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BACKGROUND: Cerebrovascular diseases are common comorbidities in patients with cancer. Although active cancer causes 
ischemic stroke by multiple pathological conditions, including thromboembolism attributable to Trousseau syndrome, the re-
lationship between stroke and inactive cancer is poorly known. The aim of this study was to elucidate the different underlying 
pathogeneses of cryptogenic stroke in active and inactive patients with cancer, with detailed investigation by transesophageal 
echocardiography.

METHODS AND RESULTS: CHALLENGE ESUS/CS (Mechanisms of Embolic Stroke Clarified by Transesophageal Echocardiography 
for Embolic Stroke of Undetermined Source/Cryptogenic Stroke) registry is a multicenter registry including data of patients 
initially diagnosed as having cryptogenic stroke and undergoing transesophageal echocardiography. Patients were divided 
into active cancer, inactive cancer, and noncancer groups, and their clinical features were compared. Of the total 667 enrolled 
patients (age, 68.7±12.8 years; 455 men), 41 (6.1%) had active cancer, and 51 (7.5%) had a history of inactive cancer. On mul-
tinomial logistic regression analysis, infarctions in multiple vascular territories (odds ratio [OR], 2.73; 95% CI, 1.39– 5.40) and 
CRP (C- reactive protein) (OR, 1.10; 95% CI, 1.01– 1.19) were independently associated with active cancer, whereas age (OR, 
1.05; 95% CI, 1.01– 1.08), contralateral carotid stenosis from the index stroke lesion (OR, 4.05; 95% CI, 1.60– 10.27), calcifica-
tion of the aortic valve (OR, 2.10; 95% CI, 1.09– 4.05), and complicated lesion of the aortic arch (OR, 2.13; 95% CI, 1.11– 4.10) 
were significantly associated with inactive cancer.

CONCLUSIONS: Patients with cancer were not rare in cryptogenic stroke. Although patients with active cancer had more multiple 
infarctions, patients with inactive cancer had more atherosclerotic embolic sources potentially causing arteriogenic strokes.

REGISTRATION: URL: https://www.umin.ac.jp/ctr/; Unique identifier: UMIN000032957.
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Stroke is a common comorbidity in patients with 
cancer. A postmortem study reported that 15% 
of patients with cancer had cerebrovascular dis-

eases.1 In addition, recent national surveillance data 

from the United States showed that the risk of stroke 
for patients with cancer was more than twice that of the 
general population.2 More important, the mechanisms 
and pathological characteristics of stroke in patients 
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with cancer are definitely diverse.1– 3 As examples, di-
rect invasion of tumor cells,1,2 concurrent coagulopa-
thy,1– 4 coexisting and de novo atrial fibrillation,3,5 and 
atherosclerotic change3,6 could be possible culprits in 
patients with cancer- associated stroke. In particular, 
thromboembolism attributable to coagulopathy, called 
Trousseau syndrome, was regarded as a major com-
ponent of ischemic stroke associated with active and 
advanced cancer.

Trousseau syndrome was first described in 1865 by 
Armand Trousseau as an unpredictable thrombophle-
bitis associated with occult visceral malignancy.7 The 
term was then refined in 1977 to describe chronic dis-
seminated intravascular coagulopathy associated with 
microangiopathy, verrucous nonbacterial thrombotic 
endocarditis, and arterial emboli in patients with cancer, 

especially mucin- positive carcinomas.8 In recent times, 
the term has been used in various clinical settings for 
any kind of coagulopathy occurring in the setting of 
any malignancy,9 and it was emphasized that it ac-
counted for a notable proportion of cryptogenic stroke 
(CS) cases.3,4,10 Meanwhile, little is known about the 
relationship between stroke and inactive cancer. A pre-
vious study reported that childhood cancer survivors, 
especially those treated with radiation therapy and al-
kylating agents, had an increased risk of late- occurring 
stroke.11 In addition, the risk of stroke increased with 
time for almost all cancer survivors.2 Although recent 
advances in multidisciplinary antineoplastic treatment 
have increased the survival rate of patients with can-
cer, cardiovascular death among cancer survivors has 
increased.12,13 Thus, it is an urgent priority to elucidate 
the pathophysiological features of stroke associated 
with not only active, but also inactive, cancers in the 
era of cancer survivors.12

In addition, a pragmatic concept of CS, embolic 
stroke of undetermined source (ESUS), which also 
includes covert nonbacterial thrombotic endocarditis 
and tumor emboli from occult cancer as essential pos-
sible embolic sources of CS, has been advocated.14 
CS and ESUS should definitely encompass these clas-
sic causes as potential embolic sources. CS is one 
of the most frequent stroke subtypes in patients with 
cancer,3,4,10,15 and cancer- associated ischemic stroke 
is frequently recurrent.16 Thus, it is crucial to identify 
the exact pathophysiological features and embolic 
sources of cancer- associated patients with CS for the 
purpose of providing optimal secondary prophylaxis.

In the present study, a multicenter registry with a 
comprehensive database of patients initially classified 
as having CS and undergoing transesophageal echo-
cardiography (TEE) to elucidate their latent embolic 
causes was created. Using this multicenter TEE reg-
istry, the aim of this study was to clarify the frequency 
and clinical features of patients with active and inac-
tive cancer with CS. In addition, the latent pathological 
differences, especially in embolic origins, were inves-
tigated in patients with CS with active and inactive 
cancers.

METHODS
The data sets used and analyzed during the current 
study are available from the corresponding author on 
reasonable request.

Study Population
The CHALLENGE ESUS/CS (Mechanisms of 
Embolic Stroke Clarified by Transesophageal 
Echocardiography for Embolic Stroke of 
Undetermined Source/Cryptogenic Stroke) registry, 

CLINICAL PERSPECTIVE

What Is New?
• Patients with cryptogenic stroke had various 

pathogenesis and embolic sources according 
to their cancer status.

• Patients with cryptogenic stroke with comorbid-
ity of active cancer had infarctions in multiple 
vascular territories more frequently than pa-
tients with inactive cancer.

