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ABSTRACT
Neuroblastoma is an embryonal cancer of the peripheral sym-
pathetic nervous system. It is the most common extracranial 
tumor of childhood and  the third most  common  tumor overall. 
Neuroblastoma arises from cells of primordial neural crest. 
The natural history of this disease is very heterogeneous and 
extends from spontaneous regression to aggressive metastatic 
disease. Neuroblastoma in older children is extremely rare and 
it carries a bad prognosis. We present a case of a 15-year-old 
boy with unresectable neuroblastoma who was subjected to 
neoadjuvant chemotherapy which rendered the tumor resect-
able. The case highlights importance of neoadjuvant therapy 
in neuroblastomas, need for multimodality involvement and 
therapeutic challenges faced by phycisians in successfully 
treating aggressive neuroblastomas.
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INTRODUCTION
Neuroblastomas are embryonal cancers of the peripheral 
sympathetic nervous system. They arise from cells of 
primordial neural crest which are the precursors of sym-
pathetic ganglia and adrenal medulla. Neuroblastoma 
is the most common extracranial tumor of childhood 
and the third most common tumor overall.1 Its natural 
history extends from spontaneous regression to relent-
less progression. Neuroblastoma is an ideal archetype 
of a disease where clinico-biological data are effectively 
utilized for customizing therapy for different patient 
groups. Overall survival is generally good for patients 
with low and intermediate risk tumors while in those 
with high-risk tumors, the survival is less than 40%.2

Neuroblastoma presenting after the age of fifteen 
years is remarkably rare and it poses a great therapeutic 
challenge. We discuss the case of neuroblastoma in late 
adolescence and its management along with a review of 
the literature. 

CASE REPORT
A 15-year-old boy presented with complaints of inter-
mittent, vague abdominal pain for one year and gradual 
distention of abdomen for ten months. He also had 
fatigue, significant weight loss and generalized malaise 
for five months. Family history was not contributory. 
General examination revealed pallor. A non-tender, 
firm mass occupying all quadrants was evident on 
palpation of the abdomen. There was no free fluid. The 
biochemical assessment revealed hemoglobin of 6.9 
gram%, serum LDH of 2539 U/L, normal serum cortisol 
and overnight dexamethasone suppression test (ONDST) 
levels, urinary metanephrines of 137.6 μg% and urinary 
normetanephrine of 6295.9 μg%. A contrast-enhanced 
computed tomography (CECT) of the abdomen showed 
a mass measuring 24.1 x 19.8 x 18.8 cm. It was displacing 
the liver anterosuperiorly with a distorted surface (Fig. 1). 
The mass also compressed the spleen with loss of fat 
planes. The head of the pancreas, uncinate process of the 
pancreas and the common bile duct were also compressed 
by the tumor. There was significant compression of the 
aorta, IVC, right renal vein and portal vein with no tumor 
thrombus (Fig. 2). Multiple enlarged retroperitoneal 
nodes were also seen.

CASE REPORT

Fig. 1: Tumor abutting the liver
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    Core needle biopsy showed predominant areas of 
necrosis with clusters of atypical cells. Homer-Wright 
pseudorosettes were prominently recognizable (Fig. 3). 
IHC analysis showed strongly positive synaptophysin 
and moderately positive NSE (Fig. 4). LCA, WT1, and 
CD99 were negative, ruling out lymphomas, Wilm’s 
tumor, and GIST. Metaiodobenzylguanidine (MIBG) 
scan with Single-photon emission computed tomography 
(SPECT) showed heterogenous tracer concentration in the 
right hypochondrium with multiple hypodense lesions 
scattered throughout liver parenchyma, suggestive of 
tumor arising from the right adrenal with possible liver 
metastasis. Bone marrow aspiration study was nega-
tive for marrow infiltration. The patient was started on 
neoadjuvant chemotherapy commensurate with SIOPEN 
protocol after a multi-disciplinary tumor board discus-
sion.3 Five cycles of cisplatin, etoposide, doxorubicin and 
cyclophosphamide regimen was administered. Post- 
therapy scans showed more than 50% reduction in size 
(Fig. 5).

