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Background:Active cancer (AC) is a known risk factor for stroke and a common

comorbidity among patients being considered for treatmentwith endovascular

thrombectomy (EVT). This systematic review and meta-analysis aimed to

evaluate the current evidence for the feasibility, e�cacy, and safety of EVT for

patients with AC.

Methods: MEDLINE, EMBASE, and the Cochrane Library were searched for

relevant randomized controlled trials (RCTs) and observational studies which

met the inclusion criteria for EVT in patients with AC. Studies were excluded

due to the mismatch of data format, article type, and group design. The risk

of bias was assessed through di�erent scales according to the study design. I2

statistics were used to evaluate the heterogeneity. Funnel plots were used to

evaluate publication bias.

Results: A total of six studies and 3,657 patients were included. Compared

to without active cancer (WC) patients, patients with AC had a significantly

higher proportion of in-hospital mortality (OR 3.24; 95% CI, 1.03–10.15). The

estimated rate of favorable outcome of six studies was lower in patients with

AC than in patients with WC (OR 0.47; 95% CI, 0.35–0.65). For 90-day mortality

of four studies, the AC group had a higher proportion when compared with the

WC group (OR 3.87; 95% CI, 2.64–5.68). There was no di�erence between rate

of six studies of successful recanalization (OR 1.24; 95% CI, 0.90–1.72) and

four studies of symptomatic ICH (OR 1.09; 95% CI, 0.61–1.97) comparing AC

and WC.
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Conclusion: Patients with AC are less likely to have a favorable outcome and

have a higher risk of mortality after EVT. Further studies are warranted for this

unique patient population.

KEYWORDS

acute ischemic stroke, endovascular thrombectomy, active cancer, meta-analysis,

systematic review

Introduction

Cancer is a widely known risk factor of acute ischemic

stroke (AIS), especially among patients with active cancer (AC)

which was diagnosed within 6 months or during the admission

period, requires chemotherapy or surgical treatment within

6 months, or was recurrent, metastatic, or inoperable (1).

Several mechanisms related to malignancy theoretically increase

the risk of AIS, such as hypercoagulation state, migratory

thrombosis, and tumor embolus (2–4). Also, AC-related stroke

is associated with a higher morbidity in several studies (5–8).

Indeed, about 10% of hospitalized patients with AIS had AC

(9–11). Unfortunately, patients with AC are often ineligible for

intravenous thrombolysis (IVT) due to various reasons, such as

bleeding tendency and recent prior surgery (12, 13).

FIGURE 1

Flow diagram of literature for meta-analysis.

Endovascular thrombectomy (EVT) has revolutionized

acute stroke care and is recommended as the first-line treatment

for AIS due to large vessel occlusion (LVO) (14, 15). Whether

EVT benefits AC-related stroke patients to a similar degree

remains uncertain. In a previous meta-analysis including a

relatively limited number of studies, the AC group had a

comparable rate of successful recanalization and symptomatic

intracerebral hemorrhage (sICH) compared to the control

group, but a lower rate of favorable outcome (modified Rankin

Scale ≤ 2) and a higher rate of mortality (16). However, some

recent clinical studies indicated that rate of favorable outcome

may be similar between the two groups, which differs from the

aforementioned meta-analysis (4, 5). Other studies suggested

that patients with active cancer are more likely to have any

cerebral hemorrhage (4, 6). Thus, this article aims to investigate
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TABLE 1 Baseline characteristics.

