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Introduction

Systemic cancer and stroke are the most common causes of 
mortality and disability worldwide. In the United States, approxi-
mately 40% of the population faces a lifetime risk of develop-
ing cancer, with over 50% of these cases occurring in individuals 

aged 65 years and older.1 In Korea, the annual incidence rate of 
cancer is approximately 3.6%.2 Similarly, the estimated world-
wide lifetime risk of stroke from the age of 25 years is 25%.3 No-
tably, approximately 1 in 10 patients with ischemic stroke also 
have comorbid cancer.4 As cancer treatment continues to im-
prove, the incidence of stroke in patients with cancer is expect-
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ed to increase. Given the prevalence of these two conditions, their 
coexistence is common. However, recognizing that cancer can 
also directly cause stroke is important. According to data from 
the Korean National Health Insurance Service National Sample 
Cohort database, patients with cancer have a higher risk of isch-
emic stroke, with a subdistribution hazard ratio (HR) of 1.17.5

The potential mechanisms through which cancer can contrib-
ute to stroke include tumor-induced hypercoagulability, direct 
invasion or compression of arteries, infection, and the secondary 
effects of radiation therapy or chemotherapy.6-8 Among these, 
hypercoagulability is the most common mechanism of stroke 
in patients with cancer. 

Patients with stroke attributable to hypercoagulability, referred 
to as cancer-associated stroke, have an elevated risk of recur-
rence and mortality. However, uncertainties remain regarding 
strategies for preventing stroke recurrence, including the selec-
tion of the best or optimal antithrombotic therapies.9,10 Under-
standing the mechanism of thrombosis in cancer-associated 
stroke could potentially guide in identifying the optimal anti-
thrombotic treatment to prevent stroke recurrence. Numerous 
studies have demonstrated the mechanisms and roles of hyper-
coagulability in tumor growth and metastasis. Recent histopath-
ological studies of fresh thrombi obtained from the cerebral ar-
tery in patients with acute stroke have provided valuable insights 
into the thrombosis mechanisms in cancer-associated stroke.

This review primarily focuses on the mechanisms of thrombo-
sis, histopathological features of cerebral thrombi, clinical char-
acteristics, outcomes, the current status of antithrombotic use, 
and perspectives on treatment strategies for stroke prevention 
in cancer-associated stroke.

Thrombosis mechanisms in 
cancer-associated stroke

Platelets play a crucial role in tumor growth and metastasis. The 
increased tendency of thrombosis in cancer is a consequence of 
these platelet-mediated processes. Tumor cell-induced platelet 
activation and aggregation are well-established phenomena that 
have been extensively reviewed.11-17 Herein, we briefly explore 
the mechanism of cancer-associated thrombosis.

Tumor cells activate platelet alpha granules, secreting growth 
factors, chemokines, and proteinases including vascular endo-
thelial growth factor, transforming growth factor-β, fibroblast 
growth factor, platelet-derived growth factor, and matrix me-
talloproteinase. These molecules contribute to tumor growth and 
metastasis. Tumor angiogenesis not only provides nutrients and 
oxygen for tumor growth but also facilitates the entry of tumor 
cells into the bloodstream, enabling metastasis. Vascular endo-

thelial growth factor is the most critical factor in tumor angio-
genesis, while fibroblast growth factor and platelet-derived 
growth factor also contribute to this process.18,19 Extracellular 
matrix remodeling is required for angiogenesis and tumor inva-
sion, with matrix metalloproteinase-9 playing an important role 
in this process (Figure 1).20

Interaction between platelets and tumor cells is essential for 
tumor cell survival in the blood stream. Activated platelets form 
aggregates with tumor cells, a phenomenon known as tumor cell-
induced platelet aggregation (TCIPA). Platelet glycoprotein IIb/IIIa 
(GPIIb/IIIa) binds each other via a fibrinogen bridge and tumor 
cell integrin αvβ3 via a fibronectin bridge.21 These platelets sur-
rounding tumor cells in TCIPA protect tumor cells from natural 
killer (NK) cell-mediated cytotoxicity and shear-induced damage 
in circulation. Platelets also suppress NK cell-mediated cytotox-
icity by releasing transforming growth factor-β, which coun-
teracts NK cell activity. Consequently, the formation of TCIPA 
promotes the survival and spread of tumor cells in the blood-
stream.11,22,23 Platelet-mediated thrombosis is induced during this 
process (Figure 1). 

Platelets also facilitate the adhesion and arrest of tumor cells 
on the endothelium and their extravasation.24 TCIPA promotes 
rolling and weak adhesion to the vascular endothelium via P-se-
lectin, which is expressed on platelets.25 Subsequently, the plate-
let GPIb-IX-V receptor complex mediates the firm arrest of TCIPA 
on the endothelium. In the presence of high shear stress in ar-
terial blood flow, platelet GPIbα interacts with von Willebrand 
factor, mediating their arrest on the endothelium.19 This may 
explain the development of vegetations, known as nonbacterial 
thrombotic endocarditis (NBTE), on the cardiac valves, where 
blood flow is very rapid. 