The patient was optimized and alpha blockade 
started with prazosin. The patient underwent right open 
adrenalectomy, where a large mass was found adherent 
to the inferior surface of the liver, right kidney, and the 
omentum. Upper pole of the kidney was encased but not 
infiltrated, with enlarged renal hilar nodes. Medially 
the mass was adherent to the inferior vena cava. Few 
nodules (largest measuring 3 x 3 cm) were found in the 
omentum, which was excised (Figs 6 and 7). The patient 
had uneventful intra- and post-operative periods.  He 
was discharged on postoperative day 7. Postoperative his-
topathology report showed right adrenal gland with an 
intact capsule and focal residual tumor (neuroblastoma) 
and noticeable chemotherapy-induced changes. The 
omental nodule was positive for focal tumor deposits. He 
received external beam radiation to the tumor bed. The 

patient continues to remain asymptomatic in 6 months 
of follow-up.

REVIEW OF LITERATURE

Neuroblastoma is the most frequent extracranial tumor 
of childhood and the most frequently diagnosed malig-
nancy in infancy.1,2  It is a tumor which originates from 
embryonal remnants of the sympathoadrenal lineage 
of neural crest cells, hence can develop in any part of 
the sympathetic nervous system.1,4 Along with ganglio- 
neuroma and ganglioneuroblastoma, they constitute the 
peripheral neuroblastic tumor family..2 They make up 7 to 
10% of all childhood malignancies and account for 15% 
of all pediatric malignancy-related deaths.1,3 More than 
75% of the tumors are diagnosed before 4 years of age 
(median–22 months) and less than 5% of all neuroblas-
tomas are seen after the age of 10 years.5 It is exception-
ally rare (0.2%) in the age group of 15 to 18 years.6 The 
incidence in Asia follows the worldwide data, while that 
in India is 3.2%.6  

Fig. 2: Tumor displacing IVC

Fig. 4: IHC showing synaptophysin positivity

Fig. 3: Histopathology
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Many studies have shown a possible relation between 
prenatal exposure of the mother and the risk of neuro-
blastoma in offspring. Maternal consumption of alcohol/ 
tobacco, diuretics, oral contraceptive pills, codeine and 
preconception exposure of the mother to wood dust, 
diesel fuels, lacquer thinner, and turpentine are shown 
to increase the risk.2 Neuroblastomas are associated with 
many genetic/ chromosomal aberrations, which serve as 
molecular markers for risk assignment as well as prog-
nosis. MYCN oncogene amplification on chromosome 
2 is seen in about 25% of cases and is associated with 
aggressive tumor progression and a poor prognosis.7 The 
most common chromosomal abnormality found is the 
deletion of short arm of chromosome 1 and it is associ-
ated with poor prognosis. Neurotrophic receptor gene 
products Trk A and Trk C portend good prognosis while 
Trk B indicates an adverse prognosis. Increased telom-
erase expression, lack of CD44 expression and increased 
serum LDH are also associated with poor prognosis. 
Familial neuroblastomas are seen in less than 10% of the 
cases.8 They usually occur in neurofibromatosis type I, Li 
Fraumeni syndrome, Beckwith-Wiedemann syndrome, 

Noonan’s syndrome and exhibit mutations in ALK and 
PHOX2B genes.8,9  

Pathologically, neuroblastomas are a part of the 
“small blue round cell tumors” of childhood. A typical 
neuroblastoma consists of small, uniform cells with scant 
cytoplasm and dense hyperchromatic nuclei. Homer-
Wright pseudorosettes are seen in more than half of the 
cases and are made up of neuroblastic cells surrounding 
areas of eosinophilic neuritic processes called neuropil.2 
Immunohistochemical diagnosis of neuroblastoma is 
established by demonstrating positive staining for neural 
markers like neuron-specific enolase, synaptophysin, 
neurofilament protein, ganglioside GD2, chromogranin 
A, and tyrosine hydroxylase.2 These also help in differ-
entiating neuroblastomas from other small blue round 
cell tumors.  

