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Background: Stroke risk and stroke recurrence are increased in cancer patients, but the pathogenesis and biomarkers of kid-
ney cancer-related stroke (KCS) are generally unclear. The aim of the present research was to investigate the
pathogenesis and plasma biomarkers of kidney cancer-related stroke.

Material/Methods: A retrospective review was conducted on acute stroke patients with kidney cancer (KC) who were admitted
to the hospital between January 2006 and December 2015. A total of 106 patients with KCS (active KC pa-
tients with acute stroke but without conventional vascular risks) were identified. In addition, 106 age- and sex-
matched patients with KC alone were recruited.

Results: KCS patients had higher plasma D-dimer, cancer antigen (CA) 125, and CEA levels and greater proteinuria lev-
els than did KC patients. Multiple logistic regression analysis showed that the risk of stroke in patients with KC
increased independently by 0.8% (odds ratio [OR] 1.008; 95% confidence interval [Cl] 1.002, 1.013; p=0.004)
with a 1 ng/mL increase in D-dimer levels, by 1.2% (OR 1.012; 95% CI 1.007, 1.018; p=0.000) with a 1 U/mL
increase in CA125, by 2.5% (OR 1.025; 95% Cl 1.012, 1.038; p=0.000) with a 1 U/mL increase in CEA by 1.4%
(OR 1.014; 95% CI 1.005, 1.024; p=0.004) with a 1 mg increase in urine protein in 24 hours.

Conclusions: Elevated plasma D-dimer, CA125 and CEA levels, and increased urine protein levels might lead to hypercoagu-
lability and then KCS; however, they may also be biomarkers of KCS.
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Background

Ischemic stroke and malignant cancer both are leading causes
of death and disability. Stroke risk and stroke recurrence are
increased in cancer patients [1,2]. Previous studies have sug-
gested that some strokes are induced by cancer via an under-
lying physiopathologic mechanism known as cancer-related
stroke [3,4]. Cancer-related stroke is characterized by multiple
lesions in multiple arterial territories in the brain. Occasionally,
cancer cells invade the left atrium and the blood vessels near-
by, induce cardiovascular thrombus and non-bacterial throm-
botic endocarditis (NBTE), and then cause cardiac thrombus,
indicating that cancer directly causes thrombotic stroke [5-7].
However, most strokes in cancer patients are associated with
elevated plasma D-dimer [8-10]. Furthermore, elevated plas-
ma D-dimer, high-sensitivity C-reactive protein, fibrinogen, and
pro-brain natriuretic peptide levels could be regarded as bio-
markers of cancer-related stroke [11,12]. However, most previ-
ous studies have been conducted on cancer patients, and can-
cer patients are a heterogeneous group that includes patients
with different types of cancers. Cancer cells are also hetero-
geneous, and the local sites and status of cancer in the body
are diverse, indicating that the pathogenesis and biomarkers
of cancer-related stroke should vary. Therefore, research on
specific cell types in cancer patients may be the most suitable
for the investigation of the pathogenesis and biomarkers of
cancer-related stroke.

Kidney cancer (KC) is one of the most common cancers in the
urinary system [13]. Metastasis of renal cell carcinoma has been
observed to invade the pulmonary vein and pass into the heart
cavity, leading to cerebral infarction [6]. Strokes occurring in
some patients with KC may be related to the KC itself, name-
ly, kidney cancer-related stroke (KCS). However, the pathogen-
esis and biomarkers of KCS are generally unclear. In the pres-
ent study, our aim was to obtain a better understanding of the
pathogenesis and plasma biomarkers of KCS. We performed a
systemic retrospective study by reviewing the clinical data of
KC patients with acute ischemic stroke. Additionally, we se-
lected the same number of age- and sex-matched KC patients
without stroke as the control group.

Material and Methods

Patients

This study was reviewed and approved by the Guangxi Medical
University Review Board. A total of 8923 KC patients were re-
cruited from the First Affiliated Hospital of Guangxi Medical
University, the Fourth Affiliated Hospital of Guangxi Medical
University, and the Ninth Affiliated Hospital of Guangxi Medical
University between January 2006 and December 2015. Among
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them, there were 106 patients who met the criteria for KCS. The
diagnosis of KC for all patients was pathologically confirmed.
The diagnosis of acute stroke was based on the American Heart
Association diagnostic criteria for stroke [14], which is patients
presenting with a sudden onset of slurred speech, hemiple-
gic paralysis, and limb numbness, or other focal neurological
deficits. Computed tomography (CT) images showed no ce-
rebral hemorrhage, and magnetic resonance imaging (MRI)
showed hyperintense lesions on T2- and diffusion-weighted
images (DWI). The etiology of stroke was determined accord-
ing to the TOAST criteria [15].

