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ARTICLE INFO ABSTRACT
ATfiC’_e history: ) Background and purpose: Malignancy associated acute ischemic stroke (AIS) requires specific diagnostic
Received 18 April 2022 work-up, treatment and prevention to improve outcome. This study aimed to develop a biomarker-based
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score for prediction of occult malignancy in AIS patients.
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Methods: Single-center cross-sectional study including consecutive AIS patients treated between July
2017 and November 2018. Patients with active malignancy at presentation, or diagnosed within 1 year

Key Words: thereafter and patients free of malignancy, were included and malignancy associated biomarkers were
Biomaf!@rs assessed. LASSO analyses of logistic regression were performed to determine biomarkers predictive of
Ischemic stroke active malignancy. Predictors were derived from a predictive model for active malignancy. A compari-

Malignancy-related stroke
Occult malignancy
Predictive score

son between known and unknown (=occult) malignancies when the index stroke occurred was used to
eliminate variables not associated with occult malignancy. A predictive score (OCCULT-5 score) for occult
malignancy was developed based on the remaining variables.
Results: From 1001 AIS patients, 61 (6%) presented an active malignancy. Thirty-nine (64%) were known
and 22 (36%) occult. Five variables were included in the final OCCULT-5 score: age > 77 years, embolic
stroke of undetermined source, multi-territorial infarcts, D-dimer levels > 820 p/gL, and female sex. A
score of > 3 predicted an underlying occult malignancy with a sensitivity of 64%, specificity of 73%,
positive likelihood ratio of 2.35 and a negative likelihood ratio of 0.50.
Conclusions: The OCCULT-5 score might be useful to identify patients with occult malignancy. It may
thus contribute to a more effective and timely treatment and thus lead to a positive impact on overall
outcome.
© 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction
Background/rationale

Known or occult malignancy is a well-established risk factor for
ischemic stroke, increased stroke severity, stroke recurrence, and
high mortality.!~3 Paraneoplastic coagulation disorder is thought
to be the most frequent cause of malignancy-related strokes.’ The
reasons leading to a hypercoagulable state are complex and medi-
ated by the expression of procoagulant factors (tissue factor, extra-
cellular vesicles, inflammatory cytokines and inhibitors of fibrinol-
ysis released by cancer cells and extracellular neutrophil traps).®
Thrombi leading to stroke can be venous (deep vein thrombosis
with paradoxical embolism), arterial (intravascular coagulopathy)
or cardiac (nonbacterial thrombotic endocarditis).!’ Other common
causes of stroke in patients with underlying malignancy are shared
risk factors between stroke and malignancy such as smoking, obe-
sity or inflammation, side effects of chemotherapy and direct oc-
clusion by the tumor itself.!! The prevalence of active malignancy
in stroke patients is estimated to reach 10%.'° According to a recent
meta-analysis, the cumulative incidence of occult malignancy in
the first year after stroke seems to be 1.4%.'2 The true rate of occult
malignancy and consequently the global burden of malignancy-
related stroke may be even higher than currently estimated by
the retrospective studies available. In this context, better charac-
terization of malignancy and of the underlying paraneoplastic co-
agulation disorders in stroke is crucial for the guidance of sec-
ondary prevention and faster diagnosis of occult malignancy after
ischemic stroke. In the last decade, potential predictive and prog-
nostic biomarkers such as D-dimer, fibrinogen, C-Reactive Protein
(CRP), hemoglobin (Hb), multi-territory infarcts and embolic stroke
of undetermined source (ESUS) have been identified in stroke pa-
tients with malignancy.”-'>-20 Because occult malignancy is rare,
predictive models to identify patients that would benefit from ma-
lignancy screening are needed and currently not available,!6:21:22
The early diagnosis and thus more effective and timely treatment
of occult malignancy may improve the outcomes of affected stroke
patients. This study aimed to develop a score based on biomarkers
to predict occult malignancy in stroke patients.

