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Abstract

Introduction: Patients with ischemic stroke or transient ischemic attack (TIA) and cancer face unique risks of recurrent
ischemic events and bleeding. It is unclear whether this increased risk is present even in patients with minor ischemic
stroke or transient ischemic attack (TIA) receiving dual antiplatelet therapy (DAPT). This study aimed to evaluate the
impact of cancer on the short-term outcomes after DAPT in patients with non-cardioembolic minor ischemic stroke
or high-risk TIA.

Patients and methods: This was a secondary analysis of the prospective multicentric READAPT study (NCT05476081),
including patients with non-cardioembolic minor ischemic stroke (NIHSS=<15) or high-risk TIA (ABCD2 =4) who
initiated DAPT within 48 h of symptom onset. The primary effectiveness outcome was the 90-day risk of new ischemic
stroke or other vascular events (TIA, myocardial infarction, death due to vascular causes). Secondary outcomes included
90-day mRS score distribution and all-cause mortality. The primary safety outcome was the 90-day risk of any bleeding,
with secondary safety outcomes including 24-h hemorrhagic transformation. We used Inverse Probability Weighting to
compare outcomes between patients with and without cancer.

Results: From 2278 patients in the READAPT study cohort, we included 1561 patients (mean age 70.3 = | |.7 years;
65.4% males), of whom 206 (13.2%) had cancer, categorized as either active (27.7%) or in remission (72.3%). After
weighting, overall cancer patients had a higher risk of 90-day new ischemic stroke or other vascular events (weighted
HR 1.78, 95% CI 1.20-2.63, p =0.004) and worse 90-day mRS score distribution (OR 1.24, 95% CI 1.10-1.41, p<0.001)
compared to patients without cancer. The 90-day risk of bleeding did not differ between cancer and no-cancer groups
overall. When analyzing cancer subgroups, patients with active cancer had significantly higher risk of 90-day ischemic
stroke or other vascular (weighted HR 2.75, 95% Cl 1.70-4.45, p <0.001) and any bleeding (weighted HR 2.51, 95%
Cl 1.27-4.97, p=0.008) events compared to no-cancer patients. In contrast, patients with cancer in remission had
comparable risks to those without cancer. Furthermore, hematological malignancies were associated with a substantially
higher risk of 90-day new ischemic stroke or other vascular events compared to solid tumors (weighted HR 8.15, 95%
Cl 5.06—13.14, p<0.001).

Conclusions: Patients with minor ischemic stroke or high-risk TIA and active cancer have increased risk of ischemic and
bleeding events after DAPT. Conversely, patients with cancer in remission have similar outcomes compared to those
with no cancer.
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Introduction

Early short-term dual antiplatelet therapy (DAPT) has
become a cornerstone in the secondary prevention of new
ischemic events in patients who have experienced non-car-
dioembolic minor ischemic stroke or high-risk transient
ischemic attack (TIA).!? The combination of aspirin and a
P2Y'12 inhibitor has been shown to significantly reduce the
risk of early vascular recurrences in the general population,
particularly within the critical first 21 to 90 days following

the index event.>> Real-world data indicate that the risk of
outcome events in patients with minor ischemic stroke and
high-risk TIA receiving DAPT is low.® To enhance preven-
tive strategies, it is crucial to identify populations with a
higher residual risk. In this context, patients with cancer
remain an underexplored group.

Cancer has been associated with both risk of ischemic
stroke recurrence and bleeding complications.”® Indeed,
cancer-associated hypercoagulability, driven by tumor-
mediated prothrombotic factors, systemic inflammation,

BIRCCS Istituto delle Scienze Neurologiche di Bologna, Maggiore Hospital, Bologna, Italy

#Stroke Unit, “M. R. Dimiccoli” Hospital, Barletta, ASL BT, Italy

BStroke Unit, Department of Neurology, E. Agnelli Hospital, Pinerolo, Italy

26Stroke Unit, S. Eugenio Hospital, Rome, Italy
YDepartment of Neurology, Cazzavillan Hospital, Arzignano, Italy

UOC Stroke Unit, Azienda Ospedaliera Universitaria Senese, Siena, Italy

Department of Neurology, Umberto | Hospital, Siracusa, Italy

3(’Neurology Unit, Ospedale “Madonna del Soccorso”, San Benedetto del Tronto, Italy
3'Experimental and Clinical Medicine Department, Marche Polytechnic University, Ancona
32Neurology Unit, San Luca Hospital, Lucca and Castelnuovo Garfagnana, Italy

3Stroke Unit, Policlinico Umberto | Hospital, Rome, Italy

¥Department of Neurology, Fondazione IRCCS San Gerardo dei Tintori Monza, Italy
3Stroke Unit, Azienda Ospedaliero-Universitaria “Maggiore della Carita”, Novara, Italy

3*Stroke Unit, Careggi University Hospital, Florence, Italy
3Department of Neurology, San Giacomo Hospital, Novi Ligure, Italy
38Stroke Unit, SS. Biagio e Arrigo, Alessandria, Italy

¥Department of Cardiocerebrovascular diseases, ASST Ospedale Maggiore di Crema, Crema, Italy

“Department of Neurology, San Jacopo Hospital, Pistoia, Italy
“'Department of Neurology, Antonio Perrino Hospital, Brindisi, Italy
“Department of Neurology, Sant’Andrea Hospital, Rome, Italy
“Neurology Unit, “Infermi” Hospital, Rimini, Italy

