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Abstract

Cancer-associated ischemic stroke (CAS) refers to a hypercoagulation disorder related to malignant tumors, especially
adenocarcinoma. Carbohydrate antigen (CA) 125 is a mucinous serum marker that might reflect hypercoagulation status, but
the association between CA 125 and CAS is unclear across various types of cancer. The aim of this study was to investigate
the associations among tumor markers, coagulation markers, and clinical factors in acute ischemic stroke (AIS) patients
with active cancer. Consecutive AIS patients with active cancer (a diagnosis or ongoing active therapy for cancer within
6 months) were prospectively enrolled at four hospitals. D-dimer, C-reactive protein (CRP), carcinoembryonic antigen
(CEA), CA19-9, and CA 125 levels were measured. Of 120 AIS patients with active cancer, 47 were diagnosed with CAS.
CA 125 had the strongest correlations with D-dimer and CRP (p=0.543, p <0.001 and p=0.452, p <0.001, respectively).
The areas under the receiver-operating characteristic curves for the diagnosis of CAS were 0.812 (95% CI 0.718-0.878)
for CA 125, 0.714 (95% CI 0.602-0.801) for CEA, and 0.663 (95% CI 0.552-0.759) for CA 19-9. Multivariable analysis
revealed that CA 125 levels in the highest quartile (OR 2.91, 95% CI 1.68-5.53), multiple lesions in multiple vascular ter-
ritories observed on diffusion-weighted imaging, the absence of dyslipidemia, and the absence of atrial fibrillation were
independently associated with CAS. Increased CA 125 levels, which indicate hypercoagulability, were useful for diagnosing
CAS in AIS patients with active cancer.
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one etiology of cryptogenic stroke, and its pathophysiology
is hypercoagulation disorder related to malignant tumors
or the resulting general arteriovenous thrombosis [1, 2].
Although patients with CAS usually have active cancer, not
all ischemic stroke patients with active cancer are diagnosed
with CAS. Some ischemic stroke patients with active can-
cer are classified as having conventional stroke mechanisms
with the coexistence of vascular risk factors [3]. The clinical
status of CAS often affects oncological treatments and leads
to the disability of performance status. Hence, it is essential
to diagnose CAS at an early stage and consider the appropri-
ate management of patients with CAS. Several studies have
shown that increased D-dimer levels and diffusion-weighted
imaging (DWI) lesions in multiple vascular territories were
closely associated with CAS [4-6].
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The association between cancer types and CAS has been
investigated, and adenocarcinoma has been identified in
many patients with CAS. Several tumor markers are useful
for diagnosing adenocarcinoma and evaluating the progres-
sion status. Carcinoembryonic antigen (CEA) and carbohy-
drate antigen (CA) 19-9 are widely used as tumor markers
for adenocarcinomas, such as gastric, biliary tract, colon,
pancreatic, and lung cancers. CA 125, an adenocarcinoma
marker, is generally used for the assessment of ovarian can-
cer or several gynecological diseases. It is also a mucinous
serum marker that is expressed in patients with various dis-
eases that are associated with hypercoagulation status [7,
8]. Indeed, increased CA 125 levels were associated with
the incidence of stroke among patients with lung or gastric
cancer [9, 10]. However, it is uncertain whether CA 125 lev-
els are associated with hypercoagulability or the diagnosis
of CAS compared with other tumor markers among patients
with various types of active cancer. In the present study, we
aimed to elucidate the utility of evaluating tumor markers,
especially CA 125, in clinical settings among patients with
active cancer.

