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The association between ischemic stroke (IS) and malignancy is well established.
Cancer-related strokes are predominantly embolic and classified as embolic strokes
of undetermined source (ESUS). While malignancy-associated coagulopathy
represents the primary pathogenic mechanism, neoplastic embolization of
circulating tumor cells is another potential etiology, particularly in cases of cardiac
and pulmonary malignancies. We report the case of a 58-year-old man who
presented with ESUS and concurrent multiple pulmonary nodules. Despite a
comprehensive oncologic evaluation, including an ultrasound-guided
bronchoscopic biopsy of the suspected lesion, no malignancy was detected.
Several months later, the patient developed focal seizures, and brain magnetic
resonance imaging (MRI) revealed multiple left frontoparietal space-occupying
lesions with imaging features suggestive of brain metastases (BMs). A follow-up
whole-body computed tomography (CT) scan confirmed a right upper lobe lung
mass, which was diagnosed as pulmonary adenocarcinoma on subsequent
mediastinal lymph node biopsy. The ischemic event may have contributed to the
subsequent development of BMs through neoplastic embolization, allowing
malignant cells to proliferate within the ischemic brain parenchyma. Alternatively,
the stroke may have resulted from cancer-associated coagulopathy. In this context,
post-stroke pathophysiological changes—including blood—-brain barrier (BBB)
disruption, neuroinflammation, hypoxia-induced angiogenesis, and extracellular
matrix (ECM) remodeling—may have created a permissive microenvironment for
tumor cell seeding and colonization, definable as a “pre-metastatic niche”. ESUS can
be the initial clinical manifestation of an undiagnosed malignancy, and IS itself may
facilitate tumor dissemination, ultimately leading to BMs. This case underscores the
importance not only of a thorough oncologic workup in patients with ESUS, but also
of a strict neuroradiological follow-up, as a delayed diagnosis of cancer-related
stroke may allow malignancy progression, significantly worsening the prognosis and
limiting therapeutic options.
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1 Introduction

The association between ischemic stroke (IS) and malignancy is
well recognized, with approximately 4% to 10% of individuals
presenting with IS having a concurrent cancer diagnosis (1). In
oncologic patients, stroke is associated with increased morbidity
and higher short-term mortality, further complicating disease
management and overall prognosis (2).

While these conditions share common risk factors such as
aging, smoking, obesity, and alcohol consumption, there are
multiple cancer-specific pathophysiological mechanisms that may
lead to cerebrovascular events (3).

Malignancy-related strokes are predominantly classified as
embolic stroke of undetermined source (ESUS) (4). Indeed, the
primary mechanism underlying IS in cancer is malignancy-
associated coagulopathy, characterized by hyperactivation of the
coagulation cascade, platelet dysfunction, endothelial injury, and
tumor-induced inflammation (3); these patients often exhibit
elevated levels of D-dimer, thrombin-antithrombin complexes,
tissue factor, endothelial adhesion molecules, and
antiphospholipid antibodies, all contributing to a prothrombotic
state and an increased risk of thromboembolic events (5). Stroke in
this context can also result from non-bacterial thrombotic
endocarditis (NBTE), paradoxical embolization from a deep vein
thrombosis in the presence of a patent foramen ovale (PFO), or, less
commonly, in situ thrombus formation within the cerebral
circulation; the latter is typically observed in severe disseminated
intravascular coagulation (6).

Beyond these hypercoagulability-driven mechanisms,
neoplastic embolism—i.e., the fragmentation and embolization of
a portion of a solid tumor—represents a distinct etiology of cancer-
related stroke. This phenomenon is primarily associated with
intracardiac tumors, pulmonary malignancies invading the
pulmonary veins or left atrium, or paradoxical embolism via
right-to-left cardiac shunting (7).

This case report describes a patient with an initial diagnosis of
ESUS, who subsequently developed brain metastasis (BM) from
pulmonary adenocarcinoma in the same cerebral region.

Although the hypothesis that cancer-associated stroke
may promote BMs has been occasionally proposed in the
literature, it remains a poorly understood and infrequently
documented phenomenon.

Through this case study and a comprehensive systematic
literature review, we provide an in-depth analysis of this
association, focusing on the potential pathophysiological
mechanisms linking IS and the spread of BMs. Understanding
this interplay is crucial, as IS significantly worsens the prognosis
of oncologic patients (8).