*Stroke Unit, “S.Spirito” Hospital, Pescara, Italy

“Departiment of Neurology, Istituto Ospedaliero Fondazione Poliambulanza, Brescia, Italy

“Department of Neurology IRCCS-INRCA, Ancona, Italy
“’Department of Neurology, SS Annunziata Hospital, Chieti, Italy

48Dipartimento di Medicina e Scienze dell'Invecchiamento, Universita G. d’Annunzio di Chieti-Pescara, Italy

“Department of Neurology, Civil Hospital, Cittadella, Italy

9Cardio-Neuro-Vascular Department, Neurology Unit, Giovanni Paolo Il Hospital, Ragusa, Italy

S'Department of Neurology, St Misericordia Hospital, Rovigo, Italy

$2Department of Neurology, Ospedale Civile Ss. Giovanni e Paolo, Venezia, Italy

$3Department of Neurology, A. Murri Fermo Hospital, Fermo, Italy
54Stroke Unit, San Camillo Hospital, Rome, Italy
$*Department of Neurology, San Filippo Neri Hospital, Rome, Italy

*Department of Neurology, General Regional Hospital “F. Miulli”’, Acquaviva delle Fonti, Italy

57Internal Medicine, San Giovanni di Dio Hospital, Florence, Italy
8Department of Neuroscience, San Bortolo Hospital, Vicenza, Italy
$9Stroke Unit, AOU Sassari, Italy

®Neurology Unit, Apuane Hospital, Massa Carrara, Italy
¢'Department of Neurology, Vito Fazzi Hospital, Lecce, Italy
¢2Department of Neurology, Mirano Hospital, Italy

63Neuroscience, IRCCS Ospedale Policlinico San Martino, Genoa, Italy
#4Department of Neurology, Fatebenefratelli Hospital, Rome, Italy
®Department of Neurology, SS Annunziata Hospital, Savigliano, Italy

®Department of Human Neurosciences, La Sapienza University, Rome, Italy

¢’Coordinatore Comitato Scientifico ISA-All, Citta di Castello, Italy

*These authors equally contributed to coordinating the study and share last authorship.
**READPT Study Group details are reported in the Supplemental Appendix SI.

Corresponding author:

Simona Sacco, Department of Biotechnological and Applied Clinical Sciences, University of L’Aquila, Via Vetoio, L’Aquila, Abruzzo 67100, Italy.

Email: simona.sacco@univagq.it


mailto:simona.sacco@univaq.it

1492

European Stroke Journal 10(4)

and endothelial dysfunction, significantly increases the risk
of ischemic events. This hypercoagulable state may attenu-
ate the efficacy of antiplatelet therapy, thereby complicat-
ing efforts to prevent recurrent stroke in this population.”®
Concurrently, both the presence of cancer and its associated
treatments heighten the risk of bleeding,”® a concern that is
further exacerbated by the use of DAPT. Furthermore, the
heterogeneous nature of cancer, characterized by variations
in tumor type, stage, and treatment regimens, adds signifi-
cant complexity to the management of DAPT in this patient
population. Hematological malignancies, for example, are
associated with a substantially higher thrombotic risk com-
pared to solid tumors,’ while patients with advanced-stage
cancer face a markedly increased risk of bleeding
complications.'’

In this study, we aimed to evaluate the impact of cancer
on the short-term effectiveness and safety outcomes after
DAPT in a real-world cohort of patients with non-cardi-
oembolic minor ischemic stroke or high-risk TIA.

Methods

READAPT study

The READAPT (NCT05476081) is a prospective, observa-
tional, multicenter study carried out in real-world clinical
settings across Italy. The study was coordinated by the
University of L’ Aquila and supported by the Italian Stroke
Association. It followed the reporting principles of the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines for observational
research.!! Participants included adults aged 18 and older
who experienced an acute non-cardioembolic ischemic
stroke or transient ischemic attack (TIA) and were pre-
scribed dual antiplatelet therapy (DAPT) for up to 90 days.
The READAPT study was conducted between February 1,
2021, and February 28, 2023, and spanned 64 stroke cent-
ers throughout Italy. Recruitment took place in hospitals,
emergency departments, and open-access neurology clin-
ics, aiming for broad representation of the eligible popula-
tion. Investigators ensured comprehensive inclusion by
providing detailed protocols and regular follow-up remind-
ers. Stroke and TIA diagnoses were confirmed according to
routine clinical practices and World Health Organization
criteria. Eligibility criteria focused solely on patients with
acute non-cardioembolic stroke or TIA initiating DAPT,
without restrictions regarding the type of antiplatelet agents
or the timing of DAPT initiation. The decision to treat the
patient with DAPT, and consequently their inclusion in the
READAPT study, was made by the treating physician on an
individual basis. Physicians were free to make this decision
based on their clinical judgment, considering the risk-bene-
fit assessment for each patient. Patients were included
whether or not they received a loading dose of DAPT
(=300mg for aspirin and clopidogrel or =180 mg for

ticagrelor). Exclusion criteria encompassed only patients
enrolled in interventional trials at the time of stroke onset,
those receiving continuous DAPT for stent-related proce-
dures, and individuals unable to comply with the study pro-
tocol. Patients were enrolled soon after the qualifying event
and monitored for a follow-up period of 90 % 10days
through in-person or remote visits. Comprehensive details
of the study methodology and definitions used have been
published previously.'>!3

