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Systemic cancer and ischemic stroke are common conditions and two of the most frequent 
causes of death among the elderly. The association between cancer and stroke has been reported 
worldwide. Stroke causes severe disability for cancer patients, while cancer increases the risk of 
stroke. Moreover, cancer-related stroke is expected to increase due to advances in cancer 
treatment and an aging population worldwide. Because cancer and stroke share risk factors 
(such as smoking and obesity) and treatment of cancer can increase the risk of stroke (e.g., 
accelerated atherosclerosis after radiation therapy), cancer may accelerate conventional stroke 
mechanisms (i.e., atherosclerosis, small vessel disease, and cardiac thrombus). In addition, active 
cancer and chemotherapy may enhance thrombin generation causing stroke related to 
coagulopathy. Patients with stroke due to cancer-related coagulopathy showed the 
characteristics findings of etiologic work ups, D-dimer levels, and infarct patterns. In this review, 
we summarized the frequency of cancer-related stroke among patients with ischemic stroke, 
mechanisms of stroke with in cancer patients, and evaluation and treatment of cancer-related 
stroke. We discussed the possibility of cancer-related stroke as a stroke subtype, and presented 
the most recent discoveries in the pathomechanisms and treatment of stroke due to cancer-
related coagulopathy. 
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Introduction 

Systemic cancer and ischemic stroke are common conditions and 
two of the most frequent causes of death among the elderly. The 
steadily increasing number of elderly people in the world is 
predicted to result in an increase of new cancer cases. In 
addition, improvements in treatment practice (cancer medicine) 
have the potential to improve survival, and the number of people 
living with cancer is expected to rise. Despite accumulated 
knowledge on the association between cancer and stroke, the 

underlying mechanisms (both molecular and macroscopic) and 
appropriate therapeutic strategies remain unclear.

The purpose of this review is to discuss the possibility of 
cancer-related stroke as a stroke subtype, and to present the 
most recent discoveries in the pathomechanisms and treatment 
of stroke due to cancer-related coagulopathy. Recently 
emerging data linking cancer to ischemic stroke are discussed, 
together with current knowledge gaps and potential research 
strategies to address them. We did not discuss individual 
shared risk factors and characteristics of stroke in cancer 
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patients with stroke in depth, since these topics have been re-
viewed elsewhere.1

Cancer-related stroke: an emerging 
subtype of ischemic stroke

Stroke has many etiologies. Some etiologies are frequent and 
potent, while others are less frequent but potent, or frequent 
but less potent. Most etiological classifications divide stroke 
patients into four groups, atherosclerotic, cardioembolism, 
small vessel disease, and other etiologies, as these are frequent 
and potent etiologies.2-4 To be a stroke subtype, the etiology 
should have the following features. First, the etiology is strong-
ly associated with ischemic stroke. Second, the etiology is rela-
tively common in stroke patients. In the North Dublin popula-
tion stroke study, the proportions of atherosclerotic, cardioem-
bolic, and small vessel-origin were 9% to 12.9%, 33% to 
36.5%, and 10% to 18.4%, respectively.5 Third, stroke mecha-
nisms in patients with one etiology differ from those with oth-
er etiologies. Lastly, there are unique therapeutic strategies for 
the stroke etiology.

Cerebrovascular disease commonly occurs in cancer patients, 
and the association between cancer and stroke has been re-
ported worldwide. Nationwide studies in Europe,6,7 Asia,8,9 and 
United States10,11 showed that the risk of ischemic stroke in-
creased during the first few months (up to 1 year) after cancer 
diagnosis. A recent large population study showed that in-
creased risk of arterial thromboembolic events begins 5 months 
before cancer is officially diagnosed and peaks 1 month prior 
to the diagnosis.12

