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Neuroblastoma is the commonest extracranial solid 

tumour in children originating in the adrenal 

medulla or paraspinal area where the sympathetic 

nervous system is present. There is no known risk 

factor that predisposes to its development. 

However, about 1-2% of children with 

neuroblastoma have a family history of it. Familial 

neuroblastoma is a very rare association of 

congenital central hypoventilation syndrome1. 

 

Clinical presentations 
Common clinical presentations of neuroblastoma2,3 

are summarized in table 1. 

 

Table 1: Clinical presentations of neuroblastoma 

• Abdominal distention 

• Bone pain 

• Cytopenia 

• Fever 

• Hypertension 

• Horner syndrome 

• Subcutaneous skin nodules 

• Proptosis 

• Periorbital ecchymosis 

• Paralysis due to spinal cord compression 

• Watery diarrhoea due to secretion of 

vasoactive intestinal peptide by tumour 

• Opsoclonus / myoclonus syndrome 

 

Paraneoplastic neurologic findings, including 

cerebellar ataxia and opsoclonus/myoclonus, are 

rare manifestations. These are frequently associated 

with neurologic and cognitive deficits, including 

psychomotor retardation. However, children with 

opsoclonus/myoclonus syndrome often have a 

primary tumour with favourable biological features 

carrying a good prognosis4.  
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Diagnosis 

Diagnostic modalities of neuroblastoma5,6 include:  

• Urine catecholamines: Urinary excretion of 

catecholamine metabolites vanillylmandelic 

acid (VMA) and homovanillic acid (HVA) 

will be elevated in neuroblastoma. 

• Metaiodobenzylguanidine (MIBG) scan: On 

nuclear medicine imaging, 95% of 

neuroblastoma will show positivity  

• Imaging of the primary tumour: Computed 

tomography or magnetic resonance imaging 

(MRI) with contrast are used. Paraspinal 

tumours threatening to compress the spinal 

cord are best imaged using MRI. 

• Biopsy: Tumour tissue is necessary for 

obtaining biological data to assign risk-

groups. To test for MYCN amplification and 

1p/11q loss of heterozygosity on involved 

bone marrow, a minimal 30-40% tumour 

involvement is needed. 

 

Minimum criteria for diagnosis of neuroblastoma 

include one of the following: 

1. Unambiguous histopathologic diagnosis 

from tumour tissue by light microscopy, 

with or without immunohistochemistry, or 

increased levels of serum catecholamines 

(dopamine & norepinephrine) or urinary 

catecholamine metabolites (VMA or HVA). 

2. Combination of bone marrow aspirate or 

trephine biopsy containing unambiguous 

tumour cells and increased levels of serum 

catecholamines or urinary catecholamine 

metabolites7,8.  

 

Prognosis  

This is associated with: 

• Age / stage at diagnosis: All children with 

localized neuroblastoma and children aged 

18 months or less with advanced disease 

and favourable disease characteristics 

have a good prognosis. 

• Site of the primary tumour: Adrenal 

(rather than non-adrenal) primary tumours, 

and non-thoracic (rather than thoracic) 

primary tumours, will more probably be 

associated with unfavourable features, 

such as MYCN amplification, even after 

allowing for age, stage and histology. 
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• Tumour histology: Cellular differentiation 

and maturation, Schwannian stroma and 

cystic neuroblastoma are considered as 

prognostically favourable histological 

features, whereas mitosis and karyorrhexis 

are considered as prognostically 

unfavourable histological features9,10. 

• Regional lymph node involvement: Whilst 

involvement ipsilateral to the primary 

tumour has no effect on prognosis, 

involvement contralateral to the primary 

tumour denotes a poor prognosis. 

• Response to treatment: In high-risk 

neuroblastoma, residual disease in bone 

marrow following induction is associated 

with a poor prognosis. Similarly, 

persistence of MIBG-avid tumour after 

induction is over indicates a poor 

prognosis11,12.   

