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Abstract 
Background: Around 5–10% of all patients with acute ischemic stroke (AIS) have underlying active 

cancer at the time of their stroke and constitute the group of “cancer-related strokes”. Cancer patients 

are known to have a higher risk of first and recurrent AIS, more severe stroke, and increased mortality 

after AIS. Although cancer-related strokes are thought to be caused by paraneoplastic coagulopathy, the 

complex relationship between cancer and AIS remains difficult to understand due to the multitude of 

cancer types and differing stages of cancer progression at the time of AIS.   

Consequently, it is essential to improve our knowledge of cancer-related strokes and the management 

of the affected patients. The general aim of this PhD thesis was to elucidate the description of the 

incidence, characteristics and outcomes of cancer-related strokes.  

 

Methods: The analyses that make up this PhD thesis are grouped into three subchapters corresponding 

to its three specific aims:   

The first was to better understand the characteristics of known biomarkers for cancer-related strokes and 

to identify new and, if possible, specific biomarkers of cancer-related strokes. Such biomarkers are 

essential for assessing the severity of paraneoplastic coagulation, identifying patients at risk of 

underlying undetected cancer at the time of AIS (occult cancer) and assessing the prognosis of AIS 

patients with underlying active cancer.  

The second aim was the investigation of AIS due to occult cancer. By proposing a clinical score to 

predict the presence of underlying occult cancer and investigating the outcomes for AIS patients with 

occult cancer, we sought to support the future implementation of a cancer-screening procedure in high-

risk AIS patients.   

The third aim was to investigate factors influencing the outcomes of cancer-related strokes. In addition 

to assessing the influence of biomarkers associated with cancer-related strokes on long-term outcomes 

after AIS, we investigated which type of antithrombotic drug was associated with the best outcomes in 

patients with cancer-related stroke. 

 

To meet the aims of this PhD thesis, we created the Bernese Malignancy-in-Stroke (BMS) Database, 

which included cancer-specific data from all consecutive AIS patients treated between 2015 and 2020 

at the Inselspital, University Hospital of Bern, Switzerland (N=5012). In parallel, we created the Bernese 

Transient Ischemic Attack (TIA) Database, which included data on all consecutive TIA patients treated 

at the Inselspital between 2015 and 2020 (N=1436). We used TIA patients without persisting brain 

damage as a comparison group in some of the studies presented in this thesis.   

 

Results: In this PhD thesis, we demonstrated that common cancer-associated biomarkers in AIS patients 

were also present in TIA patients with cancer. Compared to TIA patients without cancer, those with 

cancer were more likely to have a history of smoking (adjusted odds ratio [aOR] 2.77, 95% confidence 

interval [CI] 1.34–5.7), elevated D-dimer (aOR 1.77, 95% CI 1.26–2.49), elevated lactate 

dehydrogenase (aOR 1.003, 95% CI 1.00–1.005), lower hemoglobin (aOR 1.02, 95% CI 1.00–1.04), 

and lower leukocyte count (aOR 1.20, 95% CI 1.04–1.38).  

In AIS patients (independently of the presence of cancer), we demonstrated a time-dependent fluctuation 

in D-dimer levels. An early increase in D-dimer levels occurred within the first 6 hours after symptom 

onset (standardized beta coefficient [β] 0.728, 95% CI 0.324–1.121). Following this initial increase, the 

levels decreased (β −13.022, 95% CI −20.401 to −5.643) and a second increase was seen after 35 hours 

from symptom onset (β 11.750, 95% CI 4.71–18.791). No time-dependent fluctuation in D-dimer levels 

was observed in the control group of patients with TIA.  

In our study on the identification of new biomarkers for cancer-related strokes, we demonstrated an 

association between active cancer and the susceptibility vessel sign (SVS), a non-invasive, in situ 

representation of an occlusive thrombus, reflecting its microscopic composition. The absence of the SVS 

was associated with the presence of cancer in AIS patients (aOR 3.14, 95% CI 1.45–6.80). In another 

study, we demonstrated an association between the absence of a right-to-left cardiac shunt 

(encompassing patent foramen ovale and atrial septal defect) and active cancer (aOR 2.29, 95% CI 1.14–



 
 
 
 

4.58). We were unable to demonstrate any association between increased left atrial volume index (≥35 

mL/m2 on echocardiography), representing atrial cardiopathy, and the presence of cancer in patients 

with AIS (aOR 0.91, 95% CI 0.60–1.37).  

Based on our studies on occult cancers, we proposed the OCCULT-5 Score, which comprises five 

variables: age ≥ 77 years, embolic stroke of undetermined source, multi-territorial brain infarcts, D-

dimer levels ≥ 820 μg/L, and female sex. A score of ≥ 3 predicted an underlying occult cancer in AIS 

patients, with a sensitivity of 64% and a specificity of 73%. Outcomes in patients with new cancer 

diagnosed immediately after the index AIS (during hospitalization) were no better than those with a 

cancer diagnosis obtained after discharge and within one year after the index AIS. In particular, there 

was no difference in long-term mortality between patient groups (adjusted hazard ratio [aHR] 1.16, 95% 

CI 0.53–2.52). 

Regarding factors influencing outcomes, in AIS patients treated with mechanical thrombectomy, we 

demonstrated an association between the absence of the SVS and long-term mortality (aHR 2.11, 95% 

CI 1.35–3.29) and poor functional outcome in the long term (aOR 2.90, 95% CI 1.29–6.55). Interaction 

analyses did not reveal any substantial influence of the presence of active cancer on these associations 

(p for interaction=0.79 and 0.71, respectively).  

Finally, there was no difference in outcomes between the two types of antithrombotic drug used for 

secondary prevention in AIS patients with active cancer. Anticoagulant and antiplatelet therapy were 

associated with similar risks of 1-year mortality (aHR 0.76, 95% CI 0.36–1.63) and long-term recurrent 

AIS (aHR 0.49, 95% CI 0.08–2.83). 

 

Discussion: The projects comprising this PhD thesis covered many aspects of the “cancer-related 

stroke” field. The absence of the SVS, reflecting the predominance of platelets and fibrin in the 

microscopic composition of the occluding thrombus, was associated with cancer-related strokes (and 

also independently associated with platelet- and fibrin-rich thrombi). Since the presence of the SVS, by 

contrast, was mainly associated with erythrocyte-rich thrombi and cardioembolic AIS, the assessment 

of SVS status (giving us a direct insight into the thrombus composition in situ) is helpful to assess the 

most likely underlying stroke etiology. An association between active cancer and arterial causes of AIS 

is presumed due to the negative association with right-to-left cardiac shunts (as a surrogate marker for 

paradoxical embolism). Furthermore, our studies showed a trend towards non-cardioembolic causes of 

AIS in patients with active cancer due to the association with absence of the SVS and the lack of 

association with atrial cardiopathy. As only 1.4% of AIS patients are diagnosed with a new cancer in 

the year following an AIS (and up to 6.2% following cryptogenic strokes), it is important to identify 

patients at risk of occult cancer to speed up the time to cancer diagnosis and potentially positively 

influence patient outcomes. To our knowledge, our OCCULT-5 Score is the only model that provides a 

clinical score that can be easily used at the bedside to evaluate the probability of underlying occult 

cancer in AIS patients. Despite the large size of our BMS, only 59 patients with occult cancer were 

included in the study, which failed to demonstrate a difference in outcomes between patients diagnosed 

with a new cancer during hospitalization versus after discharge. This underscores the need for 

multicenter studies that include larger numbers of AIS patients with active cancer, and particularly 

occult cancers, to address unanswered research questions.   

