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Abstract
Background and purpose This study aimed to evaluate the efficacy of intra-arterial thrombectomy (IAT) and prognosis for 
acute ischaemic stroke patients with active cancer.
Methods We retrospectively reviewed 253 patients who underwent IAT within 24 h after stroke onset between January 2012 
and August 2017. We classified the patients into active cancer (n = 26) and control groups (n = 227) and compared clinical 
data. Primary outcome was a modified Rankin scale score at 3 months with ordinal logistic regression (shift analysis).
Results Initial National Institutes of Health Stroke Scale (NIHSS) and rate of successful recanalisation did not differ between 
groups, but the active cancer group showed poor outcomes at 3 months on shift analysis (P = 0.001). The independent predic-
tors of poor prognosis were age [adjusted common odds ratio (aOR) 1.03, 95% confidence interval (CI) 1.01–1.05], baseline 
NIHSS (aOR 1.14, 95% CI 1.09–1.19), baseline C-reactive protein level (aOR 1.14, 95% CI 1.03–1.25), any cerebral haem-
orrhage (aOR 1.92, 95% CI 1.21–3.06), and active cancer (aOR 2.35, 95% CI 1.05–5.25). Mortality at 90 days was 30.8% 
in the cancer group and 8.8% in the control group (P = 0.003).
Conclusions Although baseline characteristics and recanalisation rate after IAT up to 24 h after stroke onset were similar 
between acute ischaemic stroke patients with active cancer and without any cancer, stroke-related death and short-term 
outcome were significantly poorer in patients with active cancer than the controls. Post-procedural haemorrhage and active 
cancer itself were independent predictors of a decrease in functional independence at 3 months.

Keywords Cancer and stroke · Ischaemic stroke · Thrombectomy · Endovascular recanalisation

Introduction

The steep increase in incidence of cancer-related ischae-
mic stroke (CRIS) it attributed to improvements in survival 
rates and the longevity of cancer patients, who are now at 
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an increased risk of ischaemic stroke due to various causes, 
including cancer-associated hypercoagulable states chemo-
therapy- or radiotherapy-related vasculopathies and ‘clas-
sical’ migratory thrombosis [1]. There is an increase in the 
number of CRIS patients requiring thrombolysis [2]. How-
ever, patients with active cancer are frequently excluded as 
candidates for intravenous thrombolysis for various reasons, 
including a history of recent surgery or bleeding diathesis 
[3-6]. Therefore, there is a need for treatments other than 
recombinant tissue plasminogen activator (rtPA) in the 
hyperacute stage of CRIS that can improve prognosis.

Intra-arterial thrombectomy (IAT) does not require the 
systemic administration of a thrombolytic agent, and it may 
be applicable to patients with haematological abnormali-
ties. Thus, it may be hypothesised that IAT may improve 
the prognosis of acute ischaemic stroke (AIS) patients with 
active cancer who are ineligible for intravenous thromboly-
sis. Some case reports have reported less favourable out-
comes than expected with IAT treatment in patients with 
active cancer, recommending against its use for AIS in 
patients with active cancer [7-9]. Furthermore, five pivotal 
trials have excluded patients with active cancer as candidates 
for IAT [10-14].

This study aimed to investigate the clinical characteristics 
associated with poor outcomes of IAT for patients with acute 
CRIS up to 24 h and who had a clinical diffusion–perfusion 
mismatch, to establish predictive prognostic factors.

Materials and methods

Study sample

This study was conducted with the approval of the institu-
tional review board of Asan Medical Center (IRB number: 
2018–0879), which waived the need for written informed 
consent because of the retrospective nature of the study.

We reviewed the records of all consecutive patients who 
presented with AIS treated with IAT in Asan Medical Center 
between January 2012 and August 2017. The following 
exclusion criteria were applied: AIS without occlusion of the 
relevant artery; arterial reperfusion performed > 24 h after 
symptom onset; intracranial neoplasm or metastasis; other 
causes of AIS (e.g., arterial dissection, collagen vascular 
disease, in stent thrombosis and Moyamoya disease); failure 
of IAT due to technical reasons and if clinical follow-up 
with a modified Rankin scale (mRS) value at 90 days was 
unavailable.