• On the contrary, detailed investigation of 
transesophageal echocardiography elucidated 
that the patients with cryptogenic stroke with 
inactive cancer had more potential atheroscle-
rotic embolic sources for their stroke.

What Are the Clinical Implications?
• Infarctions in multiple vascular territories of 

patients with active cancer might suggest the 
coexistence of intravascular coagulopathy re-
garded as Trousseau syndrome.

• Meanwhile, atherosclerosis of patients with in-
active cancer could be partly related to antineo-
plastic treatment, such as chemotherapy and 
radiation.

• Differences in mechanisms identified in patients 
with active compared with inactive cancer may 
result in different secondary stroke prevention 
strategies in individual patients.

Nonstandard Abbreviations and Acronyms

ACL aortic complicated lesion
CS cryptogenic stroke
ESUS embolic stroke of undetermined source
TEE transesophageal echocardiography
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a retrospective, multicenter registry enrolling con-
secutive patients originally diagnosed as having CS 
and undergoing TEE in 8 hospitals in Japan between 
April 2014 and December 2016, was constructed. 
Inclusion criteria for this registry were as follows: (1) 
within 7 days of stroke onset; (2) nonlacunar stroke 
on neuroradiological imaging; (3) absence of arte-
rial stenosis ≥50% or occlusion in a corresponding 
large artery; (4) absence of major emboligenic car-
diac diseases; and (5) absence of other determined 
stroke causes. As exclusion criteria, the diagnostic 
criteria of ESUS recommended cardiac monitor-
ing for >24  hours; therefore, atrial fibrillation that 
was detected at <24  hours after admission was 
excluded from the CHALLENGE ESUS/CS regis-
try. Institutional review boards in all 8 participating 
centers approved the protocol. Clinical informa-
tion was obtained from medical records, and the 
need to obtain written, informed consent from each 
patient was therefore waived in this retrospective 
study. The present study was registered at http://
www.umin.ac.jp/ctr/ (UMIN000032957).

TEE Study
Subjects were awake and had fasted for at least 
4 hours before TEE. Lidocaine spray was given, but 
no premedication was given. To investigate the heart 
and aortic arch, a multiplane probe was manipulated 
to provide appropriate views, including axial and 
sagittal images. An atrial septal aneurysm was diag-
nosed when the atrial septum extended into the left 
or right atrium, or both. The presence of a right- to- 
left shunt was assessed by injecting agitated saline 
and making subjects perform the Valsalva maneu-
ver, and then the numbers of microbubbles with and 
without contrast agent were compared. The number 
of microbubbles passing from the right atrium to the 
left atrium was also counted. A patent foramen ovale 
was diagnosed when microbubbles were visualized 
in the left atrium within 3 cardiac cycles after the 
Valsalva maneuver. A pulmonary arteriovenous fis-
tula was diagnosed when microbubbles were visu-
alized in the left atrium >3 cardiac cycles after the 
Valsalva maneuver or when microbubbles were visu-
alized without the Valsalva maneuver. Plaque thick-
ness ≥4 mm, mobile plaque seen swinging on their 
peduncle, or ulcerative plaque with width and maxi-
mum depth of at least 2 mm each was defined as 
aortic complicated lesion (ACL). Examinations were 
performed by 2 or 3 experienced sonographers in 
each facility.

Magnetic Resonance Imaging Sequences
Magnetic resonance imaging scans were performed 
at each institution on 1.5-  or 3- T scanners during 

hospitalization. Sequences included axial diffusion- 
weighted imaging, fluid- attenuated inversion recovery 
imaging, magnetic resonance angiography, and the 
gradient- recalled echo (GRE) T2* sequence. Diffusion- 
weighted imaging (repetition time/echo time=3000– 
8000/60– 91  ms) was used to assess the size and 
distribution of the index stroke lesion. A large infarct 
was defined as >3 cm in diameter. The distribution of 
the index lesions was divided into single and multiple 
vascular territories among bilateral anterior, middle, 
and posterior cerebral arteries, and cortical and sub-
cortical lesions. Fluid- attenuated inversion recovery 
imaging (repetition time/echo time=9000– 12 000/94– 
120 ms) was used to evaluate the degree of deep and 
subcortical white matter hyperintensity and periven-
tricular hyperintensity and classified as Fazekas grades 
0 to 3. Magnetic resonance angiography (repetition 
time/echo time=19– 37/2.8– 7.5  ms) was used to de-
tect intracranial stenosis >50%, principally not relevant 
to the infarction area. GRE T2* (repetition time/echo 
time=410– 740/12– 20  ms) was used to identify cer-
ebral microbleeds, defined as a rounded area of signal 
loss with diameter <10 mm. The size and distribution 
of stroke lesions, the degree of deep and subcortical 
white matter hyperintensity and periventricular hyper-
intensity, the existence of intracranial stenosis, and the 
presence of cerebral microbleeds were all assessed 
by several experienced neurologists in each institution.

Data Collection and Analyses
Baseline clinical information, including cardiovascular 
risk factors, history and status of cancer, laboratory 
and radiological data on admission, echocardiographic 
findings, and clinical course on admission, was col-
lected by hospital chart or database reviews during the 
study period from May 2017 to July 2019. The defini-
tions of cardiovascular risk factors were described in 
our previous work.17,18 Covert atrial fibrillation >24 hours 
after admission was detected by continuous cardiac 
monitoring, 24- hour Holter electrocardiography, or, 
infrequently, an insertable cardiac monitor. Baseline 
characteristics, radiological and laboratory data, echo-
cardiographic findings, including potential embolic dis-
eases, and clinical courses were compared by cancer 
status (none, active, or inactive).

