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ABSTRACT

Nonbacterial thrombotic endocarditis (NBTE) is an uncommon but clinically important
manifestation of cancer-associated thrombosis, characterized by sterile platelet-fibrin vegetations,
usually on the mitral or aortic valve. It is most often associated with advanced adenocarcinoma
and systemic hypercoagulability and commonly presents through systemic embolization,
particularly multifocal ischemic stroke. Diagnosis is challenging because vegetations may be
small, blood cultures are typically negative, and findings overlap with infective endocarditis,
autoimmune valvulopathy, and degenerative lesions. Transthoracic echocardiography (TTE) is
an appropriate initial test, but transesophageal echocardiography (TEE) is substantially more
sensitive and should be performed when clinical suspicion remains high despite a negative or
nondiagnostic TTE. Cardiac magnetic resonance imaging and 18F-fluorodeoxyglucose positron
emission tomography/computed tomography may be useful adjuncts in selected diagnostically
uncertain cases. Management is supported predominantly by observational cohorts, case series,
and expert opinion rather than randomized NBTE-specific trials. Therapeutic unfractionated
heparin or low-molecular-weight heparin is commonly favored when bleeding risk is acceptable,
while evidence for direct oral anticoagulants remains limited and mixed. Control of the underlying
malignancy is central to reducing recurrent embolic risk. This review summarizes current evidence
on pathogenesis, presentation, diagnosis, anticoagulation, prognosis, and research priorities in
cancer-associated NBTE.

Key words: nonbacterial thrombotic endocarditis, cancer-associated thrombosis, marantic
endocarditis, ischemic  stroke, adenocarcinoma, anticoagulation, transesophageal
echocardiography

INTRODUCTION

Nonbacterial thrombotic endocarditis (NBTE) is a noninfective valvular disorder
characterized by sterile thrombotic vegetations composed mainly of platelets and fibrin.
[1-4] The term marantic endocarditis is commonly used for the malignancy-associated
form, whereas Libman-Sacks endocarditis refers more specifically to immune-mediated
sterile valvular lesions associated with systemic lupus erythematosus or antiphospholipid
syndrome; these terms are related but not fully interchangeable. [5-7] Unlike infective
endocarditis, NBTE generally lacks microorganisms, destructive valve infection, abscess
formation, and persistent bacteremia.

Cancer-associated NBTE remains underrecognized because its clinical manifestations are
usually embolic rather than cardiac. Patients may present with ischemic stroke, myocardial
infarction, splenic or renal infarction, mesenteric ischemia, acute limb ischemia, or digital
ischemia before a valvular source is considered. The condition lies at the intersection of
malignancy-associated hypercoagulability, arterial thromboembolism, valvular disease,
and embolic stroke of undetermined source. [4,5,8] Contemporary evidence remains

Alkhanafsa et al./Yemen J Med. 2026,5(2): 1-10 1


mailto:mohammed-alkhanafsa@outlook.com
mailto:mohammed-alkhanafsa@outlook.com

limited and is derived mainly from retrospective cohorts,
single-center echocardiographic series, clinicopathological
studies, and case-based literature. [8-11]

This clinically focused narrative review summarizes current
evidence on cancer-associated NBTE, with emphasis
on epidemiology, pathogenesis, embolic presentation,
multimodality diagnosis, anticoagulation controversies,
surgery, prognosis, and practical evidence gaps. Figure 1
provides an overview of the pathophysiology, clinical
presentation, diagnostic approach, differentiation from
infective endocarditis, and management principles of cancer-
associated NBTE.

METHODS

A structured narrative literature review was conducted using
PubMed/MEDLINE and Google Scholar. The final search was
completed on July 14, 2026, and covered database inception
through that date. Search combinations included ”nonbocteriol
thrombotic endocarditis,” “marantic endocarditis,” “cancer,”

“malignancy,”“adenocarcinoma,” “stroke,” “echocardiography,”

“transesophageal echocardiography,” “cardiac  magnetic
resonance,”“FDGPET,”“transcranialDoppler,”“anticoagulation,”
“heparin,” and “direct oral anticoagulants.” Reference lists of
key reviews, guidelines, and cohort studies were hand-searched
for additional eligible publications. Embase, Scopus, and the
Cochrane Library were not independently searched, which is
acknowledged as a limitation.

