
CNS Neurosci Ther. 2024;30:e14619.	 		 	 | 1 of 12
https://doi.org/10.1111/cns.14619

wileyonlinelibrary.com/journal/cns

Received:	17	December	2022  | Revised:	2	January	2024  | Accepted:	8	January	2024
DOI: 10.1111/cns.14619  

R E V I E W

Malignancy- associated ischemic stroke: Implications for 
diagnostic and therapeutic workup

Wanqing Xie1  |   Szuyao Hsu1 |   Yuxuan Lin1 |   Lv Xie1  |   Xia Jin1 |   Ziyu Zhu1 |   
Yunlu Guo1  |   Caiyang Chen1 |   Dan Huang1  |   Johannes Boltze2 |   Peiying Li1,3,4

1Department	of	Anesthesiology,	Renji	Hospital,	Shanghai	Jiao	Tong	University	School	of	Medicine,	Shanghai,	China
2School	of	Life	Sciences,	University	of	Warwick,	Coventry,	UK
3Clinical	Research	Center,	Renji	Hospital,	Shanghai	Jiao	Tong	University	School	of	Medicine,	Shanghai,	China
4Outcomes	Research	Consortium,	Cleveland,	Ohio,	USA

This	is	an	open	access	article	under	the	terms	of	the	Creative	Commons	Attribution	License,	which	permits	use,	distribution	and	reproduction	in	any	medium,	
provided	the	original	work	is	properly	cited.
©	2024	The	Authors.	CNS Neuroscience & Therapeutics	published	by	John	Wiley	&	Sons	Ltd.

The	first	three	authors	contributed	equally	to	this	work.		

Correspondence
Peiying	Li	and	Dan	Huang,	Department	
of	Anesthesiology;	Clinical	Research	
Center,	Renji	Hospital,	Shanghai	Jiao	
Tong	University	School	of	Medicine,	Rm	
327;	Building	1,	160	Pujian	Rd,	Shanghai	
200127,	China.
Email: peiyingli.md@gmail.com and 
huangdan@renji.com

Johannes	Boltze,	School	of	Life	Sciences,	
University	of	Warwick,	Coventry	CV4	
7AL,	UK.
Email: johannes.boltze@warwick.ac.uk

Funding information
New	Frontier	Technology	Joint	Research	
from	Shanghai	Shengkang	Hospital	
Development	Center,	Grant/Award	
Number:	SHDC12019102;	“Shanghai	
Outstanding	Academic	Leaders	Program”	
from	Shanghai	Municipal	Science	and	
Technology	Committee,	Grant/Award	
Number: 20XD1422400; Innovative 
Research	Team	of	High-	level	Local	
Universities	in	Shanghai,	Grant/Award	
Number:	SHSMU-	ZLCX20211602;	
Newton	Advanced	Fellowship	grant	
provided	by	the	UK	Academy	of	Medical	
Sciences,	Grant/Award	Number:	
NAF\R11\1010;	Institutional	Clinical	
Research	Program,	Grant/Award	
Number:	PYII20-	03;	National	Natural	
Science	Foundation	of	China,	Grant/
Award	Number:	U22A20295,	91957111,	
81971096,	82061130224	and	M-	
0671;	“Shuguang	Program”	supported	
by	Shanghai	Education	Development	

Abstract
Background: Patients	with	malignancies	have	an	increased	risk	of	suffering	ischemic	
stroke	via	several	mechanisms	such	as	coagulation	dysfunction	and	other	malignancy-	
related	effects	 as	well	 as	 iatrogenic	 causes.	Moreover,	 stroke	 can	be	 the	 first	 sign	
of	 an	 occult	 malignancy,	 termed	 as	 malignancy-	associated	 ischemic	 stroke	 (MAS).	
Therefore,	timely	diagnostic	assessment	and	targeted	management	of	this	complex	
clinical situation are critical.
Findings: Patients	with	both	stroke	and	malignancy	have	atypical	ages,	risk	factors,	
and	often	exhibit	malignancy-	related	symptoms	and	multiple	lesions	on	neuroimag-
ing.	New	biomarkers	 such	as	eicosapentaenoic	 acid	 and	blood	mRNA	profiles	may	
help	 in	 distinguishing	MAS	 from	 other	 strokes.	 In	 terms	 of	 treatment,	malignancy	
should	not	be	considered	a	contraindication,	given	comparable	rates	of	recanalization	
and	complications	between	stroke	patients	with	or	without	malignancies.
Conclusion: In	this	review,	we	summarize	the	latest	developments	in	diagnosing	and	
managing	MAS,	especially	stroke	with	occult	malignancies,	and	provide	new	recom-
mendations from recently emerged clinical evidence for diagnostic and therapeutic 
workup	strategies.
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1  |  INTRODUC TION

