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Abstract
Background: Patients with malignancies have an increased risk of suffering ischemic 
stroke via several mechanisms such as coagulation dysfunction and other malignancy-
related effects as well as iatrogenic causes. Moreover, stroke can be the first sign 
of an occult malignancy, termed as malignancy-associated ischemic stroke (MAS). 
Therefore, timely diagnostic assessment and targeted management of this complex 
clinical situation are critical.
Findings: Patients with both stroke and malignancy have atypical ages, risk factors, 
and often exhibit malignancy-related symptoms and multiple lesions on neuroimag-
ing. New biomarkers such as eicosapentaenoic acid and blood mRNA profiles may 
help in distinguishing MAS from other strokes. In terms of treatment, malignancy 
should not be considered a contraindication, given comparable rates of recanalization 
and complications between stroke patients with or without malignancies.
Conclusion: In this review, we summarize the latest developments in diagnosing and 
managing MAS, especially stroke with occult malignancies, and provide new recom-
mendations from recently emerged clinical evidence for diagnostic and therapeutic 
workup strategies.
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1  |  INTRODUC TION

Stroke is the major cause of disability and death worldwide.1–3 The 
global stroke burden has increased from 1999 to 2013 despite slightly 
declining incidence and mortality.4 Ischemic stroke can be classified 
into five major categories according to the Trial of ORG 10172 in 
Acute Stroke Treatment (TOAST) criteria: (1) large-artery athero-
sclerosis, (2) cardioembolism, (3) small-vessel occlusion, (4) stroke of 
other determined etiologies and (5) stroke of undetermined etiology. 
Active malignancy is discussed as a potential cause of stroke of un-
determined etiology. According to a nationwide study in the United 
States, about 1 of 10 hospitalized ischemic stroke patients has co-
morbid malignancy.5 In turn, approximately 15% of patients with 
malignancies suffer from cerebrovascular diseases.6 About 40% of 
ischemic strokes in these patients are of cryptogenic etiology.7,8 
Patients with malignancies have a 2.2 times higher risk of suffering 
from ischemic stroke than patients without malignancies according 
to a Swedish nationwide follow-up study.9 Stroke can occur at any 
stage of malignancy, and both occult (relative risk, 1.75/2.00) and 
manifest malignancies (relative risk, 1.30/1.41) increase the risk of 
ischemic stroke.10 Furthermore, risk of arterial thromboembolic 
events such as myocardial infarction and ischemic stroke peak about 
1 month prior to the diagnosis of malignancy, further highlighting the 
close relationship between stroke and occult malignancies.11 Hence, 
malignancy-associated ischemic stroke (MAS) is attracting increas-
ing attention as a subtype of ischemic stroke. MAS not only includes 
stroke caused by cancer-related hypercoagulable state but also in-
cidental stroke caused by common causes, stroke related to tumor 
emboli, stroke related to tumor direct invasion of blood vessels, and 
stroke related to cancer treatment.

Etiologically, MAS can be divided into three types: (i) direct 
tumor effects such as tumor emboli, (ii) coagulopathy such as non-
bacterial thrombotic endocarditis, and (iii) iatrogenic effects includ-
ing chemotherapy, radiation therapy, and surgery-induced vascular 
injuries.12–14 Moreover, MAS patients are more likely to have larger 
infarct volumes, higher bleeding risk, worse short-term prognosis 
such as more frequent deep vein thrombosis and pulmonary embo-
lism, as well as deteriorated long-term prognosis with higher 90 day-
recurrence rate and death rate.10,15–18 Patients suffering from severe 
MAS often require palliative care.19 Given the emerging clinical sig-
nificance of MAS, there is a lack of a comprehensive summary or 
practical clinical guidance for the diagnostic treatment workup of 
MAS.

In this review, we focus on recent advances in the identification 
of high-risk MAS patients, characteristic features of MAS, followed 
by comparison of treatment and prevention options of MAS pa-
tients. The short-term as well as long-term prognosis of MAS pa-
tients is also discussed.

2  |  DIAGNOSTIC CLUES OF MA S 
PATIENTS

2.1  |  Baseline characteristics of patients with MAS

The clinical features of cryptogenic stroke in MAS patients are often 
different from those in patients without malignancies. MAS patients 
tend to be in worse conditions20 and are more likely to exhibit altered 
mental status, aphasia, and limb weakness ipsilateral to the stroke 
along with malignancy-associated symptoms, such as weight loss, 
fever, hematochezia, melena, and adenopathy.21,22 In addition, MAS 
patients tend to have fewer atherosclerotic risk factors (compared 
to other stroke patients), higher plasma D-dimer levels, and more 
multiple vascular lesions than stroke patients without malignancy.23 
Coagulopathies and a cachectic state caused by malignancies could 
affect the ischemic stroke outcome in MAS patients.19,23 Therefore, 
stroke patients exhibiting at least one of the mentioned features 
should undergo a thorough examination to exclude the presence of 
occult malignancies once acute stroke management is completed.

Nevertheless, demographic data differ from currently available 
studies. For instance, a retrospective study comparing 226 patients 
found that MAS patients tended to have fewer traditional risk fac-
tors of stroke like hypertension, hyperlipidemia, and atheroscle-
rosis.18 However, other stroke-related factors such as higher age, 
smoking history, and diabetes and/or venous thromboembolism 
were more frequently found in MAS patients as suggested by some 
prospective studies.24,25 The discrepancies between the above two 
studies could be attributed to the less specified definition of crypto-
genic stroke, including different patient populations as compared to 
that of conventional stroke. In another study that included 348 cryp-
togenic stroke patients with (n = 71) and without active malignancies 
(n = 277), vascular risk factors, hypertension, and hyperlipidemia 
were less prevalent in those with active malignancy, while other 
factors, including demographic profiles, such as history of diabetes, 
smoking, and coronary artery diseases, and pre-stroke medications, 
did not differ between the two groups.26 Data from the Danish 
Stroke Registry indicate that stroke patients with occult malignancy 
are often relatively young (40–50 years of age),24 more likely to be 
female,7 and have a higher prevalence of deep vein thrombosis or 
microembolic events than those without malignancy, which may also 
partially explain the absence of conventional stroke risk factors in 
MAS.

Emerging evidence suggests that atrial fibrillation (AF), es-
pecially recently onset AF, often precedes the diagnosis of ma-
lignancies.27–30 A population-based study including over 24,000 
MAS patients reported an incidence of newly diagnosed AF of 
1.8%.31 Malignancies of the colon were most strongly associated 
with AF among the malignant subtypes examined.32 Although the 
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underlying mechanisms of the increased long-term risk of AF in in-
dividuals with malignancy remain largely unknown, there are some 
preliminary studies suggesting that higher age, systemic inflam-
mation, and metabolic and endocrine abnormalities caused by a 
paraneoplastic environment could contribute to the occurrence of 
AF in these patients.33,34

2.2  |  Neuroimaging of MAS patients often detect 
multiple cerebral lesions

Neuroimaging, such as computerized tomography (CT) and magnetic 
resonance imaging (MRI), are crucial for the diagnosis of ischemic 
stroke.35–37 MRI can differentiate cerebrovascular pathology from 
infection, trauma, or cerebral malignancies, as well as discover “si-
lent” strokes.38,39 Multiple lesions in different vascular territories 
have been found in diffusion-weighted imaging (DWI) in patients 
with cryptogenic stroke and known malignancies.26,35 Importantly, 
the number of blood supply territories involved can independently 
indicate occult malignancy. More than one territory involved 
could indicate occult malignancy, with a maximum Youden's index 
(Appendix S1) of 0.56,40 meaning that patients with more than one 
territory involved on DWI-MRI may need extensive screening for 
occult systemic malignancy. Additionally, the so-called “three terri-
tory sign” (DWI lesions involving bilateral anterior and posterior cir-
culation, being nonenhancing, nonring-appearing clusters or single 
areas of restricted diffusion of 0.5–2 cm with a peripheral location 
or larger vascular territories, uncommonly in a watershed distribu-
tion, and with absence of diffuse cortical ribbon or deep gray nuclei 
involvement) was proposed to provide a specific diagnostic clue of 
malignancy-associated hypercoagulation, showing a low sensitivity 
of 23.4% but a high specificity of 96.4%.41,42

2.3  |  Current biomarkers and the future 
development of new diagnostic tools of MAS

Identifying reliable MAS biomarkers could facilitate the screening 
of MAS patients. Higher levels of inflammatory markers, such as 
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP); 
hypercoagulability markers, such as fibrinogen and D-dimer; and 
tumor biomarkers, such as CA125/199 and lower levels of hemo-
globin, are often seen in MAS.18,43,44 Increased fibrinogen (≥600 mg/
dL) or CRP (≥20 mg/L) suggest increased risk of MAS (specificity of 
96% and 91%, respectively).45 D-dimers are particularly valuable 
as biomarkers for occult malignancy in stroke patients.46 D-dimer 
levels are usually elevated in MAS patients with both malignancy 
and stroke, compared to those with malignancy or stroke only.47,48 
D-dimer levels above 5.5 mg/L reliably predict MAS independently 
from MRI findings.49 Additionally, increased D-dimer levels are as-
sociated with higher mortality in MAS patients.43,50–52

