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Abstract Stroke risk is increased in cancer patients and
cancer activity has been claimed to play a role in the
development of ischaemic stroke (IS). We wanted to fur-
ther test these assumptions and to explore the impact of
such relation on short-term prognosis. We identified all IS
patients that were admitted to the neurological department
of our primary and tertiary care university hospital between
2008 and 2014 (n = 4918) and reviewed their medical
records for an additional diagnosis of cancer. Cancer
patients were categorized into those with “active cancer”
(AC: recurrent malignant tumour, metastases, ongoing
chemo-/radiotherapy) and “non-active cancer” (NAC). We
compared demographic, clinical and neuroimaging features
of both patient groups and assessed their association with
in-hospital mortality. 300 IS patients with known cancer
were identified (AC: n = 73; NAC: n = 227). IS patients
with AC were significantly younger (70.3 &+ 10.6 vs.
74.9 £ 9.9 years), had more severe strokes at admission
(NIHSS: median 5 vs. 3), more frequently cryptogenic
strokes (50.7 vs. 32.5 %) and more often infarcts in mul-
tiple vascular territories of the brain (26 vs. 5.2 %) com-
pared to IS patients with NAC. In-hospital mortality was
significantly higher in AC patients (21.9 vs. 6.2 %). Mul-
tivariate analysis identified AC (odds ratio [OR] 3.70, 95 %
confidence interval [CI] 1.50-9.30), NIHSS at admission
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(OR 1.10, CI 1.10-1.20) and C-reactive protein level (OR
1.01, CI 1.00-1.02) as factors significantly and indepen-
dently associated with in-hospital death. Our findings
support a direct role of AC in the pathogenesis and prog-
nosis of acute IS. This needs to be considered in the
management and counselling of such patients.

Keywords Clinical neurology - Ischaemic stroke -
Cancer - Outcome

Introduction

Malignant cancer and ischaemic stroke (IS) each represent
leading causes of death and disability [1]. In addition, previ-
ous reports have indicated that stroke risk is increased in
cancer patients [2]. It has been suggested that cancer-related
coagulation disorders, tumour embolism or adverse effects
from oncological treatment could be a trigger for IS [3-6].
Some studies found indirect evidence in this direction such as
a lower number of classical stroke risk factors, higher rates of
unidentified stroke aetiologies and lesion patterns on mag-
netic resonance imaging (MRI) suggesting an embolic origin
[6-11], while others could not identify clear differences in
stroke features between cancer and non-cancer groups [4, 5].

However, the majority of these investigations did not
separate between different states and stages of cancer and
just focused on stroke patients with active cancer (AC) or
were limited by a small size of their study cohort [5-10].
Thus far, only one Korean study has investigated stroke
characteristics in cancer patients according to cancer state
(active vs. non-active). The authors found an association
between AC and higher concentrations of inflammatory
markers, a pattern of multiple diffusion weighted imaging
(DWI) lesions on MRI and cryptogenic stroke aetiology [11].
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We thus aimed to replicate these observations in a
European cohort of stroke patients. Furthermore, we par-
ticularly focused on post-stroke prognosis of cancer
patients, which is also quite controversial and largely
unresolved [5, 7, 10]. Whereas AC is clearly associated
with a high long-term risk of death among stroke patients,
information about the influence of cancer activity on the
short-term outcome after stroke is limited [7, 8, 12]. We
therefore also investigated the short-term risk of death of IS
patients with AC and searched for possible predictors.

Methods
Study design and data collection

We retrospectively identified all IS patients that were
admitted to the neurological department of a university
hospital between 2008 and 2014 (n = 4918), which also
provides primary stroke care for a defined population of the
province of Styria. To collect data, the medical and nursing
documentation and communication network of Styria
(MEDOCS) was used. This hospital information system
allows accessing neurological and oncological records as
well as neuroimaging and laboratory data acquired in all 21
public hospitals in Styria with more than 1.2 million
inhabitants. To be considered for this study, ischaemic
cerebral infarction had to be confirmed by brain MRI or
computed tomography (CT). All IS patients identified in
this manner were reviewed for the presence of an addi-
tional diagnosis of cancer and, if positive, included in our
investigation. Patients with brain tumours or cerebral
metastases were excluded because of the possibility of
stroke mechanisms related to local tumour effects.

