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Highlights

- Cancer-mediated hypercoagulability sometimes develops multiple ischemic strokes

that involve various cerebrovascular territories (multiple CAIS).

« Inour study, multiple CAIS occurred in elderly patients with advanced cancer,

mostly independent in daily living with relatively high KPS scores, but their

survival was ~1-2 months.

- Hypoalbuminemia at the onset of multiple CAIS was significantly associated with

short survival.
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Abstract

Objectives: To investigate the patient demographics, survival after diagnosis, and

prognostic factors among patients with multiple-territory cerebral infarctions due to

cancer-associated ischemic stroke (multiple CAIS).

Materials and Methods: We performed a retrospective review of the medical records

from a 10-year period of consecutive patients with multiple CAIS, defined as 1) newly

developed multiple cerebral infarctions involving two or more cerebrovascular

territories, 2) association with active cancer diagnosed or treated <6 months before or

after stroke, and 3) exclusion of obvious etiologies other than cancer-associated

coagulopathy in routine screening. We extracted demographic features, stroke severity

and characteristics, cancer characteristics, comorbidities, and laboratory data.

Univariable Cox proportional hazards regression was used to idenify the prognostic

factors.

Results: The median age was 74 years (interquartile range, 68.3-80.5), and the median

survival after diagnosis was 44.5 (27.3-76.8) days in 26 patients with complete follow-

up. The median National Institutes of Health Stroke Scale was 5.5 (2.0-9.0). Twenty

(76.9%) patients had received a cancer diagnosis prior to the diagnosis of multiple

CAIS, and most patients (25 patients, 96.2%) had stage IV cancer. Univariate analysis
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showed that high serum albumin (hazard ratio, 0.31; 95% confidence interval, 0.11—

0.88) was significantly associated with prolonged survival, whereas stroke severity and

comorbidities were not associated with survival.

Conclusion: Multiple CAIS predominantly occurred in elderly patients with advanced

cancer, and their survival was short. Serum albumin levels were significantly associated

with prognosis, indicating the poor general condition associated with cancers may affect

prognosis.
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1. Introduction

Cancer causes coagulation abnormalities in arterial and venous systems 12, A
highly active cancer is an established risk factor of ischemic stroke 3, and patients with
cancer sometimes receive additional burden due to cancer-associated ischemic stroke
(CAIS) 45, Multiple cerebral infarctions involving various cerebrovascular territories in
cryptogenic CAIS, referred to as “multiple CAIS” in this report, are of particular
clinical interest since they lead to poor prognosis, with a median survival of at most a
few months 68,

Although multiple CAIS has a poor prognosis, there is no guideline for appropriate
treatment and patient care, particularly in the acute stage of stroke °, which is partly
because it is difficult to predict the prognosis of each patient and identify prognostic
factors after multiple CAIS occurs. Although pioneering research has explored some
prognostic factors of CAIS 7, these factors have not been identified for multiple CAIS.
The study aim was to investigate the demography, survival after diagnosis, and
prognostic factors of multiple CAIS by performing a retrospective review of medical
records from a 10-year period. Treatment strategies and patient care are discussed on

the basis of the results.
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2. Patients and Methods

2.1 Study Design and Setting

This was a retrospective cohort study of patients with active cancer diagnosed with

multiple ischemic strokes of various cerebrovascular territories in inpatient and

outpatient settings at Aizawa Hospital, which is a private hospital located in the central

region of Matsumoto City in the middle of the Japanese mainland. The city has a

population of ~240,000, and the hospital has 460 beds and discharges approximately

12,000 inpatients a year. The outpatient departments have been accepting ~220,000

patients a year, including ~30,000 patients per year in the Emergency Department.

