 studies [19, 29, 32]
Subtotal (12 = 0.0%, p = 0.384) = 1.09(0.21,5.80)  100.00 were conducted in Asia. Ra
5. In-hospital mortality .
Schwarzbach 2012 3/18 1727 ——+—— 5.20(0.50, 54.56) 1.87 ce-based subgroup analyses
Murthy 2013 67/614  2142/25196 E 087 (0.67.1.14) 2507 . .
Portilla 2014 023 12/134 _ 021(0.01,3564) 129 were made in Asian and non-
Murthy 2015 NA 139741123667 - 251(1.66,3.79)  20.39 . :
Weeda 2019 38/416  938/13577 - 124(0.88,176) 2248 Asian cancer patients respec-
Owusu-Guha 2019 NA NA . 1.20(1.00,1.40)  27.65 ; P
Sallustio 2019 111 111 _ 1.00 (0.05, 18.30)  1.25 tively. As shown in Figure 5,
Subtotal (12 = 71.3%, p = 0.002) o 130 (0.93, 1.81)  100.00 Asians showed an increased
6. 3-month mortality i 0,
Portilla 2014 123 18134 e 029(0.04,231) 1167 pro(;))ortlon of HOT as 44(;27/0
Sobolewski 2015 7/34  91/495 —— 115(0.49,2.73)  66.96 .
Geraldes 2017 27 6/20 R 093(0.14,623) 1380 (95/‘_) cl [27'88_/0‘ 61.26%]; 2
Sallustio 2019 2/11 1111 —t+——— 222(0.17,28.86) 7.57 studies, 36 patients) compar-
Subtotal (12 = 0.0%, p = 0.607) <> 100(0.49,2.03)  100.00 . - .
NOTE: Weights are from random effects analysis ed Wlth non—AS|ans (626/07
I I 95% Cl [1.20%, 13.63%]; I> =
01 1 38

Figure 2. Forest plots of functional independence, HT, SICH, MB, in-hospital
mortality and 3-month mortality after intravenous thrombolysis for acute
ischemic stroke in cancer and non-cancer patients. The diamond indicated
the estimated odds ratio (95% confidence interval) of cancer to non-cancer
patients. The I? statistic and p value showed on each figure was for hetero-
geneity test. Abbreviations: OR, odds ratio; HT, hemorrhagic transformation;
SICH, symptomatic intracranial hemorrhage; MB, Major bleeding.

suggested no significant heterogeneity among
studies (P > 0.1), except for 3-month mortality
(P = 0.07). All analyses indicated no significant
publication bias by the Egger test (P > 0.05).

Overall and race-based subgroup analyses of
outcomes in cancer patients

A total of 13 studies [18-21, 23-26, 28-32]
were included to pool the proportion of
outcomes in cancer patients. As shown in
Figure 4, cancer patients indicated a propor-
tion of 54.31% for functional independence
(95% Cl [43.83%, 64.63%]; 1> = 0.0%; 6 studi-
es, 98 patients), 13.74% for HT (95% CI [5.40%,
24.35%]; I = 86.4%; 9 studies, 1118 patients),
3.94% for SICH (95% Cl [0%, 18.50%]; I> =
65.5%; 6 studies, 78 patients), 1.31% for MB
(95% Cl [0%, 8.07%]; I> = 0.0%; 4 studies, 58
patients), 7.84% for in-hospital mortality (95%

4800

77.8%; 7 studies, 1082 pati-
ents), and SICH as 55.56%
(95% CI [21.20%, 86.30%]; 1
studies, 9 patients) compared
with non-Asians (0.27%, 95%
Cl [0%, 5.01%]; I? = 0.0%; 5
studies, 69 patients). Hetero-
geneity among Asian studies
couldn’t be assessed due to
insufficient number of included studies. Sig-
nificant heterogeneity among non-Asian stud-
ies were observed for HT (P = 0.0). All analyses
indicated no significant publication bias by the
Egger test (P > 0.05), except for SICH in non-
Asians (P = 0.020).