English-language adult human studies were considered.
Priority was given to original cohorts, echocardiographic
or clinicopathological series, systematic or state-of-the-art
reviews, major society guidelines, and landmark pathological
studies. Case reports and small case series were included

selectively when they provided unique information on
multimodality imaging, recurrent embolism, direct oral
anticoagulants (DOAC) failure or success, or uncommon
management decisions; they were not used to estimate
incidence or comparative treatment effects. Pediatric-only
reports, studies focused exclusively on infective endocarditis,
and non-cancer NBTE reports without relevance to differential
diagnosis or management were excluded. When publications
arose from overlapping institutional populations, each report
was used only for the distinct outcome it addressed, reducing
the risk of double counting.

This review was designed as a clinically focused narrative, non-
systematic synthesis rather than a scoping review or meta-
analysis. Formal duplicate screening, risk-of-bias assessment,
and a PRISMA flow diagram were therefore not performed.
Methodological reporting was informed by selected
transparency items from the PRISMA Extension for Scoping
Reviews (PRISMA-ScR) and by the Scale for the Assessment of
Narrative Review Articles (SANRA) quality framework [12,13],
without representing the review as PRISMA-ScR compliant.
The final cited synthesis included 33 publications. Because the
search was iterative and Google Scholar results are dynamic,
formal deduplication and exact retrieved and screened
record counts were not prospectively recorded and cannot
be reconstructed reliably; this is an explicit methodological
limitation.

Epidemiology and Cancer Associations

The true incidence of NBTE is difficult to determine because
many cases are diagnosed postmortem, after an embolic
event, or only when transesophageal echocardiography
(TEE) is performed. Classic autopsy studies established its
association with wasting illnesses, advanced malignancy, and
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Figure 1: Overview of the clinical recognition, diagnostic pathway, differential diagnosis, and management of cancer-associated

NBTE.
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systemic coagulopathy. [1,2] Contemporary cohorts continue
to identify malignancy as one of the most frequent underlying
conditions. [8-10]

Cancer-associated NBTE is most strongly linked to
adenocarcinomas, particularly lung, pancreatic, gastric,
colorectal, ovarian, and biliary tract cancers. [4,8,14] Among
published cases, lung adenocarcinoma is frequently reported,
but pooled case reports and individual-patient meta-analyses
are vulnerable to publication, referral, and ascertainment
bias and cannot establish population-level cancer rankings.
[14] The apparent prominence of lung cancer may reflect
both biological factors and more frequent thoracic
imaging, metastatic evaluation, neurologic surveillance, or
echocardiography in symptomatic patients.

NBTE may occur in patients with known metastatic cancer or
precede the diagnosis of an occult malignancy. Unexplained
sterile valvular vegetations accompanied by multifocal
arterial emboli, markedly elevated D-dimer, disseminated
intravascular coagulation (DIC), weight loss, anemia, or
constitutional symptoms should therefore prompt a focused
evaluation for malignancy. [5,7,8] A pragmatic approach
includes a detailed history and examination, a complete blood
count, renal and liver profiles, a review of age-appropriate
cancer screening, and targeted computed tomography of the
chest, abdomen, and pelvis when clinical features warrant it.
Indiscriminate tumor marker panels or repeated whole-body
imaging without clinical direction are unlikely to be high-yield.

The contribution of modern anticancer therapy isincompletely
defined. Immune checkpoint inhibitors (ICls) are associated
with venous and arterial thrombotic events in broader
oncology cohorts, and isolated temporal associations with
NBTE have been described, but causality cannot be separated
from advanced cancer and other treatment-related risks. [15]
Plausible mechanisms include cytokine-driven endothelial
activation, tissue factor expression, platelet activation, and
immune-mediated myocardial or valvular inflammation.
Targeted therapies, antiangiogenic agents, hormonal
therapy, central venous devices, surgery, hospitalization, and
progressive tumor burden may also modify thrombotic risk
and should be considered in individual assessment.