More than half of the neuroblastomas occur in the 
abdomen (Table 1).8 Clinical manifestation of neuro-
blastoma reflects the tumor site, extent of disease and 
presence of paraneoplastic syndromes.  

Nearly fifty percent of all patients are diagnosed with 
metastases at presentation. Patients with localized disease 

Figs 5A and B: (A) Response to neoadjuvant chemotherapy; (B) Response to neoadjuvant chemotherapy

Fig. 6: Omental deposits Fig. 7: Resected specimen
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are seldom symptomatic, with the diagnosis made inci-
dentally while under evaluation for unrelated conditions. 
Disease dissemination occurs via both hematogenous and 
lymphatic routes. Bone marrow, bones, and liver are usual 
sites of hematogenous spread, with an increased predilec-
tion for the skull, orbital and metaphyseal bone sites.2,4 
The clinical manifestations of neuroblastoma can be 
broadly categorized as direct mass effects by the tumor, 
humoral effects by excess catecholamines and nonspecific 
manifestations due to metastases. Neuroblastomas are 
associated with numerous paraneoplastic syndromes like 
Pepper syndrome, opsoclonus-myoclonus, Hutchinson’s 
syndrome, and Kerner Morrison syndrome.10-12 

The International Neuroblastoma Staging System 
(INSS) recommends the following investigations for the 
appropriate diagnosis of neuroblastoma:13

• Imaging (CT or MRI) of the primary tumor region, to 
assess the extent of the primary disease

•  Histological evaluation of a primary tumor or metas-
tases 

•  Bone marrow aspirate (preferably at two different 
sites), to rule out/ establish bone marrow infiltration. 

•  Meta-iodo-benzyl-guanidine (I-MIBG) scintigraphy, to 
assess primary tumor site and to detect foci of metas-
tases. I-MIBG, the guanethidine derivative analog of 
norepinephrine is a unique molecule, as it is specifi-
cally taken up and stored in tumors of sympathetic 
nervous system origin. Due to its high specificity and 
sensitivity in neuroblastoma, MIBG scintigraphy is a 
recommended investigation for staging and response 
evaluation.14

• Urinary catecholamine metabolite level assays
Additional investigations like serum ferritin level, 

serum LDH and neuron-specific enolase (NSE) aid in 
establishing the diagnosis

The International Neuroblastoma Staging System 
(INSS) was devised to stage patients with neuroblas-
toma, based on the surgeon’s judgment of resectability  
(Table 2).13 

The International Neuroblastoma Risk Group (INRG) 
classification system was developed in 2009 by defining 
homogeneous pre-treatment patient cohorts.8,14,15 This 
classification defines risk groups more homogeneously. 
It also incorporates radiological criteria on diagnosis and 
assigns risk factors for surgery based on the radiological 
findings. 

Most important prognostic factors include age at 
presentation, stage and MYCN amplification. Two distinct 
patterns of disease are defined by these factors. The first 
one is neuroblastoma in infancy and early childhood: 
some patients experience spontaneous regression of the 
disease or have excellent survival with minimal treat-
ment, provided there is no MYCN amplification.16,17 In 
contrast, children who have metastatic tumors, harbor 
MYCN amplification or aged more than 18 months at 
diagnosis have an unfavorable outcome.18,19 Between 
these two extremes, there is an “intermediate group” 
with less defined features. Other pivotal markers like 
histopathology (based on Shimada classification), tumor 
ploidy, and chromosomal anomalies including a gain 
of chromosomes 1q, 17 can help in better definition of 
prognosis and consequently enable customization of 
treatment strategies to individuals in this intermediate 
group.7 Neuroblastoma in adolescents and adults is very 
rare, and in these patients have a dismal outcome.5,19

