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ABSTRACT

Because cancer is a strong prothrombotic, there is an increased risk of thromboembolism, which includes ischemic stroke, es-
pecially in the first six to twelve months following a cancer diagnosis. The risk of ischemic stroke differs according to the location
and stage of cancer. Given that the risk increases prior to a cancer diagnosis, stroke may be the initial sign of occult cancer. Although
data on the risk, treatment, and outcomes of cancer-associated stroke are more limited than those on cancer-associated venous
thromboembolism, the condition is still recognized as a thrombotic complication of cancer. Up to 10% of ischemic stroke patients
also have a concurrent cancer diagnosis, and these patients seem to have higher short-term mortality and morbidity rates.
With more people expected to survive longer after cancer treatment and an increasing number of cancer survivors, the burden of
stroke among cancer patients is predicted to rise. This narrative review aims to provide an overview of the pathophysiologic mech-
anisms, treatment options, and epidemiology of ischemic stroke, including cancer screening for those who have cryptogenic (un-
explained) stroke.
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Ischemic stroke in patients with cancer:
burden of the problem

Cancer survivorship, “the process of living with, through
and beyond cancer”,' is increasing. Advances in the early de-
tection and treatment of cancer, and population growth and
aging have resulted in higher numbers of cancer survivors. In
the United States, there are currently an estimated 15 million
people living with a history of cancer, a number which is ex-
pected to reach 21 million by 2026.%* Up to one-third of Euro-
peans and one-half of Canadians are expected to develop
cancer in their lifetime.** Over 60% of those diagnosed with
cancer are expected to survive for 5 years or longer after a can-
cer diagnosis.

Cancer is highly thrombogenic and increases the risk
of venous and arterial thromboembolism.®’ Unlike cancer-as-
sociated venous thromboembolism (VTE), data regarding
the risk of cancer-associated stroke, its management, and
outcomes are more limited. Approximately 4% to 10% of pa-
tients with ischemic stroke have a concurrent diagnosis of can-
cer.® Ischemic stroke appears to have higher morbidity and
short-term mortality in patients with cancer and may interfere
with the provision of optimal cancer therapies thereby impact-
ing disease prognosis.®!® The burden of stroke among individ-
uals with cancer is expected to grow due to the increasing
number of cancer survivors and longer survival after cancer
treatment.

In this narrative review, we describe the epidemiology of is-
chemic stroke in patients with cancer, summarize the existing
evidence for treatment, and propose future directions for pre-
vention and treatment. Table 1 reports a brief summary of pre-
viously released cohort studies that looked at cancer patients’

risk of stroke.
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Epidemiology of ischemic stroke
in patients with cancer
Early evidence for an association between cancer and is-

chemic stroke was demonstrated in an autopsy study in which
pathological evidence of cerebrovascular disease was found in

R. Lun and D.M. Siegal

14.6% of patients with non-central nervous system cancer.!!
Subsequent analyses of data from the Surveillance, Epidemiol-
ogy, and End Results Program of the National Cancer Institute
revealed a higher 6-month risk of ischemic stroke in individuals
newly diagnosed with cancer when compared to those without
cancer [3.0% vs. 1.6%, hazard ratio (HR) 1.9, 95% confidence
interval (CI) 1.8-2.0] which decreases over time after diagno-

Table 1. Summary of previously published cohort studies that examined the risk of stroke in cancer patients.

