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Abstract

Background and purposes The role of endovascular recanalization in the treatment of cancer patients with acute stroke remains
elusive. Our study aimed to investigate the clinical and imaging outcomes of endovascular recanalization treatment in patients
with acute large vessel occlusion stroke who had active cancer.

Methods We retrospectively reviewed the data from our stroke registry from January 2011 to September 2016 which was
collected prospectively. Acute stroke patients with large artery occlusion in the anterior circulation who had active cancer were
identified. Baseline clinical characteristics and postprocedural and long-term clinicoradiological outcomes were evaluated. A
good outcome was defined as a 90-day modified Rankin Scale score of 0 to 2. Outcomes were also compared with those of non-
malignancy patients who had received endovascular therapy during the same period.

Results A total of 378 ischemic stroke patients received endovascular treatment, of whom 27 (7.14 %) had current malignancy. In
patients with current malignancy, a low baseline NIHSS score and male sex were associated with functional independency at 90
days. When comparing with non-malignancy patients, no significant differences in the proportions of patients with symptomatic
intracranial hemorrhage (11.1% vs 16.2%, p = 0.60) and good functional outcome (37.0% vs 39.6%, p = 0.84) were found in the
malignancy patients.

Conclusion Endovascular treatment might be a feasible therapeutic option for acute ischemic stroke patients with current
malignancy when candidates are selected carefully because the outcomes were not differed. Future large-scale prospective studies
are necessary.
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Introduction

Stroke is common in patients with cancer. Previous autopsy
studies revealed that approximately 15% of patients with
known cancer have cerebrovascular disease [1]. In addition,
one study reported that 10% of hospitalized ischemic stroke
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patients have comorbid cancer [2]. Cancer-related ischemic
strokes have two etiological mechanisms as follows: (1)
tumor-related factors such as coagulation disorder, tumor em-
bolism, and chemotherapy, and (2) conventional vascular risk
factors such as hypertension, diabetes, and atrial fibrillation
[2-4].

Timely revascularization using a stent-retriever-based
endovascular procedure is the mainstay treatment for acute
ischemic stroke (AIS). Endovascular treatment (EVT) for
AIS has demonstrated clinical benefits in several recent clin-
ical trials and is considered a new standard treatment for AIS
with large vessel occlusion [5, 6]. However, AIS patients with
active cancer have been excluded from randomized clinical
trials of intravenous recombinant tissue-plasminogen activator
(IV rt-PA) because of their increased risk of bleeding [7].
Therefore, evidence for the usefulness or feasibility of EVT
for AIS with current malignancy (CM) is still lacking.
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The aim of this study was to investigate the clinical and
radiological outcomes of EVT in AIS patients with CM. The
outcomes were compared with those in non-malignancy pa-
tients who received EVT for AIS during the same study
period.

Methods
Study population

We retrospectively reviewed the medical records of pa-
tients with AIS who received endovascular therapy be-
tween January 2011 and September 2016. The analysis
included patients with acute large vessel occlusion in the
anterior circulation. The main occlusion sites are the in-
ternal carotid artery (ICA) and proximal middle cerebral
artery (pMCA). The patients were divided into two groups
according to the presence of CM (CM vs. non-CM
group). Patients with CM were defined as subjects with
any diagnosis of current or previous metastatic disease,
those undergoing current treatment for malignancy, or
those who refused treatment for current cancer. Patients
were also included when the initial diagnosis of malignan-
cy was made during hospitalization after the onset of
stroke.

The inclusion criteria for endovascular therapy were as
follows: (1) presentation within 8 h of stroke onset, (2) no
evidence of intracranial hemorrhage on brain computed to-
mography (CT) or magnetic resonance imaging (MRI), (3)
major arterial occlusion on magnetic resonance angiography
or conventional angiography, (4) a target mismatch pattern on
multimodal MRI according to visual estimation (time-to-peak
map of perfusion imaging showing a lesion volume of > 30%
larger than that detected using diffusion-weighted imaging
[DWI]), (5) infarct volume of less than one-third of the
MCA territory on DWI or non-enhanced CT, and (6)
premorbid modified Rankin Scale (mRS) score of < 2.