On the basis of previous studies,15,19 active cancer 
was defined as cancer diagnosed or under treatment 
within 6 months before index stroke onset or detected 
on imaging examination and newly diagnosed during 
hospitalization. On the other hand, inactive cancer 
was defined as cancer treated within >6  months be-
fore stroke onset, and remission or complete recovery 
was confirmed at the time of admission without any ev-
idence of active cancer on imaging investigation during 
the hospital stay.

http://www.umin.ac.jp/ctr/
http://www.umin.ac.jp/ctr/
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Statistical Analysis
Numerical values are reported as means±SD or medi-
ans with interquartile range. Data were analyzed using 
the Kruskal- Wallis test for nonparametric analyses and 
the χ2 test and Fisher exact test for categorical vari-
ables, as appropriate. All variables related to baseline 
clinical characteristics and imaging and laboratory 
data with values of P<0.05 on univariate analyses 
were entered into multinomial logistic regression analy-
ses to identify independent variables related to the 

pathophysiological status of cancer. A 2- sided prob-
ability value of P<0.05 was considered significant. All 
data were analyzed using SPSS for Macintosh version 
26.0 software (SPSS, Chicago, IL).

RESULTS
A total of 677 patients initially classified as hav-
ing CS were enrolled in the present study. Their 
mean age was 68.7±12.8 years, and 455 men were 

Table 1. Baseline Characteristics, Cardiovascular Risks, MRI and TEE Findings, and Laboratory Data of Patients With 
Active and Inactive Cancers

Variable
Noncancer group (n=585; 
86.4%)

Active cancer group (n=41; 
6.1%)

Inactive cancer group 
(n=51; 7.5%) P value

Age, y 68.0±13.0 70.7±11.1 75.7±8.6 <0.001

Men 391 (66.8) 24 (58.5) 40 (78.4) 0.114

Premorbid mRS score 0– 2 553 (94.5) 41 (100.0) 46 (90.2) 0.100

Hypertension 417 (71.3) 28 (68.3) 39 (76.5) 0.657

Diabetes 146 (25.0) 12 (29.3) 14 (27.5) 0.780

Dyslipidemia 295 (50.4) 19 (46.3) 31 (60.8) 0.303

CKD 221 (37.8) 12 (29.3) 19 (37.3) 0.552

Ischemic heart disease 61 (10.4) 2 (4.9) 5 (9.8) 0.520

Previous stroke 104 (17.8) 7 (17.1) 12 (23.5) 0.583

History of smoking 288 (49.2) 18 (43.9) 31 (60.8) 0.211

Prior antiplatelet agents 149 (25.5) 5 (12.2) 14 (27.5) 0.148

Prior anticoagulants 14 (2.4) 3 (7.3) 0 (0.0) 0.102

NIHSS score on admission 2 (1– 5) 3 (2– 4.5) 3 (1– 7) 0.115

DWI lesion size >3 cm* 172 (29.6) 15 (36.6) 14 (28.6) 0.622

Cortical infarction* 460 (79.0) 36 (87.8) 43 (87.8) 0.153

Infarctions in multiple vascular 
territories*

145 (24.9) 21 (51.2) 15 (30.6) 0.001

DSWMH* 198 (34.0) 17 (41.5) 13 (26.5) 0.327

PVH* 208 (35.7) 17 (41.5) 24 (49.0) 0.152

CMBs† 181 (31.7) 10 (24.4) 18 (36.7) 0.453

Intracranial artery stenosis* 61 (10.5) 5 (12.2) 6 (12.2) 0.884

Contralateral carotid artery stenosis 23 (3.9) 2 (4.9) 8 (15.7) 0.004

Right- to- left shunt‡ 270 (47.8) 23 (56.1) 19 (39.6) 0.297

ACL in the aortic arch§ 207 (35.5) 14 (34.1) 33 (64.7) <0.001

Covert atrial fibrillation 58 (9.9) 1 (2.4) 5 (9.8) 0.304

Calcification of aortic valve‖ 122 (21.0) 7 (17.1) 24 (47.1) <0.001

Calcification of mitral valve¶ 57 (10.6) 5 (13.5) 7 (14.6) 0.618

WBC count, /µL 7277±2683 7487±2876 7192±2717 0.874

CRP, mg/dL# 0.61±2.33 1.83±2.72 0.60±1.45 <0.001

D- dimer, µg/mL 2.47±16.5 11.4±20.9 2.22±2.64 <0.001

Data are presented as number (percentage), mean±SD, or median (interquartile range). ACL indicates aortic complicated lesion; CKD, chronic kidney 
disease; CMB, cerebral microbleed; CRP, C- reactive protein; DSWMH, deep and subcortical white matter hyperintensity; DWI, diffusion- weighted imaging; 
MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; PVH, periventricular hyperintensity; TEE, 
transesophageal echocardiography; and WBC, white blood cell.

*n=5 missing values.
†n=16 missing values.
‡n=23 missing values.
§n=2 missing values.
‖n=3 missing values.
¶n=53 missing values.
#n=47 missing values.
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enrolled. TEE showed that 254 (37.6%) patients had 
ACL in the aortic arch, 312 (47.7%) had a right- to- left 
shunt, and 153 (22.7%) had aortic valve calcification, 
whereas only 2 patients had nonbacterial thrombotic 
endocarditis. Of the 677 patients with CS, 41 (6.1%) 
had active cancer, and 51 (7.5%) had a history of 
inactive cancer.

Cancer Status and Baseline 
Characteristics, Including Potential 
Embolic Sources
Baseline characteristics of the 3 groups accord-
ing to cancer status are shown in Table 1. Whereas 
the inactive cancer group was the oldest of the 3 
groups (noncancer versus active cancer versus in-
active cancer, 68.0±13.0 versus 70.7±11.1 versus 
75.7±8.6 years; P<0.001), other clinical patient back-
ground characteristics, including cardiovascular risk 
factors, were not significantly different among the 3 
groups.

As for the imaging examinations, brain magnetic 
resonance imaging showed that multiple lesions in 
multiple vascular territories were the most frequent 
in the active cancer group compared with the other 
2 groups (noncancer versus active cancer versus 
inactive cancer, 24.9% versus 51.2% versus 30.6%; 
P=0.001). Carotid duplex ultrasonography showed 
that contralateral carotid stenosis from the index 
stroke lesion was the most common in the inactive 
cancer group (noncancer versus active cancer ver-
sus inactive cancer, 3.9% versus 4.9% versus 15.7%; 
P=0.004) compared with the other 2 groups. In ad-
dition, on TEE, ACL in the aortic arch (noncancer 
versus active cancer versus inactive cancer, 35.5% 
versus 34.1% versus 64.7%; P<0.001) and calcifi-
cation of the aortic valve (noncancer versus active 
cancer versus inactive cancer, 21.0% versus 17.1% 
versus 47.1%; P<0.001) were the most frequent in the 
inactive cancer group.

