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Abstract

Background: Despite the high incidence of acute ischemic stroke (AIS] in cancer patients,
there is still no consensus about the safety of recanalization therapies in this cohort.
Objectives: In this observational study, our aim was to investigate the bleeding risk after acute
recanalization therapy in AIS patients with active malignancy.

Methods and Study Design: We retrospectively analyzed observational data of 1016 AIS patients
who received intravenous thrombolysis with rtPA (IVT) and/or endovascular therapy (EVT)
between January 2017 and December 2020 with a focus on patients with active malignancy. The
primary safety endpoint was the occurrence of stroke treatment-related major bleeding events,
that is, symptomatic intracranial hemorrhage (SICH) and/or relevant systemic bleeding. The
primary efficacy endpoint was neurological improvement during hospital stay (NI).

Results: None of the 79 AIS patients with active malignancy suffered from stroke treatment-
related systemic bleeding. The increased rate (7.6% versus 4.7%) of SICH after therapy
compared to the control group was explained by confounding factors. A total of nine patients
with cerebral tumor manifestation received acute stroke therapy, two of them suffered

from stroke treatment-related intracranial hemorrhage remote from the tumor, both
asymptomatic. The group of patients with active malignancy and the control group showed

comparable rates of NI.

Conclusion: Recanalization therapy in AIS patients with active malignancy was not associated
with a higher risk for stroke treatment-related systemic or intracranial bleeding. IVT and/or
EVT can be regarded as a safe therapy option for AIS patients with active malignancy.
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thrombolysis
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Introduction

Cancer patients are at higher risk of ischemic
stroke due to tumor-specific risk factors, leading
to increased incidence of thromboembolic events
in addition to conventional stroke mechanisms.!>2
Up to 15% of patients with malignant tumors suf-
fer from ischemic strokes,>* and numerous cere-
bral ischemia of cryptogenic origin are believed to
be associated with underlying or undetected
malignancy.>” Among others, paraneoplastic

hypercoagulability, non-bacterial thrombotic
endocarditis, direct tumor mass effect, and post-
therapeutic vasculopathy are considered possible
pathophysiological mechanisms of tumor- and
treatment-associated strokes.!:8-10

In the treatment of acute ischemic stroke (AIS),
recent guidelines recommend intravenous throm-
bolysis (IVT) with recombinant tissue plasmino-
gen activator (rtPA) and/or endovascular therapy
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(EVT) as standard of care.!!:12 While inclusion or
exclusion criteria of the approval studies for rtPA
and regulatory approval documents did not men-
tion malignancies,!3!4 recent guidelines state that
systemic malignancy is not an absolute contraindi-
cation for IVT, provided that life expectancy is
>6 months and contraindications such as systemic
bleeding, recent surgery, or coagulopathy do not
coexist.!> To date, especially gastrointestinal and
intra-axial primary or metastatic brain tumors are
regarded as high risk for bleeding complications
after acute stroke therapy.1>16 However, evidence
is weak as patients with active malignancy were
and still are excluded in most clinical trials on IVT
and EVT.!317.18 While several retrospective stud-
ies consistently show higher in-hospital mortality
and overall worse outcomes in stroke patients with
active malignancy after recanalization therapy,
contrary results have been reported regarding the
risk of periprocedural hemorrhages.1°22 Higher
D-dimer levels were identified as a predictor for
early neurologic deterioration in patients with
malignancy.?3 Nevertheless, most of these studies
focused on IVT or EVT as a single treatment for
cerebral ischemia.®21:22.24 Consequently, a recent
comprehensive review on cancer-related stroke
emphasized the need to collect further data on
these patients.?> Given the importance of EVT in
addition to IVT in case of large vessel occlusion
(LVO),26:27 we sought to evaluate the outcome
and rate of bleeding complications after IVT and/
or EVT in a large cohort of AIS patients with
active malignancy, history of cancer or without
cancer.

Materials and methods

Data source and study population

This is a retrospective study including data of all
patients with AIS treated in the comprehensive
stroke center of the University Hospital Essen
between January 2017 and December 2020 meet-
ing the following inclusion criteria: AIS, age over
18years, and recanalization therapy as per stand-
ard of care (IVT and/or EVT). The University
Hospital Essen has a special focus on the treatment
of patients with malignancy and treats approxi-
mately 30,000 patients annually at Germany’s
largest cancer center, the West German Cancer
Center.