Pathogenesis

The pathogenesis of cancer-associated NBTE is multifactorial.
Tumor cells and the tumor microenvironment promote
coagulation through tissue factor expression, inflammatory
cytokines, endothelial injury, platelet activation, neutrophil
extracellular traps, and impaired endogenous anticoagulant
pathways. [4,5,16] Cancer-derived extracellular vesicles
and microparticles may expose tissue factor and negatively
charged phospholipids, providing catalytic surfaces for
thrombin generation. Although these mechanisms are
well established in cancer-associated thrombosis, their
specific contribution to valvular deposition in NBTE remains
incompletely quantified. [16]

Mucin-producing adenocarcinomas may further promote
thrombosis  through  selectin-mediated  interactions
between tumor-derived mucins, platelets, leukocytes, and
endothelium. [17,18] These mechanisms provide a biological
link between NBTE, Trousseau syndrome, DIC, and mucinous

adenocarcinoma. Valvular endothelial injury, high-shear
flow, and systemic inflammation probably facilitate local
deposition of platelet-fibrin thrombi along the lines of valve
closure. [3,4]

The mitral and aortic valves are most frequently involved,
consistentwithleft-sided high-pressure flow and contemporary
echocardiographic series. [3,4,11] Vegetations are typically
friable, weakly attached, minimally inflammatory, and may
cause little valve destruction despite a high embolic potential.
Cancer-associated NBTE should therefore be viewed as one
phenotype within the broader spectrum of cancer-associated
thrombosis rather than an isolated cardiac disorder; patients
may simultaneously have venous thromboembolism (VTE),
arterial thrombosis, DIC, or recurrent embolic stroke. [19]

No inherited thrombophilia has been consistently established
as a specific predisposition to cancer-associated NBTE. The
malignancy-driven hypercoagulable state appears to be the
dominant mechanism. [4,5,7] Routine broad thrombophilia
testing is therefore not recommended solely because NBTE is
present, but selective testing may be reasonable in unusually
young patients, those with a strong family history, recurrent
thrombosis disproportionate to cancer activity, or clinical
suspicion of antiphospholipid syndrome.

Clinical Presentation

The clinical presentation of cancer-associated NBTE is
dominated by embolic complications rather than cardiac
symptoms. Fever, a new murmur, severe valve dysfunction,
and heart failure are less common than in infective
endocarditis, although their absence does not exclude either
condition. Stroke was the most common presentation in
the Cleveland Clinic cohort, occurring in 59.5% of patients.
[9] In the 111-patient Mayo Clinic cancer-associated NBTE
echocardiographic series, 91.9% experienced an embolic
complication, underscoring the strongly embolic phenotype.

(1]

Neurological events are particularly important. Brain
magnetic resonance imaging often demonstrates multiple
small acute infarcts of different ages, frequently involving both
hemispheres and both anterior and posterior circulations.
Cortical and cortical-subcortical lesions are common,
although solitary or single-territory infarcts can occur and
do not exclude NBTE. [20-22] This multifocal pattern differs
from a typical single large-vessel territorial infarct and
should prompt evaluation for a central embolic source when
atrial fibrillation, intracardiac thrombus, and large-artery
atherosclerosis are not explanatory.

Other manifestations include myocardial infarction, splenic
infarction, renal infarction, mesenteric ischemia, acute limb
ischemia, and digital ischemia. Recurrent embolization
may occur despite anticoagulation, particularly when the
underlying cancer remains uncontrolled, or DIC persists.
Because embolic events are often the first clinical clue, the
transition from clinical presentation to diagnosis should be
immediate: unexplained multifocal arterial ischemia in a
patientwith active cancer warrants promptechocardiographic
and microbiological evaluation. The principal clinical clues
that should raise suspicion for cancer-associated NBTE are
summarized in Table 1.
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Table 1: Clinical clues suggesting cancer-associated NBTE.

] . . Small, bilateral cortical or cortical-
Multifocal ischemic

stroke o
territories
Recurrent embolism

despite therapy ischemia, or myocardial infarction

Known advanced
adenocarcinoma

Lung, pancreatic, gastric, colorectal,
ovarian, or biliary cancer

Negative blood cultures | Sterile-appearing vegetation without

with valvular vegetation | persistent bacteremia

Marked systemic

coagulopathy indices, or DIC

Occult malignancy

presentation without another source

Diagnostic Approach

No single test confirms NBTE in living patients. Diagnosis
requires integration of echocardiographic evidence of
valvular vegetations, a negative and sufficiently complete
microbiological evaluation, systemic embolization, and
an underlying prothrombotic condition such as active
malignancy. [7,24] Histopathology remains definitive but
is rarely available unless surgery or autopsy is performed. A
practical diagnostic and management algorithm for patients
with suspected cancer-associated NBTE is shown in Figure 2.