Methods
Study population

This was a four-center, hospital-based prospective study
involving patients with acute ischemic stroke within 7 days
after stroke onset who were hospitalized in the Hiroshima
University Hospital, National Hospital Organization Kure
Medical Center, Kawasaki Medical School Hospital, and
Chikamori Hospital between November 2016 and Sep-
tember 2020. Of 2590 consecutive acute ischemic stroke
patients, 329 patients with a history of cancer (12.7%) were
enrolled. The patients with cancer were divided into those
with active cancer (n=153) and those with nonactive cancer
(n=176). Active cancer was defined as a diagnosis of cancer
within 6 months before stroke onset, any treatment for can-
cer within the previous 6 months, or recurrent or metastatic
cancer [11]. Blood samples were collected at admission to
assess D-dimer and C-reactive protein levels, and tumor
markers such as CEA, CA19-9, and CA 125 were princi-
pally obtained within 2 days after admission. Of the 153
patients with active cancer, 33 patients were excluded due
to incomplete data for CEA, CA 19-9, and CA 125 on the
same day. Finally, 120 ischemic stroke patients with active
cancer were analyzed. The flowchart of patient selection is
shown in Fig. 1.
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l Patients with acute ischemic stroke admitted within 7 days of onset (n=2590) ‘
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[ Acute ischemic stroke patients with active cancer who had each tumor marker (n=120) ‘

Fig.1 The flowchart of patient selection

Assessment of clinical characteristics

Ischemic stroke was defined as the sudden onset of acute
neurological deficits duration greater than 24 h, with evi-
dence of acute infarction on brain computed tomography
or magnetic resonance imaging (MRI). The following
clinical characteristics were recorded at admission: age,
sex, body mass index (BMI), and classic vascular risk
factors, including hypertension, diabetes mellitus, dys-
lipidemia, chronic kidney disease (CKD), atrial fibrilla-
tion, daily alcohol intake (>40 g), smoking habit (cur-
rent or previous smokers vs. never smokers), and history
of stroke and deep venous thrombosis. The criteria for
hypertension, diabetes mellitus, dyslipidemia, CKD, and
atrial fibrillation were previously defined [12]. The type of
cancer, current cancer treatment, and presence of systemic
metastasis were also recorded. The type of cancer treat-
ment was divided into the following classifications: before
cancer treatment (stroke onset before starting treatment
for cancer), surgical treatment, chemotherapy, combined
therapy (chemotherapy and radiation), and other (includ-
ing best supportive care). Data on antiplatelet or antico-
agulant use before stroke onset were collected. In addition,
acute reperfusion therapy (intravenous thrombolysis or/
and endovascular treatment) was evaluated. Neurological
severity was assessed according to the National Institutes
of Health Stroke Scale (NIHSS) scores. Stroke subtypes
were classified according to the criteria set by the Trial
of ORG 10172 in Acute Stroke Treatment (TOAST) clas-
sification [13]. In principle, routine management was per-
formed by 24-h electrocardiographic monitoring, carotid
ultrasonography, transthoracic echocardiography, and
brain imaging. Patients with conventional stroke mecha-
nisms (small vessel occlusion, large artery atherosclero-
sis, or cardioembolism) were principally not considered
to have CAS. Patients with other specific causes of stroke,
such as artery dissection, vasculitis, aortic arch atheroma,
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and vasospasm, were also not considered to have CAS.
Ultimately, CAS was comprehensively diagnosed by the
attending physicians with a consensus of some stroke neu-
rologists at each hospital based on the clinical status of
cancer and stroke. Of 120 patients, 119 underwent MRI
for the detection of new ischemic infarcts via DWI. Based
on the DWI findings, patients were divided into three sub-
groups: (1) single lesions in one vascular territory, (2)
scattered lesions in one vascular territory, and (3) multiple
lesions in multiple vascular territories [14]. This study
complies with the Declaration of Helsinki guidelines for
investigations involving humans, and the study protocol
was approved by the Ethics Committees of each hospital.
As this study used clinical records, it was performed under
the opt-out method. Informed consent for participation was
not obtained from the participants.