Laboratory examinations showed that CRP (C- 
reactive protein) (noncancer versus active cancer 

versus inactive cancer, 0.61±2.33 versus 1.83±2.72 
versus 0.60±1.45 mg/dL; P<0.001) and D- dimer (non-
cancer versus active cancer versus inactive cancer, 
2.47±16.5 versus 11.4±20.9 versus 2.22±2.64  mg/
dL; P<0.001) were the highest in the active cancer 
group.

On multinomial logistic regression analysis, multiple 
lesions in multiple vascular territories (odds ratio [OR], 
2.73; 95% CI, 1.39– 5.40) and CRP (OR, 1.10; 95% CI, 
1.01– 1.19) were independently associated with active 
cancer. Age (OR, 1.05; 95% CI, 1.01– 1.08), contralat-
eral carotid stenosis (OR, 4.05; 95% CI, 1.60– 10.27), 
ACLs in the arch (OR, 2.13; 95% CI, 1.11– 4.10), and 
calcification of the aortic valve (OR, 2.10; 95% CI, 1.09– 
4.05) were significantly associated with inactive cancer 
(Table 2).

Therapy and Clinical Course After 
Admission
The treatment and prognosis of the 3 groups according 
to cancer status are presented in Table 3. As second-
ary prevention, antiplatelet therapy was the least fre-
quent (noncancer versus active cancer versus inactive 
cancer, 70.1% versus 43.9% versus 76.5%; P=0.001), 
whereas anticoagulant therapy was the most common 
(noncancer versus active cancer versus inactive can-
cer, 33.0% versus 56.1% versus 27.5%; P=0.006), in 
the active cancer group. In addition, 2 patients with ac-
tive cancer died during their hospital stays (noncancer 
versus active cancer versus inactive cancer, 0% versus 
4.9% versus 0%; P=0.004).

Primary Lesion, Histological Type, Clinical 
Stage, and Treatment of Active and 
Inactive Cancers
First, primary lesions of active and inactive cancers are 
shown in Figure 1. In both active and inactive cancers, 
lung cancer was the most prevalent cancer. Prostate 
cancer was more frequent in the active cancer group, 
whereas bladder cancer was more common in the 

Table 2. Multinomial Logistic Regression Analysis for Predictors Associated With Active and Inactive Cancers

Variable

Active cancer vs none Inactive cancer vs none

OR 95% CI P value OR 95% CI P value

Age (per 1 y) 1.03 1.00– 1.06 0.067 1.05 1.01– 1.08 0.009

Infarctions in multiple vascular territories 2.73 1.39– 5.40 0.004 1.16 0.58– 2.32 0.669

Contralateral carotid artery stenosis 0.97 0.21– 4.41 0.966 4.05 1.60– 10.27 0.003

ACL in the aortic arch 0.84 0.41– 1.73 0.643 2.13 1.11– 4.10 0.024

Calcification of aortic valve 0.65 0.27– 1.59 0.347 2.10 1.09– 4.05 0.027

CRP 1.10 1.01– 1.19 0.029 0.99 0.83– 1.19 0.906

D- dimer 1.01 0.99– 1.02 0.354 0.96 0.87– 1.06 0.439

ACL indicates aortic complicated lesion; CRP, C- reactive protein; and OR, odds ratio.
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inactive cancer group. One patient in the active cancer 
group and 5 patients in the inactive cancer group had 
double cancers.

Information on cancer histological type and clinical 
stage were available in 15 (37%) and 20 (49%) cases 
in the active cancer group, respectively, and 14 (27%) 
and 10 (20%) cases in the inactive cancer group, re-
spectively (Figure 2). Compared with inactive cancers, 
adenocarcinoma tended to be more frequent in active 
cancers. For clinical stage, active cancers were in a 
more advanced stage, whereas inactive cancers were 
in an earlier stage. Treatment histories, such as sur-
gery, chemotherapy, and radiotherapy, were available 
for 28 (68%), 28 (68%), and 23 (56%) patients with ac-
tive cancer, respectively, and 40 (78%), 17 (33%), and 

17 (33%) patients with inactive cancer, respectively 
(Figure 2).

DISCUSSION
In the present study, the CHALLENGE ESUS/CS 
registry showed that 6.1% of patients originally di-
agnosed as having CS had comorbid active can-
cer, and 7.5% had a history of inactive cancer. 
Compared with patients with CS who did not have 
cancer, patients with comorbid active cancer had 
more infarctions in multiple vascular territories, 
whereas patients with a history of inactive cancer 
had more atherosclerotic embolic sources causing 
arteriogenic strokes.

Table 3. Treatment and Clinical Courses of Patients With Active and Inactive Cancers

Variable

Noncancer group Active cancer group Inactive cancer group

P value(n=585; 86.4%) (n=41; 6.1%) (n=51; 7.5%)

Antiplatelet therapy on discharge 404 (70.1) 18 (43.9) 39 (76.5) 0.001

Anticoagulant therapy on discharge 190 (33.0) 23 (56.1) 14 (27.5) 0.006

Death on discharge 0 (0.0) 2 (4.9) 0 (0.0) 0.004

Recurrence of stroke 21 (3.6) 4 (9.8) 0 (0.0) 0.054

Any hemorrhagic stroke 57 (9.7) 6 (14.6) 8 (15.7) 0.277

Data are presented as number (percentage).