Study analysis

For the purposes of this exploratory pre-specified analy-
sis, we selected only patients who underwent DAPT
according to recommendations from available guide-
lines."? Specifically, we included patients presenting with
minor ischemic strokes (defined by a National Institute of
Health Stroke Scale [NIHSS] score of 0to 5 at admission)
or high-risk TIAs, characterized by symptom resolution
within 24 h and an ABCD2 score of 4 or higher and no
evidence of new ischemic lesion(s) at neuroimaging.
Inclusion was limited to those who began dual antiplatelet
therapy (DAPT) within 48 h of symptom onset. Conversely,
we excluded patients prescribed DAPT following carotid
endarterectomy or stenting, as well as those who discontin-
ued DAPT early due to the initiation of anticoagulation
therapy. These exclusions were made to minimize potential
confounding from procedure-related factors or anticoagula-
tion-associated bleeding risks, which could impact the
safety assessment of DAPT.

Patients with cancer where stratified into two groups:
those with active cancer and those with cancer in remission.
We defined active cancer as (1) a diagnosis of cancer that
occurred within 6 months of the index event or during hos-
pitalization, (2) cancer treatment with radiotherapy, chemo-
therapy or surgery or a combination of them within 6 months
of the index event, (3) a previous history of malignancy and
a diagnosis of recurrence or metastasis within 6 months of
the index event. Cancer in remission was defined as a previ-
ous history of malignancy in the absence of active cancer
criteria. The site of cancer (non-active or active) was classi-
fied as belonging to one of the following categories: gastro-
intestinal, lung, genitourinary, breast, hematological, skin,
other. Definition of cancer was assessed locally by the
treating physician and additional investigations were per-
formed as needed at physician’s discretion. Non-systematic
assessment was performed to exclude potential occult
malignancies.

Study outcomes

The primary effectiveness outcome was the risk of new
ischemic stroke or other vascular events (TIA, myocardial
infarction, death due to vascular causes — i.e. death caused
by stroke, systemic hemorrhage, myocardial infarction,
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congestive heart failure, pulmonary embolism, sudden
death, or arrhythmias) within 90 days. Secondary effective-
ness outcomes included the 90-day modified Rankin Scale
(mRS) score ordinal distribution and 90-day all-cause mor-
tality. The primary safety outcome was the 90-day risk of
any bleeding event, as defined by any category of bleeding
severity according to the Global Utilization of Streptokinase
and Tissue Plasminogen Activator for Occluded Coronary
Arteries (GUSTO) classification.'* Accordingly, we classi-
fied bleeding events as severe if they involved fatal hemor-
rhage, intracranial hemorrhage, or required blood or fluid
replacement, inotropic support, or surgical intervention.
Moderate bleeding was defined as requiring a transfusion
but not posing a life-threatening risk. Bleeding events that
did not meet these criteria were classified as mild.'* The
secondary safety outcome was 24-h hemorrhagic transfor-
mation, as defined by any category of the Heidelberg bleed-
ing classification system.'

Statistical analysis

e Inverse probability weighting. To achieve balanced base-
line characteristics between patients with and without can-
cer, we applied Inverse Probability Weighting to create a
pseudo-weighted cohort. Propensity scores were generated
using a logistic regression model incorporating pre-defined
baseline variables: age, sex, ethnicity, smoking status, arte-
rial hypertension, diabetes, hypercholesterolemia, baseline
NIHSS and mRS, presumed stroke/TIA cause, symptoms
duration, intravenous thrombolysis, endovascular thrombec-
tomy, DAPT duration and loading dose.

Propensity scores were then used to assign inverse prob-
ability weights to each patient. To assess balance between
groups, standardized mean differences were calculated for
each covariate. We also checked the overlap of propensity
score distributions between groups to ensure sufficient com-
parability and applied stabilized weights to reduce the impact
of extreme values and improve the reliability of the model.

e Outcomes analysis in the weighted cohorts. The primary
effectiveness outcome was assessed using Cox regression,
with hazard ratios (HRs) and 95% confidence intervals
(Cls) reported for comparisons between patients with and
without cancer. The 90-day shift in the distribution of
modified Rankin Scale (mRS) scores was analyzed using
an ordinal generalized linear model and presented as odds
ratio (OR) with corresponding 95% Cls. Additionally,
HRs with 95% CIs were calculated for the 90-day risk of
all-cause mortality. The primary safety outcome was simi-
larly evaluated using Cox regression to compare risk
between the cancer and no-cancer groups. Risk difference
(95% CIs) was calculated for 24-h hemorrhagic transfor-
mation. Weighted Kaplan-Meier cumulative function was
used to visualize the overall risk for both primary effec-
tiveness and safety outcomes, with the log-rank test

applied to determine the statistical significance of differ-
ences between groups. Competing risk analysis was also
employed to estimate the 90-day cumulative incidence of
primary effectiveness and safety outcomes at 90days,
with death as a competing event which prevents the occur-
rence of those outcomes. Gray test was used to assess the
equality of cumulative incidence functions for primary
effectiveness and safety outcomes and all-cause death
between the cancer and no-cancer groups. Furthermore,
the 90-day risks of primary effectiveness and safety out-
comes were compared among patients with active cancer,
cancer in remission, and those without cancer using Cox
regression models and Kaplan-Meier cumulative hazard
curves. To assess the 90-day distribution of mRS scores
between patients with active and non-active cancer, we
employed an ordinal generalized linear model. Lastly, we
compared the 90-day risks of primary effectiveness and
safety outcomes between patients with solid (gastrointes-
tinal, genitourinary, breast, skin and other) versus hemato-
logical cancers using the same statistical approach. As the
outcomes of the present analysis were exploratory and no
prior assumptions were made, a sample size was not
prespecified.

