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Abstract
Introduction: In patients with cancer-associated hyper-
coagulability (CAH)-related stroke, D-dimer trends after
anticoagulant therapy may offer a biomarker of treat-
ment efficacy. The purpose of this study was to clarify
the association between D-dimer trends and recurrent
stroke after anticoagulant therapy in patients with CAH-
related stroke. Methods: We performed retrospective
cohort study of consecutive patients with CAH-related
stroke at two stroke centers from 2011 to 2020. The ratio
of posttreatment to pretreatment D-dimer levels (post/
pre ratio) was used as an indicator of D-dimer trends
after anticoagulant therapy. Fine-Gray models were
used to evaluate the association between post/pre ratio
and recurrent stroke. Results: Among 360 acute ische-
mic stroke patients with active cancer, 73 patients with
CAH-related stroke were included in this study. Recur-
rent stroke occurred in 13 patients (18%) during a
median follow-up time of 28 days (interquartile range,
11–65 days). Multivariate analysis revealed that high

post/pre ratio was independently associated with re-
current stroke (per 0.1 increase: hazard ratio 2.20, 95%
confidence interval 1.61–3.01, p = 0.012). Conclusion:
D-dimer levels after anticoagulant therapy were asso-
ciated with recurrent stroke in CAH-related stroke pa-
tients. Patients with neutral trends in high D-dimer
levels after anticoagulant therapy were at high risk of
recurrent stroke. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Cancer patients are at high risk of stroke due to
cancer-related mechanisms [1–6]. Of these, cancer-
associated hypercoagulability (CAH) is the main cause
of ischemic stroke [6–8]. CAH-related stroke is
characterized by a high risk of early recurrent stroke as
well as high D-dimer levels and multiple vascular
territory infarctions (MVTIs) [8–13]. Although there
are no widely accepted diagnostic criteria, CAH-
related stroke is typically diagnosed when the fol-
lowing conditions are met: (1) a high pretreatment
D-dimer value; (2) MVTIs; or (3) no other specific
cause of stroke can be identified [6, 14].
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Though no widely accepted treatment options for
CAH-related stroke exist, anticoagulant therapy can
correct hypercoagulability and reduce D-dimer levels
in cancer patients [15–18]. D-dimer trends have been
considered as a possible biomarker of treatment effi-
cacy, and D-dimer levels after treatment have been
demonstrated to be associated with survival rates
[18–20]. However, the association between D-dimer
trends and recurrent stroke has not been fully in-
vestigated. The purpose of this study was to clarify the
association between D-dimer trends and recurrent
stroke after anticoagulant therapy in patients with
CAH-related stroke.

Methods

Design
This was a retrospective cohort study of patients diagnosed with

CAH-related stroke in a university hospital (Kyoto Prefectural
University of Medicine, Kyoto, Japan) and a tertiary stroke center
(Kyoto Second Red Cross Hospital, Kyoto, Japan).

Study Patients
Among the 360 acute ischemic stroke patients with active

cancer admitted to the two participating institutions within 7 days
after onset between January 2011 and December 2020, we enrolled
patients diagnosed with CAH-related stroke. Acute ischemic
stroke was defined as any new neurological symptom with acute
ischemic lesions confirmed by diffusion-weighted imaging (DWI).

Fig. 1. Flow diagram of inclusion and exclusion criteria.
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Active cancer was defined as a diagnosis or treatment for any
cancer within 6 months before stroke onset, or known recurrent
cancer or metastatic disease. CAH-related stroke was defined using
the following criteria: (1) pretreatment D-dimer value >3 μg/mL;
(2) MVTIs; or (3) no other specific cause of stroke identified [6,
14]. We excluded patients who did not receive anticoagulant
therapy or who did not have data on posttreatment D-dimer levels.
The decision for antithrombotic therapy in individual patients was
at the discretion of the treating physicians.

Measurements
We collected data about age, sex, vascular risk factors, use of

antithrombotic agents, type of cancer, presence of metastases,
cancer histology, cancer treatment, pre- and posttreatment
D-dimer levels, vascular imaging, and DWI findings from medical
records. Among D-dimer values measured >24 h from the initi-
ation of anticoagulant therapy, the maximum value was used as the
posttreatment D-dimer value. As an indicator of the trend in
D-dimer levels by anticoagulant therapy, the ratio of posttreatment
D-dimer level to pretreatment D-dimer level (post/pre ratio) was
calculated and used for analysis.

Outcomes
Comprehensive medical records, including all in- and outpa-

tient encounters, were reviewed from initial admission through
December 31, 2021, to ascertain outcomes. The primary outcome
was recurrent stroke while on anticoagulant therapy. Recurrent
stroke was defined as a new lesion detected on DWI in patients
with new acute neurological symptoms.