Clinical and radiological findings were compared between
the CM and non-CM groups. In addition, the characteristics of
the patients in the CM group who had favorable long-term
outcomes were investigated.

Ethics statement

This study was approved by the institutional review board
(IRB) of Chonnam National University Hospital. All clinical
investigations described in this study were conducted in ac-
cordance with the principles expressed in the Declaration of
Helsinki. Written informed consent was obtained from each
patient or patient’s family member.
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Clinical assessment

Information on the baseline clinical characteristics of the sub-
jects was collected. We evaluated the location of the vessel
occlusion, use of intravenous tPA prior to EVT, and the etiol-
ogy of stroke categorized by TOAST classification (Trial of
Org 10172 in Acute Stroke Treatment) [8]. We categorized the
stroke mechanisms into conventional (large-artery atheroscle-
rosis [LAA], small-vessel occlusion [SVO], and
cardioembolism [CE]) and cryptogenic as previously de-
scribed [9]. Systolic and diastolic blood pressures were initial-
ly measured in the emergency department. The characteristics
of the patients’ cancer such as cancer type and systemic or
brain metastasis were determined. The National Institutes of
Health Stroke Scale (NIHSS) and modified Rankin Scale
(mRS) scores at baseline, discharge, and 3 months were ob-
tained by experienced stroke neurologists of the stroke team of
our institution. Functional independency was defined as mRS
scores of 0 to 2 after 90 days. Neurological and other medical
complications were also evaluated. These clinical outcomes
were compared between the two groups.

Radiological assessment

Recanalization status was assessed on the final digital subtrac-
tion angiography. The extent of recanalization after EVT was
determined with the modified Treatment in Cerebral
Infarction (mTICI) score, categorized as 0 (no reperfusion),
1, 2a, 2b, and 3 (complete reperfusion). intracerebral hemor-
rhages (ICHs) were assessed on post-treatment CT and
gradient-echo magnetic resonance images, and classified as
hemorrhagic infarction (HI) or parenchymal hemorrhage
(PH) based on the European Cooperative Acute Stroke
Study (ECASS) criteria [10]. We defined sICH according to
the definitions of the Safe Implementation of Thrombolysis in
Stroke-Monitoring Study (SITS-MOST) trials (PH grade 2
and increase in NIHSS score by > 4) [11]. These radiological
outcomes were compared between the two groups.

Outcomes

We classified the outcomes as symptomatic intracerebral hem-
orrhage and in-hospital mortality as a short-term outcome of
EVT and 3-month functional outcome and mortality at 90
days as a 3 months outcome.

Statistical analyses

Differences in baseline characteristics between the patients
with and those without CM were evaluated. Values are pre-
sented as mean = SD, median for continuous variables, or
number (%) of subjects for categorical variables. The patients’
baseline characteristics were compared using the Pearson x>
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test, Mann-Whitney U test, or Student # test according to the
type of variable. The Pearson y? test was used to evaluate the
distribution of the modified Rankin Scale scores between the
patients with CM and those without.

All statistical analyses were performed with the SPSS ver-
sion 21.0 software for Windows (IBM SPSS, Chicago, IL,
USA). A 2-sided p value of < 0.05 was generally considered
a minimum level of statistical significance.

Results

A total 378 patients were enrolled in this study. Only 27 pa-
tients had CM (CM group). Vascular risk factors, baseline and
discharge NIHSS scores, and functional independency at 90
days (mRS score of 0 to 2) were not significantly different
between the non-CM and CM groups (Table 1).