All statistical analyses were conducted using R software
(version 4.2.2). Statistical significance was set at a p-value
of <0.05.

Results

Of the 2278 patients in the READAPT study cohort, 1561
were included in the analysis (mean age: 70.3 = 11.7 years,
65.4% males). Among these, 71.6% had minor ischemic
stroke, while 28.4% experienced high-risk TIA. The num-
ber of excluded patients with reasons is reported in the
study flow-chart (Figure 1).

Within our sample, 206 patients (13.2%) had cancer.
Specifically, 149 patients (72.3%) had cancer in remission
while 57 (27.7%) had active cancer. Regarding the cancer
site, 26 patients (12.6%) had gastrointestinal cancer, 9
patients (4.4%) had lung cancer, 43 patients (20.9%) had
genitourinary cancer, 39 patients (18.9%) had breast can-
cer, 21 patients (10.2%) had hematological cancer, 13
patients (6.3%) had skin cancer, and 55 patients (26.7%)
had cancer at other sites. Among the 57 patients with active
cancer, 7 patients (12.3%) had gastrointestinal cancer, 3
patients (5.3%) had lung cancer, 11 patients (19.3%) had
genitourinary cancer, 9 patients (15.8%) had breast cancer,
12 patients (21.1%) had hematological cancer, 4 patients
(7.0%) had skin cancer, and 11 patients (19.3%) had cancer
at other sites (Table 1).

Inverse probability weighting

Weighted and unweighted baseline characteristics are sum-
marized in Table 1. No missing data were recorded in the
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READAPT study cohort
2278 patients enrolled

557 patients excluded

« 238 lost to follow-up or earlier
than 80 days

o 44 early discontinued DAPT due
to a diagnosis requiring
anticoagulation

* 39 symptoms duration <24 hours
and ABCD<4

* 236 baseline NIHSS >5

1721 patients

160 patients excluded
* 49 DAPT prescribed after EA
« 28 DAPT prescribed after stenting
* 83 initiated DAPT >48 hours of
symptom onset

1561 patients

Figure |. Study flow-chart.
DAPT: dual antiplatelet therapy; EA: endarterectomy; NIHSS: National
Institute of Health Stroke Scale.

variables used to calculate the propensity scores, nor in any
baseline variables within the weighted and unweighted
cohorts. Overall, a satisfactory balance was achieved for all
baseline variables which showed a standardized difference
(SD) of propensity scores below 0.20. Balance diagnostics
indicated that the samples were well-weighted, with a mean
standardized difference in propensity scores between
groups of 0.03 (acceptable balance < 0.25)'¢ and a variance
ratio of propensity scores of 1.15 (acceptable range: 0.5—
2).'® Graphical representations of propensity scores and
covariate balance distributions further confirmed the over-
all quality of the weighting process (Supplemental Figures
S1 and S2).

Primary effectiveness outcome

Within the weighted cohorts, patients with concomitant
cancer showed a higher risk of 90-day new ischemic stroke
or other vascular events compared to those without cancer
(5.8% vs 3.0%; weighted HR 1.78 [95% CI 1.20-2.63];
p=0.004; Table 2). Weighted Kaplan-Meier cumulative
function showed that the overall incidence of new ischemic
stroke and other vascular events was significantly higher
among patients with concomitant cancer versus no cancer
(long-rank p=0.004; Figure 2(a)). Competing risk analy-
sis confirmed the higher 90-day cumulative incidence of
primary effectiveness outcome among patients with can-
cer (Supplemental Figure S3). Gray test showed that

cumulative incidence curves were statistically different for
primary effectiveness outcome (p=0.011) but not for all-
cause death (p=0.117).

Secondary effectiveness outcomes

Patients with concomitant cancer had less favorable 90-day
mRS score distribution compared to those without cancer
(weighted OR 1.24 [95% CI 1.10-1.41]; p <0.001; Table 2,
Figure 3). Conversely, there was no significant difference
between groups in terms of 90-day all-cause mortality
(2.4% vs 0.7%; weighted HR 1.74 [95% CI 0.51-5.96;
p=0.375; Table 2).

Primary safety outcome

The risk of 90-day bleeding events was similar between
patients with and without concomitant cancer (3.4% vs
2.7%; weighted HR 1.34 [95% CI 0.76-2.36]; p=0.310;
Table 2). Weighted Kaplan-Meier cumulative function
(long-rank p=0.300) and competing risk analysis (Gray
test p=0.787 for primary safety outcome and p=0.118
for all-cause death) confirmed the similar incidence of
bleedings (Figure 2(b), Supplemental Figure S4). The
majority of bleeding events observed in both patients
with and without cancer were mild-to-moderate (85.7%
vs 83.7%, respectively), while severe bleedings occurred
in a single patient with cancer (14.3%) and in five
patients without cancer (16.3%). There was no signifi-
cant difference in bleeding severity between groups
(»p=0.898).