New MAS biomarkers have been recently proposed based 
on mechanisms underlying malignancy-related stroke, such as 

eicosapentaenoic acid (EPA), cancer cell-derived extracellular 
vesicles, neutrophil extracellular trap (NET)-specific biomarkers, 
decondensed chromatins, and blood mRNA. EPA is an omega-3 poly-
unsaturated fatty acid involved in cellular homeostasis. It inhibits can-
cer initiation and progression.53 Significantly lower EPA levels were 
detected in patients with active malignancy and cryptogenic stroke 
(1.26 ± 0.72 vs. 1.89 ± 1.27 μmol/L; p = 0.02), independently of age 
and D-dimer levels.54 The Optimal Anticoagulant Strategy in Stroke 
related to cancer (OASIS-Cancer) study (Clini​calTr​ials.​gov identifier 
NCT02743052) is ongoing to discover potential molecules such as 
cancer cell-derived extracellular vesicles, procoagulant proteins, and 
microRNAs associated with MAS. Among NET-specific biomarkers, 
plasma DNA (cell-free DNA) and nucleosomes (assessed by ELISA 
using CLB-ANA/58 and CLB-ANA/60 antibodies) from decondensed 
chromatins are elevated in MAS patients,55 suggesting the correla-
tion between NETosis and MAS. In a malignancy-featured pathobi-
ological environment, neutrophils are prone to NET formation and 
subsequent NETosis.56 Decondensed chromatins are prothrombotic 
and procoagulant, increasing the risk of deep vein thrombosis57 and 
MAS. However, it is uncertain whether the macromolecular struc-
ture of NETs and chromatin directly activates coagulation.58 Tumor-
derived extracellular vesicles may induce NET formation59 and thus 
facilitate MAS. Moreover, blood mRNA screening may aid early iden-
tification of MAS.60–63 Blood mRNA profile analysis in MAS patients 
showed that interleukin-1(IL-1), interferon, relaxin, mammalian tar-
get of rapamycin (MTOR) signaling, sequestosome-1(SQSTMI1), and 
cAMP response element binding protein-1 (CREB1) were differen-
tially expressed compared to stroke patients without malignancy.64 
The above evidence suggests that different molecular pathways in 
autophagy, immunity, or inflammation are activated. Therefore, fu-
ture studies should evaluate whether blood mRNA/DNA can aid the 
diagnosis and predict the prognosis of MAS.

Nevertheless, no single biomarker has shown sufficient diagnos-
tic value for MAS due to the common hypercoagulability caused by 
stroke or the tumor itself and the complexity of hypercoagulability 
caused by malignancy treatment.65 Pro-coagulant molecules can be 
produced by either tumor cells or immune cells during vascular inju-
ries and tissue invasions,12,15 resulting in a hypercoagulable environ-
ment in the blood stream. A predictive score for occult malignancy 
using the area under the receiver operating characteristics (AUC–
ROC) curves and Bayes' theorem (including D-dimer ≥3 mg/L, he-
moglobin ≤12 g/dL, and smoking history) may identify MAS patients 
with up to 53% probability.66 The so-called Trousseau score (after 
the Trousseau syndrome, an acquired blood clotting disorder associ-
ated with occult malignancy) can be used to differ MAS from other 
cryptogenic strokes (Table  S1).7,67 Five factors are included in the 
Trousseau score: high D-dimer (≥10 mg/L), lesions in multiple terri-
tories, active cancer, low platelet counts (<150,000/μL), and female 
sex. A Trousseau score of over 3 suggested MAS and poor overall 
survival rate.7 The sensitivity of MOCHA (Markers of Coagulation 
and Hemostatic Activation) profiles, including D-dimer, prothrombin 
fragment 1.2, thrombin–antithrombin complex, and fibrin monomer, 
can be used for aiding the etiological diagnosis in stroke patients. It 
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is suggested that a normal MOCHA profile and left atrial size have 
a 100% sensitivity for ruling out atrial fibrillation, malignancies, ve-
nous thromboembolism, or other defined hypercoagulable states as 
causes for cryptogenic stroke.68 In addition to the clotting param-
eters that can be detected in the peripheral blood, clots retrieved 
by endovascular thrombectomy have also been explored as poten-
tial clues to determine stroke etiologies.69,70 Retrieved clots from 
thrombectomy in MAS patients were rich in fibrin and platelets and 
had higher platelet and lower erythrocyte contents than those from 
patients without malignancies. This can help differentiate MAS from 
other etiologies such as cardioembolism or atherosclerosis.71,72

Overall, MAS patients present distinct features, as summarized 
in Figure 1. They are not likely to have typical age and risk factor 
profiles of ‘classical’ stroke patients but exhibit malignancy-related 
features. Lesions in multiple vascular territories, especially the 
three-territory sign, can indicate occult malignancy. Next to estab-
lished biomarkers such as hypercoagulation and common malig-
nancy markers, new plasma biomarkers such as EPA or mRNA/DNA 
profiles indicating autophagy, immunity, or inflammation hold the 
promise to predict occult malignancies. Furthermore, analysis of re-
trieved clots after stroke management can help discriminate stroke 
etiologies and guide subsequent clinical management. Combination 
of biomarkers can increase the sensitivity and specificity for the 
clinical application of scoring systems to help clinicians differentiate 
MAS from other causes for cryptogenic stroke (Figure 2).

Physicians should investigate potential occult malignancies once 
featured MAS characteristics in clinical, laboratory, and radiological 
signs are found. Contrast-enhanced CT scanning of the chest, ab-
domen, and abdomen/pelvis should be done since lung, pancreatic, 
and colorectal cancer have been suggested as the most common 

malignancies in stroke patients.1,58,73 Moreover, age-appropriate 
malignancy screening should also be conducted.22

3  |  THER APEUTIC OPTIONS FOR MA S 
PATIENTS

Intravenous thrombolysis (IVT) is the standard treatment for acute 
ischemic stroke within a time window of 4.5 hours (nowadays often 
longer in patients with a penumbra) from symptom onset. IVT on 
average results in 25% reduction in disability.69,74,75 Specifically, 
patients with an INR < 1.7 while on warfarin or those with minor 
strokes benefit from IVT.76 For patients who are comorbid or ex-
hibit large artery occlusions and a penumbra, endovascular therapy 
(EVT) can be applied within up to 24 h of onset.77 However, whether 
MAS patients can receive these treatment remains debated due to 
a potentially increased risk of bleeding.10 Several scores predicting 
the risk of bleeding after reperfusion therapies have been proposed 
in stroke patients, but it remains unknown whether these scores are 
applicable in MAS patients. Therefore, the benefits and risks of IVT 
and EVT treatment of MAS patients must be carefully evaluated. 
However, offering reperfusion therapy to MAS patients is becom-
ing more common in clinical practice. A large retrospective study 
including 9,508,804 patients with acute ischemic stroke from 1998 
to 2015 in the United States showed that the recanalization thera-
pies were increasingly used among MAS patients. Specifically, IVT 
utilization was increased from 0.01% in 1998 to 4.91% in 2015, 
and EVT utilization was increased from 0.05% in 2006 to 1.90% in 
2015.78 Given the significant progress that was made in EVT since 
2015, current numbers of MAS patients that receive EVT could be 
even higher.79,80 According to a retrospective study which compared 
the effects of recanalization therapies (IVT, EVT, or IVT followed by 
EVT) in ischemic stroke patients with and without malignancies, no 
significant differences were found in terms of recanalization rate, 
3-month functional independence, symptomatic intracranial hemor-
rhage, and mortality rate.81 Therefore, active malignancies should 
not be considered as an absolute contraindication for recanalization 
therapies. Nevertheless, the reported therapeutic outcomes for IVT 
or EVT alone are controversial due to potential selection bias, low 
sample size, and absence of relevant subgroup analyses, for exam-
ple, the stroke severity and cancer stage.79,80,82,83 Further studies on 
homogenous stroke patient populations who are newly diagnosed 
with malignancy should be performed, although building such co-
horts may take considerable time and effort.

Clinical algorithms for IVT in stroke patients with specific ma-
lignancy types have been proposed and highlighted the importance 
of a personalized approach for each patient.84 Malignancy type, 
existence of prior bleeding history, local tumor invasion, tumor 
vascularity, and concurrent thrombocytopenia may influence the 
clinical decision. For instance, IVT in stroke patients concurrent 
with gastrointestinal (GI) malignancies is generally contraindicated 
due to increased risk of bleeding in digestive tracts,85 worsening the 
conditions of peptic ulcer, esophageal varices, and erosive lesions. 