Figure 1. Primary lesions of active and inactive cancers.
The numbers of patients for each primary lesion of active and inactive cancers are presented.
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Previous studies suggested that ≈4% to 12% of 
patients with ischemic stroke have comorbid active 
cancer.15,20 In particular, the frequency of active can-
cer in CS was more common, but ranged from 8% 
to 47%.15,20,21 Because the present registry enrolled 
patients with CS who underwent TEE, a semi- invasive 
and avoidable examination for cancers involving the 
gastrointestinal tract, those patients in this study were 
presumed to be small in number. Some studies re-
ported that the ischemic stroke of patients with active 
cancer presented with multiple infarctions in multiple 
vascular territories.4,22 Moreover, this imaging feature 
was associated with recurrence of stroke,23 together 
with elevation of D- dimer levels,3,4,15 CRP,24 and several 
tumor markers of adenocarcinoma.25 In the present 
study as well, the presence of infarctions in multiple 
vascular territories and elevation of CRP were inde-
pendently associated with active cancer. Although ar-
teriogenic embolism, especially in strokes attributable 
to emboli from complex aortic plaque, showed mul-
tiple infarctions,26 the present data indicated that in-
farction in multiple vascular territories was more closely 
related to active cancer- associated stroke, which was 
well concordant with the concept of Trousseau syn-
drome.9,22,24 D- dimer levels in the present study were 
not independently associated with active cancer, con-
trary to previous reports, because the subjects of the 
present study were limited to patients with CS who had 

relatively high average D- dimer levels related to a vari-
ety of potential embolic mechanisms.

This study had another notable finding, that a his-
tory of inactive cancer was significantly related to some 
atherosclerotic embolic sources, such as contralateral 
carotid stenosis, ACL in the aortic arch, and aortic valve 
calcification. It was shown that these pathologic pro-
cesses coexisted in CS or ESUS,27,28 and not only ACL 
in the arch, but aortic valve calcification was regarded 
as a substantial embolic source of ESUS and CS.14 As 
for atherosclerotic burden in cancer, autopsy studies 
in the 1950s suggested that atherosclerotic changes 
were rather inconspicuous in patients with cancer.29,30 
Although recent progress in treatment has increased 
the survival rate of patients with cancer, cardiovascular 
death has instead increased among them.12,13 Not only 
mutual physiological factors, such as chronic inflam-
mation and oxidative stress,6,31 but recent advances 
of treatments themselves could accelerate the athero-
sclerotic burden in patients with cancer.1,12,13 In partic-
ular, chemotherapy induces endothelial dysfunction, 
thrombophilia, and alteration of mitochondrial metab-
olism, whereas radiotherapy evokes degeneration and 
persistent inflammation in vascular endothelium, which 
last for years and arise over time.12 Thus, it is possible 
that atherosclerotic embolic sources in some of the pa-
tients with stroke who have inactive cancer are related 
to past treatment for their malignancy.

Figure 2. Histological type, clinical stage, and treatment for active and inactive cancers.
The proportions of patients by histological type, clinical stage, and treatment details (surgery, chemotherapy, and radiation) of active 
and inactive cancers are presented.
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Although the follow- up data were limited to the 
acute stage hospitalization in the present study, re-
currence rates of stroke in patients with active can-
cer and childhood cancer survivors were generally 
high.15,32,33 Consequently, it is crucial to elucidate 
exact embolic sources and pathological features of 
patients with stroke with active and inactive can-
cers for the purpose of providing optimal secondary 
prevention. Antiplatelets are typically used for sec-
ondary stroke prevention after stroke attributable to 
atheroembolism. The optimal treatment for cancer- 
associated embolic stroke affecting multiple vascular 
territories is not clear, although previous studies have 
demonstrated the effectiveness of anticoagulation 
cancer- associated venous thromboembolism.19,34,35 
Thus, it could be a beneficial implication for medi-
cal management to investigate and understand the 
mechanism of stroke in patients with active and in-
active cancer.

There were some limitations to this study. First, 
this study was retrospective, which might have af-
fected the accuracy of CS diagnosis; the methods to 
detect covert atrial fibrillation during hospitalization, 
the protocols for TEE and magnetic resonance imag-
ing, and the interpretation of these findings differed 
by institute; and there was a lack of standardization. 
Furthermore, evaluation of intraobserver and interob-
server reliabilities was not performed in the current 
multicenter study. Second, there was a selection bias 
to perform TEE, a semi- invasive and avoidable ex-
amination. In particular, we had no data for the pro-
portion of patients who originally met the criteria of 
CS but could not undergo TEE in each institution. 
Third, for the presence and history of cancers, the 
interpretations of medical records depended on each 
institution’s board, and detailed information of cancer 
was limited in the present multicenter stroke registry. 
Regrettably, there was little specific information on 
the details and periods of chemoradiation therapy 
for cancers. Last, the follow- up period, limited to the 
acute stage of hospitalization, was not sufficient to 
estimate the prognosis of this population with CS. 
The most important mission of this registry will be to 
gather longer follow- up data.

CONCLUSIONS
Active and inactive cancers in patients who were origi-
nally classified as having CS in the CHALLENGE ESUS/
CS registry were not rare, and all patients who under-
went TEE had genuinely diverse embolic sources. In 
the present study, patients with comorbid active can-
cer had more infarctions in multiple vascular territories, 
whereas patients with a history of inactive cancer had 
more atherosclerotic embolic sources potentially caus-
ing arteriogenic strokes.

APPENDIX
CHALLENGE ESUS/CS Collaborators
Dr Ayano Suzuki (Dokkyo Medical University), Dr 
Tadashi Kanamoto (Nagasaki University Hospital), 
Dr Kenichiro Hira (Juntendo University Faculty of 
Medicine), Dr Yuta Hagiwara (St. Marianna University 
School of Medicine), and Naohide Kurita (Juntendo 
University Urayasu Hospital).

ARTICLE INFORMATION
Received April 21, 2021; accepted September 7, 2021.