Considering cancer activity, patients were divided into
two cohorts, i.e. those with active (AC) and non-active
cancer (NAC). AC was defined as a recurrent malignant
tumour, presence of metastases or ongoing chemo- or
radiotherapy at hospital admission [13]. Metastases had to
be verified by radiological evidence or biopsy. Patients
with a diagnosis of cancer who did not meet these criteria
were classified as NAC.

Diagnostic stroke workup irrespective of this classifi-
cation consisted of cerebral MRI or CT, extra- and
intracranial duplex sonography, electrocardiography
(ECG), 24-h ECG, routine laboratory tests (including
coagulation tests, haematology and biochemistry) and
transthoracic or transoesophageal echocardiography.

We recorded patient demographics, the presence of
cerebrovascular risk factors, previous vascular events, use
of drugs affecting blood clotting, clinical symptoms at
presentation [using the National Institutes of Health Stroke

Scale (NIHSS)] and in-hospital mortality after stroke [6,
14]. In addition, oncological records were carefully
reviewed for cancer-specific aspects such as tumour types
and cancer therapy.

Stroke aetiology and infarct pattern

Stroke aetiology was defined according to the Trial of
ORG 10172 in Acute Stroke Treatment (TOAST)-classi-
fication [15]. Furthermore, all available MRI and CT
scans were reviewed by a neuroradiological expert for
infarct pattern/extension and vessel occlusion, unaware of
the patient’s cancer activity. Large vessel disease was
considered in the presence of vessel stenosis (=50 %)/
occlusion proximal to ischaemic lesions. Acute subcorti-
cal hemispheric or brainstem infarcts with a diameter of
less than two centimetres were classified as related to
cerebral small vessel disease. Cardioembolism was sus-
pected in the presence of a cardioembolic source without
evidence for large or small vessel disease. Finally, cryp-
togenic stroke was noted if the cause of stroke could not
be determined confidently or if at least two possible
causes of stroke were present [15]. Cancer was not con-
sidered as a distinct aetiology.

Infarct patterns were classified based on cerebral MRI/
CT into four groups: (1) single lesion in one vascular ter-
ritory, (2) scattered lesions in one vascular territory, (3)
borderzone infarction and (4) infarcts in multiple vascular
territories of the brain [16].

Statistical analysis

All analysis was performed with the IBM Statistical
Package of Social Sciences (SPSS)—statistics (version
22.0). For continuous variables, Gaussian distribution was
tested with the Kolmogorov—Smirnov test. If Gaussian
distribution was identified, we used the Student’s ¢ test to
compare the AC and NAC subgroups. Otherwise Mann—
Whitney U Test for independent variables was utilized.
Categorical variables and frequencies were compared using
the Chi-square test. A p value less than 0.05 was consid-
ered statistically significant.

A multivariate binary logistic regression model with
the occurrence of in-hospital death as the target variable
was fitted. In block A, the model was loaded with the
variables age and sex. Block B consisted of variables
that were significantly associated with the complication
of in-hospital death in univariate analysis; thus including
AC, infarcts in multiple vascular territories of the brain,
NIHSS and C-reactive protein level at hospital
admission.
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Results

We identified 300 patients [mean age, 73.0 £ 10.5 years;
177 (59.0 %) male] with IS and an additional diagnosis of
cancer. Of those, 73 (24.3 %) had active and 227 (75.7 %)
non-active concomitant cancer. While 296 patients had a
preceding diagnosis of cancer, four individuals had been
diagnosed with AC after the index IS.

Among all included patients, arterial hypertension was
the most common stroke risk factor (77.6 %), followed by
dyslipidemia (38.0 %), atrial fibrillation (33.3 %), nicotine
abuse (25.0 %) and diabetes mellitus (20.7 %; for num-
bers, see Table 1). A previous vascular event (myocardial
infarction, stroke, venous thromboembolism) was recorded
in 84 (28.0 %) patients. Median NIHSS at hospital
admission was 3 (range 0-38) and 30 patients (10.0 %)
died during their stay in hospital (median duration of stay:
9, range 245 days).

The most frequent cancer types in our IS patients were
prostate (20.3 %), breast (15.3 %) and colon carcinoma
(12.0 %). Overall, 61.5 % had an adenocarcinoma as the

underlying histological cancer subtype (Table 2). Car-
dioembolism (29.3 %) was the most common stroke aeti-
ology, followed by large vessel disease (21.3 %) and small
vessel disease (12.3 %; for numbers see Table 3). 111
(37.1 %) patients were classified as cryptogenic stroke.