The success rate of recanalization and incidence rate of
ICH were comparable between the two groups (82.6% vs
85.2%, p = 0.80; 32.8% vs 44.4%, p = 0.29, respectively).
Symptomatic ICH and in-hospital mortality were not signifi-
cantly different between the two groups (16.2% vs 11.1%, p =
0.60;2.3% vs 3.7%, p = 0.49, respectively). However, the CM
group showed a higher 90-day mortality than the non-CM
group (8.2% vs. 33.3%, p < 0.001). The distribution of 90-
day mRS scores was not significantly different between the
two groups (p = 0.07; Fig. 1). Short-term outcome was not
differed between CM and non-CM groups.

Of the 27 patients with CM, 24 had solid-organ cancer and
3 had a hematologic malignancy (Table 2).

Thirteen patients had conventional stroke mechanisms and
14 had cryptogenic stroke mechanisms. Successful revascu-
larization (mTICI > 2b) was achieved in 23 patients and was
not significantly different according to the stroke mechanism
(11 in the conventional mechanism group and 12 in the cryp-
togenic group). Ten patients (37.0%) showed favorable out-
comes at 3 months and all of them were male (Table 3). They
had lower baseline NIHSS scores than the patients in the non-
favorable outcome group (median [interquartile range]: 6.5
[5.0-13.25] vs. 11 [9-17], p = 0.035; Table 3). Long-term
functional outcome was not affected by the occurrence of
ICH, symptomatic ICH, or prior use of [V-tPA before EVT.

Discussion

In this study, 378 AIS patients with large artery occlusion in
the anterior circulation received EVT. Functional outcome and
radiological findings were not significantly different between
the CM and non-CM groups. The incidence rate of symptom-
atic ICH and in-hospital mortality were comparable between
the two groups. In the CM group, low baseline NIHSS score
was associated with functional independency at 90 days.

In this study, EVT for AIS showed similar results between
the CM and non-CM patients. The patients in the two groups
showed no significant differences in the baseline clinical and
radiological findings, including age, conventional vascular
risk factors, initial DWI-ASPECT score, and time from symp-
tom onset to reperfusion, which could affect prognosis [12].
Furthermore, the proportions of patients with favorable long-
term outcome and hemorrhagic complication were compara-
ble with those in the landmark randomized controlled me-
chanical thrombectomy trials [5]. Even in such past landmark
large clinical trials, the patients with CM were excluded be-
cause the prognosis of cancer patients might be poor and hem-
orrhagic complications were predicted. Systemic malignancy
and ischemic stroke are common medical conditions in CM
and could increase mortality, especially in the elderly. Our
study showed no significant increase in the incidence of hem-
orrhagic complications in the CM group after EVT. Although
cancer patients may be more likely to have contraindications
to thrombolysis than non-cancer patients, active cancer by
itself is not exclusionary for recanalization therapies [2]. In
this study, in spite of the small number of cancer patients, no
significant difference in functional outcome was found be-
tween the CM and non-CM groups, which could emphasize
the role of EVT in the management of acute ischemic stroke
patients with active cancer. Despite the high mortality in the
CM group, no significant differences were found in the suc-
cess rate of recanalization, incidence of symptomatic ICH, and
in-hospital mortality, which could allow the use of EVT to be
considered when being appropriated. Large prospective stud-
ies might be needed to elucidate this result.

In the analysis of the CM group, the patients with function-
al independency at 90 days showed low baseline NIHSS
score, more successful reperfusion status, shorter onset to re-
perfusion time, and low incidence rates of intracerebral hem-
orrhage and sICH. However, only low baseline NIHSS score
was significantly associated with favorable outcome. EVT
might be performed safely in AIS patients with CM, especial-
ly those presenting with relatively low initial NIHSS scores. It
seemed that hematological malignancy caused worse clinical
outcome, but there were no statistical differences. However, in
interpreting the results, it should be noted that the CM group
consisted of very few patients.

