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Background and Purpose Stroke is common among cancer patients. However, risk factors
and biomarkers of stroke in cancer patients are not well established. This study aimed to in-
vestigate risk factors and biomarkers as well as etiology of ischemic stroke in cancer patients.
Methods A retrospective review was conducted in cancer patients with ischemic stroke who
were admitted to a general hospital in Busan, Korea, between January 2003 and December
2012. The risk factors and biomarkers for stroke and stroke subtypes in cancer patients were
compared with age- and sex-matched noncancer patients with ischemic stroke who were
admitted to the same hospital during the same period.

Results One hundred fifty-six cancer patients with ischemic stroke were identified. Cancer
patients with ischemic stroke were found to have a significantly lower proportion of hyper-
tension, atrial fibrillation, hyperlipidemia, and ischemic heart disease than noncancer pa-
tients with ischemic stroke. However, stroke biomarkers, such as erythrocyte sedimentation
rate and high-sensitivity C-reactive protein, fibrinogen, pro-brain natriuretic peptide, and
D-dimer levels, were significantly increased in cancer patients with ischemic stroke than in
noncancer patients. Large-artery atherosclerosis and stroke of undetermined cause were
more common in cancer patients with ischemic stroke than in noncancer patients with
ischemic stroke.

Conclusions Cancer patients with ischemic stroke showed different risk factors, stroke bio-
markers, and stroke etiology compared with noncancer patients with ischemic stroke.
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Introduction

Cancer and ischemic stroke share many risk factors that lead
to increased risk of stroke in cancer patients. A report of autop-
sies performed on cancer patients indicated that 14.6% patients
had evidence of pathological cerebrovascular disease and 7.4%
had clinical symptoms of stroke.' However, only 3.5% of cancer
patients sustained a stroke; these findings were similar with that
of the general population.”

The causes of ischemic stroke in patients with and without

cancer may be different. Cancer increases a patient’s hypercoag-

ulable states that increase deep vein thrombosis and nonbacte-
rial thrombotic endocarditis.” The pathogenesis of stroke, in-
cluding the presence of a hypercoagulable state and increased
D-dimer levels, an important factor, in most cancer patients is
different from that of the general population.** Other reports
have stated that atherosclerosis and coagulopathy may be the
dominant factors in the pathogenesis of stroke in cancer pa-
tients.” Therefore, there has been dispute regarding the risk fac-
tors in the pathogenesis of stroke in cancer patients.

Stroke biomarkers can be used in understanding pathophysi-
ology, screening high-risk patients, predicting clinical outcomes,
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and effective treatment of stroke patients.’ The biomarkers D-
dimer, brain natriuretic peptide (BNP), fibrinogen, C-reactive
protein (CRP), and erythrocyte sedimentation rate (ESR) are
significantly increased in patients with ischemic stroke.”® More-
over, increased D-dimer and BNP levels are associated with non-
bacterial thrombotic endocarditis, and increased ESR is associ-
ated with lacunar and atherothrombotic stroke.”®

The aim of this study was to investigate risk factors, biomark-
ers, and etiology of ischemic stroke in cancer patients by com-
paring them with age- and sex-matched noncancer patients with

ischemic stroke.

Methods

Patient selection

The target group comprised cancer patients with ischemic
stroke who were admitted to a general hospital in Busan, Korea,
between January 2003 and December 2012. The cancer isch-
emic stroke group comprised patients with active cancer prior
to the onset of ischemic stroke. This study did not consider the
duration between cancer diagnosis and the onset of the isch-
emic event. The control group comprised age- and sex-matched
noncancer patients with ischemic stroke who were admitted to
the same hospital during the same period. The control group

patients were selected at random.

Data collection

A retrospective review of cancer patients with ischemic stroke
was performed to identify the cancer types, metastasis, stroke
subtypes, stroke risk factors, and clinical and laboratory results.
Hypertension, hyperlipidemia, atrial fibrillation, ischemic heart
disease, smoking, alcohol intake, and past individual and family
history of stroke were established as risk factors of stroke. ESR,
high-sensitivity CRP (hs-CRP), fibrinogen, pro-BNP, D-dimer,

and homocysteine were established as biomarkers of stroke.

