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Abstract

Background Breakthrough ischaemic stroke during oral anticoagulation (OAC) for atrial fibrillation (AF) represents a major
therapeutic challenge, especially in patients with cancer, who face competing risks of thrombosis and bleeding. This study
investigated the impact of cancer on 90-day outcomes after ischaemic stroke on OAC.

Patients and methods We analysed patients with AF who experienced ischaemic stroke while on continuous OAC enrolled in
theinternational retrospective ASPERA-R study, comprising 35 stroke centres across 9 countries. Inverse probability weighting
was applied to adjust for baseline imbalances, and weighted Cox, ordinal logistic and generalised linear models were used to
estimate adjusted 90-day risks for the primary (ischaemic stroke or TIA), secondary (mRS shift, vascular/all-cause death) and
safety (moderate-to-severe bleeding, ICH, 24-h haemorrhagic transformation) outcomes.

Results Among 1649 included patients (mean age 78.0 + 10.7 years; 45.8% male), 247 (15.0%) had cancer, of whom 87 (35.2%)
had active cancer and 160 (64.8%) were in remission. After weighting, patients with cancer had a significantly higher 90-day
risk of new ischaemic stroke or TIA (8.2% vs 2.8%; adjusted hazard ratio [aHR] 2.56; 95% Cl, 1.59-4.13; P < .001) and worse
90-day mRS score distribution (adjusted odds ratio 1.29; 95% Cl, 1.08-1.54; P = .005) than those without cancer. Active cancer
conferred a > 4-fold higher risk of new ischaemic stroke or TIA (HR 4.48,95% Cl, 2.46-8.13; P < .001) and nearly 3-fold higher
risk of moderate-to-severe bleeding (HR 2.77; 95% Cl, 1.30-5.88; P = .008). Patients with cancer in remission showed increased
ischaemic risk (HR 2.60; 95% Cl, 1.59-5.25; P = .001) but not bleeding risk. Haematological malignancies carried a higher risk
for both new ischaemic stroke or TIA (HR 3.06; 95% Cl, 1.69-5.54; P = .001) and moderate-to-severe bleeding (HR 3.47,95% Cl,
1.57-7.70; P = .006) compared to solid malignancies.

Conclusion Cancer, particularly active and haematological malignancies, substantially worsens 90-day prognosis after break-
through stroke on OAC, underscoring the need for refined risk stratification and tailored secondary prevention.

Trial registration URL:www.clinicaltrials.gov; Unique identifier: NCT06823466.
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Impact of cancer on outcomes following breakthrough
ischemic stroke on oral anticoagulants for atrial
fibrillation: insights from the ASPERA-R study

Does the presence of cancer impact 90-day outcomes after breakthrough
ischemic stroke on oral anticoagulants (OACs) in patients with atrial fibrillation (AF)?

Conclusion

Retrospective study
1649 patients from

35 European and North
African stroke centers

> 4 x higher risk of
new ischemic stroke/TIA
active cancer vs. no cancer

Cancer, particularly
active and hematological
malignancies, substantially
worsens 90-day prognosis

5, Breakthrough ischemic
’ stroke on OAC for AF

— 90-day outcomes

Nearly 3 x higher risk
of moderate-to-severe
bleeding in patients with

after breakthrough stroke
on OACs for AF

active cancer vs. no cancer

Inverse probability
weighted analysis of
247 cancer vs. 1402
no-cancer patients

Foschi, M, et al.  European Stroke Journal, 2026

Introduction

Over the past decades, major advances in atrial fibrillation (AF)
management have substantially improved stroke prevention. Oral
anticoagulation (OAC), particularly with the advent of direct oral
anticoagulants (DOACs), represents the cornerstone of secondary
prevention, significantly reducing ischaemic stroke risk.!:?
However, a subset of patients still experiences breakthrough
ischaemic strokes despite adequate OAC, remaining at high risk
of recurrence. A recent patient-level meta-analysis estimated
this residual annual risk at 1.5%-2.5%.2 These individuals
constitute a distinct and particularly vulnerable phenotype,
facing an increased risk of both recurrent ischaemic events and
major bleeding, underscoring the need for tailored preventive
strategies.*®

In patients with ischaemic stroke, concomitant cancer intro-
duces a therapeutic paradox in which tumour-driven hyperco-
agulability, endothelial injury and treatment-related haemo-
static alterations®~® simultaneously promote thrombosis and
predispose to bleeding. In AF patients receiving OAC, this
hypercoagulable state may counteract anticoagulant efficacy,
increasing the likelihood of breakthrough ischaemia, while cancer
and its treatments further heighten bleeding risk.’-1* Despite
these challenges, breakthrough ischaemic strokes during OAC
remain poorly investigated in patients with cancer. Clarifying their
characteristics and clinical outcomes is crucial to guide evidence-
based management and optimise secondary prevention in this
complex population.

simona.sacco@univaqiit

Hematological malignancies
had highest risk of both
ischemic and bleeding events

https://doi.org/10.1093/esj/aakag015

Hence, we aimed to assess the impact of cancer on outcomes
following breakthrough ischaemic stroke in AF patients on contin-
uous OAC therapy.