First author Journal/year Cancer Comparator Outcome Measure of
population association
Jang et al. The long-term effect Front Neurol New diagnosis Individuals without  Stroke within Subdistribution
of cancer on incident stroke: 2019 of digestive organs, cancer (propensity 7 years hazard ratio:
a cohort study in Korea lip/oral/pharynx, score matched) 1.13;95%
respiratory, thyroid, others CI 1.02-1.26
(breast and reproductive
organs)
Lun et al. Previous ischemic Stroke New diagnosis of cancer N/A Ischemic stroke Incidence rate:
stroke significantly alters 2023 (non-melanoma skin at | year 107.8 per 10,000
stroke risk in newly cancer and primary person-years
diagnosed cancer patients central nervous system
cancer excluded)
Navi et al. New diagnosis of Neurology New diagnosis of cancer N/A Cerebrovascular Hazard ratio:
cancer and the risk of 2018 (cutaneous basal cell or events at 30 days 6.1;95%
subsequent cerebrovascular squamous cell carcinoma CI12.7-13.7
events excluded)
Navi et al. Risk of arterial JAm Coll Cardiol =~ New diagnosis of Individuals Arterial Hazard ratio:
thromboembolism 2017 breast, lung, prostate, without cancer  thromboembolism 2.2;95%
in patients with cancer colorectal, bladder, (matched) at 6 months CI2.1t02.3
pancreatic, or gastric cancer
or non-Hodgkin lymphoma
Navi et al. Recurrent thromboembolic ~ Neurology Active systemic cancer N/A Recurrent Incidence 34%;
events after ischemic stroke 2014 (diagnosis of, or treatment for, thromboembolic 95% CI 28-40%
in patients with cancer systemic within the prior events after ischemic
6 months, or known stroke
recurrent or metastatic disease
(local basal cell or squamous
cell carcinoma of the skin and
primary brain tumors excluded)
Navi et al. Association between incident Ann Neurol — New diagnosis of breast, Individuals Stroke at 3 months Analyzed
cancer and subsequent stroke 2015 colorectal, lung, pancreatic without individually
or prostate cancer cancer (matched)
Mulder ez al.  Arterial thromboembolism JACC: First-time diagnosis Individuals Arterial Cumulative
in cancer patients CardioOncology of all cancers without cancer  thromboembolism incidence of
2021 (skin cancers excluded) (matched) at 12 months 1.50%; 95%
CI 1.47-1.54%
in cancer patients
Wei et al. Stroke rate increases Front Neurol ~ New diagnosis of lung, Individuals Stroke within Subdistribution
around the time of cancer 2019 colorectal, hepatocellular, without cancer 1 year after cancer hazard ratio
diagnosis urogenital, gastric, prostate, (matched) diagnosis 1.72; 95%
brain malignancy, esophageal, CI 1.48-2.01
nasopharyngeal, breast, ovarian,
thyroid, lymphoma, leukemia
Zoller et al. Risk of haemorrhagic Eur J Cancer New diagnosis of N/A Ischemic stroke Standardized
and ischaemic stroke 2012 cancer (all types) incidence ratio:
in patients with cancer: 1.2;95%
a nationwide follow-up study Cl1.2-12

from Sweden

CI, confidence interval; N/A, not applicable.
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sis.®!? The risk of arterial thromboembolism precedes cancer di-
agnosis with a 69% increase beginning about 5 months before
the date of cancer diagnosis.'? Canadian population cohort data
similarly show that individuals with a new diagnosis of cancer
have a 1.5-fold higher risk of ischemic stroke compared to
matched cancer-free controls within 1.5 years (HR 1.40, 95%
CI 1.34-1.47)." In a recent meta-analysis, the 1-year incidence
of ischemic stroke after a new diagnosis of cancer was about
1.3% (95% CI 1.0-1.8%).*

Specific characteristics intrinsic to cancer including site, his-
tology, and stage appear to play a role in reflecting unique patho-
physiological mechanisms associated with stroke in this context.’
Stroke risk varies across cancer sites; in a systematic review, sur-
vivors of pancreatic, hematologic, lung, head and neck, and stom-
ach cancers had a higher risk for stroke compared to cancer-free
controls, but not other cancer sites.® Other studies have shown ex-
cess risk after colorectal cancer as well.'*!* Adenocarcinoma is a
high-risk histology associated with circulating cancer-cell-derived
extracellular vesicles and elevated biomarkers of hypercoagula-
bility such as D-dimer.” Stroke risk increases with cancer stage
and is highest among patients with stage 4 disease.®

Cardiovascular risk factors such as obesity, glucose intoler-
ance, and smoking contribute to the increased stroke risk among
patients with cancer.' Atrial fibrillation is more prevalent in the
cancer population and confers a high 1-year risk of stroke of
3.3% (95% CI 2.4-4.6%).** A history of previous ischemic
stroke increases the risk for stroke after a new diagnosis of can-
cer [aHR, 2.68 (95% CI, 2.41-2.98)], with events occurring
within 1 year of diagnosis associated with the highest risk [aHR,
3.68 (95% CI, 3.22-4.22)].°

Individuals with cancer have unfavorable outcomes follow-
ing ischemic stroke, characterized by high rates of recurrent
stroke (11% to 16%), thromboembolic events (up to 37% within
6 months), increased mortality, and functional impairment.'®!?
Arterial thromboembolic events (including stroke) carry a 3-fold
higher among patients with cancer compared to those without
cancer.'® In a small retrospective study, patients with cancer ex-
perienced high mortality rates (47%) and half of the survivors
had a poor neurological outcome at 3 months post-stroke as
measured by the modified Rankin scale.!® Cryptogenic stroke
(i.e., no known stroke mechanism) is more common in cancer
patients and portends poor survival [median 55 days (IQR 21-
240 days) and an increased risk of death (HR 1.64, 95% CI 1.2-
2.1]." However, these studies were limited by small sample size
and clinically important outcomes such as bleeding were not
captured.