2.2 Participants

We retrospectively reviewed the medical records of all consecutive patients from

November 2009 through November 2019. We first selected patients with suspected

multiple CAIS who had the following keywords in their medical records: cancer,

malignancy, ischemic stroke, or Trousseau syndrome. Among these patients, those who

met the following three criteria were identified as multiple CAIS patients: 1) newly

developed multiple cerebral infarctions involving two or more cerebrovascular

territories (out of two bilateral anterior plus one posterior circulation territories)
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confirmed by magnetic resonance imaging (MRI) 8; 2) association with active cancer
defined as cancer diagnosed or treated within 6 months before or after stroke or cancer
with metastatic disease; 3) exclusion of obvious etiologies other than cancer-associated
coagulopathy in routine MRI, magnetic resonance angiography, and trans-thoracic
echocardiography screening. Patients who met these criteria were included in the
present study and data until death were extracted from the medical records. Death
statistics were obtained from the medical records, which were updated regularly, and
out-of-hospital information, including records from other hospitals, nursing facilities,
and obituaries from the bereaved families. Patients with no confirmation of death were

censored at the date of last follow-up.

2.3 Variables

Clinical data collected at the time of multiple CAIS diagnosis included the
demographic features (age, sex, and survival days after diagnosis), stroke characteristics
(number of vascular territories with lesions, National Institutes of Health Stroke Scale
[NIHSS], and the modified Rankin Scale [mRS]), cancer characteristics (previously
known or diagnosed after stroke, any treatment for cancer, stage, Karnofsy Performance

Scale [KPS], tumor type, and histological type), history of the thrombotic disease (deep


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

vein thrombosis [DVT] of the lower extremities and antithrombotic medication),

comorbidities (hypertension, dyslipidemia, chronic kidney disease, and diabetes), and

laboratory data (white blood cell count, hemoglobin level, platelet count, serum albumin

level, and D-dimer level) at the diagnosis of multiple CAIS.

2.4 Statistical Analysis

The descriptive statistics are presented as the median and interquartile range (IQR)

for continuous data, or counts and proportions for categorical data. To identify

prognostic factors, we performed univariable analyses using the Cox proportional

hazards regression model. In univariate analysis, we subjected all patients, including

censored cases. We reported the hazard ratio (HR) along with the 95% confidence

interval (CI) and P-value. All statistical analyses were performed in R software (version

3.6.2) with RStudio (version 1.2.5033) for the macOS.

2.5 Ethical Statement

This study was approved by the ethics committee of Aizawa Hospital for research

on human subjects and conducted according to the Declaration of Helsinki.
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3. Results

3.1 Participants

Out of the 244 patients suspected of having ischemic strokes with cancer, we

identified 46 patients who met the criteria for multiple CAIS (Figure 1). Of these 46

patients, 17 were excluded due to missing data. Finally, 29 patients were included in the

study analysis. Of these, 26 had data extractable until death and the remaining three

patients were censored at the time of transfer to another hospital.

3.2 Demographic and Clinical Characteristics

The baseline characteristics of the 26 patients with multiple CAIS having complete

follow-up data are presented in Table 1, and the Kaplan—Meier curves for survival for all

29 patients including censored patients are shown in Figure 2. In 26 patients with

complete follow-up, patients tended to be of advanced age (median age, 74 [IQR, 68.3—

80.5 years]), and their survival time was short (median, 44.5 [IQR, 27.3-76.8 days] in 26

patients with complete follow-up). Most patients (80.8%) had lesions in three vascular

territories. Stroke severity ranged from mild to moderate on the NIHSS (median, 5.5 [IQR,

2.0-9.0]), whereas the disability was moderate to moderately severe on the mRS (median,

4.0 [IQR, 2.0-4.0]). Venous ultrasound of the lower extremities was performed in 18


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

patients, with DVT identified in 9 (50.0%) patients. One patient received anticoagulant

medications (edoxaban 30 mg daily for DVT diagnosed 2 months earlier), and no patient

had received antiplatelet medications. Most patients (84.6%) received acute-phase

antithrombotic treatment, but some did not because of the high bleeding risk of cancer

(Table 2). Chronic antithrombotic treatment was usually given (61.5%), but not in cases

of early death. Hypertension (42.3%) was the most common comorbidity (Table 1).