Patients were classified into a group with active
malignancy (AM) and a control (C) group

3548 patients with acute stroke
admitted to University Hospital Essen
from 2017 to 2020

477 patients with
hemorrhagic stroke
excluded

——

\4

3071 patients with acute
ischemic stroke

2055 patients without
recanalization therapy
excluded

s

\4

1016 patients received systemic
thrombolysis and/or mechanical
thrombectomy

937 patients
without active
malignancy

79 patients with

active malignancy

87 patients with
history of cancer

850 patients
without cancer

Figure 1. Flow chart with a description of excluded
patients and subgroups based on final discharge
diagnosis, intervention, and tumor history. Patients
with a history of cancer and without a diagnosis of
cancer were further referred to as the control group.

(history of cancer or without cancer). Active
malignancy was defined as cancer diagnosed
within 6 months before stroke, recurrent cancer,
metastasis of primary cancer, or receiving any
cancer treatment within 12months prior to or
post-index stroke event.%2428 The selection pro-
cess is depicted as a flow chart in Figure 1.

Follow-up brain imaging was performed within
24h after index stroke and reviewed indepen-
dently by neurology and neuroradiology staff
(WHC and YL). Verified intracranial hemor-
rhages (ICHs) were categorized according to the
European Cooperative Acute Stroke Study
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(ECASS) 1III
Classification.29:30

and Heidelberg Bleeding

All patients with AIS and bleeding events admit-
ted to our stroke center are prospectively col-
lected in a local stroke registry database. The core
dataset is entered by the attending physician on
admission, completed during hospitalization, and
validated by the attending senior stroke neurolo-
gist. Structured data of instrument-based exami-
nations are entered by study personnel and
laboratory examinations are exported from the
local archiving system. Finally, all data are vali-
dated by a senior stroke neurologist (BF).

For the present analysis, information on diagno-
ses and complications has additionally been
gained from individual hospital files to achieve
maximum accuracy.

Definition of clinical outcome and endpoints

The primary safety endpoint was the occurrence
of acute stroke treatment-related major bleeding
events. Major bleeding events were defined as
symptomatic intracranial hemorrhage (SICH)
according to ECASS III Classification and/or
major systemic bleeding events. ECASS III
defined SICH as any hemorrhage, which was the
predominant cause of the neurological deteriora-
tion, that is, worsening of greater than or equal to
four points of the National Institutes of Health
Stroke Scale (NIHSS) compared to NIHSS at
baseline or to the lowest NIHSS value in the first
7 days, or which led to death.?® Systemic bleeding
events were considered major bleeding when
accompanied by loss of at least two points of
hemoglobin and/or the requirement of a transfu-
sion of at least two erythrocyte concentrates.

Secondary safety endpoints were (1) SICH
according to ECASS III Classification, (2) SICH
according to the Heidelberg Bleeding
Classification,?%30 (3) stroke treatment-related
systemic bleeding, (4) in-hospital mortality, and
(5) prolonged length of hospital stay after stroke
treatment. As values of the individual NIHSS cat-
egories are only available at admission and dis-
charge for this analysis, the cumulative NIHSS is
used for the remaining time points to identify
SICH according to the Heidelberg Bleeding
Classification. Thus, in the present analysis,
SICH according to the Heidelberg Bleeding

Classification is defined as worsening of greater
than or equal to four points of NIHSS after ICH
compared to NIHSS before deterioration or as
ICH with the requirement of major medical/sur-
gical interventions (e.g. insert of extraventricular
drainage or a hemicraniectomy).?® Despite its
modified use, the Heidelberg Bleeding Classifi-
cation provides a more thorough classification
providing information on intracranial bleeding
sites apart from intracerebral hemorrhages.
Length of hospital stay was defined as ‘prolonged’
if it was more than 30 days.3!

All bleeding events were assessed for their relat-
edness to the stroke treatment. Bleeding events
were defined as related to stroke treatment if they
occurred within 24h after IVI/EVT or were
directly associated with the treatment, such as
due to groin puncture. Furthermore, bleeding
events were considered cancer related when the
cancer was the source of bleeding or when
occurred at the cancer site.