The patients who underwent IAT were classified accord-
ing to their cancer history into those with active cancer, 
inactive cancer, and no history of cancer (controls). Active 
cancer patients were those with any metastatic disease, were 
undergoing current treatment for a malignancy, and were 

offered treatment for a malignancy, but declined [4]. Inactive 
cancer patients were those whose records indicated an inac-
tive past history of malignancy with no history or evidence 
of metastatic disease, and who had completed any planned 
treatments. We defined the period of 5 years as the absence 
of evidence of active cancer after the end of treatment. Nev-
ertheless, patients with inactive cancer were excluded from 
the analysis because of uncertainty over their current cancer 
activity and the possibility of different features and progno-
sis compared to those with active cancer.

AIS treatment protocol

On admission, neurologists performed neurological exami-
nations, including assessments using the National Institutes 
of Health Stroke Scale (NIHSS) and mRS. All patients 
underwent a non-enhanced cranial computed tomography 
(CT) scan and multimodal magnetic resonance (MR) imag-
ing before IAT and within 48 h after the procedure. CT 
angiography was performed on patients unable to undergo 
MRI. In most cases, diffusion-weighted imaging–perfu-
sion-weighted imaging mismatch was evaluated (by visual 
inspection of the perfusion images). Clot sign was defined 
as a hypointense signal that exceeded the contralateral vessel 
diameter [15]. Stroke severity was assessed using the NIHSS 
at both baseline and discharge. For patients who met the 
relevant criteria, intravenous rtPA was used within 3–4.5 h 
after symptom onset. Aspirin and clopidogrel were admin-
istered orally or via a nasogastric tube to the patients who 
underwent balloon angioplasty or intracranial stenting. After 
the IAT procedure, the patients continued medical treatment 
in the neurologic intensive care unit. Follow-up brain MR 
imaging and MR angiography (or brain CT and CT angiog-
raphy) were performed 24–48 h after IAT.

Intra‑arterial thrombectomy

The criterion for IAT at our hospital is evidence on CT 
angiography or MR angiography of the occlusion or severe 
stenosis of a large cerebral artery, including the anterior 
cerebral artery, middle cerebral artery (MCA) M1 or M2, 
internal carotid artery (ICA), common carotid artery and 
posterior circulation (the posterior cerebral artery, basilar 
artery and vertebral artery). Within 24 h after symptom 
onset, AIS was targeted by IAT and when the exact onset 
time could not be verified, the last time the patient felt nor-
mal was considered.

All procedures were performed via a transfemoral 
approach under local anaesthesia by two highly experi-
enced neurointerventionists. Intravenous sedation under 
consciousness was used when necessary. The endovascular 
techniques used were chosen according to the circumstances; 
these included stent-retriever thrombectomy, suction 
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thrombectomy, direct balloon angioplasty and/or stenting, 
direct stenting, intra-arterial urokinase and mechanical 
disruption.