Methods
Study cohort

This single-center, retrospective, and cross-sectional study as-
sessed all consecutive patients admitted for acute ischemic stroke
at a comprehensive stroke center between July 2017 and November
2018 who were prospectively included in a single-center stroke-
registry (n=1317). To ensure the availability of biomarkers, all pa-
tients with missing D-dimer values at admission and those in
whom intravenous thrombolysis was started prior to D-dimer mea-
surement were excluded. Patients with recurrent stroke due to an
active malignancy after the index-event were not assessed a sec-
ond time. This study conforms with the World Medical Associa-
tion Declaration of Helsinki.?> In accordance with Swiss law, the
local ethics committee approved this study and waived the need
for written patient consent (reference ID: 2021-01031).

Definition of active known malignancy and occult malignancy

Active known malignancy was defined as a new or recurrent
malignancy, diagnosed or treated within 6 months prior to the in-
dex stroke, or metastatic malignancy.?*2> According to the current
literature, malignancies diagnosed within 1 year after the index
stroke were defined as occult malignancy. They represent a sub-
group of active malignancies when the index stroke occurs.?-13:26
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Patients with breast cancer and receiving secondary prophylactic
hormone therapy were considered cured and in complete remis-
sion without active malignancy.?”28 Focal non-melanoma skin can-
cer were not considered as active malignancy due to the low risk
of metastatic spread and their non-systemic nature.’

Data extraction and analysis

Ischemic stroke was confirmed by cranial magnetic resonance
imaging (MRI) or computed tomography. Two neurologists from
the University Department of Neurology Bern (M.B. and B.B.) as-
sessed all consecutive stroke patients treated between July 2017
and November 2018 at the local comprehensive stroke center for
the diagnosis of active known malignancy at the time of the index
stroke and occult malignancy up to 1 year after the index stroke.
Histological proof of malignancy or oncological diagnosis based on
clinical investigations were used to identify patients with malig-
nancy from the local clinical information system. Baseline char-
acteristics of patients were extracted from the local stroke reg-
istry. Demographic information and risk factors included sex, age
at admission, prestroke disability, previous stroke, arterial hyper-
tension, diabetes mellitus, hyperlipidemia, smoking status, atrial
fibrillation and coronary heart disease. The stroke characteristics
investigated were neurological deficit at admission assessed with
the National Institutes of Health Stroke Scale (NIHSS), stroke recur-
rence, time of symptom-onset, infarct distribution (single vs. multi-
territory infarct and number of territories involved), and stroke eti-
ology at discharge of the index hospitalization defined according to
the TOAST (Trial of ORG 10172 in Acute Stroke Treatment) classifi-
cation.?” Strokes associated with patent foramen ovale were clas-
sified as cardioembolic stroke. In line with the “NAVIGATE ESUS”
randomized trial, ESUS was defined as nonlacunar ischemic stroke
occurring in a patient in whom investigations did not show an-
other underlying stroke etiology.>! Laboratory values at admission
were extracted from the local clinical information system: D-dimer,
Hb, CRP, N-terminal-pro B-type natriuretic peptide (NT-proBNP),
lactate dehydrogenase (LDH), low-density lipoprotein (LDL) choles-
terol, total cholesterol, creatinine, and glucose.

Statistical analysis

All statistical analyses were performed using Stata 16 (Stata-
Corp. 2019. Stata Statistical Software: Release 16. College Station,
TX: StataCorp LLC.) and R (v 3.6.0 or newer, R Core Team). Baseline
characteristics are presented using frequency with percentage for
categorical variables and median with interquartile range for con-
tinuous variables. The comparison between groups was performed
using Fisher’s exact test for categorical variables and the Mann-
Whitney U test for continuous variables. Simple and multiple logis-
tic regression were performed to determine the odds ratio (OR) or
adjusted odds ratio (aOR) for the presence of an active malignancy
(active known malignancies and occult malignancies together) and
an occult malignancy alone. Because of the low rate of occult ma-
lignancy, its predictors were derived from a predictive model for
active malignancy (see Supplementary Method and Results I). The
ability of the predictive model for active malignancy and the pre-
dictive score for occult malignancy were determined by analyses
of the area under the Receiver Operating Characteristics curve (au-
ROC). After calculating the regression coefficient for each item se-
lected for the score for occult malignancy, we attributed 1 point to
the smallest regression coefficient, which served as the least com-
mon denominator for the assignment of point value for the other
items. Bayesian decision theory was used to evaluate the posterior
probability of the predictive score for occult malignancy. A two-
sided P value < 0.05 was considered statistically significant. Using
the “pmsampsize” function in STATA 16 and assuming a prevalence
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1317 patients treated for ischemic stroke between July 2017 and
November 2018 at the local comprehensive stroke center.
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42 patients with intravenous thrombolysis before D-dimer
measurement.