The primary efficacy endpoint was neurological
improvement during hospital stay (NI), defined
as the change in NIHSS at discharge compared to
NIHSS at admission in percentage ([admission
NIHSS —discharge NIHSS] X 100/admission
NIHSS).32-3¢4 The cutoffs to define NI were set at
20% and 30% decrement as well as a decrease of
four and eight points in the NIHSS scale.?*
Secondary efficacy endpoint was the absolute
change in NIHSS at discharge compared to
NIHSS at admission.

Statistical analyses

We performed adjusted and unadjusted logistic
regression to compare the occurrence of end-
points in AIS patients with active malignancy
with the control group. Results are presented as
odds ratio (OR) and 95% confidence interval
(95% CI), both for the effect of the active malig-
nancy group and covariates added singularly and
multivariate to assess confounding.

Based on the characteristics and distribution of
the data, descriptive statistics are depicted as
count and percent, mean with standard deviation
or median with interquartile range. For continu-
ous variables z-tests or Mann—Whitney U-tests
were used according to the distribution of data.
Chi-square tests were performed for categorical
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Figure 2. Stacked horizontal bar graphs depicting premorbid mRSs (top row), mRS at admission (middle row),
and at discharge (bottom row) of patients in the active malignancy group [(a), n=79] and control group [(b),
n=937]. Each box of the horizontal bar graph corresponds to the mRS score defined by the color code.

mRS, modified Rankin Scale.

variables. Statistical analyses were performed
with SPSS (IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.) and a
two-sided p<<0.05 was considered the minimal
level of statistical significance.

Results

Baseline and procedural characteristics

of the study population

A total of 3548 patients with acute ischemic or
hemorrhagic stroke were registered during January
2017 and December 2020. A total of 1016 patients
met the predefined inclusion and exclusion crite-
ria of the presented analysis (Figure 1).

Of these, 79 patients had active malignancy at the
time of their admission (active malignancy group),
while 87 had a history of cancer, and 850 had no
previous malignancy. In clinical routine patients
with only a history of cancer are considered at similar
risk as patients without cancer. In our cohort, both
showed comparable risk factors and consequently
are summed up in one group for this analysis (con-
trol group, compare Supplemental Table S1).

As opposed to the control group, patients with
active malignancy showed higher premorbid
modified Rankin Scale (mRS) scores (Figure 2)
and suffered significantly more often from coex-
isting coronary artery disease and less often from
hypertension. Moreover, significantly higher
D-dimer levels, INR, and thrombocytes as well as
lower hemoglobin could be found in patients with
active malignancy at admission. The prior
antithrombotic treatment included more often

dual platelet inhibition in patients with active
malignancy (Table 1).

Comparisons of procedural characteristics rev-
ealed that, despite comparable door-to-needle
times, the time from symptom onset to IVT was
significantly longer in patients with active malig-
nancy (Table 2).

Among patients with active malignancy, the three
most common tumor entities were tumors of the
respiratory tract (n=22; 27.8%), gastrointestinal
tract (n=19; 24.1%), and urogenital tract (n=13;
16.5%). The most common tumors of patients
with a history of cancer were urogenital tumors
(n=24; 27.6%), gastrointestinal tumors (z=23;
26.4%), and breast tumors (n=14; 16.1%). In
the active malignancy group, 10 patients had
hematological tumors, while 13 of the group of
patients with a history of cancer had hematologi-
cal tumors.

Detailed profiles of patients’ tumor entities in our
cohort are presented in Supplemental Table S2.

Safety outcomes in the active malignancy

group and the control group

In the active malignancy group, stroke treatment-
related major bleeding events occurred in four
(5.1%) patients, of which all were SICHs and not
tumor related. Systemic bleeding events occurred
in two (2.6%) patients and were neither related to
recanalization therapy [Figure 3(a) and Table 3]
nor tumor related. One of them had active rectal
cancer and suffered from gastral bleeding 3days
after endovascular stroke treatment under platelet
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Table 1. Baseline characteristics of patients with AM (n=79) and in the control group (C, n=937).