Thrombin plays a crucial role in platelet activation induced 
by tumor cells, as these cells directly generate thrombin.26 This 
thrombin generation is further enhanced by tissue factor ex-
pressed on tumor cells. Tissue factor initiates the extrinsic co-
agulation pathway by binding to factor VIIa to form factor X, 
which leads to thrombin generation.14 Thrombin, generated from 
prothrombin, is one of the most potent factors in coagulation 
and thrombosis. Thrombin is not only the most potent activator 
of platelets but also converts soluble fibrinogen into insoluble 
crosslinked fibrin during clot formation and retraction. Further-
more, thrombin activates coagulation factors V, VIII, XI, and XII, 
amplifying the coagulation response and perpetuating the gen-
eration of thrombin. Thus, thrombin-related platelet activation 
is maximized in cancer. Tumor cells activate platelets by gener-
ating thrombin for their growth and survival. The inhibition of 
thrombin using hirudin, a specific thrombin inhibitor, has been 
shown to inhibit tumor growth and metastasis in mice.27 How-
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ever, this process is often accompanied by local and sometimes 
extensive intravascular thrombus formation.

Thrombus histopathology in 
cancer-associated stroke

A thrombus represents the endpoint of thrombosis and reflects, 
to some extent, the underlying mechanisms of thrombosis and 
stroke etiology. Understanding the mechanisms of thrombosis 
plays a pivotal role in determining the appropriate treatment 
strategies. Endovascular thrombectomy (EVT) has proven effec-
tive in patients with acute stroke due to large vessel occlusion 
in both the anterior and posterior circulations.28,29 The success-
ful implementation of EVT in patients with acute ischemic stroke 
has allowed for the retrieval of fresh thrombi from the cerebral 
arteries, enabling histopathological analysis and research.30,31 

In a previous study, thrombus composition was compared among 
patients with active cancer, patients with inactive cancer, and pa-
tients without cancer.32 Patients with active cancer exhibited 

higher platelet fractions and lower erythrocyte fractions than the 
other patient groups. Thrombus composition was further com-
pared according to stroke etiology. Notably, patients with NBTE 
had high platelet and low erythrocyte fractions. Patients with 
active cancer and cryptogenic etiology also showed high platelet 
and low erythrocyte fractions, whereas those with conventional 
etiology showed high erythrocyte and low platelet fractions.32 
The platelet-rich features of thrombi in patients with stroke and 
active cancer were also demonstrated in a subsequent study.33 

A recent study compared the expression of coagulation factors 
in thrombi between patients with cancer-associated stroke and 
those without cancer, who were matched using propensity scores. 
The cancer-associated stroke group exhibited a higher platelet 
fraction and a lower erythrocyte fraction than the control group. 
Furthermore, among the coagulation factors, thrombin and tis-
sue factor were significantly elevated in the cancer group. A posi-
tive correlation between thrombin and platelets was observed in 
the cancer group.34 Histopathological studies of cerebral thrombi 
revealed distinct features of cancer-associated stroke, charac-

Figure 1. Mechanism of thrombosis in cancer. Tumor cells activate platelets through thrombin generation and tissue factor expression. Growth factors, pro-
teinases, and chemokines released from activated platelets promote tumor growth. Tumor cell-induced platelet aggregation facilitates metastasis by protect-
ing tumor cells from natural killer (NK) cells and shear stress. This process is accompanied by thrombosis. VEGF, vascular endothelial growth factor; FGF, fibro-
blast growth factor; PDGF, platelet-derived growth factor; MMP, matrix metalloproteinase; u-PA, urokinase-type plasminogen activator; PAR-1, protease 
activated receptor-1.
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terized by compositions rich in platelets and thrombin and low 
in erythrocytes (Figure 2). This finding confirms previous exper-
imental evidence of a tumor cell-specific interaction between 
thrombin and platelets.

Thrombus examination is crucial for diagnosing cancer-asso-
ciated stroke. Thrombi in cancer-associated stroke are visibly 
white, allowing for suspicion of cancer as the underlying cause 
upon thrombus retrieval in the angiographic suite.35,36 On hema-
toxylin and eosin-stained thrombi, a fibrin/platelet proportion 
of ≥65% accurately predicted cancer-associated stroke, with an 
area under the curve of 0.84.33 Although platelets cannot often 
be accurately differentiated from fibrin on hematoxylin and eosin 
staining, substantial fractions of fibrin are present in the thrombi 
of conventional stroke etiologies. Therefore, immunohistochem-
ical assessments may offer more precise information for the di-
agnosis of cancer-associated stroke. A machine-learning model 
using immunohistochemically stained platelet slides achieved a 
highly accurate diagnosis of cancer-associated stroke, with areas 
under the curve ranging from 0.946 to 0.986. Moreover, it dem-
onstrated the ability to predict occult cancer, with probabilities 
ranging from 88.5% to 99.2%.37,38

Diagnosis of cancer-associated stroke

Patients with stroke are often diagnosed with cancer. The diag-
nosis of cancer-associated stroke primarily applies to patients 
with stroke and active cancer. Active cancer is defined as a newly 
diagnosed cancer within the past 6 months, cancer requiring che-

motherapy or surgical treatment within the past 6 months, or 
cases of recurrent, metastatic, or inoperable cancer.39 However, 
the presence of active cancer does not necessarily implicate can-
cer as the actual cause of the stroke, and in some cases, cancer 
may be an incidental finding. Because patients with cancer-as-
sociated stroke are often treated with anticoagulation therapy 
and are at a higher risk of recurrent stroke, an accurate diagno-
sis of stroke attributed to cancer is crucial.

Patients with cancer-associated stroke exhibit distinct char-
acteristics (Table 1). Thrombi retrieved during EVT tend to frag-
ment easily (Figure 3A). Thromboembolic events often occur in 
a high-flow state under hypercoagulable conditions, resulting in 
multiple infarctions on diffusion-weighted imaging. These in-
farctions are commonly observed bilaterally in both anterior and 
posterior circulations (Figure 3B). 