Statistical analysis

Categorical variables are presented as numbers and percent-
ages, and continuous variables are presented as the means
with standard deviations (SDs) or medians (interquartile
ranges). The statistical significance of intergroup differences
was assessed using the Chi-square test for categorical vari-
ables and Student’s ¢ test or the Mann—Whitney U test for
continuous variables. Spearman’s correlation analysis for the
associations between each tumor marker and the D-dimer
and CRP levels was performed, because these values were
not normally distributed. To predict CAS, receiver-operating
characteristic (ROC) curves were constructed for CEA, CA
19-9, and CA 125 levels. The areas under the ROC curves
(AUCs) were compared using a nonparametric method [15].
Multivariable logistic analysis was performed to identify
indicators for CAS (model 1: age, sex, BMI, daily alcohol
intake, current smoking, hypertension, diabetes mellitus,
dyslipidemia, CKD, atrial fibrillation, history of stroke,
history of deep venous thrombosis, systemic metastasis,
D-dimer, CRP, and DWI lesions in multiple vascular territo-
ries; model 2: quartiles of each tumor marker level added to
model 1) with a backward selection procedure using p>0.10
of the likelihood ratio test as the exclusion criterion. Those
analyses were performed using JMP 14.0 (SAS Institute,
Inc., Cary, NC, USA).

Results

Of the 120 patients, 47 (39.2%) were diagnosed with CAS.
Clinical data are shown in Table 1. Among the patients with
CAS, a higher proportion were female, and there was a lower
frequency of smoking, dyslipidemia, and atrial fibrillation.
Although two patients had atrial fibrillation, they were com-
prehensively diagnosed with CAS based on clinical data of

advanced-stage cancer. The patients with CAS had a higher
frequency of systemic metastasis than those without CAS
(70.2 vs. 35.6%, p <0.001). Patients with CAS had a lower
frequency of prior antiplatelet use than those without CAS.
The details of antithrombotic medication are shown in Sup-
plemental Table 1. Some patients with CAS had taken direct
oral anticoagulants for deep venous thrombosis, pulmonary
embolism, or atrial fibrillation prior to stroke onset. Regard-
ing cancer type, patients with CAS had a higher frequency
of lung adenocarcinoma, biliary tract/pancreatic cancer, and
ovarian cancer than those without CAS (27.7 vs. 8.2%, 17.0
vs. 4.1%, and 8.5 vs. 0.0%, respectively). Of 47 patients with
CAS, 36 patients (78.3%) had multiple DWI lesions in mul-
tiple vascular territories. The patients with CAS had higher
levels of D-dimer, CRP, and each tumor marker than those
without.

The correlation analysis of associations between D-dimer
and CRP and each tumor marker is shown in Table 2. The
correlation coefficients between CA 125 and D-dimer and
CRP levels were higher than those between CEA or CA19-9
and D-dimer and CRP levels (p=0.543, p<0.001 and
p=0.452, p<0.001, respectively). The AUCs of the ROC
curve for each tumor marker in the diagnosis of CAS are
shown in Fig. 2. The AUCs were 0.812 (95% confidence
interval [CI] 0.718-0.878) for CA 125, 0.714 (95% CI
0.602-0.801) for CEA, and 0.663 (95% CI 0.552-0.759)
for CA 19-9. The AUC of CA 125 was higher than that of
CEA or CA 19-9 (p=0.087 and p=0.015, respectively).
Multivariable logistic analysis showed that the absence of
dyslipidemia, the absence of atrial fibrillation, increased
D-dimer levels, and multiple lesions in multiple vascular
territories were independently associated with CAS among
patients with active cancer (Table 3, model 1). When add-
ing the quartiles of CEA, CA 19-9, and CA 125 levels to
the indicators, a CA 125 level, but not a CEA or CA 19-9
level, in the highest quartile was independently associated
with CAS (odds ratio 2.91, 95% CI 1.68-5.53, p <0.001)
(Table 3, model 2).

Discussion

In the present study, we found that increased CA 125 levels
were closely associated with increased D-dimer and CRP
levels among ischemic stroke patients with active cancer.
Compared with CEA or CA 19-9 levels, CA 125 levels were
suitable for predicting a diagnosis of CAS based on the ROC
analysis. In addition, increased CA 125 levels were inde-
pendently associated with CAS after adjusting for clinical
factors, including D-dimer, CRP, and multiple DWI lesions.