Mechanism of ischemic stroke
in patients with cancer

Multiple factors contribute to the risk of stroke in patients with
cancer including but not limited to shared risk factors (e.g., older
age, smoking, obesity, alcohol), cancer-associated hypercoagula-
bility, and the effects of cancer therapies (e.g., systemic therapies,
surgery, radiation-induced complications including vasculopathy,
etc) (Figure 1).° A number of mechanisms that promote hyper-
coagulability have been implicated including activation of coag-
ulation (e.g., increased D-dimer, thrombin-antithrombin, tissue
factor release), platelet function (P-selectin), and endothelial in-

tegrity (thrombomodulin, soluble intercellular adhesion molecule-
1, and soluble vascular cell adhesion molecule-1) and formation
of neutrophil extracellular traps.?'2* Patients with cancer who ex-
perience stroke have a distinct blood mRNA expression profile
and higher levels of cancer cell-derived extracellular vesicles
compared to those without stroke and without cancer.>>**An-
tiphospholipid antibodies appear to be highly prevalent among
patients with active cancer and are associated with the develop-
ment of thrombotic events.?”*° Diffusion-weighted-imaging pat-
terns on magnetic resonance imaging showing the involvement
of multiple vascular territories in individuals with cancer suggest
a central embolic source, and may point to cancer-associated co-
agulopathy as the underlying mechanism.?!*2

Cancer-associated hypercoagulability can manifest as stroke
through unconventional mechanisms including non-bacterial
thrombotic endocarditis (NBTE) and or paradoxical embolism
through right-to-left intra-cardiac shunt (i.e., patent foramen
ovale). NBTE is a rare condition in the general population char-
acterized by non-infectious organized thrombi on native cardiac
valves and is associated with hypercoagulable states such as an-
tiphospholipid antibody syndrome.** NBTE appears to be an un-
derappreciated etiology of cryptogenic stroke in patients with
cancer.> In an autopsy series, NBTE was present in 1.6% of in-
dividuals of whom 80% had concurrent cancer.*® Venous throm-
boembolism is a frequent complication of cancer and can cause
ischemic stroke via paradoxical embolism through right-to-left
intra-cardiac shunt which is present in about 25-35% of individ-
uals.3® A prospective cohort study found a right-to-left intra-car-
diac shunt in 18% of patients with ischemic stroke, 5% of whom
had cancer.”” The prevalence of right-to-left intra-cardiac shunt
was higher among patients with cancer compared to those with-
out (55% vs. 15%, P=0.001). All patients with cancer and right-
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Figure 1. Factors contributing to ischemic stroke in patients with
cancer. APLAs, antiphospholipid antibodies; NETs, neutrophil
extracellular traps; EV, extracellular vesicles; NBTE, non-bac-
terial thrombotic endocarditis.
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to-left shunt also had venous thromboembolism (i.e., lower ex-
tremity deep vein thrombosis or pulmonary embolism).

Cryptogenic ischemic stroke
and undiagnosed cancer

Cryptogenic stroke refers to ischemic stroke with no known
pathogenic mechanism after standard diagnostic evaluation. The
term “embolic stroke of undetermined source” (ESUS) was
coined in 2014 to describe a non-lacunar (i.e., embolic) ischemic
stroke that remains cryptogenic after evaluation.*® Cryptogenic
stroke accounts for 10% to 40% of all ischemic strokes.*-+

Given that the risk of arterial thromboembolism increases
before cancer diagnosis, ischemic stroke may be the first clinical
manifestation of underlying cancer possibly reflecting prothrom-
botic effects of occult cancer. Patients without known cancer
who present with cryptogenic ischemic stroke are at increased
risk of cancer diagnosis within the subsequent year. In a recent
meta-analysis, the 1-year incidence of cancer diagnosis after
cryptogenic stroke was 6.2% (95% CI 1.4 to 13.9).* Therefore,
detection of occult cancer after cryptogenic stroke may lead to
earlier cancer diagnosis and treatment, and possibly improved
survival.

