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Background: Anticoagulation therapy, particularly subcutaneous heparin ther-
apy, is recommended for cancer-associated thrombosis. However, not starting
or discontinuing anticoagulation was not rare. The aim of the present study was
to examine the practical issues related to anticoagulation therapy and effects of
subcutaneous heparin therapy for cancer-associated stroke. Methods: Patients
with cancer-associated stroke in our stroke center between October 2014 and
August 2017 who were diagnosed as having acute ischemic stroke based on dif-
fusion-weighted imaging were retrospectively enrolled. Baseline clinical char-
acteristics, heparin injection, reasons for no subcutaneous heparin therapy, and
clinical outcomes were collected. Results: A total of 59 patients with cancer-asso-
ciated stroke (75 § 10 years old, male 42%) were enrolled. Lung cancer was the
most frequently observed cancer (n = 17, 29%), followed by gastric cancer (n =
8, 14%) and pancreatic cancer (n = 8, 14%). Of the 19 patients (32%) who under-
went subcutaneous heparin therapy, it was discontinued in 9 (47%), mainly
because of patients’ medical conditions (deterioration of cancer or hemorrhagic
complication). Ten patients with long-term subcutaneous heparin therapy did
not have stroke recurrence. In contrast, among nine patients who discontinued
subcutaneous heparin therapy, three (33%) had recurrence of ischemic stroke.
Of the 40 patients without subcutaneous heparin therapy, the main reasons for
no subcutaneous heparin therapy were the patients’ medical conditions (n = 22,
55%). Conclusions: Although subcutaneous heparin therapy was given to only
one third of cancer-associated stroke patients, long-term subcutaneous heparin
therapy might prevent recurrence of cancer-associated stroke.
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Introduction

Ischemic stroke is common in patients with cancer.1-3 Pre-
vious studies showed that 15% of patients with cancer had
cerebrovascular disease,1 and that 4.3% of patients were
diagnosed as having cancer after a stroke.4 Hypercoagulabil-
ity due to cancer plays an important role in cancer-associated
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stroke,5-7 and it was associated with poor survival after
stroke in patients with cancer,8 Anticoagulation therapy is
recommended for cancer-associated thrombosis.9 However,
long-term maintenance on anticoagulation therapy, such as
subcutaneous or intravenous heparin therapy, is not practical
because of hemorrhagic complications and other medical or
social conditions. There is a lack of data on the reasons for
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not starting or discontinuing long-term anticoagulation ther-
apy in patients with cancer-associated stroke.
The aims of the present study were to examine the prac-

tical issues related to anticoagulation therapy for cancer-
associated stroke and to evaluate whether anticoagulation
therapy can reduce stroke recurrence or improve stroke
survival.
Methods

Patients

This retrospective observational study evaluated can-
cer-associated stroke patients in our stroke center between
October 2014 and August 2017. The Institutional Review
Board in our institute approved this study. Written,
informed consent was waived due to the retrospective
nature of the study. The inclusion criteria were 1) acute
ischemic stroke documented based on diffusion-weighted
MRI imaging (DWI) within 7 days after symptom onset; 2)
admitted to or sought consultation for acute stroke; and 3)
known or newly diagnosed active cancer at the time of
stroke diagnosis, after stroke, or during hospitalization.
Active cancer was defined as a diagnosis of or treatment
for cancer during the 6 months preceding the stroke diag-
nosis or newly diagnosed cancer, or the presence of recur-
rent or metastatic cancer. Patients with primary central
nervous system tumors were excluded.
Clinical Assessments

The following patient characteristics were retrospectively
obtained frommedical records: age, sex, and vascular risk fac-
tors such as hypertension, diabetes mellitus, dyslipidemia,
and smoking habits, the National Institutes of Health Stroke
Scale (NIHSS) scores on admission and at discharge, themod-
ified Rankin Scale (mRS) score at discharge, and 1-month sur-
vival status. Recurrence of ischemic stroke was defined as a
symptomatic ischemic stroke identified on DWI. Routine
evaluations included brain magnetic resonance imaging
(MRI) and MR angiography, electrocardiography, echocardi-
ography, 24-h Holter monitoring, and carotid ultrasonogra-
phy. Based on the neurological, radiological, cardiological,
and hematological profiles (eg, blood counts and D-dimer
levels), the stroke subtype was determined according to the
criteria of the Trial of Org 10172 in the Acute Stroke Treat-
ment (TOAST) subtype classification system10 by a consensus
of stroke neurologists. If the patients had both active cancer
and conventional stroke mechanism, we considered that
either has more influence on stroke, and decided the final
diagnosis of stroke mechanism by consensus of more than
three stroke neurologists based on the neurological, radiologi-
cal, cardiological, and hematological profiles.
Blood tests, including D-dimer levels, were measured in