D-dimer levels in the blood are markedly elevated in patients 
with cancer-associated strokes. D-dimer is produced during the 
degradation of cross-linked fibrin as part of fibrinolysis and serves 
as an indirect marker of intravascular thrombosis and fibrinoly-
sis. Its production involves three key enzymes: thrombin, coag-
ulation factor XIII, and plasmin. Thrombin converts soluble fi-
brinogen into fibrin monomers that subsequently form fibrin 
polymers. Factor XIII reinforces these fragile fibrin networks by 
cross-linking the D-domains of adjacent fibrin monomers and 
the opposing α-chains. D-dimer and fibrin degradation products 
are produced when fibrin networks are degraded by plasmin, 
which is converted from plasminogen by tissue- and urokinase-
type plasminogen activators.40,41 Plasminogen activators are re-

A

B

Platelet Erythrocyte Fibrin Thrombin

Figure 2. Representative images of immunohistochemistry in (A) a patient with cancer-associated stroke and (B) a patient with atrial fibrillation without can-
cer. Thrombus retrieved from a patient with cancer-associated stroke shows stronger immunoreactivity to platelet and thrombin and weaker immunoreactivity 
to erythrocyte, compared with a patient without cancer. The primary antibodies for immunohistochemistry were anti-CD42b for platelet, anti-glycophorin A 
for erythrocyte, anti-fibrinogen for fibrin, and anti-thrombin for thrombin. Positive signals were developed using a 3,3’-diaminobenzidine and are shown in 
brown. 
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leased locally from endothelial cells in response to injury, includ-
ing thrombosis. D-dimer levels can increase in various pathological 
conditions, including venous thrombosis. However, D-dimer levels 
are notably elevated in cancer due to the generation of throm-
bin and urokinase-type plasminogen activator by tumor cells.

Cancer-associated thrombosis may be closely associated with 
metastasis because tumor cell-induced platelet activation and 
the resulting intravascular thrombosis typically occur during me-
tastasis. In patients with stroke and cancer, after excluding those 
with a conventional stroke etiology, a significant majority (69.2%–
83.3%) show evidence of metastasis.42-45 Therefore, the presence 
of metastasis can serve as an indicator that raises suspicion of a 
cancer-associated stroke. Conversely, evaluation of metastasis 
should be considered in patients with suspected cancer-associ-
ated stroke. 

A diagnosis of cancer-associated stroke is highly probable when 
cardiac vegetation (NBTE) is detected on echocardiography, par-
ticularly in the absence of a conventional stroke etiology. NBTE 

is characterized by sterile valvular vegetations, typically wart-like 
and small, on cardiac valves, chordae tendineae, or endocardi-
um.46,47 Cancer is the predominant cause of NBTE, although it 
may develop in connective tissue diseases.48 In an autopsy study 
of 65 patients with NBTE, 51 (78.5%) had concurrent cancers.49 
NBTE is pathologically characterized by the presence of platelet-
fibrin thrombi and may result from interactions between tumor 
cells and platelets in the circulation during the metastatic pro-
cess. A previous study of patients with cancer-associated stroke 
revealed that all 20 patients with NBTE had metastasis, and NBTE 
was not detected on transesophageal echocardiography in pa-
tients without metastasis.45

In patients undergoing EVT with obtained thrombi, cancer-
associated stroke is suspected when the thrombi are predomi-
nantly white, particularly in the presence of active cancer (Figure 
2A and 3A). Cancer-associated stroke can be confirmed by his-
topathological examination of thrombi, which typically show high 
platelet and low erythrocyte fractions.32,38

Outcomes in cancer-associated stroke

Patients with cancer-associated stroke are at a high risk of mor-
tality and recurrent stroke (Table 2). Mortality and the risk of 
thromboembolism/ischemic stroke have been retrospectively 
assessed in patients with stroke and active cancer. In studies in-
volving 230 patients with cancer (69% with metastatic cancer) 
experiencing stroke of any etiology, the median survival was 84 
days (interquartile range [IQR], 24–419 days). Recurrent throm-
boembolism occurred in 34% of patients, and ischemic stroke 
recurred in 15.7%.50 In studies involving patients with active can-

Table 1. Characteristic features of cancer-associated stroke

Features/findings 

Diffusion weighted 
  imaging

Multiple ischemic lesions in the multiple arterial 
  territories

Laboratory Very high blood D-dimer levels

Cancer stage Metastasis

Stroke etiology Absent conventional stroke etiology

Echocardiography Vegetation in the cardiac valve (nonbacterial 
  thrombotic endocarditis)

Clot pathology Gross: white
Microscopic: platelet-rich and erythrocyte-poor

A B

Figure 3. Representative thrombi and diffusion-weighted imaging in patients with cancer-associated stroke. (A) Thrombi retrieved during endovascular 
thrombectomy in a patient with metastatic gastric cancer exhibit multiple white appearances. The D-dimer level was 3,581 ng/mL. (B) Diffusion-weighted im-
aging of a patient with ovarian cancer and nonbacterial thrombotic endocarditis shows bilateral and multiple infarctions in the anterior and posterior circula-
tions. The D-dimer level was 21,249 ng/mL. 
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Table 2. Clinical outcomes in cancer-associated stroke

Study
Included patients

Study design Case number Follow-up period Outcome measures Outcomes
Cancer Stroke

Navi et al., 
201450

Active cancer
Systemic metastasis 
in 69%

Any etiology
CE 22% 
LAA 15% 
SAD 8% 
Others 5% 
UD 51% 
NBTE 4.3%

Retrospective 
observational

263 Median survival 
of 84 days 
(IQR 24–419 
days)

Recurrent thromboembolism
Ischemic stroke
Deep venous thrombosis
Pulmonary embolisms
Myocardial infarctions
Systemic embolism
TIA

