THERAPEUTIC ADVANCES in
Neurological Disorders

Review

Acute reperfusion treatment and secondary
prevention of cancer-related stroke:
comprehensive overview and proposal of

clinical algorithm

Athina-Maria Aloizou"*, Lina Palaiodimou
Ralf Gold, Georgios Tsivgoulis

, Dimitra Aloizou, Efthimios Dardiotis,
and Christos Krogias

Abstract: Cancer-related stroke (CRS), referring to ischemic stroke occurring in cancer
patients without other clear etiology, represents a clinical challenge, as it is associated

with unfavorable clinical outcomes including high rates of recurrence and mortality. There

are scarce international recommendations and limited consensus statements on CRS
management. For this comprehensive overview, the available studies/reviews/meta-analyses
on the use of acute reperfusion and secondary prevention treatments for cancer patients

with ischemic stroke, focusing on antithrombotic agents, were collected and summarized.

A practical management algorithm was designed per the available data. In short, acute
reperfusion in the form of intravenous thrombolysis and mechanical thrombectomy appears to
be safe in CRS and can be considered for eligible patients, though the functional outcomes are
often poor, and mostly defined by the preexisting condition. Many patients carry indications for
anticoagulation, in which case vitamin K antagonists are not preferred, while low-molecular
weight heparins remain the treatment of choice; direct oral anticoagulants can be alternatively
considered but are contraindicated for gastrointestinal malignancies. For patients without
clear anticoagulation indications, no net benefit for anticoagulation compared to aspirin

has been shown. Other targeted treatment options should be evaluated in an individualized
approach, alongside the appropriate management of conventional cerebrovascular risk
factors. Oncological treatment should be swiftly initiated/continued. In conclusion, acute CRS
remains a clinical challenge, with many patients suffering recurrent stroke, despite preventive
measures. More randomized-controlled clinical trials are urgently needed to pinpoint the
most effective management options for this subset of stroke patients.
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Introduction

Cancer and stroke are two clinical entities that
have been causally associated, with cancer
patients presenting twice the risk of stroke com-
pared to the general population.! The cancer
types most commonly associated with ischemic
stroke (IS) are lung, pancreas, breast, and pros-
tate,? with metastatic cancer considerably increas-
ing the mortality risk on the occurrence of stroke.?

Cancer can predispose toward stroke through
many different factors and mechanisms, directly
and indirectly, with the oncological treatments also
increasing the risk of cerebrovascular events.?*
Cancer-related stroke (CRS) is an entity relatively
recently introduced into the stroke literature. This
term usually pertains to an IS that arises as a direct
result of the malignancy itself, mainly due to can-
cer-induced hypercoagulability.> In most studies,
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it is defined as an IS in patients with a known
malignancy, proof of hypercoagulability usually
in the form of elevated D-dimers, ischemic
lesions in multiple vascular territories in the mag-
netic resonance imaging (MRI), and no evidence
of other ‘conventional’ stroke mechanisms;®
these factors have all been repeatedly associated
with ‘cryptogenic’ strokes in cancer patients.”
Consequently, these strokes mostly fall into the
‘unknown/cryptogenic origin’ TOAST (Trial of
Org 10172 in Acute Stroke Treatment) category®
and are often described as ‘embolic stroke of
unknown source’ (ESUS). It has also been sug-
gested that stroke in cancer patients could even-
tually represent a separate category of IS> since
CRS represents a classification challenge. It may
be at times referred to as ‘other determined etiol-
ogy’ when the underlying hypercoagulability/
Trousseau’s syndrome has been diagnosed, or
even hide behind a ‘cardioembolic’ classification,
for instance in cases of non-bacterial thrombotic
endocarditis (NBTE), which is often detected in
cancer patients and also falls into the cancer-
associated hypercoagulability spectrum.210 The
exact pathophysiology of CRS still remains elu-
sive,!! though hypercoagulability, with its multi-
faceted manifestations,? is still regarded as the
main component of this clinical entity as well.!2
The activation of prothrombotic molecules and
pathways, either via the cancer cells themselves
or an indirect stimulation of the surrounding
tissue cells, leads to the manifestation of dis-
seminated intravascular coagulation,!3 described
in both solid and hematological malignan-
cies.13:14 Because of its high tissue factor and
thromboplastin concentrations,!> the brain may
be susceptible to thrombotic events in settings
of intravascular coagulopathy, and this may pre-
dispose to CRS.