Finally, regarding secondary prevention, there are no conclusive guideline-based recommendations for 

the optimal antithrombotic strategy for patients with cancer-related strokes. Although our study (not 

published yet) on whether anticoagulants or antiplatelet drugs offered better secondary prevention has 

the advantage of including only patients with active cancer, it failed to demonstrate an advantage for 

either medication emphasizing the need for randomized clinical trials on this subject in the future. 

 

Outlook: The establishment of a multicenter registry of cancer-related strokes with detailed information 

on individual cancers will enable investigators to perform studies analyzing the different types of cancer 

on a case-by-case basis, and potentially to propose individualized treatments. In addition, prospective 

studies are needed, both to assess the risk of occult cancer in AIS patients and to evaluate new 

biomarkers for cancer-related strokes. 



 
 
 
 

Chapter 1: Introduction 

 
Approximately 40% of the population worldwide will face cancer in their lifetime, while 25% will suffer 

an acute ischemic stroke (AIS).1 According to the International Society on Thrombosis and Haemostasis, 

active cancer is defined as any diagnosis, treatment, or known recurrence or metastasis of any malignant 

cancer within the past 6 months.2 Around 5–10% of all AIS patients have underlying active cancer at 

the time of stroke and constitute the group of “cancer-related strokes”.1,3 

Cancer-related strokes are thought to be caused by paraneoplastic coagulopathy, which is induced by 

the expression of various procoagulant factors through cancer cells and an immune-mediated response.4,5 

The complex relationship between cancer and AIS remains difficult to understand due to the multitude 

of existing cancer types and the differing stages of cancer progression in individual patients.4 

Consequently, it is essential to improve our knowledge of cancer-related strokes and the management 

of affected patients, as they are known to have a higher risk of first and recurrent AIS, increased stroke 

severity and increased mortality after AIS.4   

For this purpose, research should focus on investigating the pathophysiological mechanisms of arterial 

paraneoplastic coagulopathy, and also on identifying specific risk factors and biomarkers for cancer-

related strokes.6 Furthermore, as AIS can be the first manifestation of a cancer, a special effort must be 

made to diagnose underlying, previously undetected cancer (so-called occult cancer) at the time of AIS.7 

  

Finally, as the antithrombotic treatment of choice for cancer-related strokes is not yet clear and cancer-

related strokes are rarely included in stroke guidelines, it is important to tailor secondary prevention 

strategies for patients who experience cancer-related strokes.8 

 

  



 
 
 
 

Aims of PhD thesis 

 
The general aim of this PhD thesis was to elucidate the description of the incidence, characteristics and 

outcomes of cancer-related strokes. 

 

To meet the aim of the PhD thesis, we created the Bernese Malignancy-in-Stroke (BMS) database. This 

retrospective database is the extension of the local part of the Swiss Stroke Registry, which includes all 

consecutive AIS patients treated between 2015 and 2020 at the Inselspital, University Hospital of Bern, 

Switzerland.   

In parallel, together with Philipp Bücke MD from the Department of Neurology, Inselspital, we created 

the Bernese Transient Ischemic Attack (TIA) database, which retrospectively included all consecutive 

TIA patients treated at the Inselspital between 2015 and 2020. We used TIA patients without persisting 

brain damage as a comparison group in some of the studies presented in this thesis. 

We collected both cancer-specific and project-specific variables for the 5012 AIS patients and the 1436 

TIA patients included in the two databases with the assistance of a group of medical students (Jayan 

Göcmen, Fabienne Steinauer, Erich Rea, Pasquale Castigliego, Selina Venzin, Marc Fluri, Carlo Felder 

and Victor Ziegler).  

 

Biomarkers in cancer-related strokes  

 

The first specific aim of this PhD thesis was to better understand the characteristics of known biomarkers 

for cancer-related strokes and to identify new and, if possible, specific biomarkers of cancer-related 

strokes. 

 

D-dimer is a fibrin degradation product and a non-specific marker of blood clot formation.9 An elevated 

D-dimer level is the most common pathological laboratory finding in cancer-related strokes and reflects 

the paraneoplastic coagulopathy.10–16 As D-dimers are not specific for cancer-related strokes, we 

attempted to identify new biomarkers and assessed their specificity/sensitivity for this pathology. We 

assessed whether the addition of newly identified biomarkers to already known biomarkers increased 

the probability of predicting the presence of cancer-related strokes (AIS + active cancer).1–3  

 

We also aimed to identify factors that influence D-dimer levels, as they may affect clinical decision-

making regarding screening for occult cancer or reflect the efficacy of the antithrombotic therapy used 

in cancer-related strokes.17,18 

 



 
 
 
 

The special case of strokes due to occult cancer 

 

Occult cancer is generally defined as any new cancer diagnosed within the year following the AIS.7 It 

is found in 1.4% of all AIS patients and in up to 6.27% of patients with embolic stroke of undetermined 

source.7 Only 50% of the occult cancers are diagnosed during acute hospitalization.19 The other 50% are 

diagnosed some time after discharge. 

 

The second specific aim of the PhD thesis was the investigation of AIS due to occult cancer and this 

was addressed in two studies:  

- The development of a clinical score to predict occult cancer in AIS patients.  

- The assessment of long-term outcomes of AIS due to occult cancer. 

 

We hypothesized that late diagnosis of cancer after AIS would be associated with poorer outcome due 

to delayed potential treatment of the cancer. Demonstrating such a difference would support the need 

for studies evaluating the efficacy of cancer screening in AIS patients at high risk. To identify such 

patients during acute hospitalization, we developed the OCCULT-5 score, a simple score that can be 

used in clinical practice.19 

 

Outcomes in cancer-related strokes 

 

The third aim of the PhD thesis was to identify factors influencing outcomes of cancer-related strokes. 

 

As mentioned in the introduction, outcomes of cancer-related strokes are poorer than those of other 

AIS.4 We first investigated the influence of biomarkers associated with cancer-related strokes on long-

term outcomes after AIS.20   

Secondly, there is currently no clear evidence nor any recommendations on the optimal antithrombotic 

strategy (anticoagulation versus antiplatelet drug) for treating cancer-related strokes.8 For this reason, 

we investigated which antithrombotic drug was associated with the better outcomes in patients with 

cancer-related strokes who were included in our BMS database.  

 

 

 



 
 
 
 

Chapter 2: Results 

 

Chapter 2.1: Biomarkers in cancer-related strokes  

 

Confirmation of known cancer-related biomarkers in patients with transient 

ischemic attacks  

 

Title of the manuscript:   

Transient ischemic attacks in patients with active and occult cancer  

 

Contributions of the PhD candidate:   

- Conceptualization  

- Data curation  

- Formal analysis  

- Visualization   

- Writing – original draft  

 

Results summary:   

This retrospective monocentric study used information from our Bernese TIA database. We included 

TIA patients treated at our stroke center between 2015 and 2019. We aimed to compare the two sets of 

patients to find out whether the cancer-associated biomarkers already identified in AIS patients were 

also present in the TIA patients.  

After identifying TIA patients with underlying active cancer, we compared the presence/level of cancer-

associated biomarkers between TIA patients with and without active cancer. We demonstrated that TIA 

patients with cancer were more likely to have a history of smoking (adjusted odds ratio [aOR] 2.77, 95% 

confidence interval [CI] 1.34–5.7), elevated D-dimer (aOR 1.77, 95% CI 1.26–2.49), elevated lactate 

dehydrogenase (aOR 1.003, 95% CI 1.00–1.005), lower hemoglobin (aOR 1.02, 95% CI 1.00–1.04), 

and lower leukocyte count (aOR 1.20, 95% CI 1.04–1.38). This study demonstrated that the cancer-

associated biomarkers already known in AIS patients were also present in TIA patients.   
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Factors impacting D-dimer levels in patients with acute ischemic 

cerebrovascular events 

 
Title of the manuscript: Factors impacting D-dimer levels in patients with acute ischemic 

cerebrovascular events 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft 

- Writing – review and editing 

- Supervision 

 

Results summary:  

As elevated D-dimer level is a key biomarker of coagulation disorders, and of paraneoplastic coagulation 

in particular, it is important to know what factors influence D-dimer levels in the acute phase of AIS.  