Affiliations
Department of Cerebrovascular Medicine, National Cerebral and 
Cardiovascular Center, Osaka, Japan (M.K., K.K., M.K.); Department of 
Neurology, Tokyo Medical University Hospital, Tokyo, Japan (M.K., K.K., 
H.A.); Department of Neurology, Juntendo University Faculty of Medicine, 
Tokyo, Japan (Y.U., N.H.); Department of Neurology, Dokkyo Medical 
University, Tochigi, Japan (H.T., K.H.); Department of Neurology, St. 
Marianna University School of Medicine, Kanagawa, Japan (T.S., Y.H.); 
Department of Neurology, Showa University Koto Toyosu Hospital, Tokyo, 
Japan (A.K., Y.K.); Department of Neurology and Strokology, Nagasaki 
University Hospital, Nagasaki, Japan (Y.T., A.T.); Department of Neurology, 
Iwate Prefectural Central Hospital, Iwate, Japan (R.D., E.Y.); Department of 
Neurology, Juntendo University Urayasu Hospital, Chiba, Japan (Y.S., T.U.);  
and Department of Neurology, National Cerebral and Cardiovascular Center, 
Osaka, Japan (M.I.).

Sources of Funding
None.

Disclosures
Dr Ueno received personal fees from OHARA Pharmaceutical Co, Ltd, and 
grants from Bristol- Myers Squibb, outside the submitted work. Dr Takekawa 
received grants from Pfizer Japan Inc and Daiichi Sankyo Co, Ltd, outside 
the submitted work. MK received honoraria from Bayer and Daiichi Sankyo; 
consultant fee from Ono Pharmaceutical Co, LTD; and research funds from 
Takeda, Daiichi Sankyo, Nippon Boeringer Ingelheim, Astellas, and Shionogi. 
Dr Kamiya received personal fees from Daiichi Sankyo Co Ltd and grants from 
Bristol- Myers Squibb Co Ltd and Nippon Boehringer Ingelheim Co Ltd, out-
side the submitted work. Dr Ihara received grants from Shimadzu Corporation, 
Otsuka Pharmaceutical, and Panasonic Corporation, and personal fees from 
Daiichi Sankyo Co, Ltd, Eisai Co Ltd, and Bayer Pharmaceutical Co, outside 
the submitted work. Dr Hirata received personal fees from MSD Co, Ltd, Eisai 
Co, Ltd, Otsuka Pharmaceutical Co, Ltd, Takeda Pharmaceutical Co, Ltd, 
Pfizer Japan Inc, Novartis Pharma K.K., AbbVie GK, Kyowa Hakko- Kirin Co, Eli 
Lilly Japan K.K., Amgen K.K., Lundbeck Japan K.K., and grants from Eisai Co, 
Ltd, Pfizer Japan Inc, Novartis Pharma K.K., Takeda Pharmaceutical Co, Ltd, 
TAIYO Co, Ltd, Kyowa Minami Hospital, Shirasawa Hospital, Shiobara Onsen 
Hospital, Utsunomiya Chuo Hospital, Nishikata Hospital, and Moka Hospital, 
outside the submitted work. Dr Hasegawa received personal fees from Bayer 
Pharmaceutical Co and Nippon Boehringer Ingelheim, Co, Ltd, during the con-
duct of the study. Dr Hattori was an advisory member of Dai- Nippon Sumitomo 
Pharma Co, Ltd, Hisamitsu Pharmaceutical Co, Inc, Biogen Idec Japan Ltd, 
received lecture fees from Dai- Nippon Sumitomo Pharma Co, Ltd, Otsuka 
Pharmaceutical, Co, Ltd, Takeda Pharmaceutical Co, Ltd, Kyowa Hakko- Kirin 
Co, Ltd, FP Pharmaceutical Corporation, Eisai Co, Ltd, Novartis Pharma K.K., 
and AbbVie, and received departmental endowments by commercial enti-
ties from Kyowa Hakko- Kirin Co, Ltd, Nippon Boehringer Ingelheim, Co, Ltd, 
AbbVie GK, FP Pharmaceutical Corporation, Otsuka Pharmaceutical, Co, Ltd, 
Dai- Nippon Sumitomo Pharma Co, Ltd, Eisai Co, Ltd, Nihon Medi- physics Co, 
Ltd, Asahi Kasei Medical Co, Ltd, Ono Pharmaceutical Co, Ltd, MiZ Co, Ltd, 
AbbVie GK, OHARA Pharmaceutical Co, Ltd, Nihon Pharmaceutical Co, Ltd, 
Mitsubishi Tanabe Pharma Corporation, Boston Scientific Corporation, and 
Medtronic Inc. Dr Urabe received lecture fees from Daiichi Sankyo Co, Ltd, 
Boehringer Ingelheim, Otsuka Pharmaceutical Co, Ltd, Bayer Pharmaceutical 
Co, and AstraZeneca K.K., and research funds from Otsuka Pharmaceutical 
Co, Ltd, and AbbVie GK.



J Am Heart Assoc. 2021;10:e021375. DOI: 10.1161/JAHA.120.021375 9

Kikuno et al Cancer and Atherosclerosis in Cryptogenic Stroke

REFERENCES
 1. Graus F, Rogers LR, Posner JB. Cerebrovascular complications 

in patients with cancer. Medicine (Baltimore). 1985;64:16– 35. doi: 
10.1097/00005 792- 19850 1000- 00002

 2. Zaorsky NG, Zhang Y, Tchelebi LT, Mackley HB, Chinchilli VM, Zacharia 
BE. Stroke among cancer patients. Nat Commun. 2019;10:5172. doi: 
10.1038/s4146 7- 019- 13120 - 6

 3. Kim SG, Hong JM, Kim HY, Lee J, Chung PW, Park KY, Kim GM, 
Lee KH, Chung CS, Bang OY. Ischemic stroke in cancer patients 
with and without conventional mechanisms a multicenter study    
in Korea. Stroke. 2010;41:798– 801. doi: 10.1161/STROK EAHA.109.   
571356

 4. Schwarzbach CJ, Schaefer A, Ebert A, Held V, Bolognese M, Kablau 
M, Hennerici MG, Fatar M. Stroke and cancer the impact of cancer- 
associated hypercoagulation as a possible stroke etiology. Stroke. 
2012;43:3029– 3034. doi: 10.1161/STROK EAHA.112.658625

 5. Farmakis D, Parissis J, Filippatos G. Insights into onco- cardiology: atrial 
fibrillation in cancer. J Am Coll Cardiol. 2014;63:945– 953. doi: 10.1016/j.
jacc.2013.11.026

 6. Tapia- Vieyra JV, Delgado- Coello B, Mas- Oliva J. Atherosclerosis and 
cancer; a resemblance with far- reaching implications. Arch Med Res. 
2017;48:12– 26. doi: 10.1016/j.arcmed.2017.03.005

 7. Trousseau A. Plegmasia alba dolens. In: Cormack JR, ed. In Clinique 
Medicale de l’Hotel- Dieu de Paris (Lectures on Clinical Medicine at the 
Hotel- Dieu, Paris), 5. London: New Sydenham Society; 1872:281– 332.