1002 patients with diagnosis of ischemic stroke and screening for
malignancy.

1001 patients included in the study.

273 patients excluded due to missing D-dimer values at
admission.

1 patient with active malignancy-related stroke recurrence
already included due to index-stroke.

index-stroke.

940 patients without active malignancy at time of

stroke.

.| 61 patients with active malignancy at time of index-

39 patients with active known malignancy at time of

stroke.

_| 22 patients with occult malignancy diagnosed up to 1

"| year after index-stroke.

Fig. 1. Study flowchart. This figure shows the process of inclusion and exclusion of patients in the study.

of 0.10 for active malignancy, including 12 candidate predictor pa-
rameters (see Supplementary Method and Results I) and reusing a
c-statistic of previous test of 0.83 this study needed to include at
least 720 patients.!0-2!

Results
Study population

Overall, 1317 consecutive patients were treated for ischemic
stroke between 07/2017 and 11/2018 at the local comprehensive
stroke center. Of these, 273 patients with missing D-dimer values
at admission and 42 patients who had received intravenous throm-
bolysis prior to D-dimer measurement were excluded. After iden-
tification of underlying active malignancy, one patient with active
known malignancy was excluded because of stroke recurrence. For
the final analysis, 1001 stroke patients were included (Fig. 1 Study
Flowchart).

Baseline characteristics

Comparison between included and excluded patients is summa-
rized in the eTable 1.

Of the patients included in the study, 61 (6%) had an active
known malignancy at the time of stroke or received the diagnosis
of malignancy up to 1 year after hospitalization. Differences be-
tween patients with or without active malignancy are summarized
in Table 1 and reported in the supplementary material.

Difference between occult malignancy and active known malignancy

There were 61 patients with active malignancy at time of stroke
(6%), 22 with occult (36%) and 39 with known malignancy (64%).
Comparison of baseline characteristics between both groups is
given in eTable Ila. As demonstrated in eTable IIb, the localization
of underlying malignancy was different in both groups (P=0.011).
Metastatic state of malignancy (68% versus 68%, P=1.00) and his-
tological type of malignancy (P=0.47) were similar in both groups.
The Fig. 2 summarizes the distribution of histological types accord-
ing to the malignancy subgroups.

Compared to patients with active known malignancy, those
with occult malignancy had lower CRP in mg/L (median 3 versus
15, IQR 3-14 versus 4-37, P=0.009) and higher Hb in g/L (median
130 versus 118, IQR 120-143 versus 105-136, P=0.017). Women
showed a higher occult malignancy incidence than men (59% ver-
sus 41%, P=0.028).

Development of a predictive score for occult malignancy (OCCULT-5)

Our model for active malignancy (known and occult) identified
the following predictors: Male sex, ESUS, multi-territory infarcts,
age, NIHSS on admission, D-dimer, Hb, LDH, and CRP (See Sup-
plementary Method and Results I). We eliminated variables found
only in patients with active known malignancy (low CRP and high
Hb), with not enough observations (LDH), and results not sup-
ported by published evidence (NIHSS). We changed the predictor
“sex” from male to female because of the higher proportion of
women with occult malignancy. The OCCULT-5 score, based on 5
malignancy-related variables, includes age at admission > 77 years,
ESUS after initial stroke work-up, multi-territory infarcts, D-dimer
level > 820 p/gL, and female sex (Table 2). The score performance
was assessed on 997 patients, including 22 with occult malignancy.
The auROC of the proposed score was 0.7 (95% CI 0.57-0.82). The
OCCULT-5 score ranges from O to 5. Individual regression coeffi-
cients and points are reported in Table 2. A meaningful cut-off for
clinical use was set at > 3 points based on a sensitivity of 64%, a
specificity of 73%, a positive likelihood ratio of 2.35, and a negative
likelihood ratio of 0.49. The performance of all individual cut-offs
including also the positive and negative predictive values and the
posterior probability is shown in Table 3.