Echocardiography

Transthoracic echocardiography (TTE) is the appropriate
first-line cardiac test because it is rapid, noninvasive, and
widely available. However, its sensitivity is limited for small or
minimally mobile vegetations. In the Cleveland Clinic cohort,
TTE identified NBTE in 45.2% of cases, whereas TEE identified
vegetations in 33 of 34 patients in whom it was performed
(97.1%). [9] TEE is particularly important for vegetations
smaller than approximately 5 mm, lesions on the atrial
surface of the mitral valve, or cases in which TTE image quality
is suboptimal. [7,25] Consequently, a negative TTE does not
exclude NBTE when clinical suspicion is high.

Typical echocardiographic findings include small, broad-
based, irreqular, or sessile vegetations on the mitral or
aortic valve, often with limited independent motion and
little surrounding tissue destruction. [3,4,7,11] However,
morphology alone cannot reliably distinguish NBTE from
infective endocarditis, papillary fibroelastoma, Lambl
excrescences, degenerative nodules, or thrombus. The
absence of abscess, perforation, severe new regurgitation, or
destructive valve changes favors NBTE but is not diagnostic.
[7,23]

Microbiological and Laboratory Evaluation

Infective endocarditis, including culture-negative infective
endocarditis, must be actively excluded before valvular
vegetations are attributed to NBTE. At least three sets of
blood cultures should be obtained before antibiotics when

subcortical infarcts across multiple vascular

New stroke, splenic or renal infarction, limb

Elevated D-dimer, thrombocytosis or
thrombocytopenia, prolonged coagulation

Embolic stroke or systemic infarction

Suggests a central embolic source, particularly when atrial
fibrillation and large-vessel disease are absent. [20-22]

Raises concern for persistent valvular thrombus,
inadequate anticoagulant exposure, DIC, or uncontrolled
cancer. [4,5,8]

These tumor types are repeatedly associated with NBTE
and Trousseau syndrome. [4,14,17,18]

Supports NBTE only after infective and culture-negative
endocarditis have been carefully excluded. [7,23]
Platelet counts may be high, normal, or low;
thrombocytopenia is common in advanced cancer,
chemotherapy, and consumptive coagulopathy. [4,5,19]
NBTE may precede cancer diagnosis and should prompt a
focused malignancy evaluation. [5,8]

clinically feasible. Depending on epidemiology and exposure
history, serology or polymerase chain reaction testing may
be required for Coxiella burnetii, Bartonella species, Brucella
species, Tropheryma whipplei, fungi, or other fastidious
organisms. [23] Inflammatory markers, complete blood
count, coagulation profile, fibrinogen, D-dimer, renal and
hepatic function, and peripheral smear may assist in assessing
DIC, bleeding risk, and alternative diagnoses but are not
individually diagnostic.

Brain Imaging and Transcranial Doppler

Brain magnetic resonance imaging with diffusion-weighted
sequences is preferred when neurological symptoms are
present because it can identify small, multifocal, and
temporally heterogeneous infarcts. [20-22] Transcranial
Doppler may demonstrate high-intensity  transient
microembolic signals in cerebral arteries and can support the
presence of ongoing embolization, particularly in patients
with recurrent neurologic events. [5] It is not a stand-alone
diagnostic test, but serial monitoring may be useful in selected
patients when available.

Cardiac MRI and 18F-FDG PET/CT

Cardiac magnetic resonance imaging can be considered when
echocardiography is inconclusive or when a cardiac tumor,
mural thrombus, papillary fibroelastoma, or inflammatory
mass remains in the differential. Potential advantages include
multiplanar tissue characterization, perfusion assessment,
and late gadolinium enhancement; however, NBTE-specific
diagnostic-accuracy data are sparse, and small mobile
valvular vegetations may remain difficult to visualize. [7,25]
Cardiac magnetic resonance should therefore be regarded as
an adjunct rather than a replacement for TEE.