Although cancer may underlie unexplained thrombosis, for
patients with cryptogenic stroke there are no high-quality data
regarding the potential benefits and harms of cancer screening
and the optimal screening strategy is unknown. Although expert
guidance endorses consideration of underlying cancer as an eti-
ology of cryptogenic stroke, specific recommendations beyond
cancer screening according to sex, age and risk for the general
population are lacking.** This approach may be inadequate for
the cryptogenic stroke population at higher risk of occult cancer
and younger age. Professional guidelines (e.g., American Heart
Association/American Stroke Association Guidelines 2021,
Canadian Stroke Best Practice Guidelines 2022) do not make
specific recommendations as to how and when to screen for oc-
cult cancer after cryptogenic stroke which likely reflects the
paucity of data regarding the utility of screening approaches.***7

A systematic review evaluating the frequency and predictors
of cancer after ischemic stroke found that the cumulative inci-
dence of a new cancer diagnosis in a general ischemic stroke
population was low: 13.6 per thousand (95% CI 5.6-24.8).4
However, studies restricted to the cryptogenic stroke population
had a higher cancer incidence as compared to those including
all stroke subtypes (62.0 per thousand; 95% CI 13.6-139.3 vs.
9.6 per thousand; 95% CI: 4.0-17.3; P=0.02). The most predic-
tive clinical factors for occult cancer in ischemic stroke patients
were older age, a history of smoking, cryptogenic etiology, and
involvement of multiple vascular territories on brain imaging.
Laboratory indices associated with cancer were lower hemoglo-
bin levels, higher C-reactive protein, higher D-dimer, and higher
fibrinogen. Given the burden of financial, time-related, and
healthcare resource costs associated with cancer screening, an
evidence-based approach to screening is needed.

A recent registry and population-based study of 390,398 pa-
tients in the Netherlands that was published after the above-men-
tioned meta-analysis found that the cumulative incidence of new
cancer at 10 years after a first-ever stroke was 3.7% (95% CI
3.4-4.0%) among patients aged 15-49, and 8.5% (95% CI 8.4-

8.6%) among those 50 years or older.*® However, when com-
pared with age-matched peers from the general population, pa-
tients aged 14-49 were more likely to receive a diagnosis of new
cancer after ischemic stroke (standardized incidence ratio 2.6,
95% CI 2.2-3.1). These results suggest that patients younger
than 50 were about 3 times more likely to receive a new diag-
nosis of cancer compared to peers from the general population,
and this risk remained elevated for 8 years after ischemic stroke.
Among younger adults aged 15-49 years, the three most com-
mon cancers diagnosed were breast cancer (22.2%), gastroin-
testinal cancer (20.0%), and lung cancer (19.8%). Conversely,
among older adults, the most common cancers were gastroin-
testinal (28.5%), urogenital (24.3%), and lung cancer (18.8%).

A risk prediction model was developed to identify patients
at the highest risk for occult cancer diagnosis after ischemic
stroke.* The incidence of a new occult cancer diagnosis was 3%
at 1 year (34/1157) and 5% at 3 years (55/1158). The independ-
ent predictors of cancer included levels of white blood cells
>9,600/ul [subdistribution (SHR) 3.68, P=0.014, platelets
>400,000/ul (SHR 7.71, P=0.001), and D-dimer >3 mg/l (SHR
3.67, P=0.007); ischemic strokes in >2 vascular territories not
attributed to a cardioembolic etiology was associated with can-
cer diagnosed within 1 year after stroke only in univariate analy-
sis (SHR 3.69, P=0.001). A score of 2 or higher had a sensitivity
of 43% and a specificity of 92% for prediction of new cancer
diagnosis within 1 year after stroke. However, given its retro-
spective nature and low number of outcomes (i.e., only 34 pa-
tients were diagnosed with cancer within 1 year after stroke),
this study requires external validation.

In a survey of 138 physicians who manage stroke in patients
with cancer, approximately half of respondents indicated they
defer cancer screening investigations to primary care providers.
(Poirier et al. manuscript embargo). Less than a third of physi-
cians ordered tests that are commonly used for screening such
as body imaging, mammograms or fecal occult blood tests even
guideline-directed age-, sex- and risk-appropriate screening
tests.

Given the clinical equipoise about screening and a lack of
evidence-based guidelines to inform clinical practice, the Inten-
sive Cancer Screening After Cryptogenic Stroke (INCOGNITO)
Randomized Pilot Trial is evaluating to evaluate whether fluo-
rodeoxyglucose positron emission tomography/computed to-
mography (FDG PET/CT) in addition to usual care screening
increases the number of occult cancers detected in patients with
cryptogenic ischemic stroke compared to usual care alone
(NCT05733416).' FDG PET/CT, which is an established im-
aging technique used for the diagnosis, staging and restaging of
cancers, is a promising candidate for occult cancer screening in
this setting. It is a non-invasive, whole-body test with acceptable
diagnostic accuracy. In patients with unexplained venous throm-
bosis, there was a lower rate of missed cancer among patients
who had screening that included FDG-PET/CT compared to
those who did not (0.5% vs. 4.6%).%

Antithrombotic treatment considerations

Guidelines regarding antithrombotic therapies for acute
reperfusion and secondary prevention of ischemic stroke may
not be generalizable to patients with cancer who are at a
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uniquely high risk of both bleeding and thrombosis, especially
given the predominance of alternative stroke mechanisms.