Bang-Hoon Cho

et al. (3)

Verschoof et al. (20) Fabrizio Sallustio

et al. (21)

Lee et al. (6) Joshi et al. (4) Ciolli et al. (5)

Basic information

Publication time 2019 2022 2019 2019 2021 2021

Country South Korea United States Italy South Korea United States Italy

Type of studies Single center Muticenter Single center Single center Single center Single center

NOS score

Demographic characteristics

Number AC (n= 27) WC (n= 351) AC (n= 124) WC (n=

2459)

AC (n= 24) WC (n= 24) AC (n= 26) WC (n= 227) AC (n= 19) WC (n= 95) AC (n= 14) WC (n= 267)

Gender, male, n (%) 20 (74.1) 185 (52.7) 58 (46.8) 1277 (51.9) 8 (33.3) 8 (33.3) 18 (69.2) 137 (60.4) 2 (10.5) 10 (10.5) 8 (57) 135 (51)

Age (years) mean± SD median [IQR] 69.04± 9.95 70.12± 11.46 69± 11 70± 14 69± 10.1 70.7± 9.3 63.2± 11.6 68.8± 11.3 70.9 (11.16) 70.7 (11.4) 73 (61–78) 72 (60–79)

Baseline NIHSS mean± SD median [IQR] 11 (7–14) 12 (9–15) 16 (12–19) 16 (11–19) 14.2± 5.2 14.1± 4.9 14 (10–18) 13 (9–17) 22 (7.5) 22 (9.5) 20 (10–23) 16 (10–21)

Baseline ASPECTS mean± SD median [IQR] 8 (6–8.25) 8 (6–9) 9 (8–10) 9 (7–10) 9.1± 0.9 8.8± 1 NR NR NR NR NR NR

Cancer type

Digestive tract, n (%) 7 (25.9) 0 41 (33.1) 0 5 (20.8) 0 NR NR 2 (10.5) 0 NR NR

Hepatobiliary, n (%) 7 (25.9) 0 0 0 0 0 NR NR 1 (5.3) 0 NR NR

Lung, n (%) 6 (22.2) 0 31 (25.0) 0 8 (33.3) 0 NR NR 6 (31.6) 0 NR NR

Urogenital, n (%) 3 (11.1) 0 26 (21.0) 0 4 (16.6) 0 NR NR 5 (26.3) 0 NR NR

Breast, n (%) 1 (3.7) 0 16 (12.9) 0 4 (16.6) 0 NR NR 3 (15.8) 0 NR NR

Hematological, n (%) 3 (11.1) 0 3 (2.4) 0 1 (4.1) 0 NR NR 2 (10.5) 0 NR NR

Othera , n (%) 0 0 7 (5.6) 0 2 (8.2) 0 NR NR 0 0 NR NR

Medical history

Hypertension, n (%) 14 (51.9) 208 (59.3) 50 (41.3) 1262 (52.3) 15 (62.5) 17 (70.8) 14 (53.8) 147 (64.8) NR NR 9 (64) 179 (72)

Admission SBP, mmHg mean± SD median

[IQR]

130.37± 21.75 137.35± 22.84 145± 25 150± 25 135.1± 22.2 145± 19.4 NR NR NR NR 143 (135–173) 151 (138–170)

Admission DBP, mmHg mean± SD median

[IQR]

81.11± 12.51 85.56± 14.88 80± 16 82± 16 78.2± 13 81.1± 13.6 NR NR NR NR 86 (76–100) 80 (70–90)

Diabetes mellitus, n (%) 7 (25.9) 73 (20.8) 25 (20.5) 391 (16) 8 (33.3) 5 (20.8) 7 (26.9) 56 (24.7) NR NR 3 (23) 51 (21)

Current smoking, n (%) 3 (11.1) 50 (14.2) 36 (29.8) 531 (21.8) 8 (33.3) 6 (25) NR NR NR NR NR NR

Dyslipidemia, n (%) 2 (7.4) 30 (8.5) 32 (26.7) 696 (29.5) NR NR 3 (11.5) 61 (26.9) NR NR 3 (23) 115 (48)

Atrial fibrillation, n (%) 6 (22.2) 117 (33.3) 32 (26.2) 582 (23.9) 7 (29.1) 9 (37.5) 6 (23.1) 118 (52.0) NR NR NR NR

Previous stroke, n (%) 3 (11.1) 60 (17.1) 17 (13.9) 408 (16.7) NR NR 3 (11.5) 47 (20.7) NR NR NR NR