patients with acute ischemic stroke in the emergency
department. For patients with in-hospital stroke, the
blood tests were performed immediately after MRI
studies. D-dimer data were also obtained at 8 § 6 days
after antithrombotic therapy.
Because of the retrospective nature of the study, the

treatment strategy was dependent on the attending stroke
neurologists’ decision based on the stroke mechanism and
the individual patient’s condition. Anticoagulation therapy
with an adjusted dose of continuous intravenous unfractio-
nated heparin or twice-daily subcutaneous heparin calcium
was generally considered first-line treatment. Long-term
maintenance on low-molecular-weight heparin (LMWH)
for cancer-associated thrombosis is not approved in Japan.
The reasons for not starting or discontinuing heparin

included the patient’s medical condition (eg, palliative care,
multiple metastases, hemorrhagic complication, cardiorespi-
ratory instability), the patient’s social condition (eg, transfer
to other facility in which patients cannot be treated with
heparin), finally diagnosed as a stroke mechanism other
than cancer-associated stroke, and the patient’s or family’s
choice (refused maintenance heparin therapy).

Statistical Analysis

The rate of stroke recurrence was compared between
long-term subcutaneous heparin, the discontinuation of
subcutaneous heparin, maintenance on continuous heparin,
and not starting subcutaneous heparin groups using chi-
square test. One-month survival after stroke onset was com-
pared between the long-term subcutaneous heparin therapy
and the discontinuation group using Fisher’s exact test.
D-dimer levels were compared between patients with and
without pre-stroke anticoagulation, between patients with
and without symptomatic stroke recurrence, and between
1-month survivors and nonsurvivors using Fisher’s exact
test or the Wilcoxon rank sum test. Values <.05 were con-
sidered significant. The diagnostic value of D-dimer levels
for predicting 1-month survival was determined using
receiver operating characteristic (ROC) curve analysis. Sta-
tistical analyses were performed using the JMP 10 package
(SAS Institute Inc., Cary, NC).

Results

In this study, 59 patients with suspected cancer-associ-
ated stroke (male 42%; 75.5 § 10.4 years old; median
NIHSS score 3; Table 1) were evaluated. Lung cancer was
the most frequent cancer (n = 17, 29%), followed by gastric
cancer (n = 8, 14%) and pancreatic cancer (n = 8, 14%). Ade-
nocarcinoma cancer histology was common (n = 49, 83%).
Most patients (n = 49, 83%) were diagnosed with cancer
prior to the stroke, and 17% (n = 10) of patients were diag-
nosed with cancer after the stroke. One third of patients
received anticoagulation therapy before stroke by reasons
of atrial fibrillation (n = 11), deep vein thrombosis (n = 11),
and previous ischemic stroke (n = 5). The 1-month survival
rate after stroke was 83%.
Of the 59 patients, 47 (80%) underwent continuous intrave-

nous heparin therapy. Subcutaneous heparin therapy was



Table 1. Patients’ characteristics.

Age, years, mean § SD 75.5 § 10.4

Male, n (%) 25 (42)

Previous history

Hypertension 37 (63)

Dyslipidemia 20 (34)

Diabetes 13 (22)

Atrial fibrillation 13 (22)

Deep vein thrombosis 17 (29)

Current smoking 23 (39)

Premorbid mRS score, median (IQR) 1 (0-2)

Baseline NIHSS score 3 (1-7)

mRS score at discharge 3 (1-5)

1-month survival after stroke 49 (83)

Cancer characteristics

Cancer location

Lung 17 (29)*,y,z
Stomach 8 (14)

Pancreas 8 (14)x

Colorectum 6 (10)*

Breast 4 (7)y

Bile duct 3 (5)

Ovary 3 (5)