It has been estimated that one in seven to eight patients 
with ischemic stroke have a known or hidden cancer, and that 
in 40% of them, cancer-related coagulopathy is the mecha-
nism of stroke (Figure 1).13-15 Among patients with ischemic 
stroke, 10% had known cancer and an additional 3% had hid-
den cancer. Nationwide inpatient data in the United States 
showed that about one in 10 hospitalized ischemic stroke pa-
tients has comorbid cancer, and there was a significant de-
crease in ischemic stroke hospitalization in the cancer-negative 
group, but a steady increase in ischemic stroke hospitalization 
with a cancer diagnosis.14 Among stroke patients without can-
cer, hidden cancer was diagnosed during follow-up  after acute 
ischemic stroke in 2.8% (20.4% in embolic stroke of unknown 
sources [ESUS]) of Korean patients,16 2.1% (5.3% in ESUS) of 
Spanish patients,17 4.3% of Norwegian patients,18 and 3.0%19 
of Japanese patients, suggesting that hidden malignancy could 
be a cause of ischemic stroke.

Mechanisms of stroke related to 
cancer-coagulopathy

The controversies regarding the characteristics of stroke in pa-
tients with cancer may be due to the involvement of both can-
cer-unrelated (by conventional stroke mechanisms [CSMs]) and 
cancer-related mechanisms in the development of stroke in can-
cer patients.13 Besides cancer-related coagulopathy, cancer and 
its treatment may accelerate CSMs (i.e., atherosclerosis, small 
vessel disease, and cardiac thrombus).1 Cancer and ischemic 
stroke share risk factors such as smoking, obesity, and inflamma-
tion.20 In addition, treatment of cancer can increase the risk of 
stroke, e.g., accelerated atherosclerosis after radiation therapy.21,22 
Rarely, occlusion of brain vessels by tumor cells (tumor embolism) 
occurs in patients with solid tumors of the lung or heart (e.g., 
cardiac myxoma) that access arterial circulation by invading pul-
monary veins or cardiac chambers, and in patients with intravas-
cular lymphoma, a subset of diffuse large B-cell lymphoma.23,24 

Stroke due to cancer-related coagulopathy is a definable dis-
ease entity, as unique characteristics of this condition were re-
ported among studies from different populations.13,25,26 Patients 
with stroke due to cancer-related coagulopathy show ESUS on 
extensive work ups and often show unique characteristics in dif-
fusion-weighted image (DWI) patterns of multiple lesions involv-
ing multiple arterial territories and laboratory findings suggest-
ing coagulopathy, such as elevated D-dimer levels. Stroke can be 
caused by clots originating from the venous system (paradoxical 
embolism from deep vein thrombosis [DVT]), cardiac valves (non-
bacterial thrombotic endocarditis [NBTE]), or arteries (intravas-
cular coagulopathy). Several factors are associated with coagu-
lopathy in stroke patients, including characteristics of cancer, 

Figure 1. Stroke subtypes, including cancer-related stroke. NBTE, non-
bacterial thrombotic endocarditis; DVT, deep vein thrombosis; PE, 
paradoxical embolism; CVT, cerebral venous thrombosis.
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such as the type (primary cancer and pathologic type) and extent 
of the cancer, and the time interval from diagnosis to onset of 
stroke.13 Among the pathologic types of lung cancer, adenocarci-
noma was significantly more prevalent in cancer-related stroke; 
about 70% of patients with cancer-related stroke had adenocar-
cinoma, whereas about 70% of patients with cancer-unrelated 
stroke had non-adenocarcinoma types. Moreover, metastasis at 
the time of stroke was more prevalent in cancer-related stroke. 
Chemotherapy may enhance thrombin generation by the release 
of extracellular vesicles (EVs) and cell-free DNA from cancer cells 
and increase the risk of stroke.27 Angiogenesis inhibitors (e.g., 
bevacizumab, a vascular endothelial growth factor-A inhibitor), 
which interfere with these normal processes, worsen conditions 
like stroke, coronary artery disease, and peripheral artery dis-
ease.28,29

