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Abstract

Primitive neuroectodermal tumors (PNET) are rare tumors and PNET
of cardiac origin are extremely rare, with only 6 cases reported since 1996.
Cardiac PNET cases have been associated with poor prognosis with extensive
metastasis at presentation, and warrant aggressive treatment.

We present a 19-year-old male patient who presented with headache and
falls; workup demonstrated cerebellar lesions which were resected and noted
to be metastatic PNET, and his preoperative transthoracic echocardiography
showed an irregular cardiac mass protruding into the interventricular septum
which was later identified as the primary malignant mass. Despite the mass
being of the cardiac primary origin, he did not have cardiac symptoms until 15
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months after his initial symptoms.
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Introduction

Cardiac PNET is an extremely rare tumor, with only 6 cases
reported in literature to date since it was first described by Charney,
etal. in 1996 [1]. Cardiac PNETSs have poor prognosis with extensive
metastasis at presentation, and have been felt to warrant aggressive
treatment with chemotherapy and radiotherapy, with limited surgical
options [2-4]. Though recurrences have been commonly reported,
there have been two cases described in which complete resection
of tumor in patients without extracardiac or metastatic spread was
shown to be beneficial, without recurrence in subsequent short follow
up. The role of imaging is to identify the primary tumor, its invasion
into its surrounding structures, and metastatic foci which can make
these patients non-surgical candidates, more appropriately treated
with chemotherapy and radiotherapy.

Case Presentation

A 19-year-old male presented to our institution in November
2015 with complaints of worsening headache for 2 months and
subsequent imbalance with falls. A CT head (Figure 1A,B) showed
three ill-defined cerebellar lesions suspicious for malignancy and
underwent craniotomy with excision of the masses with negative
margins. Immunohistochemical stains of the lesions were positive
for cytokeratin CAN 5.2, GFAP, vimentin and CD56, and negative
for translocation characteristic of synovial sarcoma. Histopathology
was reported as metastatic primitive neuroectodermal tumor
and he received post-operative radiotherapy for 3 weeks. Pre-
operative transthoracic echocardiography (Figure 2A) showed an
approximately 5 cm irregular mass involving and protruding from
the interventricular septum, with involvement of both ventricles.
The uninvolved myocardium contracted normally; left ventricular
ejection was 55%. Cardiac MRI (Figure 2B, 2C, 2D) confirmed a
5.2x4.9 cm irregular mass infiltrating the mid interventricular septum
with extension into both ventricular cavities. The mass was isointense

on T1W images, hyperintense on T2W images, and showed robust
perfusion on T1 post-contrast imaging. Delayed hyperenhancement
was also seen. No obvious obstruction of cardiac blood flow was
noted.

CT chest, abdomen and pelvis (Figure 3A) for evaluation of
a palpable right flank mass showed hypo-enhancing soft tissue
mass measuring 4.9x2.6 cm in the subcutaneous plane of the
right posterolateral abdominal wall above the iliac crest. He was
also noted to have multiple pulmonary nodules, with the largest
nodule measuring 1.2 cm. Incisional biopsy of the right flank mass
was reported as a malignant small round cell neoplasm favoring
desmoplastic small round cell tumor (Figure 4) with tumor cells
positive for cytokeratins, AE1/AE3, vimentin, focally bcl2 and NSE;
negative for S100, CD34, synaptophysin, chromogranin and desmin,
and negative neuroendocrine markers. The pathology slide was sent
to NIH/NCI and was reported as malignant small round cell tumor.

Figure 1: Unenhanced axial CT head (1A) and axial T1 fat saturated post
contrast (1B) images show ill-defined hypodense lesions in right and left
cerebellar hemispheres, larger one in the right cerebellar hemisphere. There
is mass effect with compression of the fourth ventricle and mild dilatation of
third and lateral ventricles.
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Figure 2: Transthoracic echocardiography (2A) and contrast-enhanced
axial cardiac CT chest (2B) showed a lobulated mass arising from
the interventricular septum and extending into the both ventricular
chambers without outflow obstruction. Cardiac MRI pre- and post-contrast
administration (2C,2D) showed a 5.2x4.9 cm irregular mass infiltrating the
mid interventricular septum with extension into both ventricular cavities. The
mass was isointense on T1W images, hyperintense on T2W images, and
showed robust perfusion on T1 post-contrast imaging.

Delayed hyperenhancement was also seen.