Statistical Analysis
Differences between pre- and posttreatment D-dimer levels in

patients with and without recurrent stroke were analyzed with
paired t tests. The post/pre ratio was compared between patients

with and without recurrent stroke using the Wilcoxon rank-sum
test. Fine-Gray models were used for the outcome of recurrent
stroke, with death as the competing risk. In multivariate analysis, a
forced-entry method was performed to identify whether the post/
pre ratio was associated with recurrent stroke. Time-dependent
receiver operating characteristic (ROC) curve analysis was per-
formed to assess the diagnostic value of the post/pre ratio for
predicting recurrent stroke, and area under the ROC curve was
calculated. An optimal cutoff value was calculated using the
Youden index. The level of significance was considered as 0.05 in
all tests. All statistical analyses were performed using JMP version
14.2.0 (SAS Inc., Cary, NC, USA), SAS version 9.4 (SAS Inc., Cary,
NC, USA), and R software version 4.1.1 (http://R-project.org) (The
R Foundation for Statistical Computing, Vienna, Austria). The R
library used was survival ROC (version 1.0.3).

Results

A flow diagram of patient selection is presented in
Figure 1. The final cohort comprised 73 patients diag-
nosed with CAH-related stroke. Baseline characteristics
are shown in Table 1. Anticoagulant therapy was initiated
with continuous intravenous unfractionated heparin
without bolus in 96% of patients because using low-
molecular-weight heparin and novel oral anticoagu-
lants for treatment of ischemic stroke is not covered by
the Japanese health insurance. The mean duration of
initial continuous intravenous unfractionated heparin
was 13 days (SD: 6.5). The median follow-up time of all
patients was 28 days (interquartile range [IQR] 11–65

Table 1. Baseline characteristics of
CAH-related stroke patients Total (n = 73)

Age, years, median (IQR) 70 (66–77)
Women, n (%) 38 (52)
Hypertension, n (%) 24 (33)
Dyslipidemia, n (%) 16 (22)
Diabetes mellitus, n (%) 12 (16)
Current smoking, n (%) 12 (16)
Deep venous thrombosis, n (%) 26 (36)
Pancreas cancer, n (%) 22 (30)
Lung cancer, n (%) 14 (19)
Gastric cancer, n (%) 9 (12)
Ovarian cancer, n (%) 7 (10)
Biliary tract cancer, n (%) 6 (8)
Adenocarcinoma, n (%) 52 (71)
Squamous cell carcinoma, n (%) 4 (5)
Systemic metastases, n (%) 65 (89)
Recent chemotherapy, n (%) 27 (37)
DWI three territory sign, n (%) 57 (78)
Pretreatment D-dimer level, μg/mL, median (IQR) 22.8 (11.9–34.2)

IQR, interquartile range; DWI, diffusion-weighted imaging.
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days). During the observational period, oral anticoagulants
were used in 23% of patients, comprising warfarin in 18%,
edoxaban in 3%, apixaban in 1%, and dabigatran in 1%.
Anticoagulant therapy was discontinued in 15 patients with
end-stage cancer and 4 patients with active bleeding. The
remaining 54 patients (74%) continued anticoagulant
therapy until death or end of follow-up. Despite anticoag-
ulant therapy, recurrent stroke occurred in 13 patients (18%).
Among 13 patients with recurrent strokes, 12 (92%) had
systemic metastases. The median number of posttreatment
D-dimer measurements was 6 (IQR 4–9).

Figure 2 shows D-dimer trends after anticoagulant
therapy in patients with and without recurrent stroke. The
mean number of days for measuring posttreatment D-dimer
value after initiation of anticoagulant therapywas 9 days (SD:
7.2). Patients without recurrent stroke displayed downward
D-dimer trends after anticoagulant therapy (median 22.5 μg/
mL [IQR 11.5–35.2 μg/mL] to 10.1 μg/mL [IQR 5.0–19.1 μg/
mL], p < 0.01), whereas those with recurrent stroke showed
neutral trends in high D-dimer levels after anticoagulant
therapy (median 27.6 μg/mL [IQR 14.1–33.7 μg/mL] to 23.7
μg/mL [IQR 10.2–37.3 μg/mL], p = 0.86). Post/pre ratio was

Fig. 2. D-dimer trends after anticoagulant therapy in patients with and without recurrent stroke.
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higher in patients with recurrent stroke than in thosewithout
(median 0.98 [IQR 0.85–1.17] vs. 0.51 [IQR 0.30–0.79], p <
0.01) (Fig. 3).

In univariate analysis, post/pre ratio and posttreatment
D-dimer levels showed significant associations with recur-
rent stroke, whereas pretreatment D-dimer levels did not.
Multivariate analysis revealed that high post/pre ratio was
independently associated with recurrent stroke (per 0.1 in-
crease, hazard ratio [HR] 2.20, 95% confidence interval
1.61–3.01; p = 0.012) (Table 2). In time-dependent ROC
curve analyses, area under the curve for post/pre ratio was
0.813 at 30 days, and the optimal cutoff of 0.80 offered 92%
sensitivity and 78% specificity.