Laboratory testing demonstrated a predominance of hypoalbuminemia (median, 3.4 g/dL

[IQR, 3.2-3.9 g/dL]) with hypohemoglobinemia (median, 11.8 g/dL [IQR, 9.8-12.9

g/dL]). D-dimer levels were markedly raised (median, 21.1 mg/dL [IQR, 7.8-29.9

mg/dL]).

3.3 Cancer Characteristics

Twenty (76.9%) patients were diagnosed with cancer prior to the stroke, and the 17

patients had received cancer therapy. The KPS was generally distributed in 60-90% so

that cancer symptoms before multiple CAIS required almost no hospital care. Eight

(30.8%) patients received treatment for cancer after multiple CAIS, and two patients

were newly diagnosed with cancer after multiple CAIS and treatment were initiated

(Table 2). Most patients (96.2%) had stage IV cancer (Table 1). Gastrointestinal cancers
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(pancreatic, colon, bile duct, gastric, and papilla of duodenum cancer) were relatively
common (73.0%), and the three most frequent cancers were also gastrointestinal (Table

3). The histological type was dominated by adenocarcinoma (53.8%).

3.4 Prognostic Factor Analyses

Univariate analysis subjected all 29 patients, including 3 censored cases, using the
Cox proportional hazards model (Figure 3) showed that higher serum albumin (HR,
0.31 [95% ClI, 0.11-0.88]) was significantly associated with prolonged survival. None
of the comorbidities associated with stroke nor the clinical severity of the stroke were

associated with prognosis.

4. Discussion
4.1 Prognosis

The prognosis of multiple CAIS is poor. A previous study of CAIS, including non-
multiple infarction, reported a median survival of 4.5 months 7. Owing to its poor
prognosis, CAIS signals a high risk of near-term mortality in patients with cancer 1°. In a

separate study of multiple CAIS that was similar in scope to our study, the median
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survival time was only 33 days 2. In our study, the median survival time was 44.5 days in
patients with complete follow-up, which corroborates the findings of previous studies and
further emphasizes the poor prognosis of patients with multiple CAIS. It should be noted
that less than one-third of patients received anti-cancer treatments after multiple CAIS
diagnoses. Terminating or not starting cancer treatment should be considered to provide
a bias toward shorter survival in the case series in this study. KPS scores before the onset
of multiple CAIS are relatively high, and most patients do not require care, suggesting

that multiple CAIS is associated with rapid cancer progression.

4.2 Types of Underlying Cancer

In our study, the most frequent cancer type in patients with multiple CAIS was
gastrointestinal cancer, which accounted for 73% of patients. However, some previous
reports have found that lung and gynecologic cancers were more common in patients
with CAIS, with proportions of 5-30% and 6-21%, respectively, whereas
gastrointestinal diseases were relatively less frequent at approximately 6-11% 1. As
noted in the limitations section, these differences may be due to bias from our single-
center study, reflecting the unique role of hospitals in the community. On the other

hand, our histological findings regarding cancer type were consistent with previous
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findings demonstrating adenocarcinoma as the predominant cancer type ‘213, In general,
adenocarcinoma tends to cause coagulation abnormalities due to mucin production,
which activates coagulation factors or reacts with secretin on the surface of platelets or
the vascular endothelium 11314, Patients with adenocarcinoma also tend to be at higher

risk of recurrent ischemic stroke compared to other cancer patients 1°.