Symptomatic ICH
Major bleeding

34% 
15.7% 
17.4% 
7.4% 
5.7% 
4.3% 
0.4% 
3% 
4% 

Lee et al., 
201751 

Active cancer
Systemic metastasis 
in 65.7%

Any etiology Retrospective 
observational

268 1 Year Mortality rate
1 Month
3 Months
6 Months
1 Year 

83.6% 
18.3% 
44.4% 
60.1% 
71.6% 

Nam et al., 
201752

Active solid cancer 
excluding  
hematologic  
cancer

Any etiology Retrospective 
observational

210 30 Days Mortality 13% 

Nam et al., 
201743

Active solid cancer  
excluding  
hematologic  
cancer

Cryptogenic Retrospective 
observational

48 90 Days 3-Month mRS >2
90-Day mortality
Cardiocerebrovascular  
recurrence

Bleeding
END (≥1 in moter or ≥2 in 
total NIHSS within 72 h)

New territory lesions

71% 
56% 
50% 

38% 
42% 

58% 

Fujinami  
et al., 
201854

Active cancer 
excluding patients 
died within 30 days

Any etiology Retrospective 
observational

110 30 Days Recurrent stroke 11% 

Yoo et al., 
201953

Any cancer  
excluding  
hematologic  
cancer

Any etiology Retrospective 
observational

486
Active 245
Metastasis 
140

6 Months Mortality
Metastatic cancer
Active nonmetastatic cancer
Nonactive cancer

26.1% 
67.1%
11.4%
7.2% 

Yoo et al., 
202045

Active cancer  
excluding  
hematologic  
cancer

Any etiology
NBTE 8.2% 
Cryptogenic 
39.2%

Conventional 
52.7% 

Retrospective 
observational

245 6 Months Mortality
NBTE 
Cryptogenic 
Conventional

Recurrent stroke
NBTE 
Cryptogenic 
Conventional

44.9% 
80% 
54.2% 
32.6% 
22.4% 
50% 
25% 
16.3% 

Yoo et al., 
202158

Active cancer
 

Any etiology with 
reperfusion 
therapy

Retrospective 
observational

62 6 Months Mortality
Cryptogenic etiology
Determined etiology

3-Month mRS >2
Cryptogenic etiology
Determined etiology

46.6%
85.7%
24.3%
63.6% 
90.5%
47.1%

Garg et al., 
202298

Any malignancy Any etiology Retrospective 
observational

50,553 1 Year Recurrent stroke HR 1.18, 
95% CI 
1.11–1.25

Nakajima  
et al., 
202255

Active cancer Cryptogenic Retrospective 
observational

282 30 Days Mortality
Recurrent ischemic stroke
Poor functional outcome 
(mRS>3)

12.4% 
9.9% 
47.9% 
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cer and stroke of any etiology, the mortality rates were 13.0%–
18.3% at 1 month, 26.1%–60.1% at 6 months, and 71.6% at 
1 year.45,51-53 Ischemic stroke recurred in 11.0% at 1 month and 
22.4% at 6 months.45,54 

In studies including patients with active cancer and crypto-
genic stroke etiology, the mortality rates were 12.4% at 1 month, 
56% at 3 months, and 54.2% at 6 months, with ischemic stroke 
recurrence rates of 9.9% at 1 month and 25% at 6 months.45,55 
Patients with NBTE had notably higher mortality and stroke re-
currence rates, with 80% mortality and a 50% recurrence of 
stroke within a 6-month follow-up period.45 

Patients with stroke and cancer often receive reperfusion ther-
apy. In the multicenter randomized clinical trial of endovascu-
lar treatment for acute ischemic stroke in the Netherlands (MR 
CLEAN) substudy, among patients with any stroke etiology re-
ceiving EVT, the mortality rate was 52.2% and stroke recurred in 

4% during a 3-month follow-up period.56 In the National Read-
mission Database of United States for large vessel occlusion, in-
hospital mortality after EVT was significantly higher in patients 
with metastatic cancer than those without cancer (26% vs. 14%, 
P<0.001).57 

Outcomes were more severe in patients with cryptogenic stroke 
etiology. Following reperfusion therapy, the 6-month mortality 
rate was significantly higher in patients with cryptogenic etiology 
than in those with any other stroke etiology (85.7% vs. 24.3%, 
P<0.001). Additionally, the rate of functional dependence or death 
at 3 months was more common in patients with cryptogenic eti-
ology than in those with a determined etiology (90.5% vs. 47.1%, 
P=0.003).58 

Patients with active solid cancer and ischemic stroke were pro-
spectively followed up. During a median follow-up of 48 days 
(mean, 278 days), 42 of the 50 enrolled patients (86%) devel-

Table 2. Continued

Study
Included patients

Study design Case number Follow-up period Outcome measures Outcomes
Cancer Stroke

Navi et al., 
202259

Active solid cancer Any etiology
CE 36%
LAA 10%
SAD 0%
Others 6%
UD 48%

Prospective 
observational 

50 Median 48 days 
(IQR, 18–312)

Mean 278 days 
(SD 367)

Major thromboembolic events 
or death
Ischemic stroke
Myocardial infarction
Systemic embolism
TIA
Venous thromboembolism
Multiple thromboembolism
Death

Major bleeding

86% 

16% 
14% 
6% 
4% 
28% 
18% 
60% 
34% 

No cancer Any etiology
CE 16%
LAA 12%
SAD 22%
Others 8%
UD 42%

50 Median 636 
days (IQR, 
63–1,007)

Mean 721 days 
(SD, 505)