ICH was more frequently observed in our cohort
(33.6%) than in those of previous clinical trials [13, 14].
However, the incidence rates of ICH and symptomatic
ICH in the CM group were not higher than those in the
non-CM group. The risk of bleeding tends to be increased
in cancer patients owing to underlying coagulopathy [3].
However, our study showed that the incidence rate of
hemorrhagic complication after EVT was not increased
in the CM group. The use of IV-tPA before performing
EVT can affect the development of ICH. In this study, the
proportion of IV-tPA use was similar between the two
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Table 1 General characteristics

of the participants Non-malignancy Current malignancy p value
Number 351 27
Age, year (SD) 70.12 (11.46) 69.04 (9.95) 0.63
Sex, male, % 185 (52.7) 20 (74.1) 0.044
Hypertension, % 208 (59.3) 14 (51.9) 0.54
Diabetes, % 73 (20.8) 7(25.9) 0.62
Dyslipidemia, % 30 (8.5) 2(74) 1.00
Atrial fibrillation, % 117 (33.3) 6(22.2) 0.29
Current smoking, % 50 (14.2) 3(11.1) 1.00
History of stroke, % 60 (17.1) 3(11.1) 0.59
TOAST classification 0.013
LAA 86 (24.5) 6(22.2)
CE 172 (49.0) 7 (25.9)
UD 93 (26.5) 14 (51.9)
Occlusion site 0.46
ICA 124 (35.3) 9(33.3)
MCA M1 172 (49.0) 16 (59.3)
MCA M2 55 (15.7) 2(74)
Initial NIHSS, median (IQR) 12 [9-15] 11 (7-14) 0.36
Admission SBP, mmHg (SD) 137.35 (22.84) 130.37 (21.75) 0.13
Admission DBP, mmHg (SD) 85.56 (14.88) 81.11 (12.51) 0.13
Admission LDL, mg/dL (SD) 110.55 (38.72) 112.96 (47.29) 0.76
D-dimer, g/mL (SD) 2.56 (6.27) 3.07 (4.15) 0.72
PT, INR (SD) 1.71 (10.80) 1.03 (0.24) 0.76
ASPECTS 8 [6-9] 8 [6-8.25] 0.86
Onset to reperfusion, min (SD) 341.05 (170.35) 351.81 (170.59) 0.75
Intravenous rt-PA, % 203 (57.8) 17 (63.0) 0.69
Successful revascularization, % 290 (82.6) 23 (85.2) 0.80
Intracerebral hemorrhage, % 115 (32.8) 12 (44.4) 0.29
Functional independency 139 (39.6) 10 (37.0) 0.84
Mortality at 90 days 29 (8.2) 9 (33.3) < 0.001
sICH (SITS-MOST) 57 (16.2) 3(11.1) 0.60
In-hospital mortality, % 8(2.3) 13.7) 0.49

SD, standard deviation; TOAST, Trial of Org 10172 in Acute Stroke Treatment; LAA, large artery atherosclerosis;
CE, cardioembolism; UD, undetermined; /CA, internal carotid artery; MCA, middle cerebral artery; NIHSS,
National Institute of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL,
low-density lipoprotein; P7, prothrombin time; /NR, international normalized ratio; ASPECTS, Alberta Stroke
Program Early CT Score; rt-PA, recombinant tissue-plasminogen activator; s/CH, symptomatic intracerebral
hemorrhage; SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study

groups. In the CM group, symptomatic ICH developed in
3 patients who did not receive IV-tPA before EVT. On the
basis of this result, the association between prior use of
IV-tPA and the severity of ICH is uncertain.

The 90-day mortality in the CM group was higher than that
in the non-CM group. However, in-hospital mortality was
similar between the two groups. In-hospital mortality was
more strongly associated with management of acute stroke
than 90-day mortality. The higher 90-day mortality rate in
the CM group might be attributed to active cancer itself rather
than to index stroke. Metastasis and thromboembolic events
are leading causes of death in active cancer patients [15].