Furthermore, the sensitivity analysis excluding
abstracts [18, 19, 21, 29] showed no signifi-
cant changes in the proportion of outcomes in
cancer patients (Supplementary Figure 2), and
that Asians had greater likelihood of HT than

non-Asians (Supplementary Figure 3).

Discussion

Up to date, there’re no randomized controlled
trials about the efficacy and safety of IVT in
cancer patients. Published studies on this
issue were mainly limited to cohort studies and
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Table 2. Characteristics of patients with gastrointestinal and other malignancy

Author/Year SSe IV:;!;—:@ Age*P Baseline NIHSS?? OTT time®® (min) Cance;;r;erapya
Graber/2012 [30] 1/4  0/25 68/66 [63-81] NA/NA < 180/< 180 100/25
Cappellari/2013 [31]  4/7 75/57  76[63-84]/73[59-84] 14 [7-20]/7 [1-14] 182 [100-225]/170 [122-270] 75/43
Sobolewski/2015 [23] 3/31 33/55  69[65-71]/72 [49-90] 11[11-14]/13 [6-26] < 270/< 270 NA/NA
Geraldes/2017 [24] 1/6 100/83 76/75 [51-82] 12/14 [6-22] NA/NA 100/67
Nam/2017 [32] 4/8 100/50 76[64-82]/66 [56-76] 7 [3-19]/14 [5-24] <120/< 120 NA/NA
Selvik/2018 [26] 3/2 67/100 77 [52-77]/65.5[62-69] 13[9-15]/11[8-14] 75[75-130]/165.5 [151-180] 33/50

2Gastrointestinal malignancy/other malignancy reported. "Median [range] reported. Abbreviations: SS, sample size; NIHSS, National Institutes of Health Stroke Scale;

OTT, onset to treatment; NA, not acquired.

Events/Total Risk % Although the latest AHA/ASA
Study Gl Others difference(%) (95% Cl) Weight guideline [9] gave some inst—
1. Functional independence i i i !
Cappellari 2013 2/4 617 —_— -35.71 (-91.15,19.72) 27.24 ructions on this 'SSL’!ej they.re
Sobolewski 2015 23 19/31 —_— 5.38 (~50.66, 61.41) 26.92 based on expert opinion with
Geraldes 2017 11 2B 1———+— 66.67 (-3.06, 136.39) 2065 .
Nam 2017 24 3/8 —_ 12.50 (~46.88, 71.88) 25.20 low level evidence. Therefore
Sublotal ("2 = 41.5%, p = 0.163) S 8.63 (-30.43, 47.69) 100.00 the efficacy and safety of IVT
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Figure 3. Forest plots of functional independence, HT, SICH, MB and 3-month
mortality after intravenous thrombolysis for acute ischemic stroke in patients

and safety of IVT in cancers
of specific type, status, site,
stage or treatment.

with Gl and other malignancy. The diamond indicated the estimated risk dif-

ference (95% confidence interval) between GI and other malignancy. The
I? statistic and p value showed on each figure was for heterogeneity test.
Abbreviations: Gl, gastrointestinal; HT, hemorrhagic transformation; SICH,
symptomatic intracranial hemorrhage; MB, Major bleeding.

case series, which held different opinions on
whether IVT could be used in cancer patients.
Of the 11 cohort studies, 8 studies [18, 20, 21,
23, 24, 26-28] favored IVT in cancer patients, 1
study [19] disfavored IVT in active cancer, 1
study [22] disfavored IVT in malignant brain
tumors, and 1 study [25] failed to give the con-
clusion due to increased HT without increas-
ed in-hospital mortality in cancer patients.
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With respect to the cancer
type, IVT was potentially harm-
ful to patients with GI malig-
nancy while beneficial to sys-
temic malignancy with rea-
sonable life expectancy according to the AHA/
ASA guideline [9]. This aroused our interest in
the efficacy and safety of IVT in patients with Gl
malignancy. It's estimated that GI malignancy
ranked top in the proportion of new cancer
cases (15.7%) and cancer deaths (17.4%) in
2018 worldwide [1]. On the one hand, patients
with Gl cancers had increased risk of gastroin-
testinal bleeding (GIB) which varied from occult
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The AHA/ASA guideline rec-
ommended IVT in systemic