Major thromboembolic events 
Death

32% 
0% 

Active cancer No stroke 50 Median 458 
days (IQR, 
154–809)

Mean 600 days 
(SD, 396)

Major thromboembolic events
Ischemic stroke 
Death

30% 
2% 
18% 

Verschoof  
et al., 
202256

Active cancer Any etiology
with endovascular 
thrombectomy 

Retrospective 
observational 
(MR CLEAN 
substudy)

124 3 Months mRS (0–2)
Mortality at 3 months
In-hospital mortality
Symptomatic hemorrhage
Recurrent stroke
Extracranial hemorrhage
Pneumonia
Cardiac ischemia

22.6% 
52.2% 
25.2% 
6.5% 
4% 
3.2% 
8.9% 
1.6% 

Aboul-Nour 
et al., 
202357

Metastatic cancer 
vs. cancer-free

Any etiology with 
endovascular 
thrombectomy

Retrospective 933 Metastatic 
cancer 

38,166  
Cancer-free 

No description In-hospital death

Discharge to home

26% vs. 14% 
(P<0.001)

36% vs. 42% 
(P=0.05) 

CE, cardioembolism; LAA, large artery atherosclerosis; SAD, small artery disease; UD, undetermined etiology; NBTE, nonbacterial thrombotic endocar-
ditis; IQR, interquartile range; TIA, transient ischemic attack; ICH, intracerebral hemorrhage; END, early neurological deterioration; NIHSS, National 
Institutes of Health Stroke Scale; mRS, modified Rankin Scale; SD, standard deviation.
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oped major thromboembolic events, including 26% with isch-
emic stroke, or died. The cumulative incidence of major throm-
boembolic events or death was 52% (95% confidence interval 
[CI], 37%–66%) at 90 days, 62% (95% CI, 47%–75%) at 180 
days, and 72% (95% CI, 58%–84%) at 360 days. The cumula-
tive incidence of recurrent ischemic stroke was 18% (95% CI, 
9%–31%) at 90 days, 20% (95% CI, 10%–34%) at 180 days, 
and 20% (95% CI, 10%–34%) at 360 days. In another group of 
50 patients with active cancer but without stroke, 30% experi-
enced major thromboembolism, including 2% with ischemic 
stroke, and 18% died. Among an additional 50 patients with 
stroke but without cancer, 32% experienced major thromboem-
bolism with no deaths.59

Overall, patients with stroke and active cancer have higher 
mortality and stroke recurrence rates than those with stroke 
but without cancer. Patients with active cancer and cryptogenic 
stroke are more likely to have cancer-associated stroke. These 
patients tend to experience worse outcomes. The prognosis is 
poor when NBTE is detected on echocardiography, often indicat-
ing TCIPA and accompanying metastasis.

Antiplatelet agents in cancer treatment 

Approximately three decades ago, the potential benefits of as-
pirin in preventing colorectal cancer emerged from retrospective 
and prospective observational studies and randomized clinical 
trials.60-66 In 2012, a systematic review and meta-analysis con-
firmed these benefits, revealing a 38% reduction in the risk of 
colorectal cancer and a 42% reduction in the 20-year risk of 
colorectal cancer-related death in aspirin users. Moreover, con-
sistent reductions in the risks of gastrointestinal (gastric, biliary, 
and esophageal) and breast cancers were observed, along with 
a 31% reduction in distant metastasis.67 Notably, the incidence 
of hepatocellular cancer decreased by 31% among aspirin users 
with hepatitis B or C, without an increased 10-year risk of gas-
trointestinal bleeding.68

In a recent systematic review and meta-analysis, aspirin use 
reduced the overall risk of cancer by 21% and cancer-related 
mortality by 20%.69 Other recent meta-analyses have consis-
tently supported aspirin’s role in reducing various cancer risks 
and cancer-related deaths.70-72 Importantly, the benefits of as-
pirin extended to patients with post-diagnosis colorectal can-
cer, as indicated by a meta-analysis involving 237,245 patients. 
The findings showed improvement in colorectal cancer-specific 
survival by 26%.73

In contrast to aspirin, evidence regarding the effects of other 
antiplatelet agents on cancer is limited. Concerns arose regard-
ing thienopyridine derivatives (prasugrel and clopidogrel) follow-

ing the trial to assess improvement in therapeutic outcomes by 
optimizing platelet inhibition with prasugrel–thrombolysis in 
myocardial infarction (TRITON–TIMI)-38.74 However, a UK pop-
ulation-based cohort study involving patients with colorectal, 
breast, and prostate cancers found no evidence of increased can-
cer-specific mortality with clopidogrel.75 Furthermore, a study 
conducted using Taiwan’s National Health Insurance Research 
Database showed a reduced colorectal cancer risk with aspirin, 
clopidogrel, and dual antiplatelet therapy. The adjusted HRs for 
the risk of colorectal cancer during 13 years of follow-up were 
0.59 (95% CI, 0.56–0.61) for aspirin, 0.77 (95% CI, 0.68–0.87) 
for clopidogrel, and 0.37 (95% CI, 0.33–0.40) for dual antiplate-
let cohorts.76 A nested case–control study further revealed risk 
reductions of 17% with aspirin, 20% with clopidogrel, and simi-
lar effects with dual antiplatelet therapy.77 

Preclinical studies using the P2Y12 inhibitors ticagrelor and 
clopidogrel have shown reduced tumor growth and metastasis 
in murine models of ovarian and melanoma cancers, suggesting 
their potential benefits in cancer.78-80 These clinical and preclini-
cal findings suggest that P2Y12 inhibitors, including clopidogrel, 
may also be beneficial in cancer. 