Indeed, IS can add neurological disability to an already fragile
patient population, thereby compromising functional status and
quality of life. Moreover, IS often requires a temporary suspension
or modification of anticancer therapies. Finally, according to the
proposed hypothesis, IS itself could promote metastatic
dissemination, further aggravating the overall disease course.
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2 Case report

A 58-year-old man with a medical history of smoking, arterial
hypertension, type II diabetes mellitus, and chronic ischemic heart
disease treated with triple coronary artery bypass surgery in 2019
presented to the emergency department with a 24-h history of
aphasia. His home medications included aspirin, a proton pump
inhibitor, diuretics, antihypertensive agents, and insulin.
Neurological examination revealed expressive aphasia [National
Institutes of Health Stroke Scale (NIHSS) 2], prompting an angio-
computed tomography (CT) scan of the intra- and extracranial
vessels, which showed localized areas of cortical-subcortical
hypodensity in the left frontotemporal region, consistent with
subacute ischemic lesions, in the absence of large vessel
occlusions. Additionally, at the lower field of view, an incidental
finding of multiple solid nodular formations with irregular margins
was noted in the upper lobes of both lungs, the largest located in the
right lung and measuring approximately 2 cm.

The patient was admitted to our Stroke Unit, where a brain
magnetic resonance imaging (MRI) with angiography confirmed
multiple early subacute ischemic lesions in the territory of the distal
branches of the left middle cerebral artery (Figure 1, panel 1), with
no evidence of large vessel occlusion or vascular abnormalities
(Figure 2). As part of the workup to determine stroke etiology,
comprehensive blood tests and autoimmune and infectious
screenings were performed, revealing solely elevated glycated
hemoglobin levels (8.2%). Transthoracic echocardiography (TTE)
was unremarkable, with preserved global systolic function and no
atrial enlargement. Transesophageal echocardiography (TEE) ruled
out potential cardiac embolic sources, showing no evidence of PFO,
atrial septal aneurysm, or intracardiac thrombi. Carotid and
transcranial Doppler ultrasounds revealed mild carotid
atherosclerosis, with predominantly fibrocalcific plaques, no
features of instability, and no hemodynamically significant stenosis.

To further investigate the suspected pulmonary lesions, a whole-
body CT scan was performed, confirming the presence of multiple
solid pulmonary nodules bilaterally, the largest measuring 18 mm on
the right, with irregular margins and early cavitation (Figure 3A).
Diffuse gastric wall thickening was also noted, leading to gastroscopy,
which was unremarkable. Repeated serial bronchoalveolar lavages
with cytological and microbiological examinations were negative for
neoplastic cells. In addition, an ultrasound-guided bronchoscopic
biopsy was performed on the largest paratracheal nodule in the right
upper pulmonary lobe, which was clearly visualized on imaging.
Histological examination of the biopsy sample did not reveal
malignant cells; however, the specimen was moderately
paucicellular and consisted predominantly of fibrino-hematic
material with scattered inflammatory components. The patient was
discharged with a diagnosis of ESUS on dual antiplatelet therapy and
statins, with a referral for loop recorder implantation to monitor
cardiac activity, as well as a recommended chest CT and follow-up
pulmonary consultation at 3 months.

Five months later, the patient returned to the emergency
department with episodic speech disturbances, confusion, and
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FIGURE 1

Comparative brain MRI at Time O (acute presentation of stroke) and Time 1 (onset of seizure). Two-panel composite figure (panels 1 and 2, images
A-D) illustrating the evolution of left parietal lobe lesions in the same patient. The panel 1 (1A-1D) shows axial MR images acquired at Time 0
(emergency department presentation for acute onset of aphasia and right hemiparesis). The panel 2 (2A-2D) presents the corresponding sequences
obtained at Time 1 (several months later, during evaluation for new-onset epileptic seizures). (A): Diffusion-weighted imaging (DWI) shows multiple
cortical-subcortical hyperintensities in the left parietal lobe at Time 0, consistent with acute ischemic infarcts; at Time 1, these regions are replaced

by expansile

lesions with mass effect. (B): Apparent diffusion coefficient (ADC) maps confirm restricted diffusion in the same areas at Time O,