4.3 Comorbidities of Stroke and Thrombotic Background

In our study, patients tended to have fewer classical comorbidities of stroke.
According to the latest data from the Japanese stroke registry (Annual report 2021, Japan
Stroke Data Bank), hypertension, dyslipidemia, renal disease, and diabetes mellitus are
present in 70.1%, 37.9%, 8.1%, and 26.0% of patients with ischemic stroke, respectively.
All of these comorbidities tended to be less common among patients included in our study.
Consistent with our results, previous studies have reported that CAIS is associated with
decreased prevalence of comorbidity of hypertension, diabetes, and dyslipidemia
compared with non-cancer-related cerebral infarction >, In CAIS patients, the cryptic
subtype is associated with lower prevalence of hypertension and diabetes mellitus
compared to CAIS with the conventional etiology 8. This contrast highlights the

difference between etiologies of multiple CAIS due to cancer-related coagulopathy and
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typical stroke due to cardiovascular risks such as atherosclerotic changes °, which is
further supported by the results of our study. We should also consider potential biases
due to the limitation of a retrospective study for a complete assessment of patient

background.

While only one patient was receiving anticoagulants, DVT was present in half of
patients at the time of multiple CAIS diagnosis, suggesting that multiple CAIS tends to
be the first clinically apparent manifestation of cancer-induced coagulation
abnormalities, whereas concealed DVT may be present before a diagnosis of multiple

CAIS.

4.4 Prognostic Factors

To our knowledge, this is the first study to investigate the prognostic factors
associated with multiple CAIS. Higher serum albumin levels were significantly
associated with prolonged survival in our study. Hypoalbuminemia, on the other hand,
has previously been reported to be commonly observed in patients with cancer and
CAIS 520 |t is now understood that hypoalbuminemia in patients with cancer is

predominantly due to the chronic inflammation of cancer 2423, with other factors, such
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as reduced food intake, increased microvascular permeability and albumin degradation,
are also thought to contribute 2°. Previous studies have shown that hypoalbuminemia is
associated with decreased 5-year survival following ischemic stroke 24, but more
importantly, hypoalbuminemia has been recognized as a significant factor associated
with poor prognosis in cancer patients 2°. Indeed, alboumin is commonly included in the
risk scores related to cancer (e.g., the GPS 2°, modified GPS 25, PNI 26, COUNT #/,
CAR 28, and other scoring systems). Thus, our results confirm the utility of serum
albumin levels in predicting the survival of patients with terminal cancer, including
patients with multiple CAIS.

Unexpectedly, the clinical stroke severity (NIHSS or mRS scores) was not
associated with shorter survival in multiple CAIS in our study. Previous studies have
reported an association between clinical stroke severity and survival among patients
with CAIS or ischemic stroke 7 2°-3!, These differences in the contribution of stroke to
the prognosis of CAIS may be related to the cancer stage. A previous study of CAIS ’
reported that 47% of the study population had metastatic cancer (stage 1V), which
differs greatly from the 96.2% observed in our study. The strong effect of
hypoalbuminemia in our study indicates advanced cancer has a greater impact on

prognosis than stroke severity.
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On the other hand, cancer stage was not associated with prognosis in our study.
This inconsistency may be attributable to the homogeneity of our multiple CAIS
population in which 96.2% of the patients had stage IV cancer. Accordingly, it may be
more appropriate to use other clinical markers of cancer progression rather than cancer
stage when predicting the prognosis of patients with multiple CAIS.

D-dimer was not associated with shorter survival in multiple CAIS. Recently, CAIS
has been regarded as a distinctive subset of embolic stroke of undetermined source
(ESUS) 3. In ESUS, high D-dimer levels are a poor prognostic factor 3223, with high D-
dimer levels associated with cancer comorbidity 32-34. Together with previous reports,
our results indicate serum D-dimer levels have no utility in risk stratification in multiple
CAIS patients but may have utility in identifying patients with CAIS as a cause of
ESUS, a poor prognostic subgroup.