Prostate 3 (5)z

Esophagus 2 (3)x

Bladder 3 (5)

Uterus 2 (3)

Hematological 2 (3)

Kidney 1 (2)

Vulva 1 (2)

Unknown 1 (2)

Adenocarcinoma 49 (83)

Diagnosis of cancer after stroke 10 (17)

Prestroke treatment

Anticoagulation 18 (31)

Warfarin 5

Edoxaban 7

Rivaroxaban 4

Apixaban 1

Intravenous heparin 1

Antiplatelets 7 (12)

Pretreatment D-dimer (n = 56),

mean § SD, median (IQR) (mg/mL)

8.9 § 11.3,

3.9 (1.0-15.1)

D-dimer at 8 § 6 days after

treatment (n = 38) (mg/ml)

3.2 § 3.1,

1.9 (1.0-4.7)

D-dimer level decrease (n = 38) 6.8 § 10.8,

2.3 (.4-12.4)

Stroke treatment

Continuous intravenous heparin 47 (80)

Subcutaneous heparin after

continuous intravenous heparin

19 (32)

Abbreviations: IQR, interquartile range; NIHSS, National Insti-

tutes of Health Stroke Scale; mRS, modified Rankin Scale; SD,

standard deviation;.

*Includes one patient with lung and colorectal cancer.
†Includes one with lung and breast cancer.
‡ Includes one with lung and prostatic cancer.
§Includes one with esophageal and pancreatic cancer.
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started in 19 (32%) patients after continuous intravenous hep-
arin therapy. The mean (standard deviation, SD) dosages of
continuous intravenous heparin and subcutaneous heparin
therapy were 13,437 (5351) units and 15,800 (4250) units per
day, respectively. No patients developed heparin-induced
thrombocytopenia. The subcutaneous heparin therapy was
given by the patient’s family (n = 8, 42%), the patient (n = 7,
37%), or nurses (n = 4, 21%). Of the 19 patients who were
treated with subcutaneous heparin, it was discontinued in 9
patients (47%) because of the patient’s medical condition
(n = 6; exhaustion, 2; hemorrhagic complication, 2; cardiore-
spiratory instability, 2; curative operation, 1), mental stress
associated with subcutaneous heparin injection (n = 2), pain
at the injection site (n = 1), and the physical difficulty of hepa-
rin injection (n = 1, Table 2). Among nine patients who dis-
continued subcutaneous heparin therapy, three (33%) had
recurrence of ischemic stroke (follow-up period, median
96 days, range 30-300 days). Ten patients on long-term subcu-
taneous heparin therapy did not have stroke recurrence (fol-
low-up period, 87 days, range 4-787 days). There was no
significant difference in follow-up period between patients
who discontinued and continued subcutaneous heparin
(p= .51). The recurrence rates of ischemic stroke were lower
in patients with long-term subcutaneous heparin than in
those discontinued subcutaneous heparin therapy, mainte-
nance on continuous heparin, or not starting subcutaneous
heparin groups (0%, 33%, 20%, and 3%, respectively, p= .02,
Figure 1). There was no significant difference in 1-month sur-
vival between patients with and without subcutaneous hepa-
rin therapy (100% vs. 89%, p= .47).
Forty patients (68%) were not treated with subcutaneous

heparin therapy. Reasons for no subcutaneous heparin
therapy were patients’ medical condition (n = 22, 55%;
palliative care, 10; multiple metastases, 10; hemorrhagic
complications, 9; cardiorespiratory instability, 8), final diag-
nosis of conventional stroke mechanism other than cancer-
associated stroke (n = 11, 27%), patient’s or family’s choice
(n = 3, 8%), and difficulty with subcutaneous heparin injec-
tion in the transferred facility (n = 3, 8%, Table 3).
D-dimer levels at pretreatment and 8§ 6 days after treat-

ment were obtained in 55 and 38 patients, respectively. The
median D-dimer levels at pretreatment and 8§ 6 days after
treatment were 3.9 mg/mL (interquartile range, IQR, 1.0-
15.1) and 1.9 mg/ml (IQR 1.0-4.7), respectively. The pre-
treatment D-dimer level was significantly higher in
patients with adenocarcinoma than in those with nonade-
nocarcinoma (median, 6.6 mg/mL vs. 1.0 mg/ml, p = .04).
Prestroke anticoagulation therapy was not associated with
pretreatment D-dimer levels (median, 3.6 mg/mL vs. 6.6
mg/ml, p = .53). Pretreatment D-dimer levels were signifi-
cantly lower in 1-month survivors than others (median, 2.6
mg/mL vs. 15.2 mg/ml, p = .01). D-dimer levels at 8
§ 6 days after treatment were also significantly lower in
1-month survivors (1.8 mg/mL vs. 5.4 mg/ml, p = .03). The
ROC curve analyses showed that D-dimer levels at pre-
treatment and 8 § 6 days after treatment were significant