• Biological features such as MYCN   

amplification and Ploidy: MYCN   

amplification is detected in 16-25% of 

tumours. In stages 2, 3, 4, and 4S, 

amplification of the MYCN gene predicts a 

very poor prognosis. In addition to 

deletion of chromosome 1p, amplification 

of the MYCN gene is associated with gain 

of the long arm of chromosome 17 (17q), 

which independently indicates a poor 

prognosis13,14. Ploidy is the amount of 

chromosomal material in a cell. Normal 

human cells are diploid, receiving a full 

set of chromosomes from each parent. In 

many human cancers, cells are no longer 

diploid but have lost or gained DNA 

during mutation. This is called aneuploidy 

(“without normal ploidy”). Cancer cells 

gaining genetic material are called 

hyperdiploid (“more than diploid”) and 

those losing genetic material are called 

hypodiploid. Ploidy is a useful marker 

especially in 4S patients and other 

infants15,16.  

 

Staging 

The staging of neuroblastoma is summarized in 

table 2: 

 

                                            Table 2: International Neuroblastoma Staging System (INSS) 

Stage Details 

1 Localized tumour with complete gross excision, with or without microscopic residual disease; 

representative ipsilateral lymph nodes negative for tumour but nodes attached to and removed 

with primary tumour may be positive. 

2A Localized tumour with incomplete gross excision; representative ipsilateral non adherent lymph 

nodes negative. 

2B Localized tumour with or without complete gross excision, with ipsilateral non adherent lymph 

nodes positive for tumour. Enlarged contralateral lymph nodes negative microscopically. 

3 Unresectable unilateral tumour infiltrating across midline, with or without regional lymph node 

involvement, or localized unilateral tumour with contralateral regional lymph node involvement, 

or midline tumour with bilateral extension by infiltration (unresectable) or by lymph node 

involvement. Midline is defined as vertebral column. 

4 Dissemination to distant lymph nodes, bone, bone marrow, liver, skin, and/or other organs, 

except as defined for stage 4S. 

4S Localized primary tumour, as defined for stage 1, 2A, or 2B, with dissemination limited to skin, 

liver, and/or bone marrow (by definition limited to infants). Marrow involvement less than 10%. 

 

Treatment overview 
Neuroblastoma treatment has evolved over the past 

few decades. The various risk groups in 

neuroblastoma as per Children’s Oncology Group 

are summarized in tables 3, 4, and 5. Children were 

assigned to low, intermediate, or high risk group 

based on: 

 

 

 

• International Neuroblastoma Staging 

System (INSS)  

• Age 

• International Neuroblastoma Pathologic 

Classification (INPC) 

• Ploidy 

• Amplification of the MYCN oncogene 

within tumour tissue17,18  

                                                       Table 3: Low risk neuroblastoma 

INSS  Age MYCN status INPC DNA Ploidy b 

Stage 1 0-21 years Any Any Any 

Stage 2A/2Bc Less than 365 days Any Any Any 

365 days-21 years Non amplified Any - 

 Amplified Favourable - 

Stage 4Sd Less than 365 days Non amplified Favourable More than 1 
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                                                       Table 4: Intermediate risk neuroblastoma 

INSS Age MYCN status INPC DNA Ploidy b 

Stage 3c Less than 365 days Non amplified Any Any 

365 days-21 years Non amplified Favourable - 

Stage 4c Less than 548 days  Non amplified Any Any 

Stage 4Sd Less than 365 days Non amplified Any -1 

Less than 365 days Non amplified Unfavourable Any 

  

                                                             Table 5: High risk neuroblastoma 

INSS Age MYCN status INPC DNA Ploidy b 

Stage 2A/2B b 365 days- 21 years Amplified Unfavorable - 

Stage 3c Less than 365 days Amplified Any Any 

365 days-21 years Non amplified Unfavorable - 

365 days-21 years Amplified Any - 

Stage 4c Less than 365 days Amplified Any Any 

548 days – 21 years Any Any - 

Stage 4S Less than 365 days Amplified Any Any 

 

Treatment options for neuroblastoma are summarized in table 6. 

 

                                                  Table 6: Various treatment categories of neuroblastoma 

Risk group Treatment 

Low risk (overall survival 95%) Surgery followed by observation. 

Chemotherapy with or without surgery 

Intermediate risk (overall survival 70-80%) Chemotherapy with or without surgery. 

Surgery only 

High risk (overall survival 40%) A regimen of chemotherapy, surgery, stem cell therapy, 

radiation therapy and anti-GD2 antibody ch14.18, with 

interleukin-2/GM-CSF and isotretinoin. 