Clinical and angiographic outcome measures

Patients were classified according to the Trial of ORG 
10,172 in Acute Stroke Treatment (TOAST) criteria [16]. If 
there were more than two arterial occlusion sites, each was 
counted. The data related to cancer included the type of can-
cer, pathology, TNM staging, metastasis status, and modality 
of treatment. The clinical outcome was assessed by a stroke 
neurologist using the mRS at an outpatient visit 3 months 
after discharge; the assessment was made by telephone if 
the patient was unable to attend. The severity of 90-day dis-
ability was assessed according to the distribution of scores 
across the mRS (shift analysis) as primary outcome [17]. 
The patient’s reperfusion status was evaluated according to 
the modified thrombolysis in cerebral infarction (mTICI) 
scale [18]. Successful reperfusion was defined as mTICI 2b 
or 3. Two neuroradiologists, blinded to the clinical informa-
tion, independently analysed the angiographic data, with any 
conflict resolved through consensus. Partial and complete 
reperfusion in the follow-up image was also considered as 
reperfusion. Time variables including symptom onset-to-
groin puncture time, symptom onset-to-reperfusion time, 
groin puncture to reperfusion time, and total intervention 
time were investigated. The reperfusion time was defined 
as the first reperfusion with mTICI ≥ 2a. Cerebral haemor-
rhage included any subarachnoid or intracerebral haemor-
rhage (ICH) found on follow-up imaging. ICH was classified 
into four types: haemorrhagic infarction types 1 and 2 and 
parenchymal hematoma types 1 and 2 [19].

Statistical analysis

Student’s t test and the Mann–Whitney U test were used to 
compare continuous demographic and clinical characteris-
tics variables. Categorical variables were compared using 
Pearson’s Chi-square test and Fisher exact test. Adjusted 
common odds ratios (aORs) were calculated comparing 
mRS outcomes after IAT in the cancer and control groups 
(shift analysis). The variables tested in the logistic regres-
sion models were those with P < 0.1 in the univariate analy-
sis. Ordinal logistic regression analyses were performed to 
determine the independent factors that predicted the out-
come after IAT. An interaction between risk factors and 
outcomes at 3 months was evaluated after adjustment of the 
same confounding variables. A two-tailed P value < 0.05 
was considered significant. SPSS version 21.0 for Windows 
(IBM Corp., Armonk, NY, USA) and SAS version 9.4 (SAS 
Institute, Cary, NC, USA) were used for statistical analyses.

Results

Patients

Between January 2012 and August 2017, 295 AIS patients 
with large vessel occlusion were treated by IAT within 24 h 
after symptom onset. Of these, 42 were excluded (Fig. 1); 
13 patients in the control group due to technical failure and 
one patient in the cancer group and 12 in the control group 
due to failure to obtain mRS at 3 months. The remaining 253 
patients were classified into the cancer (n = 26) or control 
group (n = 227). Baseline characteristics of the two groups 
are presented in Table 1. Patients in the cancer group were 
younger (63.2 vs. 68.8 years, P = 0.029) and fewer experi-
enced atrial fibrillation (23.1% vs. 52.0%, P = 0.006). The 
initial NIHSS and premorbid mRS scores did not differ 
between groups (Table 1 and Supplementary Table 1). The 
mean C-reactive protein (CRP) was higher in the cancer 
group (3.4 vs. 0.7 mg/dL, P < 0.001), but there were no sig-
nificant differences between groups in white blood cell and 
platelet counts. Detailed profiles of the patients’ cancer types 
are presented in Supplementary Table 2. The most common 
cancer pathology was adenocarcinoma and 11 patients (42%) 
in the cancer group experienced distant metastasis.

Clinical, radiographic, and angiographic 
characteristics

Although initial stroke severity was similar in both groups, 
the presumed stroke mechanisms and locations of the 
occluded arteries differed. In the control group, most 
patients had significant atherosclerotic lesions or embolic 
heart diseases that caused the ischaemic stroke. However, in 
the cancer group, undetermined aetiology was most common 
(Supplementary Table 1). The proportion with occlusion of 

Fig. 1  Flowchart of the patient selection process. mRS modified 
Rankin scale, AVM arteriovenous malformation
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the MCA was similar in both groups but occlusion of the 
ICA was more prevalent in the cancer group (57.7% vs. 
29.5%; P = 0.007).