Intravenous (systemic) thrombolysis is the mainstay of treat-
ment for acute ischemic stroke, the benefit of which is time-de-
pendent. Patients with cancer and acute ischemic stroke appear
less likely to be offered and to receive systemic thrombolysis
which may reflect the presence of absolute or relative contraindi-
cations (e.g., thrombocytopenia, renal/hepatic dysfunction, sur-
gery, brain metastases).’'*> For example, thrombocytopenia with
platelets of <100"10°/L is a contraindication to systemic throm-
bolysis.” Although timely administration of thrombolysis is cru-
cial, if there is a high suspicion for thrombocytopenia (e.g.,
patients with cancer receiving myelosuppressive chemotherapy)
it may be reasonable to wait for initial laboratory tests prior to
administration. Given concerns regarding bleeding complica-
tions, mechanical endovascular thrombectomy (EVT) appears
to be feasible and effective for the management of acute is-
chemic stroke in this setting based on limited data. In a sub-
study of the MR CLEAN EVT registry, patients with active
cancer who underwent EVT had similar rates of successful
reperfusion and symptomatic intracerebral hemorrhage, but
higher rates of recurrent stroke and worse functional outcomes
compared to those without cancer.” Although there are limited
data regarding optimal acute management, a diagnosis of cancer
per se should not exclude patients from receiving thrombolysis
or EVT given the substantial mortality and life-altering func-
tional impairments of ischemic stroke. Decisions regarding acute
reperfusion therapy should be individualized with multidiscipli-
nary input if possible and shared decision-making with
patients/caregivers.

The optimal antithrombotic regimen for secondary stroke
prevention is not known. Antithrombotic choice in this setting
is complicated by a paucity of data including limited studies
comparing antithrombotic regimens. Anticoagulation is often fa-
vored for cancer-associated stroke based on the role of hyper-
coagulability in its pathogenesis and indirect extrapolation from
cancer-associated VTE literature. In the general (non-cancer)
population, large, randomized trials failed to demonstrate benefit
of direct oral anticoagulants (DOACs) compared to aspirin for
patients with ESUS.3*5 However, anticoagulants may be pre-
ferred for cancer-associated stroke given that the pathophysio-
logic mechanisms appear to be distinct with a greater role of
hypercoagulability contributing to cryptogenic etiology. In a
NAVIGATE ESUS sub-study limited to participants with a his-
tory of cancer, the rates of recurrent stroke were similar among
participants receiving rivaroxaban (7.7%) and those receiving
aspirin (5.4%), while the rate of major bleeding was higher in
the rivaroxaban group (2.9%) compared to the aspirin group
(1.1%).5¢ Given that only 9% of participants were diagnosed
with cancer in the previous year, these results may not be gen-
eralizable to individuals with a recent diagnosis of cancer which
is the highest risk time for cancer-associated stroke.

In a non-randomized study of patients with active cancer
and acute ischemic stroke, anticoagulation with low molecular
weight heparin or warfarin was associated with lower D-dimer
levels and 1-year mortality, although methodological limitations
preclude firm conclusions.’” Another non-randomized study
showed that patients treated with antiplatelet therapy had similar
odds of recurrent stroke compared to those receiving anticoag-
ulation.!” The pilot trial of Enoxaparin vs. Aspirin in patients

with cancer and stroke (TEACH) was designed to assess feasi-
bility and showed that 40% of participants crossed over from
enoxaparin to aspirin suggesting that anticoagulation with
DOACs may be a more feasible approach.>® The Edoxaban for
the Treatment of Coagulopathy in Patients with Active Cancer
and Acute Ischemic Stroke (ENCHASE) pilot trial is evaluating
edoxaban vs. enoxaparin for cancer-associated ESUS
(NCT03570281).

Given the role of coagulation and platelets in the pathogenesis
of cancer-associated thrombosis and stroke, dual pathway inhibi-
tion with anticoagulants and antiplatelet therapy is a potential can-
didate for evaluation in this setting. The combination of very low
dose rivaroxaban (2.5 mg twice daily) in addition to aspirin has
been studied in patients with stable peripheral artery and coronary
artery disease, and acute limb ischemia resulting in cardiovascular
benefit at a cost of more major bleeding events.>*%