Further characteristics of occult malignancy

The first investigations, which detected or suspected an occult
malignancy are summarized in eTable IIl. Regarding radiological in-
vestigation, 73% of occult malignancies (n=16) were detected with
computed tomography from the chest or abdomen and 64% (n=14)
by combined computed tomography of chest, abdomen and pelvis.
In patients with occult malignancy at time of stroke, the median
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Table 1
Comparison of baseline characteristics in patients with and without active malignancy.

All patients (N=1001)  No malignancy (N=940) Active malignancy (N=61)  p-value

Baseline

Sex, Female No. / total No. (%) 414 (41.4%) 390/940 (31.5%) 24/61 (39.3%) 0.79
Age at admission (median, IQR) 73.8 (63-82.4) 73.5 (62.5-82.3) 76.8 (71.1-83.4) 0.025
Prestroke disability (mRS, median, IQR) 0 (0-1) 0 (0-1) 1(0-1.5) 0.028
Risk factors

Previous stroke No. / total No. (%) 92 (15.5%) 76/488 (15.6%) 3/30 (10%) 0.60
Hypertension No. | total No. (%) 398 (67%) 315/487 (64.7%) 25/30 (82.8%) 0.046
Diabetes No. | total No. (%) 103 (17.3%) 84/487 (17.2%) 5/30 (16.7%) 1.00
Hyperlipidemia No. / total No. (%) 349 (58.7%) 287/487 (58.9%) 18/30 (60%) 1.00
Smoking No. / total No. (%) 118 (20%) 97/485 (20.0%) 6/29 (21.4%) 1.00
Atrial Fibrillation No. / total No. (%) 189 (31.1%) 147/499 (29.5%) 11/31 (35.5%) 0.54
Coronary heart disease No. | total No. (%) 82 (13.8%) 62/487 (12.7%) 5/30 (16.7%) 0.57
Stroke characteristics

NIHSS on admission, (median, IQR) 4(1-9) 4 (1-9) 5 (2-9) 0.10
Stroke Etiology (TOAST) No. / total No. (%):

Cardioembolic 257 (25.7%) 242/938 (25.8%) 15/61 (24.6%) 0.58
Small-vessel occlusion 47 (4.7) 45/938 (4.8%) 2/61 (3.3%)

Large-artery atherosclerosis 142 (14.2%) 137/938 (14.6%) 5/61 (8.2%)

Stroke of other determined etiology and multiple etiology 32 (3.2%) 30/938 (3.2%) 2/61 (3.3%)

Stroke of undetermined etiology 521 (52.1%) 484/938 (51.6%) 37/61 (60.7%)

Stroke of undetermined etiology vs. other etiologies No. | total No. (%): 521 (52.1%) 484/938 (51.6%) 37/61 (60.7%) 0.17
Embolic stroke of undetermined source (ESUS) No. | total No. (%): 388 (38.8%) 356/938 (37.9%) 32/61 (52.5%) 0.024
Stroke recurrence No. / total No. (%): 33 (5.6%) 25/488 (5.1%) 4/31 (12.9%) 0.086
Stroke in multiple territories, No. | total No. (%): 149 (14.9%) 127/938 (13.5%) 22/61 (36.1%) <0.001
Number of territories involved No. | total No. (%):

0 43 (4.3%) 43/938 (4.6%) 0/61 (0.0%) <0.001
1 807 (80.8%) 768/938 (81.9%) 39/61 (63.9%)

2 106 (10.6%) 98/938 (10.4%) 8/61 (13.1%)

3 23 (2.3%) 21/938 (2.2%) 2/61 (3.3%)

4 20 (2%) 8/938 (0.9%) 12/61 (19.7%)