18F-fluorodeoxyglucose positron emission tomography/
computed tomography (FDG PET/CT) may be useful when
the distinction from infective endocarditis remains unresolved
or when occult malignancy staging is required. Marked focal
valvular or perivalvular uptake supports active infection or
inflammation, whereas NBTE may show absent or low uptake;
nevertheless, absent uptake does not establish NBTE, native-
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Practical Diagnostic and Management Algorithm

for Suspected Cancer-Associated NBTE

=
Clinical trigger
« Active or suspected cancer with multifocal ischemic stroke or
other unexplained systemic arterial emboli.
L ’
~
Exclude infection
+ Obtain =3 blood-culture sets before antibiotics when feasible;
assess prior antibiotics and test for fastidious organisms as indicated.
! ’
S
Cardiac imaging
« Perform TTE first.
« Proceed to TEE when TTE is negative or nondiagnostic and
clinical suspicion remains high.
Define embolic burden
+ Use brain MRI for neurologic presentations; evaluate other
symptomatic vascular territories and competing embolic sources.
i :
Identify the driver
« Stage or reassess malignancy; evaluate DIC, platelet count,
fibrinogen, renal/hepatic function, and bleeding risk.
1 :
Initiate treatment
+ Start therapeutic UFH or LMWH if not contraindicated and
optimize cancer-directed therapy;
« Individualize when bleeding risk is high.
J
~
O . . Reassess collaboratively
. lvb - * Review recurrent embolism, anticoagulant exposure, cancer control,
infection, and need for repeat TEE or selected valve surgery.
J

NBTE is a clinical diagnosis supported by imaging and exclusion of
infective endocarditis; pathology is definitive but rarely available.

Figure 2: Practical diagnostic and management algorithm for suspected cancer-associated NBTE. The pathway begins with
recognition of multifocal or otherwise unexplained arterial embolization in a patient with active or suspected cancer, followed by
exclusion of infective endocarditis, TTE and TEE as indicated, definition of embolic burden, evaluation of the prothrombotic driver
and bleeding risk, therapeutic anticoagulation when appropriate, cancer-directed therapy, and multidisciplinary reassessment.

[4,5,7,9,23,25,26]

valve sensitivity is imperfect, prior antibiotics can reduce
inflammatory signal, and concurrent cancer can complicate
interpretation. [7,23] FDG PET/CT findings must therefore be
integrated with blood cultures, serology, valve morphology,
and the clinical context.

Occult Malignancy Evaluation

When NBTE is suspected without a known cancer, evaluation
should be clinically directed. Recommended first steps are a
detailed history and examination, review of age-appropriate
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screening, complete blood count and metabolic profile,
urinalysis, chestimaging, and targeted cross-sectionalimaging
based on symptoms, examination, laboratory abnormalities,
and embolic distribution. Computed tomography of the chest,
abdomen, and pelvis is reasonable when clinical suspicion
is substantial. Tissue diagnosis should be pursued for any
suspicious lesion before assuming a cancer type solely from the
NBTE presentation. [5,7,25] The recommended work-up and
major differential diagnoses are summarized in Table 2, while
the key clinical and echocardiographic features distinguishing
NBTE from infective endocarditis are summarized in Table 3.

Management

Management has three objectives: prevent recurrent
embolization, treat the underlying malignancy or other
prothrombotic condition, and ensure that infective

endocarditis has not been missed. No randomized trial
has compared anticoagulants specifically in NBTE, and
recommendations must distinguish direct NBTE evidence
from extrapolation based on cancer-associated VTE.

Anticoagulation

Therapeutic anticoagulation is the cornerstone of treatment
when there is no prohibitive bleeding risk. [4,5,25,26]
Unfractionated heparin  (UFH) or low-molecular-weight
heparin (LMWH) is commonly favored in active cancer-
associated NBTE, particularly after arterial embolism,
recurrent stroke, DIC, fluctuating renal function, or when rapid
interruption may be required. [4,5,25,26] This preference
reflects historical experience, observational evidence, case-
based reports, expert opinion, and biological plausibility; it has
not been established by head-to-head randomized NBTE trials.

Table 2: Diagnostic work-up and differential diagnosis of suspected NBTE.

Sterile vegetation, systemic emboli,
active or occult malignancy, and

Cancer-associated NBTE
hypercoagulability

TTE followed by TEE if suspicion remains high; blood
cultures; coagulation profile and D-dimer; brain MRI
when neurologic symptoms are present; cancer staging
or focused malignancy evaluation. [5,7,9,11]

Infective endocarditis

Culture-negative infective
endocarditis

Libman-Sacks endocarditis

Degenerative valve disease

Fever, persistent bacteremia, valve
destruction, abscess, inflammatory or
peripheral stigmata

Negative routine cultures with infectious
risk factors, prior antibiotics, or systemic
inflammatory features

Systemic lupus erythematosus or
antiphospholipid syndrome; sterile
lesions may involve either valve surface
Calcification, chronic thickening, thin
filamentous strands, no systemic