Figure 3: CT abdomen and pelvis (3A) performed for metastatic workup
showed an irregular, mildly enhancing 2.6 x 4.9 cm soft tissue mass with small
adjacent nodule in the posterior lateral abdominal wall immediately above the
right iliac crest. MRI brain- axial T1 fat-saturated post contrast image showed
a rim-enhancing lesion in the left posterior frontal lobe measuring 2.5x2.2 cm
with minimal surrounding vasogenic edema, consistent with new metastatic
lesion (3B).

FISH analysis was positive for EWSR1 gene rearrangement at 22q12
locus that is commonly associated with Ewing sarcoma or PNET. He
underwent bone marrow biopsy which showed hypocellular bone
marrow for age (40%-50% cellular) with negative metastatic tumor in
the bone marrow. Radical resection of the cardiac mass was deferred
due to his uncontrolled disseminated disease and poor prognosis.
Repeat imaging 6-months from initial presentation showed new rim-
enhancing lesions in the bilateral frontal lobes which were suspicious
for metastatic lesions without residual or recurrent tumor at the
postoperative site in cerebellum (Figure 3B). He was irradiated for
his brain lesions which showed substantial response to radiation. He
was started on chemotherapy as per MSKCC regimen of standard

Figure 4: Histopathology shows proliferation of round variably sized and
shaped cells forming nests and surrounded by prominent desmoplastic
stroma.

chemotherapy, with irinotecan, temozolomide, and bevacizumab.
During his chemotherapy treatment, CT chest, abdomen and pelvis
showed increase in the right flank subcutaneous mass with new
and enlarging pulmonary nodules, new retroperitoneal nodule,
and retrocrural and inguinal lymphadenopathy, demonstrating
progression of metastatic disease; however, the cardiac mass remained
grossly stable to mildly increased in size. He had several hospital
admissions during the chemotherapy treatment for side effects of
neutropenic fever, epistaxis from thrombocytopenia. During his 7*
cycle of chemotherapy regimen in January 2017, he had an episode
of tonic-clonic seizures, followed by hypotension and cardiac arrest
from ventricular fibrillation. ACLS algorithm was initiated, intubated
and there was return of spontaneous circulation after 15-20 minutes.
He was subsequently made DNR/DNI, comfort care was continued
and discharged to home hospice.

Discussion

The natural history of cardiac tumors has been revolutionized
by the prevalent use of echocardiography and advanced surgical
techniques ranging from simple resection of intrapericardial tumors
to cardiac transplantation for unresectable tumors with the aid of
extracorporeal circulation [5]. Cardiac tumors are metastatic at
presentation in 80% of cases and primary cardiac tumors constitute
only 0.001%-0.28% of autopsy series [2,3,6]. Among the common
primary tumors, atrial myxoma constitutes 70%-77% [5,7]. The
most common primary malignant cardiac tumors include sarcomas,
followed by lymphoma and mesothelioma [2,8]. PNET involving the
myocardium or epicardium is extremely rare; however, it is the most
common type of sarcoma in the first 2 decades of life [9].

The first myocardial PNET case was reported in 1996 by Charney,
et al. [1,10] primary cardiac PNETs have been reported only 6 times
in the literature until 2012 [1,2,4,9-11]. One case of metastatic
PNET to the heart has been described by Naseri, et al. in 2005 [12].
PNETs in general are rare, highly malignant, small round cell tumors
affecting bone and soft tissues and carry very poor prognosis in
adults [13]. Histopathology shows classical small round blue cells
of undifferentiated neuroectodermal origin [13]. PNET was first
described as a tumor of neural origin by Stout in 1935, however it was
later classified in 1996 by Batsakis, et al. into central, autonomic, and
peripheral PNETs [13,14]. PNET can be differentiated from Ewing
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sarcoma by its neurosecretory granules on electron microscopic
examination [14]. The antigen patterns in staining for neuron-
specific enolase (NSE) and periodic acid-Schiff place the PNET
histopathologically between Ewing sarcoma and neuroblastoma [14].
Criteria for morphological diagnosis of malignant PNET include
positive NSE immunochemical staining, pseudorosette formation on
light microscopy, neurosecretory granules on electron microscopy,
and presence of a balanced reciprocal translocation #(11;22) causing
alteration of the pleuripotent neural crest cells [9].