It is also a well-documented fact that IS patients
with concomitant cancer present an overall
worse prognosis than patients without cancer,
and high mortality rates (standardized mortality
ratio of cancer patients with stroke: 2.17),! with
almost half of them deceasing within 3 months
and exhibiting poor functional outcomes,
despite timely therapeutic interventions.!® In
addition, a cryptogenic origin of stroke in can-
cer patients, as is usually the case with CRS, has
been linked to significantly worse prognosis and
mortality.!” Cancer patients also present high
recurrence rates,!® with up to 14% annual inci-
dence of recurrent stroke, almost threefold

compared to patients without a history of can-
cer;!9 advanced cancer, increased D-dimers, and
ischemic lesions in multiple vascular territories
are also more often encountered in cancer
patients with recurrent strokes.? However,
there is a growing debate on whether these
patients profit from antiplatelet or anticoagula-
tive therapies, with limited available rand-
omized-controlled clinical trials.

Evidently, it is crucial to find a preventive strat-
egy that may prolong survival, reduce the risk of
stroke recurrence, and improve functional out-
comes. With the global population aging, the
incidence of CRS increases exponentially, while
their proper management remains unclear. In
this narrative review, we sought to summarize the
available data on acute management and second-
ary prophylactic treatment options in patients
with CRS, with a focus on acute reperfusion and
antithrombotics, attempting to present a man-
agement algorithm, based on the available data
(Figure 1), and discussing future options.

Acute management

The mainstays of acute IS treatment are intrave-
nous thrombolysis (IVT) and mechanical
thrombectomy (MT).21-23 However, cancer
patients have been traditionally excluded from
the trials that proved the safety and efficacy of
these treatments, and evidence of their applica-
bility in this population came, and is still com-
ing, with considerable delay, mostly through
retrospective analyses of hospital records.

Intravenous thrombolysis

Unsurprisingly, contraindications for IVT, such
as recent surgery, anticoagulation, and thrombo-
cytopenia, arise more often in cancer patients.!®
However, as many studies and a subsequent
meta-analysis have so far demonstrated, IVT
appears to be similar in terms of safety (sympto-
matic intracranial hemorrhage: OR 2.12, 95%
CI=0.33-13.76; in-hospital mortality: OR 1.30,
95% CI=0.93-1.81; and 3-month mortality: OR
1.00, 95% CI=0.49-2.03) and efficacy (func-
tional independence, expressed a modified
Rankin Scale scores 0-2: OR 1.00, 95%
CI=0.51-1.97) in patients with and without
cancer.2%25 As such, cancer per se is no contrain-
dication for IVT,2% and cancer patients should be
assessed for IVT based on the existing eligibility
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Cancer Patient with Acute
Ischemic Stroke

iy

Consider IVT and MT per
classical indications/
contraindications

g

Diagnostic Work-Up
-Doppler Sonography, Monitor, Echocardiography
Consider Diagnosis of Cancer-Related Stroke:
-Exclusion of Conventional Stroke Mechanisms, Proof of Hypercoagulability
(e.g. D-Dimers, VTE), lesions in multiple vascular temitories in MRI

g

Secondary Prevention:
-Assess Bleeding Risk
-Is Anticoagulation Indicated?
(e.g. AF, NBTE, VIE)

—

i

Anticoagulation Indicated:

-GI Malignancy?
e ~a
Yes: LMWHs No: LMWHSsor DOACs

*VKAs when other agents not accessible or
when contraindications for both exist

N

Anticoagulation Not Indicated:
Aspirin

-Statins

-Standard Management of Cardiovascular RiskFactors

-Blood Pressure and Glucose Management

-Consider Targeted Treatment (e.g. PFO closure)
-FrequentReassessment
-Contactwith Treating Oncologist:

-Cancer Treatment Continuation

- Control for Drug Interactions

-Goals of Care Establishment

Figure 1. Proposed clinical algorithm for CRS. Abbreviations: AF, atrial fibrillation; DOACs, direct oral
anticoagulants; Gl, gastrointestinal; IVT, intravenous thrombolysis; LWMHSs, low-molecular weight heparins;
MRI, magnetic resonance imaging; MT, mechanical thrombectomy; NBTE, non-bacterial thrombotic
endocarditis; PFO, patent foramen ovale; VKAs, vitamin K antagonists; VTE, venous thromboembolism.

criteria.2!27 In terms of guidelines, specific men-
tions of cancer have only so far emerged in the
American Heart Association Guidelines,?! where
IVT can be considered in cancer patients with a
reasonable life expectancy, with gastrointestinal
(GI) and intra-axial brain neoplasms being named

as contraindications. At least regarding the GI
malignancies, the few numbers of these patients
who did receive IVT did not show an increased
risk of hemorrhagic complications; however, cli-
nicians are still skeptic in administering the treat-
ment in this specific cancer patient subgroup.?>
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The contraindication for intra-axial brain tumors
came from the studies associating malignant
brain neoplasms and an intraparenchymal locali-
zation with higher mortality and intracranial
hemorrhage rates after IVT.2829 Specifically
regarding CRS, no particular studies have been
published, though mentions of cancer patients
with IS of cryptogenic origin receiving IVT
showed no increase in complication rates.3°

Mechanical thrombectomy

Moving on to MT, it is often considered the
method of choice for cancer patients since its
establishment in IS treatment, due to IVT con-
traindications, though studies assessing its
applicability in cancer patients were also rela-
tively scarce. A systematic review (18 studies)3!
and a meta-analysis (7 studies)32 on this subject
were recently published, and showed that MT
is a safe option for cancer patients (sympto-
matic intracranial hemorrhage: OR 1.04, 95%
CI=0.59-1.85; in-hospital mortality rates:
4-43%), and even though the 3-month mortal-
ity was increased in some studies (OR 5.02,
95% CI=2.90-8.69),3? this was mostly attrib-
uted to the malignancy itself.3! The efficacy
assessments provided heterogeneous results
(functional independence: OR 0.44, 95%
CI=0.32-0.60). Three studies had focused
particularly on CRS patients,%33:3% as defined
above, and reported similar reperfusion and
intracranial hemorrhage rates compared to
other patient subgroups, albeit with consistent
tendencies toward higher 3-month mortality
and poor functional outcome rates.

It is also important to note that stroke can be the
first manifestation of cancer and precede its
diagnosis for several months.3> As such, numer-
ous patients may have received acute reperfusion
therapies without the knowledge of the underly-
ing cancer, with no large-scale systematic reports
on unfavorable outcomes of increased complica-
tion rates. Consequently, both IVT and MT
appear to be safe for cancer and CRS patients,
when applicable. However, these patients, due
to their significant disease burden, exhibit poor
functional outcomes even after successful reper-
fusion, and treatment decisions should ulti-
mately align with the patient’s wishes and best
medical practice in an individualized approach.