Finally, brain imaging [MRI (n = 237; 79 %) and/or CT
(n = 279; 93 %)] revealed a total of 187 (62.4 %) IS
patients with a single territorial lesion, 64 (21.3 %) with
scattered territorial lesions, 31 (10.3 %) with infarcts in
multiple vascular territories and 18 (6.0 %) with border-
zone infarction (Table 3).

AC versus NAC

IS patients with AC were significantly younger compared
to patients with NAC (70.3 £ 10.6 vs. 749 + 9.9,
p <0.001) and suffered from more severe strokes as
indicated by a significantly higher NIHSS score (median, 5
vs. 3, p = 0.01). They also had a higher in-hospital mor-
tality, which was 21.9 % in AC compared to 6.2 % in NAC
patients (p < 0.001, for numbers see Table 1).

Table 1 Demographics, medical history, laboratory and clinical parameters of IS patients with AC compared to IS patients with NAC

Variable/clinical finding Total cohort of cancer patients (n = 300)  AC patients NAC patients p value
N (%) m=73) N(%) (n=227)N (%)
Demographics
Age, year (mean + SD) 73.0 £ 105 70.3 £ 10.6 749 £99 p < 0.001
Male 177 (59.0) 43 (58.9) 134 (59.0) n.s.
Medical history
Arterial hypertension 230 (77.6) 43 (63.0) 187 (82.4) p < 0.001
Dyslipidemia 114 (38.0) 17 (23.3) 97 (42.7) p = 0.003
Diabetes mellitus 62 (20.7) 16 (21.9) 46 (20.3) n.s.
Nicotine abuse 75 (25.0) 18 (24.7) 57 (25.1) n.s.
Atrial fibrillation 100 (33.3) 15 (20.6) 85 (37.4) p = 0.008
Previous AMI 25 (8.3) 7 (9.5) 18 (7.9) n.s.
Previous stroke 24 (8.0) 8 (10.6) 16 (7.0) n.s.
Previous venous thromboembolism 35 (11.7) 11 (14.9) 24 (10.8) n.s.
Previous antiplatelet therapy® 100 (36.6) 16 (25.0) 84 (40.2) p = 0.028
Previous oral anticoagulation® 23 (8.4) 2 (3.1 22 (10.5) n.s.
Laboratory parameters
C-reactive protein, mg/L mean £ SD at  15.1 &+ 28.5 28.9 + 325 11.6 £ 27.9 p < 0.001
hospital admission
Clinical parameters
NIHSS on hospital admission, median 3 (0-38) 5 (0-34) 3 (0-38) p = 0.010
(range)
In-hospital mortality 30 (10.0) 16 (21.9) 14 (6.2) p < 0.001

Demonstrated p value was determined by comparing “AC patients” and “NAC patients”

IS ischaemic stroke, AC active cancer, NAC non-active cancer, AMI acute myocardial infarction, N/HSS National Institutes of Health Stroke