Secondary safety outcome

We observed no significant difference in the risk of 24-h
hemorrhagic transformation between patients with and
without cancer (0.5% vs 1.0%; weighted risk difference
—0.5% [95% CI —0.2% to 0.4%]; p=0.244; Table 2).

Active cancer and cancer in remission versus
no cancer

Patients with active cancer showed a significantly higher
risk of 90-day ischemic stroke or other vascular events and
any bleeding events compared to those without cancer
(7.0% vs 2.7%, weighted HR 2.75 [95% CI 1.70-4.45];
»<<0.001 and 7.0% vs 2.7%, weighted HR 2.51 [95% CI
1.27-4.97]; p=0.008, respectively), while those with can-
cer in remission had similar risks of both outcomes to their
counterparts without cancer (5.4% vs 2.7%, weighted HR
1.26 [95% CI 0.80-1.99; p=0.311 and 2.0% vs 2.7%,
weighted HR 0.55 [95% CI 0.24-1.24; p=0.184, respec-
tively; Supplemental Table S1 and Figure S5). The 90-day
mRS score distribution was similar between patients with
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Table |. Baseline characteristics.
Variables Overall cohort Cancer No Cancer SMD SMD
(n=1561) (n=206) (n=1355) unweighted  weighted
Demographics
Age (years), mean * sd 703117 73.8+9.7 698+ 11.9 0.365 0.086
Male sex, n (%) 1021 (65.4) 131 (63.6) 890 (65.7) 0.044 0.072
Ethnicity, n (%) 0.164 0.170
Non-Hispanic White 1529 (98.0) 204 (99.0) 1325 (97.8)
Hispanic White 8 (0.5) 0 (0.0) 8 (0.6)
Black 14 (0.9) 2 (1.0) 12 (0.9)
Other 10 (0.6) 0 (0.0) 10 (0.7)
Clinical characteristics
NIHSS on admission, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 0.054 0.011
ABCD,, median (IQR)* 5 (4-6) 5 (4-6) 5 (4-6) 0.040 0.072
mRS score category, n (%) 0.281 0.128
No symptoms (score of 0), n (%) 1225 (78.5) 144 (69.9) 1081 (79.8)
Symptoms without any disability (score of 1), n (%) 193 (12.4) 34 (16.5) 159 (11.7)
Symptoms with mild disability (score of 2), n (%) 77 (4.9) 20 (9.7) 57 (4.2)
Symptoms with mild-to-moderate disability (score 52 (3.3) 7 (3.4) 45 (3.3)
of 3), n (%)
Symptoms with moderate-to-severe disability (score 12 (0.8) 1 (0.5) I1(0.8)
of 4), n (%)
Symptoms with severe disability (score of 5), n (%) 2 (0.1) 0 (0.0 2 (0.1)
Symptoms duration, n (%) 0.092 0.056
=24 h 1118 (71.6) 140 (68.0) 978 (72.2)
<24h 443 (28.4) 66 (32.0) 377 (27.8)
Presumed stroke cause, n (%)* 0.056 0.049
Undetermined 312 (20.0) 41 (19.9) 271 (20.0)
Small artery occlusion 466 (29.9) 62 (30.1) 404 (29.8)
Large artery atherosclerosis 82 (5.3) 13 (6.3) 69 (5.1)
Other determined cause 701 (44.9) 90 (43.7) 611 (45.1)
ESUS, n (%)® 229 (14.7) 31 (15.0) 198 (14.6) 0.069 0.020
Cancer history
Active, n (%) 57 (27.7) 57 (27.7) - - -
mRS score category — active cancer, n (%)
No symptoms (score of 0), n (%) 42 (73.7) 42 (73.7) - - -
Symptoms without any disability (score of 1), n (%) 3 (5.3) 3(5.3) - - -
Symptoms with mild disability (score of 2), n (%) 8 (14.0) 8 (14.0) - - -
Symptoms with mild-to-moderate disability (score 4 (7.0) 4 (7.0) - - -
of 3), n (%)
Non-active, n (%) 149 (72.3) 149 (72.3) - - -
mRS score category — non-active cancer, n (%)
No symptoms (score of 0), n (%) 102 (68.5) 102 (68.5) - - -
Symptoms without any disability (score of 1), n (%) 31 (20.8) 31 (20.8) - - -
Symptoms with mild disability (score of 2), n (%) 12 (8.1) 12 (8.1) - - -
Symptoms with mild-to-moderate disability (score 3 (2.0) 3(2.0) - - -
of 3), n (%)
Symptoms with moderate-to-severe disability 1 (0.7) 1 (0.7) - - -
(score of 4), n (%)
Cancer site, n (%)
Gastrointestinal 26 (12.6) 26 (12.6) - - -
Lung 9 (4.4) 9 (4.4) - - -
Genitourinary 43 (20.9) 43 (20.9) - - -
Breast 39 (18.9) 39 (18.9) - - -
Hematological 21 (10.2) 21 (10.2) - - -
Skin 13 (6.3) 13 (6.3) - - -
Other 55 (26.7) 55 (26.7) - - -

(Continued)
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Table I. (Continued)