Figure 4. Forest plots of functional independence, HT, SICH, MB, in-hospital
mortality and 3-month mortality after intravenous thrombolysis for acute
ischemic stroke in cancer patients. The diamond indicated the estimated
proportion (95% confidence interval) in cancer patients. The |2 statistic and
p value showed on each figure was for heterogeneity test. Abbreviations: HT,
hemorrhagic transformation; SICH, symptomatic intracranial hemorrhage;

MB, Major bleeding.

bleeding to massive hemorrhage [33]. A recent
study also showed that GIB was associated
with a 20-fold higher hazard of Gl cancer diag-
nosis [34]. On the other hand, GIB was a com-
mon complication with an incidence of 0.1-
8.0% during the acute phase of stroke [35]. The
co-occurrence of Gl malignancy and AIS might
greatly increase the risk of GIB, which was sig-
nificantly associated with poor clinical out-
comes [36, 37]. Therefore, the AHA/ASA guide-
line disapproved IVT in patients with Gl malig-
nancy or recent GIB [9]. Inconsistent with the
guideline, one study [38] reported no signifi-
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malignancy with reasonable
life expectancy of > 6 months
[9]. One study [39] revealed
that the presence of metas-
tasis (hazard ratio 4.53, 95%
Cl [2.18, 9.42]) and the can-
cer type (hazard ratio: 2.07
and 2.389 for gastric/esophageal and pancre-
atic cancer, respectively) were significantly
associated with 6-month mortality. Hence IVT
might not be recommended in patients with
metastasis or these cancers. Furthermore,
another study [20] reported that solid malig-
nancy (OR 3.02, 95% CI [1.37, 6.65]) and meta-
static cancer (OR 10.41, 95% Cl [4.53, 23.92])
had significantly higher in-hospital mortality
than hematologic malignancy. As suggested in
the guideline [9], IVT was potentially harmful to
patients with intra-axial intracranial neoplasms
while beneficial to extra-axial neoplasms. One
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good efficacy and safety of
IVT in cancer patients.

Figure 5. Forest plots of HT and SICH after intravenous thrombolysis for acute

ischemic stroke in non-Asian and Asian patients with cancer. The diamond
indicated the estimated proportion (95% confidence interval) in Asian or non-
Asian cancer patients. The |? statistic and p value showed on each figure was
for heterogeneity test. Abbreviations: HT, hemorrhagic transformation; SICH,

symptomatic intracranial hemorrhage.

study [22] showed that intra-axial neoplasms
had higher mortality (OR: 2.51, 95% CI [1.20,
5.23]) than extra-axial neoplasms, which sup-
ported the guideline. As for the current malig-
nancy which wasn’t well established [9], 4 stud-
ies [21, 24, 26, 28] favored while 1 study [19]
disfavored IVT in patients with current or active
malignancy. We failed to make further meta-
analysis in these specific populations due to
lack of data, but these studies could work as
reference in clinical practice. More detailed
information should be added to future studies
to assess the efficacy and safety of IVT in
patients with specific cancer, such as the type,
status (current, remote), site, stage or treat-
ment of the cancer.