For this purpose, this retrospective study investigated the fluctuation of D-dimer levels according to the 

time between symptom onset and blood draw in AIS patients and TIA patients (a control group without 

persisting brain damage). All patients were treated at our comprehensive stroke center between 2015 

and 2020 and included in our BMS database or Bernese TIA database, respectively. AIS patients showed 

an early increase in D-dimer levels within the first 6 hours after symptom onset (standardized beta 

coefficient [β] 0.728, 95% CI 0.324–1.121). Following this, there was a decrease in D-dimer levels  

(β −13.022, 95% CI −20.401 to −5.643) and a second increase after 35 hours from symptom onset (β 

11.750, 95% CI 4.71–18.791). No time-dependent fluctuation in D-dimer levels was observed in the 

control group of patients with TIA. 
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Absence of the susceptibility vessel sign in cancer-related strokes 

 
Title of the manuscript: Absence of susceptibility vessel sign in patients with malignancy-related acute 

ischemic stroke treated with mechanical thrombectomy 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft 

 

Results summary:    

The susceptibility vessel sign (SVS) in magnetic resonance imaging (MRI) can be used for non-invasive, 

in situ characterization of thrombi. The presence of the SVS has been associated with a high proportion 

of erythrocytes and low proportion of platelets and fibrin in retrieved thrombi. Given that cancer-related 

strokes had previously been associated with platelet and fibrin-rich thrombi, we investigated whether 

the absence of the SVS was directly associated with the presence of cancer-related strokes. We used our 

retrospective, monocentric BEYOND SWIFT database, which included AIS patients treated with 

mechanical thrombectomy between 2010 and 2018.   

Of 577 patients with AIS who had assessable SVS status, 40 (7%) had documented active cancer and 

72 (13%) showed no SVS. We demonstrated that the absence of the SVS was associated with active 

cancer (aOR 4.85, 95% CI 1.94–12.11) or occult cancer (aOR 11.42, 95% CI 2.36–55.20). The 

performance of predictive models for cancer-related strokes incorporating and excluding SVS status 

was compared using areas under the receiver operating characteristics curve (auROC). The auROC of 

predictive models, including demographics and common cancer biomarkers, was higher when SVS 

status was included but not significantly so (0.85 vs 0.81, p = 0.07). 
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Assessment of other thrombus imaging characteristics 

 
Title of the manuscript: Absence of susceptibility vessel sign and hyperdense vessel sign in patients 

with cancer-related stroke 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft 

 

Results summary: As the first study presented above was restricted to AIS patients treated with 

mechanical thrombectomy, in this study we generalized our results by investigating the association 

between the absence of SVS and the presence of active cancer in all AIS patients using our BMS 

database. We also assessed whether there was a correlation between the presence of active cancer in 

AIS patients and the absence of the hyperdense vessel sign (HVS), the counterpart of the SVS in 

computed tomography imaging. Of the 2256 patients whose thrombus imaging characteristics at 

baseline were available, 161 had  active cancer (7%), of which 36 were occult at the time of index stroke 

(2% of the total). We were able to confirm the association between the absence of SVS and the presence 

of underlying cancer in all AIS patients (aOR 3.14, 95% CI 1.45–6.80). However, there was no 

association between HVS and the presence of cancer (aOR 1.07, 95% CI 0.54–2.11). 
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The role of paradoxical embolism in stroke patients with cancer 

 
Title of the manuscript: Prevalence of right-to-left shunt in stroke patients with cancer 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft 

- Writing – review and editing 

- Supervision 

 

Results summary:  

A right-to-left cardiac shunt (resulting from a patent foramen ovale or atrial septal defect) can result in 

the occurrence of a paradoxical embolism with venous thromboembolism leading to arterial occlusion 

(in our case, in the form of AIS). As venous thromboembolism occurs frequently in patients with cancer, 

we investigated whether the presence of a right-to-left cardiac shunt was associated with the presence 

of cancer in patients with AIS. To this end, we used information from our BMS database and 

investigated the presence of a right-to-left shunt in all our AIS patients.   

Of the 2236 AIS patients included, 103 (5%) had active cancer, of whom 24 (23%) were diagnosed with 

right-to-left shunt. A right-to-left shunt was present in 774 of the 2133 AIS patients without active cancer 

(36%). After adjustment and weighting, the absence of right-to-left shunt was associated with active 

cancer (aOR 2.29, 95% CI 1.14–4.58). Right-to-left shunt was diagnosed less frequently in AIS patients 

with cancer than in cancer-free patients, suggesting that arterial sources may play a larger role in cancer-

related strokes than paradoxical venous embolization. 
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Cancer and atrial cardiopathy 

 

Title of the manuscript: Cancer and left atrial enlargement in patients with ischemic stroke 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data collection 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft 

 

This is the first study I carried out during my international research fellowship at the Weill Cornell 

Medical College in New York City, USA, under the supervision of Professor Babak Navi between 

September 2023 and September 2024. 

 

Results summary:   

Given that the association between cancer and atrial fibrillation in AIS patients is well documented, 

we aimed to assess whether cancer was also associated with atrial cardiopathy defined as a functional 

or structural disorder of the left atrium. 

For this study, atrial cardiopathy was defined as a left atrial volume index ≥35 mL/m2 on 

echocardiography. Using data from the Cornell Acute Stroke Academic Registry (CAESAR), we 

included 1104 AIS patients, of whom 10% had active cancer and 47% had atrial cardiopathy.  

There was no association between active cancer and atrial cardiopathy among the AIS cohort overall 

(aOR 0.91, 95% CI 0.60–1.37) nor in patients with embolic stroke of undetermined source, a subgroup 

of AIS patients more likely to have underlying cancer (aOR 0.64, 95% CI 0.30–1.36).  
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Chapter 2.2: The special case of occult cancer 

 

Prediction of occult cancer in stroke patients 

 

Title of the manuscript: Development of a score for prediction of occult malignancy in stroke patients 

(OCCULT-5 Score) 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data collection 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft 

 

Results summary:   

This study focused on so-called “occult cancer”, defined as a new cancer diagnosed within the first year 

after AIS. As mentioned above, the cumulative incidence of occult cancers has been estimated to reach 

2% in the overall AIS population. The aim of this study was to develop a clinical score for predicting 

the presence of occult cancer in AIS patients and thus identify high-risk patients requiring cancer 

screening. Based on our BMS database we evaluated AIS patients treated at our center between July 

2017 and November 2018 for eligibility. Patients with active cancer at presentation, or with cancer 

diagnosed within 1 year thereafter and patients free of cancer were included and cancer-associated 

biomarkers were assessed. Of 1001 stroke patients, 61 (6%) presented with active cancer. Thirty-nine 

cancers (64%) were known and 22 (36%) were 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 µ/gL, and female sex.  