Definition of stroke risk factors

Hypertension was established when systolic blood pressure
was > 140 mmHg and diastolic blood pressure was >90 mmHg
at rest, or if the patient was taking hypertension medication. Di-
abetes was established when fasting glucose level was > 126
mg/dL, postprandial 2-h glucose level was >200 mg/dL, or if
the patient was taking medication for diabetes. Hyperlipidemia
was established when one or more of the following levels were
elevated: total cholesterol level, >240 mg/dL; low-density lipo-
protein cholesterol level, > 130 mg/dL; or triglyceride level
>200 mg/dL. Atrial fibrillation was confirmed via an electro-
cardiogram taken at patient admission. Smoking was established
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when the patient had a past history of > § cigarettes per day. Al-
cohol intake was established with binge drinking or intake of

> 1 times per week, irrespective of the amount consumed.

Stroke biomarkers

In order to examine biomarkers, blood was collected from
patients with ischemic stroke during the acute ischemic event.
Stroke biomarker concentrations were determined by assessing
patient serum. Erythrocyte sedimentation rate was measured
via photometrical capillary stopped flow kinetic analysis; hs-
CRP level was measured via latex-enhanced immunoturbidi-
metric analysis; fibrinogen level was measured via clotting assay
based on viscosity; D-dimer level was measured via immuno-
turbidimetry; and homocysteine level was measured via direct

chemiluminescent immunoassay.

Stroke subtypes

Brain magnetic resonance imaging, magnetic resonance angi-
ography, transcranial Doppler ultrasonography, carotid ultraso-
nography, electrocardiography, and echocardiography were
performed on most patients admitted with ischemic stroke.
Stroke etiology was based on the TOAST classification’ and
was classified as large-artery atherosclerosis, cardioembolism,
small artery occlusion, and other determined and undetermined

etiologies.

Statistical analysis

All data were analyzed using SPSS software (version 17.0;
SPSS Inc.,, Chicago, IL). The Chi-square test was used to com-
pare stroke risk factors and subtypes between cancer patients
with ischemic stroke and the control group. Student’s t-test was
used to compare biomarkers between the two groups. Statisti-

cal significance was based on a P value of < 0.0S.

Results

Clinical characteristics

The study included 156 (103 [66%] male; 53 [34%] female)
cancer patients with ischemic stroke. Patient age ranged from
40 to 89 years, with an average of 70.3 £ 9.8 years. The control
group also comprised 103 male and 53 female noncancer pa-
tients, with their age ranging from 40 to 89 years, and a mean
age of 70.3 £ 9.8 years. The types of primary cancer in patients
with ischemic cancer are listed in Table 1; the incidences (the
descending order) of these types are as follows: stomach cancer
in 33 (21.2%) patients, lung cancer in 25 (16%), colon cancer
in 22 (14.1%), and hepatobiliary cancer in 20 (12.8%). Metas-
tasis was present in 84 (53.8%) patients.
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Stroke Biomarkers in Cancer vs Noncancer Patients with Ischemic

(N=156) Stroke
Patient demographics Biomarker Cancer ?ggents Noncance1r 5pﬁatien‘[s Pyalue®
Age (vear), mean + SD (range) 70.3+9.8(40-89) (n=156) (n=156)
Gender (male/female), n (%) 103/53 (66.0/34.0) ESR (mm/h) 31.3+£285 18.1£184 <001
Cancer type, n (%) hs-CRP (mg/dL) 50469 18+37 <0.01
Gastric 33(21.2) Fibrinogen (mg/dL) 344.4+182.2 311.9+1039 <0.01
Lung 25(16.0) pro-BNP (pg/mL) 12612432 5316+1.0 <001
Colorectal 22(14.1) D-dimer (ug/L) 23705113181 3242+4395 <001
Hepatobiliary 20128 Homocysteine (umol/L) 140460 150471 055
Prostatic 8(5.1)
Breast 7(45) Values are presented as mean + SD.
Pancreatic 7(45) *Statistics were analyzed using Student's t-test.
Cervical 5(3.2) ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive protein; pro-
Renal 5(3.2) BNP. pro-brain natriuretic peptide; SD, standard deviation.
Bladder 4(2.6)
(l-)lfr?;?mbglc 12 g[? )3) 45 - = Cancer patients