Baseline characteristics AM © p-Value
Age (years), mean (SD] 73.7 (13.5) 71.2 (14.0) 0.130
Sex [male] 31(39.2) 460 (49.1) 0.092
History
Hypertension 51 (64.6) 713 (76.1) 0.023
Diabetes 25 (31.6) 251 (26.8) 0.351
Atrial fibrillation 33 (41.8) 297 (31.7) 0.066
Coronary artery disease 22 (27.8) 167 (17.8) 0.028
Peripheral artery disease 9(11.4) 67 (7.2) 0.169
Prior stroke 20 (25.3) 197 (21.0) 0.371
Prior TIA 2 (2.5) 41 (4.4) 0.434
Admission
Large vessel occlusion 45 (57.0) Lbb (47 .4) 0.102
NIHSS 11 (5-18]) 9 (4-16) 0.078
D-dimer (mg/l) 3.5(1.5-7.3)= 1.2 (0.6-3.2)c <0.001
International normalized ratio 1.07 (1.01-1.20)® 1.03 (0.99-1.10)¢ 0.001
Activated partial thromboplastin time (s] 24,5 (22.9-27.5) 24,8 (23.1-26.8) 0.668
Hemoglobin (g/dl) 11,3(9.8-12.8) 13,3 (12.1-14.5) <0.001
Thrombocytes (/nl) 249.0 (189.0-311.0) 237.0 (192.0-287.0) 0.002
Prior antithrombotic treatment
Single platelet inhibition 23 (29.1) 296 (31.6) 0.706
Dual platelet inhibition 4(5.1) 13 (1.4) 0.037
Oral anticoagulant 10 (12.7) 104 (11.1) 0.855

Data are n (%) or median (interquartile range) if not indicated otherwise.

Data available in @n=64; bn=77 (AM group); cn=869; 4n=932 (control group).
AM, active malignancy; C, control group; NIHSS, National Institute of Health Stroke Scale; TIA, transient ischemic attack.

inhibition and simultaneous anticoagulation with
heparin. The indication for dual platelet inhibition
in this patient was due to stenting for peripheral
artery disease prior to stroke and a mechanical
heart valve. Rectal cancer was resected 4months
prior to stroke and no source of bleeding was
detected in the coloscopy. The other patient had an
atrial myxoma which was diagnosed after an
ischemic stroke with occlusion of the middle

cerebral artery.3> She also suffered from an acute
Leriche syndrome and thus endovascular treat-
ment was performed not only for the intracranial
artery but also for the abdominal aorta. After resto-
ration of the blood flow in the abdominal aorta, an
acute compartment syndrome occurred and a fasci-
otomy of both lower legs and right upper leg was
performed. Perioperative bleeding required a trans-
fusion of 14 erythrocyte concentrates within 2 days.
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Table 2. Procedural characteristics of patients with AM (n=79) and in the control group (C, n=937).
Procedural characteristics AM c p-Value
Time (min) from symptom onset to IVT 135.0 (79-185)a 97.0 (69.5-144.0)¢ 0.021
Time (min) from admission to IVT 31.5 (22.0-49.5)2 30.0 (21.0-46.0)¢ 0.537
Time (min) from symptom onset to EVT 160.0 (120-285])b 156.5 (115.8-220.0) 0.457
Time (min) from admission to EVT 76.5 (36.5-99.2)¢ 58.0 (31.0-79.7)9 0.045

Data are median (IQR).

Data available in an=42; bn=27; <n=38 (active tumor group); 9n=561; en=611; n=238; 9n=368 (control group).
AM, active malignancy; EVT, endovascular therapy; IVT, intravenous thrombolysis.

In the control group, six (0.6%) patients suffered
from stroke treatment-related systemic bleeding,
of which four (0.4%) had groin bleeding after
endovascular treatment. Three of these six
patients had a history of cancer (hematological,
gastrointestinal, and breast tumor, respectively).

ICHs were detected in 139 (13.7%) of 1016
patients, of which 75 (7.4%) were categorized
into different hemorrhage types according to
ECASS III Classification [Figure 3(b)]. The
remaining 64 (6.3%) ICHs were remote, intra-
ventricular, subarachnoid, or subdural hemor-
rhages and were further differentiated by applying
Heidelberg Bleeding Classification [Figure 3(c)].
In a detailed analysis of the bleeding events in
relation to performed recanalization therapy,
patients with active malignancy who underwent
IVT only or IVT in combination with EVT suf-
fered significantly more often from stroke treat-
ment-related SICHs than the control group (both
p»<0.001), while no stroke treatment-related
SICH was observed in active malignancy patients
after EVT only. Stroke treatment-related sys-
temic bleeding events occurred significantly more
often in the control group after combined stroke
treatment compared to the active malignancy
group (p=0.003), whereas this was not signifi-
cant in patients after IVT or EVT only (p=0.637
and p=0.48 for IVT and EVT, respectively)
(Table 4).