Table 2. Reasons for discontinuation of subcutaneous heparin

therapy (n = 9).

Medical conditions 6

Exhaustion 2

Hemorrhagic complications 2

Cardiorespiratory instability 1

Curative surgery 1

Mental stress of heparin therapy 2

Pain at the injection site 1

Physical difficulty of heparin injection 1

Transfer to other facility in which

patients could not be treated with heparin

1
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predictors of 1-month survival (area under the curve,
AUC= .81, p = .07, with an optimal cutoff of 5.03 mg/mL,
and AUC= .83, p = .04, with an optimal cutoff of 2.77 mg/
ml, respectively). D-dimer levels at pretreatment and 8 §
6 days after treatment were not significantly associated
with recurrence of stroke than those without recurrence of
stroke (median 11.4 mg/mL vs. 2.9 mg/ml, p = .44, and 1.2
mg/mL vs. 1.9mg/ml, p = .94, respectively). There were no
significant differences in D-dimer levels at 8 § 6 days after
treatment between patients who did and did not continue
long-term subcutaneous heparin therapy (2.29 mg/mL vs.
1.81mg/ml, p = .92).
Definite diagnosis of cancer-associated stroke was diffi-

cult, especially in patients with conventional stroke mech-
anism. To overcome this uncertainty, we reanalyzed our
data dividing into patient finally diagnosed of cancer-
associated stroke and conventional stroke mechanism
0%

33%

0%

20%

40%

60%

80%

100%

Long-term
subcutaneous
heparin (n=10)

Discon�nua�on of
subcutaneous
heparin (n=9)

Figure 1. The recurrence rates of ischemic stroke were lower in patients with long-
therapy, maintenance on continuous heparin, or not starting subcutaneous heparin
other than cancer-associated stroke (Table S1 and Figure
S1 in the Supplementary Material).
Discussion

First, the present study found that subcutaneous hepa-
rin was given to one third of cancer-associated stroke
patients, and the reasons for not giving heparin therapy
for cancer-associated stroke were identified. Second, it
was found that long-term subcutaneous heparin therapy
might prevent recurrence of cancer-associated stroke.
Anticoagulation therapy is recommended for cancer-

associated thrombosis.9 In our institute, we generally con-
sider heparin therapy for cancer-associated stroke. How-
ever, the actual rate of heparin therapy for cancer-
associated stroke was lower than expected. The main rea-
son for discontinuation of or not starting subcutaneous
heparin therapy was the presence of medical conditions,
such as deterioration of cancer (palliative care and/or
multiple metastases) or hemorrhagic complications. In
such patients, abandonment of heparin therapy might be
inevitable. Subcutaneous heparin therapy is burdensome
due to the daily subcutaneous injections because of the
physical and mental stress related to the injections, which
might limit adoption of long-term therapy and lead to the
patient’s or the family’s decision to refuse maintenance
heparin therapy. Another reason for not giving heparin
therapy was social, when there was difficulty in heparin
injection after discharge from the stroke unit. Such social
problems might be overcome by developing and estab-
lishing the evidence for heparin therapy or other therapies
20%

3%

Mainenance on
con�nuous heparin

(n=5)

Not star�ng
subcutaneous
heparin (n=35)

term subcutaneous heparin than in those discontinued subcutaneous heparin
groups (0%, 33%, 20%, and 3%, respectively, p = .02).



Table 3. Reasons for not starting subcutaneous heparin ther-

apy (n = 40).