For the first time, our meta-analysis reported
the pooled proportion of various outcomes
after IVT for AIS in cancer patients. The pooled
proportion of HT (13.74%, 95% CI [5.40%,
24.35%)]), SICH (3.94%, 95% CI [0.0%, 18.50%])
and 3-month mortality (18.26%, 95% CI [5.89%,
34.29%]) were comparable to the randomiz-
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Of 15 million people annual-
ly having stroke worldwide,
about 9 million were Asians
[40]. Unique features of str-
oke in Asia included genetic
disorders, effects of diet and
lifestyle, and high prevalence of intracranial
atherosclerosis and intracranial hemorrhage
[40]. The Japanese Alteplase Clinical Trial [41]
showed that various clinical outcomes with low-
dose alteplase (0.6 mg/kg) in Asia were com-
parable to the outcomes with standard-dose
alteplase (0.9 mg/kg) in North America and
European Union. It suggested that Asians might
have increased risk of intracranial hemorrhage
at standard dose. In consistence with this, our
meta-analysis showed that Asians implied
greater likelihood of HT and SICH than non-
Asians. Nevertheless, this conclusion was
different from the ENCHANTED trial [42].
According to the ENCHANTED trial, low-dose
alteplase didn’t show non-inferiority to stan-
dard-dose alteplase in mortality and disability
(OR 1.09, 95% CI [0.95, 1.25]) in predominantly
Asian patients [42], and no significant differ-
ence was observed between Asian and non-
Asian cancer patients [43]. Therefore, low-dose
alteplase wasn’'t recommended in the latest
AHA/ASA guideline [9]. In view of absence of
detailed dose and huge discrepancy in the
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sample size between Asians and non-Asians,
the ethnic difference which wasn’t biologically
plausible might indicate a publication bias in
our meta-analysis. The issue of whether Asia
was a risk factor in the efficacy and safety of
IVT still needed more data from Asian patients.

As we can observe, there’s substantial hetero-
geneity in the overall and race-based subgroup
analysis of HT in cancer patients. Race might
be the source of heterogeneity in HT, but it
failed to compensate for the whole. Perhaps
the heterogeneity was from discrepancies in
study design, population and measuring meth-
ods, but the information was too little for fur-
ther analysis.

Our meta-analysis had several limitations that
should be considered when interpreting the
results. Firstly, 4 conference abstracts were
included, so we couldn’t obtain detailed infor-
mation on the population. Secondly, most stud-
ies failed to provide data for all outcomes,
which might cause selection bias. Thirdly, the
95% Cl in some analyses were very broad,
which indicated low statistical power. Fourthly,
observational studies without randomization
might cause biases that cancer patients in
poor conditions were generally not considered
for IVT while non-cancer patients would be con-
sidered less carefully.

In conclusion, according to this meta-analysis,
cancer patients showed no significant differ-
ence from non-cancer patients in the efficacy
and safety of IVT, which confirmed and strength-
ened the latest AHA/ASA guideline with stron-
ger evidence. For cancer patients, there’s no
significant difference in the efficacy and safety
of IVT between gastrointestinal and other
malignancy, and Asians showed greater likeli-
hood of HT and SICH than non-Asians. Rando-
mized controlled trials are needed to assess
the efficacy and safety of IVT in cancers of spe-
cific type, status, site, stage or treatment.
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Supplementary Search Strategy

1. Medline and Embase (via Ovid):

#1 cerebrovascular disorders/ or exp basal ganglia cerebrovascular disease/ or exp brain ischemia/
or exp carotid artery diseases/ or exp intracranial arterial diseases/ or exp “intracranial embolism and
thrombosis”/ or stroke/ or exp brain infarction/ or stroke, lacunar/ or vasospasm, intracranial/ or verte-
bral artery dissection/ 1148813

#2 (stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$).tw. 736696

#3  ((orain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or infarct$ or
thrombo$ or emboli$ or occlus$)).tw. 254930

#4  or/1-3 1548502

#5 exp neoplasm/ 7707737

#6 (malignan* or neoplas* or cancer* or carcinoma* or tumo*).mp. 9378777

#7 5or6 10201173

#8 thrombolytic therapy/ 46351

#9 fibrinolytic agents/ or plasmin/ or plasminogen/ or tissue plasminogen activator/ or exp plasmino-
gen activators/ or urokinase-type plasminogen activator/ 175310

#10 fibrinolysis/ 54839

#11 (thromboly$ or fibrinoly$ or recanalis$ or recanaliz$).tw. 183825

#12 ((clot$ or thrombus) adj5 (lyse or lysis or dissolve$ or dissolution)).tw. 10380

