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Abstract

Introduction: Non-bacterial thrombotic endocarditis is well documented in the literature to
occur in patients with known malignancies. It is, however, much less common for patients to
be diagnosed with marantic endocarditis as the presenting sign of an unknown primary
malignancy. Case Presentation: \We discuss a case in which a patient was undergoing routine
surveillance for his known heart failure with a transthoracic echocardiogram when an aortic
valve vegetation was discovered. After further investigation, he was found to have metastatic
adenocarcinoma of the lung. Next-generation sequencing was utilized to identify an EGFR
mutation, which led to the patient being treated with osimertinib. Conclusion: Adequate
treatment of his primary malignancy, along with anticoagulation, led to overall clinical im-
provement of the patient.
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Introduction

Cancer is often associated with hypercoagulability and can infrequently present with non-
bacterial thrombotic endocarditis (NBTE) [1]. Endocarditis is an inflammation of the en-
docardium, the internal lining of the heart. It is most often caused by an infectious etiology, but
it can also rarely be the result of other causes of inflammation, such as malignancy [1]. While
the overall incidence is unknown, much of the known data on NBTE are gleaned from patients
who have undergone a post-mortem biopsy [2]. As a result, it is now recognized that NBTE is
significantly more common in those who had a known malignancy, and even more-so when
the malignancy was adenocarcinoma [2]. The growing use of next-generation sequencing
(NGS) to identify targetable mutations has transformed cancer diagnosis and therapy, but few
studies have elucidated the connection between specific mutations and the incidence of
endocarditis [3]. Here, we describe the case of a patient with a history of heart failure, who
during routine outpatient echocardiogram was found to have a valvular lesion suspicious for
endocarditis, leading to the identification of NBTE and occult primary pulmonary adeno-
carcinoma with an epidermal growth factor receptor (EGFR) mutation.

Case Report

A 62-year-old man initially presented to an outpatient heart failure cardiology ap-
pointment for work-up of new anemia and routine transthoracic echocardiogram. The
echocardiogram showed an aortic lesion suspicious for a new aortic valve vegetation. At the
outpatient appointment, he had new interval complaints of progressive dyspnea on exertion
and fatigue. He also endorsed anorexia associated with an unintentional weight loss of 16 kg
over 2 months. He denied night sweats, fevers, chills, bleeding, chest pain, or palpitations. Past
medical history was relevant for heart failure with recovered ejection fraction and persistent
atrial fibrillation on anticoagulation with elective cardioversion 3 years prior. The patient also
reported two incidences of stroke within the past 2 months where he was evaluated and
treated at another hospital. CTA head and neck showed no significant abnormalities aside
from the left MCA stroke noted. No echocardiogram was completed at that time. It was
assumed the etiology of the stroke was embolic from patient’s known atrial fibrillation. Family
history was remarkable for breast cancer in the patient’s mother and sister, but otherwise no
other malignancy history was reported. He had a 20-pack-year smoking history but had
recently quit.

His cardiologist requested an urgent admission for work-up and treatment. At the time of
admission, the patient was afebrile and hemodynamically stable. Physical exam was unre-
markable. Echocardiogram showed a mildly reduced left ventricular ejection fraction of
40-45% and a mobile aortic valve echodensity (12 mm x 4 mm) seen on the non-coronary
cusp suspicious for vegetation, with mild valvular regurgitation (Fig. 1). Laboratories were
most notable for a hemoglobin of 5.9 g/dL with an MCV of 90, a normal white blood cell count
(5.2 x 102 g/L), and platelets (210 x 10° g/L). He also had normal TSH, BNP, and troponin
levels. Serum B12, folate, iron, and TIBC were likewise within normal limits. His haptoglobin
level was elevated at 269 mg/dL, and INR was normal at 1.1 with near-normal PT and PTT.
Antiphospholipid and lupus studies were negative, and ESR was <1. Blood cultures were
drawn, and then antibiotics were started. The cultures eventually demonstrated no growth.

A CT chest, abdomen, and pelvis with IV contrast was ordered for evaluation of possible
underlying malignancy in the setting of new normocytic anemia without an identifiable
source of bleeding. A transesophageal echocardiogram (TEE) was ordered to better char-
acterize the aortic valve vegetation (Fig. 2). The CT findings were significant for diffuse
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Fig. 1. Transthoracic echocardiogram showing the
aortic valve vegetation.