Hypercoagulability due to cancer leads to arterial and
venous thrombotic events, including CAS. The mechanisms
observed in ischemic stroke patients with cancer are very
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Table 1 Baseline characteristics
between the patients with
cancer-associated stroke (CAS)
and those without CAS

@ Springer

Patients with CAS

Patients without CAS P

(n=47) (n=173)

Age (years) 724+11.5 76.3+10.2 0.06
Female 28 (59.6) 18 (24.7) <0.001
Body mass index, kg/m? 21.3+3.7 233+39 0.10
Daily alcohol intake 6 (12.8) 17 (23.3) 0.23
Smoking (previous or current) 14 (29.8) 43 (58.9) 0.002
Hypertension 23 (48.9) 49 (67.1) 0.06
Diabetes mellitus 12 (25.5) 32 (43.8) 0.053
Dyslipidemia 8 (17.0) 35 (48.0) <0.001
Chronic kidney disease 20 (42.6) 30 (41.1) 1.00
Atrial fibrillation 2(4.3) 21 (28.8) <0.001
Deep venous thrombosis 6 (12.8) 0(0.0) 0.003
Previous stroke 8 (17.0) 23 (31.5) 0.10
NIHSS score at admission 3(1-12) 3.5(1.3-8) 0.82
Systemic metastasis 33 (70.2) 26 (35.6) <0.001
Antiplatelet use before stroke onset 5(10.6) 24 (32.9) 0.008
Anticoagulant use before stroke onset 10 (21.3) 7(9.6) 0.11
Acute reperfusion therapy 2(4.4) 6 (8.0) 0.71
Cancer treatment 0.83

Before cancer treatment 7(14.9) 12 (28.8)

Surgical treatment 4(8.5) 10 (13.7)

Chemotherapy 19 (40.4) 27 (37.0)

Combined therapy 2(4.3) 5(6.9)

Other 15 (31.9) 19 (26.0)
Stroke subtype <0.001

Small-vessel occlusion 0(0.0) 6(5.2)

Large-artery atherosclerosis 0 (0.0) 20 (27.4)

Cardioembolic stroke 0 (0.0) 20 (27.4)

Others (determined etiology) 0 (0.0) 15 (20.5)

Others (undetermined etiology) 47 (100.0) 12 (16.4)
Cancer type 0.002

Lung (adenocarcinoma) 13 (27.7) 6(8.2)

Lung (others) 12.1) 6(8.2)

Colon 5(10.6) 11 (16.4)

Gastric 4(8.5) 10 (13.7)

Biliary tract/pancreatic 8 (17.0) 3@4.1)

Liver 3(64) 8 (11.0)

Prostate 0(0.0) 5(6.9)

Ovarian 4 (8.5) 0(0.0)

Uterus 3(6.4) 2(2.7)

Other 6(12.8) 21 (28.8)
DWI findings (n=119) <0.001

Single lesion 5(10.9) 28 (38.4)

Scattered lesions 5(10.9) 22 (30.1)

Multiple lesions 36 (78.3) 23 (31.5)
Laboratory findings

D-dimer, pg/ml 10.1 (5.0-27.3) 2.1(1-5.3) <0.001

C-reactive protein, mg/dl 2.2 (0.5-6.6) 0.54 (0.2-2.5) 0.022

CEA, U/ml 7.1 (2.8-45.4) 2.7(1.74.3) <0.001

CA 19-9, U/ml 18.2 (6.8-690) 8 (3-17.8) 0.003

CA 125, U/ml 125 (48-579) 23 (12-56) <0.001

NIHSS National Institutes of Health Stroke Scale, DWI diffusion-weighted imaging, CEA carcinoembry-

onic antigen, CA carbohydrate antigen

Data are presented as the means + SD for age, body mass index; as median (interquartile range) for baseline
NIHSS score and laboratory findings; and as number of patients (%) for others
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Table 2 Spearman’s correlation analysis of the associations between
each tumor marker and the D-dimer, and C-reactive protein levels in
ischemic stroke patients with active cancer