F I G U R E  1 Indications for occult malignancy in acute ischemic 
stroke. Clinical symptoms, neuroimmaging, and laboratory 
features that are distinct in patients with malignancies, such as 
computerized tomography (CT), magnetic resonance imaging 
(MRI), and laboratory features such as hypercoagulation, 
conventional malignancy markers, and novel plasma biomarkers. 
CEA, carcinoembryonic antigen; CRP, C-reactive protein; ESR, 
eythrocyte sedimentation rate; IL-1, interlukin-1.
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However, adverse outcomes of IVT such as intracranial hemorrhage 
and mortality rate do not differ between those with and without GI 
malignancies.86 Moreover, bleeding could be controlled with trans-
fusion and fluid resuscitative measures in most cases. Yet additional 
risk factors should be evaluated before initiating IVT. For stroke pa-
tients who are suspected to suffer from hepatic malignancies, portal 
hypertension, alcoholism, and thrombocytopenia, more risks over 
benefits should be put on recanalization therapy. Additionally, low 
hemoglobin count (Hb < 10 g/L) indicates chronic blood loss caused 
by the tumor itself, which can also increase the risks of recanaliza-
tion therapy. Current evidence on IVT in hepatic malignancies is far 
from enough to make a conclusion.

Clinical outcomes of EVT in MAS patients vary depending on 
different EVT techniques applied. Contact aspiration thrombectomy 
results in a higher rate of reperfusion (89.3% vs. 64.7%) and first-
pass effect (35.7% vs. 11.8%) as well as shorter procedure time (22 
vs. 42 min) compared to stent retriever thrombectomy.87,88 However, 
contact aspiration thrombectomy using smaller-caliber aspiration 
devices was less successful in MAS patients, suggesting the thrombi 
are more difficult to extract.88 Analysis of retrieved clots can aid in 
diagnosis of MAS89 since high fibrin/platelet and low erythrocyte 
contents within a thrombus can suggest MAS.71,72

In conclusion, both IVT and EVT are valuable and feasible thera-
peutic options for MAS patients unless other contraindications exist. 

F I G U R E  2 Clinical algorithm for malignancy-associated stroke screening. Recommendations for discrimination of stroke etiologies and 
subsequent clinical management include initiating investigation of occult malignancy, reevaluating for other causes for cryptogenic stroke, 
and initiating management of atrial fibrillation. ECG, electrocardiography; MOCHA, markers of coagulation and hemostatic activation; N, 
no; Y, yes.
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However, additional large, randomized trials are required to address 
relevant questions of intervention safety and efficacy. An individu-
alized treatment approach is recommended based on types of malig-
nancies and stroke severities.90–93

Moreover, MAS patients with Trousseau syndrome typically 
have poor survival. Therefore, there is a need to determine the 
effectiveness of rehabilitation treatment and develop a compre-
hensive treatment strategy earlier than that in the general stroke 
population. A recent study has found that intensive rehabilitation 
therapy may be indicated for patients with Trousseau syndrome 
who are expected to improve physical function after approximately 
1 month of rehabilitation.94 Besides, retrospective study has found 
that both antiplatelet and antitumor treatment are recommended to 
achieve better neurological recovery and oncological prognosis in 
lung adenocarcinoma patients with Trousseau syndrome.95 In other 
words, antiplatelet and antitumor treatment followed by intensive 
rehabilitation therapy may be beneficial for MAS patients with 
Trousseau syndrome.

4  |  THE OPTIMAL CHOICE OF 
ANTICOAGUL ATION IN THE PRE VENTION 
OF RECURRENT STROKE

4.1  |  Patients with malignancy in general

Prevention of recurrent ischemic stroke is important in clinical 
stroke management. The current mainstay of preventive therapy 
for cardioembolic stroke is anticoagulation.10,96 Most cryptogenic 
strokes are thromboembolic, and thus patients can benefit from 
anticoagulation therapy.97 Oral anticoagulation is effective in pre-
venting atrial fibrillation-related stroke. It is therefore believed that 
anticoagulation could reduce stroke recurrence after cryptogenic 
strokes,98 while a considerable socio-economic impact of subopti-
mal anticoagulation in high-risk populations such as malignant pa-
tients has been revealed.99 In 2018, Navi et al. divided cryptogenic 
strokes into two subsets which are likely and unlikely to respond to 
anticoagulation therapy. Corresponding to this idea, malignancy can 
increase the risk of stroke through several mechanisms, including 

the hypercoagulability caused by cancer itself, nonbacterial throm-
botic endocarditis, iatrogenic effects of chemo/radiotherapy, and 
tumor embolism.100 Indeed, MAS patients have a higher prevalence 
of deep vein thrombosis or microembolic events than those without 
malignancy, suggesting venous hypercoagulability.16 Anticoagulants 
may help treat all these conditions, but anticoagulation is not recom-
mended for primary stroke prevention due to the increased bleeding 
risk.10 Currently, it is uncertain as to which form of anticoagulant 
therapy should be provided to MAS patients.

Heparin, due to its multifaceted biological activity, is a good 
option for treating malignancy-associated thrombosis, especially 
venous thromboembolism (VTE).101 Although early administra-
tion of unfractionated heparin, low-molecular-weight heparin, or 
heparinoids is not recommended for treatment and prevention of 
acute ischemic stroke,102 subcutaneous heparin prevented stroke 
recurrence and thrombocytopenia in MAS patients in a small-scale 
trial enrolling 19 patients.103 However, nine patients discontinued 
because of medical conditions such as cancer deterioration and un-
willingness to continue subcutaneous heparin injection and103 long-
term subcutaneous heparin therapy preventing recurrence of MAS 
based on the results of the trial. A similar situation was reported in 
the TEACH pilot trial in which 40% of patients who used enoxaparin 
changed to aspirin later, based on the enrollment failure comparing 
aspirin and direct oral anticoagulants instead of injectable heparins 
is recommended to be considered for future clinical trials.104 Several 
studies have been conducted to compare the efficacy and safety 
of other anticoagulants in preventing recurrence of MAS, including 
nonvitamin K anticoagulants (NOACs), warfarin, or aspirin (Table 1). 
The rates of ischemic stroke recurrence and major bleeding events 
are similar in cancer patients who receive NOACs, warfarin, hepa-
rin, or aspirin. However, the reliability of these results was debat-
able due to the small sample size in these trials104–107 except for 
the NAVIGATE ESUS trial which involved 543 patients,107 in which 
reduced stroke was not observed by the administration of 15 mg ri-
varoxaban per day compared with that of aspirin in patients with 
embolic stroke of an undetermined source. Additional prospective 
studies enrolling larger number of patients are highly warranted.

D-dimers, next to predicting MAS, can be utilized for anticoag-
ulant monitoring, assessing the efficacy of anticoagulant therapy. 

TA B L E  1 Summary of existing studies reporting safety and efficacy of anticoagulant use in malignancy-associated stroke patients.

Study (First 
Author-year) Study type Anticoagulants No. of patients

Efficacy 
outcome results 
(p value)

Safety outcome 
results (p value)

Jang-201598 Retrospective single-center 
observational study

Enoxaparin vs. warfarin 79 (29 vs. 50) 0.249 0.960

Nam-201799 Retrospective bicentric 
observational study

NOAC vs. LMWH 48 (7 vs. 41) 0.846 0.696

Navi-201897 Randomized clinical trial Enoxaparin vs. aspirin 20 (10 vs. 10) >0.05 >0.05

Majander-2019100 Randomized clinical trial Rivaroxaban vs. aspirin 543 (254 vs. 289) 0.3137 0.9539

Note: “Efficacy” outcome refers to ischemic stroke; “Safety” outcome refers to major bleeding events.
Abbreviations: IS, ischemic stroke; LMWH, low molecular weight heparin; NOAC, nonvitamin K oral anticoagulant.
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Patients treated with enoxaparin showed a significant decrease 
in D-dimer level compared to warfarin-treated patients (17.06 to 
3.88µg/mL vs. 17.78 to 17.42µg/mL; p = 0.026).105 Consequently, 
heparin may perform better than warfarin in the secondary pre-
vention of MAS. The Khorana score (Table S2) might be a feasible 
method to predict the risk of recurrent ischemic stroke in MAS pa-
tients, given its proven validity in evaluating VTE risk.108 However, 
studies specifically designed to investigate its efficacy in MAS pa-
tients are required.

4.2  |  Malignancy concurrent with AF

Application of anticoagulant strategies in malignant patients with AF 
is an important topic, but no guidelines are available in this regard. 
Furthermore, most MAS patients are cryptogenic but not cardioem-
bolic,109 so the right strategies for stroke prevention in malignant 
patients are a matter of ongoing debate.

The CHADS2 (Table  S3) and CHA2DS2-VASc (Table  S4) scores 
are risk stratification schemes to help determine whether clini-
cians should initiate anticoagulant therapy, taking into account age, 
sex, history of congestive heart failure, hypertension, diabetes and 
stroke, and vascular diseases. However, active malignancy is not in-
cluded in the scoring systems, and studies showed that these scoring 
systems are not expected to predict ischemic stroke risk in patients 
with malignancies and recently diagnosed AF.31,110 As a result, 
Sorigue and Miljkov proposed an algorithm combining CHA2DS2-
VASc scores and bleeding risk factors to decide whether patients 
with ESUS malignancies should receive anticoagulation or whether 
the risk of bleeding is too high. Bleeding risk factors include major 
factors as gastrointestinal mass, previous major bleeding, concom-
itant antiplatelet treatment, thrombocytopenia (<50,000/μL), and 
time in therapeutic range, and minor factors such as age > 80 years, 
metastatic disease, thrombocytopenia (<100,000/μL), renal failure 
(glomerular filtration rate < 30 mL/min/1.73m2), and drug interac-
tions. Anticoagulation is recommended for those with a moderate 
bleeding risk and high thromboembolic risk (CHA2DS2-VASc > 6).

