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Introduction

Stroke remains a major health care problem and 
one of the leading causes of morbidity and mortali-
ty worldwide [1]. Patients with cancer are at in-
creased risk for stroke, which may worsen the prog-
nosis of the neoplastic disease and be the cause of 
increased morbidity and mortality [2,3]. Estimated 
prevalence of stroke in cancer patients is about 15% 
and can occur as an early or late complication in 
the clinical course of the neoplastic disease [4]. Be-
sides traditional vascular risk factors, multiple 
mechanisms have been proposed for the occur-
rence of stroke in cancer patients: directly related 
to the tumour such as coagulation disorders, direct 
compression or meningeal extension of the tumour, 
medical complication of cancer or treatment relat-
ed [2,5-10]. Current clinical guidelines recommend 
thrombolytic therapy with intravenous recombi-
nant tissue plasminogen activator (rtPA) as a well-
established specific treatment for patients present-
ing with AIS up to 4.5 hours from symptom onset. 

Effective management and treatment of AIS re-
quires fast clinical assessment, imaging and correct 
selection of patients according to eligibility criteria 
established in clinical trials in order to minimise 
the risk of major bleeding complications increasing 
the odds of a favourable outcome [11]. The evolu-
tion of endovascular therapies was stimulated by 
the limitations of IV therapy, to complement this 
treatment in selected patients, or to help patients 
who are ineligible to IV rtPA therapy. However, this 
approach still requires highly specialized stroke 
centres that currently are not widely available as de-
sired [12]. There is limited data on the use and safety 
of rtPA in patients with active cancer [13-17]. Can-
cer patients have a unique bleeding risk profile and 
factors such as direct tumor effect, coagulopathy 
and infection were the more significant causes of in-
tracerebral haemorrhage [18]. Thrombolytic therapy 
in cancer patients with acute ischemic stroke who 
meet other standard criteria for rtPA use might be 
particularly beneficial, but prospective studies vali-
dating its’ safety profile are still lacking [15].
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Introduction. Cancer patients have increased stroke risk from direct and indirect malignancy effects. Intravenous thrombolysis 
with recombinant tissue plasminogen activator (rtPA) is standard medical treatment for acute ischemic stroke (AIS). 

Aim. To review rtPA use in AIS patients with active cancer. 

Subjects and methods. Retrospective observational case-control study evaluating patients with AIS and cancer admitted 
to our stroke unit between January/2010 and June/2015. 

Results. Seven cases were identified (86% male; median age: 76), and 20 controls were included matched for age and 
Oxfordshire Community Stroke Project classification. 29% experienced direct procedure complications vs 30% within the 
control group, 14% suffered haemorrhagic transformation (vs 20%), one patient experienced serious systemic haemorrhage 
(case) and one patient experienced serious intracerebral haemorrhage (control). After three months’ follow-up, 43% were 
independent compared with 25% controls, and 29% had died (vs 30%). Undetermined aetiology subtype (TOAST 
classification) was more frequent in cancer patients when compared to controls (71% vs 20%). 

Conclusion. Severe haemorrhagic complications, potentiated by rtPA, carry increased risk of morbidity and mortality. 
Nevertheless, selected cancer patients with AIS may benefit from rtPA treatment. Active cancer should not be considered 
an absolute contraindication to rtPA use. Risk of complications and life expectancy should be assessed when making this 
decision.
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We reviewed the use of rtPA to treat acute stroke 
in patients with active cancer at our institution. Using 
a clinical registry we also evaluated efficacy and safe-
ty outcomes of intravenous rtPA in patients with acute 
ischemic stroke and current active malignancy.

Subjects and methods 

We conducted a retrospective observational case-
control study, evaluating patients with acute isch-
emic stroke (AIS) and concomitant neoplastic dis-
ease, admitted to our stroke unit. Patients who re-
ceived rtPA were identified through the Hospital’s 
and Stroke Unit’s databases between January 2010 
and June 2015. All patients were examined at the 
time of admission by a neurologist, and the severity 
of stroke symptoms was assessed using the Nation-
al Institutes of Health Stroke Scale (NIHSS) [19]. 
Patients with AIS with clinical or imaging evidence 
of brain infarct were eligible for the study. Routine 
evaluation in all stroke patients preceding rtPA 
treatment included neurological and physical ex-
amination, brain computed tomography (CT) scan, 
electrocardiogram and laboratory tests. Intravenous 
rtPA was administered according to the recom-
mendations for thrombolytic treatment. To evalu-
ate the aetiology of stroke, brain magnetic reso-
nance imaging (MRI), transcranial Doppler, carotid 
ultrasonography, Holter electrocardiography, trans
thoracic echocardiography and in some cases trans