Variables Overall cohort Cancer No Cancer SMD SMD
(n=1561) (n=206) (n=1355) unweighted  weighted
Pre-stroke risk factors
Arterial hypertension, n (%)¢ 1269 (81.3) 169 (82.0) 1100 (81.2) 0.022 0.018
Hypercholesterolemia, n (%)¢ 952 (61.0) 133 (64.6) 819 (60.4) 0.085 0.008
Diabetes mellitus, n (%)® 441 (28.3) 53 (25.7) 388 (28.6) 0.065 0.003
Current smoking, n (%) 677 (43.4) 88 (42.7) 589 (43.5) 0.015 0.031
Previous TIA/ischemic stroke, n (%) 294 (18.8) 41 (19.9) 253 (18.7) 0.031 0.085
Previous intracerebral hemorrhage, n (%) 12 (0.8) 1 (0.5) I'1(0.8) 0.041 0.128
Hyperacute treatment, n (%)
Intravenous thrombolysis, n (%) 245 (15.7) 26 (12.6) 219 (16.2) 0.101 0.012
Endovascular thrombectomy, n (%) 12 (0.8) 2 (1.0 10 (0.7) 0.025 0.014

Therapy on admission, n (%)
Single antiplatelet therapy

Aspirin, n (%) 553 (354) 72 (35.0) 481 (35.5) 0.011 0.136
Clopidogrel, n (%) 107 (6.9) 17 (8.3) 90 (6.6) 0.061 0.099
Ticagrelor, n (%) I (0.1) 0 (0.0 1 (0.1) 0.038 0.088
Antihypertensive drugs, n (%) 1044 (66.9) I51 (73.3) 893 (65.9) .16l 0.086
Lipid-lowering drugs, n (%) 521 (33.4) 79 (38.3) 442 (32.6) 0.120 0.019
Antidiabetics, n (%) 369 (23.6) 41 (19.9) 328 (24.2) 0.104 0.089
DAPT characteristics
Type of DAPT, n (%) 0.085 0.032
ASA + clopidogrel 1555 (99.6) 204 (99.0) 1351 (99.7)
ASA + ticagrelor 6 (0.4) 2 (1.0 4(0.3)
DAPT duration =21 days, n (%) 1503 (96.3) 200 (97.1) 1303 (96.2) 0.125 0.033
Days of DAPT, median (IQR) 21 (21-30) 21 (21-30) 21 (21-30) 0.159 0.058
Loading dose, n (%) 848 (54.3) 11 (53.9) 737 (54.4) 0.133 0.010
Therapy on discharge
Antihypertensive drugs, n (%) 1353 (86.7) 185 (89.8) 1168 (86.2) 0.137 0.080
Lipid-lowering drugs, n (%) 1418 (90.8) 192 (93.2) 1226 (90.5) 0.105 0.024
Antidiabetics, n (%) 498 (31.9) 60 (29.1) 438 (33.9) 0.061 0.002
Type of antiplatelet continued after DAPT, n (%) 0.047 0.052
Aspirin 964 (61.8) 123 (59.7) 841 (62.1)
Clopidogrel 563 (36.1) 78 (37.9) 485 (35.8)

DAPT: dual antiplatelet therapy; ESUS: embolic stroke of unknown source; IQR: interquartile range; mRS: modified Rankin Scale score; NIHSS:
National Institute of Health Stroke Scale score; sd: standard deviation; SMD: standardized means difference.

SMD <0.20 indicates good balance between groups.

*Only patients with symptoms duration <24h.

?Presumed stroke cause was classified according to the Trial of Org 10,172 in the Acute Stroke Treatment (TOAST) classification system.

PESUS was defined as a non-lacunar ischemic stroke in the absence of atherosclerosis causing >50% stenosis in arteries supplying ischemic area, no
major risk cardioembolic source, no other specific stroke cause identified.

“Arterial hypertension was defined as a history of blood pressure >140/90 mm Hg or the current use of antihypertensive medications.
9Dyslipidemia was defined as history of total blood cholesterol levels >220mg/dL and/or total triglycerides levels >130mg/dL and/or the current
use of lipid-lowering drugs.

Diabetes mellitus was defined as history of fasting glucose >126 mg/dL or the current use of hypoglycemic medications.

fCurrent smoking was defined as the consumption of =1 cigarette per day over the last year.

active cancer and those with cancer in remission (OR 1.14  weighted HR 8.15 [95% CI 5.06-13.14; p <0.001), while
[95% C1 0.92-1.41; p=0.230). the 90-day risk of any bleeding events was similar between
the two groups (4.8% vs 3.2%, weighted HR 1.27 [95% CI
0.44-3.66]; p=0.657; Supplemental Table S2 and Figure
S6). Of note, the proportion of patients with active cancer
Patients with hematological malignancies had a higher risk  was significantly higher in patients with hematological
of 90-day new ischemic stroke or other vascular events malignancies compared to solid tumors (12/21, 57.1% vs
compared to those with solid tumors (23.8% vs 3.8%, 45/185,24.3%; p=0.029).

Hematological versus solid cancer
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Table 2. Outcomes comparison.