In actuality, it is very difficult to identify KCS in modern clini-
cal practice. Based on the definition of cancer-related stroke
in previous studies [3,4], in the present study, KCS was de-
fined as acute stroke in patients with active KC. The KCS group
met the following criteria: 1) patients diagnosed with KC and
having KC in the active phase (i.e., treatment for KC not yet
started, treatment failed to meet the criteria for clinical cure,
or having confirmed recurrence or metastasis of KC) and who
developed acute ischemic stroke without conventional vascu-
lar risk factors, such as hypertension, diabetes, and hyperlipe-
mia; and 2) patients with acute ischemic stroke who were first
diagnosed with KC during anti-stroke therapy. The exclusion
criteria were: 1) patients with conventional risk factors; 2) pa-
tients with primary or metastatic intracranial malignant tumors;
3) patients with other malignant conditions; and 4) patients
with cerebral vascular disease other than cerebral infarction.

The patients in the KC alone group had been diagnosed with
KC, had KC in the active phase, did not have acute stroke,
and were age- and sex-matched with the KCS patients. The
exclusion criteria were: 1) patients with conventional vascu-
lar risk factors; 2) patients with brain metastasis; and 3) pa-
tients with other cancers.

Collection of clinical data

The general demographic characteristics in both groups, such
as age and sex, were collected. Moreover, data were collected
from blood tests, including routine blood examinations and
blood biochemical assays, and proteinuria was assessed after
testing from a 24-hour urine collection. Data on KC were col-
lected, including the clinical manifestations; pathological types;
metastasis; treatment information, including radiotherapy, che-
motherapy and surgical resection; and tumor markers, such as
cancer antigen (CA) 125, CA153, and CA199. Information on
acute ischemic stroke, including clinical manifestations and
the severity of focal neurological deficits as assessed with the
National Institutes of Health Stroke Scale (NIHSS), were also
collected. In addition, data from imaging endpoints, includ-
ing echocardiography (ECG), transcranial Doppler ultrasound,
cranial CT, CT angiography (CTA), MRI, and MR angiography

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

(MRA), were also collected. The prognosis of patients on the
30" day after stroke symptom onset was based on the mod-
ified Rankin scale (mRS).

Statistical methods

All statistical analyses were performed using SPSS 18.0 soft-
ware. Independent-samples t tests were used for quantita-
tive data, and chi-square tests were used for qualitative data.
Multivariable logistic regression analysis was performed to
predict the independent contributions of factors in KCS ver-
sus KC. Significant variables with p<0.05 in univariate analy-
ses were considered explanatory variables and were entered
together into multivariable models. A p value <0.05 was con-
sidered statistically significant.

Results

A total of 106 KCS patients were identified, accounting for
1.19% of the total KC patients. Of the 106 KCS patients, 75
(70.75%) were male and 31 (29.25%) were female. Their av-
erage age (mean + standard deviation) was 62.40+7.82 years.
Similarly, the 106 KC patients had an average age of 60.88+6.26
years. As expected, no significant differences in age or sex were
observed between these 2 groups. The demographic charac-
teristics are listed in Table 1.

Among the KCS patients, 87 (82.08%) developed stroke in the
first 6 months after the diagnosis of KC, 5 (4.72%) patients
developed stroke 6 months to 1 year later, and 6 (5.66%) pa-
tients developed stroke more than 1 year after KC diagnosis.
However, there were 8 (7.54%) patients with acute cerebral
infarction as the first manifestation; these patients were first
diagnosed with KC during anti-stroke therapy. There were 92
(86.88%) KCS patients with more than 1 lesion on brain MRI
(Figure 1).

As a result of the inclusion and exclusion criteria, there was
no significant difference in the types of KCs in the KCS and KC
patients. When the clinical characteristics of the KCS patients
were compared with those of the KC patients, most blood rou-
tine and coagulation values were not significantly different.
However, blood test endpoints showed that KCS patients had
higher plasma D-dimer, CA125, and CEA levels and greater
proteinuria levels than did the KC patients. In addition, more
KCS patients than KC patients had KC metastasis. Moreover,
more KC patients than KCS patients underwent surgical resec-
tion treatment, but there were no significant differences be-
tween the 2 groups regarding chemoradiotherapy. In addition,
more KCS patients died during hospitalization for KC (Table 1).