Secondary prevention

Anticoagulation

As already mentioned, cancer patients are at risk
of suffering recurrent strokes, whereas great
uncertainty  exists regarding the optimal
antithrombotic treatment as a secondary preven-
tion. Intuitively, knowing that hypercoagulability
appears to represent the main underlying patho-
genic mechanism in CRS, physicians hypothesize
that anticoagulation may be indicated in these
patients. This notion is reinforced by a growing
number of studies examining elevated D-dimers,
thrombin, and fibrinogen as markers in these
patients,?11:36 with D-dimers being independently
associated with a worse prognosis.3” Truly, some
clinical entities pertaining to CRS, such as NBTE
and paradoxical embolism, are indications for
starting anticoagulants, and many patients have
already suffered from venous thromboembolism
(VTE) in the near past and need to be anticoagu-
lated. In this case, the available literature has been
recently reviewed/meta-analyzed?26-3® and trans-
lated into the respective guidelines for VTE.?° It
was concluded that other anticoagulants should
be preferred over vitamin K antagonists (VKA) in
cancer patients due to lower efficacy, high risk of
bleeding, and difficulties in achieving coagulation
times within the desired range;27-40:41 VKAs can
be used when low-molecular weight heparins
(LMWHs) and direct oral anticoagulants
(DOAC:S) are not accessible, or when contraindi-
cations for both classes are present (for instance,
clinically significant liver disease and advanced
renal disease).?®* However, LMWHs and DOACs
show similar efficacy in preventing thrombotic
events, though DOACSs exhibited higher bleeding
rates in some of the studies, and especially regard-
ing patients with GI malignancies.#243 As such,
most VTE guidelines now recommend LMWHs
as first-line treatment and for patients with GI
malignancies, while DOACs can also be consid-
ered for patients without GI malignancies.3%%* Of
the available DOAC:s, rivaroxaban seems to carry
a large body of evidence, showing a better efficacy
profile than LMWHSs, similar major bleeding
rates, but increased rates of clinically relevant,
non-major bleeding.%> Increasing evidence sup-
porting the use of edoxaban has also recently
emerged, showing better effectiveness in VTE
prevention than LMWHSs, albeit with a slightly
increased risk of major bleeding;%% in the extended

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

A-M Aloizou, L Palaiodimou et al.

treatment beyond 6 months, edoxaban was also
shown as safe and effective as dalteparin.%’
Interestingly, one study regarding Asian patients
reported lower GI bleeding rates with DOACs;*8
this possibly highlights the role of pharmacogenet-
ics and should be taken into careful consideration
in the future, especially in the field of oncology,
where genetic analyses are gaining more and more
ground in leading clinical decisions.

Only a few reports have assessed anticoagulation
in IS prevention for CRS. The OASIS-CANCER
study reported that for CRS patients with elevated
D-dimer levels who received LMWH or VKA, the
decrease in D-dimer levels in the normal range
within a week was associated with 1-year survival,
though further elevation of D-dimers in follow-up
was significantly associated with death within a
month.3” In a similar note, Seok ez al.*® reported
that 3 of their 29 CRS patients who received anti-
coagulation had a recurrent stroke during their
hospitalization, and these 3 showed persistently
high D-dimer levels and embolic signals in tran-
scranial Doppler sonography. Nam ez al.5° also
reported very unfavorable outcomes for CRS
patients despite anticoagulation (more than 50%
90-day mortality and new ischemic lesions), and
no significant differences in efficacy and safety
profiles of LMWH and DOAC:s.

Antiplatelet agents

On the other side, the crucial role of activated
platelets has also been highlighted in cancer set-
tings. Platelets are important mediators of clot for-
mation and inflammation as well,5! and aid in the
induction of the cancer-associated hypercoagula-
ble state.>? In this sense, aspirin is thought to con-
vey a multitude of benefits to cancer patients, and
to even be able to prevent cancer in some cases.>3:54
The protective effect of aspirin has also been
showcased in the study of Navi ez al.,’> which
although prematurely terminated, documented
that LMWH treatment is related to reduced com-
pliance, and anticoagulation had no evident ben-
efits compared to aspirin. This also reflects the
overall experience with ESUS patients, where
anticoagulation failed to prove its superiority in
terms of efficacy compared to aspirin.’%>7 Two
randomized-controlled clinical trials comparing
apixaban with aspirin (TEACH?2)5® and edoxaban
with enoxaparin (ENCHASE, NCT03570281) in

CRS have also been announced, and their results
are awaited with great interest.