Clinical and angiographic efficacy outcomes

No differences between groups were noted in the time 
variables (Table 2). In addition, there was no difference in 
neurointerventional procedures performed, except suction 
thrombectomy. Successful recanalisation (mTICI 2b/3) 
after IAT was achieved in 88.5% (23/26) patients in the 
cancer group and 90.7% (205/227) patients in the control 

group, with no significant difference (P = 0.723). ICH was 
significantly higher in the cancer group (57.7% vs. 38.7%; 
P = 0.034), but there was no significant difference with 
regard to the type of ICH. There was a significant differ-
ence between groups in the proportion of patients with any 
cerebral haemorrhage (61.5% vs. 40.9%; P = 0.021). NIHSS 
at discharge was significantly higher in the cancer group [11 
(interquartile range, 4.5–19.0) vs. 5 (1.5–3.0); P = 0.015] 
despite the lack of difference in reperfusion rates in the 
follow-up imaging.

In the cancer group, IAT was associated with a significant 
shift in the distribution of scores toward greater disability 

Table 1  Baseline characteristics 
of the patients

Values are numbers (column %), means ± SDs, or medians (with quartiles), as appropriate. Some blood 
markers were not assessed in all patients. Pearson χ2 test employing the exact method, Student’st test, or 
the Mann–Whitney U test was appropriately used
mRS modified Rankin Scale score, NIHSS National Institutes of Health Stroke Scale score, HDL high-den-
sity lipoprotein, LDL low-density lipoprotein, rtPA recombinant tissue plasminogen activator

Cancer (n = 26) Control (n = 227) P value

Age, years 63.2 ± 11.6 68.8 ± 11.3 0.029
Male sex [n (%)] 18 (69.2%) 137 (60.4%) 0.406
Premorbid mRS 0 (0–0) 0 (0–0) 0.532
Baseline NIHSS (median) 14 (10–18) 13 (9–17) 0.517
Initial mRS (median) 5 (4–6) 4 (4–5) 0.240
Hypertension 14 (53.8%) 147 (64.8%) 0.288
Diabetes 7 (26.9%) 56 (24.7%) 0.812
Hyperlipidemia 3 (11.5%) 61 (26.9%) 0.100
Previous history of stroke 3 (11.5%) 47 (20.7%) 0.434
Atrial fibrillation 6 (23.1%) 118 (52.0%) 0.006
Laboratory findings
 Hemoglobin (g/dL) 11.07 ± 2.03 13.64 ± 1.96  < 0.001
 White blood cells 14.37 ± 23.35 8.77 ± 2.87 0.184
 Platelets  (103/mm3) 212.35 ± 134.25 218.37 ± 63.52 0.317
 Prothrombin time (INR) 1.17 ± 0.21 1.11 ± 0.33 0.007
 Total cholesterol (mg/dL) 139.44 ± 35.03 173.86 ± 42.23  < 0.001
 Triglyceride (mg/dL) 110.95 ± 82.28 134.50 ± 84.64 0.071
 HDL cholesterol (mg/dL) 40.29 ± 17.51 49.91 ± 15.13 0.026
 LDL cholesterol (mg/dL) 77.86 ± 27.56 110.56 ± 37.10  < 0.001
 C-reactive protein (mg/dL) 3.39 ± 4.68 0.74 ± 2.05  < 0.001

In-hospital stroke 21 (80.8%) 17 (7.5%)  < 0.001
Occlusion site
 MCA 14 (53.7%) 123 (54.2%)  > 0.999
  M1 12 (46.2%) 105 (46.3%)  > 0.999
  M2 or more 2 (7.7%) 19 (8.4%)  > 0.999

 Anterior cerebral artery 1 (3.8%) 5 (2.2%) 0.482
 Posterior cerebral artery/Basilar 

artery/Vertebral artery
1 (3.8%) 50 (22%) 0.035

 Internal carotid artery 15 (57.7%) 67 (29.5%) 0.007
 Common carotid artery 0 (0%) 4 (1.8%)  > 0.999