Although our study suggested a strong association of cancer progression with poor
prognostic factors in multiple CAIS, no study has directly compared the prognosis with
non-cancer associated multiple-territory cerebral infarctions. It has been reported that
the mortality rate for 5 patients with multiple stroke of two or more territories was 25%

at a median follow-up of 13 months (IQR 9 to 21 months) 3%, a remarkably favorable
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course compared to that of the patient series in the present study. Further studies are

warranted to clarify the effect of cancer association on the prognosis.

4.5 Treatment Strategies for Multiple CAIS

No previous study has evaluated the usefulness of anticoagulation therapy in

patients with CAIS or multiple CAIS. Although treatment strategies were beyond the

scope of our study, our results show that choosing a proper treatment strategy will be

difficult. Given that most patients with multiple CAIS had advanced cancer and a

survival time of ~1-2 months, which would be even shorter in hypoalbuminemia,

intensive treatment for strokes may be less effective for improving survival. Even if the

treatment of ischemic stroke is estimated to be a high priority, a better risk—benefit

balance of anticoagulation therapy should be sought, which might prevent the

recurrence of infarction, although there is a risk of cancer-related bleeding. More

clinical evidence is needed to enable better selection of the treatment strategy for

patients with multiple CAIS.

4.6 Limitations
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The present study had limitations that should be considered when assessing our

results. Since this was a single-center, retrospective study, there was the potential for

selection bias by clustering patients who shared a specific background related to

prognosis. A high proportion of patients treated at our hospital have gastrointestinal

cancer compared to other cancers, particularly ovarian cancer. Accurate acquisition of

patient background could be incomplete owing to the limitations of a retrospective

study. This may underestimate the presence of comorbidities and DVT. The relatively

small proportion of classic stroke-related comorbidities, such as hypertension and

diabetes mellitus, may be related to these study limitations. Second, the number of

included patients was small, and the sample size was not calculated prior to the study,

which weakened the power to detect prognostic factors. Finally, there are limitations in

identifying etiologies as our study design did not strictly rule out etiologies of cerebral

infarction other than cancer-induced coagulation abnormalities.

5. Conclusion

Multiple CAIS is a serious condition that occurs mostly in patients with advanced

cancer who are independent in daily living with relatively high KPS scores. The

underlying poor general condition of patients due to cancers, as reflected by


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

hypoalbuminemia, may be more related to the prognosis of these patients than to stroke

severity. The risk—benefit profile of anticoagulant therapy should be carefully

considered in multiple CAIS.

Authors’ Contributions

Jun Tanimura, Tomokiyo Yamamoto, and Takao Hashimoto contributed to the study

conception and design, interpretation of data, and manuscript writing. Jun Tanimura and

Takao Hashimoto contributed to data collection and analysis. All authors reviewed and

edited the manuscript and approved the final version for submission.

Competing Interests

None of the authors have any potential conflicts of interest associated with this research.

Funding

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Acknowledgments


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

We thank Dr. Toru Aizawa for the helpful discussion on statistical analysis, Dr.
Hiromasa Sato for critical advice on clinical interpretation, and Dr. Taichi Osaki for

insightful debate and encouragement during the entire study.


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

References

1. Varki A. Trousseau's syndrome: multiple definitions and multiple mechanisms.

Blood 2007;110:1723-9.

2. Navi BB, Reiner AS, Kamel H, et al. Risk of arterial thromboembolism in patients

with cancer. J Am Coll Cardiol 2017;70:926-38.

3. Navi BB, Kasner SE, Elkind MSV, et al. Cancer and embolic stroke of

undetermined source. Stroke 2021;52:1121-30.

4. Singhal AB, Topcuoglu MA, Buonanno FS. Acute ischemic stroke patterns in

infective and nonbacterial thrombotic endocarditis: a diffusion-weighted magnetic

resonance imaging study. Stroke 2002;33:1267-73.

5. Kim SG, Hong JM, Kim HY, et al. Ischemic stroke in cancer patients with and

without conventional mechanisms: a multicenter study in Korea. Stroke

2010;41:798-801.