At least three blood-culture sets, inflammatory

markers, TTE/TEE, and organism-directed testing; apply

contemporary infective-endocarditis criteria. [23]
Serology/PCR for selected organisms and review

of antibiotic exposure, travel, animal exposure, and
immunosuppression. [23]

Antinuclear antibody, anti-double-stranded DNA
antibodies, complement levels, and antiphospholipid

antibodies, interpreted with the clinical phenotype. [6,7]

Detailed TEE characterization and correlation with

or Lambl excrescences
hypercoagulable syndrome

Cardiac tumor or thrombus

Intracardiac mass with an atypical
attachment site or tissue characteristics

embolic pattern and clinical context. [7]

TEE, cardiac CT, or cardiac MRl when echocardiography is
inconclusive. [7,25]

Table 3: Echocardiographic and clinical features that may help distinguish NBTE from infective endocarditis.

m NBTE Infective endocarditis

Clinical context
Blood cultures

i hol B
Vegetation morphology may occur along closure lines

Valve distribution .
disease can occur

Valve destruction Usually absent or limited

Embolic pattern often with advanced cancer

FDG PET/CT uptake; evidence is limited

Definitive diagnosis

Advanced malignancy, DIC, antiphospholipid
syndrome, or systemic lupus erythematosus

Persistently negative after adequate sampling

Often small, broad-based, irregular or sessile;

Predominantly mitral and aortic; multivalve

Frequent multifocal systemic or cerebral emboli,

Often absent or low valvular inflammatory

Pathology shows sterile platelet-fibrin thrombi

Bacteremia risk, prosthetic valve/device, injection
drug use, recent procedure, or focal infection

Often positive; may be negative after antibiotics or
with fastidious organisms.

Variable size and mobility; may be pedunculated or
highly mobile

Any valve; right-sided disease common in injection
drug use or devices

Perforation, abscess, fistula, or severe new
regurgitation may occur

Septic emboli may be accompanied by fever,
mycotic aneurysm, or metastatic infection.

Focal valvular/perivalvular uptake may support
active infection, especially prosthetic-valve infection
Microorganisms or inflammatory destruction on
culture/histopathology
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Cancer-associated VTE guidelines support LMWH or selected
DOACs for conventional venous thrombosis, but they do not
specifically address sterile valvular vegetations or recurrent
arterial embolism. [27-29] Those recommendations
constitute indirect evidence and should not be presented
as NBTE-specific guidance. Published NBTE case literature
includes recurrent embolism during DOAC therapy as well
as satisfactory outcomes, particularly when the underlying
cancer is controlled; however, publication bias, heterogeneous
follow-up, and the absence of comparative cohorts prevent
relioble estimates. [5,25,30] In a patient who develops
NBTE or recurrent arterial emboli while receiving a DOAC,
adherence, absorption, drug interactions, renal and hepatic
function, and dose appropriateness should be reviewed, with
strong consideration given to switching to UFH or LMWH.

Cancer-associated VTE findings should not be generalized
uniformly across individual DOACs. In the CARAVAGGIO trial,
apixaban was noninferior to dalteparin for recurrent cancer-
associated VTE without a statistically significant increase in
major bleeding. [31] The CANVAS trial likewise supported
direct oral anticoagulation as a reasonable alternative to
LMWH for cancer-associated VTE. [32] These trials enrolled
patients with venous thrombosis rather than NBTE and do
not establish equivalence for valvular thrombi or arterial
embolization. Apparent differences in gastrointestinal or
genitourinary bleeding among apixaban, rivaroxaban, and
edoxaban are based on indirect cross-trial comparisons and
should notbeinterpreted as proof of NBTE-specific superiority.

Full therapeutic dosing is generally used for active NBTE.
Dose-reduced anticoagulant regimens used for extended
secondary prevention of cancer-associated VTE have notbeen
studied in active NBTE and should not be assumed to prevent
valvular thrombus propagation or arterial embolization.
[4,5,25] Duration is individualized and commonly continues
while cancer is active, vegetations persist, or embolic risk
remains high, with periodic reassessment of bleeding risk,
goals of care, and cancer response.

Antiplatelet therapy alone is not an established treatment
for NBTE and should not substitute for anticoagulation.
Combination antiplatelet and anticoagulant therapy may
substantially increase bleeding and should be reserved for
a separate compelling indication, such as recent coronary
stenting or acute coronary syndrome, after multidisciplinary
assessment.