Stage 4S (overall survival 90%) Only supportive care 

Chemotherapy (for symptomatic patients, very young 

infants, or those with unfavourable biology). 

 

Surgery 
In patients without metastases, initial surgery is 

done to: 

• obtain adequate tissue for biological studies 

and confirmation of diagnosis. 

• resect as much primary tumour as is safely 

possible. 

• sample regional lymph nodes not adherent to 

the tumour. 

 

Radiation therapy 

In low or intermediate risk neuroblastoma, 

radiation therapy is only used for symptomatic life-

threatening or organ-threatening tumour bulk not 

responding rapidly enough to chemotherapy. 

Common indications for radiation therapy are: 

• Infants 60 days of age or less with stage 4S 

and marked respiratory compromise from 

liver metastases which have not responded to 

chemotherapy. 

• Symptomatic spinal cord compression which 

has not responded to initial chemotherapy 

and/or surgical decompression. 

 

 

 

Chemotherapy 

Carboplatin, cyclophosphamide, doxorubicin, and 

etoposide are widely used. Patients who have 

tumours with unfavourable biology are given 8 

cycles of chemotherapy in comparison to 4 cycles 

for patients who have tumours with favourable 

biology usually in intermediate risk group.  

 

High risk group treatment 

Treatment for high-risk group usually consists of 3 

phases: 

• Induction  

• Consolidation  

• Maintenance  

 

Induction phase: The most frequently used 

induction therapy comprises dose intensive cycles 

of cisplatin and etoposide alternating with 

vincristine, cyclophosphamide and doxorubicin. In 

some places topotecan is added to this regimen due 

to the anti-neuroblastoma activity seen in relapsed 

patients. After adequate response to chemotherapy, 

resection of the primary tumour is usually 

attempted19-21. 
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Consolidation phase: This involves myeloablative 

chemotherapy and HSCT, which try to eradicate 

minimal residual disease using lethal doses of 

chemotherapy and autologous stem cells collected 

during induction chemotherapy to repopulate the 

bone marrow. Several large randomized controlled 

trials have shown improved 3-year event free 

survival (EFS) for HSCT (31% to 47%) compared 

to conventional chemotherapy (22% to 31%)22,23. 

 

Maintenance phase: After recovery from 

myeloablative chemotherapy and HSCT, patients 

are treated with the differentiating agent oral 

isotretinoin for 6 months. Immunotherapy is given 

along with differentiated therapy using antibodies 

developed to target GD2, present on the surface of 

neuroblastoma cells. For high risk-patients in 

remission following HSCT, chimeric anti-GD2 

antibody ch14.18 combined with GM-CSF and IL-

2 are given in concert with isotretinoin and have 

been shown to improve EFS24,25.  

 

Treatment options for stage 4S neuroblastoma 
These include: 

 

• Observation only with supportive care: 

Most patients do not require therapy 

unless bulk disease is causing organ 

compromise and risk of death. 

 

• Chemotherapy: Infants with hepatomegaly 

or those less than 2 months old, can 

rapidly deteriorate and may benefit from 

early initiation of therapy. Various 

chemotherapy regimens have been used in 

this situation26.  

 

Treatment of spinal cord compression 
Immediate treatment is indicated and given because 

neurologic recovery is more likely when symptoms 

are present for a relatively short time before 

diagnosis and treatment. Children with severe 

spinal cord compression not promptly improving or 

those with worsening symptoms may benefit from 

neurosurgery. Laminectomy may result in later 

kyphoscoliosis and may not eliminate need for 

chemotherapy27,28. 

 

Spontaneous regression of neuroblastoma 
Spontaneous regression usually occurs only in 

tumours with features such as: 

• Near triploid number of chromosomes. 

• No N-Myc amplification. 

• No loss of chromosome 1p. 

Infants with asymptomatic, small, low-stage 

adrenal neuroblastoma detected by screening or 

during prenatal or incidental ultrasound 

examination often spontaneously regress and may 

be observed safely without surgical intervention or 

tissue diagnosis29-31. 

Neuroblastoma screening 
Current data do not support neuroblastoma 

screening32. 
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