Patients and methods
Data availability

The dataset supporting this study will be made available upon
reasonable request to the corresponding author.

Study design

ASPERA is a large multicentre observational study coordinated by
the University of L’Aquila, comprising a retrospective (ASPERA-
R) and a prospective (ASPERA-P) arm. This analysis reports data
from ASPERA-R, including 35 stroke centres across 9 European
and North African countries (Appendix S1). The ASPERA-P arm is
ongoing. The study followed STROBE reporting guidelines.!

Study population

ASPERA-R consecutively enrolled adults (>18 years) with AF who
experienced a breakthrough ischaemic stroke while on continu-
ous OAC between February 2020 and February 2025. All hospital
admissions and emergency evaluations during this period were
screened. Stroke diagnosis followed WHO criteria and was con-
firmed by NCCT or MRI. Continuous OAC use was confirmed based


https://academic.oup.com/esj/article-lookup/doi/10.1093/esj/aakag015#supplementary-data
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on prescription records and corroborated by patient or caregiver
report of uninterrupted treatment during the 7 days prior to the
index event, with documented last intake within 48 h of stroke
onset.

Data collection and definitions

Clinical data were retrieved from hospital records and stan-
dardised follow-up visits, supplemented by direct contact when
needed. Only patients with complete 90-day follow-up and no
missing mandatory baseline variables were included. The full list
of both mandatory and optional baseline variables is provided
in Appendix S2. Data were entered via a standardised REDCap
case report form and centrally validated through weekly quality
checks. The final dataset was locked on 1 September 2025.

Patients were classified as with or without cancer. Those with
cancer were further categorised as active or in remission. Active
cancer was defined using binary clinical information available
in the registry (yes/no): (1) diagnosis within 6 months before or
during the index hospitalisation; (2) receipt of cancer-directed
therapy (radiotherapy, chemotherapy, hormonal therapy or
surgery) within 6 months or (3) recurrence or metastasis within
6 months. Cancer in remission referred to a prior malignancy
not fulfilling active cancer criteria. Importantly, the ASPERA-R
registry did not collect detailed oncological data such as cancer
stage (eg, tumour-node-metastasis [TNM] classification), specific
treatment regimens, treatment timing/intensity or extent of
metastatic disease. Cancer status was determined by the treating
physician; no systematic screening for occult malignancies was
performed.

Study outcomes

The primary outcome was the 90-day risk of new ischaemic stroke
or TIA. Secondary outcomes included the 90-day ordinal shift in
MRS score; 90-day incidence all-cause and vascular death (any
death attributable to cardiovascular or cerebrovascular causes,
including fatal ischaemic or haemorrhagic stroke, sudden cardiac
death, myocardial infarction or other vascular events). Safety
outcomes included 90-day moderate-to-severe bleeding, ICH and
24-h haemorrhagic transformation (HT). Bleeding severity was
categorised according to the Global Utilization of Streptokinase
and Tissue Plasminogen Activator for Occluded Coronary Artery
(GUSTO) trial classification.!? Specifically, moderate-to-severe
bleeding was defined as any haemorrhagic event ranging from
those requiring blood transfusion to life-threatening or fatal
bleeding, including ICH or bleeding necessitating surgical inter-
vention, fluid replacement or inotropic support. Haemorrhagic
transformation was defined according to the Heidelberg Bleeding
Classification system.!3