Intravascular coagulopathy
This is a common mechanism of stroke in cancer patients. 
Characteristics of thrombi of this type of cancer-related coag-
ulopathy are occurrence within the vessel in the absence of 
gross nidus for thrombus formation/propagation, such as em-
bolic sources in the cardiac valve or deep vein. As a result, 
strokes caused by intravascular coagulopathy typically occur as 
numerous small infarcts in multiple territories. A transcranial 
duplex (TCD) monitoring study showed that embolisms caused 
by coagulopathy could be the main pathomechanism underly-
ing cancer-related stroke.30 While embolic signals on TCD were 
detected in only 5.7% of unselected stroke patients,31 the fre-
quency was very high (58%) in cancer-related stroke patients.30 
Moreover, the number of embolic signals was correlated with 
the D-dimer levels in patients with cancer-related stroke, but 
decreased after anticoagulation therapy.30 

Nonbacterial thrombotic (marantic) endocarditis
This involves the deposition of small sterile vegetations on the 
heart valve leaflets and is thought to be an important cause of 
stroke in patients with cancer, but its exact prevalence in cancer 
patients with ischemic stroke is unknown. Patients with NBTE 
have typical multiple, widely distributed, large and small infarcts 
lesions in multiple territories.32 In our data of patients with ac-
tive cancer and no CSMs, disseminated small lesions were the 
most frequent DWI lesion pattern, and transesophageal echocar-
diogram (TEE) did not commonly reveal vegetations.13 Merkler et 
al.33 reported that TEE was superior to transthoracic echocardio-
gram (TTE) in detecting NBTE in cancer patients with ischemic 
stroke, but almost 70% of patients with active cancer and no 
CSMs showed negative results on TEE. These findings suggest 
that intravascular clot formation is one of the main sources of 

such embolisms, and NBTE is less common than in previous au-
topsy data.34

Paradoxical embolism
This is another important mechanism of stroke in cancer pa-
tients because one of four cancer patients have patent foramen 
ovale (PFO), and one of five cancer patients have venous throm-
boembolism (VTE) (in autopsy data, half of cancer patients had 
VTE).35,36 Therefore, patients with PFO and DVT could be at risk 
of paradoxical embolism.37 Testing for the presence of PFO 
should be considered in patients with DVT, and vice versa.

Pathomechanisms of cancer-
coagulopathy 

There have been various efforts to understand the pathomecha-
nisms underlying VTE in cancer patients38,39 and to develop stan-
dardized risk assessments that identify patients at high risk for 
cancer-associated VTE.40-42 Biomarker study results for VTE in 
cancer patients cannot be directly translated to cancer-related 
stroke. While an elevated platelet count is strongly and indepen-
dently associated with VTE in cancer patients,38,43 an elevated D-
dimer is most consistently and independently associated with 
intravascular coagulopathy-related stroke. On the contrary, the 
added value of serial biomarker monitoring in improving VTE 
prediction and patient care is unclear, because there was no 
continuous increase in D-dimer levels before VTE occurrence.44 
Such discrepancy may be derived from differences in the mecha-
nism of thrombus formation between arteries and veins, shear 
wall stress, and dysfunction of endothelial cells that could influ-
ence arterial thrombus formation.45

The Optimal Anticoagulation Strategy In Stroke related to 
cancer (OASIS-Cancer) study is ongoing to evaluate biological 
markers for intravascular coagulopathy causing stroke and for 
monitoring the effects of anticoagulation therapy in patients 
with active cancer and stroke (clinicalTrial.gov, identifier 
NCT02743052). Up to 400 patients with acute ischemic stroke 
and active cancer will be enrolled in this study, and control 
groups include healthy subjects, stroke patients without active 
cancer, and active cancer patients without stroke. In this study, 
serial levels of circulating biomarkers, such as cancer cell-derived 
EVs, cargo procoagulant proteins, and microRNAs, and neutro-
phil extracellular traps (NETs), as well as D-dimer, were prospec-
tively evaluated before and after anticoagulation therapy. 

In the OASIS-Cancer study, cancer cell-derived EV levels were 
elevated in patients with cancer-related stroke, and cancer cell-
derived EV levels were correlated with D-dimer levels, a nonspe-
cific marker of hypercoagulability.46 Furthermore, the effects of 
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these EVs may be mediated via tissue factor-independent mech-
anisms.46 More recently, we showed that circulating EV levels 
were higher in patients with lung adenocarcinoma, which is a 
well-known cancer type for cancer-coagulopathy, than in those 
with other cell types (such as squamous type).47 In addition, co-
agulation assays demonstrated a direct role of cancer cell-de-
rived EVs in clotting.47 Compared to treatment of EVs obtained 
from stroke patients with CSMs or squamous lung cancer cell 
lines, treatment of EVs obtained from cancer-related stroke pa-
tients and adenocarcinoma cell lines resulted in dose-dependent 
reduction of clotting times. 