Over the past three decades, substantial and consistent evi-
dence has supported the role of aspirin in reducing cancer risk, 
metastasis, and cancer-related mortality, even after cancer diag-
nosis. While the use of other antiplatelet agents, including P2Y12 
inhibitors, for cancer treatment is promising, further evidence is 
required. Platelets are implicated in tumorigenesis, and tumor-
induced platelet activation promotes tumor growth and metas-
tasis. Therefore, aspirin and other antiplatelet agents have the 
potential to suppress tumorigenesis and metastasis. Additionally, 
the use of aspirin as an anti-inflammatory agent may contribute 
to cancer prevention by mitigating repeated inflammation-in-
duced damage to normal tissues. Aspirin inhibits cyclooxygenase-1 
in platelets and cyclooxygenase-2 in endothelial cells, which are 
associated with tumorigenesis and tumor spread through in-
volvement in various signaling pathways.81 Consequently, TCIPA 
has emerged as a target for cancer treatment.21 The use of an-
tiplatelet and antithrombotic agents has been suggested as an 
adjunctive treatment for cancer.82 

Antithrombotic use in 
cancer-associated stroke 

Few studies have compared the effects of various antithrombotic 
agents on patients with acute stroke and active cancer (Table 3). 
In a retrospective observational study involving 263 patients with 
stroke and active cancer, 117 experienced recurrent thromboem-
bolism, including 36 with recurrent ischemic stroke. The rates of 
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recurrent thromboembolism were similar between patients re-
ceiving antiplatelet therapy and those receiving anticoagulant 
therapy.50 

D-dimer levels were compared between enoxaparin and war-
farin in 79 patients with active cancer and acute ischemic stroke 
that were not explained by conventional stroke mechanisms. Dur-

ing a mean follow-up period of 4.9 months, stroke recurred in 
1 of 29 (3.4%) patients treated with enoxaparin and in 8 of 50 
(16.0%) patients treated with warfarin. Follow-up D-dimer levels 
were measured at a median of 8 days after the initial assess-
ments in both groups. D-dimer levels significantly decreased in 
the enoxaparin group (3.88 μg/mL) compared with the warfarin 

Table 3. Comparison studies of different antithrombotics in cancer-associated stroke

Study
Included patients

Study design
Case 

number
Treatment

Primary outcome 
measures

Outcomes
Cancer Stroke

Navi et al.,  
  201450

Active cancer  
(systemic  
metastasis in 
69%)

Any etiology  
(undetermined 
51%)

Retrospective 
observational

263 Antiplatelet 102 
(92 aspirin)

Anticoagulation 
90 (78 LMWH)

Both 20

Recurrent  
thromboembolism 
(composite)

(HR 1.19, 95% CI 
0.72–1.97)

Jang et al.,  
  201544

Active cancer Cryptogenic Retrospective 
observational

Single center

79 Enoxaparin 29
Warfarin 50

D-dimer Enoxaparin 3.88 μg/mL  
(3.01–8.12) 

Warfarin 17.42 μg/mL  
(3.34–34.38) (P=0.026)

Nam et al.,  
  201743

Active solid cancer 
excluding  
hematologic 
cancer 

Excluding  
conventional  
etiology

Retrospective 
observational

Single center

48 NOAC 7  
(dabigatran 5, 
rivaroxaban 2)

Cardio-cerebrovascular 
recurrence

LMWH 49% 
NOAC 57% (P=0.846)

LMWH 41  
(enoxaparin 25, 
dalteparin 16)

New territory lesion LMWH 59% 
NOAC 57% (P=1.000)

Poor 3-month mRS LMWH 77% 
NOAC 57% (P=0.355)

3-Month death LMWH 49%
NOAC 57% (P=1.000)

Bleeding complication LMWH 39%
NOAC 23% (P=0.696)

Navi et al.  
  201885

Active solid or  
hematologic 
cancer

Excluding clear 
indication of 
anticoagulation 
or antiplatelet 
therapy,  
symptomatic 
carotid stenosis

Randomized 20 Enoxaparin 10
Asprin 10

Feasibility 4 of 10 enoxaparin 
crossed over aspirin

No difference in major 
bleeding,  
thromboembolic events, 
and survival

Kawano et al.  
  201983

Active solid or  
hematologic 
cancer

Included  
conventional  
etiology

Retrospective 
observational

19 Subcutaneous 
heparin

Recurrent stroke 0 of 10 with continued 
heparin 

3 of 9 with discontinued 
heparin 

Martinez- 
   Majander  
et al. 202087

History of cancer ESUS A subgroup 
analysis of 
NAVIGATE 
ESUS 

543 Rivaroxaban 254
Aspirin 289

Recurrent stroke Rivaroxaban 7.7%/ 
aspirin 5.4% (HR 1.43, 
95% CI 0.71–2.87, 
P=0.31)

Major bleeding Rivaroxaban 2.9%/ 
aspirin 1.1% (HR 2.57, 
95% CI 0.67–9.96) 

All-cause mortality Rivaroxaban 3.7%/ 
aspirin 3.3% (HR 1.10, 
95% CI 0.44–2.78)

Yamaura  
  et al., 202184

Active cancer and 
venous  
thromboembolism

Cryptogenic Retrospective 
observational

59 Subcutaneous 
UFH 24

DiXaIs 29

Recurrent stroke during 
30 days

UFH 4%
DiXaIs 31% (P=0.008)
No difference in major 
bleeding (4% vs. 10%)