Baseline laboratory findings

Glucose in mmol/L (median, IQR) 6.3 (5.6-7.6) 3 (5.6-7.6) 6.3 (5.8-7.4) 0.82
Cholesterol total in mmol/L (median, IQR) 4.8 (4.01-5.59) 4. 81 (4.02-5.63) 4.62 (3.73-5.31) 0.10
Cholesterol LDL in mmol/L (median, IQR) 2.67 (1.98-3.45) 2. 69 (1.98-3.47) 2.57 (1.78-3.09) 0.10
Creatinine in pmol/L (median, IQR) 79 (65-95) 9 (65-94) 82 (63-105) 0.46
D-dimer in pg/L (median, IQR) 726 (380-1644) 701 (367.5-1524.5) 1689 (652-6852) <0.001
Hb in g/L (median, IQR) 137 (126-147) 139 (128-148) 123 (112-136) <0.001
CRP in mg/L (median, IQR) 3 (3-7) 3 (3-6) 9 (3-24) <0.001
NT-proBNP in pg/mL (median, IQR) 264 (97-888) 249.5 (93-865) 508.5 (251.5-1546) <0.001
LDH in U/L (median, IQR) 400.5 (348-474) 397 (348-466) 472.5 (373-652.5) <0.001

CRP, C-reactive protein; IQR, interquartile range; Hb, Hemoglobin; LDH, Lactate dehydrogenase; LDL, Low-density lipoprotein; mRS, modified Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; NT-proBNP, N-terminal-pro B-type natriuretic peptide; TOAST, Trial of ORG 10172 in Acute Stroke Treatment

Active malignancies Occult malignancies Known malignancies

@ Adenocarcinoma (n=36) @ Adenocarcinoma (n=14) @ Adenocarcinoma (n=22)

O Squamous cell carcinoma (n=15) OSquamous cell carcinoma (n=7) O Squamous cell carcinoma (n=9)
@ Sacroma (n=1) @ sacroma (n=1) @ Sacroma (n=0)

B Leukemia (n=3) M Leukemia (n=0) B Leukemia (n=3)

@ Lymphoma (n=3) @ Lymphoma (n=0) B Lymphoma (n=3)

@ Other tumour types (n=3) E @ Other tumour types (n=1) B Other tumour types (n=2)

Fig. 2. Distribution of histological types according to the malignancy subgroups. Patients with active malignancy (Fig. 2A), were divided into patients with occult malignancy
(Fig. 2B) and patients with active known malignancy (Fig. 2C). No significant difference was observed between occult malignancies and active known malignancies (Fisher’s
exact test: P=0.47). However, hematologic malignancies were absent in the subgroup with occult malignancies.
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Table 2
OCCULT-5 score for prediction of occult malignancy in ischemic stroke patients.

OCCULT-5 Criteria Regression coefficients  Points
Age > 77 years old 0.662 1

ESUS Yes 0.507 1
Multi-territory infarcts  Yes 0.634 1
D-dimer > 820 p/gL 0.633 1
Female sex Yes 0.475 1

Total 5 points

Components of the OCCULT-5 score were selected based on the LASSO selection for
prediction of active malignancy (known and occult malignancies). Selected variables
were eliminated for the final score if not found in patients with occult malignancy,
clinically not meaningful due to the small sample size (NIHSS), and because of too
many missing values (LDH).

time between index stroke and diagnosis was 3.5 days (IQR 1-74).
In 50% (n=11) occult malignancy was detected during the index
hospitalization. In the other patients (n=11) median time between
discharge and diagnosis of occult malignancy was 71 days (IQR 20
- 175).

Discussion

The main findings of this study are: (1); Patients with occult
malignancy present characteristics that are different from those
with known malignancy: More female sex, lower CRP and higher
Hb values. (2); The proposed predictive score for occult malignancy
(OCCULT-5 score) has for > 3 points a sensitivity of 64%, a speci-
ficity of 73%, positive likelihood ratio of 2.35, and negative likeli-
hood ratio of 0.5.

According to a recent literature review from Dardiotis et al.,
active malignancy in stroke patients are associated with several
biomarkers.” In addition to the most often reported biomarkers,
which were also used in this study (elevated D-dimer, CRP, and
LDH; low hemoglobin; multi-territory infarcts; and ESUS), elevated
fibrinogen and higher erythrocyte sedimentation rate were also
frequently associated with malignancy-related stroke.!3.14:32-35