Management of cardiovascular risk factors
Standard management of conventional cardiovas-
cular risk factors still pertains to the management
of CRS, as per the international recommenda-
tions.2! For statins, no particular indications and
contraindications exist regarding cancer patients;
it has been claimed, though, that they could carry
oncological benefits, particularly for GI malignan-
cies.’9:%0 Ag such, statins should be included in the
management of CRS patients, especially in the
presence of atherosclerosis or elevated low-density
lipoprotein (LDL) levels. Blood pressure manage-
ment also follows the guidelines of non-cancer
patients, though particular attention is needed in
the case of cancer therapy-related hypertension,
which can lead to rebound hypotension on treat-
ment cessation.%! Similarly, standard glucose-low-
ering agents can be applied in cancer patients with
diabetes and stroke, per the standard manage-
ment algorithms. 62

Targeted treatment of rarer causes

The particular causes of IS in cancer patients also
need to be more closely examined for targeted
therapies to be offered. When paradoxical embo-
lism is thought to be the underlying cause, with
some preliminary data revealing increased right-
to-left shunt rates in CRS patients,®3 a patent
foramen ovale (PFO) closure could be offered for
patients with prospects of full oncological recov-
ery. However, no studies regarding IS prevention
through PFO closure have included cancer
patients and so data are limited.®* The rates of
inferior vena cava filter implantation have also
risen in cancer patients, with studies showing that
their implantation is safe even in patients with
advanced disease, though their benefit in terms of
quality of life improvement and survival prolon-
gation is still a matter of discussion; patients in
earlier disease stages seem to profit more, being
made eligible for more interventions, though care-
ful consideration is advised, alongside the timely
removal of the filter (if retrievable).> However,
their role in stroke prevention has not been eluci-
dated. Moving on, surgical treatment for signifi-
cant carotid stenosis by tumor compression or
following radiation will most likely be necessary
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and should be offered,®® which is also the case
regarding the operative treatment of cardiac
tumors.®” For cancer-associated NBTE, a surgical
treatment may be considered only in selected
patients who do not respond to anticoagulation.>-68

Continuation of oncological treatment

Contact with the treating oncologist should be
initiated soon after admitting the patient to estab-
lish common goals of care and carefully assess the
patient’s medication since many chemotherapy
agents predispose toward IS2 and should be dis-
continued, while they may also interact with med-
ications under consideration for the patient.
Finally, all these antithrombotic approaches can
be seen as ‘futile’ when the underlying pathology,
that is, the cancer, remains untreated. As such,
the oncological treatment must be prioritized and
initiated as soon as possible.>8 The available treat-
ment options should also be carefully examined,
especially in terms of vasotoxicity and thrombo-
genic potential. It must be said, however, that
performance status represents a major factor in
the suitability of a patient for treatment, and on
suffering a stroke, the treatment indication may
not be present anymore.®® Should there not be
any possibly effective treatment options for the
patient, then the focus should be shifted on
antithrombotic agents and other symptomatic
therapies, per the patient’s goals of care.

Future directions

The P2Y,, receptor antagonists, such as clopi-
dogrel and ticagrelor, have been less studied in
cancer patients, and some original concerns of
possible carcinogenetic potential have not been
confirmed in subsequent meta-analyses.’%7! In
fact, ticagrelor possesses the ability to decrease
P-selectin’s expression and thus platelet interac-
tion with malignant cells.”2 Higher P-selectin lev-
els have been reported in cancer patients with
stroke,!! and ticagrelor was also shown to reduce
spontaneous platelet aggregation in metastatic
cancer patients.”? Similarly, clopidogrel was
shown to be more effective in dissolving spontane-
ous thrombi than aspirin in an orthotopic pan-
creas cancer model.52 As such, these agents merit
much more attention in future studies of CRS
patients. For other antiplatelet agents, for instance,
GP IIb/IIIa antagonists, concerns regarding their