D-dimer, pg/ml C-reactive protein,

mg/dl
P P P P
CEA, U/ml 0.220 0.016 0.210 0.021
CA 19-9, U/ml 0.252 0.006 0.131 0.153
CA 125, U/ml 0.543 <0.001 0.452 <0.001

CEA carcinoembryonic antigen, CA carbohydrate antigen

Sensitivity

0.00 0.20 0.40 0.60 0.80 1.00
1-Specificity

Fig.2 The areas under the receiver-operating characteristic (ROC)
curve (AUC) for each tumor marker for the diagnosis of cancer-
associated stroke. The AUCs were 0.812 (95% confidence interval
[CI] 0.718-0.878) for carbohydrate antigen (CA) 125, 0.714 (95% CI
0.602-0.801) for carcinoembryonic antigen (CEA), and 0.663 (95%
CI 0.552-0.759) for CA 19-9

heterogeneous because of intravascular coagulopathy, non-
bacterial thrombotic endocarditis, paradoxical embolism,
tumor occlusion, and conventional stroke mechanisms due
to shared vascular risk factors [1, 3]. Increased D-dimer lev-
els and multiple infarct lesions in multiple vascular territo-
ries might be associated with the presence of active cancer
among ischemic stroke patients based on several observa-
tional studies [4, 16—18]. These indicators were also associ-
ated with occult cancer among cryptogenic stroke patients
without a cancer diagnosis at the time of stroke onset [19].
Therefore, accumulating evidence has shown that increased
D-dimer levels and multiple infarct lesions in multiple vas-
cular territories are associated with cancer-associated stroke
or hypercoagulability. In the present study, the absence of a
conventional stroke mechanism (dyslipidemia or atrial fibril-
lation), increased D-dimer levels, and multiple DWI lesions
were associated with CAS without considering the influence
of tumor markers. Although the definition of CAS is still
not fully unified worldwide, the diagnosis of CAS based on
attending physicians at each hospital in the present study was
supported by the findings of previous reports.

Our novel and interesting findings were that CA 125
levels were closely associated with D-dimer or CRP lev-
els among patients with active cancer. In addition, CA 125
levels were superior to CEA or CA 19-9 in the diagnosis
of CAS. CA 125, which was initially used as an ovarian
cancer biological marker, has been characterized to be a
transmembrane mucin, MUC 16 [20]. Therefore, CA 125
is also a characterized biological marker of mucinous can-
cers, including ovarian cancer, lung adenocarcinoma, pan-
creatic cancer, and breast cancer. As several cases with
gynecological disease could have systemic embolisms
through increased CA 125 levels [7, 21], increased CA
125 levels might reflect hypercoagulability. Four patients
with metastatic cancer (one patient had pancreatic cancer,
and three patients had lung cancer) had brain infarcts with

Table 3 Indicators associated

X > Model 1 Model 2

with cancer-associated stroke

among patients with active OR (95% CI) P OR (95% CI) P

et Dyslipidemia 0.24 (0.07-0.71) 0.009 0.26 (0.08-0.78) 0.016
Atrial fibrillation 0.10 (0.01-0.44) 0.001 0.07 (0.01-0.33) <0.001
Systemic metastasis 2.23 (0.81-6.19) 0.12 - -
D-dimer, pg/ml 1.06 (1.01-1.12) 0.033 - -
Multiple DWI lesions 4.24 (1.55-12.22) 0.005 5.29 (1.93-15.50) 0.001
CA 125, quartiles - - 2.91 (1.68-5.53) <0.001

DWI diffusion-weighted imaging, OR odds ratio, CI confidence interval, CA carbohydrate antigen

Model 1: Multivariable logistic analysis was performed to identify indicators [model 1; age, sex, BMI,
daily alcohol intake, current smoking, hypertension, diabetes mellitus, dyslipidemia, chronic kidney dis-
ease, atrial fibrillation, history of stroke, history of deep venous thrombosis, systemic metastasis, D-dimer,
C-reactive protein, and multiple DWI lesions (vs. single or scattered lesions)]