A score of ≥ 3 predicted an underlying occult cancer with a sensitivity of 64%, specificity of 73%, 

positive likelihood ratio of 2.35 and a negative likelihood ratio of 0.50.   
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Mortality of stroke patients with new diagnosis of cancer  

 
Title of the manuscript: Mortality in acute ischemic stroke patients with new cancer diagnosed during 

the index hospitalization versus after discharge 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data collection 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – review and editing 

- Supervision  

 

Results summary:   

In this study, we investigated the difference in mortality between patients with a new cancer (occult 

cancer) diagnosed during hospitalization versus after discharge in the year following the AIS. Using 

data from our BMS database, we included all AIS patients treated from 2015 to 2020 for whom long-

term follow-up was available. Of 3894 AIS patients with available long-term follow-up data, 59 (2%) 

were diagnosed with a new cancer within one year after the index AIS. Of these, 27 (46%) were 

diagnosed during the index hospitalization and 32 (54%) were diagnosed after discharge. During a 

median follow-up of 406 days (interquartile range, 89–1073 days), 70% of patients (n=19) whose cancer 

was diagnosed during hospitalization had died, compared to 63% of patients (n=20) whose cancer was 

diagnosed after discharge (p=0.58). In our main multivariable model, there was no difference in long-

term mortality between patient groups (adjusted hazard ratio [aHR] 1.16, 95% CI 0.53–2.52; p=0.71). 
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Chapter 2.3: Outcomes in cancer-related strokes  
 

The impact of susceptibility vessel sign on long-term outcome 

 
Title of the manuscript: Susceptibility vessel sign, a predictor of long-term outcome in patients with 

stroke treated with mechanical thrombectomy 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data collection 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – original draft  

 

Results summary:   

After describing an association between the absence of the SVS and the presence of cancer, we studied 

the impact of SVS status on long-term outcomes in AIS patients. Our assumption was that the absence 

of the SVS would reflect an underlying pathology that could have a negative effect on outcomes. 

For this purpose, we used information from our retrospective, monocentric BEYOND SWIFT database, 

which included AIS patients treated with mechanical thrombectomy between 2010 and 2018.  

After exclusion of patients without available long-term follow-up, we assessed the predictors of long-

term mortality and poor functional outcome (modified Rankin Scale [mRS] ≥3) up to 8 years after AIS.  

Of the 558 patients included, SVS was absent in 13% (n=71) and present in 87% (n=487) on baseline 

imaging. Patients without SVS were more likely to have active cancer (p=0.003) and diabetes mellitus 

(p<0.001) at the time of AIS. 

After adjustment for active cancer and diabetes mellitus, among others, the absence of SVS was 

associated with long-term mortality (aHR 2.11, 95% CI 1.35–3.29) and poor functional outcome in the 

long term (aOR 2.90, 95% CI 1.29–6.55). Interaction analyses did not demonstrate any substantial 

influence of the presence of active cancer on these associations (p for interaction=0.79 and 0.71, 

respectively). 
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Secondary prevention after cancer-related strokes 

 
Title of the manuscript: Anticoagulant versus antiplatelet treatment for secondary stroke prevention in 

patients with active cancer 

 

Contributions of the PhD candidate:  

- Conceptualization 

- Data collection 

- Data curation 

- Formal analysis 

- Visualization  

- Writing – review and editing 

- Supervision 

 

Results summary:  

Although 5–10% of AIS patients have active underlying cancer, the optimal antithrombotic strategy for 

cancer-related strokes remains unknown. This study compared clinical outcomes among patients with 

cancer-related strokes treated with anticoagulation versus an antiplatelet drug for secondary prevention. 

We used our BMS database to identify all patients with active cancer treated between 2015 and 2020 at 

our stroke center. After exclusion of patients with cardioembolic stroke with indication for 

anticoagulation, we included 135 patients with active cancer, of whom 58 (43%) were treated with 

anticoagulant and 77 (57%) with an antiplatelet drug. Anticoagulants and antiplatelet drugs were 

associated with similar risks of 1-year mortality (aHR 0.76, 95% CI 0.36–1.63) and long-term recurrent 

AIS (aHR 0.49, 95% CI 0.08–2.83). After excluding 22 patients with documented venous 

thromboembolism treated with anticoagulant therapy at the time of hospital discharge following the 

index AIS, the risk of 1-year mortality remained similar between patients treated with an anticoagulant 

and those treated with an antiplatelet drug (aHR 0.65, 95% CI 0.28–1.47).  
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Abstract  

Background 

Approximately 5-10% of patients with acute ischemic stroke (AIS) have known active cancer. These 

patients are at high risk for both recurrent AIS and major bleeding. The optimal antithrombotic strategy 

for cancer-related stroke is uncertain. This study compared clinical outcomes among patients with 

cancer-related stroke treated with anticoagulant versus antiplatelet therapy for secondary prevention.

  

Methods 

We identified consecutive patients with AIS and active cancer hospitalized at our comprehensive stroke 

center at Bern, Switzerland from 2015 through 2020. Patients with cardioembolic mechanisms were 

excluded. We used adjusted Cox regression and inverse probability of treatment weighting (IPTW) 

analyses to evaluate the associations between type of antithrombotic therapy at discharge (anticoagulant 

versus antiplatelet therapy) and the main outcomes of 1-year mortality and long-term recurrent AIS. 

 

Results  

Among 5012 AIS patients, 306 had active cancer. After applying study eligibility criteria, we analyzed 

135 patients (median age 72 years; 44% women), of whom 58 (43%) were treated with anticoagulant 

and 77 (57%) with antiplatelet therapy. The median follow-up time was 495 days (IQR, 57–1029). 

Anticoagulant versus antiplatelet therapy was associated with similar risks of 1-year mortality (adjusted 

hazard ratio [aHR], 0.76; 95% confidence interval [CI], 0.36-1.63) and long-term recurrent AIS (aHR 

0.49; 95% CI 0.08-2.83). The IPTW analyses for 1-year mortality confirmed the results of the main 

analyses (HR 0.82; 95% CI 0.39-1.72, P=0.61). 

 

Conclusions 

Similar outcomes were observed with anticoagulant versus antiplatelet therapy in patients with cancer-

related stroke, highlighting the need for future randomized trials to determine the preferred 

antithrombotic strategy. 

 

 
 

 



 
 
 
 

Introduction 

Active cancer is a comorbid condition in 5-10% of patients with acute ischemic stroke (AIS).1  This 

stroke subgroup, known as ‘’cancer-related stroke’’ is presumed to result of paraneoplastic 

coagulopathy.1,2 This prothrombotic process is multifactorial and involves platelet, coagulation, and 

endothelium activation.3 Patients with cancer-related stroke face an increased risk of more severe 

strokes, AIS recurrence, and mortality compared to other AIS patients.4 

 

There are no clear guideline-based recommendations for the preferred antithrombotic strategy in cancer-

related stroke. According to the American Heart Association guidelines, further research should be 

conducted to evaluate the benefit of anticoagulation in persons with stroke attributable to cancer-related 

hypercoagulability as robust data is lacking.5 Secondary analyses of the NAVIGATE ESUS and 

ARCADIA randomized controlled trials have demonstrated neutral results in recurrent stroke risk 

between the anticoagulant and antiplatelet treatment groups.6,7 However, because both studies included 

patients with both active and inactive cancer, with the exact proportions of each uncertain, these data 

should be interpreted with caution. 

 

Given the lack of dedicated, adequately powered clinical trials assessing the most appropriate secondary 

prevention strategy for cancer-related stroke, more retrospective data are needed. We investigated long-

term outcomes of patients with active cancer and AIS stratified by the employed antithrombotic 

treatment strategy (anticoagulant versus antiplatelet therapy) at discharge in a large institutional registry. 

 

Patients and Methods  

 
Design   

We conducted a retrospective cohort study of consecutive patients treated for AIS at a comprehensive 

stroke center in Bern, Switzerland between January 1, 2015 and December 31, 2020. These patients 

were prospectively enrolled in the Swiss Stroke Registry, which was accessed for data analysis. 

 

The study was approved by the local ethics committee in accordance with Swiss regulations (Project 

ID: 2022-01560; Kantonale Ethikkommission Bern), and the requirement for written consent was 

waived. This analysis adhered to the STROBE checklist guidelines for cohort studies.  Access to the 

study data can be requested from the corresponding author and is subject to clearance by the local ethics 

committee. 