34 
In light of the causative association between recent onset AF and 
malignancy, eliminating external triggers such as surgery, sepsis, or 
hypoxemia may be the best way to address secondary AF. Overall, 
new triggers should be addressed first, followed by reducing the risk 
of thrombosis and bleeding.

Warfarin and nonvitamin K anticoagulants (NOACs, apixaban, 
rivaroxaban, edoxaban, and dabigatran) have been thoroughly 
studied regarding safety and efficacy in malignant patients with 
AF.111–117 Although results varied (Table  2), it can be concluded 
that NOACs appear at least as safe and effective as warfarin in pre-
venting ischemic stroke in MAS patients with AF, with an throm-
boembolic rate of 0%–4.9% and bleeding rate of 1.2%–4.4% per 
year.111 In conclusion, an individualized and adaptable approach 
tailored to the individual patient is needed until high-quality evi-
dence becomes available.

5  |  CONCLUSION

Malignancy increases the risk of ischemic stroke, and MAS pa-
tients have worsened prognosis than stroke patients without ma-
lignancy. Therefore, early identification and management of MAS 
patients is critical to mitigate the burden generated from both dis-
eases. In turn, occult malignancies should be suspected in every 
patient presenting with cryptogenic stroke especially when there 
is absence of typical stroke risk factors, increased level of inflam-
mation, hypercoagulability, and lesions in multiple vascular terri-
tories. Combination of established scoring systems can increase 
the sensitivity and specificity of the diagnostic workup. Active ma-
lignancies should not be considered an absolute contraindication 
for recanalization therapies. Atrial fibrillation is often concurrent 
with malignancies, increasing the risk of ischemic stroke. The opti-
mal anticoagulant strategy for MAS patients, especially those with 
atrial fibrillation, remains uncertain, and high-quality evidence 
from clinical trials is highly warranted.

FUNDING INFORMATION
P.L. is supported by the National Natural Science Foundation of 
China (NSFC, U22A20295, 91957111, 81971096, 82061130224, 
and M-0671), New Frontier Technology Joint Research 
(SHDC12019102) and Ward Building Project for Demonstration and 
Research sponsored by Shanghai Shenkang Hospital Development 
Center, Shanghai Municipal Education Commission-Gaofeng Clinical 
Medical Grant Support (20181805), “Shuguang Program” supported 
by Shanghai Education Development Foundation and Shanghai 
Municipal Education Commission (20SG17), “Shanghai Outstanding 
Academic Leaders Program” from Shanghai Municipal Science 
and Technology Committee (20XD1422400), and the Institutional 
Clinical Research Program (PYII20-03). P.L is also supported by 
the Innovative Research Team of High-level Local Universities in 
Shanghai (SHSMU-ZLCX20211602). P.L. and J.B. are supported by a 
Newton Advanced Fellowship grant provided by the UK Academy of 
Medical Sciences (NAF\R11\1010).

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no potential conflicts of interest with respect 
to the authorship, and/or publication of this article. Johannes Boltze 
and Peiying Li are Editorial Board members of CNS Neuroscience 
and Therapeutics and co-authors of this article. To minimize bias, 
they were excluded from all editorial decision-making related to the 
acceptance of this article for publication.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing not applicable to this article as no datasets were gener-
ated or analysed during the current study.

ORCID
Wanqing Xie   https://orcid.org/0000-0002-2849-9267 
Lv Xie   https://orcid.org/0000-0003-2482-9975 

 17555949, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14619 by T

est, W
iley O

nline L
ibrary on [27/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-2849-9267
https://orcid.org/0000-0002-2849-9267
https://orcid.org/0000-0003-2482-9975
https://orcid.org/0000-0003-2482-9975


    |  9 of 12XIE et al.

Yunlu Guo   https://orcid.org/0000-0001-6073-5947 
Dan Huang   https://orcid.org/0000-0001-7900-006X 
Peiying Li   https://orcid.org/0000-0002-5721-9914 

R E FE R E N C E S
	 1.	 Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors 

in China and its provinces, 1990–2017: a systematic analysis for the 
global burden of disease study 2017. Lancet. 2019;394(10204):1145-
1158. doi:10.1016/S0140-6736(19)30427-1

	 2.	 Vos T, Lim SS, Abbafati C, et al. Global burden of 369 diseases and 
injuries in 204 countries and territories, 1990–2019: a system-
atic analysis for the global burden of disease study 2019. Lancet. 
2020;396(10258):1204-1222. doi:10.1016/S0140-6736(20)30925-9

	 3.	 Sommer CJ, Schäbitz WR. Principles and requirements for stroke 
recovery science. J Cereb Blood Flow Metab. 2021;41(3):471-485. 
doi:10.1177/0271678X20970048

	 4.	 Feigin VL, Norrving B, Mensah GA. Global burden of stroke. Circ Res. 
2017;120(3):439-448. doi:10.1161/CIRCRESAHA.116.308413

	 5.	 Sanossian N, Djabiras C, Mack WJ, Ovbiagele B. Trends in can-
cer diagnoses among inpatients hospitalized with stroke. J 
Stroke Cerebrovasc Dis. 2013;22(7):1146-1150. doi:10.1016/j.
jstrokecerebrovasdis.2012.11.016

	 6.	 Arboix A. Cerebrovascular disease in the cancer patient. Rev 
Neurol. 2000;31(12):1250-1252.

	 7.	 Hasegawa Y, Setoguchi T, Sakaida T, Iuchi T. Utility of a scoring 
system for differentiating cancer-associated stroke from crypto-
genic stroke in patients with cancer. Neurol Sci. 2020;41(5):1245-
1250. doi:10.1007/s10072-019-04231-5

	 8.	 Kim SG, Hong JM, Kim HY, et  al. Ischemic stroke in cancer pa-
tients with and without conventional mechanisms: a multi-
center study in Korea. Stroke. 2010;41(4):798-801. doi:10.1161/
STROKEAHA.109.571356

	 9.	 Zöller B, Ji J, Sundquist J, Sundquist K. Risk of haemorrhagic 
and ischaemic stroke in patients with cancer: a nationwide fol-
low-up study from Sweden. Eur J Cancer. 2012;48(12):1875-1883. 
doi:10.1016/j.ejca.2012.01.005

	 10.	 Kamel H, Healey JS. Cardioembolic stroke. Circ Res. 
2017;120(3):514-526. doi:10.1161/CIRCRESAHA.116.308407

	 11.	 Navi BB, Reiner AS, Kamel H, et  al. Arterial thromboembolic 
events preceding the diagnosis of cancer in older persons. Blood. 
2019;133(8):781-789. doi:10.1182/blood-2018-06-860874

	 12.	 Dardiotis E, Aloizou AM, Markoula S, et  al. Cancer-associated 
stroke: pathophysiology, detection and management (review). Int J 
Oncol. 2019;2:779-796. doi:10.3892/ijo.2019.4669

	 13.	 Wang L, Xiong X, Zhang L, Shen J. Neurovascular unit: a criti-
cal role in ischemic stroke. CNS Neurosci Ther. 2021;27(1):7-16. 
doi:10.1111/cns.13561

	 14.	 Liu B, Huang D, Guo Y, et al. Recent advances and perspectives 
of postoperative neurological disorders in the elderly surgical 
patients. CNS Neurosci Ther. 2021;28(4):470-483. doi:10.1111/
cns.13763

	 15.	 Salazar-Camelo RA, Moreno-Vargas EA, Cardona AF, Bayona-
Ortiz HF. Ischemic stroke: a paradoxical manifestation of can-
cer. Crit Rev Oncol Hematol. 2021;157:103181. doi:10.1016/j.
critrevonc.2020.103181

	 16.	 Ha J, Lee MJ, Kim SJ, et al. Prevalence and impact of venous and 
arterial thromboembolism in patients with embolic stroke of unde-
termined source with or without active cancer. J Am Heart Assoc. 
2019;8(21):e013215. doi:10.1161/JAHA.119.013215

	 17.	 Schwarzbach CJ, Schaefer A, Ebert A, et  al. Stroke and cancer: 
the importance of cancer-associated hypercoagulation as a possi-
ble stroke etiology. Stroke. 2012;43(11):3029-3034. doi:10.1161/
STROKEAHA.112.658625

	 18.	 Wang F, Hu XY, Cui ZM, et  al. Clinical and imaging characteris-
tics of malignant tumor concurrent with stroke. Cancer Biother 
Radiopharm. 2019;34(8):504-510. doi:10.1089/cbr.2019.2853

	 19.	 Naito H, Nezu T, Hosomi N, et al. Antithrombotic therapy strategy 
for cancer-associated ischemic stroke: a case series of 26 patients. 
J Stroke Cerebrovasc Dis. 2018;27(9):e206-e211. doi:10.1016/j.
jstrokecerebrovasdis.2018.04.021

	 20.	 Kneihsl M, Enzinger C, Wünsch G, et al. Poor short-term outcome 
in patients with ischaemic stroke and active cancer. J Neurol. 
2016;263(1):150-156. doi:10.1007/s00415-015-7954-6