NETs are networks of extracellular fibers, primarily composed 
of DNA from neutrophils, which bind pathogens.48 Our study 
and other studies showed that NETosis markers (e.g., circulating 
DNAs and citrullinated histone H2) were increased in patients 
with cancer-related stroke.49,50 Increased circulating cancer 
cell-derived EVs could increase the formation of NETs in 
cancer-associated thrombosis.49,51 Neutrophils, upon activation, 
release de-condensed chromatin for the formation of NETs, 
that promote thrombosis by the formation of a scaffold for 
adhesion of platelets, red blood cells, and platelet adhesion 
molecules such as fibrinogen, and activate both intrinsic and 
extrinsic coagulation pathways. 

Through the work of the OASIS-Cancer and other studies 
(Figure 2), we anticipate that mechanism-based diagnosis/
theranostics and molecular target-guided monitoring of 
treatment effects will be possible in patients with cancer-
related stroke. In addition, a better understanding of molecular 
targets underlying coagulopathy related to stroke will help 

determine the risk for stroke in stroke-free cancer patients, 
etiological stroke subtype in stroke patients with cancer, and 
assist in monitoring the effects of therapies for cancer-related 
stroke.

Evaluation for the diagnosis of cancer-
related stroke

Appropriate work ups might be difficult in patients with active 
cancer, due to poor medical conditions. Moreover, appropriate 
investigations might differ for stroke patients with and without 
cancer. Purposes of work ups in patients with presumed can-
cer-related stroke are as follows. 

Exclusion of CSMs
Stroke patients who have active cancer and CSMs should be 
classified as cancer-unrelated mechanisms and treated accord-
ingly. Cancer-specific mechanisms were unlikely to play a role in 
the development of stroke among patients exhibiting CSMs, giv-
en that the distribution of stroke subtype among cancer patients 
with CSMs was similar to that in stroke patients without can-
cer.13 The role of anticoagulation is uncertain and treatment 
strategies for CSMs (medical management and carotid interven-
tion for atherosclerotic stroke and oral anticoagulants for car-
dioembolism) would be beneficial.13,52 Routine vascular and elec-
tro-/echo-cardiographic studies are needed to rule out CSMs in 
patients with cancer and stroke.

Figure 2. Overview of some of the pathways involved in the pathogenesis of cancer-related coagulopathy in stroke patients. Dashed lines represent the 
possible mechanisms involved in venous thrombosis, but have not been reported in cancer-related stroke. EV, extracellular vesicle; NET, neutrophil extracellular 
trap; RBC, red blood cell; PFO, patent foramen ovale.
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Detection of coagulopathy
Multicenter studies in Korea and Italy showed that ESUS and 
hypercoagulability (elevated D-dimer level or presence of VTE) 
were associated with active cancer in patients with ischemic 
stroke.13,53 The principal lesion patterns on DWI are multiple 
small cortical lesions extending to multiple vascular territories
(in about 40%13,54) and multi-staged acute and subacute isch-
emic lesions.55,56 The level of D-dimer, a plasmin-derived degra-
dation product of cross-linked fibrin, is a direct measure of ac-
tivated coagulation. In cancer-related stroke, hypercoagulabili-
ty as assessed by serial D-dimer levels was associated with 
early neurological deterioration, stroke recurrence and poor 
survival after stroke in patients with active cancer, suggesting 

that D-dimer level can be used in monitoring the effect of an-
ticoagulation therapy.55,57-60 However, D-dimer levels for detec-
tion and monitoring of hypercoagulability should be used with 
caution, as they are nonspecific and may change with treat-
ment or comorbidity such as infection. 