Medical conditions 22

Palliative care 10

Multiple metastasis 10

Hemorrhagic complications 9

Cardiorespiratory instability 8

Death before subcutaneous

heparin could be started

4

Thrombocytopenia 3

Severe disability due to stroke 2

Excessively prolonged activated

partial thromboplastin time

1

Maintenance on continuous

heparin therapy

5

Final stroke mechanism other

than cancer-associated stroke

11

Large artery atherosclerosis 3

Cardioembolism 2

Other causes (aortogenic

embolism, arterial dissection,

chemotherapy induced, antiplatelet

drug discontinuation)

1 each

Unknown 2

Patient’s or family’s choice

(refused maintenance

heparin therapy)

3

Transfer to other facility in

which patients could not

be treated with heparin

3
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(eg, direct oral anticoagulant agents, DOACs) for cancer-
associated stroke in the future.
The present results suggested that long-term heparin

therapy might prevent stroke recurrence. No patients on
long-term subcutaneous heparin therapy had stroke recur-
rence, although one third of patients who discontinued
subcutaneous heparin had recurrence of ischemic stroke.
Avoiding recurrence of stroke can lead to maintenance of
patients’ quality of life during their lifetime. Long-term
heparin therapy is recommended to prevent recurrence of
stroke in patients with cancer-associated stroke if the
patient’s medical and social conditions allow it. To reduce
the burden of heparin injection, oral anticoagulants might
be an alternative. The present data do not suggest that oral
anticoagulants were not effective for stroke prevention,
because the study had a small sample size and was not
mainly focused on the effects of oral anticoagulants,
although one third of patients had prestroke anticoagula-
tion. A recent study reported the noninferiority of oral
edoxaban compared with subcutaneous LMWH for can-
cer-associated thrombosis with respect to the composite
outcome of recurrent venous thromboembolism or major
bleeding.11 Large prospective, randomized trials are
needed to determine whether heparin therapy or DOACs
can prevent recurrence of cancer-associated stroke without
increasing bleeding.
The plasma D-dimer levels before and after heparin

treatment were associated with 1-month survival. This
result is consistent with a previous study,8 which reported
that the successful correction of hypercoagulability was sig-
nificantly associated with 1-year survival.8 An elevated D-
dimer level is associated with diagnosis and treatment
response in cancer-associated stroke.2,7,12-14 The D-dimer
level might be useful for predicting patient prognosis.
However, the D-dimer level after treatment does not repre-
sent the most appropriate level in patents with heparin
therapy, because the therapeutic target value of D-dimer
levels was not set. Previous papers used D-dimer levels,8,15

which did not represent the therapeutic target level.
The present study has several limitations. First, the study

could not show that the D-dimer level was associated with
recurrence of symptomatic stroke, which might be caused
by several factors, including small sample size, intensity of
anticoagulation, cancer activity, or other thromboembo-
lism. Second, regarding stroke recurrence, only symptom-
atic ischemic stroke was evaluated. Autopsy studies
demonstrated that the majority of cancers associated with
cerebral infarction were asymptomatic.1 Therefore, the rate
of stroke recurrence might have been underestimated in
the present study. Third, subcutaneous heparin therapy
was not associated with 1-month survival. The follow-up
period might have been too short to adequately evaluate
the effect of heparin therapy. Fourth, because long-term
maintenance on LMWH for cancer-associated thrombosis,
which has been recommended,9 is not approved in Japan,
patients on LMWH were not included in this study.
Fourth, no association between cancer-associated stroke
and treatment for cancer was found. Further studies are
needed to showwhether D-dimer levels after subcutaneous
heparin therapy can predict both symptomatic and asymp-
tomatic stroke recurrence, or survival in patients with can-
cer-associated stroke. Finally, if patients had both active
cancer and conventional stroke mechanism, it is very diffi-
cult to definitely distinguish cancer-associated stroke and
conventional stroke mechanism other than cancer-associ-
ated stroke.
Conclusions

Long-term subcutaneous heparin therapy might pre-
vent recurrence of cancer-associated stroke although sub-
cutaneous heparin therapy was given to only one third of
patients with cancer-associated stroke. The reason for not
starting subcutaneous heparin therapy was mainly
patients’ medical conditions. How to prevent stroke and
improve clinical outcomes in patients with hemorrhagic
complications or deterioration of cancer remains to be
established.
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Supplementary Materials

Supplementary data to this article can be found online
at doi:10.1016/j.jstrokecerebrovasdis.2018.10.012.
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