@ Springer

This study has several limitations. First, it is a retrospective
study with a relatively small number of patients, especially in the
CM group. Second, the study population is unlikely to be repre-
sentative of the AIS patients with CM as a whole because the
recruitment was performed in a single comprehensive stroke
center. Third, selection bias was possible because in CM patients,
EVT was performed at the discretion of the attending stroke
physician. Also, selection bias on gender could be possible.
Fourth, we had limited information on the CM patients.
Information on cancer staging, cause of mortality, or treatment
status of each CM patient was incomplete. CM itself is consid-
ered as a competing risk factor of 90-day mortality. However, the
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Fig. 1 Modified Rankin scale score distribution of the participants

small number of CM patients might decrease the statistical pow-  syndrome might not be included, because endovascular treat-
er. We collected patient data prospectively through a registry-  ment for AIS was performed only on the AIS due to large vessel
based design; however, this seems insufficient to overcome the occlusion

aforementioned limitations. Fifth, multiple small infarction due In conclusion, this study suggests that EVT might be fea-
to chronic disseminated intravascular coagulation or Trousseau  sible for AIS patients with CM. In addition, a low baseline

Table 2 Clinical characteristics of the subjects with current malignancy

Number Sex Age Cancertype Initial Mechanism ECOG score at Initial ICH sICH mTICI Discharge mRS at 3
D - admission NIHSS NIHSS m
dimer
1 M 74  Hepatobiliary 0.19 CE 0 17 1 0 2b 6 4
2 M 76  Gastric 0.63 CE 0 11 1 0 2b 11 6
3 M 77  Colorectal 1.34 CE 0 13 1 0 3 3 2
4 M 67 Hepatobiliary 0.19 CE 0 14 1 0 3 2 1
5 M 80  Gastric 5.32 CE 0 14 0 0 2b 3 6
6 M 70  Genitourinary 0.36 CE 0 13 0 0 2b 1 1
7 F 78  Gastric 3.78 CE 0 11 1 1 3 8 5
8 M 69  Colorectal 0.27 LAA 0 2 0 0 3 8 2
9 M 53 Colorectal 0.45 LAA 0 6 1 0 2a 2 2
10 M 64 Lung NA LAA 0 18 1 0 0 21 6
11 M 72 Lung 4.84 LAA 0 6 0 0 2b 1 0
12 M 62  Hepatobiliary 1.83 LAA 0 14 0 0 3 1 0
13 M 66  Genitourinary 0.3 LAA 0 11 1 0 2b 9 5
14 F 55  Hematologic NA Cryptogenic 1 9 0 0 3 9 6
15 F 63  Hepatobiliary 0.16 Cryptogenic 1 14 1 1 2b 13 3
16 F 68  Hematologic 0.73 Cryptogenic 0 20 1 0 3 11 6
17 M 66  Genitourinary 13.72  Cryptogenic 1 17 1 0 2b 10 4
18 F 77  Lung 4.59 Cryptogenic 0 17 0 0 2b 17 6
19 F 51 Breast 9.86 Cryptogenic 1 7 0 0 3 3 6
20 M 73 Hematologic 1.59 Cryptogenic 0 13 1 0 1 17 5
21 M 87 Lung 1.87 Cryptogenic 2 4 1 0 1 8 6
22 M 80 Lung 091 Cryptogenic 2 6 0 0 2b 2 1
23 M 69 Lung 16.98  Cryptogenic 1 10 1 1 2b 18 6
24 M 56  Colorectal 0.72 Cryptogenic 0 0 1 0 3 5 2
25 M 52 Hepatobiliary 4.69 Cryptogenic 1 7 0 0 2b 1 3
26 F 87 Hepatobiliary 3.47 Cryptogenic 2 9 0 0 3 2 4
27 M 72 Hepatobiliary 0.94 Cryptogenic 0 7 0 0 2b 4 1