Scale, n.s. not significant

4 Verifiable in 273 patients (91.0 %) of the total cohort [64 (87.7 %) of AC patients, 209 (92.1 %) of NAC patient]
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Table 2 Cancer characteristics of IS patients with AC compared to IS patients with NAC
Variable/clinical finding Cancer patients AC patients NAC patients p value
(n = 300) N (%) (n=173) N (%) (n = 227) N (%)
Cancer type
Liver cancer 5(1.7) 5 (6.8) 0 (0.0) p < 0.001
Lung cancer 20 (6.6) 11 (15.1) 9 (4.0) p = 0.001
Pancreatic cancer 5.7 5 (6.8) 0 (0.0) p < 0.001
Prostate cancer 61 (20.3) 9 (12.3) 52 (22.8) p = 0.048
Colon cancer 36 (12.0) 341 33 (14.5) p = 0.017
Breast cancer 46 (15.3) 3 4.1 43 (18.9) p = 0.002
Cancer histology®
Adenocarcinoma 161 (61.5) 52 (75.4) 109 (56.5) p = 0.004
Non-Hodgkin lymphoma 35 (13.4) 6 (8.7) 29 (15.0) n.s.
Squamous cell carcinoma 30 (11.4) 6 (8.7) 24 (12.4) n.s.
Others 36 (13.7) 5(7.2) 31 (16.1) n.s.
Demonstrated p value was determined by comparing “AC patients” and “NAC patients”
IS ischaemic stroke, AC active cancer, NAC non-active cancer, n.s. not significant
# Verifiable in 262 patients (87.3 %) of the total cohort [69 (94.5 %) of AC patients, 193 (85.0 %) of NAC patients]
Table 3 Stroke aetiology and infarct patterns of IS patients with AC compared to IS patients with NAC
Variable/clinical finding Cancer patients (n = 300) AC patients (n = 73) NAC patients (n = 227) p value
N (%) N (%) N (%)
Stroke aetiology
Large vessel disease 64 (21.3) 18 (24.7) 46 (20.3) n.s.
Cardioembolic source 88 (29.3) 14 (19.1) 74 (32.6) p = 0.028
Small vessel disease 37 (12.3) 4 (5.5) 33 (14.6) p = 0.041
Cryptogenic 111 (37.1) 37 (50.7) 74 (32.5) p = 0.007
Infarct patterns
Single lesion (MCA, ACA) 130 (43.4) 27 (37.0) 103 (45.4) n.s.
Single lesion (PCA, cerebellum, 57 (19.0) 11 (15.1) 46 (20.3) n.s.
brainstem)
Scattered lesions in one vascular 64 (21.3) 12 (16.4) 52 (22.9) n.s.
territory
Borderzone infarction 18 (6.0) 4 (5.5) 14 (6.2) n.s.
Infarcts in multiple vascular territories 31 (10.3) 19 (26.0) 12 (5.2) p < 0.001

Demonstrated p value was determined by comparing “AC patients” and “NAC patients”

IS ischaemic stroke, AC active cancer, NAC non-active cancer, MCA middle cerebral artery, ACA anterior cerebral artery, PCA posterior cerebral

artery, n.s. not significant

Classical stroke risk factors, including arterial hyper-
tension and dyslipidaemia, were less frequent in AC
patients, while the prevalence of previous vascular events
did not differ between the subgroups (Table 1). Regarding
laboratory markers, AC patients presented with higher CRP
levels at stroke onset (28.9 & 32.5 vs. 11.6 £ 27.9 mg/L,
p < 0.001), while routine coagulation tests and leuco-/
thrombocyte counts or renal and liver function did not

significantly differ between the two subgroups (data not
shown).

Stroke aetiology and infarct pattern also differed sig-
nificantly between the subgroups (Table 3). Thus, crypto-
genic stroke was more prevalent in AC patients (50.7 vs.
32.5 %, p = 0.007), while the NAC cohort more often
showed cardioembolism and small vessel disease as causes
of stroke. Infarcts in multiple vascular territories of the
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Fig. 1 Representative images of infarcts in multiple cerebrovascular
territories. Multiple supra- (a, c¢) and infratentorial (b, d) acute
ischaemic infarcts in a 54-year-old patient with underlying active
colon cancer are shown on FLAIR (a, b) and DWI MRI sequences (c,
d). MRI magnetic resonance imaging, FLAIR fluid-attenuated inver-
sion recovery, DWI diffusion weighted imaging

brain were observed significantly more often in AC com-
pared to NAC patients (26 vs. 5.2 %, p < 0.001). Figure 1
shows representative images of the latter infarct pattern.

Lung, liver and pancreatic carcinoma were especially
prevalent in IS patients with AC, who overall also had a
higher rate of adenocarcinoma histologically when com-
pared to IS patients with NAC (Table 2).

Multivariate analysis served to identify variables that
predicted in-hospital death in ischaemic stroke patients.
Variables that remained significantly associated with in-
hospital death after adjusting for age and sex were AC
[odds ratio (OR) 3.70, 95 % confidence interval (CI)
1.50-9.30], NIHSS at admission (OR 1.10, CI 1.10-1.20)
and C-reactive protein level at admission (OR 1.01, CI
1.00-1.02).

Discussion
This analysis in well-characterized central European IS
patients with concomitant cancer showed that various

characteristics of IS, including age, stroke risk factors,
infarct patterns and stroke aetiology differed depending on

@ Springer

cancer state (AC vs. NAC). Furthermore, AC was associated
with more severe stroke at admission and a higher rate of in-
hospital death. These findings support a direct role of AC on
IS development and on short-term outcome after stroke.