Systemic cancer metastasis, n (%) 84(53.8)

Stroke Risk Factors in Cancer vs Noncancer Patients with Ischemic

Stroke

Risk factors Can(cnel [;gg;ants Nonce(l;iﬁrggnents Pyalue*
Age, year (mean+SD) 703+98 703+938 1.00
Male, n (%) 103 (66.0) 103 (66.0) 1.00
Hypertension, n (%) 85(54.5) 123(78.8) <0.01
Diabetes mellitus, n (%) 54 (34.6) 53(34.0) 091
Smoking, n (%) 28(17.9) 34(218) 0.40
Drinking, n (%) 22(14.1) 30(19.2) 022
Atrial fibrillation, n (%) 15(9.6) 36(23.1) <001
Ischemic heart disease, n (%) 15(9.6) 30(19.2) 0.02
Previous stroke, n (%) 14(9.0) 27(17.3) 012
Hyperlipidemia, n (%) 10(6.4) 62(39.7) <0.01
Family history, n (%) 0(0) 5(32) 0.02

*Statistics were analyzed by Chi-square test.

Comparison of stroke risk factors

The risk factors of ischemic stroke in cancer patients, in de-
scending order of incidence, are as follows: hypertension, dia-
betes, smoking, alcohol intake, atrial fibrillation, ischemic heart
disease, past history of stroke, and hyperlipidemia. Compared
with the noncancer patients with ischemic stroke, the incidenc-
es of these risk factors were statistically lower in hypertension
(P<0.01), atrial fibrillation (P < 0.01), hyperlipidemia (P < 0.01),
ischemic heart disease (P=0.02), and family history of stroke
(P=0.02) (Table2).

Comparison of stroke biomarkers

The stroke biomarkers ESR and hs-CRP, fibrinogen, pro-
BNP, and D-dimer levels were statistically higher in cancer pa-
tients with ischemic stroke (all P<0.01) than in noncancer pa-
tients, whereas no difference was found in the homocysteine
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levels between the groups (Table 3).

Comparison of stroke etiology

The different etiologies according to ischemic stroke subtypes
in cancer patients, in descending order of incidence, are as fol-
lows: large-artery atherosclerosis (41%), small artery occlusion
(28.8%), cardioembolism (17.3%), undetermined etiology
(8.3%), and other determined etiology (4.5%). The incidences
of large-artery atherosclerosis and undetermined etiology were
higher, whereas those of cardioembolism and small artery oc-
clusion were lower in cancer patients than in noncancer patients

(P=0.02) (Figure 1).

Discussion

The incidences of hypertension, atrial fibrillation, hyperlipid-
emia, and ischemic heart disease were significantly lower in can-
cer patients with ischemic stroke than in noncancer patients
with ischemic stroke. In contrast, biomarkers such as ESR and

hs-CRP, fibrinogen, pro-BNP, and D-dimer levels were signifi-
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cantly increased in cancer patients with ischemic stroke.

Smoking is a common risk factor in both ischemic stroke and
cancer and is also the etiology for most ischemic strokes in can-
cer patients.”'® Most reports have found that hypertension and
smoking are the most common causes of ischemic stroke in
cancer patients. Additional causes include diabetes, ischemic
heart disease, hyperlipidemia, alcohol intake, and atrial fibrilla-
tion.'*"* This study compared noncancer and cancer patients
with ischemic stroke and found that the cancer group had a
lower incidence of hypertension, atrial fibrillation, hyperlipid-
emia, and ischemic heart disease. Previous reports'®'*'* have
found no differences in common stroke risk factors between
cancer and noncancer patients with ischemic stroke. However,
other reports have found low incidences of hypertension and
hyperlipidemia in cancer patients with ischemic stroke com-
pared with those of the noncancer group."*'® Moreover, no sig-
nificant differences in hyperlipidemia and atrial fibrillation inci-
dences have been reported, but a tendency for lower incidence
in cancer patients with ischemic stroke." This study hypothe-
sized that in addition to the commonly known stroke risk fac-
tors, other factors may also be involved in cancer patients with
ischemic stroke.