Population 

The study population consisted of patients with AIS and known active cancer at the time of AIS or new 



 
 
 
 

cancer diagnosed during the hospitalization for the index AIS. Active cancer was defined according to 

the criteria recommended by the International Society on Thrombosis and Haemostasis.8 This comprised 

a new or recurrent cancer that was diagnosed or treated within six months prior to the index AIS, or 

known metastatic cancer. According to the definition, hematological malignancies that were not in 

complete remission for more than 5 years were also considered active. Patients diagnosed with a new 

cancer during the index hospitalization were considered to have occult cancer at the time of AIS, and 

were included in the known active cancer group for analyses.9,10 Patients diagnosed with cancer after 

discharge for the index AIS were excluded, as this sequence of events may have influenced 

antithrombotic management decisions and clinical outcomes.   

 

We excluded patients with focal non-melanoma skin cancer because of their low risk of dissemination 

as well as patients with breast cancer in complete remission who were receiving maintenance hormonal 

therapy.8,11,12 Other exclusion criteria were (i) death during the index hospitalization or missing follow-

up data regarding vital status, (ii) no antithrombotic therapy prescription at discharge, and (iii) a 

cardioembolic stroke mechanism at discharge necessitating anticoagulation (e.g., atrial fibrillation, 

mechanical valve).  

 

Measurements   

Demographic and clinical characteristic data were collected from the Swiss Stroke Registry and 

electronic health records (EHR). These included age at admission, sex, pre-stroke functional status 

(independency defined as a pre-stroke modified Rankin Scale [mRS] score ≤2), baseline imaging 

modality, and history of cardiovascular risk factors (prior stroke, hypertension, diabetes mellitus, 

hyperlipidemia, smoking history, and atrial fibrillation). The presence of multi-territory brain infarcts 

(involving at least two different cerebrovascular territories) was determined using data from baseline 

neuroradiological imaging. Data on the primary cancer type, stage13, and presence of metastasis at the 

time of AIS was collected from EHRs. Laboratory measurements included D-dimer, C-reactive protein 

(CRP), hemoglobin, platelet count, fibrinogen, and lactate dehydrogenase (LDH). For patients with 

multiple measurements, the baseline value was recorded. Two neurologists determined the AIS 

mechanism at discharge, classified according to the Trial of Org 10,172 in Acute Stroke Treatment 

(TOAST) criteria and the embolic stroke of undetermined source (ESUS) classification.14,15 The 

diagnosis of venous thromboembolism (VTE), including deep vein thrombosis and/or pulmonary 

embolism, in the year before and after the index AIS was recorded. 

 

The study exposure was the type of antithrombotic therapy (anticoagulant or antiplatelet therapy) 

prescribed at hospital discharge from the index AIS. The anticoagulant group consisted of patients 



 
 
 
 

treated with therapeutic doses of any oral or parenteral anticoagulant. These included vitamin K 

antagonists, low-molecular-weight heparins (LMWH) such as enoxaparin or tinzaparin, and direct oral 

anticoagulants (DOACs) such as edoxaban, rivaroxaban, dabigatran, or apixaban. Patients treated with 

recommended dosing regimens adjusted for age, weight, or renal function were classified as receiving 

therapeutic anticoagulation. The antiplatelet group included standard-dose aspirin, clopidogrel, or both. 

Patients treated with both therapeutic-dose anticoagulant and antiplatelet therapy were included in the 

anticoagulant group.  

 

The primary outcome of the study was mortality at 1 year after the index AIS. Patients’ vital status was 

determined from the Swiss Population Registry, which records the vital status of Swiss residents on a 

monthly basis. Secondary outcomes were (i) all-cause long-term mortality, (ii) recurrent AIS during the 

entire follow-up period, and (iii) symptomatic intracranial hemorrhage (sICH) during the entire follow-

up period. For long-term mortality, follow-up time was defined as the time from the index AIS to the 

date of death for deceased patients or to the last update of the Swiss Population Registry for surviving 

patients. For incident cerebrovascular events (recurrent AIS or sICH), follow-up time was defined as 

the time from index AIS to the date of event or to the last documented follow-up in the EHR if no event 

was reported. Symptomatic ICH was determined based on the ECASS III definition.16 

 

Analysis 

Baseline characteristics were reported as median and interquartile range (IQR) for continuous variables 

and frequency (percentage) for categorical variables. Differences between groups were assessed using 

Fisher’s exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables. 

Kaplan-Meier curves were used to estimate the cumulative rates of time-to-event endpoints. The log-

rank test and multivariable Cox regression were used to compare the outcomes between antithrombotic 

treatment groups. All multivariable models were adjusted for patient age, sex, initial D-dimer level, 

documented metastases at the time of the index AIS, and the presence of multi-territory brain infarcts. 

These covariates were selected because they either significantly differed between study groups or they 

were previously associated with adverse clinical outcomes in patients with cancer-related stroke. 

Adjusted hazard ratios (aHRs) were reported with their associated 95% confidence interval (CI). Patients 

who received intravenous thrombolysis before D-dimer assessment were excluded from the 

multivariable analyses because intravenous thrombolysis can influence levels of coagulation parameters 

such as D-dimer and fibrinogen.17 Subgroup analyses were performed in patients whose index AIS 

mechanism was cryptogenic and who met embolic stroke of undetermined source (ESUS) criteria. In 

sensitivity analyses, we excluded patients with a history of venous thromboembolism (VTE) treated 

with anticoagulant therapy at discharge for the index AIS.  



 
 
 
 

Because antithrombotic prescription patterns likely varied according to physicians’ perceptions of how 

prothrombotic and high-risk individual patients were, we performed a second set of analyses calculating 

propensity scores and using the Inverse Probability of Treatment Weighting (IPTW) method with 

stabilized weights to minimize potential confounding.18 For IPTW, we reported hazard ratios (HRs) with 

their associated 95% CI.  

 

Continuous variables with skewed distributions were logarithmically transformed. Missing data were 

not imputed. Statistical significance was defined as a p-value of <0.05. All analyses were performed 

using Stata 16 (StataCorp LLC) and R (version 3.6.0, R Core Team). 

 

Results 

 
Patient Characteristics 

Of 5,012 patients with AIS assessed for eligibility, 306 had active cancer at the time of the index 

hospitalization (Figure 1 – Study flowchart). Among these patients, we excluded 35 who died during 

the hospitalization, 30 whose cancer was diagnosed after hospital discharge, 33 without available 

follow-up, 63 with a cardioembolic indication for anticoagulation, and 10 who were not prescribed an 

antithrombotic medication at discharge. The baseline characteristics of included and excluded AIS 

patients with active cancer are shown in eTable I. The final study population comprised 135 patients, 

including 58 (43%) in the anticoagulant group and 77 (57%) in the antiplatelet group (Table 1). As 

shown in Table 2, median follow-up time for long-term mortality was 495 days (IQR 57-1,029) for the 

overall cohort, 133 days (IQR 43–506) for the anticoagulant group, and 797 days (IQR 218-1,483) for 

the antiplatelet group. 

  

Patients treated with anticoagulant therapy, compared to patients treated with antiplatelet therapy, were 

younger (69 years [IQR 62-75] versus 75 years [IQR 65-82], P=0.01), had more multi-territory brain 

infarcts (47% versus 17%, P<0.001), and more often had an ESUS mechanism (82% versus 50%, 

P<0.001). Data on the primary cancer site in the overall study population and stratified by the individual 

treatment groups are provided in eFigure I. The distribution of primary cancer sites differed between 

groups with higher rates of lung and pancreatic cancers in the anticoagulant group (P<0.001). 

Additionally, patients in the anticoagulant group had more frequent metastases at the time of AIS (72% 

versus 41%, P<0.001). There were 23 patients with documented VTEs, of whom 22 were prescribed 

anticoagulant therapy at hospital discharge.  