#13 (tPA or t-PA or rtPA or rt-PA or plasminogen or plasmin or alteplase or actilyse).tw. 155834

#14 (anistreplase or streptodornase or streptokinase or urokinase or pro?urokinase or rpro?uk or lum-
brokinase or duteplase or lanoteplase or pamiteplase or reteplase or saruplase or staphylokinase or
streptase or tenecteplase or desmoteplase or retevase).tw. 49608

#15 or/#8-#14 373378

#16 #4 and #7 and #15 8133

2. The Cochrane Central Register of Controlled Trials (CENTRAL):

#1 [mh ~“cerebrovascular disorders”] or [mh “basal ganglia cerebrovascular disease”] or [mh “brain
ischemia”] or [mh “carotid artery diseases”] or [mh “intracranial arterial diseases”] or [mh “intracranial
embolism and thrombosis”] or [mh “intracranial hemorrhages”] or [mh “~stroke] or [mh “brain infarction”]
or [mh ~“stroke, lacunar”] or [mh ~“vasospasm, intracranial”] or [mh "“vertebral artery dissection”]
14341

#2  (stroke or cerebrovasc* or brain next vasc* or cerebral next vasc* or cva* or apoplexy*):ti,ab
52979

#3 (brain* or cerebr* or cerebell* or intracran* or intracerebral) near/5 (isch*emi* or infarct* or
thrombo* or emboli* or occlus*) 14639

#4 [mh ~“gait disorders, neurologic”] 609

#5 #lor#2or#3 or#4 61654

#6 MeSH descriptor Neoplasms explode all trees 559

#7 malignan* or neoplasm* or cancer or carcinoma* or tumo* 215672

#8 #6or#7 215672

#9 MeSH descriptor (Thrombolytic Therapy) explode all trees 37

#10 MeSH descriptor (Fibrinolytic Agents) explode all trees 53

#11 MeSH descriptor (Fibrinolysis) explode all trees 45

#12 MeSH descriptor (Plasminogen Activators) explode all trees 10

#13 (plasminogen near/2 activator* or rt-pa or tPA or *urokinase or alteplase or reteplase or
tenecteplase or saruplase or anistreplase or monteplase or streptokinase or staphylokinase or avelizin
or awelysin or celiase or distreptase or Kabikinase or kabivitrum or Streptase or streptodecase or apsac
or Abbokinase or renokinase or Actilyse or Activase or Eminase or Retavase or Rapilysin or desmople-
tase or u-pa or alfimeprase) 8049

#14 thromboly* or fibrinoly* or antithrombotic or antithrombic 13803

#15 #9 or #10 or #11 or #12 or #13 or #14 17245

#16 #5and #8 and #15 195
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3. The US National Institutes of Health Ongoing Trials Register (ClinicalTrials.gov)
Condition/diseases: stroke AND cancer; Other Terms: thrombolysis.
Results: O
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Supplementary Table 1. Quality assessment of retrospective cohort studies by Newcastle-Ottawa Scale

Kolb/ Murthy/ Portilla/ Murthy/ Sobolews- Weeda/ Selvik/ Owusu-

ltems ba;%“(’)alr;'[ 4 2013 2013 2014 2015 K/2015 %e(;i;d[e:]/ 2019 2018 Guha/2019 531‘;5{'1‘){]
[2] [3] (4] (5] [6] (8] 9 [10]
Selection
1) Representativeness of the exposed cohort? 1 1 1 1 1 1 1 1 1 1 1
2) Selection of the non-exposed cohort® 1 1 1 1 1 1 1 1 1 1 1
3) Assessment of the exposure® 1 1 1 1 1 1 1 1 1 1 1
4) Outcome of interest not present at the start of the study? 1 1 1 1 1 1 1 1 1 1 1
Comparability
1) Comparability of cohorts based on the design or analysis® - - 1 - 1 2 1 1 2 1 2
Outcome
1) Assessment of the outcome’ 1 1 - - 1 1 1 1 - 1 1
2) Was follow-up long enough for outcomes to occur® 1 1 1 1 1 1 1 1 1 1 1
3) Adequacy of follow up of the cohorts" 1 1 1 1 1 1 1 1 1 1 1