	 21.	 Sun B, Fan S, Li Z, et al. Clinical and neuroimaging features of acute 
ischemic stroke in cancer patients. Eur Neurol. 2016;75(5–6):292-
299. doi:10.1159/000447126

	 22.	 Rioux B, Keezer MR, Gioia LC. Occult cancer diagnosed follow-
ing acute ischemic stroke. Can Med Assoc J. 2020;192(36):E1037
-E1039. doi:10.1503/cmaj.200725

	 23.	 Gon Y, Okazaki S, Terasaki Y, et al. Characteristics of cryptogenic 
stroke in cancer patients. Ann Clin Transl Neurol. 2016;3(4):280-
287. doi:10.1002/acn3.291

	 24.	 Tybjerg AJ, Skyhøj Olsen T, Andersen KK. Prevalence and risk of 
occult cancer in stroke. Acta Neurol Scand. 2020;141(3):204-211. 
doi:10.1111/ane.13192

	 25.	 Babore AD, Tybjerg AJ, Andersen KK, Olsen TS. Occult lung cancer 
manifesting within the first year after stroke. J Stroke Cerebrovasc Dis. 
2020;29(9):105023. doi:10.1016/j.jstrokecerebrovasdis.2020.105023

	 26.	 Kim SJ, Park JH, Lee MJ, Park YG, Ahn MJ, Bang OY. Clues 
to occult cancer in patients with ischemic stroke. PLoS One. 
2012;7(9):e44959. doi:10.1371/journal.pone.0044959

	 27.	 Ostenfeld EB, Erichsen R, Pedersen L, Farkas DK, Weiss NS, 
Sørensen HT. Atrial fibrillation as a marker of occult cancer. PLoS 
One. 2014;9(8):e102861. doi:10.1371/journal.pone.0102861

	 28.	 Conen D, Wong JA, Sandhu RK, et  al. Risk of malignant cancer 
among women with new-onset atrial fibrillation. JAMA Cardiol. 
2016;1(4):389-396. doi:10.1001/jamacardio.2016.0280

	 29.	 Vinter N, Christesen AMS, Fenger-Grøn M, Tjønneland A, Frost 
L. Atrial fibrillation and risk of cancer: a Danish population-based 
cohort study. J Am Heart Assoc. 2018;7(17):e009543. doi:10.1161/
JAHA.118.009543

	 30.	 Hung CS, Chang CH, Lin JW, Ho YL, Chen MF. The association 
between new onset atrial fibrillation and incident cancer-A nation-
wide cohort study. PLoS One. 2018;13(6):e0199901. doi:10.1371/
journal.pone.0199901

	 31.	 Feng HY, Jen LC, Hsin CPM, et al. Incident thromboembolism and 
heart failure associated with new-onset atrial fibrillation in can-
cer patients. Int J Cardiol. 2013;165(2):355-357. doi:10.1016/j.
ijcard.2012.08.036

	 32.	 Go AS, Reynolds K, Yang J, et al. Association of Burden of atrial 
fibrillation with risk of ischemic stroke in adults with paroxys-
mal atrial fibrillation: the KP-RHYTHM study. JAMA Cardiol. 
2018;3(7):601-608. doi:10.1001/jamacardio.2018.1176

	 33.	 Menichelli D, Vicario T, Ameri P, et al. Cancer and atrial fibrillation: 
epidemiology, mechanisms, and anticoagulation treatment. Prog 
Cardiovasc Dis. 2021;66:28-36. doi:10.1016/j.pcad.2021.04.004

	 34.	 Sorigue M, Miljkovic MD. Atrial fibrillation and stroke risk in 
patients with cancer: a primer for oncologists. J Oncol Pract. 
2019;15(12):641-650. doi:10.1200/JOP.18.00592

	 35.	 Gon Y, Sakaguchi M, Takasugi J, et  al. Plasma D-dimer levels 
and ischaemic lesions in multiple vascular regions can predict 
occult cancer in patients with cryptogenic stroke. Eur J Neurol. 
2017;24(3):503-508. doi:10.1111/ene.13234

	 36.	 Ling Y, Chabriat H. Incident cerebral lacunes: a review. J Cereb Blood 
Flow Metab. 2020;40(5):909-921. doi:10.1177/0271678X20908361

	 37.	 Li J, Xu Y, Chen Y, et al. Early elevated neutrophil-to-lymphocyte 
ratio associated with remote diffusion-weighted imaging 

 17555949, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14619 by T

est, W
iley O

nline L
ibrary on [27/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-6073-5947
https://orcid.org/0000-0001-6073-5947
https://orcid.org/0000-0001-7900-006X
https://orcid.org/0000-0001-7900-006X
https://orcid.org/0000-0002-5721-9914
https://orcid.org/0000-0002-5721-9914
https://doi.org//10.1016/S0140-6736(19)30427-1
https://doi.org//10.1016/S0140-6736(20)30925-9
https://doi.org//10.1177/0271678X20970048
https://doi.org//10.1161/CIRCRESAHA.116.308413
https://doi.org//10.1016/j.jstrokecerebrovasdis.2012.11.016
https://doi.org//10.1016/j.jstrokecerebrovasdis.2012.11.016
https://doi.org//10.1007/s10072-019-04231-5
https://doi.org//10.1161/STROKEAHA.109.571356
https://doi.org//10.1161/STROKEAHA.109.571356
https://doi.org//10.1016/j.ejca.2012.01.005
https://doi.org//10.1161/CIRCRESAHA.116.308407
https://doi.org//10.1182/blood-2018-06-860874
https://doi.org//10.3892/ijo.2019.4669
https://doi.org//10.1111/cns.13561
https://doi.org//10.1111/cns.13763
https://doi.org//10.1111/cns.13763
https://doi.org//10.1016/j.critrevonc.2020.103181
https://doi.org//10.1016/j.critrevonc.2020.103181
https://doi.org//10.1161/JAHA.119.013215
https://doi.org//10.1161/STROKEAHA.112.658625
https://doi.org//10.1161/STROKEAHA.112.658625
https://doi.org//10.1089/cbr.2019.2853
https://doi.org//10.1016/j.jstrokecerebrovasdis.2018.04.021
https://doi.org//10.1016/j.jstrokecerebrovasdis.2018.04.021
https://doi.org//10.1007/s00415-015-7954-6
https://doi.org//10.1159/000447126
https://doi.org//10.1503/cmaj.200725
https://doi.org//10.1002/acn3.291
https://doi.org//10.1111/ane.13192
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.105023
https://doi.org//10.1371/journal.pone.0044959
https://doi.org//10.1371/journal.pone.0102861
https://doi.org//10.1001/jamacardio.2016.0280
https://doi.org//10.1161/JAHA.118.009543
https://doi.org//10.1161/JAHA.118.009543
https://doi.org//10.1371/journal.pone.0199901
https://doi.org//10.1371/journal.pone.0199901
https://doi.org//10.1016/j.ijcard.2012.08.036
https://doi.org//10.1016/j.ijcard.2012.08.036
https://doi.org//10.1001/jamacardio.2018.1176
https://doi.org//10.1016/j.pcad.2021.04.004
https://doi.org//10.1200/JOP.18.00592
https://doi.org//10.1111/ene.13234
https://doi.org//10.1177/0271678X20908361


10 of 12  |     XIE et al.

lesions in acute intracerebral hemorrhage. CNS Neurosci Ther. 
2019;26(4):430-437. doi:10.1111/cns.13249

	 38.	 Guasch-Ferré M, Liu X, Malik VS, et al. Nut consumption and risk 
of cardiovascular disease. J Am Coll Cardiol. 2017;70(20):2519-
2532. doi:10.1016/j.jacc.2017.09.035

	 39.	 Sun H, He Y, Cao H. Functional magnetic resonance imaging 
research in China. CNS Neurosci Ther. 2021;27(11):1259-1267. 
doi:10.1111/cns.13725

	 40.	 Guo L, Wang L, Liu W. Ability of the number of territories involved 
on DWI-MRI to predict occult systemic malignancy in cryptogenic 
stroke patients. J Stroke Cerebrovasc Dis. 2020;29(7):104823. 
doi:10.1016/j.jstrokecerebrovasdis.2020.104823

	 41.	 Finelli PF, Nouh A. Three-territory DWI acute infarcts: diagnos-
tic value in cancer-associated hypercoagulation stroke (trous-
seau syndrome). Am J Neuroradiol. 2016;37(11):2033-2036. 
doi:10.3174/ajnr.A4846

	 42.	 Nouh AM, Staff I, Finelli PF. Three territory sign: an MRI 
marker of malignancy-related ischemic stroke (trousseau syn-
drome). Neurol Clin Pract. 2019;9(2):124-128. doi:10.1212/
CPJ.0000000000000603

	 43.	 Gon Y, Kabata D, Kawano T, et al. Hematological abnormalities and 
malnutrition mediate pathway between cancer and outcomes in isch-
emic stroke patients. J Stroke Cerebrovasc Dis. 2020;29(8):104943. 
doi:10.1016/j.jstrokecerebrovasdis.2020.104943