 

Four patients in the antiplatelet group received intravenous thrombolysis before D-dimer sampling and 

were excluded from analyses including laboratory parameters. Compared to patients in the antiplatelet 



 
 
 
 

group, patients in the anticoagulant group had higher D-dimer levels in µg/L (median [IQR]: 8,536 

[2,080-13,726] versus 1,010 [495-2,090], P<0.001) and higher CRP levels in mg/L (median [IQR]:18 

[5-50] versus 4 [2-24], P=0.01).  

 

Primary outcome  

As depicted in Figure 2, the estimated cumulative 1-year mortality rate was higher in the anticoagulant 

group (66%, 95% CI 53%-77%) than in the antiplatelet group (33%, 95% CI 23%-44%) (log-rank test 

P<0.001). In multivariable Cox regression analysis, anticoagulant use was associated with a similar 1-

year mortality rate as antiplatelet use (aHR 0.76; 95% CI 0.36-1.63; P=0.47) (Figure 3). Factors 

independently associated with 1-year mortality after AIS were initial D-dimer levels (aHR 4.59; 95% 

CI 2.24-9.38; P<0.001) and multi-territory brain infarction (aHR 2.13; 95% CI 1.19-3.82; P=0.01). 

 

Secondary outcomes   

Patients treated with anticoagulant therapy had higher long-term mortality compared to patients treated 

with antiplatelet therapy (88%, 95% CI 77%-94% versus 52%, 95% CI 41%-63%, log-rank test 

P<0.001). However, after adjustment for potential confounders, there was no difference in long-term 

mortality between the groups (aHR 1.29; 95% CI 0.67-2.47; P=0.44) (eFigure II).  

 

The median total follow-up time for cerebrovascular events was 165 days (IQR 80–707) for the overall 

cohort, 107 days (IQR 40-232) for the anticoagulant group, and 178 days (IQR 99-940) for the 

antiplatelet group. After one year and also during the entire follow-up period, 9% (n=5/58) of patients 

treated with anticoagulant therapy had a recurrent AIS compared to 8% (n=6/77) of patients treated with 

antiplatelet therapy (aHR 0.49; 95% CI 0.08-2.83; P=0.83, eFigure III). There were no cases of sICH in 

either group during long-term follow-up.    

 

Subgroup analyses  

Of the 135 index AIS, 86 (64%) were classified as ESUS. In the ESUS subgroup (eTable II), patients 

treated with anticoagulant therapy were on average younger and more often had metastatic disease 

compared to those treated with antiplatelet therapy. After multivariable adjustment, anticoagulant 

therapy, compared to antiplatelet therapy, was associated with similar mortality at one year after AIS 

(aHR 0.51; 95% CI 0.21-1.22; P=0.11, eFigure IV). Similar to the overall cohort, D-dimer levels were 

associated with 1-year mortality after ESUS.  

After excluding 22 patients with documented VTE treated with anticoagulant therapy at the time of 

index AIS hospital discharge, the risk of 1-year mortality remained similar between patients treated with 



 
 
 
 

anticoagulant therapy and those treated with antiplatelet therapy (aHR 0.65; 95% CI 0.28-1.47; P=0.30, 

eFigure V).  

After excluding the same 22 patients with documented VTE treated with anticoagulant therapy at index 

AIS hospital discharge from the ESUS cohort, 1-year mortality remained similar between antithrombotic 

treatment groups (aHR 0.38; 95% CI 0.14-1.05; P=0.06, eFigure VI).  

 

Inverse probabilty of treatment weighting analyses  

In the second round of analyses employing IPTW, the stabilized weights exhibited a near-normal 

distribution centered around one, albeit with a few weights surpassing two, which could have a 

significant impact on study outcomes (eFigure VII).  

 

The IPTW analysis for 1-year mortality (eFigure VIII) corroborated the main analyses for the primary 

AIS cohort (HR 0.82; 95% CI 0.39-1.72, P=0.61) and the ESUS subgroup (HR 0.51; 95% CI 0.20-1.29; 

P=0.15). These results were unchanged after excluding patients with documented VTE from the primary 

cohort (HR 0.73; 95% CI 0.32-1.66; P=0.46) and the ESUS subgroup (HR 0.46; 95% CI 0.16-1.34; P= 

0.30). 

 

Discussion 

 
Among 135 patients with active cancer and non-cardioembolic AIS at a comprehensive stroke center in 

Switzerland, long-term clinical outcomes did not differ between patients treated with anticoagulant 

therapy at discharge and those treated with antiplatelet therapy. Study groups differed substantially, as 

treatment with anticoagulation was associated with more advanced and historically aggressive cancer 

types with predilections for hypercoagulability. However, even when accounting for these differences, 

rates of long-term mortality and recurrent AIS were comparable between treatment groups. These 

neutral findings persisted when analyses were limited to patients with ESUS and when excluding 

patients with VTE.    

 

In the absence of specific guidelines and robust prospective data on secondary prevention in patients 

with AIS and active cancer, neurologists often rely on theoretical considerations and institutional 

practice patterns to guide treatment decisions.5 As prothrombotic processes play a central role in many 

cancer-related strokes, some neurologists favor empiric anticoagulant therapy in these patients.19 In 

patients with cancer-mediated hypercoagulability, it is purported that high thrombin levels promote the 

conversion of fibrinogen to fibrin and platelet activation, and this may be more effectively targeted by 

anticoagulant therapy than by antiplatelet therapy.20 D-dimer, a degradation product of cross-linked 

fibrin, is widely used as a surrogate marker of hypercoagulability in patients with cancer-related stroke.21 



 
 
 
 

The OASIS-Cancer study demonstrated a reduction in 1-year mortality among patients whose D-dimer 

levels were effectively lowered with anticoagulant therapy.22 However, this study lacked an antiplatelet 

arm, and provided little information on cancer treatments administered, which, by targeting the 

underlying cancer driving hypercoagulability, may influence clinical outcomes more than the type of 

antithrombotic therapy selected.22 In contrast, patients with active cancer and AIS also face an increased 

risk of major bleeding, approaching 20% at 1-year in prospective studies23, and anticoagulant therapy is 

known to increase the risk of bleeding compared with antiplatelet therapy.24  

 

Given our neutral findings and the existing data20, the potential efficacy of antiplatelet therapy in cancer-

related stroke warrants further investigation. Thrombi retrieved from patients with active cancer and 

AIS have been shown to be platelet-rich and erythrocyte-poor.25 This histopathological specificity could 

have an influence on the efficacy of different secondary preventions.26 Few studies have compared 

clinical outcomes in cancer-related stroke by antithrombotic treatment strategy. In a retrospective 

analysis of 172 patients with active cancer and AIS at a comprehensive cancer center in New York, the 

rates of recurrent thromboembolism or death did not differ between patients treated with antiplatelet 

versus anticoagulant therapy27. A subgroup analysis of the NAVIGATE ESUS trial evaluating 543 

ESUS patients with any history of cancer reported no difference in the risk of recurrent AIS or mortality 

between patients treated with rivaroxaban versus aspirin.7 However, only 9% of patients in this post-hoc 

analysis had their cancer diagnosed in the year prior to the index AIS, so many of the included cancers 

were likely inactive during follow-up. A recently-published post hoc analysis investigated 137 patients 

with history of cancer in the ARCADIA trial, which compared apixaban to aspirin in patients with 

cryptogenic stroke and biomarker evidence for atrial cardiopathy.6 This study showed no significant 

difference in the risk of major ischemic and hemorrhagic events between antithrombotic treatment 

groups. However, once again, cancer status at the time of stroke was unknown, making it difficult to 

draw conclusions about optimal secondary stroke prevention for patients with active cancer based on 

these data.  