Management of Thrombocytopenia, DIC, and Bleeding
Risk

Advanced cancer, chemotherapy, liver dysfunction, marrow
infiltration, and DIC can produce thrombocytopenia rather
than thrombocytosis. Anticoagulant  decisions  should
therefore incorporate platelet count and trend, fibrinogen,
active bleeding, recent procedures, intracranial lesions,
gastrointestinal or genitourinary tumors, renal function,
and anticipated cancer treatment. UFH may be preferable
when rapid reversal or frequent procedural interruption is
expected. Dose modification, platelet support, or temporary
interruption may be necessary, but there are no NBTE-specific
platelet thresholds validated in prospective studies.

Cancer-Directed Therapy

Control of the underlying malignancy is central to reducing
the prothrombotic stimulus. Persistent or progressive cancer
can sustain tissue factor activity, inflammatory signaling, DIC,
and recurrent embolization despite anticoagulation. [4,5,8]
When feasible, systemic therapy, surgery, radiotherapy,
or targeted treatment should be optimized. The balance
between anticancer benefit, thrombosis control, bleeding risk,
treatment toxicity, and prognosis requires multidisciplinary
review involving oncology, hematology, cardiology, neurology,
infectious diseases, and palliative care.

Role of Surgery

Valve surgeryisuncommonincancer-associated NBTE because
patients often have advanced malignancy, coagulopathy,
recent embolic stroke, poor functional status, and a very high
perioperative risk. Potential indications include severe valve
dysfunction causing heart failure, large mobile vegetations
with recurrent emboli despite adequate anticoagulation
and cancer treatment, or persistent diagnostic uncertainty
when infection or tumor cannot be excluded. [23-25] These
indications are adapted largely from broader valve and
endocarditis practice rather than supported by NBTE-specific
comparative outcomes. Published surgical experience
consists of highly selected reports and small series; therefore,
a reliable quantitative operative-mortality or survival
estimate cannot be provided for routine counseling. Decisions
should be individualized by a multidisciplinary heart team
and aligned with oncologic prognosis and patient goals. The
main management challenges, practical approaches, and
evidence limitations are summarized in Table 4.

Prognosis

The prognosis of cancer-associated NBTE is generally poor
because the condition often reflects advanced malignancy,
severe systemic hypercoagulability, and a high embolic burden
rather than isolated valvular disease. [8-11] Contemporary
cohorts consistently report substantial mortality, but their
estimates are not directly comparable because populations,
index dates, cancer stages, outcome definitions, and follow-
up intervals differ. Accordingly, the available literature does
not support a single reliable 6-month or 1-year mortality
estimate for cancer-associated NBTE.

Quantitative contemporary data nevertheless illustrate
the burden of disease. Stroke occurred in 59.5% of the
Cleveland Clinic cohort, and TEE detected vegetations in 33
of 34 examined patients (97.1%), compared with 45.2%
detection by TTE. [9] In the 111-patient Mayo Clinic cancer-
associated NBTE echocardiographic series, 91.9% had an
embolic complication. [11] Recurrent embolism despite
anticoagulationis clinically well recognized, but contemporary
studies use nonuniform definitions and do not provide a
sufficiently consistent anticoagulation-adjusted recurrence
rate for pooling. Patients with treatable malignancy, lower
tumor burden, early recognition, preserved performance
status, cancer control, and effective anticoagulation may
stabilize or show vegetation resolution; disseminated cancer,
DIC, persistent thrombocytopenia, recurrent multifocal stroke,
and poor functional status are adverse features.
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Table 4: Management challenges in cancer-associated NBTE.

Key

Initial

anticoagulant

Use therapeutic UFH or LMWH when not
contraindicated, particularly after arterial
embolism or in unstable patients.

Consider only in selected stable patients

DOAC use when heparin is unsuitable; reassess promptly
if embolism recurs.
DOAC selection Apixaban has strong cancer-VTE trial data,

Dose and duration

but no DOAC has proven superiority for NBTE.

Use full therapeutic dosing during active
NBTE; continue while cancer, vegetations, or

embolic risk remain active.
Confirm adherence and dosing; repeat

zre:sglir:] TEE; reassess cancer progression, DIC, and
infection; consider switching to UFH/LMWH.
Individualize according to platelet trend,
. active bleeding, renal function, central
Bleeding or

thrombocytopenia

of care.
. Do not use alone for NBTE; combine
Antiplatelet . - .
with anticoagulation only for a separate
therapy

compelling indication.