	 44.	 Abdelsalam M, Abu-Hegazy M, El-Hadaad HA, Wahba H, Egila H, 
Esmael A. Pathophysiology, mechanism, and outcome of ischemic 
stroke in cancer patients. J Stroke Cerebrovasc Dis. 2020;29(11):105299. 
doi:10.1016/j.jstrokecerebrovasdis.2020.105299

	 45.	 Cocho D, Gendre J, Boltes A, et al. Predictors of occult cancer in acute 
ischemic stroke patients. J Stroke Cerebrovasc Dis. 2015;24(6):1324-
1328. doi:10.1016/j.jstrokecerebrovasdis.2015.02.006

	 46.	 Ghosh MK, Chakraborty D, Sarkar S, Bhowmik A, Basu M. The 
interrelationship between cerebral ischemic stroke and glioma: 
a comprehensive study of recent reports. Signal Transduct Target 
Ther. 2019;4(1):42. doi:10.1038/s41392-019-0075-4

	 47.	 Quintas S, Rogado J, Gullón P, et al. Predictors of unknown cancer 
in patients with ischemic stroke. J Neuro-Oncol. 2018;137(3):551-
557. doi:10.1007/s11060-017-2741-0

	 48.	 Dearborn JL, Urrutia VC, Zeiler SR. Stroke and cancer – A compli-
cated relationship. Neurol Transl Neurosci. 2014;2(1):1039.

	 49.	 Guo YJ, Chang MH, Chen PL, Lee YS, Chang YC, Liao YC. Predictive 
value of plasma d-dimer levels for cancer-related stroke: a 3-year ret-
rospective study. J Stroke Cerebrovasc Dis. 2014;23(4):e249-e254. 
doi:10.1016/j.jstrokecerebrovasdis.2013.10.022

	 50.	 Nezu T, Kitano T, Kubo S, et al. Impact of D-dimer levels for short-
term or long-term outcomes in cryptogenic stroke patients. J 
Neurol. 2018;265(3):628-636. doi:10.1007/s00415-018-8742-x

	 51.	 Tsuchihashi Y, Shimizu T, Akiyama H, et  al. The risk factors for 
death within 6 months after ischemic stroke in patients with can-
cer. J Stroke Cerebrovasc Dis. 2020;29(12):105365. doi:10.1016/j.
jstrokecerebrovasdis.2020.105365

	 52.	 Lee MJ, Chung JW, Ahn MJ, et al. Hypercoagulability and mortal-
ity of patients with stroke and active cancer: the OASIS-CANCER 
study. J Stroke. 2017;19(1):77-87. doi:10.5853/jos.2016.00570

	 53.	 Jing K, Wu T, Lim K. Omega-3 polyunsaturated fatty acids and can-
cer [J]. Anti-Cancer Agents in Medicinal Chemistry (Formerly Current 
Medicinal Chemistry-Anti-Cancer Agents). 2013;13(8):1162-1177.

	 54.	 Izumi T, Nanaura H, Iguchi N, Ozaki M, Sugie K. Low serum 
Eicosapentaenoic acid levels in cryptogenic stroke with active can-
cer. J Stroke Cerebrovasc Dis. 2020;29(8):104892. doi:10.1016/j.
jstrokecerebrovasdis.2020.104892

	 55.	 Bang OY, Chung JW, Cho YH, et  al. Circulating DNAs, a marker 
of neutrophil extracellular Traposis and cancer-related stroke: the 
OASIS-cancer study. Stroke. 2019;50(10):2944-2947. doi:10.1161/
STROKEAHA.119.026373

	 56.	 Demers M, Krause DS, Schatzberg D, et  al. Cancers predis-
pose neutrophils to release extracellular DNA traps that con-
tribute to cancer-associated thrombosis. Proc Natl Acad Sci. 
2012;109(32):13076-13081. doi:10.1073/pnas.1200419109

	 57.	 van Montfoort ML, Stephan F, Lauw MN, et  al. Circulating nu-
cleosomes and neutrophil activation as risk factors for deep vein 
thrombosis. Arterioscler Thromb Vasc Biol. 2013;33(1):147-151. 
doi:10.1161/ATVBAHA.112.300498

	 58.	 Zaorsky NG, Zhang Y, Tchelebi LT, Mackley HB, Chinchilli VM, 
Zacharia BE. Stroke among cancer patients. Nat Commun. 
2019;10:5172. doi:10.1038/s41467-019-13120-6

	 59.	 Demers M, Wagner D. NETosis: a new factor in tumor progres-
sion and cancer-associated thrombosis. Semin Thromb Hemost. 
2014;40(3):277-283. doi:10.1055/s-0034-1370765

	 60.	 Carmona-Mora P, Ander BP, Jickling GC, et al. Distinct peripheral 
blood monocyte and neutrophil transcriptional programs follow-
ing intracerebral hemorrhage and different etiologies of ischemic 
stroke. J Cereb Blood Flow Metab. 2021;41(6):1398-1416. doi:10.11
77/0271678X20953912

	 61.	 Zheng K, Lin L, Jiang W, et al. Single-cell RNA-seq reveals the tran-
scriptional landscape in ischemic stroke. J Cereb Blood Flow Metab. 
2022;42(1):56-73. doi:10.1177/0271678X211026770

	 62.	 Liu DZ, Tian Y, Ander BP, et al. Brain and blood microRNA expres-
sion profiling of ischemic stroke, intracerebral hemorrhage, and 
Kainate seizures. J Cereb Blood Flow Metab. 2010;30(1):92-101. 
doi:10.1038/jcbfm.2009.186

	 63.	 Fullerton JL, Thomas JM, Gonzalez-Trueba L, et  al. Systematic 
review: association between circulating microRNA expression & 
stroke. J Cereb Blood Flow Metab. 2022;42(6):935-951. doi:10.1177
/0271678X221085090

	 64.	 Navi BB, Mathias R, Sherman CP, et  al. Cancer-related ischemic 
stroke has a distinct blood mRNA expression profile. Stroke. 
2019;50(11):3259-3264. doi:10.1161/STROKEAHA.119.026143

	 65.	 Navi BB, Sherman CP, Genova R, et  al. Mechanisms of ischemic 
stroke in patients with cancer: a prospective study. Ann Neurol. 
2021;90(1):159-169. doi:10.1002/ana.26129

	 66.	 Selvik HA, Bjerkreim AT, Thomassen L, Waje-Andreassen U, Naess 
H, Kvistad CE. When to screen Ischaemic stroke patients for can-
cer. Cerebrovasc Dis. 2018;45(1–2):42-47. doi:10.1159/000484668

	 67.	 Bao L, Zhang S, Gong X, Cui G. Trousseau syndrome related ce-
rebral infarction: clinical manifestations, laboratory findings and 
radiological features. J Stroke Cerebrovasc Dis. 2020;29(9):104891. 
doi:10.1016/j.jstrokecerebrovasdis.2020.104891

	 68.	 Nahab F, Sharashidze V, Liu M, et  al. Markers of coagulation 
and hemostatic activation aid in identifying causes of crypto-
genic stroke. Neurology. 2020;94(18):e1892-e1899. doi:10.1212/
WNL.0000000000009365

	 69.	 Lansberg MG, Schrooten M, Bluhmki E, Thijs VN, Saver JL. 
Treatment time-specific number needed to treat estimates for 
tissue plasminogen activator therapy in acute stroke based on 
shifts over the entire range of the modified Rankin scale. Stroke. 
2009;40(6):2079-2084. doi:10.1161/STROKEAHA.108.540708

	 70.	 Kühn AL, Vardar Z, Kraitem A, et  al. Biomechanics and he-
modynamics of stent-retrievers. J Cereb Blood Flow Metab. 
2020;40(12):2350-2365. doi:10.1177/0271678X20916002

	 71.	 Fu CH, Chen CH, Lin YH, et  al. Fibrin and platelet-rich com-
position in retrieved thrombi hallmarks stroke with ac-
tive cancer. Stroke. 2020;51(12):3723-3727. doi:10.1161/
STROKEAHA.120.032069

	 72.	 Park H, Kim J, Ha J, et al. Histological features of intracranial thrombi 
in stroke patients with cancer. Ann Neurol. 2019;86:ana.25495. 
doi:10.1002/ana.25495

	 73.	 Navi BB, Reiner AS, Kamel H, et al. Association between incident 
cancer and subsequent stroke: stroke risk in cancer patients. Ann 
Neurol. 2015;77(2):291-300. doi:10.1002/ana.24325