thickening of the right adrenal gland with nonspecific focus of hypo-attenuation, peritoneal
carcinomatosis, along with multiple hepatic hypo-dense lesions too small to characterize, and
a splenic infarct. No lung masses or nodules, nor intrathoracic adenopathy was identified. A
PET scan later performed showed no signs of a primary malignancy (Fig. 3, 4). Cancer markers
were ordered with CA19-9, AFP, and PSA within normal limits. Carcinoembryonic antigen was
elevated at 11.8. Gastroenterology performed an esophagogastroduodenoscopy and colo-
noscopy but was unable to identify a luminal malignancy or source of bleeding.
Meanwhile, the TEE showed small-to medium-sized echodensities with small mobile
components on all three cusps of the aortic valve. The neurology-stroke team was consulted
and agreed that the patient’s prior strokes were likely thromboembolic in nature from the
aortic valve with primary differential being infectious or neoplastic process. The infectious
diseases team concurred that the patient’s brain MRI with and without contrast findings
(Fig. 5, 6), along with strokes and splenic infarct were most likely caused by a marantic,
noninfectious endocarditis. Notably, there were no lesions concerning for metastatic disease.
Biopsy of the adrenal gland was performed with pathology demonstrating metastatic
adenocarcinoma, which was CK7 and TTF-1 positive, and CK20 and CDX-2 negative, com-
patible with metastasis from a pulmonary adenocarcinoma. NGS of the sample demonstrated
an EGFR exon 19 deletion. ALK, BRAF, KRAS, NTRK, ROS1, RET, and MET mutations were
negative. The anemia was thought to be multifactorial in the setting of anemia of chronic
inflammation as well as the patient’s splenic infarcts. After being stabilized and the source of
anemia identified, the patient was restarted on appropriate oral anticoagulation and was
discharged from the hospital with outpatient oncology follow-up. At the time of oncology
follow-up, he was noted to have an ECOG performance status of two and was subsequently
started on osimertinib treatment. Targeted therapy led to a quick improvement and cor-
rection of his anemia with no subsequent strokes. Re-staging CT scans were obtained
2 months after initiation of osimertinib, which showed interval improvement in disease
burden without new metastatic lesions. The patient was able to regain his weight, and his
systemic symptoms improved. A timeline demonstrates the sequence of clinical events

(Fig. 7).

Discussion

The association between malignancy and hypercoagulability has been well documented,
dating back to observations as early as the 1800s [4]. It is estimated that nearly 50% of cancer

patients have evidence of thromboembolic disease on post-mortem exam; however, only
about 15% of cancer patients have manifestation of symptoms during their disease course [5].
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Fig. 2. TEE showing the aortic valve vegetation.

Fig. 3. Coronal view of PET CT scan showing hy-
permetabolic activity in the right adrenal gland.

Fig. 4. Transverse view of PET CT showing hy-
permetabolic activity in the peritoneum.

The pathogenesis of the procoagulant state in malignancy is multifactorial but mostly related
to the production of prothrombotic molecules by cancer cells such as tissue factor, vascular
endothelial growth factor, and tumor necrosis factor alpha. Cancer cells also interact directly
with endothelial cells, platelets, and macrophages/monocytes, leading to the activation of
clotting, platelet aggregation, and further production of procoagulant tissue factor [6]. Other
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Fig. 5. MRI brain showing multiple strokes, likely of
embolic origin.

factors include direct compression of vasculature by the tumor or metastasis, use of in-
dwelling catheters, as well as subsequent effects of cancer treatment from surgery, che-
motherapy, and hormonal therapies [7]. While thromboembolism is the most common
outcome of hypercoagulability of malignancy, other procoagulant manifestations include
superficial thrombophlebitis, arterial thrombosis, and NBTE.

While any of the cardiac valves can be affected, the most common is the aortic valve
followed by the mitral valve [7]. Interestingly, the vegetations typically have no effect on
function of the valve [8]. While the exact etiology of NBTE is unknown, it is thought to be
initiated by endothelial damage in a pro-inflammatory and hypercoagulable state of disease
[8]. The vegetations are composed of degenerating platelets mixed with strands of fibrin,
immune complexes, and mononuclear cells [8]. In an animal model study reviewing the
pathogenesis of NBTE, both increased level of tissue factor and elevated expression of tissue
factor mRNA were associated with an increased risk of vegetation formation [9].

The typical presentation for a patient with NBTE is nonspecific and can be quite the
clinical challenge. Since the vegetations rarely cause valvular dysfunction, there are often few
to no symptoms until an embolic event occurs [8]. Nearly 50% of these vegetations embolize;
the high propensity to embolize is thought to stem from the significant friability of the
vegetation [10]. Therefore, patients can present with symptoms of emboli to cerebral,
coronary, renal, and mesenteric circulations [8]. If NBTE is suspected, a TEE is the gold
standard for diagnosis as transthoracic echocardiograms typically have less than 50%
sensitivity in detecting valvular vegetations [11]. Once a diagnosis is established, the
treatment is focused on treatment of the underlying disease as well as anticoagulation. Aside
from malignancy, other disorders such as systemic lupus erythematous and antiphospholipid
syndrome are also potentially associated with NBTE and are part of the differential
diagnosis [11].

Low-molecular-weight heparin has been the anticoagulant of choice to reduce the risk of
recurrent embolic events in patients with underlying malignancy. Vitamin K antagonists are
specifically avoided in cases of NBTE as recurrent thromboembolism has been demonstrated
in these patients along with increased bleeding risk [12]. The effectiveness of direct oral
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Fig. 6. MRI brain obtained 2 months after initial MRI
showing worsening of stroke burden.