Diffusion–perfusion mismatch 22 (91.9%) 183 (95.8%) 0.309
Clot sign 14 (53.8%) 97 (42.9%) 0.304
Use of intravenous rtPA 5 (19.2%) 79 (35.0%) 0.127
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(P < 0.001 by the Cochran–Mantel–Haenszel test) (Fig. 2). 
The treatment effect was maintained even after adjusting 
for age, baseline NIHSS score, atrial fibrillation and ICA 
occlusion (aOR for 1 point improvement on the mRS, 3.5; 
95% confidence interval (CI), 1.63–7.51; P < 0.001). Ordi-
nal logistic regression showed that age (aOR 1.03; 95% 
CI 1.01–1.05), CRP (aOR 1.14; 95% CI 1.03–1.25), the 
presence of any cerebral haemorrhage (aOR 1.92; 95% CI 
1.21–3.06), and active cancer (aOR 2.34 95% CI 1.05–5.25) 

were significant independent predictors of a shift toward 
poor outcomes; however, the presence of atrial fibrillation 
(aOR 0.56; 95% CI 0.35–0.89) was associated with a shift 
toward better outcomes in mRS at 90 days (Table 3). Mor-
tality at 90 days was 30.8% (8/26) in the cancer group and 
8.8% (20/227) in the control group (P = 0.003). In addition, 
stroke-related deaths were more common than cancer-related 
deaths in the cancer group: of the eight patients who died 
in this group, five died of cerebral infarction, two from 

Table 2  Clinical and 
angiographic outcomes

Values are numbers (column %), or medians (with quartiles), as appropriate. Some blood markers were 
not assessed in all patients. Differences were assessed using Pearson’s Chi-square test employing the exact 
method, Student’s t test, or the Mann–Whitney U test as appropriate. P values for the modified Rankin 
Scale scores at 3 months were calculated using the Cochrane–Mantel–Haenszel shift test
mTICI modified thrombolysis in cerebral infarction, NIHSS National Institutes of Health Stroke Scale score

Cancer (n = 26) Control (n = 227) P value

Time variables
 Onset-to-groin puncture time (min) 231.5 (154.3–504.3) 293.0 (208.0–547.0) 0.066
 Onset-to-reperfusion time (min) 331.0 (208.3–583.3) 381.0 (269.0–666.0) 0.121
 Puncture-to-reperfusion time (min) 59.5 (41.5–75.8) 60.0 (42.0–89.0) 0.684
 Total intervention time (min) 79.0 (55.0–97.5) 75.0 (56.0–103.0) 0.802

Use of stent retriever 22 (84.6%) 161 (70.9%) 0.169
Suction thrombectomy 16 (61.5%) 79 (34.8%) 0.010
Angioplasty 8 (30.8%) 66 (29.1%)  > 0.999
Stent insertion 4 (15.4%) 50 (22.0%) 0.614
Reperfusion 0.920
 mTICI 0, 1 2 (7.6%) 13 (5.7%)
 mTICI 2a 1 (3.8%) 11 (4.9%)
 mTICI 2b 10 (38.5%) 92 (40.7%)
 mTICI 3 13 (50.0%) 110 (48.7%)

Successful recanalization 23 (88.5%) 205 (90.7%) 0.723
Recanalization in follow-up images 20 (90.9%) 186 (88.6%)  > 0.999
Intracerebral hemorrhage (ICH) 16 (57.7%) 87 (38.7%) 0.034
Type of ICH 0.313
 Hemorrhagic infarction, type 1 8 (30.8%) 34 (15.0%)
 Hemorrhagic infarction, type 2 3 (11.5%) 33 (14.5%)
 Parenchymal hematoma, type 1 2 (7.7%) 15 (6.6%)
 Parenchymal hematoma, type 2 3 (11.5%) 7 (3.1%)

Subarachnoid hemorrhage 1 (3.8%) 5 (2.2%) 0.485
Any cerebral hemorrhage 17 (61.5%) 92 (40.9%) 0.021
Craniectomy 2 (7.7%) 7 (3.1%) 0.233
NIHSS at discharge 11 (4.5–19.0) 5 (3–11) 0.015
Modified Rankin scale (mRS) at 3 months 0.009
 mRS 0 1 (3.8%) 24 (10.6%)
 mRS 1 4 (15.4%) 35 (15.4%)
 mRS 2 1 (3.8%) 36 (15.9%)
 mRS 3 3 (11.5%) 38 (17.6%)
 mRS 4 5 (19.2%) 40 (17.6%)
 mRS 5 4 (15.4%) 36 (15.9%)
 mRS 6 8 (30.8%) 18 (7.9%)