esophageal echocardiography were performed. Medi-
cal records were reviewed for all clinical informa-
tion. Acute ischemic stroke etiology was classified 
at patient discharge, according to the Trial of ORG 
10172 in Acute Stroke Treatment (TOAST) Study 
[20]. Stroke outcomes were measured using the modi-
fied Rankin scale (mRS) [21]. A favourable outcome 
was defined as a mRS score ≤ 2 points, while an un-
favourable outcome was defined as a mRS score of 
3-6 points.

All included patients were specifically inter-
viewed searching for past or current neoplastic dis-
ease. Cancer diagnosis was based on clinical, labo-
ratory, imaging and histological examinations. Ma-
lignancy was classified as either current or past. 
Patients with active cancer were selected as cases. 
Cancer treatment included surgery, chemotherapy, 
radiotherapy, hormonal therapy, combined therapy 
and no treatment. 

Patients with acute ischemic stroke and without 
history of cancer were randomly selected as con-
trols, matched for admission to the stroke unit dur-
ing the same time period, age and Oxfordshire 
Community Stroke Project (OCSP) classification. A 
control group was constructed in a 3:1 ratio. If there 
wasn’t enough adequate age-matching controls a 
2:1 ratio was used.

Statistical analysis

Analysis was performed using IBM SPSS Statistics 
v. 23. Categorical data were compared using chi-
squared tests and p values < 0.05 were considered 
statistically significant.

Results

There were a total of 387 patients treated with rtPA 
for AIS admitted to our Stroke Unit between Janu-
ary 2010 and June 2015. Of these, seven patients, 6 
males and 1 female, treated with rtPA for AIS aged 
between 51 and 82 years (median age of 76 years) 
were identified with a diagnosis of active cancer. 
Vascular risk factors and previous thrombotic events 
were not significantly different between groups. 
Hypertension was the most common classical vas-
cular risk factor for both groups (Table I). 

The most common primary tumor locations were 
gastrointestinal system (n = 3) and prostate (n = 2). 
One patient had two simultaneously independent 
primary tumors (Table II). Three had a prior history 
of stroke (patients 2, 5 and 6) and two were taking 
stroke preventive therapy (patients 2 and 6).

Table I. Stroke risk factors by cancer status.

Cancer  
(n = 7)

Without cancer 
(n = 20)

Total p

Arterial hypertension 5 15 20 (74.1%) 1.00

Diabetes mellitus 2 6 8 (29.6%) 1.00

Dyslipidemia 3 9 12 (44.4%) 1.00

Smoking 2 5 7 (25.9%) 1.00

Alcohol consumption 2 5 7 /25.9%) 1.00

Prior stroke 3 3 6 (22.2%) 0.29

Prior myocardial infarction 0 5 5 (18.5%) 0.28

Atrial fibrillation 2 13 15 (55.6%) 0.19

Prior stroke prevention therapy 2 10 12 (44.4%) 0.41
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In the active cancer group, patients had a Na-
tional Institutes of Health Stroke Scale median of 
12 (range 6-22), and all received rtPA within 3 h of 
symptom onset. Cancer had been diagnosed before 
rtPA administration in three (43%) patients. Two 
patients (29%) experienced direct procedure com-
plications, compared with six in the control group 
(30%; p = 1.00), 14% suffered haemorrhagic trans-
formation (vs 20%; p = 1.00), one patient experi-
enced serious systemic haemorrhage (case group) 
and one patient experienced serious intracerebral 
haemorrhage (control). After 3 months’ follow-up, 
43% were independent (modified Rankin scale 0-2) 
compared with 25% of the control group (p = 0.63), 
and 29% had died (vs 30%; p = 1.00) (Table III). 

Using the TOAST classification, in the cancer 
group, two strokes were cardioembolic and the 
other five were of unknown cause, suggesting that 
undetermined aetiology subtype was more frequent 
in cancer patients when compared to controls (71% 
vs 20%; p < 0.05).