0 10 20

4 50
Time in days

Number at risk

0 10 20 30 40 50 60 70
Time in days

Number at risk

Outcomes Cancer No cancer Statistical metric Weighted difference  p Value
(n=206) (n=1355) [95% CI]
Primary effectiveness outcome
90-day new ischemic stroke or other 12 (5.8) 40 (3.0) Hazard ratio 1.78 [1.20 to 2.63] 0.004
vascular events, n (%)
Secondary effectiveness outcomes
90-day mRS score distribution Odds ratio 1.24 [1.10 to 1.41] <0.001
No symptoms (score of 0), n (%) 91 (442) 727 (53.7)
Symptoms without any disability 60 (29.1) 364 (26.9)
(score of 1), n (%)
Symptoms with mild disability 25 (12.1) 149 (11.0)
(score of 2), n (%)
Symptoms with mild-to-moderate 19 (9.2) 76 (5.6)
disability (score of 3), n (%)
Symptoms with moderate-to-severe 5(24) 25 (1.8)
disability (score of 4), n (%)
Symptoms with severe disability 1 (0.5) 5(0.4)
(score of 5), n (%)
Death (score of 6), n (%) 5(24) 9(0.7)
90-day mortality, n (%) 5(2.4) 9 (0.7) Hazard ratio 1.74 [0.51 to 5.96] 0.375
Primary safety outcome
90-day any bleedings, n (%) 7 (34) 37 (2.7) Hazard ratio 1.34 [0.76 to 2.36] 0.310
Secondary safety outcome
24-h hemorrhagic transformation, n (%) I (0.5) 13 (1.0) Risk difference (%) —0.5 [-0.2 to 0.4] 0.244
DAPT: dual antiplatelet therapy; mRS: modified Rankin Scale.
Statistically significant p values (<0.05) are reported in bold.
(a) (b)
" Strata No Cancer == Cancer - Strata No Cancer == Cancer
§ ol iz [95% C1 1.20-2.63] g " HR134195% CI0.76-2.36]
E 2 . log-rank p=0.004 fg” . log-rank p=0.310
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Figure 2. Weighted Kaplan-Meier cumulative function of 90-day (a) primary effectiveness and (b) safety outcomes by cancer
status. Cl: confidence intervals; HR: hazard ratio. Shaded areas indicate 95% confidence intervals. The estimates and the number at
risk shown below the curves reflect the weighted pseudo-population.

Discussion

This secondary analysis of the READAPT study evaluated
the impact of cancer on the 90-day effectiveness and safety
outcomes after DAPT in patients with non-cardioembolic
minor ischemic stroke or high-risk TTA. Our findings indi-
cate that patients with cancer have a worse 90-day

functional outcome and a significantly higher risk of new
ischemic events after DAPT compared to those without
cancer. Notably, patients with active malignancy had not
only higher risk of 90-day ischemic stroke or other vascular
events but also an increased risk of bleedings. Patients with
cancer in remission had similar risks to non-cancer patients.
Additionally, hematological malignancies were associated
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90-day modified Rankin scale score
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OR 1.24 [95% CI 1.10 to 1.41]; p<0.001
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Figure 3. 90-day modified Rankin Scale (mRS) Score ordinal distribution by cancer status in the weighted cohorts. Cl: confidence

interval; OR: odds ratio (cancer vs no cancer).

with a higher risk of ischemic stroke recurrence compared
to solid tumors. These findings highlight the need to further
investigate better secondary prevention strategies in active
cancer patients, given their increased risk of both ischemic
and hemorrhagic events.

Cancer patients with ischemic stroke or TIA present a
clinical challenge due to the heightened risks of both throm-
bosis and bleeding.”® Malignancy-driven prothrombotic
states, influenced by tumor-related factors and cancer ther-
apies, contribute to ischemic recurrences. Endothelial
injury promotes the release of pro-thrombotic mediators,
such as von Willebrand factor, enhancing platelet aggrega-
tion.!” Histopathological studies of thrombi in cancer-asso-
ciated stroke further highlight the role of platelets and
thrombin in stroke pathogenesis.!®!® Existing research has
primarily focused on comparing anticoagulation with anti-
platelet therapy for stroke prevention in cancer patients.?’ 2
A retrospective study of 263 stroke patients with active can-
cer found similar recurrent thromboembolism rates between
antiplatelet and anticoagulant therapy.?’ Likewise, post-hoc
analyses of the Atrial Cardiopathy and Antithrombotic
Drugs in Prevention After Cryptogenic Stroke (ARCADIA)
and New Approach Rivaroxaban Inhibition of Factor Xa in
a Global Trial versus Aspirin to Prevent Embolism in
Embolic Stroke of Undetermined Source (NAVIGATE
ESUS) showed comparable ischemic stroke recurrence
rates between apixaban or rivaroxaban and aspirin in ESUS
patients with cancer.?!??

Our findings suggests that the pro-thrombotic state asso-
ciated with cancer may impair DAPT’s effectiveness in pre-
venting recurrent ischemic cerebrovascular events, leading
to worse short-term functional outcome. However, our
study cannot fully determine whether these recurrences are
primarily driven by cancer itself or conventional cardiovas-
cular risk factors. Notably, ESUS prevalence was compara-
ble between cancer and non-cancer patients in our cohort
(15.0% vs 14.6%), suggesting that ischemic risk persists
across stroke etiologies.

Regarding bleeding risk, cancer patients face a major
bleeding incidence of up to 20% annually, further height-
ened in those with stroke or brain pathologies.”> Major
bleeding is a key predictor of mortality, particularly in older
individuals, those with multiple comorbidities, and patients
with gastrointestinal/genitourinary cancers or metastatic
disease - common features of cancer-related stroke.” In our
cohort, active cancer patients had a significantly higher
90-day bleeding risk than non-cancer patients, though most
events were mild to moderate. While our analysis does not
provide definitive guidance on optimal antithrombotic
strategies, it underscores the importance of individualized
bleeding risk assessment to inform safe secondary preven-
tion therapy.