Model 2: Tumor markers (carcinoembryonic antigen [quartiles], CA 19-9 [quartiles], and CA 125 [quar-
tiles]) added to the indicators in model 1

@ Springer
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other recurrent thromboembolic diseases through mark-
edly increased CA 125 levels [22]. Interestingly, CA 125
is also proposed to be a biological marker of heart failure,
because it is released by mesothelial cells as a response
to serosal effusions and inflammation [23]. In the present
study, the correlational relationships between CA 125 lev-
els and D-dimer or CRP levels were the highest compared
with those between CEA or CA 19-9 levels and D-dimer and
CRP levels. Long et al. showed that ischemic stroke patients
with gastric cancer had significantly higher CA 125 levels
than nonstroke patients with gastric cancer [9]. Xie et al.
found that ischemic stroke patients with lung cancer had
significantly higher CA 125 levels than nonstroke patients
with lung cancer [10]. However, a few studies have inves-
tigated whether increased CA 125 levels were associated
with cancer-associated coagulability and CAS compared
with other tumor markers in ischemic stroke patients across
various types of cancer. We found that the predictive ability
of CA 125 for the diagnosis of CAS was higher than that of
CEA or CA 19-9. In addition, increased CA 125 levels were
independently associated with CAS after adjusting for base-
line characteristics, including D-dimer or CRP levels. We
speculate that CA 125 might be a suitable biological marker
of CAS via cancer-associated hypercoagulability and inflam-
mation. In the present study, the incidences of lung cancer
(adenocarcinoma) and biliary tract/pancreatic cancer were
higher in CAS patients, consistent with the previous studies
[4, 6]. Although CA 125 might not be used for monitoring
the cancer activity in patients with lung cancer or biliary
tract/pancreatic cancer in the daily clinical setting, it might
be a useful indicator of a high risk of CAS in patients with
those cancers. Further studies on whether CA 125 is useful
for predicting the future incidence of CAS are required in
patients with various cancers.

There are several limitations in this study. First, our
study had a small sample size, and not all ischemic stroke
patients with active cancer could be evaluated for each tumor
marker (CEA, CA 19-9, and CA 125), which might lead
to potential selection bias. However, baseline characteris-
tics, including neurological severity, did not generally differ
from those in the previous studies of acute ischemic stroke
patients with active cancer [18]. Second, the definition of
CAS was not unified across hospitals in the study, because
we adopted the attending physician’s diagnosis with consen-
sus by several stroke neurologists at each hospital. Indeed,
two patients with atrial fibrillation (one with paroxysmal
atrial fibrillation) were diagnosed with CAS by attending
physicians, because those patients with an advanced stage of
cancer experienced multiple infarcts despite anticoagulation
therapy. In addition, not all patients with an undetermined
etiology were considered to have CAS. The diagnosis of
CAS was based on the attending physician’s comprehensive
judgements, and well-known indicators, such as D-dimer
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levels and multiple ischemic lesions in multiple vascular
territories, were associated with CAS in the present study.
Third, active cancer might cause atherosclerotic develop-
ment or hypercoagulability even in the context of conven-
tional stroke mechanisms. Potential mechanisms, such as
paradoxical embolism, should also be considered in patients
with active cancer who experience deep venous thrombo-
sis. Whether the status of cancer-associated hypercoagu-
lability, which influences conventional stoke mechanisms,
was considered CAS should be discussed in future studies.
In addition, cancer treatment-related stroke, for example,
radiation-induced vasculopathy or chemotherapy-induced
coagulopathy, may be other important issues in the man-
agement of stroke patients with active cancer.

In conclusion, increased CA 125 levels, which indicated
cancer-associated hypercoagulability or inflammation, were
useful for the diagnosis of CAS among ischemic stroke
patients with active cancer. Further large and prospective
studies are needed to determine whether CA 125 is useful
for the early diagnosis of cancer-associated thrombosis or
stroke among patients with various types of active cancer.
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