Reserve for selected patients with heart
Valve surgery
diagnostic uncertainty.

Clinicians should communicate that anticoagulation reduces
but may not eliminate embolic risk, and that prognosis
depends heavily on the reversibility of the underlying
cancer-related hypercoagulable state. Follow-up TEE can be
considered when results would alter anticoagulant strategy,
surgical assessment, or cancer treatment, but the optimal
surveillance interval is unknown.

Clinical Challenges and Evidence Gaps

The central evidence gap is the absence of prospective
NBTE registries and randomized anticoagulation trials.
Future studies should distinguish cancer-associated NBTE
from autoimmune sterile endocarditis, use standardized
echocardiographic definitions, report vegetation size and
valve distribution, document neurologic imaging patterns,
and provide uniform outcomes including recurrent arterial
embolism, major bleeding, vegetation resolution, 6- and
12-month survival, and cancer control.

The relationship between ICls and NBTE deserves focused
study. Broader ICl cohorts demonstrate venous and arterial
thrombotic events [15], while plausible mechanisms
include cytokine-driven endothelial activation, tissue factor
expression, platelet activation, and immune-mediated
myocardial or valvular inflammation. However, isolated
temporal associations cannot distinguish drug causality from
the thrombotic effect of advanced cancer itself.

Potential biomarkers include D-dimer, fibrinogen, tissue-
factor activity, tissue-factor-bearing extracellular vesicles,

nervous system disease, gastrointestinal or
genitourinary cancer, procedures, and goals

failure, recurrent emboli despite therapy, or

No randomized NBTE-specific anticoagulation

trial; recommendation is based mainly on [4,5,25,26]
observational evidence and expert opinion.
Case-based NBTE evidence plus indirect
extrapolation from cancer-VTE trials; both [25,27-33]
failures and successes are reported.
Cancer-VTE data only; no DOAC has [31,32]
demonstrated NBTE-specific superiority. !
Reduced-dose extended-VTE strategies and [4,527-29]
the optimal NBTE duration are unvalidated. =
Mostly case series and expert opinion; [4,5,8.25,30]
recurrence definitions vary.
No prospectively validated NBTE-specific [27-29]
platelet thresholds.
No established NBTE benefit; combination

: L [25,26]
therapy increases bleeding risk.
Highly selected reports; advanced cancer,
coagulopathy, and poor functional status [23-25]

markedly increase operative risk.

platelet-activation markers, inflammatory cytokines, and
circulating tumor DNA. [16] Tissue-factor activity and
extracellular-vesicle assays may better reflect tumor-driven
thrombin generation, whereas circulating tumor DNA may
eventually support occult malignancy detection or cancer-
response monitoring. None is currently validated as a stand-
alone diagnostic or prognostic test for NBTE, and future
biomarker studies should be linked to echocardiographic,
neurologic-imaging, recurrent-embolism, and cancer-control
outcomes.

Multimodality imaging is another priority. Prospective
comparisons of TTE, TEE, cardiac MRI, FDG PET/CT, and
transcranial Doppler could define when adjunctive tests add
value and whether microembolic-signal monitoring predicts
recurrent stroke. Finally, future guidance should clearly
separate direct NBTE evidence from extrapolation based on
cancer-associated VTE, infective endocarditis, or autoimmune
valvular disease.

CONCLUSIONS

Cancer-associated NBTE is an underrecognized manifestation
of malignancy-related hypercoagulability and an important
cause of multifocal ischemic stroke and systemic arterial
embolization. TTE is an appropriate initial test, but TEE
should be performed when suspicion remains high because
it is substantially more sensitive for small vegetations.
Cardiac magnetic resonance, FDG PET/CT, and transcranial
Doppler may provide adjunctive information in selected
cases but do not replace careful microbiological evaluation
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and TEE. Therapeutic UFH or LMWH remains the most
commonly favored anticoagulant approach, based primarily
on observational evidence and expert opinion rather
than randomized NBTE-specific trials. DOAC evidence is
limited, mixed, and largely extrapolated from cancer-VTE
studies. Effective cancer treatment, individualized bleeding
assessment, and multidisciplinary care are essential.
Prospective registries and comparative studies are needed to
define diagnostic criteria, anticoagulant selection, recurrence
risk, and survival.
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