Laboratory results

Glucose, mean± SD median [IQR] NR NR 7.4± 2.5 7.5± 2.3 142.9± 58.1 131.3± 57.8 NR NR NR NR NR NR

Thrombocyte count, mean± SD median

[IQR]

NR NR 272± 120 249± 83 NR NR 212.35±

134.25

218.37± 63.52 NR NR NR NR

(Continued)
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the safety and effectiveness of EVT in AC-related stroked

patients, so as to provide clinicians with themost comprehensive

and updated evidence for decision-making in clinical practice.

Methods

This study was conducted according to the statement of

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) (17).

Search strategy

Studies for inclusion were identified by two independent

reviewers (CS and ZS) from the three databases: MEDLINE,

EMBASE, and the Cochrane Library. Eligible studies were

restricted from database inception until 24 January 2022 in

the English language. The terms “ischemic stroke”, “brain

ischemia”, “cancer”, “neoplasm”, “embolectomy”, “mechanical

thrombectomy”, and “endovascular thrombectomy” were

applied in our search strategy for potentially relevant studies.

The detailed search strategy is presented in the online

Supplementary material (Supplement File 1).

Study eligibility

The criteria for study design were specified according

to the Population, Intervention, Comparison, Outcome

(PICO) model.

Patient selection criteria

Inclusion criteria included adult patients (age ≥ 18 years)

with AIS due to LVO, including anterior or posterior circulation

occlusions, undergoing EVT. These were divided into active

cancer (AC) group and without active cancer (WC) group

according to the presence of AC. Active cancer was defined

as cancer that was diagnosed within 6 months or during the

admission period, requires chemotherapy or surgical treatment

within 6 months, or was recurrent, metastatic, or inoperable (1).

Arterial occlusion is confirmed by either computed tomographic

angiography (CTA), magnetic resonance angiography (MRA),

or digital subtraction angiography (DSA). We did not collect

any primary data from patients, so ethics approval was deemed

unnecessary by our IRB given there was a minimal patient risk.

Intervention

Mechanical thrombectomy with modern devices, such as

stent retrievers or aspiration catheters, for patients is available

to additional intravenous thrombolysis.

Frontiers inNeurology 04 frontiersin.org

https://doi.org/10.3389/fneur.2022.992825
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Duan et al. 10.3389/fneur.2022.992825

Outcomes

At least one of the following items was reported:

Primary outcomes:

1. Favorable outcome defined as modified Rankin

Score (mRS) of 0–2 or equal to pre-stroke score

at 90 days.

TABLE 2 Inclusion and exclusion criteria of patients in included studies.

Study Verschoof et al. Lee et al. Cho et al. Sallustio et al. Joshi et al. Ciolli et al.

Time window ND Presentation within

24 h of stroke onset

Presentation within 8 h

of stroke onset

ND ND ND

Active cancer Cancer diagnosis

within 12 months prior

to stroke, metastatic

disease, or cancer

treatment in the last 30

days

Patients with any

metastatic disease,

were undergoing

current treatment for a

malignancy offered

treatment for a

malignancy, but

declined

Current or previous

metastatic disease;

patients undergoing

current treatment for

malignancy; patients

refused treatment for

current cancer; initial

diagnosis of

malignancy was made

during hospitalization

after the onset of

stroke

ND Patients who were

diagnosed with cancer

and were either

receiving treatment or

were treated

conservatively, or

those who were

diagnosed with but

refused treatment for

cancer

Cancer was considered

active if the diagnosis

had occurred within

six months before

stroke, if patients had

been treated for cancer

within the previous six

months, or in the

presence of recurrent

or metastatic cancer.