Stroke	is	the	major	cause	of	disability	and	death	worldwide.1–3	The	
global	stroke	burden	has	increased	from	1999	to	2013	despite	slightly	
declining incidence and mortality.4	Ischemic	stroke	can	be	classified	
into	 five	major	 categories	 according	 to	 the	Trial	 of	ORG	10172	 in	
Acute	 Stroke	 Treatment	 (TOAST)	 criteria:	 (1)	 large-	artery	 athero-
sclerosis,	(2)	cardioembolism,	(3)	small-	vessel	occlusion,	(4)	stroke	of	
other	determined	etiologies	and	(5)	stroke	of	undetermined	etiology.	
Active	malignancy	is	discussed	as	a	potential	cause	of	stroke	of	un-
determined	etiology.	According	to	a	nationwide	study	in	the	United	
States,	about	1	of	10	hospitalized	ischemic	stroke	patients	has	co-
morbid malignancy.5	 In	 turn,	 approximately	 15%	 of	 patients	 with	
malignancies suffer from cerebrovascular diseases.6	About	40%	of	
ischemic	 strokes	 in	 these	 patients	 are	 of	 cryptogenic	 etiology.7,8 
Patients	with	malignancies	have	a	2.2	times	higher	risk	of	suffering	
from	ischemic	stroke	than	patients	without	malignancies	according	
to	a	Swedish	nationwide	follow-	up	study.9	Stroke	can	occur	at	any	
stage	of	malignancy,	 and	both	occult	 (relative	 risk,	 1.75/2.00)	 and	
manifest	malignancies	 (relative	risk,	1.30/1.41)	 increase	the	risk	of	
ischemic	 stroke.10	 Furthermore,	 risk	 of	 arterial	 thromboembolic	
events	such	as	myocardial	infarction	and	ischemic	stroke	peak	about	
1 month	prior	to	the	diagnosis	of	malignancy,	further	highlighting	the	
close	relationship	between	stroke	and	occult	malignancies.11	Hence,	
malignancy-	associated	 ischemic	stroke	 (MAS)	 is	attracting	 increas-
ing	attention	as	a	subtype	of	ischemic	stroke.	MAS	not	only	includes	
stroke	caused	by	cancer-	related	hypercoagulable	state	but	also	in-
cidental	stroke	caused	by	common	causes,	stroke	related	to	tumor	
emboli,	stroke	related	to	tumor	direct	invasion	of	blood	vessels,	and	
stroke	related	to	cancer	treatment.

Etiologically,	 MAS	 can	 be	 divided	 into	 three	 types:	 (i)	 direct	
tumor	effects	such	as	tumor	emboli,	(ii)	coagulopathy	such	as	non-
bacterial	thrombotic	endocarditis,	and	(iii)	iatrogenic	effects	includ-
ing	chemotherapy,	radiation	therapy,	and	surgery-	induced	vascular	
injuries.12–14	Moreover,	MAS	patients	are	more	likely	to	have	larger	
infarct	 volumes,	 higher	 bleeding	 risk,	 worse	 short-	term	 prognosis	
such	as	more	frequent	deep	vein	thrombosis	and	pulmonary	embo-
lism,	as	well	as	deteriorated	long-	term	prognosis	with	higher	90 day-	
recurrence rate and death rate.10,15–18 Patients suffering from severe 
MAS	often	require	palliative	care.19	Given	the	emerging	clinical	sig-
nificance	of	MAS,	 there	 is	 a	 lack	of	 a	 comprehensive	 summary	or	
practical	 clinical	 guidance	 for	 the	 diagnostic	 treatment	workup	 of	
MAS.

In	this	review,	we	focus	on	recent	advances	in	the	identification	
of	high-	risk	MAS	patients,	characteristic	features	of	MAS,	followed	
by	 comparison	 of	 treatment	 and	 prevention	 options	 of	 MAS	 pa-
tients.	 The	 short-	term	 as	well	 as	 long-	term	prognosis	 of	MAS	 pa-
tients is also discussed.

2  |  DIAGNOSTIC CLUES OF MA S 
PATIENTS

2.1  |  Baseline characteristics of patients with MAS

The	clinical	features	of	cryptogenic	stroke	in	MAS	patients	are	often	
different	from	those	in	patients	without	malignancies.	MAS	patients	
tend to be in worse conditions20	and	are	more	likely	to	exhibit	altered	
mental	status,	aphasia,	and	 limb	weakness	 ipsilateral	 to	the	stroke	
along	with	malignancy-	associated	 symptoms,	 such	 as	weight	 loss,	
fever,	hematochezia,	melena,	and	adenopathy.21,22	In	addition,	MAS	
patients	tend	to	have	fewer	atherosclerotic	risk	factors	 (compared	
to	 other	 stroke	 patients),	 higher	 plasma	D-	dimer	 levels,	 and	more	
multiple	vascular	lesions	than	stroke	patients	without	malignancy.23 
Coagulopathies	and	a	cachectic	state	caused	by	malignancies	could	
affect	the	ischemic	stroke	outcome	in	MAS	patients.19,23	Therefore,	
stroke	 patients	 exhibiting	 at	 least	 one	 of	 the	mentioned	 features	
should	undergo	a	thorough	examination	to	exclude	the	presence	of	
occult	malignancies	once	acute	stroke	management	is	completed.