6. Nouh AM, Staff I, Finelli PF. Three Territory Sign: An MRI marker of malignancy-

related ischemic stroke (Trousseau syndrome). Neurol Clin Pract 2019;9:124-8.

7. Cestari DM, Weine DM, Panageas KS, et al. Stroke in patients with cancer:

incidence and etiology. Neurology 2004;62:2025-30.


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

10.

11.

12.

13.

14.

15.

Akatsuka K, Hattori N, Ito M, et al. The clinical features of 40 patients with

Trousseau syndrome at Toyota Kosei Hospital. Nosotchu (Japanese Journal of

Stroke) 2018;40:421-6. (in Japanese)

Suero-Abreu GA, Cheng JZ, Then RK. Multiple recurrent ischaemic strokes in a

patient with cancer: is there a role for the initiation of anticoagulation therapy for

secondary stroke prevention? BMJ Case Rep 2017;3;bcr2017:2016218105.

Navi BB, Singer S, Merkler AE, et al. Cryptogenic subtype predicts reduced

survival among cancer patients with ischemic stroke. Stroke 2014;45:2292-7.

Chaturvedi S, Ansell J, Recht L. Should cerebral ischemic events in cancer patients

be considered a manifestation of hypercoagulability? Stroke 1994;25:1215-8.

Amico L, Caplan LR, Thomas C. Cerebrovascular complications of mucinous

cancers. Neurology 1989;39:522-6.

Dearborn JL, Urrutia VC, Zeiler SR. Stroke and cancer—A complicated relationship.

J Neurol Transl Neurosci 2014;2:1039.

Bick RL. Cancer-associated thrombosis. N Engl J Med 2003;349:109-11.

Gon Y, Okazaki S, Terasaki Y, et al. Characteristics of cryptogenic stroke in cancer

patients. Ann Clin Transl Neurol 2016;3:280-7.


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

16.

17.

18.

19.

20.

21.

22.

Kim SJ, Park JH, Lee M-J, et al. Clues to occult cancer in patients with ischemic

stroke. PLoS ONE 2012;7:e44959.

Lee EJ, Nah HW, Kwon JY, et al. Ischemic stroke in patients with cancer: is it

different from usual strokes?. Int J Stroke 2014;9:406-12.

Kim SG, Hong JM, Kim HY, et al. Ischemic stroke in cancer patients with and

without conventional mechanisms: a multicenter study in Korea. Stroke

2010;41:798-801.

Rogers LR. Cerebrovascular complications in patients with cancer. Semin Neurol

2010;30:311-9.

Nazha B, Moussaly E, Zaarour M, et al. Hypoalbuminemia in colorectal cancer

prognosis: Nutritional marker or inflammatory surrogate? World J Gastrointest Surg

2015;27:370-7.

McMillan DC, Watson WS, O'Gorman P, et al. Albumin concentrations are

primarily determined by the body cell mass and the systemic inflammatory response

in cancer patients with weight loss. Nutr Cancer 2001;39:210-3.

McMuillan DC. Systemic inflammation, nutritional status and survival in patients

with cancer. Curr Opin Clin Nutr Metab Care 2009;12:223-6.


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

23. Crumley AB, Stuart RC, McKernan M, et al. Is hypoalbuminemia an independent

prognostic factor in patients with gastric cancer? World J Surg 2010;34:2393-8.

24. Carter AM, Catto AJ, Mansfield MW, et al. Predictive variables for mortality after

acute ischemic stroke. Stroke 2007;38:1873-80.

25. Fan H, Shao ZY, Xiao YY, et al. Comparison of the Glasgow Prognostic Score

(GPS) and the modified Glasgow Prognostic Score (mGPS) in evaluating the

prognosis of patients with operable and inoperable non-small cell lung cancer. J

Cancer Res Clin Oncol 2016;142:1285-97.