The results of the current analysis support the existence of clinical equipoise between anticoagulant and 

antiplatelet therapy for the treatment of cancer-related stroke, and further support the guidelines’ calls 

for randomized trials to determine the optimal strategy. An important consideration when deciding on 

the antithrombotic management of this patient group is the presumed stroke mechanism. As many ESUS 

in cancer patients are attributed to hypercoagulability, this subgroup may be the most likely to 

preferentially benefit from anticoagulant therapy. 

 

Our study has several limitations. Firstly, confounding by indication bias is possible because patients 

treated with anticoagulant therapy were more likely to have elevated D-dimer levels, multi-territory 



 
 
 
 

brain infarcts, and metastatic disease at the time of AIS, biomarkers associated with cancer-associated 

hypercoagulability and worse outcomes after cancer-related stroke.23 In such scenarios, IPTW is the 

recommend method for addressing casual inference, but residual confounding remains a concern.18,28 

Secondly, our study was conducted at a single comprehensive stroke center in Switzerland, which limits 

external generalizability. Thirdly, because of the retrospective study design, we relied on EHRs to 

determine clinical data, which may have led to measurement error in patients’ clinical characteristics as 

well as missed clinical outcomes during follow-up. In particular, rates of recurrent AIS and sICH may 

have been underestimated because incident diagnoses made in the outpatient setting or at other medical 

centers may have been missed. Fourthly, our study exposure was the type of antithrombotic therapy 

administered at hospital discharge, a single timepoint, and antithrombotic prescription patterns may have 

changed during follow-up due to clinical events and patient and physician preferences. Fifthly, our 

database lacked data on the specific cause of death. 

 

Conclusion 

 

In our study, there were no differences in mortality or recurrent AIS in patients with active cancer and 

AIS treated with anticoagulant therapy versus those treated with antiplatelet therapy. These data 

combined with those from existing studies as well as the lack of clear recommendations by major 

guidelines highlight the need for dedicated fully-powered clinical trials to determine the optimal 

antithrombotic strategy for the secondary prevention of cancer-related stroke. 
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Figure 1 – Study flowchart with inclusion and exclusion of patients. 

 

 
Figure 2 – Long-term survival curves for patients with cancer treated with antiplatelet therapy or 

anticoagulant therapy for secondary stroke prevention. 

 

Compared to patients treated with antiplatelet therapy (in blue), patients treated with anticoagulant 

therapy (in red) had higher mortality rates at one year (log-rank test, P<0.001) and during long-term 

follow-up (log-rank test, P<0.001) after their index ischemic stroke.  

 

 



 
 
 
 

 
Figure 3 – Multivariable model studying the association between antithrombotic treatment strategies 

at hospital discharge for AIS and 1-year mortality.  

 

There was no association between anticoagulant therapy, as compared to antiplatelet therapy, and 1-

year mortality in the main analysis. Higher D-dimer levels and multi-territory brain infarcts were both 

strongly associated with 1-year mortality in these patients. D-dimer was abnormally distributed so it 

was log transformed. Abbreviations: aHR, adjusted hazard ratio; AIS, acute ischemic stroke.  

 

  



 
 
 
 

Table 1: Baseline characteristic data in patients with active cancer and ischemic stroke stratified by 

antiplatelet versus anticoagulant therapy.  
 All patients  

(N= 135) 
Antiplatelet 

therapy (N=77) 
Anticoagulant 

therapy (N=58) 
p-value 

Demographics     

Sex, female No./total No. (%) 60/135 (44)  31/77 (40) 29/58  (50) 0.30 

Age at admission median (IQR) 72 (64-80) 75 (65-82) 69 (62-75) 0.01 

Medical history No. / total No. (%)     

Previous ischemic stroke 20/96 (21) 8/53 (15) 12/43 (28) 0.14 

Hypertension 65/96 (68) 38/53 (72) 27/43 (63) 0.39 

Diabetes Mellitus 21/95 (22) 10/52 (19) 11/43 (26) 0.47 

Hyperlipidemia  66/95 (70) 38/52 (73) 28/43 (65)  0.50 

Smoking history 28/90 (31) 15/49 (31) 13/41 (32) 1.00 

Venous thromboembolic events No. / total No. (%) 

Any venous thromboembolism 23/135 (17) 1/77 (1) 22/58 (38) <0.001 

Deep venous thrombosis 14/135 (10) 1/77 (1) 13/58 (22) <0.001 

Pulmonary embolism 16/135 (12) 0/77 (0.0) 16/58 (28) <0.001 

Stroke characteristics      

Independence before stroke  
(mRS ≤ 2) No./total No. (%) 

54/135 (44) 30/33 (91) 24/27 (89)  1.00 

Initial NIHSS, median (IQR) 5 (2-9) 4 (2-8) 6 (3-10) 0.31 

MRI during admission No./total No. (%) 59/80 (73) 36/48 (75) 23/32 (72) 0.8 

Multi-territory infarct No./total No. (%)/ 40/135 (30) 13/77 (17) 27/58 (47) <0.001 

Stroke etiology No. / total No. (%) 

Large-artery atherosclerosis 24/135 (18) 19/77 (25) 5/58 (9) 

0.011 

Cardioembolic 0/135 (0) 0/77 (0) 0/58 (0) 

Small-vessel occlusion 3/135 (2) 3/77 (4) 0/58 (0) 

More than one or other determined 
etiology 

7/135 (5) 2/77 (2) 5/58 (9) 

Undetermined etiology 101/135 (75)  53/77 (69) 48/58 (82)  

ESUS   86/135 (64) 38/77 (50) 48/58 (82)  <0.001 

Cancer characteristics at time of AIS 

Cancer stage median (IQR) 4 (2-4) 3 (2-4) 4 (3-4) <0.001 

Distant metastases No./total No. (%) 65/135 (48) 27/77 (41) 38/58 (72) <0.001 

Baseline laboratory findings median (IQR) 

D-dimer in µg/L 752 (382-1559) 1010 (495-2090) 8536 (2080-
13726) 

<0.001 

CRP in mg/L 3 (1-8) 4 (2-24) 18 (5-50) 0.005 

Fibrinogen in g/L 3.1 (2.6-3.7) 3.3 (2.6-3.9) 2.7 (2.0-3.5) 0.003 

LDH in U/l 396 (339-480) 387 (344-499) 650 (446-833) <0.001 

Platelet count in G/L 225 (186-271) 229 (191-267) 181 (144-250)  0.013 

Hemoglobin in g/dL 13.8 (12.6-14.9) 13 (10.5-14.2) 11.8 (10.8-13.4) 0.25  

Abbreviations: CRP, C-reactive protein; ESUS indicates embolic stroke of undetermined source; IQR, 
interquartile range; LDH, Lactate dehydrogenase; mRS, modified Rankin Scale; NIHSS, National Institutes of 
Health Stroke Scale; VTE, venous thromboembolism. 