Nevertheless,	demographic	data	differ	from	currently	available	
studies.	For	instance,	a	retrospective	study	comparing	226	patients	
found	that	MAS	patients	tended	to	have	fewer	traditional	risk	fac-
tors	 of	 stroke	 like	 hypertension,	 hyperlipidemia,	 and	 atheroscle-
rosis.18	However,	 other	 stroke-	related	 factors	 such	 as	 higher	 age,	
smoking	 history,	 and	 diabetes	 and/or	 venous	 thromboembolism	
were	more	frequently	found	in	MAS	patients	as	suggested	by	some	
prospective studies.24,25	The	discrepancies	between	the	above	two	
studies could be attributed to the less specified definition of crypto-
genic	stroke,	including	different	patient	populations	as	compared	to	
that	of	conventional	stroke.	In	another	study	that	included	348	cryp-
togenic	stroke	patients	with	(n = 71)	and	without	active	malignancies	
(n = 277),	 vascular	 risk	 factors,	 hypertension,	 and	 hyperlipidemia	
were	 less	 prevalent	 in	 those	 with	 active	 malignancy,	 while	 other	
factors,	including	demographic	profiles,	such	as	history	of	diabetes,	
smoking,	and	coronary	artery	diseases,	and	pre-	stroke	medications,	
did not differ between the two groups.26 Data from the Danish 
Stroke	Registry	indicate	that	stroke	patients	with	occult	malignancy	
are	often	relatively	young	(40–50 years	of	age),24	more	likely	to	be	
female,7 and have a higher prevalence of deep vein thrombosis or 
microembolic	events	than	those	without	malignancy,	which	may	also	
partially	explain	 the	absence	of	conventional	stroke	risk	 factors	 in	
MAS.

Emerging	 evidence	 suggests	 that	 atrial	 fibrillation	 (AF),	 es-
pecially	 recently	 onset	 AF,	 often	 precedes	 the	 diagnosis	 of	ma-
lignancies.27–30	 A	 population-	based	 study	 including	 over	 24,000	
MAS	 patients	 reported	 an	 incidence	 of	 newly	 diagnosed	 AF	 of	
1.8%.31	Malignancies	of	the	colon	were	most	strongly	associated	
with	AF	among	the	malignant	subtypes	examined.32	Although	the	
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underlying	mechanisms	of	the	increased	long-	term	risk	of	AF	in	in-
dividuals	with	malignancy	remain	largely	unknown,	there	are	some	
preliminary	 studies	 suggesting	 that	 higher	 age,	 systemic	 inflam-
mation,	 and	metabolic	 and	 endocrine	 abnormalities	 caused	 by	 a	
paraneoplastic environment could contribute to the occurrence of 
AF	in	these	patients.33,34

2.2  |  Neuroimaging of MAS patients often detect 
multiple cerebral lesions

Neuroimaging,	such	as	computerized	tomography	(CT)	and	magnetic	
resonance	 imaging	 (MRI),	 are	 crucial	 for	 the	diagnosis	 of	 ischemic	
stroke.35–37	MRI	 can	differentiate	 cerebrovascular	 pathology	 from	
infection,	 trauma,	or	cerebral	malignancies,	as	well	as	discover	“si-
lent”	 strokes.38,39	Multiple	 lesions	 in	 different	 vascular	 territories	
have	 been	 found	 in	 diffusion-	weighted	 imaging	 (DWI)	 in	 patients	
with	cryptogenic	stroke	and	known	malignancies.26,35	 Importantly,	
the number of blood supply territories involved can independently 
indicate	 occult	 malignancy.	 More	 than	 one	 territory	 involved	
could	 indicate	occult	malignancy,	with	a	maximum	Youden's	 index	
(Appendix	S1)	of	0.56,40 meaning that patients with more than one 
territory	 involved	 on	DWI-	MRI	may	 need	 extensive	 screening	 for	
occult	systemic	malignancy.	Additionally,	the	so-	called	“three	terri-
tory	sign”	(DWI	lesions	involving	bilateral	anterior	and	posterior	cir-
culation,	being	nonenhancing,	nonring-	appearing	clusters	or	single	
areas	of	restricted	diffusion	of	0.5–2 cm	with	a	peripheral	 location	
or	 larger	vascular	territories,	uncommonly	 in	a	watershed	distribu-
tion,	and	with	absence	of	diffuse	cortical	ribbon	or	deep	gray	nuclei	
involvement)	was	proposed	to	provide	a	specific	diagnostic	clue	of	
malignancy-	associated	hypercoagulation,	showing	a	 low	sensitivity	
of	23.4%	but	a	high	specificity	of	96.4%.41,42

2.3  |  Current biomarkers and the future 
development of new diagnostic tools of MAS

Identifying	 reliable	MAS	 biomarkers	 could	 facilitate	 the	 screening	
of	 MAS	 patients.	 Higher	 levels	 of	 inflammatory	 markers,	 such	 as	
erythrocyte	sedimentation	rate	(ESR)	and	C-	reactive	protein	(CRP);	
hypercoagulability	 markers,	 such	 as	 fibrinogen	 and	 D-	dimer;	 and	
tumor	 biomarkers,	 such	 as	CA125/199	 and	 lower	 levels	 of	 hemo-
globin,	are	often	seen	in	MAS.18,43,44	Increased	fibrinogen	(≥600 mg/
dL)	or	CRP	(≥20 mg/L)	suggest	increased	risk	of	MAS	(specificity	of	
96%	 and	 91%,	 respectively).45	 D-	dimers	 are	 particularly	 valuable	
as	 biomarkers	 for	 occult	malignancy	 in	 stroke	 patients.46	D-	dimer	
levels	 are	 usually	 elevated	 in	MAS	 patients	with	 both	malignancy	
and	stroke,	compared	to	those	with	malignancy	or	stroke	only.47,48 
D-	dimer	levels	above	5.5 mg/L	reliably	predict	MAS	independently	
from	MRI	findings.49	Additionally,	 increased	D-	dimer	 levels	are	as-
sociated	with	higher	mortality	in	MAS	patients.43,50–52