Factors, that had been found to be associated with occult
malignancy at time of stroke, were older age, history of smok-
ing, undetermined stroke etiology, multi-territory infarcts, low
hemoglobin levels, higher CRP, higher D-dimers and higher fibrino-
gen.!3:15.16,20.26,36 1n our study, the etiological distribution of oc-
cult malignancies does not differ from active known malignancy
(Fig. 2). However, analyses involving more patients with occult ma-
lignancies are needed to validate this observation in the future.
A predictive score for the presence of occult malignancy at the
time of stroke would be helpful to decide whether to screen for
malignancy. Previous studies focused on the prediction of active
malignancy (known and occult malignancy together), but a predic-
tive score for occult malignancy would be more useful. Based on a
study in 82 patients with active malignancy out of 1646 ischemic
stroke patients, Selvik et al. proposed a multivariable predictive
clinical score (total 3 points) based on D-dimer level, Hb-level and
smoking status.? In patients younger than 75 years fulfilling all
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criteria, the auROC was 0.73 (95% CI 0.65-0.81). For patients older
than 75 years the auROC was less with 0.66 (95% CI 0.59-0.73).
Most recently, Jiang et al. proposed a score derived from 53 pa-
tients with active malignancy (6.63%) of 799 ischemic stroke pa-
tients.>! The 3-points score consists of absence of hyperlipidemia,
elevated D-dimer and elevated fibrinogen level. The score showed
a good performance (auROC 0.83) and good posterior probability.
However, despite a specificity of 99% for a score of 3/3, the corre-
sponding sensitivity of 19% is insufficient to prompt further inves-
tigation to search for occult malignancy.

According to the current evidence and in line with the obser-
vations from our study combined chest, abdomen, and pelvis com-
puted tomography should be considered when malignancy-related
biomarkers are present.?’-38 Nevertheless no official guidelines on
how and when to screen for occult malignancy are published yet.

Because of the low rate of occult malignancy, the predictive
score for occult malignancy was derived from selected variables of
the model for active malignancy (see Supplementary Method and
Results I). Only variables associated with occult malignancy when
compared to active known malignancy were included in the final
OCCULT-5 score. Because of the low rate of occult malignancy (2.2%
in this study and 1.4% according to the meta-analysis by Rioux
et al.)!'? and low sensitivity in high scores, the predictive values
and posterior probability of the OCCULT-5 score remain low. In ad-
dition, the OCCULT-5 score needs to be externally validated, first in
a retrospective and then in a prospective cohort. When the score
can be externally validated and turns out to be reliable, it might
accelerate detection of malignancy in stroke patients and improve
their outcome.

Limitations

This study has several limitations; first, this was a monocentric
study and retrospective analysis. This may lead to an underestima-
tion of the real rate of occult malignancy.'? Second, the number of
patients with active malignancy, and especially with occult malig-
nancy, was low. This led to a low posterior probability for detec-
tion of occult malignancy and it could limit the applicability of the
OCCULT-5 score. Third, malignancy-related biomarkers were avail-
able in most but not all patients. This was particularly the case of
fibrinogen. Fourth, differences between included and excluded pa-
tients (especially regarding the age at admission) might have led
to selection bias.

Conclusion

We developed the OCCULT-5 score to predict occult malignancy
in ischemic stroke patients with an optimal balance of sensitivity
and specificity. If the OCCULT-5 score will be validated in an exter-
nal cohort it might help to guide the search for malignancy in spe-
cific stroke patients, help to detect malignancy faster and improve
the outcome of stroke patients with occult malignancy. Therefore
the OCCULT-5 score might be helpful to manage such stroke pa-
tients and improve their outcome.

Table 3
Performance and posterior probabilities of the OCCULT-5 score for prediction of occult malignancy in patients with ischemic
stroke.
Score  No. of patients (N=997)  Sensitivity =~ Specificity = LR + LR - PPV NPV Posterior probability
>0 997 100% 0% 1.00 NA 100% 0% 2.20%
>1 854 86.36% 14.36% 1.00 095 2.22% 97.9% 2.22%
>2 573 86.36% 43.18% 1.52 032 3.32% 99.29%  3.31%
>3 278 63.64% 72.92% 2.35 0.50 5.04% 98.89%  5.02%
>4 93 27.27% 91.08% 3.05 080 6.45% 98.23%  6.43%
5 13 4.55% 98.77% 3.69 097 7.69% 97.86%  7.68%

LR+, positive likelihood ratio; LR -, negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value
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