clinical use have been raised (intravenous admin-
istration, high bleeding rates),>! and are thus not
considered the ideal research targets in this field
as of now. Dual antiplatelet therapy has also not
been assessed in this patient population yet, and
neither has the combination of antiplatelet and
anticoagulation agents. Positive results of studies,
such as the COMPASS protocol, which com-
bined aspirin and rivaroxaban for patients with
concomitant atherosclerosis,’”* and the ongoing
assessment of novel agents, such as the XIa inhib-
itors asundexian and milvexian, in combination
with antiplatelets,”>7% provide noteworthy ideas.
A similar combination of agents could theoreti-
cally benefit CRS patients, where the mechanisms
of coagulopathy appear to be very complicated,
and where atherosclerosis is also prevalent.”” Both
of these approaches will be particularly hard to
examine though, given how cancer patients are
particularly prone to bleeding complications and
careful consideration of the risk-benefit ratio is
needed.

Inflammatory mechanisms are also heavily impli-
cated in cancer,’® while recent evidence suggests
that inflammatory molecules, such as interleu-
kin-6, might increase stroke risk;”® this has trans-
lated into efforts to apply immunomodulatory
agents in stroke management,3 with inconsistent
results so far. However, applying an adjuvant
anti-inflammatory treatment for CRS, where
C-reactive protein is also consistently found ele-
vated,? could potentially lead to better outcomes.

Finally, as medicine advances, the need for more
personalized and specialized approaches increases.
This also affects the field of stroke management,
and especially CRS management. It would be
oversimplifying to say that all CRS patients fall
into the same category, when the underlying
malignancies differ substantially in terms of prog-
nosis and available therapies. As such, studies
have also shown that different cancer types pre-
sent different risks for IS, and different pathogenic
mechanisms, which need to be more closely exam-
ined.55 Solid tumors and especially adenocarcino-
mas, namely lung, pancreas, breast, colorectal,
and prostate adenocarcinomas, appear to present
the highest IS risks,®! and mucins, for example,
have often been incriminated as the underlying
source of hypercoagulability.82:83 Though attempts
to target mucins have not been succesful,8*
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focusing on cancer-specific mechanisms could
provide additional insight in optimizing the man-
agement of CRS.

Limitations of the available literature

The pitfalls of the available literature should also
be addressed. One major point is the lack of
homogeneity, as studies have so far provided dif-
ferent definitions of CRS and outcomes, and have
demonstrated considerable design deviations, ren-
dering the safe extraction of conclusions difficult.3!
As already mentioned, CRS could also be classi-
fied in various TOAST categories by healthcare
practitioners, impairing its proper identification in
retrospective analyses on the safety of reperfusion
techniques. Patient numbers have also been rela-
tively small; however, given the relative rarity of
CRS, the publication of even small studies with an
otherwise well-described group of CRS patients
could prove valuable in accumulating data on
these patients and allowing the conduction of a
meta-analysis. Direct comparisons of antithrom-
botic agents have also not been widely available, so
the superiority of one class of agents over the other
regarding CRS management cannot be proven yet.
In a similar note, other secondary preventive meas-
ures, for instance, statins and blood pressure man-
agement, as well as antithrombotic agent
combinations have not been assessed particularly
in CRS so far, so that recommendations can only
be made indirectly, based on general experience
with cancer and stroke patients.

Conclusion

CRS is a particularly challenging clinical entity,
with relatively limited evidence on the available
treatment options. Acute reperfusion therapies
(IVT and MT) have been proven safe in cancer
patients and should be considered in eligible
patients. Regarding secondary prevention, antico-
agulation often needs to be administered due to
previous VTE or other entities that require full
anticoagulation; though in CRS patients with no
such clear indication, no obvious benefit of antico-
agulation compared to antiplatelet therapy and
aspirin has been shown. Clinical trials assessing and
comparing all available alternatives are urgently
required, while other options such as inflammatory
molecules could also provide benefits, but have not
been examined in this setting so far.
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