New	 MAS	 biomarkers	 have	 been	 recently	 proposed	 based	
on	 mechanisms	 underlying	 malignancy-	related	 stroke,	 such	 as	

eicosapentaenoic	 acid	 (EPA),	 cancer	 cell-	derived	 extracellular	
vesicles,	 neutrophil	 extracellular	 trap	 (NET)-	specific	 biomarkers,	
decondensed	chromatins,	and	blood	mRNA.	EPA	is	an	omega-	3	poly-
unsaturated fatty acid involved in cellular homeostasis. It inhibits can-
cer initiation and progression.53	Significantly	lower	EPA	levels	were	
detected	in	patients	with	active	malignancy	and	cryptogenic	stroke	
(1.26 ± 0.72	 vs.	 1.89 ± 1.27 μmol/L;	p = 0.02),	 independently	 of	 age	
and	D-	dimer	levels.54	The	Optimal	Anticoagulant	Strategy	in	Stroke	
related	to	cancer	(OASIS-	Cancer)	study	(Clini	calTr	ials.	gov identifier 
NCT02743052)	 is	ongoing	to	discover	potential	molecules	such	as	
cancer	cell-	derived	extracellular	vesicles,	procoagulant	proteins,	and	
microRNAs	associated	with	MAS.	Among	NET-	specific	biomarkers,	
plasma	DNA	 (cell-	free	DNA)	 and	nucleosomes	 (assessed	by	ELISA	
using	CLB-	ANA/58	and	CLB-	ANA/60	antibodies)	from	decondensed	
chromatins	are	elevated	in	MAS	patients,55 suggesting the correla-
tion	between	NETosis	and	MAS.	In	a	malignancy-	featured	pathobi-
ological	environment,	neutrophils	are	prone	to	NET	formation	and	
subsequent	NETosis.56 Decondensed chromatins are prothrombotic 
and	procoagulant,	increasing	the	risk	of	deep	vein	thrombosis57 and 
MAS.	However,	 it	 is	uncertain	whether	 the	macromolecular	 struc-
ture	of	NETs	and	chromatin	directly	activates	coagulation.58	Tumor-	
derived	extracellular	vesicles	may	induce	NET	formation59 and thus 
facilitate	MAS.	Moreover,	blood	mRNA	screening	may	aid	early	iden-
tification	of	MAS.60–63	Blood	mRNA	profile	analysis	in	MAS	patients	
showed	 that	 interleukin-	1(IL-	1),	 interferon,	 relaxin,	mammalian	 tar-
get	of	rapamycin	(MTOR)	signaling,	sequestosome-	1(SQSTMI1),	and	
cAMP	response	element	binding	protein-	1	 (CREB1)	were	differen-
tially	expressed	compared	to	stroke	patients	without	malignancy.64 
The	above	evidence	suggests	that	different	molecular	pathways	in	
autophagy,	immunity,	or	inflammation	are	activated.	Therefore,	fu-
ture	studies	should	evaluate	whether	blood	mRNA/DNA	can	aid	the	
diagnosis	and	predict	the	prognosis	of	MAS.

Nevertheless,	no	single	biomarker	has	shown	sufficient	diagnos-
tic	value	for	MAS	due	to	the	common	hypercoagulability	caused	by	
stroke	or	the	tumor	itself	and	the	complexity	of	hypercoagulability	
caused by malignancy treatment.65	Pro-	coagulant	molecules	can	be	
produced by either tumor cells or immune cells during vascular inju-
ries	and	tissue	invasions,12,15 resulting in a hypercoagulable environ-
ment	in	the	blood	stream.	A	predictive	score	for	occult	malignancy	
using	 the	area	under	 the	 receiver	operating	characteristics	 (AUC–
ROC)	 curves	 and	Bayes'	 theorem	 (including	D-	dimer	 ≥3 mg/L,	 he-
moglobin	≤12 g/dL,	and	smoking	history)	may	identify	MAS	patients	
with	up	to	53%	probability.66	The	so-	called	Trousseau	score	 (after	
the	Trousseau	syndrome,	an	acquired	blood	clotting	disorder	associ-
ated	with	occult	malignancy)	can	be	used	to	differ	MAS	from	other	
cryptogenic	 strokes	 (Table	 S1).7,67 Five factors are included in the 
Trousseau	score:	high	D-	dimer	(≥10 mg/L),	 lesions	in	multiple	terri-
tories,	active	cancer,	low	platelet	counts	(<150,000/μL),	and	female	
sex.	A	Trousseau	score	of	over	3	suggested	MAS	and	poor	overall	
survival rate.7	The	sensitivity	of	MOCHA	 (Markers	of	Coagulation	
and	Hemostatic	Activation)	profiles,	including	D-	dimer,	prothrombin	
fragment	1.2,	thrombin–antithrombin	complex,	and	fibrin	monomer,	
can	be	used	for	aiding	the	etiological	diagnosis	in	stroke	patients.	It	
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is	suggested	that	a	normal	MOCHA	profile	and	left	atrial	size	have	
a	100%	sensitivity	for	ruling	out	atrial	fibrillation,	malignancies,	ve-
nous	thromboembolism,	or	other	defined	hypercoagulable	states	as	
causes	for	cryptogenic	stroke.68 In addition to the clotting param-
eters	 that	can	be	detected	 in	 the	peripheral	blood,	clots	 retrieved	
by	endovascular	thrombectomy	have	also	been	explored	as	poten-
tial	 clues	 to	 determine	 stroke	 etiologies.69,70 Retrieved clots from 
thrombectomy	in	MAS	patients	were	rich	in	fibrin	and	platelets	and	
had higher platelet and lower erythrocyte contents than those from 
patients	without	malignancies.	This	can	help	differentiate	MAS	from	
other etiologies such as cardioembolism or atherosclerosis.71,72