Total score 7 7 7 6 8 9 8 8 8 8 9

aStar assigned if exposed cohort was truly/somewhat representative of the cancer patients treated with IVT for AIS in the community (i.e., the sample was consecutive or covered all patients in hospital during specific periods). *Star assigned
where non-exposed participants (non-cancer patients treated with IVT for AIS) were drawn from the same population as the exposed. °Star assigned if cancer status had been assessed via structured interview or medical records. °Star as-
signed if outcomes appeared after the initiation of IVT. *One star assigned if the study matched for age; Second star assigned if it further matched for basaline NIHSS. ‘Star assigned if outcomes were identified by medical records/CT imaging.
EStar assigned if it at least followed up till discharge. "Star assigned where the loss to follow-up had been estimated and reported in the study, and where loss was no more than 10%. Abbreviations: IVT, intravenous thrombolysis; AIS, acute
ischemic stroke; NIHSS, National Institutes of Health Stroke Scale; CT, Computed Tomography.
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Supplementary Table 2. Quality assessment of case series by IHE checklist

Lee, Graber, ) Nam
Checklist items 201/1 2012/ (;aoplpse'['ﬂ]/ 2017/
[12] [13] [15]

Study objective

1. Was the hypothesis/aim/objective of the study clearly stated? Yes Yes Yes Yes
Study design

2. Was the study conducted prospectively? No No No No

3. Were the cases collected in more than one center? Yes No No Yes

4. Were patients recruited consecutively? Unclear Unclear Yes Yes
Study population

5. Were characteristics of the patients in the study described? No Yes Yes Yes

6. Were eligibility criteria (i.e. inclusion/exclusion) clearly stated? Partial Yes Yes Yes

7. Did patients enter the study at a similar point in the disease? Unclear Unclear Unclear Unclear
Intervention and co-intervention

8. Was the intervention of interest clearly described? Partial Partial Partial Yes

9. Were additional interventions clearly described? Yes No No Yes
Outcome measures

10. Were relevant outcome measures established a priori? Yes Yes No Yes

11. Were outcome assessors blinded to the intervention? Unclear Unclear Unclear Unclear

12. Were relevant outcomes measured with appropriate objective or subjective methods? Yes Yes Unclear Yes

13. Were outcomes measured before and after the intervention? Unclear Yes Unclear Unclear
Statistical analysis

14. Were the statistical tests assessing relevant outcomes appropriate? Unclear Unclear Unclear Yes
Results and conclusions

15. Was follow-up long enough for events and outcomes to occur? Yes Yes Yes Yes

16. Were losses to follow-up reported? Yes Yes Yes Yes

17. Did the study provide estimates of random variability in analysis of relevant outcomes? No No Partial Partial

18. Were the adverse events reported? Yes Yes Yes Yes

19. Were the conclusions of the study supported by the results? Yes Yes Yes Yes
Competing interests and sources of support

20. Were both competing interests and sources of support reported? No Partial Partial Partial
Number of yes responses 9 10 8 14