Discussion

In our study, using TOAST classification, and match-
ing case and controls for age and OCSP type of 
stroke, undetermined aetiology subtype was more 
frequent in cancer patients. These results seem to 
agree with current literature, which states that unde-
termined etiology subtype is more prevalent in can-

cer related stroke and an independent risk factor for 
stroke recurrence [9,10,22]. Systemic cancer may 
have several neurological complications, AIS being 
relatively common in these patients [2,23]. Many 
pathophysiological mechanisms have been proposed 
to explain this association, including atherosclerosis, 
embolism, hypercoagulability, cancer treatment ef-
fects, with no consensus in multiple studies [2,5-8]. 

The difference in prevalence of classical vascular 
risk factors between cancer patients and controls 
with AIS was not statistically significant in our anal-
yses, also in agreement with recent studies [2,23]. 

In our study there were only two direct proce-
dure complications, one serious systemic haemor-

Table II. Clinical characteristics of the stroke patients with malignancy treated with intravenous thrombolysis.

Gender
Age  

(years)
Diagnosis

Previously known 
cancer diagnosis

Cancer  
treatment

Haemorrhagic 
complications

NIHSS on 
admission

NIHSS on 
discharge

Rankin at  
3 months

Patient 1 Male 51 Oropharyngeal cancer No Chemotherapy – 19 12 4

Patient 2 Male 76 Rectal cancer Yes Surgery – 12 1 2

Patient 3 Female 72 Uterine cancer No Chemotherapy – 6 1 1

Patient 4 Male 69
Bladder and  

prostatic cancer
Yes

Chemotherapy + 
hormonal therapy

– 6 1 1

Patient 5 Male 78 Hepatic cancer No –
Retroperitoneal 

hematoma
11 – 6

Patient 6 Male 82
Non-Hodgkin 

lymphoma
No – – 22 – 6

Patient 7 Male 80 Prostatic cancer Yes
Hormonal  

therapy

Asymptomatic 
haemorrhagic 
transformation

16 15 4

Table III. Stroke characteristics by cancer status.

Cancer  
(n = 7)

Without cancer  
(n = 20)

Total p

NIHSS < 7 on admission 2 1 3 (11.1%) 0.16

NIHSS < 7 on discharge 3 11 14 (51.9%) 0.68

TOAST: undetermined etiology (5b) 5 4 9 (33.3%) 0.02

Direct procedure complications 2 6 8 (29.6%) 1.00

mRS 0-2 at three months 3 5 8 (29.6%) 0.63

Death at three months 2 6 8 (29.6%) 1.00
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rhage (hepatic carcinoma patient) and one haemor-
rhagic transformation (prostatic carcinoma pa-
tient). The low incidence of serious complications 
in the cohort of active cancer patients treated with 
rtPA concurs with current literature [14].

There were no statistically significant differences 
between groups regarding 3-month stroke outcome 
and mortality. In our study active malignancy in pa-
tients with AIS, showed no significant impact on 
rtPA treatment’s efficacy and safety.

Gastrointestinal and prostate cancer were the 
most prevalent primary cancer localizations. This 
may be influenced by our study’s small cohort and 
different geographical localization cancer preva-
lence. In Portugal, the most common cancer sites 
are prostate, breast, colorectal, lung, corpus uteri 
and stomach [24]. In our patients, deaths and di-
rect procedure complications were not cancer-type 
specific.

Active cancer is often an exclusion criteria in 
several rtPA studies, ranging from clinical trials to 
observational studies [25-27]. Only few studies 
were performed reporting data on the safety and 
outcome of rtPA treatment in patients with malig-
nancy [14-17]. Since AIS in active cancer setting 
may be associated with worse outcome, increased 
morbidity and mortality, rtPA treatment may be 
more valuable to these patients. However, as it was 
recently published in a Scientific Statement, its ef-
ficacy and safety profiles have yet to be clearly es-
tablished (class IIb; level of evidence C). Notwith-
standing, the same authors recommend that throm-
bolytic therapy in cancer patients with AIS without 
other contraindications to rtPA use and reasonable 
(> 6 months) life expectancy might be particularly 
beneficial [28]. Our results meet this expert opin-
ion and are intended to add knowledge to an area 
with little research. We emphasize the difficulty ex-
perienced to identify patients that fulfilled the cas-
es’ inclusion criteria, as after evaluating a high 
number of patients we achieved 7 cases of active 
cancer with AIS that were treated with rtPA.