Overall, stroke treatment-related SICHs occurred
slightly more often in patients with active malig-
nancy compared to the control group (5.1% ver-
sus 4.3%; unadjusted OR: 1.67; 95% CI:
0.69-4.04). However, this effect was not signifi-
cant, and decreased after adjustment for estab-
lished risk factors associated with tumor diagnosis,
as presented in Supplemental Table 3. Logistic

regression analysis of secondary safety outcomes
further revealed a slightly increased probability
for mortality and length of hospital stay of 30 days
or more for patients with active malignancy com-
pared to the control group (Table 3).

Safety outcome analysis according

to tumor entity

Of all cancer patients, only two patients with
inactive hematological tumors suffered from a
bleeding event related to stroke treatment. One
had groin bleeding after EVT, and one had SICH
after thrombolysis.

Two patients with brain metastases received acute
treatment for their AIS, both from an active
tumor of the respiratory tract. One of them
received thrombolysis and the other one was
EVT. Neither of them suffered from bleeding
after acute stroke treatment. Furthermore, 23
stroke patients with hematological tumors under-
went acute stroke therapy, of which only 2 patients
with inactive hematological tumors suffered from
bleeding events related to stroke treatment.

Predictors of intracranial bleeding

complications after recanalization therapy
Adjustment of logistic regression for single covar-
iates identified atrial fibrillation, LVO, NIHSS,
and D-dimers at admission as confounding fac-
tors for SICH according to ECASS III
Classification when added to the group effect for
active malignancy (Supplemental Table 3). Point
estimates of the effect of active malignancy were
attenuated considerably after adjustment for
these four factors. The same was observed for
SICH according to the Heidelberger Bleeding
Classification (Supplemental Table 4).
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(a) { Systemic bleedings

Active malignancy group / Control group
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symp.: 2 (2,5%) /
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transfusion of = 2 ECs:
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systemic bleeding events
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2(2,5%) /14 (1,5%)
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3a:9 (11,4%) /
36 (3,8%)
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intracranial bleeding events

T

AICH: 14 (17,7%) /
70 (7,5%

3b:4(5,1%) /
17 (1,8%)

3015 (6,3%) /
42 (45)

3d: 2 (2,5%) /
2(0.2%)

Figure 3. Systemic bleeding events (a) and classification of intracranial hemorrhages (b and c) according to ECASS Il (b) and HBC (c]
according to Neuberger et al.?? First number refers to bleeding events in patients with active malignancy, while the latter indicates
bleeding events in patients in the control group. The percentages in brackets indicate numbers in relation to the total number of
the respective group (n=79 for the active malignancy group and n=937 for the control group). All bleeding events were adjudicated
for their relatedness to stroke treatment. Type 1 (HBC): Hemorrhagic transformation of infarcted tissue; Type 1a (HBC) HI1
(hemorrhagic infarction) (ECASS Ill): Scattered small petechia, no mass effect; Type 1b (HBC)/HI2 (ECASS Ill): Confluent petechia,
no mass effect; Type 1c (HBCJ/PH1 (parenchymal hemorrhage) (ECASS Ill): Hematoma within infarcted tissue, occupying <30%, no
substantive mass effect; Type 2 (HBC)/PH2 (ECASS Il1): Hematoma occupying >30% or more of the infarcted tissue, with obvious
mass effect; Type 3 (HBCJ: Intracranial hemorrhage outside the infarcted brain tissue or intracranial-extracerebral hemorrhage;
Type 3a (HBC): Parenchymal hematoma remote from infarcted brain tissue; Type 3b (HBC): Intraventricular hemorrhage; Type 3c
(HBC): Subarachnoid hemorrhage; Type 3d (HBC): Subdural hemorrhage.