 17555949, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14619 by T

est, W
iley O

nline L
ibrary on [27/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1111/cns.13249
https://doi.org//10.1016/j.jacc.2017.09.035
https://doi.org//10.1111/cns.13725
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.104823
https://doi.org//10.3174/ajnr.A4846
https://doi.org//10.1212/CPJ.0000000000000603
https://doi.org//10.1212/CPJ.0000000000000603
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.104943
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.105299
https://doi.org//10.1016/j.jstrokecerebrovasdis.2015.02.006
https://doi.org//10.1038/s41392-019-0075-4
https://doi.org//10.1007/s11060-017-2741-0
https://doi.org//10.1016/j.jstrokecerebrovasdis.2013.10.022
https://doi.org//10.1007/s00415-018-8742-x
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.105365
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.105365
https://doi.org//10.5853/jos.2016.00570
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.104892
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.104892
https://doi.org//10.1161/STROKEAHA.119.026373
https://doi.org//10.1161/STROKEAHA.119.026373
https://doi.org//10.1073/pnas.1200419109
https://doi.org//10.1161/ATVBAHA.112.300498
https://doi.org//10.1038/s41467-019-13120-6
https://doi.org//10.1055/s-0034-1370765
https://doi.org//10.1177/0271678X20953912
https://doi.org//10.1177/0271678X20953912
https://doi.org//10.1177/0271678X211026770
https://doi.org//10.1038/jcbfm.2009.186
https://doi.org//10.1177/0271678X221085090
https://doi.org//10.1177/0271678X221085090
https://doi.org//10.1161/STROKEAHA.119.026143
https://doi.org//10.1002/ana.26129
https://doi.org//10.1159/000484668
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.104891
https://doi.org//10.1212/WNL.0000000000009365
https://doi.org//10.1212/WNL.0000000000009365
https://doi.org//10.1161/STROKEAHA.108.540708
https://doi.org//10.1177/0271678X20916002
https://doi.org//10.1161/STROKEAHA.120.032069
https://doi.org//10.1161/STROKEAHA.120.032069
https://doi.org//10.1002/ana.25495
https://doi.org//10.1002/ana.24325


    |  11 of 12XIE et al.

	 74.	 Chen C, Ye M, Chen B, et  al. Thrombolysis on ischemic stroke 
patients with decreased level of consciousness within 4.5 h. CNS 
Neurosci Ther. 2012;19(1):48-52. doi:10.1111/cns.12030

	 75.	 Liao X, Wang C, Wang Y, et  al. Implementation and outcome of 
thrombolysis with alteplase 3 to 4.5 h after acute stroke in Chinese 
patients. CNS Neurosci Ther. 2012;19(1):43-47. doi:10.1111/
cns.12031

	 76.	 Xu A, Wang Y, Wang DZ. Consensus statement on the use of in-
travenous recombinant tissue plasminogen activator to treat acute 
ischemic stroke by the Chinese stroke therapy expert panel. CNS 
Neurosci Ther. 2013;19(8):543-548. doi:10.1111/cns.12126

	 77.	 Albers GW, Lansberg MG, Brown S, et  al. Assessment of opti-
mal patient selection for endovascular thrombectomy beyond 6 
hours after symptom onset: a pooled analysis of the AURORA 
database. JAMA Neurol. 2021;78(9):1064-1071. doi:10.1001/
jamaneurol.2021.2319

	 78.	 Chatterjee A, Merkler AE, Murthy SB, et  al. Temporal trends in 
the use of acute recanalization therapies for ischemic stroke in pa-
tients with cancer. J Stroke Cerebrovasc Dis. 2019;28(8):2255-2261. 
doi:10.1016/j.jstrokecerebrovasdis.2019.05.009

	 79.	 Lee D, Lee DH, Suh DC, et  al. Intra-arterial thrombectomy for 
acute ischaemic stroke patients with active cancer. J Neurol. 
2019;266(9):2286-2293. doi:10.1007/s00415-019-09416-8

	 80.	 Alberte-Woodward M, da Silva-França CF, Rodríguez-Gay I, 
Pego-Reigosa R. Safety of intravenous thrombolysis for acute 
stroke in patients with an active malignancy: case series and 
review of the literature. Eur Neurol. 2019;81(3–4):163-166. 
doi:10.1159/000501553

	 81.	 Sallustio F, Mascolo AP, Marrama F, et al. Safety and efficacy of 
reperfusion therapies for acute ischemic stroke patients with ac-
tive malignancy. J Stroke Cerebrovasc Dis. 2019;28(8):2287-2291. 
doi:10.1016/j.jstrokecerebrovasdis.2019.05.018

	 82.	 Weeda ER, Bohm N. Association between comorbid cancer 
and outcomes among admissions for acute ischemic stroke re-
ceiving systemic thrombolysis. Int J Stroke. 2019;14(1):48-52. 
doi:10.1177/1747493018778135

	 83.	 Cho BH, Yoon W, Kim JT, et  al. Outcomes of endovascu-
lar treatment in acute ischemic stroke patients with current 
malignancy. Neurol Sci. 2020;41(2):379-385. doi:10.1007/
s10072-019-04103-y

	 84.	 Ladak AA, Sandhu S, Itrat A. Use of intravenous thrombolysis in 
acute ischemic stroke Management in Patients with active malignan-
cies: a topical review. J Stroke Cerebrovasc Dis. 2021;30(6):105728. 
doi:10.1016/j.jstrokecerebrovasdis.2021.105728

	 85.	 Yarris JP, Warden CR. Gastrointestinal bleeding in the cancer pa-
tient. Emerg Med Clin North Am. 2009;27(3):363-379. doi:10.1016/j.
emc.2009.04.011

	 86.	 Inohara T, Liang L, Kosinski AS, et  al. Thrombolytic therapy 
in older acute ischemic stroke patients with gastrointestinal 
malignancy or recent bleeding. Eur Stroke J. 2020;5(1):47-55. 
doi:10.1177/2396987319871784

	 87.	 Jeon Y, Baik SH, Jung C, et al. Mechanical thrombectomy in pa-
tients with acute cancer-related stroke: is the stent retriever 
alone effective? J NeuroInterventional Surg. 2021;13(4):318-323. 
doi:10.1136/neurintsurg-2020-016144

	 88.	 Ozaki T, Nicholson P, Schaafsma JD, et al. Endovascular therapy of acute 
ischemic stroke in patients with large-vessel occlusion associated 
with active malignancy. J Stroke Cerebrovasc Dis. 2021;30(2):105455. 
doi:10.1016/j.jstrokecerebrovasdis.2020.105455

	 89.	 Bacigaluppi M, Semerano A, Gullotta GS, Strambo D. Insights 
from thrombi retrieved in stroke due to large vessel occlusion. J 
Cereb Blood Flow Metab. 2019;39(8):1433-1451. doi:10.1177/0271
678X19856131

	 90.	 Park YJ, Borlongan CV. Recent advances in cell therapy for stroke. 
J Cereb Blood Flow Metab. 2021;41(10):2797-2799. doi:10.1177/02
71678X211026507

	 91.	 Jin X, Li P, Michalski D, et al. Perioperative stroke: a perspective 
on challenges and opportunities for experimental treatment and 
diagnostic strategies. CNS Neurosci Ther. 2022;28(4):497-509. 
doi:10.1111/cns.13816

	 92.	 Guo Y, Li P. Recent highlights in periopeative neurological disor-
ders, from bench to bedside. CNS Neurosci Ther. 2022;28(4):467-
469. doi:10.1111/cns.13771

	 93.	 An J, Zhao L, Duan R, et al. Potential nanotherapeutic strategies 
for perioperative stroke. CNS Neurosci Ther. 2022;28(4):510-520. 
doi:10.1111/cns.13819

	 94.	 Takeshima S, Kawate N. Decision-making for intensive rehabili-
tation in patients with trousseau syndrome: insights from a case 
series. Medicine (Baltimore). 2023;102(26):e34097. doi:10.1097/
MD.0000000000034097

	 95.	 Hong W, Zhang T, Shan C, et al. Stroke as initial manifestation of 
non-small cell lung cancer with trousseau syndrome. BMC Cancer. 
2023;23(1):1096. doi:10.1186/s12885-023-11627-2

	 96.	 Su Y, Cheng X, Dong Q. Dual antiplatelet therapy of clopido-
grel and aspirin in secondary prevention of ischemic stroke: ev-
idence and indications. CNS Neurosci Ther. 2015;21(11):870-876. 
doi:10.1111/cns.12419

	 97.	 Gratz PP, Gralla J, Mattle HP, Schroth G. Embolic strokes of un-
determined source: support for a new clinical construct. Lancet 
Neurol. 2014;13(10):967. doi:10.1016/S1474-4422(14)70196-6

	 98.	 Healey JS, Gladstone DJ, Swaminathan B, et al. Recurrent stroke 
with rivaroxaban compared with aspirin according to predictors 
of atrial fibrillation: secondary analysis of the NAVIGATE ESUS 
randomized clinical trial. JAMA Neurol. 2019;76(7):764-773. 
doi:10.1001/jamaneurol.2019.0617

	 99.	 Jones NR, Taylor CJ, Hobbs FDR, Bowman L, Casadei B. 
Screening for atrial fibrillation: a call for evidence. Eur Heart J. 
2020;41(10):1075-1085. doi:10.1093/eurheartj/ehz834

	100.	 Navi BB, Kasner SE, Elkind MSV, Cushman M, Bang OY, DeAngelis 
LM. Cancer and embolic stroke of undetermined source. Stroke. 
2021;52(3):1121-1130. doi:10.1161/STROKEAHA.120.032002

	101.	 Varki A. Trousseau's syndrome: multiple definitions and multi-
ple mechanisms. Blood. 2007;110(6):1723-1729. doi:10.1182/
blood-2006-10-053736