26. Okadome K, Baba Y, Yagi T, et al. Prognostic Nutritional Index, Tumor-infiltrating

lymphocytes, and prognosis in patients with esophageal cancer. Ann Surg

2020;271:693-700.

27. LiW, Li M, Wang T, et al. Controlling Nutritional Status (CONUT) score is a

prognostic factor in patients with resected breast cancer. Sci Rep 2020;20:6633.

28. Jiang Y, Xu D, Song H, et al. Inflammation and nutrition-based biomarkers in the

prognosis of oesophageal cancer: a systematic review and meta-analysis. BMJ Open

2021;11:e048324.


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

29.

30.

31.

32.

33.

34.

35.

Adams HP, Davis PH, Leira EC, et al. Baseline NIH Stroke Scale score strongly

predicts outcome after stroke: A report of the Trial of Org 10172 in Acute Stroke

Treatment (TOAST). Neurology 1999;53:126-31.

Wang Y, Lim LL, Heller RF, et al. A prediction model of 1-year mortality for acute

ischemic stroke patients. Arch Phys Med Rehabil 2003;84:1006-11.

Kortazar-Zubizarreta |, Pinedo-Brochado A, Azkune-Calle I, et al. Predictors of in-

hospital mortality after ischemic stroke: A prospective, single-center study. Health

Sci Rep 2019;2:e110.

Nezu T, Kitano T, Kubo S, et al. Impact of D-dimer levels for short-term or long-

term outcomes in cryptogenic stroke patients. J Neurol 2018;265:628-36.

Ohara T, Farhoudi M, Bang QY, et al. The emerging value of serum D-dimer

measurement in the work-up and management of ischemic stroke. Int J Stroke

2020;15:122-31.

Bao L, Zhang S, Gong X, et al. Trousseau syndrome related cerebral infarction:

Clinical manifestations, laboratory findings and radiological features. J Stroke

Cerebrovasc Dis 2020;29:104891.

Wen HM, Lam WW, Rainer T, et al. Multiple acute cerebral infarcts on diffusion-

weighted imaging and risk of recurrent stroke. Neurology 2004;63:1317-9.


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).


https://creativecommons.org/licenses/by-nc-nd/4.0

© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0
license https://creativecommons.org/licenses/by-nc-nd/4.0/(opens in new tab/window).

Table 1. Baseline characteristics of patients with multiple CAIS.

All patients (n = 26)

Demographic data
Age (year)
Female
Survival after diagnosis (day)
Characteristics of stroke
Vascular territories with lesions
-2
-3

National Institutes of Health Stroke Scale (NIHSS)

modified Rankin Scale (MRS)
Characteristics of cancer
Previously diagnosed
- Any treatment for cancer
Stage
-1
%
Karnofsy Performance Scale (%)
History of thrombotic disease
Deep vein thrombosis *
Antiplatelet medication
Anticoagulant medication
Comorbidity
Hypertension
Dyslipidemia
Chronic kidney disease
Diabetes
Laboratory finding
White blood cell (x10%/uL)
Hemoglobin (g/dL)
Platelet (x10%/uL)
Albumin (g/dL)
D-dimer (mg/dL)

74 (68.3-80.5)
16 (61.5%)
44.5 (27.3-76.8)

5 (19.2%)
21 (80.8%)
5.5 (2.0-9.0)
4.0 (2.0-4.0)

20 (76.9%)
17/20 (85.0%)

1 (3.8%)
25 (96.2%)
90 (60-90)

9/18 (50.0%)
0 (0%)
1 (3.8%)

11 (42.3%)
6 (23.0%)
2 (7.7%)

1 (3.8%)

67.2 (60.0-96.4)
11.8 (9.8-12.9)
15.1 (10.6-19.3)
3.4 (3.2-3.9)
21.1 (7.8-29.9)

* Only 18 patients who were performed venous ultrasound of the lower extremities were

analyzed. Continuous variables are presented as the median (interquartile range).
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Categorical data are presented as counts (proportions). CAIS: cancer-associated

ischemic stroke.
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Table 2. Treatment of stroke and cancer in patients with multiple CAIS.

