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Stars in Cytoplasm: Pediatric Neuroblastoma
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Abstract

We report a case of a 2-year-old female child who presented with 
abdominal distention and fever. On examination, there was a palpable 
mass in the right hypochondrium. Computed tomography of the abdo-
men revealed a large mass in the right suprarenal area. Biopsy of the 
mass revealed malignant round blue cell neoplasm. Bone marrow ex-
amination showed diffuse infiltration with atypical mononuclear cells 
and cytogenetic studies showed positivity for NMyc translocation.
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Introduction

Neuroblastoma (NB) is well known to be the most common 
malignant tumor in the pediatric age group under 1 year of 
age with around 650 cases every year in the United States [1]. 
It accounts for nearly 10% of all pediatric malignancies un-
der the age of 15 and 15% mortality in that age group [2]. 
First described by Virchow in 1864 as “gliomas”, the disease 
has continued to bewilder physicians and scientists alike. The 
spectrum of its disease, in addition to its wide variety of mani-
festations, clinically enables it to be a clinical conundrum. The 
disease displays an erratic course that ranges from complete re-
gression to the rapid development of a highly malignant tumor 
unresponsive to treatment. Due to advancements in molecular 
biology and genetic testing, certain characteristics and biomol-
ecules have been identified; however, it has not changed the 
prognosis of the highly malignant form of the disease. Familial 
NB has been reported in 2% of cases where a mutation in the 
anaplastic lymphoma kinase (ALK) gene has been implicated 
[1]. The treatment of the disease requires a multidisciplinary 
approach including surgeons, oncologists, radiologists and 
bone marrow transplant specialists.

Case Report

A 2-year-old girl presented to the ER with a 1-week history 
of fever and abdominal pain, along with abdominal disten-
sion over the past few months. The fever was undocumented, 
continuous throughout the day, not relieved through antipy-
retics. It was associated with diffuse abdominal pain and re-
duced appetite. There were no associated symptoms of chills 
and rigors. Her past history was unremarkable, having had 
a normal birth with no complications. She was not on any 
medications and there was no history of family illnesses. 
On examination, the child appeared weak and pale. She was 
found to be tachycardic but afebrile. There was a palpable 
mass in the right hypochondrium along with significant ten-
derness. The rest of the systemic examination was unremark-
able. Laboratory investigations revealed Hb 7 g/dl and Hct 
25%, an elevated white count of 18 × 109/L, neutrophils 61% 
and lymphopenia. Platelet count was 242 × 109/L and LDH 
was elevated to 6,070 IU/L. Serum Ferritin was 1,125 ng/ml. 
Urine vanillylmandelic acid (VMA) was within normal range. 
LFTs, electrolytes and urine analysis were within normal lim-
its. Computed tomography (CT) of the abdomen revealed a 
large mass in the right suprarenal area superiorly invading 
the liver parenchyma. Biopsy of the mass revealed malignant 
round blue cell neoplasm. Immunohistochemistry was posi-
tive for synaptophysin and CD56. Bone marrow examination 
showed diffuse infiltration with atypical mononuclear cells 
and cytogenetic studies showed positivity for NMyc translo-
cation (Fig. 1).

Discussion

During early embryology, neural crest cells migrate to form 
the sympathetic tract extending from the base of the cranium to 
the pelvis forming the adrenal medulla, paraspinal sympathetic 
ganglia and sympathetic ganglia. A proliferation of these cells 
may occur anywhere in the region leading to a mass. The earli-
est description of NB is attributed to Virchow in 1864; howev-
er, it was in 1910 when James Homer Wright coined the term 
NB and described its characteristic histological feature that 
comprises of eosinophilic neuropils (neuritic processes) sur-
rounded by neuroblasts, also known as Homer Wright rosettes. 
NB is part of a spectrum of ganglionic tumors characterized 
based on morphology that additionally include ganglioneuro-
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blastoma and ganglioneuroma. In its early days, it was catego-
rized into favorable or unfavorable based on its histology. The 
International Neuroblastoma Pathology Classification was de-
vised that built on this earlier Shimada Classification to further 
aid in risk stratification in terms of prognosis.