AICH, asymptomatic intracranial hemorrhage; ECASS, European Cooperative Acute Stroke Study; HBC, Heidelberg Bleeding Classification; SICH,
symptomatic intracranial hemorrhage.
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Table 3. Outcome.
Outcome AM c OR (95% Cl)
Primary safety endpoint
Major bleeding event* 4 (5.0) 46 (4.9) 1.03 (0.36-2.94)
Secondary safety endpoint
SICH_ECASS* 4(5.1) 40 (4.3) 1.67 (0.69-4.04)
SICH_HBC* 4(5.1) 46 (4.9) 1.20 (0.46-3.10)
Systemic bleeding* 0(0) 6 (0.6) n.a.
Mortality 25 (31.6) 153 (16.3) 2.37 (1.43-3.93)
Prolonged length of hospital stay 8(10.1) 33(3.5) 3.09 (1.37-6.93)
Primary efficacy endpoint
NI 20% or more 42 (53.2) 582 (62.1) 0.69 (0.44-1.10)
NI 30% or more 40 (50.6) 539 (57.5) 0.76 (0.48-1.20)
Secondary efficacy endpoint
NIHSS decrease 4 or more 30(38.0) 375 (40.0) 0.92 (0.57-1.47)
NIHSS decrease 8 or more 17 (21.5) 192 (20.5) 1.06 (0.61-1.86)

Data are n (%). AM: n=79; C: n=937. Logistic regression was performed to compare the occurrence of each endpoint in the

active malignancy group with the control group. Results are presented as OR and 95% ClI.

*Stroke treatment related.

AM, active malignancy group; C, control group; Cl, confidence interval; n.a., not applicable; NI, neurological improvement
during hospital stay; NIHSS, National Institute of Health Stroke Scale; OR, odds ratio; SICH_ECASS, symptomatic
intracranial hemorrhage according to ECASS Ill Classification; SICH_HBC, symptomatic intracranial hemorrhage
according to Heidelberg Bleeding Classification.

Table 4. Subgroup analysis of different intervention strategies in n=1016 patients.

Treatment IvT IVT + EVT EVT

Group AM C AM C AM C
Patients (n) 38 534 22 259 19 144
Systemic bleeding 0(0.0) 4(0.7) 1 (4.5) 6(2.3) 1(5.3) 4(2.8)
STR systemic bleeding 0(0.0) 1(0.2) 0(0.0) 4(1.5) 0(0.0) 1(0.7)
SICH 2(5.3) 15 (2.8) 3(13.6) 18 (6.9) 1(5.3) 11 (7.6)
STR SICH 2(5.3) 15 (2.8) 2(9.0) 16(6.2)  0(0.0) 9(6.3)
ICH 7 (18.4) 52 (9.7) 8 (36.4) 45(17.4)  4(21.0) 23 (16.0)
STRICH 7 (18.4) 50 (9.3) 7(31.8) 41(15.8)  1(5.3) 17 (11.8)

Data are presented in n and n (%) in relation to each subgroup, respectively.

AM, active malignancy group; C, control group; EVT, endovascular therapy; ICH, intracranial hemorrhage; IVT, intravenous

thrombolysis; SICH, symptomatic intracranial hemorrhage; STR, stroke treatment related.
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Efficacy outcomes in the active malignancy

group and the control group

In the logistic regression analysis of efficacy out-
comes, the absolute NIHSS decrease of four or
eight points was similar between groups. In addi-
tion, NI of 20% or more as well as 30% or more,
respectively, were not influenced by the presence
of active malignancy (Table 3).