Statistical analysis

Categorical variables were expressed as counts (percentages) and
continuous variables as means (SD) or medians (IQR). To min-
imise baseline imbalances between groups, inverse probability
weighting (IPW) based on propensity scores was applied using
logistic regression including prespecified variables (age, sex, eth-
nicity, enrolling centre, vascular risk factors, AF type, baseline
NIHSS and mRS scores, concomitant large-artery atherosclerosis

and reperfusion therapies). Stabilised weights were used to limit
extreme values, and covariate balance was verified through stan-
dardised mean differences (SMDs) and visual inspection of score
covariate balance graphs. Primary and secondary analyses were
performed in the weighted cohort, with further adjustment for
residual imbalances. The primary outcome was evaluated with
weighted Cox regression models, providing adjusted hazard ratios
(aHRs) and 95% Cls. Secondary outcomes were analysed with
ordinal logistic regression for 90-day mRS and weighted Cox mod-
els for mortality. Safety endpoints (24-h haemorrhagic transfor-
mation, 90-day bleeding and ICH) were assessed using gener-
alised linear or Cox models. Death was treated as a competing
risk for recurrent ischaemic events, with cumulative incidences
compared by Gray’s test and Fine-Gray regression. Proportional
hazards assumptions were checked via Schoenfeld residuals, and
Kaplan-Meier curves illustrated time-to-event outcomes. All eligi-
ble patients were included without formal sample size estimation.
Analyses were conducted in R (v4.4.1), with 2-sided P < .05 consid-
ered significant.

Results

A total of 1649 patients were included, of whom 247 (15.0%) had
cancer (mean age 78.0 & 10.7 years). The ASPERA-R flowchart
with excluded cases is shown in Figure 1. Among cancer patients,
87/247 (35.2%) had active cancer and 160/247 (64.8%) cancer
in remission. Cancer sites were gastrointestinal 48/247 (19.4%),
lung 20/247 (8.1%), genitourinary 64/247 (25.9%), breast 47/247
(19.0%), haematological 30/247 (12.2%), skin 15/247 (6.1%) and
other 23/247 (9.3%). Metastatic disease was present in 29/247
(11.7%), involving lymph nodes in 7/29 (24.1%), bone 5/29
(17.2%), liver 5/29 (17.2%), lung 5/29 (17.2%) and multiple sites
3/29 (10.3%). No patient had a primary or secondary tumour
of the central nervous system. Unweighted characteristics are
summarised in Table 1.

Inverse probability weighting

After IPW, the weighted cohort (pseudopopulation) comprised
759 patients with cancer and 890 without. No missing data
were present for propensity score variables. Balance diagnostics
indicated adequate matching, with an SMD of 0.19 (<0.25) and a
variance ratio of 1.01 (0.5-2.0).1* Visual inspection and covariate-
balance plots confirmed the good overlap (Figures S1 and S2).
Weighted baseline characteristics showed SMD < 0.10 across most
variables (Table 1).

Primary outcome

In the unweighted cohort, 90-day ischaemic stroke or TIA occurred
in 20 (8.1%) cancer and 37 (2.6%) non-cancer patients. After
weighting and adjustment, the 90-day risk remained significantly
higher in cancer (8.2% vs 2.8%; aHR 2.56; 95% Cl, 1.59-4.13;
P < .001) (Table 2; Figure 2A). In competing-risk analysis, the
cumulative incidence differed by cancer status (Gray’s test
x? = 23.6; P < .001), and Fine-Gray regression confirmed
higher subdistribution hazard (SHR 2.97; 95% Cl, 1.87-4.72;
P < .001). Death as competing event was not different (P = .379)

(Figure S3).
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1772 patients with ischemic stroke on
continuous oral anticoagulation for atrial
fibrillation enrolled in the ASPERA-R

123 patients excluded
¢ 31 missing 90-day follow-up data
e 92 incomplete information in at least
one mandatory baseline variable

1649 patients included in the study
analysis

1402 247
No cancer Cancer

| IP-weighted cohort |

A A

890 759
No cancer Cancer

Figure 1 Study flow-chart of the ASPERA-R study. Abbreviations: IP = inverse probability.

Secondary outcomes

As shown in Table 2, patients with cancer had a significantly
higher 90-day disability burden compared to those without
cancer (adjusted odds ratio 1.29; 95% Cl, 1.08-1.54; P = .005)
(Figure 3), while 90-day all-cause and vascular mortality did not
differ between groups.

Safety outcomes

Moderate-to-severe bleeding occurred in 16 (6.5%) cancer and
39 (2.8%) non-cancer patients in the unweighted cohort. In the
weighted analysis, cancer remained associated with higher 90-day
bleeding risk (4.3% vs 2.4%; aHR 1.82; 95% Cl, 1.05-3.14; P = .033)
(Table 2; Figure 2B). Among cancer patients, 8/15 (53.3%) bleeding
events were extracranial and 7/15 (46.7%) intracranial, with no
differences vs non-cancer. The 24-h haemorrhagic transformation
risk was similar (Table 2).