consistent with acute ischemia; at Time 1, the lesions show heterogeneous ADC signal, with regions of reduced ADC consistent with solid, highly
cellular tumor components, and regions of increased ADC reflecting necrotic changes and surrounding vasogenic edema. (C): FLAIR images reveal
initial hyperintense ischemic lesions at Time O, compatible with established infarcts; at Time 1, large mixed-intensity expansile lesions are present in
the same regions, surrounded by marked vasogenic edema. (D): Post-contrast T1-weighted imaging at Time 1 demonstrates multiple ring-enhancing
masses in the same distribution as the prior ischemic lesions, consistent with brain metastases

burning paresthesia in the right upper limb, which were interpreted as
focal seizures. Notably, the recommended chest imaging and
pulmonary evaluation had not yet been performed at that time. A
brain MRI with angiography revealed five space-occupying lesions in
the left frontoparietal region, ranging in size between 0.5 and 4.2 cm.
Contrast-enhanced imaging revealed features suggestive of
neoangiogenesis, including irregular, disorganized perilesional
vessels and intense peripheral enhancement, surrounding a central
non-enhancing necrotic core. Gradient-recalled echo (GRE) showed
hypointensities indicative of hemorrhage. Surrounding edema caused
mass effect on the left lateral ventricle and a mild rightward midline
shift (Figure 1, panel 2). Given the radiological findings consistent
with BMs, steroid therapy and mannitol therapy were initiated.
Levetiracetam 500 mg twice daily was started.

A control whole-body CT scan revealed a parenchymal mass in
the apical segment of the right upper lung lobe (3.5 x 2 cm) with
central necrosis, infiltrating the mediastinal pleura, with associated
multiple necrotic lymphadenopathies in the right paratracheal (2.5
cm), hilar, and subcarinal regions, also with suspected pathological
invasion of a branch of the right superior pulmonary vein. Multiple
secondary-appearing pulmonary nodules (Figure 3) and a left
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adrenal gland lesion consistent with metastasis were also
observed. An ultrasound-guided biopsy was performed on a
thoracic lymph node located in the right lower paratracheal
region, which revealed a solid-pattern adenocarcinoma with PD-
L1 expression <1% by immunohistochemistry, absence of ALK
rearrangement, and no actionable mutations in EGFR, KRAS,
BRAF, or ROSI1, as determined by targeted next-generation
sequencing. The patient subsequently received cranial
radiotherapy for BMs and systemic chemoimmunotherapy, in line
with current treatment guidelines for advanced non-small cell lung
cancer (NSCLC) without targetable molecular alterations.

3 Systematic literature review

3.1 Methods

We conducted a systematic review of the literature using the
PubMed database, without language restrictions, to identify reports
relevant to the hypothesis of IS as a potential facilitator or
permissive environment for metastatic seeding.
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FIGURE 2

Acute vascular imaging (CT angiography and MR angiography) at stroke onset. One-panel composite figure (images A-D) showing the intracranial
vascular status in the acute phase. Neuroimaging demonstrates the absence of large vessel occlusion or pathological anomalies of the circle of
Willis. The red arrows indicate a normally patent middle cerebral artery without proximal or distal occlusion. (A) Multiplanar maximum intensity
projection (MIP) reconstruction from triphasic CT angiography. (B) 3D volume-rendered reconstruction from triphasic CT angiography. (C, D) Post-
processed images from high-resolution time-of-flight (TOF) MR angiography: axial view (C) and coronal view (D).

The search covered all articles published between 1 January
1950 and 7 July 2025, with the following search strategy:

((“Stroke”[MeSH Terms] OR “Ischemic Stroke”[MeSH Terms]
OR stroke[tiab] OR ischemic stroke[tiab]) AND (cancer[tiab] OR
malignancy[tiab] OR neoplasm[tiab] OR neoplasms[MeSH
Terms]) AND (neoplastic embolization[tiab] OR neoplastic
embolisation[tiab] OR neoplastic embolism[tiab] OR metastatic
niche[tiab] OR tumor embolism[tiab] OR cancer-associated
embolism[tiab] OR tumor embolisation[tiab] OR tumor
embolization[tiab] OR tumor microenvironment[tiab] OR tumor
niche[tiab] OR pre-metastatic niche[tiab] OR neoplastic
microenvironment|[tiab])).

Titles and abstracts were independently screened by two
reviewers (PA and AC). A total of 45 articles were excluded due
to lack of relevance based on topic or scope. A total of 43 articles
were retained for full-text review.

Additionally, five further studies were identified through
manual screening of citations and references in relevant reviews
and articles. Among the 48 total records deemed pertinent, 6 were
selected for final inclusion: 5 clinical case reports and 1 retrospective
cohort study.