Overall,	MAS	patients	present	distinct	features,	as	summarized	
in Figure 1.	They	are	not	 likely	 to	have	 typical	age	and	 risk	 factor	
profiles	of	 ‘classical’	stroke	patients	but	exhibit	malignancy-	related	
features.	 Lesions	 in	 multiple	 vascular	 territories,	 especially	 the	
three-	territory	sign,	can	indicate	occult	malignancy.	Next	to	estab-
lished	 biomarkers	 such	 as	 hypercoagulation	 and	 common	 malig-
nancy	markers,	new	plasma	biomarkers	such	as	EPA	or	mRNA/DNA	
profiles	 indicating	 autophagy,	 immunity,	 or	 inflammation	 hold	 the	
promise	to	predict	occult	malignancies.	Furthermore,	analysis	of	re-
trieved	clots	after	stroke	management	can	help	discriminate	stroke	
etiologies	and	guide	subsequent	clinical	management.	Combination	
of	 biomarkers	 can	 increase	 the	 sensitivity	 and	 specificity	 for	 the	
clinical application of scoring systems to help clinicians differentiate 
MAS	from	other	causes	for	cryptogenic	stroke	(Figure 2).

Physicians should investigate potential occult malignancies once 
featured	MAS	characteristics	in	clinical,	laboratory,	and	radiological	
signs	are	 found.	Contrast-	enhanced	CT	scanning	of	 the	chest,	 ab-
domen,	and	abdomen/pelvis	should	be	done	since	lung,	pancreatic,	
and colorectal cancer have been suggested as the most common 

malignancies	 in	 stroke	 patients.1,58,73	 Moreover,	 age-	appropriate	
malignancy screening should also be conducted.22

3  |  THER APEUTIC OPTIONS FOR MA S 
PATIENTS

Intravenous	thrombolysis	(IVT)	is	the	standard	treatment	for	acute	
ischemic	stroke	within	a	time	window	of	4.5 hours	(nowadays	often	
longer	 in	 patients	with	 a	 penumbra)	 from	 symptom	onset.	 IVT	on	
average	 results	 in	 25%	 reduction	 in	 disability.69,74,75	 Specifically,	
patients	with	 an	 INR < 1.7	while	 on	warfarin	 or	 those	with	minor	
strokes	 benefit	 from	 IVT.76	 For	 patients	who	 are	 comorbid	 or	 ex-
hibit	large	artery	occlusions	and	a	penumbra,	endovascular	therapy	
(EVT)	can	be	applied	within	up	to	24 h	of	onset.77	However,	whether	
MAS	patients	can	receive	these	treatment	remains	debated	due	to	
a	potentially	increased	risk	of	bleeding.10	Several	scores	predicting	
the	risk	of	bleeding	after	reperfusion	therapies	have	been	proposed	
in	stroke	patients,	but	it	remains	unknown	whether	these	scores	are	
applicable	in	MAS	patients.	Therefore,	the	benefits	and	risks	of	IVT	
and	 EVT	 treatment	 of	MAS	 patients	must	 be	 carefully	 evaluated.	
However,	offering	 reperfusion	 therapy	 to	MAS	patients	 is	becom-
ing	more	 common	 in	 clinical	 practice.	 A	 large	 retrospective	 study	
including	9,508,804	patients	with	acute	ischemic	stroke	from	1998	
to	2015	in	the	United	States	showed	that	the	recanalization	thera-
pies	were	 increasingly	used	among	MAS	patients.	Specifically,	 IVT	
utilization	 was	 increased	 from	 0.01%	 in	 1998	 to	 4.91%	 in	 2015,	
and	EVT	utilization	was	increased	from	0.05%	in	2006	to	1.90%	in	
2015.78	Given	the	significant	progress	that	was	made	in	EVT	since	
2015,	current	numbers	of	MAS	patients	that	receive	EVT	could	be	
even higher.79,80	According	to	a	retrospective	study	which	compared	
the	effects	of	recanalization	therapies	(IVT,	EVT,	or	IVT	followed	by	
EVT)	in	ischemic	stroke	patients	with	and	without	malignancies,	no	
significant	 differences	were	 found	 in	 terms	 of	 recanalization	 rate,	
3-	month	functional	independence,	symptomatic	intracranial	hemor-
rhage,	 and	mortality	 rate.81	 Therefore,	 active	malignancies	 should	
not	be	considered	as	an	absolute	contraindication	for	recanalization	
therapies.	Nevertheless,	the	reported	therapeutic	outcomes	for	IVT	
or	EVT	alone	are	controversial	due	to	potential	selection	bias,	 low	
sample	size,	and	absence	of	relevant	subgroup	analyses,	for	exam-
ple,	the	stroke	severity	and	cancer	stage.79,80,82,83 Further studies on 
homogenous	 stroke	patient	populations	who	are	newly	diagnosed	
with	malignancy	 should	be	performed,	 although	building	 such	 co-
horts	may	take	considerable	time	and	effort.