All patients (n=26)

Anti-thrombotic treatment
Before multiple CAIS

- DOAC

Acute phase of multiple CAIS
- Heparin (intravenous)
Chronic phase of multiple CAIS
- Heparin (subcutaneous)

- Warfarin
- DOAC
- Aspirin

Cancer treatment
Before multiple CAIS *

- Surgery

- Chemotherapy
- Surgery + Chemotherapy

- TACE

After multiple CAIS
- Chemotherapy
- Hyperthermia therapy
- New introduction of cancer treatment

1 (3.8%)

1 (3.8%)
22 (84.6%)
22 (84.6%)
16 (61.5%)
1 (3.8%)

9 (34.6%)
5 (19.2%)
1 (3.8%)

17/20 (85.0%)
3/20 (15.0%)
7/20 (35.0%)
6/20 (30.0%)

1/20 (5.0%)
8 (30.8%)
7 (26.9%)

1 (3.8%)
2/8 (25.0%)

* Only 20 patients who had previously been diagnosed with cancer were
analyzed. CAIS: cancer-associated ischemic stroke, DOAC: direct oral
anticoagulant, TACE: transcatheter arterial chemoembolization.
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Table 3. Characteristics of the cancer.

All patients (n = 26)

Cancer type

Pancreas 5 (19.3%)
Colon 5 (19.3%)
Bile 5 (19.3%)
Lung 3 (11.5%)
Gastric 2 (7.7%)
Breast 2 (7.7%)
Hepatocellular 1 (3.8%)
Papilla of duodenum 1 (3.8%)
Ovarian 1 (3.8%)
Unknown origin 1 (3.8%)
Histological type
Adenocarcinoma 14 (53.8%)
Squamous cell carcinoma 1 (3.8%)
Large cell neuroendocrine carcinoma 1 (3.8%)
Adenosquamous carcinoma 1 (3.8%)
not assessed 9 (34.6%)

Number of patients are presented as counts (proportions).
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Figure Legends

Figure 1. Flow diagram showing the patient extraction, inclusion, and exclusion of

medical records. CAIS: cancer-associated ischemic stroke.

Figure 2. Kaplan-Meier curves of 29 patients with multiple CAIS. Circles indicate three

censored cases. CAIS, cancer-associated ischemic stroke.

Figure 3. Forest plot of hazard ratios calculated by univariable Cox proportional

hazards regression model. Univariate analysis was subjected to all 29 patients, including

three censored cases. Dots and bars represent hazard ratios and 95% confidence

intervals, and arrows represent that the confidence interval spread further than the limit

(0.1-10). * P values < 0.05. CI: Confidence interval.
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P value

Demographic data
Age
Sex (Reference: female)
Characteristics of stroke
Vascular territories with lesions
National Institutes of Health Stroke Scale
modified Rankin Scale
Characteristics of cancer
Previously diagnosed
Stage
Karnofsy Performance Scale (%)
Comorbidity
Hypertension
Dyslipidemia
Chronic kidney disease
Diabetes
Laboratory finding
White blood cell (x10%/uL)
Hemoglobin (g/dL)
Platelet (x10%/uL)
Albumin (g/dL)
D-dimer (mg/dL)

0.97 (0.92-1.02)
0.58 (0.25-1.33)

2.06 (0.70-6.11)
1.02 (0.96-1.08)
1.11 (0.82-1.50)

1.54 (0.60-3.95)
2.15 (0.29-16.11)
1.00 (0.98-1.02)

0.61 (0.27-1.38)
0.79 (0.29-2.14)
2.76 (0.59-12.84)
1.80 (0.23-14.04)

1.00 (0.99-1.01)
0.94 (0.83-1.07)
0.95 (0.90-1.01)
0.31 (0.11-0.88)
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0.20
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