Baseline neurologic

evaluation

ND ND mRS ≤ 2 ND ND ND

Imaging evaluation ND On-enhanced cranial

CT scan and

multimodal MRI;

DWI–perfusion-

weighted imaging

mismatch

No evidence of ICH on

CT or MRI; major

arterial occlusion on

MRA or CTA; a target

mismatch pattern on

multimodal MRI

according to visual

estimation; infarct

volume of less than

one-third of the MCA

territory on DWI or

non-enhanced CT

CTA for assessment of

collaterals; CT

quantified by

ASPECTS

A non-contrast head

CT and CTA of the

head and neck with or

without perfusion.

CT; CTA; CTP

Exclusion criteria Patients with a history

of cancer but not

fulfilling the definition

of active cancer.

AIS without occlusion

of the relevant artery;

arterial reperfusion

performed > 24 h after

symptom onset;

intracranial neoplasm

or metastasis; other

causes of AIS; failure

of IAT due to technical

reasons and if clinical

follow-up with a

modified Rankin scale

(mRS) value at 90 days

was unavailable

ND ND ND Patients were excluded

if endovascular

treatment, oncologic

or follow-up data were

missing

ND, no documentation; CT, computed tomography; MRI, magnetic resonance imaging; DWI, Diffusion Weighted Imaging; CTA, computed tomography angiography; mRS, modified

Rankin Scale; MRA,MR angiography; ASPECTS, Alberta stroke program early CT score; NIHSS, national institute of health stroke scale; CTP, CT perfusion; ICH, intracranial hemorrhage;

FLAIR, fluid attenuated inversion recovery.
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2. Symptomatic intracranial hemorrhage (SICH) was diagnosed

if a new intracranial hemorrhage was associated with any

of the following conditions: (1) NIHSS score increased >4

points than that immediately before worsening; (2) NIHSS

score increased >2 points in one category; (3) deterioration

of neurological status led to intubation, hemicraniectomy,

external ventricular drain placement, or other major medical

or surgical intervention, according to the second European

TABLE 3 The outcomes of comparison between AC and WC of

primary and safety outcomes.

Outcomes OR (95% CI) I
2

P-value

Favorable outcome at 90-day 0.47 (0.35, 0.65) 0.0% 0.547

Rate of successful recanalization 1.24 (0.90, 1.72) 0.0% 0.828

Symptomatic ICH 1.09 (0.61, 1.97) 0.0% 0.386

90-day mortality 3.87 (2.64, 5.68) 19.3% 0.287

In-hospital mortality 3.24 (1.03, 10.15) 66.6% 0.030

CI, confidence interval; I2, the variation attributable to heterogeneity; mTICI, modified

Thrombolysis in Cerebral Infarction; mRS, modified Rankin Score; ICH, Intracerebral

hemorrhage.

Australasian Acute Stroke Study classification (ECASS

II) (18).

Secondary outcomes:

1. Successful recanalization (MTICI 2b-3) determined by post-

interventional DSA.

2. Mortality at 90-day follow-up.

3. In-hospital mortality.

Comparison

The comparator was patients of the WC group,

who also received EVT without limitation of additional

intravenous thrombolysis.

Studies

We included RCTs and observational studies, including

cohort studies and case-controlled studies. Other types of

articles such as abstracts, conference reports, and case reports

were excluded. Studies which did not report the above outcomes

or extractable complications were also excluded.

FIGURE 2

Forest plots of meta-analyses of favorable outcome at 90 days.
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Selection of studies and data extraction

Two reviewers (ZF and ZS) independently searched the

databases to include eligible studies. In the initial stage of

screening, titles, keywords, and abstracts were reviewed, and

irrelevant studies were excluded. Subsequently, full articles of all

the remaining studies were obtained and carefully reviewed to

assess eligibility, and reasons for inclusion or exclusion of studies

were documented in detail. Conflicts in study selection between

two reviewers were resolved by a third reviewer (HZ).

The extraction of data from included studies was conducted

by two independent reviewers (LD andHZ) using a standardized

data extraction form. The extracted information of included

studies was as follows: (1) characteristics of the study,

such as publication time, country, and the number of

patients; (2) demographic characteristics, such as age, gender,

cancer type, medical history, laboratory results, site of

occlusion by angiography, and intervention characteristics; (3)

aforementioned outcomes such as sICH and favorable outcome.