Clinical	 algorithms	 for	 IVT	 in	 stroke	patients	with	 specific	ma-
lignancy types have been proposed and highlighted the importance 
of	 a	 personalized	 approach	 for	 each	 patient.84	 Malignancy	 type,	
existence	 of	 prior	 bleeding	 history,	 local	 tumor	 invasion,	 tumor	
vascularity,	 and	 concurrent	 thrombocytopenia	 may	 influence	 the	
clinical	 decision.	 For	 instance,	 IVT	 in	 stroke	 patients	 concurrent	
with	gastrointestinal	 (GI)	malignancies	 is	generally	 contraindicated	
due	to	increased	risk	of	bleeding	in	digestive	tracts,85 worsening the 
conditions	of	peptic	ulcer,	esophageal	varices,	and	erosive	 lesions.	

F I G U R E  1 Indications	for	occult	malignancy	in	acute	ischemic	
stroke.	Clinical	symptoms,	neuroimmaging,	and	laboratory	
features	that	are	distinct	in	patients	with	malignancies,	such	as	
computerized	tomography	(CT),	magnetic	resonance	imaging	
(MRI),	and	laboratory	features	such	as	hypercoagulation,	
conventional	malignancy	markers,	and	novel	plasma	biomarkers.	
CEA,	carcinoembryonic	antigen;	CRP,	C-	reactive	protein;	ESR,	
eythrocyte	sedimentation	rate;	IL-	1,	interlukin-	1.
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However,	adverse	outcomes	of	IVT	such	as	intracranial	hemorrhage	
and	mortality	rate	do	not	differ	between	those	with	and	without	GI	
malignancies.86	Moreover,	bleeding	could	be	controlled	with	trans-
fusion and fluid resuscitative measures in most cases. Yet additional 
risk	factors	should	be	evaluated	before	initiating	IVT.	For	stroke	pa-
tients	who	are	suspected	to	suffer	from	hepatic	malignancies,	portal	
hypertension,	 alcoholism,	 and	 thrombocytopenia,	 more	 risks	 over	
benefits	should	be	put	on	recanalization	therapy.	Additionally,	 low	
hemoglobin	count	(Hb < 10 g/L)	indicates	chronic	blood	loss	caused	
by	the	tumor	itself,	which	can	also	increase	the	risks	of	recanaliza-
tion	therapy.	Current	evidence	on	IVT	in	hepatic	malignancies	is	far	
from	enough	to	make	a	conclusion.

Clinical	 outcomes	 of	 EVT	 in	MAS	 patients	 vary	 depending	 on	
different	EVT	techniques	applied.	Contact	aspiration	thrombectomy	
results	 in	a	higher	 rate	of	 reperfusion	 (89.3%	vs.	64.7%)	and	 first-	
pass	effect	(35.7%	vs.	11.8%)	as	well	as	shorter	procedure	time	(22	
vs.	42 min)	compared	to	stent	retriever	thrombectomy.87,88	However,	
contact	 aspiration	 thrombectomy	 using	 smaller-	caliber	 aspiration	
devices	was	less	successful	in	MAS	patients,	suggesting	the	thrombi	
are	more	difficult	to	extract.88	Analysis	of	retrieved	clots	can	aid	in	
diagnosis	 of	MAS89 since high fibrin/platelet and low erythrocyte 
contents	within	a	thrombus	can	suggest	MAS.71,72

In	conclusion,	both	IVT	and	EVT	are	valuable	and	feasible	thera-
peutic	options	for	MAS	patients	unless	other	contraindications	exist.	

F I G U R E  2 Clinical	algorithm	for	malignancy-	associated	stroke	screening.	Recommendations	for	discrimination	of	stroke	etiologies	and	
subsequent	clinical	management	include	initiating	investigation	of	occult	malignancy,	reevaluating	for	other	causes	for	cryptogenic	stroke,	
and	initiating	management	of	atrial	fibrillation.	ECG,	electrocardiography;	MOCHA,	markers	of	coagulation	and	hemostatic	activation;	N,	
no;	Y,	yes.
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However,	additional	large,	randomized	trials	are	required	to	address	
relevant	questions	of	intervention	safety	and	efficacy.	An	individu-
alized	treatment	approach	is	recommended	based	on	types	of	malig-
nancies	and	stroke	severities.90–93

Moreover,	 MAS	 patients	 with	 Trousseau	 syndrome	 typically	
have	 poor	 survival.	 Therefore,	 there	 is	 a	 need	 to	 determine	 the	
effectiveness of rehabilitation treatment and develop a compre-
hensive	 treatment	 strategy	 earlier	 than	 that	 in	 the	 general	 stroke	
population.	 A	 recent	 study	 has	 found	 that	 intensive	 rehabilitation	
therapy	 may	 be	 indicated	 for	 patients	 with	 Trousseau	 syndrome	
who	are	expected	to	improve	physical	function	after	approximately	
1 month	of	rehabilitation.94	Besides,	retrospective	study	has	found	
that both antiplatelet and antitumor treatment are recommended to 
achieve better neurological recovery and oncological prognosis in 
lung	adenocarcinoma	patients	with	Trousseau	syndrome.95 In other 
words,	 antiplatelet	 and	antitumor	 treatment	 followed	by	 intensive	
rehabilitation	 therapy	 may	 be	 beneficial	 for	 MAS	 patients	 with	
Trousseau	syndrome.