This study found that stroke biomarkers such as ESR and hs-
CRP, fibrinogen, pro-BNP, and D-dimer levels were significant-
ly increased in cancer patients compared with noncancer pa-
tients with ischemic stroke.

D-dimer, a fibrin degradation product that is directly related
to coagulation and fibrinolysis, is a marker for hypercoagulabili-
ty."” Its levels are increased in acute, subacute, and chronic isch-
emic stroke.” Compared with noncancer patients with ischemic
stroke, cancer patients with ischemic stroke have statistically

1516 which coincides with

significant higher levels of D-dimer,
our results. In previous studies, cancer patients with ischemic
stroke (without common stroke risk factors) were found to
have statistically significant higher levels, which corresponded
with an increased incidence of embolic signal in transcranial
Doppler monitoring; thus, it was hypothesized that coagulopa-
thy and emboli in cancer patients may be the etiology for isch-
emic stroke.*>*®

Fibrinogen is involved in thrombokinesis, platelet aggrega-
tion, blood viscosity, thrombus formation, and inflammation.
Increase in fibrinogen concentrations is directly related to an in-
crease in ischemic stroke incidence." Cancer patients with isch-
emic stroke have been found to have a statistically significant in-
creased fibrinogen levels.**’ No statistically significant differ-
ence was found in fibrinogen levels between cancer and non-
cancer patients with ischemic stroke; however, the cancer group

had a tendency to have a higher fibrinogen levels." However, in
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the current study, cancer patients with ischemic stroke had a
statistically significant higher level of fibrinogen than noncancer
patients. Therefore, we hypothesize that the high fibrinogen
levels may be because cancer is the primary disease.

Brain natriuretic peptide is a vasoactive peptide hormone that
increases sodium excretion, urination, and vasodilation as well
during the acute stage of ischemic stroke, and it is also a predic-
tor of poor prognosis.”*' It is increased in the cardioembolic
subtype of ischemic stroke and is highly suggestive of cardioem-
bolic etiology when serum concentrations are > 140 pg/mL.*
This study found that cancer patients with ischemic stroke had
a statistically significant higher BNP levels. This study also found
that even though noncancer patients with ischemic stroke had
higher incidences of atrial fibrillation and ischemic heart dis-
ease, BNP concentrations were statistically higher in the cancer
group with ischemic stroke. Therefore, we hypothesize that the
high levels may be because cancer was the primary disease.

C-reactive protein is related to inflammation and progression
of hemangioendotheliomal damage as an acute peptide, which
increases in systemic inflammation and artherosclerotic dis-
ease.” Its levels increase in acute ischemic stroke, and CRP is a
useful aid in prognosis.”® No statistically significant difference
was found in CRP levels between cancer and noncancer pa-
tients with ischemic stroke."”® On the other hand, we found that
cancer patients with ischemic stroke had a statistically signifi-
cant higher CRP concentrations. Therefore, we hypothesize
that the high levels may be because cancer was the primary dis-
ease.

Erythrocyte sedimentation rate is a nonspecific marker of in-
flammation and infection. Inflammation activates coagulation,
and a continued increase in ESR indicates progressive throm-
bogenesis and fibrinolysis in patients with stroke. In addition to
being a predictor of poor prognosis,”* ESR is a surrogate marker
for inflammation in small and large vasculopathies. Moreover,
increases in ESR are related to artherosclerotic and lacunar stroke.®
This present study found that cancer patients with ischemic
stroke had statistically significant higher ESRs. Therefore, we
hypothesize that the high levels may be because of the presence
of both cancer and ischemic stroke.