Although there exists a considerable number of studies
that have explored the co-occurrence of stroke and cancer
[5-10], reports that have investigated features of stroke
according to different cancer state (active vs. non-active)
are limited [8, 11]. Only one Korean study associated IS of
AC patients with an elevated CRP level, infarcts in mul-
tiple vascular territories of the brain and stroke of
unidentified aetiology [11]. We here replicate these
observations and additionally show a lower mean age at
stroke onset with fewer classical stroke risk factors in the
AC cohort supporting the assumption of a specific stroke
mechanism in patients with an underlying AC [6, 7, 11].

Hypercoagulability is the most likely triggering factor in
this cascade. This gains support from the presence of a
significant CRP elevation [17, 18] and the type of tumour
preferably found in patients with AC. Noteworthy, our AC
patients revealed a high proportion of lung, liver and
pancreatic cancer and had more often an adenocarcinoma
as their underlying cancer histology, which all have been
suggested to trigger paraneoplastic thrombosis (Trous-
seau’s syndrome) [2, 19-21]. The fact that we did not find a
higher prevalence of vascular events before the index
stroke in our AC patients does not necessarily argue against
this explanation as IS may just have been the first sign of
cancer-induced endogenous alterations.

Thromboembolism due to hypercoagulability as the
cause of IS in AC is also supported by our MRI findings.
Analysis of the DWI lesion pattern showed an association
between infarcts in multiple vascular territories of the brain
and AC. While this infarct pattern has been associated
specifically with a proximal and most often cardioembolic
source [22], such a stroke aetiology was actually less often
diagnosed in patients with AC than NAC.

However, it cannot be excluded that cardioembolic
sources may have escaped detection as only few patients
underwent transoesophageal echocardiography (12 %). In
this context, a prospective echocardiographic study detec-
ted valvular vegetations in about 20 % of all cancer
patients and suggested a high mortality due to systemic
embolism [23]. Also in other studies reporting on the
association of IS and cancer, the percentage of transoe-
sophageal echocardiographic workup has been low
(10-17 %) and thus have led to underestimation of a can-
cer-associated cardioembolic source [8, 11].

Another specific scope of the present work was to assess
the influence of a cancer activity on stroke severity and
short-term outcome after stroke, as data about clinical
parameters of stroke patients with concomitant cancer are
limited. While the few studies available thus far have
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reported no major differences, we found that AC patients
presented with more severe stroke syndromes at admission
(NIHSS: median 5 vs. 3) and had an excessively high in-
hospital mortality rate compared to the NAC cohort (21.9
vs. 6.2 %). Based on data from the Austrian Stroke Unit
Registry, the short-term mortality after IS with a median
NIHSS of 3-4 at admission would be expected to range
between 8.6 and 13.9 % [24].

Multivariate regression analysis further revealed that
particularly AC, and to a lesser extent NIHSS at admission
and CRP elevation were independently associated with in-
hospital death. The impact of stroke severity and CRP level
at hospital admission, both increased in AC patients in
univariate analysis, have been generally related to reduced
survival after stroke [17, 24]. Possible reasons why these
associations of AC with stroke severity and poor short-term
prognosis have not been found in previous studies [5, 7, 8]
include relatively small patient groups, patient selection
and the absence or differences in the definition of AC.

Our retrospective study has some obvious limitations.
First, we did not compare our cancer cohorts to a control
group with non-cancer patients. However, previous studies
had not revealed substantial differences between NAC and
non-cancer patients [8, 11].

Second, the retrospective study design limits our analysis
to investigations available from routine workup and does not
allow to reliably capturing outcome data after hospital dis-
charge. In view of the likely importance of hypercoagula-
bility, it would have been interesting to also determine the
fibrinogen and D-dimer levels in our patients but these are
not being obtained on a routine basis. Furthermore, the low
autopsy rate of 10.0 % prohibits a reliable analysis of the
most plausible cause of death in our patients.

In conclusion, IS in AC shows specific characteristics
which support the role of active malignancies in the
development of stroke. Pancreatic, lung and liver cancer as
well as adenocarcinoma appear particularly prone to cause
IS and thromboembolism is the most likely mechanism. In
addition, patients with IS and AC have a high rate of in-
hospital death.

Clinicians should consider our finding of this poor short-
term outcome in the management and counselling of IS
patients with an underlying AC.
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