Most patients undergo multimodality treatment with 
surgery, chemotherapy, radiotherapy and/or biotherapy. 
Rarely, observation-only is apt in select few. These 
modalities are used alone or in combination based on 
prognostic factors present and subsequent risk-group 
stratification. Surgery plays an important role both in 
diagnosis and treatment.20 Surgery may be the only treat-
ment required if complete excision can be successfully 
achieved. In unresectable tumors, tissue for histological 
confirmation can be obtained. Since neuroblastoma has a 
high affinity for the lymphatic system, surgical explora-
tion of loco-regional abdominal and pelvic nodal basins 
should be performed. Chemotherapy is the cornerstone 

Table 1: Distribution of neuroblastoma 
Site Incidence
Adrenals 40%
Paraspinal region 25%
Thorax 15%
Pelvis 5%
Cervical 3%

Table 2: International Neuroblastoma Staging System
Stage 1 Localized tumor, complete gross excision 

with or without microscopic residual disease; 
representative ipsilateral lymph nodes negative for 
tumor microscopically 

Stage 2A Localized tumor,  incomplete gross resection; 
representative ipsilateral nonadherent lymph 
nodes negative for tumor microscopically

Stage 2B Localized tumor with or without complete gross 
excision with ipsilateral nonadherent lymph nodes 
positive for tumor; contralateral lymph nodes must 
be negative microscopically

Stage 3 Unresectable unilateral tumor infiltrating across 
the midline with or without regional lymph node 
involvement, localized unilateral tumor with 
contralateral regional lymph node involvement, or 
midline tumor with bilateral extension by infiltration 
(unresectable) or by lymph node involvement

Stage 4 Any primary tumor with dissemination to distant 
lymph nodes, bone marrow, bone, skin, liver, or 
other organs (except stage 4S)

Stage 4S Localized primary tumor (as defined for stage 1, 
2A, or 2B) with dissemination limited to skin, liver, 
or bone marrow (limited to infants less than one 
year of age)
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of treatment for locally advanced and metastatic disease 
and is also indicated in low-risk patients with involve-
ment of vital organs. In the current SIOPEN protocols, 
irradiation of the primary tumor bed is recommended 
after surgery in patients with MYCN amplified tumors, 
stage 4 disease and stage 3 tumors with unfavorable 
biology and/or histology. Radio-metabolic therapy with 
I-131 tagged to benzylguanidine (I-131 MIBG) is also used 
with variable results.21 Radionuclide targeted therapy 
with peptides against somatostatin receptors tagged to 
yttrium-90 (Y-90) and lutetium-177 (Lu-177) are under 
investigation.22 Summary of treatment and outcomes of 
neuroblastomas are outlined in Table 3.8 Stage 4S neu-
roblastoma undergoes spontaneous regression in most 
cases when not associated with MYCN amplification. 

Our patient had many positive risk factors, namely 
age (15 years), higher stage (INSS stage 3) which places 
him in the high-risk category. Chromosomal studies 
were not performed due to logistic limitations and 
patient’s socio-economic status. An excellent response 
to neoadjuvant chemotherapy was followed by complete 
surgical extirpation and irradiation of the tumor bed, as 
per standard protocols.

    In conclusion, neuroblastoma rarely occurs in  
adolescents and is extremely rare in older children.  
These tumors are of the advanced stage with an unfa-
vorable prognosis and carry a high risk of metastasis. 
Meticulously planned multimodality intervention is the 
key to successful treatment and good outcomes in these 
patients. An advance in molecular studies with the goal of 

patient-oriented therapies and to identify critical targets 
for treatment is the need of the hour. It is imperative 
that the extensive knowledge of neuroblastoma biology 
is used for developing novel therapies for high-risk neu-
roblastoma.  
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