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Abstract

Cardiac tumors are rare, and their treatment differs interindividually regarding the histopath-
ological proprieties and the stage of disease. Authors present a case of symptomatic cardiac
melanoma metastasis that expressed an ERBB2 (HER2) gene amplification in a course of the
disease that has not yet been reported. The frail patient with a history of pulmonary and renal
carcinoma, was admitted to the hospital due to a symptomatic left atrial tumor mass. The pa-
tient underwent a tumor-resecting cardiac surgery. At first mistaken for myxoma on echocar-
diography, the histopathological examination of the tumor revealed a melanoma of acral or
mucosal origin. The melanoma metastasis was negative for common genetic mutations in
BRAF, NRAS or KIT genes, and for the presence of NTRK genes fusions, but carried ERBB2
(HER2) gene amplification. The absence of standard gene mutations rendered it unresponsive
to treatment with BRAF and MEK inhibitors. This molecular finding is rare in melanomas and
represented a therapeutic target for off-label systemic treatment with drugs, primarily aimed
at ERBB2 positive breast, gastric, and gastroesophageal junction cancers. A rare finding like
this justifies molecular genetic analysis of unusual tumor specimen and guarantees optimal

treatment for uncommon types of cardiac metastatic tumors. © 2021 The Author(s).
Published by S. Karger AG, Basel
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Introduction

Cardiac tumors are rare. The incidence of primary heart tumors is 0.02%, of which 75%
are benign and 25% malignant. The most common primary tumor of the heart in adults is
myxoma and in children rhabdomyosarcoma [1, 2]. Metastases to the heart are 20-40 times
more common than primary heart tumors [3]. They are most often diagnosed post-mortem
due to lack of symptoms [4]. Their incidence in general population according to autopsy
studies is 0.7-3.5% and increases up to 9.1% in patients with metastases from known non-
cardiac primary tumors. The most common metastases to the heart originate from lung
cancer, breast cancer, and hematologic cancers. This is due to their relatively high incidence
and aggressiveness. Spread to the heart can occur by different mechanisms, including direct
growth (lung cancer), hematogenous (melanoma), retrograde lymphatic seeding (breast
cancer), or venous extension (kidney cancer) [5]. Patients with a heart tumor often display
non-specific symptoms that depend on the tumorlocation and the degree of tumor infiltration
to neighboring tissues. Clinical picture varies from an incidental radiological finding to severe
disease such as shock and sudden cardiac arrest. Diagnosis is usually confirmed by echocar-
diography, but can also be confirmed by CT or MR imaging [6].

Authors present a case report of symptomatic cardiac melanoma metastasis that carried
ararely observed ERBBZ gene amplification. This is considered a positive predictive marker
for systemic treatment with specific target drugs.

Case Presentation

A 77-year-old Caucasian woman with chronic kidney disease, diabetes mellitus type 2,
heart failure, previous nephrectomy due to clear cell renal cell carcinoma, and previous upper
right lobectomy of the lung due to adenocarcinoma was admitted to the hospital because of
acute hypercapnic respiratory insufficiency. She needed respiratory support with non-
invasive ventilation. She was also hemodynamically unstable.

CT angiography of the pulmonary arteries was performed. The CT scan revealed left-
sided subsegmental pulmonary thromboembolism and a suspicious mass in the left atrium.
She was treated for pulmonary embolism. The previous CT scan of her thorax, which she had
undergone a couple of months before for her pulmonary carcinoma follow-up, had shown a
normal image of the heart, proving the mass in the left atrium grew de novo. The transthoracic
and transesophageal echocardiography discovered a massively enlarged left atrium, fibrous
changes of the mitral valve and a mobile tumor formation measuring 2.8 x 3.6 cm that arose
from the posterior annulus (shown in Fig. 1).

The stem of the discovered formation was broad but did not reach the leaflet of the mitral
valve. The tumor prolapsed through the mitral valve and caused severe mitral stenosis with
minimal regurgitation. The tumor seemed to have caused postcapillary pulmonary hyper-
tension as well. Cardiologists suspected it was myxoma and referred the patient to cardiac
surgeons. A preoperative PET scan showed high metabolic activity in the left atrium that
pointed to the possibility of the tumor’s more aggressive origin, such as metastasis or a
primary malignant tumor of the heart rather than myxoma. The patient underwent an open
mitral valve replacement and extirpation of the tumor of the left atrium. At the time of open-
heart inspection, the tumor was not encapsulated, but grew inside the atrial wall with root-
like extensions. It hung on a stem that masked its appearance as myxoma on echocardiog-
raphy. It did not overgrow the mitral valve (shown in Fig. 2a). Surgeons reconstructed the left
atrial wall and replaced the diseased mitral valve with an artificial biological valve.

1
Karger <

623



Case Rep Oncol 2021;14:622-627

DOI: 10.1159/000514981 © 2021 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cro

Gams et al.: Cardiac Melanoma Metastasis with ERBB2 Gene Amplification

Fig. 1. Echocardiographic image, 2D (left) and 3D (right). A tumor mass, suspected for myxoma is visible in
the left atrium. Reproduced with kind permission from Prof. Mojca Bervar.