 8. Sack GH, Levin J, Bell WR. Trousseau’s syndrome and other mani-
festations of chronic disseminated coagulopathy in patients with neo-
plasms: clinical, pathophysiologic, and therapeutic features. Medicine 
(Baltimore). 1977;56:1– 37.

 9. Varki A. Trousseau’s syndrome: multiple definitions and multi-
ple mechanisms. Blood. 2007;110:1723– 1729. doi: 10.1182/blood 
- 2006- 10- 053736

 10. Hasegawa Y, Setoguchi T, Sakaida T, Iuchi T. Utility of a scoring system 
for differentiating cancer- associated stroke from cryptogenic stroke 
in patients with cancer. Neurol Sci. 2020;41:1245– 1250. doi: 10.1007/
s1007 2- 019- 04231 - 5

 11. Bowers DC, Liu Y, Leisenring W, McNeil E, Stovall M, Gurney JG, 
Robison LL, Packer RJ, Oeffinger KC. Late- occurring stroke among 
long- term survivors of childhood leukemia and brain tumors: a report 
from the Childhood Cancer Survivor Study. J Clin Oncol. 2006;24:5277– 
5282. doi: 10.1200/JCO.2006.07.2884

 12. Lenneman CG, Sawyer DB. Cardio- oncology: an update on cardiotox-
icity of cancer- related treatment. Circ Res. 2016;118:1008– 1020. doi: 
10.1161/CIRCR ESAHA.115.303633

 13. Mukai M, Komori K, Oka T. Mechanism and management of can-
cer chemotherapy- induced atherosclerosis. J Atheroscler Thromb. 
2018;25:994– 1002. doi: 10.5551/jat.RV17027

 14. Hart RG, Diener HC, Coutts SB, Easton JD, Granger CB, O’Donnell 
MJ, Sacco RL, Connolly SJ; Cryptogenic Stroke/ESUS International 
Working Group. Embolic strokes of undetermined source: the case for 
a new clinical construct. Lancet Neurol. 2014;13:429– 438. doi: 10.1016/
S1474 - 4422(13)70310 - 7

 15. Gon Y, Okazaki S, Terasaki Y, Sasaki T, Yoshimine T, Sakaguchi M, 
Mochizuki H. Characteristics of cryptogenic stroke in cancer patients. 
Ann Clin Transl Neurol. 2016;3:280– 287. doi: 10.1002/acn3.291

 16. Navi BB, Singer A, Merkler AE, Cheng NT, Stone JB, Kamel H, Iadecola 
C, Elkind MS, DeAngelis LM. Reccurent thromoboembolic events after 
ischemic stroke in patients with cancer. Neurology. 2014;83:26– 33. doi: 
10.1212/WNL.00000 00000 000539

 17. Kikuno M, Ueno Y, Shimizu T, Kuriki A, Tateishi Y, Doijiri R, Shimada 
Y, Takekawa H, Yamaguchi E, Koga M, et al. Underlying embolic 
and pathologic differentiation by cerebral microbleeds in crypto-
genic stroke. J Neurol. 2020;267:1482– 1490. doi: 10.1007/s0041 5- 020-    
09732 - 4

 18. Ueno Y, Tateishi Y, Doijiri R, Kuriki A, Shimizu T, Kikuno M, Shimada Y, 
Takekawa H, Yamaguchi E, Koga M, et al. Large aortic arch plaques 
correlate with CHADS2 and CHA2DS2- VASc scores in cryptogenic 

stroke. Atherosclerosis. 2019;284:181– 186. doi: 10.1016/j.ather oscle 
rosis.2019.03.009

 19. Lee AYY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M, Rickles 
FR, Julian JA, Haley S, Kovacs MJ, et al. Low- molecular- weight heparin 
versus a coumarin for the prevention of recurrent venous thromboem-
bolism in patients with cancer. N Engl J Med. 2003;349:146– 153. doi: 
10.1056/NEJMo a025313

 20. Grazioli S, Paciaroni M, Agnelli G, Acciarresi M, Alberti A, D’Amore C, 
Caso V, Venti M, Guasti L, Ageno W, et al. Cancer- associated isch-
emic stroke: a retrospective multicentre cohort study. Thromb Res. 
2018;165:33– 37. doi: 10.1016/j.throm res.2018.03.011

 21. Nahab F, Sharashidze V, Liu M, Rathakrishnan P, El Jamal S, Duncan A, 
Hoskins M, Marmarchi F, Belagaje S, Bianchi N, et al. Markers of coagu-
lation and hemostatic activation aid in identifying causes of cryptogenic 
stroke. Neurology. 2020;94:e1892– e1899. doi: 10.1212/WNL.00000 
00000 009365

 22. Finelli PF, Nouh A. Three- territory DWI acute infarcts: diagnostic value 
in cancer- associated hypercoagulation stroke (Trousseau syndrome). 
AJNR Am J Neuroradiol. 2016;37:2033– 2036. doi: 10.3174/ajnr.A4846

 23. Fujinami J, Ohara T, Kitani- Morii F, Tomii Y, Makita N, Yamada T, Kasai 
T, Nagakane Y, Nakagawa M, Mizuno T. Cancer- associated hypercoag-
ulation increases the risk of early recurrent stroke in patients with active 
cancer. Cerebrovasc Dis. 2018;46:46– 51. doi: 10.1159/00049 1436

 24. Tsushima M, Metoki N, Hagii J, Saito S, Shiroto H, Yasujima M, Kato T, 
Kudo N, Toyama Y, Yokono Y, et al. D- dimer and C- reactive protein as 
potential biomarkers for diagnosis of Trousseau’s syndrome in patients 
with cerebral embolism. J Stroke Cerebrovasc Dis. 2020;29:104534. 
doi: 10.1016/j.jstro kecer ebrov asdis.2019.104534

 25. Chen Y, Zeng J, Xie X, Wang Z, Wang X, Liang Z. Clinical features of sys-
temic cancer patients with acute cerebral infarction and its underlying 
pathogenesis. Int J Clin Exp Med. 2015;8:4455– 4463.