LMWH, low-molecular-weight heparin; NOAC, non-vitamin K oral anticoagulant; UFH, unfractionated heparin; DiXaIs, direct factor Xa inhibitors; HR, hazard 
ratio; CI, confidence interval; ESUS, embolic stroke of undetermined source.
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group (17.42 μg/mL) (P=0.026), despite similar initial D-dimer 
levels. These results suggest the potential superiority of enoxa-
parin over warfarin based on the short-term decline in D-dimer 
levels.44 

In a study of 48 patients with ischemic stroke and active can-
cer, excluding those with conventional stroke, no significant 
differences were observed in cardio-cerebrovascular recurrence 
(57% vs. 49%, P=0.096) and the occurrence of new territory 
lesions (57% vs. 57.9%, P=1.000) between seven patients treat-
ed with non-vitamin K oral anticoagulant (NOAC) and 41 pa-
tients treated with low-molecular-weight heparin (LMWH).43 

Among the 59 patients with ischemic stroke and active cancer, 
19 were treated with subcutaneous heparin. Notably, the 10 pa-
tients who received long-term subcutaneous heparin therapy did 
not experience stroke recurrence. However, three of the nine 
patients who discontinued subcutaneous heparin had recurrent 
stroke. The diagnosis of cancer-associated stroke was uncertain 
in this study, as 11 out of the 59 patients had a final diagnosis 
of conventional stroke mechanisms other than cancer.83 In an-
other study involving 59 patients with cryptogenic stroke and 
active cancer and venous thromboembolism, ischemic stroke re-
curred less frequently in patients treated with subcutaneous un-
fractionated heparin (4%, 1/24 patients) than in those treated 
with oral direct factor Xa inhibitors (DiXaIs, 31%, 9/29 patients) 
during a 30-day follow-up period (P=0.008). The incidence of 
major bleeding was similar between the two groups.84 

In an open-label, pilot, randomized clinical trial, enoxaparin 
was compared with aspirin in patients with stroke within 4 weeks 
and active cancer. Patients with other conventional etiologies 
were excluded because the exclusion criteria included clear in-
dications for anticoagulation or antiplatelet therapy and symp-
tomatic carotid stenosis. The primary outcome was feasibility. Of 
49 eligible patients, 20 were enrolled in this study. Among the 
10 patients randomized to receive enoxaparin, 4 (40%) switched 
to aspirin because of discomfort with injections. No differences 
were found in major bleeding, thromboembolic events, or survival 
between the two groups. Although the sample size was too small 
to compare efficacy, this study suggests that comparing aspirin 
with NOACs can be considered instead of parenteral heparins.85 

This group is planning a new trial to compare apixaban and 
aspirin in patients with embolic stroke of an undetermined source 
(ESUS) and active cancer. A recent open-label randomized pilot 
trial, comparing edoxaban and enoxaparin in 40 patients with 
cancer-associated stroke, found no significant changes of D-di-
mer levels or microembolic signals on transcranial Doppler.86 

A subgroup analysis of the new approach rivaroxaban inhibi-
tion of factor Xa in a global trial versus aspirin to prevent embo-
lism in embolic stroke of undetermined source (NAVIGATE ESUS) 

trial included 543 patients with a history of cancer. The rate of 
recurrent ischemic stroke did not differ between the rivaroxaban 
(7.7%) and aspirin (5.4%) groups, and the rate of major bleeding 
was not significantly higher in the rivaroxaban group than in 
the aspirin group (rivaroxaban 2.9% vs. aspirin 1.1%). All-cause 
mortality was also similar between the groups (rivaroxaban 3.7% 
vs. aspirin 3.3%).87 However, only 49 patients (9%) were diag-
nosed with cancer less than 1 year before the index stroke in this 
study. Therefore, most of them might have had inactive cancer, 
and cancer might not have been the cause of the stroke, but 
rather a bystander.

Previous studies provided limited guidance in determining the 
optimal antithrombotic regimen to prevent stroke recurrence 
in patients with cancer-associated stroke. These studies inves-
tigated the efficacy of various drugs in non-controlled studies 
with small sample sizes. The empirical use of LMWH is common; 
however, it lacks clinical evidence and is not based on the throm-
bosis mechanisms of cancer-associated stroke. The 2021 Amer-
ican Heart Association/American Stroke Association guidelines 
state that there is a paucity of data on the best treatment regi-
men for patients who have had a stroke attributed to hyperco-
agulability from cancer, and that the potential benefit of LMWH 
in preventing stroke remains unknown.9 

Antithrombotic use in patients with 
stroke, cancer, and atrial fibrillation

Cancer often coexists with atrial fibrillation (AF), with a preva-
lence of approximately 20% in patients with cancer.88,89 Con-
versely, the incidence of cancer in patients with AF is 30%–40% 
higher than that in the general population.90 The introduction 
of NOAC has led to increased use in patients with cancer and 
AF.91 Several studies have compared NOAC with warfarin in this 
context.92-94

A recent systematic review and meta-analysis analyzed pa-
tients with cancer and AF from three randomized controlled tri-
als comparing NOAC and warfarin and five retrospective cohort 
studies. In the randomized controlled trials involving 2,657 par-
ticipants, no significant differences were found between NOAC 
and warfarin in stroke/systemic embolism (odds ratio [OR], 0.69; 
95% CI, 0.45–1.06; P=0.09), venous thromboembolism (OR, 0.91; 
95% CI, 0.33–2.52; P=0.86), myocardial infarction (OR, 0.74; 
95% CI, 0.44–1.23; P=0.24), or major bleeding (OR, 0.81; 95% 
CI, 0.61–1.06; P=0.12). However, observational cohorts with ap-
proximately 22,008 participants showed that NOAC users had 
significantly lower risks of ischemic stroke (OR, 0.51; 95% CI, 
0.28–0.92; P=0.02), venous thromboembolism (OR, 0.50; 95% 
CI, 0.41–0.60; P<0.00001), major bleeding (OR, 0.28; 95% CI, 
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0.14–0.55; P=0.0002), and intracranial or gastrointestinal bleed-
ing (OR, 0.59; 95% CI, 0.37–0.92; P=0.02) compared with war-
farin users.95