Abbreviations: IHE, Institute of Health Economics.
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Events/Total %
Study Cancer Non-cancer OR (95% ClI) Weight
1. Functional independence
Sobolewski 2015 21/34  272/495 —J— 1.32(0.65,2.70) 51.27
Geraldes 2017 317 5/20 — 2.25(0.37, 13.71) 25.41
Sallustio 2019 511 9/11 —_— 0.19(0.03, 1.29) 23.32
Subtotal (12 =51.1%, p=0.129) I 0.96 (0.29, 3.11)  100.00
2.HT
Murthy 2013 25/614 1386/25196 — 0.67 (0.21, 1.13) 16.56
Murthy 2015 NA 6802/123667 - 2.33(1.49,3.65) 32.89
Geraldes 2017 17 5/20 —_— 0.50(0.05,5.22) 2.91
Weeda 2019 49/416  1012/13577 -+ 1.60 (1.17,2.17) 41.36
Selvik 2018 0/5 10/261 —t+— 2.18(0.11,42.03) 1.86
Sallustio 2019 3/11 3/11 — 1.00 (0.15,6.53) 4.41
Subtotal (1"2 =37.6%, p = 0.155) K> 1.49(0.99,2.25) 100.00
3.SICH
Sobolewski 2015 1/34 22/495 —_— 0.65 (0.09, 4.98) 72.50
Geraldes 2017 /7 1/20 —a— 0.87(0.03, 23.72) 27.50
Subtotal (12 =0.0%, p = 0.885) e 0.70 (0.12,3.99) 100.00
4.MB
Sobolewski 2015 1/34 22/495 —_— 0.65 (0.09, 4.98) 67.30
Geraldes 2017 17 1/20 —t—+— 3.17(0.17, 58.70) 32.70
Subtotal (12 =0.0%, p =0.384) L — 1.09 (0.21,5.80)  100.00
5. In-hospital mortality
Murthy 2013 67/614 214225196 - 0.87 (0.67, 1.14) 25.95
Murthy 2015 NA 13974/123667 -+ 2.51(1.66,3.79) 20.92
Weeda 2019 38/416 938/13577 - 1.24(0.88,1.76) 23.15
Owusu-Guha 2019 NA > 1.20 (1.00, 1.40) 28.75
Sallustio 2019 1111 1711 —_— 1.00 (0.05, 18.30) 1.24
Subtotal (1"2=77.7%, p =0.001) o 1.30 (0.93, 1.80)  100.00
6. 3-month mortality
Sobolewski 2015 7/34 91/495 —— 1.15(0.49,2.73) 75.81
Geraldes 2017 217 6/20 —_— 0.93 (0.14,6.23) 15.63
Sallustio 2019 2/1 111 —1+—— 2.22(0.17,28.86) 8.57
Subtotal (12 = 0.0%, p = 0.862) << 1.18 (0.56, 2.50)  100.00
NOTE: Weights are from random effects analysis

T T
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Supplementary Figure 1. Forest plots of functional independence, HT, SICH, MB, in-hospital mortality and 3-month
mortality after intravenous thrombolysis for acute ischemic stroke in cancer and non-cancer patients (abstracts
excluded). The diamond indicated the estimated odds ratio (OR) (95% confidence interval) of cancer to non-cancer
patients. The I? statistic and p value showed on each figure was for heterogeneity test. Abbreviations: HT, hemor-
rhagic transformation; SICH, symptomatic intracranial hemorrhage; MB, Major bleeding.
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Proportion(%) %
Study Events Total (95% ClI) Weight
1. Functional independence
Cappellari 2013 11
Sobolewski 2015 21 34
Geraldes 2017 3 7
Nam 2017 5 12 —_—
Sallustio 2019 5

Subtotal (1*2 =0.0%, p = 0. 491)

————+> 7273(39.03,93.98) 14.84
——+—— 61.76 (43.56, 77.83) 44.52

— 5 42386(9.90,81.59) 9.68
4167 (15.17, 72.33)  16.13

——+—— 4545(16.75.76.62) 14.84

<= 5633 (44 29, 68.05) 100.00
2.HT

Graber 2012 0 6 — 0.00(0.00,45.93)  8.16
Murthy 2013 25 614 . 4.07 (2.65, 5.95) 25.98
Geraldes 2017 1 7 N 14.29 (0.36, 57.87)  8.99
Nam 2017 7 12 —  + 5 5833(27.67, 8483) 1223
Weeda 2019 49 416 -~ 1178 (8.84, 15.27)  25.70
Selvik 2018 o 5 4 0.00 (0.00, 52.18)  7.25