4  |  THE OPTIMAL CHOICE OF 
ANTICOAGUL ATION IN THE PRE VENTION 
OF RECURRENT STROKE

4.1  |  Patients with malignancy in general

Prevention	 of	 recurrent	 ischemic	 stroke	 is	 important	 in	 clinical	
stroke	 management.	 The	 current	 mainstay	 of	 preventive	 therapy	
for	 cardioembolic	 stroke	 is	 anticoagulation.10,96	Most	 cryptogenic	
strokes	 are	 thromboembolic,	 and	 thus	 patients	 can	 benefit	 from	
anticoagulation therapy.97 Oral anticoagulation is effective in pre-
venting	atrial	fibrillation-	related	stroke.	It	is	therefore	believed	that	
anticoagulation	 could	 reduce	 stroke	 recurrence	 after	 cryptogenic	
strokes,98	while	a	 considerable	 socio-	economic	 impact	of	 subopti-
mal	 anticoagulation	 in	high-	risk	populations	 such	as	malignant	pa-
tients has been revealed.99	In	2018,	Navi	et	al.	divided	cryptogenic	
strokes	into	two	subsets	which	are	likely	and	unlikely	to	respond	to	
anticoagulation	therapy.	Corresponding	to	this	idea,	malignancy	can	
increase	 the	 risk	 of	 stroke	 through	 several	mechanisms,	 including	

the	hypercoagulability	caused	by	cancer	itself,	nonbacterial	throm-
botic	 endocarditis,	 iatrogenic	 effects	 of	 chemo/radiotherapy,	 and	
tumor embolism.100	Indeed,	MAS	patients	have	a	higher	prevalence	
of deep vein thrombosis or microembolic events than those without 
malignancy,	suggesting	venous	hypercoagulability.16	Anticoagulants	
may	help	treat	all	these	conditions,	but	anticoagulation	is	not	recom-
mended	for	primary	stroke	prevention	due	to	the	increased	bleeding	
risk.10	 Currently,	 it	 is	 uncertain	 as	 to	which	 form	of	 anticoagulant	
therapy	should	be	provided	to	MAS	patients.

Heparin,	 due	 to	 its	 multifaceted	 biological	 activity,	 is	 a	 good	
option	 for	 treating	 malignancy-	associated	 thrombosis,	 especially	
venous	 thromboembolism	 (VTE).101	 Although	 early	 administra-
tion	 of	 unfractionated	 heparin,	 low-	molecular-	weight	 heparin,	 or	
heparinoids is not recommended for treatment and prevention of 
acute	 ischemic	 stroke,102	 subcutaneous	 heparin	 prevented	 stroke	
recurrence	and	thrombocytopenia	in	MAS	patients	in	a	small-	scale	
trial enrolling 19 patients.103	However,	 nine	 patients	 discontinued	
because of medical conditions such as cancer deterioration and un-
willingness to continue subcutaneous heparin injection and103	long-	
term	subcutaneous	heparin	therapy	preventing	recurrence	of	MAS	
based	on	the	results	of	the	trial.	A	similar	situation	was	reported	in	
the	TEACH	pilot	trial	in	which	40%	of	patients	who	used	enoxaparin	
changed	to	aspirin	later,	based	on	the	enrollment	failure	comparing	
aspirin and direct oral anticoagulants instead of injectable heparins 
is recommended to be considered for future clinical trials.104	Several	
studies have been conducted to compare the efficacy and safety 
of	other	anticoagulants	in	preventing	recurrence	of	MAS,	including	
nonvitamin	K	anticoagulants	(NOACs),	warfarin,	or	aspirin	(Table 1).	
The	rates	of	ischemic	stroke	recurrence	and	major	bleeding	events	
are	similar	 in	cancer	patients	who	receive	NOACs,	warfarin,	hepa-
rin,	or	aspirin.	However,	 the	 reliability	of	 these	 results	was	debat-
able	 due	 to	 the	 small	 sample	 size	 in	 these	 trials104–107	 except	 for	
the	NAVIGATE	ESUS	trial	which	involved	543	patients,107 in which 
reduced	stroke	was	not	observed	by	the	administration	of	15 mg	ri-
varoxaban	 per	 day	 compared	with	 that	 of	 aspirin	 in	 patients	with	
embolic	stroke	of	an	undetermined	source.	Additional	prospective	
studies enrolling larger number of patients are highly warranted.

D-	dimers,	next	to	predicting	MAS,	can	be	utilized	for	anticoag-
ulant	 monitoring,	 assessing	 the	 efficacy	 of	 anticoagulant	 therapy.	

TA B L E  1 Summary	of	existing	studies	reporting	safety	and	efficacy	of	anticoagulant	use	in	malignancy-	associated	stroke	patients.

Study (First 
Author- year) Study type Anticoagulants No. of patients

Efficacy 
outcome results 
(p value)

Safety outcome 
results (p value)

Jang-	201598 Retrospective	single-	center	
observational study

Enoxaparin	vs.	warfarin 79	(29	vs.	50) 0.249 0.960

Nam-	201799 Retrospective bicentric 
observational study

NOAC	vs.	LMWH 48	(7	vs.	41) 0.846 0.696

Navi-	201897 Randomized	clinical	trial Enoxaparin	vs.	aspirin 20	(10	vs.	10) >0.05 >0.05

Majander-	2019100 Randomized	clinical	trial Rivaroxaban	vs.	aspirin 543	(254	vs.	289) 0.3137 0.9539

Note:	“Efficacy”	outcome	refers	to	ischemic	stroke;	“Safety”	outcome	refers	to	major	bleeding	events.
Abbreviations:	IS,	ischemic	stroke;	LMWH,	low	molecular	weight	heparin;	NOAC,	nonvitamin	K	oral	anticoagulant.
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Patients	 treated	 with	 enoxaparin	 showed	 a	 significant	 decrease	
in	 D-	dimer	 level	 compared	 to	 warfarin-	treated	 patients	 (17.06	 to	
3.88µg/mL	 vs.	 17.78	 to	 17.42µg/mL;	 p = 0.026).105	 Consequently,	
heparin may perform better than warfarin in the secondary pre-
vention	of	MAS.	The	Khorana	score	 (Table S2)	might	be	a	feasible	
method	to	predict	the	risk	of	recurrent	ischemic	stroke	in	MAS	pa-
tients,	given	its	proven	validity	in	evaluating	VTE	risk.108	However,	
studies	specifically	designed	to	 investigate	 its	efficacy	 in	MAS	pa-
tients	are	required.