Frontiers in Oncology

All studies reporting IS preceding BMs were considered eligible,
especially when addressing a possible temporal or
pathophysiological link, irrespective of study type.

This review was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.

A flow diagram illustrating the selection process is provided
in Figure 4.

3.2 Review result

Over the past decades, only a limited number of studies have
explored the potential association between IS and subsequent BMs,
the majority of which are case reports.

As summarized in Table 1, the first case was described by
Nielsen and Posner in 1983 (9), involving a woman with cervical
carcinoma. Other authors described similar findings in patients
with diverse primary malignancies, including cardiac sarcoma (10),
carotid intimal sarcoma (11), renal cell carcinoma (12), and
malignant melanoma (13). In all these reports, BMs developed
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FIGURE 3

CT imaging at Time O (initial detection of a suspicious pulmonary nodule) and Time 1 (confirmed adenocarcinoma with metastatic spread).
Multimodal chest CT assessment illustrating the evolution of a right upper lobe pulmonary nodule. (A1, A2) Axial CT scans at Time 0 (A1) show a
paramediastinal pulmonary nodule in the apical segment of the right upper lobe (yellow arrow), with clear dimensional increase on follow-up CT at
Time 1, 5 months later (A2, magenta arrow). (B) Maximum intensity projection (MIP) reconstruction at Time 1 displaying the same nodule (magenta
arrow) with suspected pathological invasion of a branch of the right superior pulmonary vein (dashed yellow arrow). (C) CT scan at Time 1 showing
an enlarged right paratracheal lymph node (green arrow), which was sampled during histological staging. (D) CT with MIP reconstruction at Time 1
showing multiple secondary pulmonary nodules diffusely distributed across both lungs, consistent with metastatic dissemination.

within the same vascular territory as the prior ischemic event,
sometimes after a long latency period, and were generally associated
with poor outcomes.

Kim et al. (7) (Table 1) retrospectively analyzed 307 patients
diagnosed with NSCLC to investigate the relationship between IS
and BMs. Among these cases, 52 patients had developed BMs, and
the prevalence of prior IS was specifically assessed and compared
between those with and without BMs. The study found that IS was
significantly more frequent in patients with NSCLC who
subsequently developed BMs compared to those who did not
(84.6% vs. 62.7%, p = 0.002). Moreover, multivariate analysis
confirmed prior IS as an independent risk factor for the
development of BMs.

4 Discussion

Neoplastic embolism, resulting from the intravascular
migration of solid tumor components, is a rare and often
underrecognized mechanism of ESUS in oncologic patients,
accounting for approximately 5% of cancer-related strokes (14).
This phenomenon is primarily associated with intracardiac tumors
and solid malignancies involving heart or the pulmonary veins (15-
23). Left atrial or aortic valve-adjacent tumors pose the highest
threat (24, 25), particularly left atrial myxomas, which have a 45%
embolic risk (26). Tumor embolization has also been observed in
invasive head and neck cancers (14).

The embolic process can occur following direct vascular
invasion and tumor mass fragmentation, which most often results
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from intra-tumoral hemorrhage. Tumor emboli consist of both
malignant cells and thrombotic material, reflecting the typical
cancer-related hypercoagulable state (27).

In pulmonary malignancies, tumor cells may intravasate into the
venous circulation and form emboli that reach the brain, most often
via a pulmonary arteriovenous shunt—possibly induced by the tumor
itself—or via a PFO, thereby bypassing pulmonary capillary filtration
(4). In some cases, however, direct infiltration of the pulmonary veins
may serve as a route for cerebral embolization.

In strokes caused by tumor embolism, it has been hypothesized
that, if patients survive long enough, these emboli may serve as a
nidus for malignant cell proliferation within the brain parenchyma,
ultimately leading to the onset of BMs (14, 28, 29).

However, this phenomenon remains poorly described in the
literature and mostly speculative.

In our case, IS may have resulted from direct tumor
embolization, with subsequent BM development through this
very mechanism.