Sallustio 2019

11 27.27 (6.02,60.97)  11.68
Subtotal (12 = 864% p=0.000) |<

11.02 (2.87, 22.21) 100.00

3. SICH

Graber 2012 0 6 0.00 (0.00, 45.93) 9.09
Cappellari 2013 0 11 +— 0.00 (0.00, 28.49) 16.08
Sobolewski 2015 1 34 — 2.94 (0.07, 15.33) 48.25
Geraldes 2017 0 7 +— 0.00 (0.00, 40.96) 10.49
Sallustio 2019 0 11 1 0.00 (0.00, 28.49) 16.08
Subtotal (I"2=0.0%, p=10.995) [ 0.27 (0.00, 5.01) 100.00
4.MB

Graber 2012 0 6 0.00 (0.00, 45.93) 10.83
Cappellari 2013 0 11 +— 0.00 (0.00, 28.49) 19.17
Sobolewski 2015 1 34 re— 2.94 (0.07, 15.33) 57.50
Geraldes 2017 1 7 R — 14.29 (0.36, 57.87)  12.50
Subtotal ("2 =0.0%, p=0.620) > 1.31(0.00, 8.07) 100.00
5. In-hospital mortality

Cappellari 2013 0 11 1 0.00 (0.00, 28.49) 1.78
Murthy 2013 67 614 - 10.91(8.56, 13.65)  52.69
Nam 2017 3 12 —_— 25.00 (5.49,57.19)  1.93
Weeda 2019 38 416 - 9.13 (6.55, 12.32) 41.83
Sallustio 2019 1 —— 9.09 (0.23, 41.28) 1.78
Subtotal (1"2=15.7%, p = O 315) < 8.30 (5.99, 10.87) 100 00

6. 3-month mortality

Graber 2012 4 ————+—> 66.67 (22.28, 95.67) 12.35

Cappellari 2013 0 11 0.00 (0.00, 28.49) ~ 16.62
Sobolewski 2015 7 34 —_— 20.59 (8.70, 37.90)  23.75
Geraldes 2017 2 7 ———+——— 2857(367,7096) 13.41
Nam 2017 4 12 RN 33.33(9.92.65.11)  17.25
Sallustio 2018 2 11 _— 18.18 (2.28,51.78)  16.62
Subtotal (I°2 = 57.5%, p=0.038) | <—_——= 22.28 (7.94.4020)  100.00

NOTE: Weights are from random effgcts analysis
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Supplementary Figure 2. Forest plots of functional independence, HT, SICH, MB, in-hospital mortality and 3-month
mortality after intravenous thrombolysis for acute ischemic stroke in cancer patients (abstracts excluded). The dia-
mond indicated the estimated proportion (95% confidence interval) in cancer patients. The I? statistic and p value
showed on each figure was for heterogeneity test. Abbreviations: HT, hemorrhagic transformation; SICH, symptom-
atic intracranial hemorrhage; MB, Major bleeding.
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0,
Proportion(%) &
Stud: Events Total 95% CI Weight
y g

1.1 HT/non-Asian

Graber 2012 0 6 0.00 (0.00, 45.93) 7.28
Murthy 2013 25 614 - 4.07 (2.65, 5.95) 33.86
Geraldes 2017 1 7 14.29 (0.38, 57.87) 8.14
Weeda 2019 49 416 -~ 11.78 (8.84, 15.27) 33.25
Selvik 2018 0 5 0.00 (0.00, 52.18) 6.36
Sallustio 2019 3 11 —_— 27.27 (6.02, 60.97) 1.1
Subtotal (142 =81.3%, p = 0.000) <> 5.96 (0.64, 14.32) 100.00
1.2 HT/Asian

Nam 2017 7 12 ——— 58.33 (27.67, 84.83) 100.00
Subtotal (I*2=.%,p=.) Q 58.33 (27.67, 84.83) 100.00

NOTE: Weights are from random effets analysis
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Supplementary Figure 3. Forest plots of HT after intravenous thrombolysis for acute ischemic stroke in non-Asian
and Asian patients with cancer (abstracts excluded). The diamond indicated the estimated proportion (95% con-
fidence interval) in Asian or non-Asian cancer patients. The |2 statistic and p value showed on each figure was for
heterogeneity test. Abbreviations: HT, hemorrhagic transformation.