Its clinical presentation is highly variant, as is the disease 
itself, depending on the location of the primary disease, any 
local invasion or metastatic involvement. Most commonly, it 
presents as an abdominal mass (75%), but it may also occur 
in the posterior mediastinum (20%) and pelvis (4%). There 
have been cases reported in unusual locations including the 
bladder and the mandible [3, 4]. The child may present with 
unexplained hypertension, diarrhea and weight loss as a result 
of the excess excretion of catecholamines such as VMA and 
vasoactive intestinal peptide (VIP). Ptosis, anhydrosis, and 
miosis (Horner’s syndrome) may develop due to compression 
from a cervical tumor. Respiratory difficulties may ensue from 
a thoracic mass. Metastasis is most commonly seen in the bone 
and bone marrow. Older children who develop metastatic dis-
ease may present with bone pain or periorbital ecchymoses (or 
raccoon eyes) depicting infiltration into the retroorbital venous 
plexus. Left ventricular metastasis has also been reported [5]. 
Dancing eye syndrome or opsoclonus myoclonus syndrome, a 
paraneoplastic syndrome that involves nystagmus with multi-
directional eye movements, myoclonus and ataxia, was seen to 
have a 20% occurrence in NB [6]. It serves as a good prognos-
tic indicator in terms of progression to malignancy; however, 
children with this manifestation were seen to have long-term 
learning disabilities and developmental delays with relapsing 
of symptoms.

Laboratory tests include liver and kidney function tests, 

urinary or serum catecholamine metabolites including VMA, 
and homovanillic acid (HVA) which are elevated in 90% cases 
of NB. Lactate dehydrogenase (LDH) and ferritin may also be 
elevated and are used to assess treatment. Owing to the inci-
dence of the disease and its ominous nature and detectability in 
urinary metabolites, many countries including Japan, Germa-
ny, Denmark and North America ran mass screening tests over 
20 years at different pediatric age groups including 3 weeks 
of age and then at 6 months. However, this showed no change 
in terms of prognosis of the disease as there were some cases 
that involved spontaneous regression that would have not re-
quired any treatment to begin with [7]. Both CT and magnetic 
resonance imaging (MRI) remain the modalities of choice with 
the latter being superior in terms of sensitivity (83% vs. 43% 
in CT), as well as in the detection of metastasis and intraspi-
nal extension. When evaluating involvement of bone and bone 
marrow, scintigraphic imaging using metaiodobenzylguani-
dine (MIBG) has replaced earlier modalities but may not be 
available in every institution [1].

Tissue biopsy is assessed in accordance with the Inter-
national Neuroblastoma Pathology Classification (INPC) in 
terms of cellular turnover (mitosis-karyorrhexis index (MKI)), 
presence of Schwannian stroma and the differentiation of neu-
roblasts. It is classified according to age and thus aids in the 
prognosis of the disease [1].

A definitive diagnosis of NB is obtained either through 
histological diagnosis of the tissue by light microscopy with or 
without immunohistochemical assay, electron microscopy, or 
elevated urinary catecholamines or through metastasis-proven 
bone marrow aspirate with elevated urinary or serum catecho-
lamine metabolites.

Figure 1. (A) Peripheral blood film (× 100) showing atypical mononuclear cells. (B) NMyc translocation by FISH. (C, D) Bone 
marrow specimen (× 100) showing atypical mononuclear cells with cytoplasmic vacuolations. 
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Advancements in molecular biology have aided in terms 
of prognosis and understanding of the heterogenous nature of 
the disease. Amplification of the MYCN has been strongly im-
plicated in the development of NB and is used as a prognos-
tic indicator to determine the sporadic, aggressive tumors in 
its advanced stages. The anaplastic lymphoma kinase (ALK) 
gene has also been implicated in familial NB cases occurring 
in around half [1].

The International Neuroblastoma Risk Group Staging 
System (INRSS) is the most widely used classification system 
and uses biochemical, tissue diagnosis and imaging to catego-
rize and stage the disease, thereby allowing appropriate man-
agement in accordance with the stage of the disease [8]. The 
disease is stratified according to risk into low, intermediate 
and high, with low risk showing favorable outcomes of event 
free survival rates as high as 95%, whereas the high risk group 
shows poor outcomes of less than 50%. Treatment ranges from 
local resection to chemotherapy agents including cyclophos-
phamide, doxorubicin, as well as radiation therapy.

Although decades have passed since its first discovery, the 
prognosis of high risk NB remains unchanged [9]. Molecular 
biochemical and genetic research shows a promising avenue 
for future treatment in the management of NB and may shed 
light on its pathogenesis and erratic nature.
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