Mortality at 3 months 8 (30.8%) 20 (8.8%) 0.003
Hospital date (days) 12.5 (6.0–15.3) 9 (6–14) 0.416
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progression of cancer, and one from sepsis. There was no 
difference in the prognosis regardless of distant metastasis 
(P = 0.491) (Table 4).  

Discussion

This study showed significantly worse prognosis and 
increased risk of ICH after IAT for AIS patients with active 
cancer than for those without cancer, even with the applica-
tion of various exclusion criteria regarding brain imaging or 
laboratory tests. In addition, post-procedural haemorrhage 
and active cancer itself were independent predictors of a 

decrease in functional independence at 3 months after the 
procedure. Active cancer was associated with shifts toward 
poor outcomes across the entire spectrum of disability, as 
were being female, being aged < 70 years, or having an 
NIHSS score < 10 or > 17 points in the subgroup analysis.

CRIS has a poor prognosis, which may be due to the can-
cer itself or to cancer-associated coagulopathy [20, 21]. The 
presence of cancer has a hazard ratio of 1.8 for a 6-month 
cumulative incidence of ischaemic stroke [22]. However, 
herein, the prognosis for acute CRIS patients after IAT was 
worse, although IAT might be expected to improve their 
prognosis. Furthermore, although the use of intravenous 
rtPA in the two study groups was not statistically different, 
the prognosis after IAT was poor for CRIS patients.

It is controversial whether active cancer causes haemor-
rhagic transformation or post-procedural haemorrhage more 
frequently in AIS, even when intravenous rtPA is adminis-
tered [3, 4, 23, 24]. Herein, in the cancer group, ICH and any 
cerebral haemorrhage were more common, and any cerebral 
haemorrhage was an independent predictor of an unfavour-
able shift in the mRS score at 3 months. There was no dif-
ference in laboratory findings reflecting bleeding tendency 
between groups of patients with any cerebral haemorrhage 
(Supplementary Table 3). Given that asymptomatic cases 
can show deterioration in long-term clinical outcomes, it 
is necessary to develop post-procedural management that 
improves the prognosis after IAT [25, 26].

C-reactive protein has a high predictive value for stroke 
severity and early neurobehavioral outcomes and is an inde-
pendent factor that predicts long-term outcomes and early 
mortality [27-29]. Herein, patients in the cancer group had 
significantly higher CRP levels, and this was an independent 
predictor of a poor outcome, suggesting that inflammation 

Fig. 2  Modified Rankin Scale scores at 3 months after endovascular 
treatment. The bars show the distributions of modified Rankin Scale 
scores at 3 months for the patients in the cancer and control groups. 
Possible scores ranged from 0 to 6, with 0 indicating no symptoms, 1 
no clinically significant disability, 2 slight disability, 3 moderate dis-
ability, 4 moderately severe disability, 5 severe disability, and 6 death. 
Endovascular thrombectomy in the cancer group was associated with 
a significant shift in the distribution of scores toward greater disabil-
ity (P < 0.001 by the Cochran–Mantel–Haenszel test)

Table 3  Ordinal logistic regression for acute ischemic stroke patients 
as modified Rankin scale score at 3 months

The data are adjusted common odds ratios representing an unfavora-
ble shift in scores on the modified Rankin Scale at 3 months. P values 
were obtained by ordinal logistic regression. The model was adjusted 
for age, atrial fibrillation, ICA occlusion, baseline NIHSS, intracer-
ebral hemorrhage, any cerebral hemorrhage, C-reactive protein level, 
and active cancer. The common odds ratios were estimated from an 
ordinal logistic regression model and indicate the odds of an improve-
ment of 1 point on the modified Rankin Scale
OR odds ratio, CI confidence interval, NIHSS National Institutes of 
Health Stroke Scale score, ICA internal carotid artery