Identification of embolic source or conditions
TTE is the first choice of technique for patients with stroke, 
whereas TEE is considered the gold standard in the evaluation of 
ESUS, being superior in detecting NBTE and primary cardiac can-
cer, such as cardiac myxoma that can cause distal tumor embo-
lism. Therefore, TEE may be indicated in cases with multiple large 
(>10 mm) infarcts. However, TEE is often impossible due to co-

Figure 3. Hidden cancer and stroke caused by cancer-related coagulopathy. A 49-year-old woman presented with recurrent left arm weakness and sensory 
changes. Vascular study and transthoracic echocardiogram were negative. Microembolic signals were detected during transcranial Doppler monitoring. TCD 
shunt test showed right-to-left shunt and leg duplex revealed occlusion of right leg veins. Serum D-dimer level was elevated to 6.23 μg/mL (normal <0.5 μg/mL) 
and CA-125 level was 489.6 U/mL (normal range up to 35 U/mL). Abdominopelvic magnetic resonance image (MRI) showed a 6 cm right ovarian cancer and a 
2.2 cm endometrial cancer, both at stage 1a with no metastasis. D-dimer level was lower after anticoagulation with enoxaparin. The patient experienced recur-
rent stroke with elevation of D-dimer levels during the period of discontinuation for tumor resection. After surgery, anticoagulation therapy was restarted and 
she remained stable without stroke recurrence. Anticoagulation therapy was discontinued after 6 months of surgery, and D-dimer levels remained in the normal 
range. DWI, diffusion-weighed image; LMWH, low-molecular weight heparin; TCD MES, transcranial duplex microembolic signal.
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agulopathy, bleeding tendency, mental change, or acute illness 
related to systemic cancer or stroke itself. In addition, work ups 
for the presence of right-to-left shunt with the echocardio-
graphic bubble test or TCD shunt test are needed, and anticoag-
ulation with non-vitamin K oral antagonists (NOACs) should be 
considered in cases with DVT on leg Duplex scans.

Screening for hidden malignancy
Patients with covert cancer may present characteristic symptoms 
and infarct patterns suggesting cancer-related stroke and show 
elevated D-dimer levels.61 In our retrospective analysis of pa-
tients with ESUS, patients with active cancer were prevalent (71 
of 348 patients; 20%) and had distinctive D-dimer levels 
(>20×higher than those without cancer) and infarct patterns 
(multiple lesions in multiple vascular territories).16 Interestingly, 
in this study, among 10 patients who showed such characteris-
tics but had no prior diagnosis of cancer, workup for hidden ma-
lignancy revealed hidden cancer in all patients. Therefore, in pa-
tients who had characteristic infarct patterns, elevated D-dimer 
levels, and no apparent etiology for their index stroke, screening 
for hidden malignancy (by serological or radiological tests) 
should be considered (Figure 3). Thoraco-abdomino-pelvic com-
puted tomography or position emission tomography can be con-
sidered initially as cancers in lung, pancreas, genito-urinary 
(prostate, ovarian, or renal), gastrointestinal (colorectal and gas-
tric), or breast are the most frequent types (in order of frequency) 
of both known and hidden cancers in patients with cancer-relat-
ed stroke.7,8,10,11,13,16,17,26 

Prevention of stroke in cancer 
coagulopathy

All major consensus treatment guidelines, including from the 
American College of Chest Physicians, the American Society of 
Clinical Oncology, the National Comprehensive Cancer Network, 
and the International Clinical Practice Guidelines, recommend 
low-molecular weight heparin (LMWH) for the initial and long-
term treatment of cancer patients with VTE, although the dura-
tion of anticoagulant therapy varies from 3 months to indefi-
nitely, as long as there is clinical evidence of active malignan-
cy.62-66 More recently, NOACs have been shown to be as effective 
as conventional anticoagulant therapy for the treatment of can-
cer-related VTE.67 A recent randomized controlled trial compar-
ing the effects of LMWH and NOACs showed that NOACs could 
be an alternative option for the treatment of cancer patients 
with VTE.68 Recent guidelines recommended NOAC for mainte-
nance therapy in selected patients to prevent VTE.63,66,69