The presence of pulmonary nodules—initially biopsied with
negative results but subsequently confirmed as adenocarcinoma—
suggests a false-negative finding, supporting the hypothesis of
embolism from an occult malignancy. Notably, chest CT
performed in the venous phase at the onset of BMs revealed a
suspected invasion of a branch of the right superior pulmonary
vein, indicating possible tumor cell intravasation—an abnormality
not clearly visible on the initial scan. Moreover, TEE did not reveal
an intracardiac right-to-left shunt or pathological pulmonary
arteriovenous fistulas. Histopathological analysis of a thrombus
retrieved through mechanical thrombectomy could have provided
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FIGURE 4
PRISMA flow diagram of study selection

stronger support for this hypothesis; however, such analysis was not
feasible, as the patient did not present with a large vessel occlusion.

This limitation weakens our ability to definitively confirm
neoplastic embolism as the cause of stroke in this case.

An alternative pathophysiological mechanism to consider in
our case is that IS resulted from cancer-associated coagulopathy.

This scenario would be consistent with a paraneoplastic stroke
caused by a malignancy-induced prothrombotic state, even before
the primary tumor was diagnosed.

Cancer-associated coagulopathy is a well-documented
paraneoplastic manifestation that can precede malignancy
detection. Research indicates that up to 20% of patients with
cryptogenic IS may harbor an occult malignancy (30-32).

In this context, IS may have acted as a priming event for the
development of BMs by creating a permissive microenvironment
that favored the seeding and progression of circulating tumor cells.
This reflects the “seed and soil” paradigm of metastatic spread,
whereby circulating tumor cells (“seeds”) colonize receptive tissues
(“soil”)—in this case, the post-ischemic brain (33).

The pre-metastatic niche is a well-established concept
describing microenvironmental modifications that render distant
organs permissive to tumor colonization even before the arrival of
circulating neoplastic cells (34-36). This process is orchestrated by
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Inclusion criteria:
any study reporting ischemic stroke preceding
brain metastases, with discussion of temporal
or pathophysiological association

primary tumor-derived factors, bone marrow-derived cells, and
local stromal alterations (37).

Chronic inflammation plays a crucial role, as pro-inflammatory
mediators—such as S100A8/A9, tumor necrosis factor-o. (TNF-ov),
and the TLR4-NF-kB signaling pathway—recruit myeloid cells and
activate the endothelium, facilitating tumor extravasation (38).
Vascular remodeling, driven by tumor-secreted pro-angiogenic
factors like vascular endothelial growth factor (VEGF) and
angiopoietin-2, induces the formation of abnormal, highly
permeable blood vessels that enhance the dissemination and
survival of tumor cells (39, 40). The lymphatic network expansion,
stimulated by VEGEF-C and VEGF-D, further facilitates tumor spread
(41), while local immunosuppression, mediated by myeloid-derived
suppressor cells (MDSCs), tumor-associated macrophages, and
regulatory T cells (Tregs), dampens anti-tumor immune responses
(42, 43). Concurrently, metabolic reprogramming, including shifts in
glucose metabolism and lipid utilization, sustains metastatic cell
growth (44), while extracellular matrix remodeling, driven by
fibronectin and matrix metalloproteinases (MMPs), provides
structural support for tumor invasion (45).

The IS microenvironment undergoes strikingly similar changes.

A key feature of ischemic injury is blood-brain barrier (BBB)
disruption, which increases vascular permeability and facilitates the
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extravasation of circulating cells and soluble factors, a process
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data. Specifically, no thrombotic material was available for
histopathological examination, and no peri-infarct tissue could
be sampled.

Additionally, the current body of evidence on this relationship
remains limited and largely anecdotal, as most published reports are
isolated case descriptions lacking systematic biological characterization.
Even the study by Kim et al. (7), despite its larger sample size and
structured analysis, is retrospective in nature and therefore insufficient
to establish a causal link.

Nonetheless, our hypotheses are biologically and
pathophysiologically highly plausible, as strongly supported by
preclinical research. The available literature—although limited—
tends to converge in this direction.

Crucially, well-designed prospective human studies are needed to
confirm this association and clarify its underlying mechanisms. Future
research should focus on in vivo investigations, ideally combining
advanced neuroimaging, biomarker profiling, and histopathological
analysis of thrombi retrieved from thrombectomy procedures, as well
as of peri-infarct brain tissue.

6 Conclusion

This case highlights a potential association between IS and BMs,
raising the hypothesis that cerebral infarction may act as a pre-
metastatic niche facilitating tumor cell seeding.

Moreover, the diagnostic challenge posed by cancer-related
ESUS underlines the need for a structured oncological evaluation
and close neuroradiological follow-up in patients with ESUS, to
support timely cancer detection and tailored clinical management.
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