Adjusted common OR 
(95% CI)

P value

Age 1.03 (1.01–1.05) 0.009
Atrial fibrillation 0.56 (0.35–0.89) 0.015
ICA occlusion 0.73 (0.45–1.18) 0.198
Baseline NIHSS 1.14 (1.09–1.19)  < 0.001
Any cerebral hemorrhage 1.92 (1.21–3.06) 0.006
C-reactive protein 1.14 (1.03–1.25) 0.008
Active cancer 2.34 (1.05–5.25) 0.039

Table 4  Comparison of the results between present and previous 
studies

Values are numbers  (column %)  or medians (with quartiles), as 
appropriate
NIHSS National Institutes of Health Stroke Scale score, rtPA recom-
binant tissue plasminogen activator, mTICI modified thrombolysis in 
cerebral infarction, mRS modified Rankin scale

Present study (n = 26) Jung et al. [32] 
(n = 19)

Age, years 63 (56–72) 69 (58–75)
Male sex 18 (69.2%) 9 (47.4%)
Baseline NIHSS 14 (10–18) 16 (6–20)
Atrial fibrillation 6 (23.1%) 0 (0.0%)
Use of intravenous rtPA 5 (19.2%) 3 (15.8%)
Successful recanalization 

(mTICI 2b or 3)
23 (88.5%) 12 (63.1%)

mRS 0–2 at 3 months 6 (23.1%) 3 (15.8%)
Mortality at 3 months 8 (30.8%) 12 (63.1%)
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contributed to the haemorrhagic transformation. In addition, 
the hypercoagulable state represented by the elevation of 
D-dimer levels has been reported to be associated with poor 
prognosis in CRIS, [30, 31] which in the CRIS group in 
our study showed a mean D-dimer level of 9.2 μg/dL. In a 
prospective study, adequate correction of hypercoagulable 
state may be helpful in improving the survival of patients 
with CRIS [31].

Chemotherapy or radiotherapy may have accelerated the 
deterioration of the stroke; however, many patients discon-
tinued treatment for several months before the stroke stabi-
lised. We concluded that these treatments were not related 
to the unfavourable 3-month outcome.

This study had some limitations. First, it was a retrospec-
tive study with data from a single hospital, and the number 
in the cancer group was too small to draw valid conclu-
sions for the outcome of IAT in active cancer patients. Our 
findings are corroborated by the findings of a recently pub-
lished other single-centre study, which also revealed poorer 
short-term outcomes with active cancer compared to other 
stroke subtype after IAT, with implications future studies 
[32]. Second, the heterogeneity in the cancer group indicate 
that there may have been a bias in selecting IAT candidates, 
because patients who refused to receive IAT because of the 
shortened life expectancy and patients, whose neurologists 
decided against IAT were excluded, resulting in unfavour-
able results following IAT of CRIS patients. In addition, 
unlike other IAT trials, we used broad inclusion criteria for 
IAT and patients in the cancer group had relatively good 
functional status before AIS (all patients were within the 
range of premorbid mRS 0–2). Third, several procedures 
were used in IAT; however, this diversity is likely to reflect 
real-world data as the most advanced treatments were used, 
and importantly, the same treatments also applied to the 
control group.

Summary

In AIS patients, IAT with an onset-to-recanalisation 
time < 24 h resulted in worse outcomes for patients with 
active cancer than for the controls. Active cancer was an 
independent predictor of an unfavourable shift in mRS score 
distribution. Candidates for IAT among cancer patients 
should, therefore, be selected with caution. Given the poor 
prognosis of cancer patients despite the same recanalisation 
rate, further studies are needed on post-IAT management to 
improve their prognosis.
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