Homocysteine is an aminoacid byproduct of methionine me-
tabolism, which aggravates artherosclerosis by damaging he-
mangioendothelial cells, increasing platelet aggregation through
changing arachidonic acid metabolism, and decreasing antico-
agulation factor activity.” Increased homocysteine levels corre-
late with stenosis and occlusion of intracranial vessels in patients
with ischemic stroke, and it also increases stroke risk.”**” In the
current study, no differences in homocysteine concentrations

were found between cancer and noncancer patients with isch-
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emic stroke.

We found significantly higher levels of biomarkers such as
ESR, hs-CRP, fibrinogen, pro-BNP, and D-dimer in the cancer
with ischemic stroke group than those in the noncancer isch-
emic stroke group. These results imply a relationship between
cancer patients and inflammation, thrombus formation, and co-
agulopathy, which could explain the increased frequency of isch-
emic stroke in the cancer patients compared with the noncan-
cer patients.

The etiology in cancer patients with ischemic stroke consists
of coagulopathies due to cytokine or microparticle-releasing
cancer cells, intravascular coagulation or nonbacterial throm-
botic endocarditis, occlusion due to metastasis, direct vascular
compression due to metastasis or neurocarcinomas, coagulopa-
thies due to chemotherapy or radiation therapy, vascular embo-
lization (e.g., treatment of cancer vessels), and paraneoplastic
causes.'"'*** In previous studies, of the cancer patients with isch-
emic stroke, 40% did not have any etiology of general stroke pa-
tients, and these patients are thought to have closer relationship
to an embolic etiology due to coagulopathies."®

This study found that etiology according to stroke subtypes
in cancer patients with ischemic stroke consisted of (in descend-
ing order of incidence): large-artery atherosclerosis, small artery
occlusion, cardioembolism, and undetermined etiology. The
proportion of large-artery atherosclerosis and stroke of undeter-
mined cause was more frequent in cancer patients than in non-
cancer patients with ischemic stroke. These results are different
from those of past reports. Previous studies have reported that
cancer patients with ischemic stroke have a higher incidence of
thrombotic strokes (54%), including cardioembolic strokes
(15%), than nonthrombotic strokes (46%), including those
due to undetermined causes (19%), artherosclerotic causes
(10%), small-artery occlusion (12%), and other determined
causes (5%), according to the TOAST classification.'® Another
report found that cancer patients with ischemic stroke have
39.8% difference in etiology compared with general stroke pa-
tients with artherosclerosis, cardioembolic, or lacunar stroke
subtypes.* It is also reported that 25.5% had a statistically signif-
icant higher incidence of not having a general stroke etiology in
cancer patients with ischemic stroke compared to that of non-
cancer patients with ischemic stroke."> However, stroke sub-
types were similar in both cancer and noncancer patients with
ischemic stroke." Stroke types according to the TOAST classi-
fication were not statistically significant between cancer and
noncancer patients with ischemic stroke.'*

The frequency of large-artery atherosclerosis as the etiology
for ischemic stroke was significantly higher in cancer patients

than in noncancer patients. We hypothesize that increased lev-
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els inflammatory biomarkers such as ESR, hs-CRP, and fibrino-
gen may be the reason for the increased frequency of large-ar-
tery atherosclerosis in ischemic stroke in cancer patients. In-
flammatory processes play an important role in atherosclerosis

.22 The increased inflammation seen in cancer

developmen
patients may be due to the increased frequency of large-artery
atherosclerosis.

There are a few limitations to this study. First, the study group
comprised patients who were admitted to a single hospital, which
can lead to a selection bias. Second, the duration of cancer and
that between cancer diagnosis and the onset of ischemic stroke
were not considered. Third, cancer type, metastasis, and the ef-
fect of cancer treatment were not considered in this study. Fur-

ther study may be needed to rectify these limitations.

Conclusions

Cancer patients with ischemic stroke demonstrated different
risk factors, stroke biomarkers, and stroke etiology compared
with noncancer patients with ischemic stroke. Therefore, it is
recommended that in order to reduce the incidence of ischemic
stroke in cancer patients, we should not only manage conven-
tional risk factors, but also establish a distinct management of

reducing inflammation and thrombus formation.
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