 
 
 
 
 
 



 
 
 
 

Table 2: Clinical outcomes in patients with active cancer and AIS stratified by antiplatelet versus 

anticoagulant therapy 
 All patients 

(N=135) 
Antiplatelet 

therapy (N=77) 
Anticoagulant 

therapy (N=58) 
p-value 

90-day follow-up No. / total No. (%) 

Good functional outcomes (mRS ≤2)  39/78 (50) 29/44 (66) 10/34 (29) 0.003 

Mortality rate 19/78 (24) 5/44 (11) 14/34 (41) 0.003 

Recurrent AIS  3/66 (5) 3/43 (7) 0/23 (0)  0.55 

Occurrence of ICH 0/66 (0) 0/43 (0) 0/23 (0)  

Long-term follow-up 

Follow-up time for long-term 
mortality in days median (IQR) 

495 (57-1029) 797 (218-1483) 133 (43-506) <0.001 

Mortality rate at one year  
No./total No. (%) 

63/135 (47) 25/77 (33) 38/58 (66) <0.001 

 

 

 

 

 

 

 
  



 
 
 
 

Chapter 3: Discussion 

 
The projects comprising this PhD thesis covered many aspects of the “cancer-related stroke” research 

field. Firstly, we investigated conventional research topics, such as the validation of known cancer-

associated biomarkers in patients with TIA, and the analysis of the most effective secondary prevention 

for cancer-related strokes (anticoagulants versus antiplatelet drugs).22   

Secondly, we investigated some of the possible causes of cancer-related strokes to provide a better 

understanding of the underlying mechanisms.23,24   

Finally, more innovative studies aiming to extend research on cancer-related strokes into new areas were 

conducted, such as the investigation of thrombus imaging characteristics and occult cancers.19,25–27  

One of the key factors that made all the studies presented in this PhD thesis possible was the creation of 

the Bernese Malignancy-in-Stroke (BMS) database (N=5012), one of the largest databases in the field 

of cancer-related strokes. However, despite the large size of this database, the number of patients with 

active cancer included remains relatively low, and multicenter studies will be needed to answer open 

questions about cancer-related strokes in the future.  
 

3.1 Biomarkers in cancer-related strokes   
 
The susceptibility vessel sign (SVS), a hypointense signal in MRI susceptibility-weighted-imaging, is 

associated with thrombi that are rich in erythrocytes in their microscopic composition.28 Both SVS and 

erythrocyte-rich thrombi have been predominantly associated with cardioembolic causes of stroke.28–30 

Thrombi from patients with cancer-related strokes are richer in platelets and fibrin, and, as demonstrated 

in this PhD thesis, are associated with the absence of the SVS.26,27,31 The relationship between the 

microscopic composition of a thrombus and the suspected AIS etiology is fundamental to gaining a 

better understanding of the mechanisms of thrombus formation specific to the different causes of AIS. 

An association between active cancer and arterial causes of AIS is assumed due to the negative 

association with right-to-left shunts (a surrogate marker for paradoxical embolism).23 Furthermore, our 

studies showed a trend towards non-cardioembolic causes of AIS in patients with active cancer, due to 

the association with the absence of the SVS and the lack of association with atrial cardiopathy.20,24 A 

better understanding of the underlying mechanisms of cancer-related strokes is important to enable 

specific treatments to be developed in the future. 

The biomarkers evaluated in this PhD thesis depend on the investigations performed and, in the case of 

the SVS, on the presence of a visible occlusion. Consequently, our results are not generalizable to all 

AIS patients.   

It is important to consider general biomarkers when assessing the risk of paraneoplastic coagulation in 

patients with AIS and active cancer. Commonly available laboratory parameters can help evaluate the 



 
 
 
 

potential for clotting or bleeding complications related to the underlying cancer. As well as elevated D-

dimers, other hematological biomarkers were also associated with cancer-related strokes.3 In cancer-

related strokes, hypercoagulability is usually reflected by low fibrinogen and high or low platelet count; 

systemic inflammation by elevated CRP and elevated leukocytes; and finally chronic anemia by low 

hemoglobin.6,32 

 

3.2 The special case of occult cancer  

 

Occult cancer in patients with AIS remains underinvestigated.7 This is illustrated by the lack of clinical 

trials evaluating the effectiveness of cancer screening in AIS patients, and the absence of 

recommendations for cancer screening in most stroke guidelines.   

In recent years, several models to predict occult cancer in AIS patients have been proposed.19,33,34 To 

our knowledge, our OCCULT-5 score is the only model to provide a clinical score that can be easily 

used at the bedside to evaluate the probability of underlying occult cancer in AIS patients. However, our 

score still requires external validation before it can be used in clinical routine or in clinical trials 

assessing the effectiveness of cancer-screening in AIS patients, for example.19   

A recent meta-analysis estimated the rate of cancer diagnosis in the first year after AIS at 1.4%.7 This 

percentage was higher for cryptogenic strokes (6.2%) and when cancer-screening has been performed 

(3.9%). However, the percentages reported in this meta-analysis may be underestimated due to the 

retrospective design of the studies included.  

Aside from the incidence of cancer diagnosed in the year following AIS, there is little evidence regarding 

outcomes for AIS patients with occult cancer, the influence of the time to cancer diagnosis and to start 

of cancer treatment. Our study comparing mortality rates between AIS patients with a new diagnosis of 

cancer during acute hospitalization with those of patients diagnosed after discharge failed to demonstrate 

a difference in mortality between the two groups.7 However, the number of patients with occult cancer 

included in the study was low (n=59, 1.5% of the 3894 AIS patients with long-term follow-up available 

for the study period). This highlights the need for multicenter studies that include larger numbers of AIS 

patients with active cancer, and particularly occult cancers, to address unanswered research questions.  

  

3.3 Outcomes in cancer-related strokes   

 

As mentioned in the introduction, the morality rate is higher and outcomes worse in patients with cancer-

related strokes compared to other AIS patients.35,36 It is well established that patients with more advanced 



 
 
 
 

cancers (particularly metastatic cancer) and higher D-dimer levels at the time of AIS have a poorer 

prognosis.32,37 

For this reason, it is important to identify further biomarkers associated with outcomes to refine 

prognostic evaluation and possibly to guide secondary stroke prevention.   

In this PhD thesis, we demonstrated an association between the absence of the SVS and higher mortality 

in the long-term in AIS patients treated with mechanical thrombectomy.20 Unfortunately, an interaction 

analysis failed to identify a substantial influence of the presence of active cancer on the relationship 

between the absence of the SVS and long-term mortality.20 Further studies are now needed to identify 

other outcome predictors in patients with cancer-related strokes. 

Regarding secondary prevention, there are no conclusive guideline-based recommendations for the 

optimal antithrombotic strategy for patients with cancer-related stroke.38 Secondary analyses of the 

NAVIGATE ESUS and ARCADIA randomized controlled trials have shown neutral outcomes in terms 

of recurrent stroke risk in patients treated with anticoagulants or antiplatelet drugs.8,39 However, a 

limitation of both studies is that they included not only patients with active cancer but also patients with 

inactive cancer. Although our study (not published yet) on the best secondary prevention has the 

advantage of including only patients with active cancer, it did not demonstrate an advantage of either 

medication, even after statistical analysis designed to limit possible bias. 

Chapter 4: Outlook 

 
Research on cancer-related strokes can benefit from the advances made in the current era of precision 

medicine. Cancer-related strokes affect a heterogeneous group of patients with multiple cancer 

genotypes and phenotypes. The establishment of a multicenter registry on cancer-related strokes that 

includes data on a large number of AIS patients with cancer and detailed information on individual 

cancers will enable investigators to perform studies analyzing the different types of cancer on a case-

by-case basis. This may lead to individualized treatments in the future.  

In addition, it is important to continue exploring the molecular mechanisms involved in the initiation 

of paraneoplastic coagulation, as done by Bang et al. in the OASIS Cancer Study and Navi et al. in the 

MOST-Cancer Study.3,40 This is also the aim of our planed pilot study “CIRculating tumor DNA in 

patients with active CAncer and ischemic STroke: The CIRCAST-Study”. 

Finally, our ongoing INVISIBLE-1 study, aims to prospectively determine the incidence and 

characteristics of occult cancer in high-risk patients in the year following index AIS. The results of 

this study will support and inform the implementation of the first clinical trial for cancer screening in 

high-risk AIS patients.  



 
 
 
 

To conclude, the field of cancer-related-stroke research is relatively new, and there are many open 

questions to be addressed in the coming years to improve the diagnosis and outcomes for AIS patients 

with cancer.   
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