A histopathological examination (shown in Fig. 2b-d) revealed a pleomorphic spindle-
cell malignant tumor with high mitotic activity and focal necrosis. Inmunohistochemically,
the tumor cells were diffusely positive for S100 protein, SOX10, PRAME and focally positive
for melan A and melanoma cocktail, negative for HMB45, CD31, CD34, ERG, desmin, GMA,
Myf4, h-Caldesmon, calponin, CK18, CKAE1AE3, DOG1, EMA, STAT6, PAX8, MITF, GFAP,
consistent with diagnosis of metastatic melanoma.

Molecular genetic analysis of the tumor did not confirm the presence of common genetic
mutations in melanoma BRAF, NRAS or KIT, or the presence of NTRK genes fusions, but
confirmed the presence of ERBB2 (HERZ2) gene amplification.

The patient experienced several anticipated postoperative complications, including
atrial fibrillation, pulmonary edema with respiratory failure and deterioration of a preex-
isting kidney disease. Following a full recovery, she was discharged from the hospital and
referred to designated cancer center for further oncological treatment. Sadly, she passed
away before systemic treatment initiation. The primary source of melanoma was not iden-
tified.

Discussion/Conclusion
The patient with symptomatic cardiac tumor was indicated for surgery of myxoma due

to its appearance on echocardiography. A pedunculated tumor, arising from the septum or
posterior wall of the left atrium, perhaps even prolapsing across the mitral valve, seen on
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Fig. 2. a The protruding pedunculated part of the left atrial malignant melanoma metastasis, situated above
the mitral valve and growing into the interatrial septum. b Pleomorphic spindle cells with prominent nucle-
oli and high mitotic activity, arranged in random-oriented short fascicles. HE staining, x200. ¢ Strong diffuse
nuclear and cytoplasmic staining for S100 protein, x400. d Strong diffuse nuclear staining with PRAME, x400.

diagnostic imaging, is more characteristic for myxoma than a cardiac metastasis [7]. Only the
histopathological examination revealed that it was a metastatic melanoma to the heart.

Metastatic melanoma has poor prognosis with a median survival time of only 9 months
and 10% long-term survival rate [8]. Resection of systemic, especially solitary melanoma
metastases, may increase patient survival. This was proven for pulmonary metastatic disease,
where the 5-year survival after metastasectomy is 39% [9]. Surgical resection of secondary
heart tumors is feasible only in selected patients and usually requires additional neoadjuvant
therapy [10, 11].

There are several methods of systemic treatment of melanoma including chemotherapy
with cytokines such as interleukin-2 and interferon-alpha, immune checkpoint inhibitors like
anti-CTLA4 and anti-PD1 monoclonal antibodies and small-molecule targeted drugs used for
melanomas with specific gene mutations [12]. The current most effective targeted treatment
according to the Cochrane review from 2018 is with BRAF and MEK inhibitors. These small
molecule-targeted drugs are only efficient for tumors positive for the presence of BRAF and
MEK mutations.

ERBB2 amplification is present in a minority of melanomas [13]. According to a study of
600 melanoma specimens, the ERBB2 amplification is present in 3.6% of recurrent or meta-
static melanomas [14]. It encodes the HER2 receptor, which is a tyrosine-kinase receptor and
a tumor factor from a superfamily of EGFR markers that controls growth, survival, adhesion
and migration of the cells. It follows an intracellular signal pathway that controls enhancement
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or suppression of the cell [15]. Mutations in the ERBBZ gene that carry a gene transcription
for HERZ receptors, can lead to uncontrolled cell proliferation and oncogenesis. Amplification
of the ERBBZ is seen in rare cases of acral or mucosal melanomas and is not present in any
other type of skin melanoma. This can be used as aid in localizing the primary tumor. The
ERBBZ2 gene amplification is a novel target for systemic treatment and is best understood for
the management of breast adenocarcinoma, where it can be treated by HER2-directed mono-
clonal antibodies (trastuzumab and pertuzumab), antibody-drug conjugates (trastuzumab
emtansine), and HER2 kinase inhibitors (lapatinib) [13, 16]. Trastuzumab is approved also
for gastric and gastroesophageal cancer [17]. The ERBBZ2 gene-targeted therapy is used as
neoadjuvant therapy for patients with other solid and systemic tumors including bladder,
small bowel, ampullar, skin non-melanoma and cervical cancer [18, 19].

The patient presented in this case was in frail general condition and passed away shortly
after completing the surgical part of treatment. According to genetic analysis, systemic
treatment with ERBBZ2 gene amplification-targeted drugs like trastuzumab, pertuzumab, or
lapatinib would likely warrant positive results. This finding justifies molecular genetic
analysis of unusual tumor specimen and guarantees optimal treatment for uncommon types
of cardiac metastatic tumors in future patients.
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