A nationwide retrospective cohort study from Taiwan, com-
paring 6,274 patients with cancer and AF on NOAC with 1,681 
patients on warfarin, found that NOAC was associated with lower 
risks of major adverse cardiovascular events (defined as ischemic 
stroke/systemic embolism or acute myocardial infarction) (HR, 
0.63; 95% CI, 0.50–0.80; P=0.0001), major adverse limb events 
(HR, 0.41; 95% CI, 0.24–0.70; P=0.001), venous thrombosis (HR, 
0.37; 95% CI, 0.23–0.61; P<0.001), and major bleeding (HR, 0.73; 
95% CI, 0.56–0.94; P=0.017). This effect was consistent regard-
less of stroke history, cancer stage, or NOAC type/dosage.96

In a retrospective observational study involving 40,271 pa-
tients with active cancer and AF,95 apixaban showed the lowest 
risk of stroke/systemic embolism (HR, 0.59; 95% CI, 0.45–0.78) 
compared with dabigatran (HR, 0.88; 95% CI, 0.54–1.41) and 
rivaroxaban (HR, 0.82; 95% CI, 0.62–1.08). The risk of major 
bleeding was reduced in apixaban users (HR, 0.58; 95% CI, 
0.50–0.68) and dabigatran users (HR, 0.76; 95% CI, 0.57–1.01), 
but not in rivaroxaban users (HR, 0.95; 95% CI, 0.85–1.06).97

Based on this evidence, the 2021 American Heart Association/
American Stroke Association guidelines recommend considering 
NOAC over warfarin for anticoagulation in patients with isch-
emic stroke or transient ischemic attack in the setting of AF and 
cancer (class of recommendation 2a and level of evidence B-NR).9 
However, these studies primarily included patients with cancer 
and AF, and their findings may not be directly applicable to pa-
tients with stroke, cancer, and AF. Therefore, determining whether 
stroke is associated with cancer-associated thrombosis in pa-
tients with stroke, active cancer, and AF is crucial. NOAC is the 
preferred choice for patients for whom cancer is considered an 
incidental condition. However, in cases in which the risk of stroke 
associated with cancer is significant, the selection of antithrom-
botic agents should be directed toward preventing cancer-as-
sociated thrombosis. 

Perspective on antithrombotic use in 
cancer-associated stroke

Accumulating preclinical and in vitro evidence has highlighted 
the crucial role of platelet activation and thrombin generation 
in tumor cell growth and metastasis. Clinical studies have con-
sistently demonstrated the effectiveness of aspirin and other an-
tiplatelet drugs in reducing the risks of cancer, metastasis, and 
cancer-related mortality. Recent histopathological studies of ce-
rebral artery thrombi in patients with stroke and active cancer 
have further validated the involvement of platelets and throm-

bin in cancer-associated stroke. This suggests that the inhibition 
of platelets and thrombin may be an effective strategy for pre-
venting cancer-associated stroke and attenuating cancer pro-
gression and metastasis. 

Drugs that target the coagulation pathway can suppress throm-
bin generation. LMWH has empirically been used to prevent re-
currence in cancer-associated strokes, but it often faces low com-
pliance due to discomfort associated with injections.85 Recently, 
NOAC has also been used in cancer-associated stroke. However, 
upstream thrombin inhibitors, such as heparin, LMWH, warfarin, 
and factor Xa inhibitors, may be insufficient to prevent tumor-
induced thrombin generation. This insufficiency occurs because 
tumor cells generate thrombin directly and indirectly through 
the activation of the coagulation pathway by tissue factor ex-
pression. Direct thrombin inhibitors may be more effective than 
other upstream anticoagulants because they can inhibit both di-
rect and indirect mechanisms of thrombin generation in cancer. 

Traditionally, platelet inhibitors have not been primarily con-
sidered for preventing recurrence in cancer-associated stroke. 
However, with increasing evidence of tumor cell involvement in 
platelet activation and findings of platelet-rich thrombi in can-
cer-associated stroke, antiplatelet agents could potentially serve 
as an alternative or additional treatment alongside thrombin in-
hibitors. Furthermore, antiplatelet agents may offer additional 
benefits by suppressing tumor growth and metastasis.21 Consid-
ering that most of the evidence regarding platelet inhibitors in 
cancer is based on aspirin users, aspirin might be the preferred 
choice among various antiplatelet agents.

Selection of antithrombotic agents should be guided by the 
underlying thrombosis mechanism. Thrombosis in cancer, in-
volving thrombin and platelets, is well understood. Patients with 
cancer-associated stroke have a higher short-term risk of recur-
rence and mortality, emphasizing the need for potent throm-
bosis inhibition.

Therefore, a short-term strategy targeting both thrombin and 
platelets may effectively prevent early stroke recurrence. How-
ever, an assessment of individualized bleeding risk is needed 
because some patients with cancer may have a higher risk of 
bleeding. Although previous evidence supports the use of direct 
thrombin inhibitors and/or antiplatelet agents for stroke pre-
vention, clinical trials are required to validate this approach. 
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