Active cancer and cancer in remission
versus ho cancer

Compared with non-cancer, patients with active cancer had higher
90-day risks of ischaemic stroke/TIA (HR 4.48; 95% Cl, 2.46-8.13;
P <.001) and bleeding (HR2.77;95% Cl, 1.30-5.88; P=.008). Those
with cancerin remission had elevated ischaemicrisk (HR 2.60; 95%
Cl, 1.59-5.25; P =.001) but similar bleeding risk (HR 1.64; 95% Cl,
0.91-2.96; P=.103) (Table S1; Figure 4).

Haematological versus solid malignancies

In the weighted cohort, haematological cancers carried a higher
90-day risk of ischaemic recurrence (HR 3.06; 95% Cl, 1.69-5.54;
P =.001) and bleeding (HR 3.47; 95% Cl, 1.57-7.70; P = .006) com-
pared with solid tumours (Table S2; Figure S4).

Discussion

In this multicentre cohort of patients with AF who experienced
ischaemic stroke during continuous OAC, cancer was associated
with a higher 90-day risk of recurrent ischaemic stroke or TIA,
worse functional outcome and increased moderate-to-severe
bleeding compared with patients without cancer. Patients with
active cancer exhibited over a 4-fold higher risk of ischaemic
recurrence and nearly 3-fold higher risk of moderate-to-severe
bleeding, whereas those in remission showed an elevated risk of
recurrent cerebral ischaemia only. Haematological malignancies
were associated with markedly higher risks of both ischaemic
and haemorrhagic events compared with solid tumours. Overall,
these findings identify cancer as a key modifier of prognosis in AF
patients with breakthrough stroke on OAC, underscoring the need
for tailored secondary prevention strategies to balance competing
ischaemic and bleeding risks.

The higher 90-day risk of recurrent ischaemic stroke or TIA
among patients with cancer compared with those without
suggests that malignancy amplifies thromboembolic burden
despite OAC. This is biologically plausible, as cancer-related
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Figure 2 Kaplan-Meier cumulative estimates of (A) 90-day new ischaemic stroke or TIA and (B) 90-day moderate-to-severe bleeding by cancer status in

the weighted cohort. p: log-rank test P-value. Dashed areas indicate 95% Cls.
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Figure 3 90-day mRS ordinal shift in the weighted cohort.

prothrombotic mechanisms, tumour-derived factors, anticancer
therapies, platelet activation and coagulation cascade upregu-
lation, promote thrombogenesis.>~® Endothelial injury further
enhances platelet adhesion via von Willebrand factor release,
while many anticancer drugs alter CYP3A4 and P-glycoprotein
activity, reducing DOAC exposure and efficacy.’ These mech-
anisms may attenuate OAC protection and explain recurrent
ischaemic events.? In our cohort, 89.1% resumed anticoagulation
after stroke, without differences by cancer status. Although
causality cannot be inferred, these findings suggest cancer may
contribute both to index and recurrent strokes, reinforcing the

need for integrated prevention strategies addressing cancer-
related hypercoagulability.

Evidence on secondary prevention after breakthrough
ischaemic stroke in cancer patients on OAC is scarce. Available
data, mostly from embolic stroke of unknown source (ESUS)
populations, indicate comparable recurrence rates between anti-
coagulants and antiplatelets. A retrospective study of 263 patients
with active cancer showed no difference in thromboembolic
recurrence between the 2 treatments.!® Similarly, the ARCADIA
post hoc analysis (137 ESUS patients with prior cancer) and the
NAVIGATE ESUS subanalysis reported similar efficacy between
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Figure 4 Kaplan-Meier cumulative estimates of (A) 90-day new ischaemic stroke or TIA and (B) 90-day moderate-to-severe bleeding in patients with
active cancer, cancer in remission vs no cancer in the weighted cohort. Panels on the right indicate the HR (95% Cls) for 90-day new ischaemic stroke or
TIA (A) and moderate-to-severe bleeding in respect to patients without cancer. Abbreviation: HR = hazard ratio.

apixaban or rivaroxaban and aspirin.!®17 In our cohort, even
patients with prior (remitted) cancer had a higher recurrence risk
than non-cancer patients, though lower than those with active
malignancy. This gradient suggests that the prothrombotic state
may persist beyond active disease, warranting long-term vigilance
and optimisation of preventive therapy.