Conclusion and future directions

While acute ischemic stroke is a known complication of can-
cer, particularly within the first year after diagnosis, significant
uncertainty remains with respect to prevention and treatment.
First, there are no clinically available risk prediction models to
identify patients at high risk who may benefit from prevention
strategies. For example, the Khorana score is used to identify
ambulatory cancer patients starting chemotherapy at high risk
for VTE who are candidates for thromboprophylaxis based on
the results of randomized trials.®'%3 Similarly, ischemic stroke
risk assessment at cancer diagnosis may be used to evaluate pre-
vention strategies in randomized trials for patients at high risk.
Second, outcomes after cancer-associated stroke are not well
characterized including bleeding which limits the use of an-
tithrombotics and is key for establishing the net clinical benefit
of therapies. Third, because of the uniquely high thrombotic and
bleeding risk associated with cancer, antithrombotic data from
non-cancer populations may not be generalizable and dedicated
randomized trials are needed. Finally, cryptogenic ischemic
stroke is associated with undiagnosed cancer, but there are no
evidence-based strategies for cancer screening. Age-, sex-, and
risk-directed screening may not be adequate in younger, high-
risk populations. Like unprovoked VTE, randomized trials are
needed to evaluate the benefits and harms of occult cancer
screening strategies among patients with cryptogenic stroke.

References

1. ASCOanswers. Cancer Survivorship. Practical and Trusted
Information to Manage Life After Cancer from the American
Society of Clinical Oncology. Available from: https:/www.
cancer.net/sites/cancer.net/files/cancer_survivorship.pdf (ac-
cessed on 20" October, 2018).

2. American Cancer Society. Cancer treatment & survivorship
facts & figures 2016-2017. American Cancer Society 2016.

3. Henley SJ, Singh SD, King J, et al. Invasive cancer inci-
dence and survival--United States, 2011. MMWR Morb
Mortal Wkly Rep 2015;64:237-42.

4. Canadian Cancer Statistics Advisory Committee. Canadian
Cancer Statistics 2-18. Toronto, ON: Canadian Cancer So-

Bleeding, Thrombosis and Vascular Biology 2024; 3(s1):117



36

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

R. Lun and D.M. Siegal

ciety 2018. Available from: cancer.ca/Canacian-Cancer-Sta-
tistics-2018-EN (accessed on 10" October, 2018).

. The Cancer Atlas. Available from: https://canceratlas.can-

cer.org/

. Navi BB, Reiner AS, Kamel H, et al. Risk of Arterial

Thromboembolism in Patients With Cancer. ] Am Coll Car-
diol 2017;70:926-38.

. Khan F, Tritschler T, Kahn SR, Rodger MA. Venous throm-

boembolism. Lancet 2021;398:64-77.

. Hart RG, Catanese L, Perera KS, et al. Embolic stroke of

undetermined source: a systematic review and clinical up-
date. Stroke 2017;48:867-72.

. Verschoof MA, Groot AE, de Bruijn S, et al. Clinical Out-

come After Endovascular Treatment in Patients With Active
Cancer and Ischemic Stroke: A MR CLEAN Registry Sub-
study. Neurology 2022;98:¢993-¢1001.

Cestari DM, Weine DM, Panageas KS, et al. Stroke in pa-
tients with cancer: incidence and etiology. Neurology
2004;62: 2025-30.

Graus F, Rogers LR, Posner JB. Cerebrovascular complica-
tions in patients with cancer. Medicine (Baltimore)
1985;64:16-35.

Navi BB, Reiner AS, Kamel H, et al. Arterial thromboem-
bolic events preceding the diagnosis of cancer in older per-
sons. Blood 2019;133:781-9.

Siegal DM, Cerasuolo JO, Carrier M, et al. A Population Co-
hort Study to Evaluate the Risk of Ischemic Stroke Among
Individuals with a New Diagnosis of Cancer Compared to
Matched Cancer-Free Controls: Impact of Prior Stroke His-
tory. Blood 2021;138:175.

Navi BB, Reiner AS, Kamel H, et al. Association between
incident cancer and subsequent stroke. Ann Neurol 2015;77:
291-300.

Koene RJ, Prizment AE, Blaes A, Konety SH. Shared Risk
Factors in Cardiovascular Disease and Cancer. Circulation
2016;133:1104-14.

Cutting S, Wettengel M, Conners JJ, et al. Three-Month Out-
comes Are Poor in Stroke Patients with Cancer Despite Acute
Stroke Treatment. J Stroke Cerebrovasc Dis 2017;26:809-15.
Navi BB, Singer S, Merkler AE, et al. Recurrent throm-
boembolic events after ischemic stroke in patients with can-
cer. Neurology 2014;83:26-33.

Grilz E, Konigsbrugge O, Posch F, et al. Frequency, risk fac-
tors, and impact on mortality of arterial thromboembolism
in patients with cancer. Haematologica 2018;103:1549-56.
Navi BB, Singer S, Merkler AE, et al. Cryptogenic subtype
predicts reduced survival among cancer patients with is-
chemic stroke. Stroke 2014;45:2292-7.