4.2  |  Malignancy concurrent with AF

Application	of	anticoagulant	strategies	in	malignant	patients	with	AF	
is	an	important	topic,	but	no	guidelines	are	available	in	this	regard.	
Furthermore,	most	MAS	patients	are	cryptogenic	but	not	cardioem-
bolic,109	 so	 the	 right	 strategies	 for	 stroke	 prevention	 in	malignant	
patients are a matter of ongoing debate.

The	 CHADS2	 (Table S3)	 and	 CHA2DS2-	VASc	 (Table S4)	 scores	
are	 risk	 stratification	 schemes	 to	 help	 determine	 whether	 clini-
cians	should	initiate	anticoagulant	therapy,	taking	into	account	age,	
sex,	history	of	congestive	heart	failure,	hypertension,	diabetes	and	
stroke,	and	vascular	diseases.	However,	active	malignancy	is	not	in-
cluded	in	the	scoring	systems,	and	studies	showed	that	these	scoring	
systems	are	not	expected	to	predict	ischemic	stroke	risk	in	patients	
with	 malignancies	 and	 recently	 diagnosed	 AF.31,110	 As	 a	 result,	
Sorigue	 and	Miljkov	 proposed	 an	 algorithm	 combining	 CHA2DS2-	
VASc	 scores	 and	bleeding	 risk	 factors	 to	 decide	whether	 patients	
with	ESUS	malignancies	should	receive	anticoagulation	or	whether	
the	risk	of	bleeding	is	too	high.	Bleeding	risk	factors	include	major	
factors	as	gastrointestinal	mass,	previous	major	bleeding,	concom-
itant	 antiplatelet	 treatment,	 thrombocytopenia	 (<50,000/μL),	 and	
time	in	therapeutic	range,	and	minor	factors	such	as	age > 80 years,	
metastatic	disease,	 thrombocytopenia	 (<100,000/μL),	 renal	 failure	
(glomerular	 filtration	 rate < 30 mL/min/1.73m2),	 and	 drug	 interac-
tions.	Anticoagulation	 is	 recommended	 for	 those	with	a	moderate	
bleeding	 risk	and	high	 thromboembolic	 risk	 (CHA2DS2-	VASc > 6).

34 
In	 light	of	 the	causative	association	between	recent	onset	AF	and	
malignancy,	eliminating	external	triggers	such	as	surgery,	sepsis,	or	
hypoxemia	may	be	the	best	way	to	address	secondary	AF.	Overall,	
new	triggers	should	be	addressed	first,	followed	by	reducing	the	risk	
of thrombosis and bleeding.

Warfarin	and	nonvitamin	K	anticoagulants	(NOACs,	apixaban,	
rivaroxaban,	 edoxaban,	 and	 dabigatran)	 have	 been	 thoroughly	
studied regarding safety and efficacy in malignant patients with 
AF.111–117	 Although	 results	 varied	 (Table 2),	 it	 can	 be	 concluded	
that	NOACs	appear	at	least	as	safe	and	effective	as	warfarin	in	pre-
venting	ischemic	stroke	in	MAS	patients	with	AF,	with	an	throm-
boembolic	 rate	of	0%–4.9%	and	bleeding	rate	of	1.2%–4.4%	per	
year.111	 In	 conclusion,	 an	 individualized	 and	 adaptable	 approach	
tailored	to	the	individual	patient	is	needed	until	high-	quality	evi-
dence becomes available.

5  |  CONCLUSION

Malignancy	 increases	 the	 risk	 of	 ischemic	 stroke,	 and	MAS	 pa-
tients	have	worsened	prognosis	than	stroke	patients	without	ma-
lignancy.	Therefore,	early	identification	and	management	of	MAS	
patients is critical to mitigate the burden generated from both dis-
eases.	 In	 turn,	occult	malignancies	should	be	suspected	 in	every	
patient	presenting	with	cryptogenic	stroke	especially	when	there	
is	absence	of	typical	stroke	risk	factors,	increased	level	of	inflam-
mation,	hypercoagulability,	and	 lesions	 in	multiple	vascular	 terri-
tories.	Combination	of	 established	 scoring	 systems	 can	 increase	
the	sensitivity	and	specificity	of	the	diagnostic	workup.	Active	ma-
lignancies should not be considered an absolute contraindication 
for	recanalization	therapies.	Atrial	fibrillation	is	often	concurrent	
with	malignancies,	increasing	the	risk	of	ischemic	stroke.	The	opti-
mal	anticoagulant	strategy	for	MAS	patients,	especially	those	with	
atrial	 fibrillation,	 remains	 uncertain,	 and	 high-	quality	 evidence	
from clinical trials is highly warranted.
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