Discussion

We investigated the safety and efficacy of recanali-
zation therapy for AIS in a large cohort of patients
with active malignancy. In the analysis of major
bleeding events, tumor- or stroke treatment-related
systemic bleeding did not occur in patients with
active malignancy after recanalization therapy, and
only 0.4% of patients in the control group suffered
mainly from groin bleeding after puncture for EVT,
especially after prior administration of IVT.
Commonly, access-site hematoma occurs in 2—-10%
and ranges from small hematoma to life-threaten-
ing bleeding.3® Access through the femoral artery
was chosen for the endovascular treatment in all
patients of our cohort and other potential compli-
cations such as arterial perforation did not occur.
Most importantly, after acute stroke treatment,
tumor-related bleeding was not observed. The rate
of SICHs was numerically higher among AIS
patients with active malignancy, but this difference
was not significant in logistic regression and the risk
estimates diminished after adjustment for the major
confounding factors. Certain established risk fac-
tors for SICHs, that is, atrial fibrillation, LVO,
increased NIHSS, and D-dimers at admission were
more prevalent in patients with active malignancy.
Furthermore, patients with active malignancy had
more often dual platelet inhibition as prior
antithrombotic treatment which was also associ-
ated with a higher rate of coronary artery disease in
this group. To date, there are controversial results
on the risk of SICHs after acute stroke treatment in
patients with active malignancy. Some report an
increased risk of intracranial bleeding after recanali-
zation therapy due to mechanisms such as dissemi-
nated intravascular coagulation or compromised
synthesis of coagulation factors in the liver in case of
primary liver tumor or metastases.22:37-39 Especially
hematological tumors are believed to be associated
with a higher risk of SICHs due to low platelet
count or platelet dysfunction.*® However, this has
been questioned by several other research groups,
and the relatedness of the SICHs to stroke treat-
ment in AIS patients with tumors is still not

clear.19:2441,42 One of the advantages of our study is
the implementation of both, SICH according to
ECASS III Classification and Heidelberg Bleeding
Classification for the endpoints, of which the latter
is a modern classification including extra-axial
hemorrhages and thus allows a more sensitive
detection of SICHs.

In our study, patients with active malignancy
were more likely to have a longer hospital stay as
well as higher mortality compared to the control
group. This can be attributed to higher stroke
severity, represented by higher NIHSS at admis-
sion.19:20,28:43 Moreover, the initial condition of
cancer patients was worse compared to the con-
trol group due to the tumor itself or for example,
an aggressive chemotherapy. This is depicted by
higher premorbid mRS in the group of patients
with active malignancy, which inevitably leads to
higher mRS at admission and discharge (Figure 2).
Lower mRS at admission is regarded as an inde-
pendent prognostic factor for the outcome after a
stroke.** Further predictors for poor outcome due
to disturbance of recanalization and increase of
reperfusion injury are higher D-dimer levels indi-
cating tumor-mediated hypercoagulability in
advanced tumor stages, larger tumors, and/or
metastases.?%2345 Also a postponed anti-tumor
therapy due to functional impairment after AIS,
resulting in further tumor progression and thus
increased mortality could lead to unfavorable
outcomes in patients with active malignancy.4°
However, the comparison of NI after therapy did
not show any significant differences between the
active malignancy group and the control group.

Due to its non-randomized retrospective charac-
ter, our study has inevitable limitations.
Underlying selection bias might affect study qual-
ity, and except for CT scans 24h after interven-
tion, further images were not routinely obtained.
As subscore values of the NIHSS were only avail-
able at admission and discharge for this analysis,
the cumulative NIHSS was used for the time
points during a hospital stay. Thus, the definition
of SICH according to Heidelberg Bleeding
Classification could not be fully adopted in our
study. Moreover, longitudinal follow-ups such as
90-day mRS are missing since our study is limited
to the period of hospital stay. However, to our
knowledge, previous retrospective studies
included only a small number of patients and pro-
spectively conducted randomized controlled trials
lack on this topic and no explicit statement exists
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so far. The proportion of patients receiving acute
stroke treatment in our study is higher than in pri-
mary stroke centers since our analysis is from a
comprehensive stroke center with approximately
30% of patients referred from other hospitals for
acute stroke treatment. Although active malig-
nancy is not an established contraindication for
systemic thrombolysis and/or endovascular treat-
ment in acute stroke patients, many physicians
still hesitate deciding on acute stroke treatment.
This is mirrored in longer door-to-needle- and
door-to-groin-time in the active malignancy
group in our study.

Thus, the analysis of our large cohort from a com-
prehensive stroke center located in the university
hospital of Germany’s largest cancer center is an
important contribution to the improvement of
clinical decision-making in the treatment of AISs
in cancer patients.

Conclusion

In conclusion, recanalization therapy, that is,
IVT and EVT, is not associated with a higher
risk of systemic bleeding and SICHs in AIS
patients with active malignancy and can be
regarded as a safe therapy option. The unfavora-
ble outcome of these patients can rather be
explained by comorbidities, prior dependency as
well as tumor activity itself. The rate of neuro-
logical improvement after therapy was compara-
ble between groups.
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