Clinical presentation of cardiac PNET is dependent on
the involvement of valves, myocardium or pericardium by the
malignant mass [2]. Hence, clinical features have been reported to
include myocardial ischemia, congestive right or left heart failure,
arrhythmias, thromboembolism, pericardial effusion, cardiac
tamponade, or invasion of adjacent mediastinal structures [2,9,10-
12,15]. Symptoms can also include weight loss, malaise, fatigue,
exertional dyspnea, and orthopnea [1,2,9,10]. Imaging evaluation
is typically initiated by transthoracic echocardiography which can
identify tumor location and growth pattern [2,5,10,12]. However, CT
and MRI play an important role in the characterization of the mass
and assessment of the extra-cardiac spread, especially in the presence
of significant pericardial fluid which limits echocardiography utility
[2,12,16]. Cardiac MRI, with and without gadolinium contrast, is
useful to delineate the extent, viability, and vascular invasion of
the mass, which is necessary to determine if the patient is a surgical
candidate [12]. Imaging findings include pericardial effusion,
heterogeneous myocardial or epicardial enhancing mass that can
have cystic components, and often invasion of coronary arteries and/
or aorta [2,9,10]. It is difficult to arrive at a definitive diagnosis prior
to surgery based on imaging features alone; hence endomyocardial
biopsy or paracentesis pericardii is required for definitive diagnosis
[9,10].

Microscopic examination of the resected mass or specimen is the
gold standard examination as with any oncologic mass. Microscopic
examination shows diffuse sheets of round cells separated by
fibrous tissue with or without Homer-Wright pseudorosettes. These
round cells show strong CD-99 membrane positivity, and positive
neural markers including S-100 protein, neuron specific enolase
(NSE), synaptophysin and chromogranin and negative staining
for cytokeratin, actin, desmin, myoglobin, and leucocyte common
antigen [1,2,10,15,16]. Characteristic cytogenetic abnormality is
reciprocal translocations: #(11;22) or #(21; 22) [1,2,9]. Ewing’s
sarcoma is difficult to differentiate from PNET due to similar
anatomic locations, overlapping light microscopic appearance,
cell biology, cytogenetics and wide age range at presentation [1].
However, Enzinger and Weiss’ criteria for the differentiation of the
two include at least 2 neuronal markers, light microscopic rosettes,
or ultrastructural evidence of neural differentiation for diagnosis of
PNET over extraosseous Ewing’s sarcoma. Our patient had cardiac
and bilateral cerebellar lesions at initial presentation. The symptomatic
cerebellar lesion was excised which was reported as metastatic PNET
on histopathology. Also, there has been no reported case in literature
describing cerebellar PNET metastatic to heart. Hence, the larger
cardiac mass with multifocal smaller brain lesions are consistent with
primary cardiac tumor in our patient. The flank mass and pulmonary
nodules were metastatic by chronology of development and also with

the flank mass being biopsy-proven to be metastasis.

In general, aggressive cardiac tumors are often treated surgical
due to the high preponderance of local recurrence, along with
pre-surgical/postsurgical ~ chemotherapy and/or radiotherapy
[14]. Orthotopic cardiac transplantation has been performed for
unresectable locally aggressive cardiac tumors without extracardiac
involvement, however this has not been shown to be superior to
conventional treatment of chemotherapy and radiotherapy [3-
5,7,10,12]. Cardiac PNET, in particular, has poor prognosis due to
its infiltrative and invasive nature and, therefore, chemotherapy and
radiotherapy are the mainstay of treatment with limited surgical
options [2-4]. Rajappa, et al. described that chemotherapy caused 50%
reduction in the size of the mass in their patient with symptomatic
relief and reversal of EKG changes [2]. This is consistent with
experience with other PNET tumors, for which chemotherapy and
radiotherapy have been utilized to achieve partial remission prior to
surgery [9]. The P6 chemotherapy protocol used for our patient was
based on the Memorial Sloan Kettering protocol which is a high-dose
alkylator-based regimen for desmoplastic small round cell tumors
and had shown efficacy in poor prognostic tumors, with relatively
non-toxic nature and non-cross-resistance to the regimen [17].

Recurrence with PNETs is usually locally aggressive and extensive
surgery is required [10,14]. In alarge trial of 42 patients with malignant
PNET by Jurgens, et al. in 1987, he found that there was striking
tendency for local recurrence which emphasized the importance of
significant surgery [14]. They also described metastases were more
common to bone and lungs, and most patients received combined
modality treatment with extensive surgery, chemotherapy, and
radiation therapy [14]. Kusher, et al. in their experience at Memorial
Sloan-Kettering center described 25% survival rate in patients with
tumor larger than 5 cm [1]. Long term cardiac PNET prognosis has
not been adequately described due to the small numbers of cases.

In conclusion, cardiac PNETs are extremely rare tumors,
typically with extracardiac manifestations at initial presentation,
often rendering limited surgical options for these patients. Imaging
plays a crucial role in diagnosis, guiding therapy by identifying
surgical candidates versus non-surgical treatment, and in follow up
of patients.
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