	102.	 Derex L, Paris C, Nighoghossian N. Combining intravenous throm-
bolysis and antithrombotic agents in stroke: an update. J Am Heart 
Assoc. 2018;7(2):e007454. doi:10.1161/JAHA.117.007454

	103.	 Kawano H, Honda Y, Amano T, et  al. Subcutaneous hep-
arin therapy for patients with cancer-associated stroke. J 
Stroke Cerebrovasc Dis. 2019;28(2):399-404. doi:10.1016/j.
jstrokecerebrovasdis.2018.10.012

	104.	 Navi BB, Marshall RS, Bobrow D, et al. Enoxaparin vs aspirin in pa-
tients with cancer and ischemic stroke: the TEACH pilot random-
ized clinical trial. JAMA Neurol. 2018;75(3):379-381. doi:10.1001/
jamaneurol.2017.4211

	105.	 Jang H, Lee JJ, Lee MJ, et al. Comparison of enoxaparin and warfa-
rin for secondary prevention of cancer-associated stroke. J Oncol. 
2015;2015:1-6. doi:10.1155/2015/502089

	106.	 Nam KW, Kim CK, Kim TJ, et  al. Treatment of cryptogenic 
stroke with active cancer with a new Oral anticoagulant. J 
Stroke Cerebrovasc Dis. 2017;26(12):2976-2980. doi:10.1016/j.
jstrokecerebrovasdis.2017.07.029

	107.	 Martinez-Majander N, Ntaios G, Liu YY, et  al. Rivaroxaban versus 
aspirin for secondary prevention of ischaemic stroke in patients with 
cancer: a subgroup analysis of the NAVIGATE ESUS randomized trial. 
Eur J Neurol. 2020;27(5):841-848. doi:10.1111/ene.14172

	108.	 Sousou T, Khorana AA. New insights into cancer-associated 
thrombosis. Arterioscler Thromb Vasc Biol. 2009;29(3):316-320. 
doi:10.1161/ATVBAHA.108.182196

	109.	 Navi BB, Iadecola C. Ischemic stroke in cancer patients: a review 
of an underappreciated pathology: stroke and cancer review. Ann 
Neurol. 2018;83(5):873-883. doi:10.1002/ana.25227

 17555949, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14619 by T

est, W
iley O

nline L
ibrary on [27/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1111/cns.12030
https://doi.org//10.1111/cns.12031
https://doi.org//10.1111/cns.12031
https://doi.org//10.1111/cns.12126
https://doi.org//10.1001/jamaneurol.2021.2319
https://doi.org//10.1001/jamaneurol.2021.2319
https://doi.org//10.1016/j.jstrokecerebrovasdis.2019.05.009
https://doi.org//10.1007/s00415-019-09416-8
https://doi.org//10.1159/000501553
https://doi.org//10.1016/j.jstrokecerebrovasdis.2019.05.018
https://doi.org//10.1177/1747493018778135
https://doi.org//10.1007/s10072-019-04103-y
https://doi.org//10.1007/s10072-019-04103-y
https://doi.org//10.1016/j.jstrokecerebrovasdis.2021.105728
https://doi.org//10.1016/j.emc.2009.04.011
https://doi.org//10.1016/j.emc.2009.04.011
https://doi.org//10.1177/2396987319871784
https://doi.org//10.1136/neurintsurg-2020-016144
https://doi.org//10.1016/j.jstrokecerebrovasdis.2020.105455
https://doi.org//10.1177/0271678X19856131
https://doi.org//10.1177/0271678X19856131
https://doi.org//10.1177/0271678X211026507
https://doi.org//10.1177/0271678X211026507
https://doi.org//10.1111/cns.13816
https://doi.org//10.1111/cns.13771
https://doi.org//10.1111/cns.13819
https://doi.org//10.1097/MD.0000000000034097
https://doi.org//10.1097/MD.0000000000034097
https://doi.org//10.1186/s12885-023-11627-2
https://doi.org//10.1111/cns.12419
https://doi.org//10.1016/S1474-4422(14)70196-6
https://doi.org//10.1001/jamaneurol.2019.0617
https://doi.org//10.1093/eurheartj/ehz834
https://doi.org//10.1161/STROKEAHA.120.032002
https://doi.org//10.1182/blood-2006-10-053736
https://doi.org//10.1182/blood-2006-10-053736
https://doi.org//10.1161/JAHA.117.007454
https://doi.org//10.1016/j.jstrokecerebrovasdis.2018.10.012
https://doi.org//10.1016/j.jstrokecerebrovasdis.2018.10.012
https://doi.org//10.1001/jamaneurol.2017.4211
https://doi.org//10.1001/jamaneurol.2017.4211
https://doi.org//10.1155/2015/502089
https://doi.org//10.1016/j.jstrokecerebrovasdis.2017.07.029
https://doi.org//10.1016/j.jstrokecerebrovasdis.2017.07.029
https://doi.org//10.1111/ene.14172
https://doi.org//10.1161/ATVBAHA.108.182196
https://doi.org//10.1002/ana.25227


12 of 12  |     XIE et al.

	110.	 D'Souza M, Carlson N, Fosbøl E, et al. CHA2DS2-VASc score and 
risk of thromboembolism and bleeding in patients with atrial fibril-
lation and recent cancer. Eur J Prev Cardiol. 2018;25(6):651-658. 
doi:10.1177/2047487318759858

	111.	 Russo V, Bottino R, Rago A, et al. Atrial fibrillation and malignancy: 
the clinical performance of non–vitamin K oral anticoagulants—A 
systematic review. Semin Thromb Hemost. 2019;45(2):205-214. 
doi:10.1055/s-0038-1661386

	112.	 Fanola CL, Ruff CT, Murphy SA, et  al. Efficacy and safety of 
edoxaban in patients with active malignancy and atrial fibrilla-
tion: analysis of the ENGAGE AF—TIMI 48 trial. J Am Heart Assoc. 
2018;7(16):e008987. doi:10.1161/JAHA.118.008987

	113.	 Kim K, Lee YJ, Kim TH, et al. Effect of non-vitamin K antagonist 
Oral anticoagulants in atrial fibrillation patients with newly diag-
nosed cancer. Korean Circ J. 2018;48(5):406-417. doi:10.4070/
kcj.2017.0328

	114.	 Shah S, Norby FL, Datta YH, et al. Comparative effectiveness of 
direct oral anticoagulants and warfarin in patients with cancer 
and atrial fibrillation. Blood Adv. 2018;2(3):200-209. doi:10.1182/
bloodadvances.2017010694

	115.	 Chen ST, Hellkamp AS, Becker RC, et  al. Efficacy and safety of 
rivaroxaban vs. warfarin in patients with non-valvular atrial fibril-
lation and a history of cancer: observations from ROCKET AF. Eur 
Heart J Qual Care Clin Outcomes. 2019;5(2):145-152. doi:10.1093/
ehjqcco/qcy040

	116.	 Stępień K, Nowak K, Zalewski J, Undas A. Non-vitamin K an-
tagonist oral anticoagulants in patients with atrial fibrillation 
and colorectal cancer: a single-center experience. Kardiol Pol. 
2019;77(12):1186-1189. doi:10.33963/KP.15042

	117.	 Atterman A, Friberg L, Asplund K, Engdahl J. Net benefit of oral an-
ticoagulants in patients with atrial fibrillation and active cancer: a 
nationwide cohort study. Europace. 2019;22:euz306. doi:10.1093/
europace/euz306

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Xie W, Hsu S, Lin Y, et al. 
Malignancy-associated ischemic stroke: Implications for 
diagnostic and therapeutic workup. CNS Neurosci Ther. 
2024;30:e14619. doi:10.1111/cns.14619

 17555949, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14619 by T

est, W
iley O

nline L
ibrary on [27/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1177/2047487318759858
https://doi.org//10.1055/s-0038-1661386
https://doi.org//10.1161/JAHA.118.008987
https://doi.org//10.4070/kcj.2017.0328
https://doi.org//10.4070/kcj.2017.0328
https://doi.org//10.1182/bloodadvances.2017010694
https://doi.org//10.1182/bloodadvances.2017010694
https://doi.org//10.1093/ehjqcco/qcy040
https://doi.org//10.1093/ehjqcco/qcy040
https://doi.org//10.33963/KP.15042
https://doi.org//10.1093/europace/euz306
https://doi.org//10.1093/europace/euz306
https://doi.org/10.1111/cns.14619

	Malignancy-­associated ischemic stroke: Implications for diagnostic and therapeutic workup
	Abstract
	1|INTRODUCTION
	2|DIAGNOSTIC CLUES OF MAS PATIENTS
	2.1|Baseline characteristics of patients with MAS
	2.2|Neuroimaging of MAS patients often detect multiple cerebral lesions
	2.3|Current biomarkers and the future development of new diagnostic tools of MAS

	3|THERAPEUTIC OPTIONS FOR MAS PATIENTS
	4|THE OPTIMAL CHOICE OF ANTICOAGULATION IN THE PREVENTION OF RECURRENT STROKE
	4.1|Patients with malignancy in general
	4.2|Malignancy concurrent with AF

	5|CONCLUSION
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