 26. Ueno Y, Kimura K, Iguchi Y, Shibazaki K, Inoue T, Hattori N, Urabe 
T. Mobile aortic plaque are a cause of multiple brain infarcts seen on 
diffusion- weighted imaging. Stroke. 2007;38:2470– 2476. doi: 10.1161/
STROK EAHA.107.482497

 27. Amarenco P, Cohen A, Tzourio C, Bertrand B, Hommel M, Besson G, 
Chauvel C, Touboul PJ, Bousser MG. Atherosclerotic disease of the aor-
tic arch and the risk of ischemic stroke. N Engl J Med. 1994;331:1474– 
1479. doi: 10.1056/NEJM1 99412 01331 2202

 28. Ishizuka K, Hoshino T, Ashihara K, Mruyama K, Toi S, Mizuno S, Shirai 
Y, Hagiwara N, Kitagawa K. Associations of mitral and aortic valve cal-
cifications with complex aortic atheroma in patients with embolic stroke 
of undetermined source. J Stroke Cerebrovasc Dis. 2018;27:697– 702. 
doi: 10.1016/j.jstro kecer ebrov asdis.2017.09.057

 29. Wanscher O, Clemmesen J, Nielsen A. Negative correlation between 
atherosclerosis and carcinoma. Br J Cancer. 1951;5:172– 174. doi: 
10.1038/bjc.1951.18

 30. Elkeles A. Cancer and atherosclerosis. Br J Cancer. 1956;10:247– 250. 
doi: 10.1038/bjc.1956.28

 31. Koene RJ, Prizment AE, Blaes A, Konety SH. Shared risk factors in car-
diovascular disease and cancer. Circulation. 2016;133:1104– 1114. doi: 
10.1161/CIRCU LATIO NAHA.115.020406

 32. Kim JM, Jung KH, Park KH, Lee ST, Chu K, Roh JK. Clinical mani-
festation of cancer related stroke: retrospective case- control study. J 
Neurooncol. 2013;111:295– 301. doi: 10.1007/s1106 0- 012- 1011- 4

 33. Fullerton HJ, Stratton K, Mueller S, Leisenring WW, Armstrong 
GT, Weathers RE, Stovall M, Sklar CA, Goldsby RE, Robison LL, 
et al. Recurrent stroke in childhood cancer survivors. Neurology. 
2015;85:1056– 1064. doi: 10.1212/WNL.00000 00000 001951

 34. Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia D, 
Grosso MA, Kakkar AK, Kovacs MJ, Mercuri MF, et al. Edoxaban for 
the treatment of cancer- associated venous thromboembolism. N Engl J 
Med. 2018;378:615– 624. doi: 10.1056/NEJMo a1711948

 35. Young AM, Marshall A, Thirlwall J, Chapman O, Lokare A, Hill C, Hale D, 
Dunn JA, Lyman GH, Hutchinson C, et al. Comparison of an oral factor 
Xa inhibitor with low molecular weight heparin in patients with cancer with 
venous thromboembolism: results of a randomized trial (SELECT- D). J 
Clin Oncol. 2018;36:2017– 2023. doi: 10.1200/JCO.2018.78.8034

https://doi.org/10.1097/00005792-198501000-00002
https://doi.org/10.1038/s41467-019-13120-6
https://doi.org/10.1161/STROKEAHA.109.571356
https://doi.org/10.1161/STROKEAHA.109.571356
https://doi.org/10.1161/STROKEAHA.112.658625
https://doi.org/10.1016/j.jacc.2013.11.026
https://doi.org/10.1016/j.jacc.2013.11.026
https://doi.org/10.1016/j.arcmed.2017.03.005
https://doi.org/10.1182/blood-2006-10-053736
https://doi.org/10.1182/blood-2006-10-053736
https://doi.org/10.1007/s10072-019-04231-5
https://doi.org/10.1007/s10072-019-04231-5
https://doi.org/10.1200/JCO.2006.07.2884
https://doi.org/10.1161/CIRCRESAHA.115.303633
https://doi.org/10.5551/jat.RV17027
https://doi.org/10.1016/S1474-4422(13)70310-7
https://doi.org/10.1016/S1474-4422(13)70310-7
https://doi.org/10.1002/acn3.291
https://doi.org/10.1212/WNL.0000000000000539
https://doi.org/10.1007/s00415-020-09732-4
https://doi.org/10.1007/s00415-020-09732-4
https://doi.org/10.1016/j.atherosclerosis.2019.03.009
https://doi.org/10.1016/j.atherosclerosis.2019.03.009
https://doi.org/10.1056/NEJMoa025313
https://doi.org/10.1016/j.thromres.2018.03.011
https://doi.org/10.1212/WNL.0000000000009365
https://doi.org/10.1212/WNL.0000000000009365
https://doi.org/10.3174/ajnr.A4846
https://doi.org/10.1159/000491436
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104534
https://doi.org/10.1161/STROKEAHA.107.482497
https://doi.org/10.1161/STROKEAHA.107.482497
https://doi.org/10.1056/NEJM199412013312202
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.057
https://doi.org/10.1038/bjc.1951.18
https://doi.org/10.1038/bjc.1956.28
https://doi.org/10.1161/CIRCULATIONAHA.115.020406
https://doi.org/10.1007/s11060-012-1011-4
https://doi.org/10.1212/WNL.0000000000001951
https://doi.org/10.1056/NEJMoa1711948
https://doi.org/10.1200/JCO.2018.78.8034