Our findings also highlight the elevated ischemic stroke
risk in patients with hematological malignancies com-
pared to solid tumors. While all cancer patients are at
increased thromboembolic risk, this risk is particularly
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high in hematological malignancies such as multiple mye-
loma, leukemia, and lymphoma.?*?> The mechanisms vary
based on comorbidities, cancer type, and treatment. For
example, acute promyelocytic leukemia is frequently asso-
ciated with disseminated intravascular coagulation,?® while
therapies like asparaginase, tyrosine kinase inhibitors, and
immunomodulatory agents increase thrombotic risk
through mechanisms that remain incompletely under-
stood.?”?° Although we did not collect detailed data on can-
cer stage and treatment, the higher prevalence of active
cancer among patients with hematological malignancies
compared to those with solid tumors within our cohort
(57.1% vs 24.3%) may have contributed to their elevated
risk of ischemic recurrences, potentially also driven by con-
current exposure to prothrombotic chemotherapies. These
patients are also prone to bleeding due to thrombocytope-
nia.? Interestingly, in our study, the 90-day bleeding risk did
not differ between hematological and solid tumor patients
treated with DAPT. This may reflect rigorous patient selec-
tion and close monitoring, mitigating bleeding risk.
However, our study’s short follow-up could underestimate
cumulative bleeding risk. Additionally, hematological
malignancies comprised only 10.2% of our cancer cohort,
and we lacked detailed data on thrombocytopenia, limiting
subgroup analysis. Therefore, these findings require confir-
mation in larger prospective cohorts.

Strengths and limitations

The main strength of this study lies in the rigorous proce-
dures implemented to enhance data accuracy and quality, as
ensured by regular quality checks of the READAPT elec-
tronic database. However, our findings should be inter-
preted in lights of some relevant limitations. First, despite
the use of rigorous inverse probability weighting and
adjustment for covariates, residual confounding cannot be
fully excluded due to the observational design of the
READAPT study. Importantly, we lacked data on cancer
stage, laboratory findings, and concurrent treatments,
which may have influenced DAPT outcomes. This is par-
ticularly relevant for safety assessments, as advanced-stage
cancer and chemotherapy might increase the risk of throm-
bocytopenia and bleeding, especially in patients with active
or hematologic malignancies. Furthermore, certain chemo-
therapeutic agents, particularly those used to treat hemato-
logical malignancies, may heighten the risk of ischemic
events, as previously discussed. Second, although the vast
majority (>95%) of patients in our cohort received DAPT
for at least 21 days (Table 1), we did not capture the propor-
tion of cancer patients who discontinued the antiplatelet
agent prescribed after DAPT during the follow-up period,
either due to anticancer treatment or surgical procedures,
which may have impacted on the rate of short-term ischemic
recurrences. Similarly, temporary DAPT adjustments due

to cytopenia or other cancer treatment-related complica-
tions were not accounted for. Third, we were unable to
evaluate the impact of frailty or cachexia, both of which
may significantly affect clinical outcomes in this high-risk
population. Fourth, we cannot rule out the potential pres-
ence of occult cancers in the no-cancer group. While this
limitation may reduce the strength of the observed associa-
tions, it is unlikely to affect their overall direction. Fifth,
although all patients underwent brain imaging (non-con-
trast computed tomography or magnetic resonance imag-
ing) upon admission, we did not collect detailed
neuroimaging findings or results from brain vessel exami-
nations. As a result, the stroke diagnosis and presumed
cause relied solely on assessments by local investigators.
Similarly, the decision to treat patients with DAPT was
made by treating physicians on a case-by-case basis, con-
sidering the individual risk of bleeding or thromboembolic
events. Therefore, we cannot exclude the possibility of
selection bias, as some cancer patients at higher risk of
bleedings may not have been treated with DAPT and were
consequently not included in the READAPT study. Also,
investigators were not blinded to cancer status, which may
have introduced detection bias, especially for subjective
outcomes such as the mRS score. Sixth, patients who dis-
continued DAPT early due to a need for anticoagulation
were excluded from this analysis. Although this subset rep-
resented only <2% of the initial READAPT population
(Figure 1) and no patient with active cancer or cancer in
remission transitioned to anticoagulation, we did not record
their 90-day outcomes. Lastly, our cohort showed a signifi-
cant imbalance toward non-Hispanic white participants,
which may limit the generalizability of our findings to other
ethnic groups.

In conclusion, our results indicate an increased risk of
ischemic and bleeding events in patients with minor
ischemic stroke or high-risk TIA and active cancer treated
with early short-term DAPT, compared to their counter-
parts without cancer. In contrast, patients with cancer in
remission had similar outcomes compared to patients with-
out cancer. The risk of new ischemic stroke and other vas-
cular events is particularly evident in patients with
hematological malignancies. Given the high thromboem-
bolic risk, there is the need of further studies to investigate
additional strategies. Future research should explore
nuanced, cancer-specific strategies for secondary stroke
prevention, including optimizing DAPT intensity or dura-
tion, evaluating alternative antithrombotic approaches
such as anticoagulation, or combining antiplatelet agents
with therapies targeting cancer-associated thromboinflam-
matory pathways. Additionally, integrating baseline coag-
ulation profiles and cancer-specific risk factors — such as
tumor type, stage, and treatment status — into stroke pre-
vention protocols may enable more personalized and effec-
tive risk reduction strategies.
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