The main limitations of our study include its 
small sample size, retrospective nature and the sin-
gle center design. Nevertheless, based in our find-
ings we suggest that active malignancy, in patients 
with AIS treated with rtPA, may not imply an in-
creased risk of serious haemorrhagic transforma-
tion, worse outcome or increased mortality. We 
suggest that selected cancer patients with AIS, even 
discounting the risk of complications and life ex-
pectancy, may benefit from rtPA treatment.

Patients with known cancer are frequently ex-
cluded from rtPA treatment in AIS due to history 

of bleeding, know dissemination of the neoplasm, 
including to the central nervous system or because 
they are in palliative care only. Our cases are a par-
ticular subset of cancer patients, who physicians not 
knowing about this condition or despite of know-
ing it, considered the patients fit enough to receive 
rtPA. Therefore, our conclusions are not generaliz-
able to all cancer patients with acute stroke.

In addition, we still have to consider that pa-
tients with possible contraindications to rtPA use, 
such has advanced metastatic disease, thrombocy-
topenia, coagulopathy or recent surgery, may bene-
fit from Endovascular therapy [29,30]. Given the 
increasing incidence and survival rates in patients 
with neoplastic disease cancer related-stroke could 
become more prevalent in the future [31]. So we 
suggest not only to develop efforts in studying the 
safety and efficacy of intravenous thrombolysis but 
also of endovascular therapy.

In conclusion, severe hemorrhagic complications, 
potentiated by rtPA, carry an increased risk of mor-
bidity and mortality, especially if underlying cancer 
related coagulopathy. Nevertheless, selected cancer 
patients with AIS may benefit from rtPA treatment. 
Active cancer should not be considered an absolute 
contraindication to rtPA use. Risk of complications 
and life expectancy should be accounted for when 
accessing these patients for acute stroke revascular-
ization procedures, although that reasoning should 
never delay significantly the decision.
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Seguridad y efectividad del rtPA en el ictus isquémico agudo en pacientes con cáncer activo:  
estudio de casos y controles

Introducción. Los pacientes con cáncer tiene un mayor riesgo de ictus debido a los efectos malignos directos e indirectos. 
La trombólisis intravenosa con activador tisular del plasminógeno recombinante (rtPA) constituye un tratamiento médico 
estándar para el ictus isquémico agudo. 

Objetivo. Revisar el uso de rtPA en el ictus isquémico agudo en pacientes con cáncer activo. 

Sujetos y métodos. Estudio retrospectivo observacional de casos y controles para evaluar pacientes con ictus isquémico 
agudo y cáncer admitidos en la unidad de ictus entre enero de 2010 y junio de 2015. 

Resultados. Se identificaron siete casos (86% varones; mediana de edad: 76 años) y también se incluyeron 20 controles 
pareados por edad y clasificación del Oxfordshire Community Stroke Project. Un 29% de casos experimentó complicacio-
nes directas del procedimiento frente a un 30% en el grupo control. Un 14% sufrió transformación hemorrágica (frente a 
un 20%). Un paciente (caso) sufrió una hemorragia sistémica grave, y otro (control), una hemorragia intracerebral grave. 
A los tres meses, un 43% era independiente (frente a un 25% de los controles) y un 29% había fallecido (frente a un 30%). 
Un subtipo etiológico indeterminado (clasificación TOAST) era más frecuente en pacientes con cáncer (71% frente a 20%). 

Conclusión. Complicaciones hemorrágicas graves, potenciadas por el rtPA, pueden incrementar el riesgo de morbilidad y 
mortalidad. Sin embargo, pacientes seleccionados con cáncer que padecen un ictus isquémico agudo pueden beneficiarse 
del tratamiento con rtPA. Un cáncer activo no debería considerarse una contraindicación de uso de rtPA, aunque debe 
evaluarse el riesgo de complicaciones y la esperanza de vida para tomar la decisión.

Palabras clave. Cáncer. Efectividad. Ictus. Seguridad. rtPA. Trombólisis.