The resolution of disagreement regarding data extraction was

achieved through the assistance of another reviewer (XB). For

missing or ambiguous data in included studies, clarification of

data through direct contact with the corresponding authors by

e-mail was attempted.

Assessment of risk bias and heterogeneity

Two reviewers (QT and XW) independently assessed

the risk of bias for each included study. The Cochrane

Collaboration criteria were applied in the process of selection

of RCTs (Supplementary File 2). The Newcastle–Ottawa scale

was used for observational studies, such as cohort studies

and case-control studies (Supplementary File 3) (19). The

heterogeneity of pooled outcomes was evaluated by I2 statistic.

If I² is <20%, the heterogeneity was considered acceptable.

The Mantel–Haenszel method for fixed-effects estimation

was applied if heterogeneity was mild or moderate. For

substantial heterogeneity of outcomes, we conducted meta-

regression and sensitivity analyses to explore the potential source

of heterogeneity.

Measures of treatment e�ect

A meta-analysis on a specific result was performed only

when there were at least two suitable studies for analysis. If there

were insufficient suitable studies for meta-analysis, the results

were described in the narrative. We adapted OR with 95% CIs

for dichotomous data and the mean differences (MD) with 95%

FIGURE 3

Forest plots of meta-analyses of rate of successful recanalization.
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CIs for continuous data. The standard of p-value < 0.05 was

considered statistically significant. The Stata statistical software

(version 15.0, Stata Corp, College Station, Texas, USA) was used

for data analysis and heterogeneity assessment.

Results

Study selection and study characteristics

We found 5,764 references, abstracts, and related clinical

trials from the three electronic databases and clinical trial

registries. Among the results, 24 full-text articles were retrieved

after initial checks, and six studies were finally eligible for

inclusion in the qualitative and quantitative analysis. The

process of study selection and reasons for exclusion are

summarized in Figure 1. Table 1 shows the characteristics of

included studies and patients. A total of six studies and 3,657

patients met inclusion criteria (3–6, 20). All studies were

published after 2019, two were conducted in Italy, two were

conducted in the USA, and two were performed in South Korea.

There was onemulticenter study, and the remaining were single-

center studies. The inclusion and exclusion criteria for patients

included in the individual studies are summarized in Table 2.

The inclusion criteria consisted of the time window, cancer

diagnosis, and baseline neurological and imaging evaluations.

The number of patients in each included study ranged from 48

to 2,583, and the ratio of men to women was equal. The site

of occlusion as determined by angiography was mostly located

at anterior circulation, especially the internal carotid artery and

M1 segment of the middle cerebral artery. The estimated times

of onset to groin puncture and onset to revascularization ranged

from 153–494 to 203–615min, respectively.

Meta-analysis of primary and secondary
outcomes

Table 3 shows the primary and secondary outcomes for

patients with AC and WC. In four studies and 3,140 patients,

compared with patients with WC, patients with AC had a

significantly higher proportion of in-hospital mortality (OR,

3.24; 95% CI, 1.03–10.15, p= 0.030; I2 = 66.6%). The estimated

rate of favorable outcome of six studies and 3,657 patients was

lower in patients with AC than in patients with WC (OR, 0.47;

95% CI, 0.35–0.65, p = 0.547; I2 = 0.0%). The outcome of four

studies and 3,345 patients of 90-day mortality showed that the

AC group had a higher proportion when compared with theWC

group (OR, 3.87; 95% CI, 2.64–5.68; p = 0.287; I2 = 19.3%).

There was no difference between rate of successful recanalization

(OR, 1.24; 95% CI, 0.90–1.72; p = 0.828; I2 = 0.0%) in six

FIGURE 4

Forest plots of meta-analyses of rate of symptomatic ICH.
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FIGURE 5

Forest plots of meta-analyses of rate of 90-day mortality.

studies and 3,657 patients and symptomatic ICH (OR, 1.09; 95%

CI, 0.61–1.97; p = 0.386; I2 = 0.0%) in four studies and 3,140

patients between groups AC and WC.