Regarding safety outcomes, active cancer patients had an
approximately 3-fold higher 90-day risk of moderate-to-severe
bleeding, mostly extracranial, mainly driven by patients with
haematological malignancies, who showed the highest risk for
both moderate-to-severe bleeding and ischaemic recurrence.
This pattern aligns with previous evidence®® and likely reflects the
profound haemostatic dysregulation characteristic of haemato-
logical cancers, including coagulopathy, thrombocytopenia and,
in severe cases, evolution towards disseminated intravascular
coagulation.’®=2! Furthermore, haematological cancer therapies
may amplify both venous and arterial thromboembolic risk or
accelerate atherosclerotic processes,’®~2! creating a particularly

unfavourable balance between ischaemic and haemorrhagic
complications in anticoagulated patients.?>»?3 In contrast, solid
tumours may contribute to bleeding risk through both local and
systemic mechanisms: tumour invasion and neovascularisation
generate fragile vasculature, while systemic coagulopathy,
treatment-related thrombocytopenia and endothelial dysfunc-
tion impair haemostasis.?* In anticoagulated patients, these
alterations, together with drug-drug interactions and fluctuating
renal or hepatic function, can modify anticoagulant metabolism,
narrowing the therapeutic window and further predisposing to
bleeding.?%:23

The main strength of this study lies in the rigorous data verifi-
cation and systematic quality checks of the ASPERA-R database,
its large sample size and the use of advanced statistical meth-
ods providing robust outcome estimates. However, several lim-
itations must be acknowledged. First, despite IPW adjustment,
residual confounding cannot be excluded given the observational
design. Second, the retrospective nature may have introduced
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selection or measurement bias and precludes causal inference;
some cases managed outside the stroke unit or with alternative
discharge diagnoses may have been missed. Third, DOAC plasma
levels were available for only ~20% of patients, limiting assess-
ment of treatment exposure; estimates based on clinical data may
have led to misclassification, and time on therapeutic INR was
unavailable for VKA users. Fourth, resumption of OAC after the
index stroke was incomplete: among those who did not restart
anticoagulation (10.9%), most died during the index hospitali-
sation or had severe in-hospital bleeding, and in a minority no
clear clinical reason was identifiable. This may have influenced
both thromboembolic and bleeding outcomes and represents an
additional potential source of residual confounding. Fifth, 6.9%
of patients with incomplete data were excluded, although attri-
tion appeared nondifferential, selection bias remains possible.
Sixth, although receipt of cancer-directed therapy and the pres-
ence of recurrence or metastasis were collected in binary form
to classify active cancer, detailed information on cancer stage,
specific therapeutic regimens and extent of metastatic disease
was not available, limiting assessment of how these features may
influence OAC exposure and outcomes. This is relevant because
bleeding risk (elevated in cancers such as melanoma or renal
cell carcinoma) and thromboembolic risk (notably increased in
advanced lung or pancreatic cancer) vary substantially by tumour
type.®-2* Furthermore, assessing the effect of specific cancer sub-
types on ischaemic recurrence is inherently challenging, as this
would require very large sample sizes to support adequately pow-
ered subgroup analyses. Lastly, advanced disease, chemotherapy-
related cytopenias, frailty and cachexia, key modifiers of throm-
botic and haemorrhagic risk, were not systematically captured
and may have attenuated, though not reversed, the observed
associations. In addition, as this study is a predefined secondary
analysis of the ASPERA-R registry, which was designed to capture
major cardiovascular effectiveness outcomes and bleeding, sys-
tematic data on venous thromboembolism were not collected,
thereby preventing a reliable risk assessment despite it may influ-
ence antithrombotic management in patients with cancer. More-
over, undiagnosed cancers in the no-cancer group cannot be ruled
out, as systematic screening was not performed. Similarly, limited
data on metastatic disease precluded reliable assessment of its
impact. Finally, since ~ 60% of patients were enrolled in Italy and
most were non-Hispanic White, generalisability to other popula-
tions may be limited.

In conclusion, cancer significantly alters the prognosis of
patients experiencing ischaemic stroke despite OAC, increasing
short-term risks of both recurrent ischaemia and major bleeding,
particularly in those with active or haematological malignan-
cies. These results emphasise the delicate interplay between
hypercoagulability, treatment-related haemostatic changes and
anticoagulant safety, underscoring the need for refined risk
assessment and individualised management. Future prospective
studies should clarify the mechanisms underlying anticoagulation
failure in cancer and define evidence-based strategies for
secondary prevention to support precision antithrombotic
therapy and improve outcomes in this high-risk population.
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