Lun R, Siegal D, Ramsay T, Dowlatshahi D. Cancer and
stroke: What do we know and where do we go? Thromb Res
2022;219:133-40.

Khorana AA, Mackman N, Falanga A, et al. Cancer-associ-
ated venous thromboembolism. Nat Rev Dis Primers
2022;8:11.

Caine GJ, Stonelake PS, Lip GY, Kehoe ST. The hyperco-
agulable state of malignancy: pathogenesis and current de-
bate. Neoplasia 2002;4:465-73.

Patmore S, Dhami SPS, O’Sullivan JM. Von Willebrand fac-
tor and cancer; metastasis and coagulopathies. J Thromb
Haemost 2020;18:2444-56.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ay C, Simanek R, Vormittag R, et al. High plasma levels of
soluble P-selectin are predictive of venous thromboem-
bolism in cancer patients: results from the Vienna Cancer
and Thrombosis Study (CATS). Blood 2008;112:2703-8.
Bang OY, Chung JW, Lee MJ, et al. Cancer Cell-Derived
Extracellular Vesicles Are Associated with Coagulopathy
Causing Ischemic Stroke via Tissue Factor-Independent
Way: The OASIS-CANCER Study. PLoS One 2016;11:
e0159170.

Navi BB, Mathias R, Sherman CP, et al. Cancer-Related Is-
chemic Stroke Has a Distinct Blood mRNA Expression Pro-
file. Stroke 2019;50:3259-64.

Nipu MAI, Kundu S, Alam SS, et al. Anticardiolipin Anti-
bodies in Patients with Cancer: A Case-Control Study. Can-
cers (Basel) 2023;15.

Pugliese L, Bernardini I, Pacifico E, et al. Antiphospholipid
antibodies in patients with cancer. Int J Immunopathol Phar-
macol 2006;19:879-88.

Kungwankiattichai S, Nakkinkun Y, Owattanapanich W,
Ruchutrakool T. High Incidence of Antiphospholipid Anti-
bodies in Newly Diagnosed Patients With Lymphoma and a
Proposed aPL Predictive Score. Clin Appl Thromb Hemost
2020;26:1076029620928392.

Kansuttiviwat C, Niprapan P, Tantiworawit A, et al. Impact
of antiphospholipid antibodies on thrombotic events in am-
bulatory cancer patients. PLoS One 2023;18:0279450.
Schwarzbach CJ, Schaefer A, Ebert A, et al. Stroke and can-
cer: the importance of cancer-associated hypercoagulation
as a possible stroke etiology. Stroke 2012;43:3029-34.
Kim SG, Hong JM, Kim HY, et al. Ischemic stroke in cancer
patients with and without conventional mechanisms: a mul-
ticenter study in Korea. Stroke 2010;41:798-801.
Venepally NR, Arsanjani R, Agasthi P, et al. A New Insight
Into Nonbacterial Thrombotic Endocarditis: A Systematic
Review of Cases. Anatol J Cardiol 2022;26:743-9.

Itzhaki Ben Zadok O, Spectre G, Leader A. Cancer-associ-
ated non-bacterial thrombotic endocarditis. Thromb Res
2022;213:S127-S32.

Deppisch LM, Fayemi AO. Non-bacterial thrombotic endo-
carditis: clinicopathologic correlations. Am Heart J
1976;92:723-9.

Hagen PT, Scholz DG, Edwards WD. Incidence and size of
patent foramen ovale during the first 10 decades of life: an
autopsy study of 965 normal hearts. Mayo Clin Proc
1984;59:17-20.

Iguchi Y, Kimura K, Kobayashi K, et al. Ischaemic stroke
with malignancy may often be caused by paradoxical em-
bolism. J Neurol Neurosurg Psychiatr 2006;77:1336-9.
Hart RG, Diener HC, Coutts SB, et al. Embolic strokes of
undetermined source: the case for a new clinical construct.
Lancet Neurol 2014;13:429-38.

Sacco RL, Ellenberg JH, Mohr JP, et al. Infarcts of undeter-
mined cause: the NINCDS Stroke Data Bank. Ann Neurol
1989;25:382-90.

Li L, Yiin GS, Geraghty OC, et al. Incidence, outcome, risk
factors, and long-term prognosis of cryptogenic transient is-
chaemic attack and ischaemic stroke: a population-based
study. Lancet Neurol 2015;14:903-13.

Ji R, Schwamm LH, Pervez MA, Singhal AB. Ischemic
stroke and transient ischemic attack in young adults: risk

Bleeding, Thrombosis and Vascular Biology 2024; 3(s1):117



42.

43.