Discussion

The results of this study showed that a neutral trend in
high D-dimer levels even after anticoagulant therapy was
associated with recurrent stroke in patients with CAH-

related stroke. D-dimer levels decreased after anticoag-
ulant therapy in most patients with CAH-related stroke.
This result was similar to previous studies showing
downward D-dimer trends after anticoagulant therapy in
ischemic stroke patients with active cancer [15–18].
Downward D-dimer trends after anticoagulant therapy
are also seen in patients with atrial fibrillation and deep
venous thrombosis [21–23]. Anticoagulant therapy in-
hibits the activation of coagulation and fibrinolytic sys-
tem, resulting in a decrease in D-dimer, a degradation
product of thrombus [24]. Downward D-dimer trends
after anticoagulation therapy seen in CAH-related stroke
patients suggest successful suppression of
hypercoagulability.

Patients with a neutral trend in high D-dimer levels
even after anticoagulation therapy experienced a
higher risk of recurrent stroke. In cancer patients with
ischemic stroke, persistent high D-dimer levels after
treatment and embolic signals were observed in 3
patients with early recurrent stroke [15]. Patients with
persistently high D-dimer levels may have factors such
as using inadequate anticoagulants, insufficient dos-
ages of anticoagulants, or totally uncontrollable hy-
percoagulability. According to previous studies, cancer
patients with recurrent strokes tended to have higher
posttreatment D-dimer levels, but the difference was
not significant [17, 18]. Since the present study focused
on CAH-related stroke patients, D-dimer trends after
treatment were enhanced, showing a significant dif-
ference between patients with and without recurrent
stroke.

The optimal cutoff of the post/pre ratio for recurrent
stroke was 0.8. Cancer patients often appear to be at
high risk of bleeding due to local injury by tumor
invasion or generalized hemorrhagic diathesis [25].
Even in such patients, instead of full-dose anticoag-
ulants, a tentative therapeutic target of <80% of the
initial D-dimer value might be preventive for short-
term stroke recurrence. However, more appropriate
therapeutic targets should be evaluated in prospective
studies to assess both bleeding and ischemic risks.

We have to acknowledge several limitations in this
study. First, the relatively small sample size and potential
risk of selection bias owing to the two-center study.
Second, recurrence might have been underdiagnosed due
to the retrospective nature of data collection and the
definition of stroke recurrence based on DWI findings.
Third, comorbidities affecting D-dimer levels were not
adequately assessed due to a lack of standardized testing.
Some patients might have had comorbidities that affected
changes in D-dimer values. Fourth, long-term prognosis

Fig. 3. Post/pre ratio in patients with and without recurrent
stroke.
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could not be assessed due to early death and discon-
tinuation of anticoagulant therapy with end-stage cancer.
Fifth, the timing of measuring D-dimer values after
treatment was heterogeneous. The optimal timing for
measuring D-dimer values to determine treatment effi-
cacy needs to be investigated in the future.

Conclusions

D-dimer levels after anticoagulant therapy were as-
sociated with recurrent stroke among CAH-related stroke
patients. Patients showing a neutral trend in high
D-dimer levels after anticoagulant therapy may appear to
be at high risk of recurrent stroke.
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Table 2. Uni- and multivariate Fine-Gray models for recurrent stroke

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age (per 1-year increase) 0.99 (0.94–1.04) 0.621 0.99 (0.97–1.02) 0.755
Sex, female 0.97 (0.33–2.82) 0.950 0.83 (0.47–1.48) 0.752
Hypertension 0.96 (0.30–3.10) 0.946 –
Dyslipidemia 1.23 (0.33–4.61) 0.763 –
Diabetes mellitus 1.63 (0.48–5.51) 0.433 –
Current smoking 0.91 (0.18–4.58) 0.907 –
Deep venous thrombosis 1.48 (0.50–4.35) 0.480 –
Adenocarcinoma 1.11 (0.31–4.00) 0.870 –
Systemic metastasis 1.96 (0.29–13.5) 0.493 –
Recent chemotherapy 1.58 (0.54–4.64) 0.405 –
DWI three territory sign 0.56 (0.18–1.79) 0.329 –
Oral anticoagulant use 0.72 (0.20–2.62) 0.617 –
Pretreatment D-dimer levels (per 1.0-μg/mL increase) 0.99 (0.98–1.01) 0.478 –
Posttreatment D-dimer levels (per 1.0-μg/mL increase) 1.04 (1.01–1.06) 0.002 –
Post/pre ratio (per 0.1 increase) 1.08 (1.01–1.15) 0.018 2.20 (1.61–3.01) 0.012

HR, hazard ratio; DWI, diffusion-weighted imaging.
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