Although the number of publications on cancer-related stroke 

has recently increased, there are no evidence-based guidelines 
for treatment of cancer-related stroke. Like VTE, anticoagulation 
therapy is also important in patients with active cancer and 
ischemic stroke. Effective correction of hypercoagulability played 
a protective role in the survival of cancer-related stroke pa-
tients.57 Vitamin K antagonists (VKA) have been used in cancer 
patients with stroke but have several important limitations, in 
that they are often less effective for cancer-associated VTE than 
for cancer-unrelated VTE, probably because cancer cells release 
procoagulants which activate factor X independent of factor VII, 
and bleeding risk is high in cancer patients.70 In addition, both 
advanced cancer and stroke are associated with a poor quality of 
anticoagulation control with VKA, due to medical comorbidity 
and neurological disability. A meta-analysis showed that LMWH 
was significantly superior to VKA with respect to reducing the 
risk of recurrent VTE, and its safety was comparable to VKA.71 
Our retrospective study of cancer-related stroke patients showed 
that LMWH was more effective than VKA for lowering D-dimer 
levels, and that recurrent strokes were more frequent in VKA us-
ers (16%) than in LMWH users (3.4%).72 

However, LMWHs require injection and may not be suitable 
for long-term maintenance therapy for preventing the reoccur-
rence of stroke. Patient persistence with anticoagulation to pre-
vent VTE was lower in the LMWH group than in the VKA and 
NOAC groups.73 In addition, a recent trial comparing LMWH and 
aspirin in patients with active cancer and acute ischemic stroke, 
60% patients randomized to LMWH crossed over to aspirin due 
to discomfort.74 NOACs could be an alternative option for treat-
ment of cancer-related stroke. The effects of NOACs were re-
ported in only few cases, but the efficacy and safety of NOACs in 
cancer-related stroke have not been documented by compre-
hensive studies yet.75 A randomized control trial comparing 
NOAC and LMWH in cancer-related stroke is currently underway 
(edoxaban for the treatment of coagulopathy in patients with 
active cancer and acute ischemic stroke trial, clinicalTrial.gov, 
identifier NCT03570281). In this trial, factor Xa activity and anti-
factor Xa activity are serially measured, before and after antico-
agulant use, to investigate the possibility of patient-specific in-
dividualized anticoagulation therapy.

In the setting of acute ischemic stroke, recanalization therapy 
remains the principal therapeutic approach. The use of throm-
bolysis and endovascular therapy is not contraindicated in can-
cer patients under current guidelines for acute stroke therapy. 
However, the response to recanalization therapies may differ be-
tween stroke patients with and without cancer.55,76 A recent re-
port of thrombectomy specimens in patients with stroke and ac-
tive cancer (n=16) showed that retrieved thrombi were mostly 
platelet-risk, suggesting the role of antiplatelet in prevention of 
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cancer-related stroke.77 However, further studies with a larger 
cohort are needed and a recent study showed that although re-
trieved thrombi may provide useful information on the treat-
ment strategy, the components of retrieved thrombi could be 
changed during the thrombectomy procedure.78 

Conclusions and perspectives

Stroke severely impacts cancer patients, while cancer increases 
the number of strokes. Cancer-related stroke is as common as 
established stroke subtypes, such as atherosclerotic and lacunar 
stroke. Stroke subtype ratios differ among populations and could 
change with adequate control of risk factors and changes in life-
style; for example, the progression of lacunar stroke and severity 
of intracranial atherosclerosis decreased significantly with ade-
quate control of hypertension and anti-atherogenic strategies, 
respectively.79-81 On the contrary, cancer-related stroke is expect-
ed to increase in people living with cancer that is due to advanc-
es in cancer treatment and an aging population worldwide. The 
literature reviewed herein calls for the need to define cancer-re-
lated stroke as an isolated entity.

Further studies should focus to establish a standardized risk 
assessment and treatment guidelines for cancer-related stroke. 
Given that various mechanisms cause ischemic cerebrovascular 
disease, individualized therapeutic approaches, based on 
molecular and macroscopic features, are needed. 
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