44,
45,

46.

47.

48.

49.

50.

51.

52.

Cancer-associated ischemic stroke: current knowledge and future directions 37

factors, diagnostic yield, neuroimaging, and thrombolysis.
JAMA Neurol 2013;70:51-7.

Wolf ME, Grittner U, Bottcher T, et al. Phenotypic ASCO
Characterisation of Young Patients with Ischemic Stroke in
the Prospective Multicentre Observational sifapl Study.
Cerebrovasc Dis 2015;40:129-35.

Rioux B, Touma L, Nehme A, et al. Frequency and predic-
tors of occult cancer in ischemic stroke: A systematic review
and meta-analysis. Int J Stroke 2021;16:12-9.

Saver JL. Cryptogenic Stroke. N Engl J Med 2016;375:¢26.
May JE, Moll S. How I treat unexplained arterial thrombo-
sis. Blood 2020;136:1487-98.

Gladstone DJ, Lindsay MP, Douketis J, et al. Canadian Stroke
Best Practice Recommendations: Secondary Prevention of
Stroke Update 2020. Can J Neurol Sci 2022;49:315-37.
Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 2021
Guideline for the Prevention of Stroke in Patients With
Stroke and Transient Ischemic Attack: A Guideline From the
American Heart Association/American Stroke Association.
Stroke 2021;52:e364-e467.

Verhoeven JI, Fan B, Broeders MJM, et al. Association of
Stroke at Young Age With New Cancer in the Years After
Stroke Among Patients in the Netherlands. JAMA Netw
Open 2023;6:€235002.

Seystahl K, Gramatzki D, Wanner M, et al. A risk model for
prediction of diagnosis of cancer after ischemic stroke. Sci
Rep 2023;13:111.

Robin P, Le Roux PY, Planquette B, et al. Limited screening
with versus without (18)F-fluorodeoxyglucose PET/CT for
occult malignancy in unprovoked venous thromboem-
bolism: an open-label randomised controlled trial. Lancet
Oncol 2016;17:193-9.

Owusu-Guha J, Guha A, Miller PE, et al. Contemporary uti-
lization patterns and outcomes of thrombolytic administra-
tion for ischemic stroke among patients with cancer. Int J
Stroke 2021;16:150-62.

Ganesh A, Kashani N, Ospel JM, et al. Endovascular Ther-
apy or Alteplase in Patients with Comorbidities: Insights

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

from UNMASK EVT. Can J Neurol Sci 2021;48:77-86.
Falanga A, Leader A, Ambaglio C, et al. EHA Guidelines
on Management of Antithrombotic Treatments in Thrombo-
cytopenic Patients With Cancer. Hemasphere 2022;6:¢750.
Hart RG, Sharma M, Mundl H, et al. Rivaroxaban for Stroke
Prevention after Embolic Stroke of Undetermined Source.
N Engl J Med 2018;378:2191-201.

Diener HC, Sacco RL, Easton JD, et al. Dabigatran for Pre-
vention of Stroke after Embolic Stroke of Undetermined
Source. N Engl ] Med 2019;380:1906-17.
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 NAVI-
GATE ESUS randomized trial. Eur J Neurol 2020;27:841-8.
Lee MJ, Chung JW, Ahn MJ, et al. Hypercoagulability and
Mortality of Patients with Stroke and Active Cancer: The
OASIS-CANCER Study. J Stroke 2017;19:77-87.

Navi BB, Marshall RS, Bobrow D, et al. Enoxaparin vs As-
pirin in Patients With Cancer and Ischemic Stroke: The
TEACH Pilot Randomized Clinical Trial. JAMA Neurol
2018;75:379-81.

Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban
with or without Aspirin in Stable Cardiovascular Disease. N
Engl J Med 2017;377:1319-30.

Anand SS, Hiatt W, Dyal L, et al. Low-dose rivaroxaban and
aspirin among patients with peripheral artery disease: a
meta-analysis of the COMPASS and VOYAGER trials. Eur
J Prev Cardiol 2022;29:¢181-¢9.

Khorana AA, Kuderer NM, Culakova E, et al. Development
and validation of a predictive model for chemotherapy-as-
sociated thrombosis. Blood 2008;111:4902-7.

Carrier M, Abou-Nassar K, Mallick R, et al. Apixaban to
Prevent Venous Thromboembolism in Patients with Cancer.
N Engl J Med 2019;380:711-9.

Khorana AA, Soff GA, Kakkar AK, et al. Rivaroxaban for
Thromboprophylaxis in High-Risk Ambulatory Patients
with Cancer. N Engl J Med 2019;380:720-8.

Bleeding, Thrombosis and Vascular Biology 2024; 3(s1):117