To identify the risk factors for KCS, we used multivariate logis-
tic regression analysis to investigate 6 potentially important
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variables: D-dimer, CA125, CEA, proteinuria, KC metastasis, and
surgical therapy. However, only D-dimer, CA125, CEA, and pro-
teinuria were entered into the final models. The multiple model
can be described using the following equation: logit p=In(p/1-p)
=PO+P IX1+B2X2+P3X3+B4X4. The final regression equation was
as follows: logit p=—10.969+1.008X1+1.021X2+1.025X3+1.01
4X4. The risk of stroke in patients with KC increased indepen-
dently by 0.8% (odds ratio [OR] 1.008; 95% confidence inter-
val [Cl] 1.002, 1.013; p=0.004) with an increase in the D-dimer
level of 1 ng/mL; increased independently by 1.2% (OR 1.012;
95% Cl 1.007, 1.018; p=0.000) with an increase in CA125 of
1 U/mL; increased independently by 2.5% (OR 1.025; 95% Cl
1.012, 1.038; p=0.000) with an increase in CEA of 1 U/mL; and
increased by 1.4% (OR 1.014; 95% Cl 1.005, 1.024; p=0.004)
with an increase in urine protein of 1 mg/24 h. These data re-
vealed that elevated plasma D-dimer, CA125, and CEA levels,
as well as increased levels of urine protein, may be indepen-
dent risk factors for KCS (Table 2).

Discussion

Cancer increases the risk of stroke [2]. The incidence of stroke
in cancer patients differs for different types of cancer. For ex-
ample, the incidence of stroke within 3 months after the diag-
nosis of cancer was 5.1% in patients with lung cancer, 3.4% in
patients with pancreatic cancer, 3.3% in patients with colorec-
tal cancer, 1.5% in patients with breast cancer, and 1.2% in
patients with prostate cancer [16]. In the present study, KCS
was diagnosed in 1.19% of all patients with KC, and stroke oc-
curred within 6 months after the diagnosis of KC in most of
the KCS patients, indicating that as soon as KC is diagnosed,
precautions should be taken to prevent stroke.

However, to effectively prevent cancer-related stroke, the mech-
anism of cancer-related stroke must be understood. Previous
research has suggested that cancer-related stroke might occur
via an unconventional mechanism. Occasionally, lung cancer
cells have been found to directly cause thrombotic stroke by
invading the left atrium, and kidney cells have been found to
cause thrombotic stroke by invading the right inferior pulmo-
nary vein [5,6]. In addition, cancer-related NBTE directly lead-
ing to thrombotic stroke has been documented [7,17]. Cancer
patients with acute stroke often show no evidence that can-
cer cells directly cause stroke. However, accumulating studies
have revealed that most cancer-related stroke patients have
elevated plasma D-dimer levels, and some patients have more
signs of microthrombus in their internal carotids when assessed
by transcranial Doppler sonography. As a result, cancer-relat-
ed hypercoagulability is regarded as the main mechanism of
cancer-related ischemic stroke [18-21]. In the present study,
KCS patients also had higher plasma D-dimer levels than did
KC patients. Moreover, multivariate logistic regression analysis
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Table 1. The clinical features of KCS compared to KC.

Characteristics KCS (n=106) KC (n=106) P value
Age 62.40+7.82 60.8816.26 0.120*
CGender
"""" male®w® 75 @7 75 G075)  1000*
"""" Female % 31 @025 31 (925  1000*
CBloodtests
"""" RBCGaO2)  42s080  430:062 0343
"""" WB@®D 124082133 11908:1793 0068
"""" PLTG107) 2147315515 2044724717 0147t
"""" mev@® 80839 7991049 o0121*
"""" m®  1275:088  1294x084 0103
"""" PTG 125ex147  1235¢166 032"
"""" APTT® 3004296  3160£235 0073
"""" W 10015 104023  0450*
"""" FBG@Y 483073 468065 0104
"""" UREA (nmol)  seox21a 5974220 0345t
"""" REA @moll) 106012527 110643011 0226*
proteinuria(mgr2at) 1643315143 114844988 0000
"""" D-dimer (ng/m)  51135:12053  35645£107.89 0000*
"""" carwsum) 289461972 11975:8481  0000*
"""" catoWm) 8316 83242197 0085
"""" CAUM) 196338241 879743758 000"
CTypeoftherapy
"""" Chemoradiotherapy 40 (@774 33 (G113) 0312
"""" Swgey 42 396) 59 (5566) 0019
"""" Nottreated 24 (264 14 (1321)  0073*
"""" Kidney cancer metastasis %) 51 @811) 20 (1887) 0000