Patient diagnosed with

embolic CVA. Started Admitted from

Oncology follow-up

on apixaban for atrial Cardio_rog;f! °m°? for appointment, initiated
fibrillation. anom;%o oifg dL. on osimertinib.
08/2021 12 11/2021
10/2021 10/2021 01/2022

Patient diagnosed with
recurrent CVA.
Switched from apixaban
to rivaroxaban.

Hospitalized for acute anemia
during which TTE, TEE, CT C/A/P,
PET scan, adrenal biopsy, and
EGD/Colonoscopy completed.

Re-staging CT C/A/P with
interval improvement in
disease burden.

Fig. 7. Timeline of patient’s clinical course from first CVA to first follow-up re-staging scans after osimertinib

treatment.

anticoagulants such as direct Xa inhibitors and thrombin inhibitors in treating specifically
NBTE is unknown at this point but has been used off-label due to their established efficacy in
treating and preventing complications from hypercoagulability associated with cancer [12]. In
our patient’s case, he was placed on rivaroxaban and clopidogrel but went on to develop
subsequent thromboembolic events. It was only after starting effective targeted therapy for
his cancer that his clinical status stabilized, including correction of his anemia and no further
neurological events. This underscores the need to effectively treat and control the primary
cause of NBTE for best outcomes.

The association between malignancies and NBTE has been well established in the lit-
erature up to this point. Mucin-producing adenocarcinomas, such as from the lung and GI
tract, are the most common types of cancers to be associated with NBTE [13, 14]. In our
patient’s case, his adenocarcinoma demonstrated an EGFR exon 19 deletion. Non-small-cell
lung cancers with classic EGFR mutations as oncogenic drivers demonstrate dramatic clinical
response to EGFR tyrosine Kinase inhibitors [15]. Targeted therapies are extremely effective,
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leading to extended survival times [16]. The incidence of EGFR mutations is higher in lung
adenocarcinomas of never or light smokers, individuals of Asian ethnicity, and females [17]. In
one other case report, a patient with an EGFR-mutated lung adenocarcinoma presented with
both NBTE and DIC and was subsequently treated with osimertinib [18]. The patient ex-
perienced a decrease in size of the vegetation within 1 month of starting the osimertinib,
suggesting, as in our patient, that once an uncontrolled cancer is effectively treated, the
propensity to develop NBTE decreases [18].

This is, to our knowledge, the first case reported of EGFR mutant NSCLC presenting with
NBTE in the setting of an occult primary tumor. Metastatic carcinomas of occult primary site
are rare presentations of solid malignancies and associated with a very aggressive course.
Adenocarcinomas account for most of the cases [19]. Up until recently, immunohisto-
chemistry has been the only ancillary test able to point toward a primary site of origin and
guide therapy [20]. The use of NGS, however, has demonstrated the potential to help guide
therapy in cases where the metastatic primary tumor cannot be identified [21]. Our patient’s
case underscores not only the need to investigate an underlying malignancy in patients
presenting with unprovoked thromboembolic events, but also the ability of new testing
methods (NGS) to provide further insight in both determining the origin of the cancer and
identifying potential targets for systemic therapy.

To this point, there have been only small observational studies to evaluate the most
effective treatment for malignancy-related NBTE. In several case reports, it appears that
patients who do have an actionable EGFR mutation experience both decreased tumor burden
and decreased size of the cardiac valve vegetation with tyrosine kinase inhibitor therapy [18,
22]. Oftentimes, these patients are also placed on some form of anticoagulation, so it is unclear
which of the therapies provides the most benefit of vegetation reduction/resolution. Our
patient suffered another thromboembolic event after being started on anticoagulation, and it
was only after initiation of effective targeted therapy that his hypercoagulable state was
controlled. Larger randomized controlled trials would likely provide greater insight into the
effectiveness of NBTE treatment when related to malignancy but are unlikely to occur due to
the relative unusual presentation of this complication.

Conclusion

We presented the case of a patient whose initial presentation of NBTE led to the diagnosis
of a metastatic EGFR mutant adenocarcinoma of lung origin without an established primary
tumor. This case emphasized the importance of evaluating for underlying malignancy when
patients present with NBTE, and the importance of genomic testing in uncovering the un-
derlying primary as well as providing treatment options. Early investigation of underlying
disease can help accelerate the cancer diagnosis process and initiation of treatment. Future
studies should also investigate the relationships between genomic alterations in lung ade-
nocarcinomas and incidence of NBTE. The CARE checklist has been completed by the authors
for this case report, attached as online supplementary material (for all online suppl. material,
see https://doi.org/10.1159/000539454).

Statement of Ethics
Written informed consent was obtained from the patient for publication of the details of

their medical case and any accompanying images. Ethical approval is not required for this
study in accordance with local or national guidelines.
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