M, male; F, female; CE, cardioembolism; LAA, large artery atherosclerosis; ECOG, Eastern Cooperative Oncology Group; NIHSS, National Institutes of
Health Stroke Scale Score; ICH, intracerebral hemorrhage; s/CH, symptomatic intracranial haemorrhage; mTICI, modified thrombolysis in cerebral
infarction; mRS, modified Rankin Scale
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Table 3 Baseline characteristics
and clinicoradiological outcomes
according to functional
independency in patients with
current malignancy

@ Springer

Favorable outcome Unfavorable outcome p value
Number 10 17
Age, year (SD) 67.80 (8.613) 69.76 (10.849) 0.63
Sex, male, % 10 (100.0) 10 (58.8) 0.026
Hypertension, % 5(50.0) 9 (52.9) 1.00
Diabetes, % 2 (20.0) 5(29.4) 0.68
Dyslipidemia, % 0 (0.0) 2 (11.8) 0.52
Atrial fibrillation, % 3 (30.0) 3 (17.6) 0.64
Current smoking, % 2 (20.0) 4.(24.5) 0.59
History of stroke, % 2 (20.0) 1(5.9) 0.54
Cancer type, % 0.09
Lung 2 (20.0) 4(23.5)
Gastric 0 (0.0) 3(17.6)
Colorectal 4 (40.0) 0(0.0)
Hepatobiliary 3(30.0) 4(23.5)
Genitourinary 1(10.0) 2 (11.8)
Breast 0(0.0) 1(5.9)
Hematologic 0(0.0) 3(17.6)
Systemic metastasis, % 2(20.0) 6 (35.3) 0.67
Brain metastasis, % 0(0.0) 1(5.9) 1.000
TOAST classification 0.26
LAA 4 (40.0) 2 (11.8)
CE 3 (30.0) 4(23.5)
UuD 3(30.0) 11 (29.4)
Occlusion site 0.26
ICA 5 (50.0) 4(23.5)
MCA M1 4 (40.0) 12 (70.6)
MCA M2 1 (10.0) 1(5.9)
Initial NIHSS, median (IQR) 6.5 [5.0-13.25] 11 [9-17] 0.035
Admission SBP, mmHg (SD) 130.00 (17.64) 130.59 (24.40) 0.95
Admission DBP, mmHg (SD) 80.00 (8.17) 81.76 (14.68) 0.73
Admission LDL, mg/dL (SD) 105.54 (44.45) 116.89 (49.59) 0.57
D-dimer, g/mL (SD) 0.82 [0.34-1.46] 0.35[0.06-5.32] 0.10
PT, INR (SD) 0.94 (0.34) 1.09 (0.13) 0.14
ASPECTS, median (IQR) 7 [5.5-8.5] 8 [6-8.5] 0.71
Onset to reperfusion, min (SD) 289.30 (114.30) 388.59 (189.90) 0.15
Intravenous rt-PA, % 6 (75.0) 6 (42.9) 0.2
Successful revascularization, % 9 (90.0) 14 (82.4) 1.00
Intracerebral hemorrhage, % 4 (40.0) 11 (64.7) 0.26
Mortality at 90 days 0(0.0) 9(52.9) 0.026
sICH (SITS-MOST) 0 (0.0) 3(17.6) 0.27
In-hospital mortality, % 0(0.0) 1(5.9) 1.00

SD, standard deviation; TOAST, Trial of Org 10172 in Acute Stroke Treatment; LAA, large artery atherosclerosis;
CE, cardioembolism; UD, undetermined; /CA, internal carotid artery; MCA, middle cerebral artery; NIHSS,
National Institute of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL,
low-density lipoprotein; P7, prothrombin time; /NR, international normalized ratio; ASPECTS, Alberta Stroke
Program Early CT Score; r#-PA, recombinant tissue-plasminogen activator; s/CH, symptomatic intracerebral

hemorrhage; SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study
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NIHSS score was associated with favorable outcome in this
setting. Prospectively designed large clinical studies are
necessary.
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