Suprarenal epithelioma 48 (45.28) 46 (43.40) 0.782*
"""" Papillary cell carinoma 32 3019) 30 (830) 0763
"""" Chromophobe kidney cancer 18 (1698 21 (1981) 0595*
"""" Bellini collecting duct carcinoma 8 (754 9 (849)  0800*
 Death during hospitalization for kidney cancer 2 @75 3 @8)  0000*

* With two independent samples t-test; * with chi-square test. Values are presented as mean + SD.CRF, conventional risk factors; RBC
- red blood cells; HGB — hemoglobin; PLT — platelet; MPV — mean platelet volume; TT — thrombin time; PT — prothrombin time; APTT
- activated partial thromboplastin time; INR — international normalized ratio; FIB — fibrinogen; UREA — carbamide; CREA — creatinine;
Proteinuria — 24 hour urine microalbumin.
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Figure 1. Classical magnetic resonance imaging (MRI) samples from a kidney cancer related stroke patient. The patient developed
stroke in three weeks after the diagnosis of kidney cancer, and the diffusion weighted imaging(DWI) of MRI showed that
there were multiple lesions in multiple arterial territories in the brain (A-F).

Table 2. Multivariate Logistic regression analysis.

Factors B SE (B) Wals Df P OR 95% CI
D dimer 0.008 0.003 8.085 1 0.004 1.008 1.002-1.013
CcAls o 0012 0003 1933 T 0000 1012 1.007-1018
A 0025 0006 14647 T 0000 1025 1.012-1038
 Proteinuria o014 0005 8433 1 0004 1014 10051024
 Constant 10969 1686 - 235 T 0000 0000

SE — standard error; OR — odds ratio; Cl — confidence interval.

revealed that elevated levels of plasma D-dimer may indepen-
dently increase the risk of stroke in KC patients, which also in-
dicates that hypercoagulability plays an important role in KCS.
Previous studies have shown that elevated plasma levels of
CA125 in cancer patients are associated with an increased risk
of stroke [22]. In addition, animal experiments have determined
that mucins secreted by cancer cells trigger the reciprocal ac-
tivation of platelets and neutrophils, leading to the formation
of microthromboembolism in the blood [23]. In the present
study, compared to KC patients, KCS patients had elevated
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plasma cancer marker levels, including CA125 and CEA, and
multivariate logistic regression analysis revealed that the el-
evated levels of CA125 and CEA independently increase the
risk of stroke in KC patients. The results suggest that KC cells
introduce mucinous substances, such as CA125 and CEA, into
the bloodstream to induce a hypercoagulable state, which in
turn leads to embolic stroke. In addition, previous studies have
shown that many types of chronic kidney disease are asso-
ciated with increased proteinuria and venous thromboembo-
lism [24,25]. Severe proteinuria was not only found to be an
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independent risk factor for stroke, but was also an indepen-
dent predictive factor for a poor prognosis of stroke [26-28].
Patients with KC may have increased urine protein levels [29],
but the relationship between proteinuria and cancer-related
stroke has been unclear. In the present study, compared to
KC patients, KCS patients had higher proteinuria levels, and
multivariate logistic regression analysis revealed that the in-
creased urine protein levels may independently increase the
risk of stroke in KC patients. Therefore, a possible explanation
might be that proteinuria leads to a hypercoagulable state and
then to stroke. Future research should address the role of el-
evated plasma D-dimer, CA125, CEA, and proteinuria levels in
the development of stroke in patients with KC.

Cancer-related stroke may have specific biomarkers. Previous
studies have revealed that cancer-related stroke is character-
ized by elevated plasma D-dimer levels and multiple lesions
distributed in multiple vascular regions [11,12]. In addition,
elevated plasma D-dimer, fibrin degradation product (FDP),
brain natriuretic peptide (BNP), fibrinogen, and C-reactive
protein (CRP) levels are known to be biomarkers of cancer-
related stroke [11,12,30]. Based on this finding, Ito et al. [31]
successfully differentiated cancer-related stroke using elevat-
ed plasma D-dimer levels from atrial fibrillation-related acute
multifocal embolic stroke, but it was still necessary to deter-
mine whether substantiated cancer-related stroke had specific
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might also be biomarkers of KCS.
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