Risk of bias

The Newcastle–Ottawa scale was used to assess the bias

risk of observational studies, such as case-control studies, with

the majority of included studies being low-risk. Funnel plots

were used to explore the publication bias, with the results

demonstrating no evident reporting bias. The outcomes of the

above analyses are presented in Figures 2–6.

Discussion

This systematic review and meta-analysis summarized the

safety and efficacy of EVT for AIS patients with AC. The

successful recanalization proportion (OR, 1.24; 95% CI, 0.90–

1.72; p = 0.828; I2 = 0.0%) and rate of symptomatic ICH (OR,

1.09; 95% CI, 0.61–1.97; p = 0.386; I2 = 0.0%) in patients with

AC were comparable with patients with WC. However, patients

with AC had a significantly lower rate of favorable outcome (OR,

0.47; 95% CI, 0.35–0.65, p = 0.547; I2 = 0.0%). We also showed

a tendency for a higher proportion of in-hospital mortality (OR,

3.24; 95% CI, 1.03–10.15, p = 0.030; I2 = 66.6%) and 90-day

mortality (OR, 3.87; 95% CI, 2.64–5.68; p = 0.287; I2 = 19.3%)

in patients with AC.

The similar rate of successful recanalization and

symptomatic ICH in patients with AC and WC supports

the safety of EVT in patients with AC. However, our study

found that there was a significant difference in 90-day favorable

outcome and mortality after EVT in patients with and without

active cancer. The presence of analytical abnormalities or

hemostatic abnormalities is common in cancer patients, and it

may be a major cause for the poorer prognosis of these patients.

The level of platelet in blood of cancer patients often decreases,

which may result in the tendency of bleeding and a higher rate

of complications. What is more, the growth of cancer consumes

a large amount of body’s energy and may bring to malnutrition,

thus giving rise to the poor prognosis. In addition, EVT will

inevitably lead to the injury of vessels and plaque and trigger

the inner repairing mechanism. Accumulation of platelet is a

reaction of inflammation, which is a stimulation to malignant

cancer and is likely to worsen the post-surgery prognosis. It

should be noticed that, according to recent articles, under

certain circumstances, thrombosis is a physiological process that
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FIGURE 6

Forest plots of meta-analyses of rate of in-hospital mortality.

constitutes an intrinsic effector mechanism of innate immunity,

whereas the rapid update of cancer cells will result in blood

internal environment disorder and disable the defense system

by thrombosis (22).

Intravenous thrombolysis (IVT), given to many patients

in our meta-analysis, may be associated with higher risks in

patients with AC. However, we did not observe a difference in

hemorrhage rates and other studies have reported that IVT using

alteplase is safe and effective for patients with AC (23, 24). The

condition of cancer itself may also contribute to a higher rate of

mortality. Stroke symptoms and related disability may influence

decisions regarding cancer treatment, such as tumor resection

and chemotherapy (5). Therefore, the death of patients in the

AC group may be related to cancer and tumor progression. It

is necessary to carry out more research on the stage, grade, and

type of tumor to further analyze the mortality due to cancer.

Our study has several limitations. First, we could not

evaluate the effects of cancer-related factors, including the

cancer staging, brain metastasis, treatment status, and life

expectancy due to insufficient data. Second, selection bias is

inevitable in our study selection process. Furthermore, several

included studies had small sample sizes, and there were

inconsistent outcome measures. All of the included studies are

retrospective, and only one was multicenter. More data are

needed to confirm our conclusion.

Conclusion

AC is likely to influence patient outcomes after EVT

and may hold a higher risk of mortality. While there

were similar rates of reperfusion and hemorrhage, further

high-quality studies are warranted to better understand

long-term outcomes.
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