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INTRODUCTION 

 

The term neuroblastoma was introduced in 1910  by Wright when 

he demonstrated that the tumor originated from embryonal  neuroblasts 

of the sympathetic peripheral nervous system (Wright 1910). The ability 

of neuroblastoma for spontaneous maturation into ganglioneuroma was 

first described in 1927 by Cushing and Wolbach. Vanillylmandelic acid 

(VMA) was identified as one of the main metabolites and tumor markers 

(Greenberg 1957; Stickler et al. 1959). In 1971 Evans et al. proposed the 

first internationally accepted staging system. Schwab and coworkers 

(1983) detected MYCN amplification as an important molecular feature 

of cell lines and primary tumors which proved to be a reliable marker 

for indicating rapid tumor progression (Seeger et al. 1985). 

 Neuroblastoma is the third most common pediatric cancer. It is 

the most common extracranial solid tumor of childhood and the most 

common malignancy among infants.India belong to low incidence 

group. Neuroblastoma is an embryonal cancer of the postganglionic 

sympathetic nervous system, most commonly arises in the adrenal 

gland. The clinical  hallmark of neuroblastoma is that it can regress 

spontaneously or progress to an end stage disease.   
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AIMS OF STUDY 
 

 

1. To determine the MYCN amplification  in tissue samples of  

Neuroblastoma cases. 

2. To determine the Trk - A expression  in tissue samples of 

Neuroblastoma cases. 

3. To correlate clinical status,stage and histopathology  of the                 

disease with the prognostic markers (MYCN & Trk-A). 
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EPIDEMIOLOGY 

The incidence of the tumour is approximately 1 in 7500 to 10000 

children. The incidence of neuroblastoma is highest among Caucasians 

from North American, Europe, Australia, and Israeli Jews . Lower rates 

were found for registries in southern and eastern Asia, including India 

and China(1).Overall, the incidence  appeared to be higher for regions or 

ethnic groups with a higher standard of living .Neuroblastoma is 

responsible for 10% of chilhood tumours and 15% of  all cancer 

deaths.About 40% of cases are diagnosed by age 1 year,75% by 7 

years,98% by 10 years. 

 

SCREENING 

The idea that one could detect childhood cancer preclinically by 

screening has been and remains an appealing prospect. Neuroblastoma 

screening for elevated urinary catecholamines led to a marked increase 

in the incidence of the disease with no reduction in its mortality; hence, 

in 2004 using the markers studied, neuroblastoma screening has been  be 

abandoned throughout the world: in Japan screening was finally halted 

in March of 2004 (2). In the future, there may be better opportunities as 
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more selective markers for poor-biology neuroblastoma are discovered 

that can be utilized as screening tools.                                   

                                       GENETICS 

Multiple somatically acquired genetic alterations have been 

described in neuroblastoma,but the genetic events that initiate 

tumorigenesis remain largely unknown. Like most other human cancers, 

a small subset of neuroblastoma cases have an apparent heritable genetic 

etiology. Familial neuroblastoma was first described in 1945 (Dodge 

and Brenner 1945), and multiple pedigrees have been reported in the 

literature since that time. 

 

Associated Genetic Conditions 

The coincident occurrence of neuroblastoma in patientswith 

global disorders of neural crest-derived cells (i.e., “neurocristopathies”), 

such as Hirschsprung disease (HD) and/or congenital central 

hypoventilation syndrome (CCHS, Ondine’s curse), has been described 

(3). In addition, there have been reports of the coexistence of 

neuroblastoma and  neurofibromatosis type 1(NF 1)in familial 

neuroblastoma . The genes implicated in the genesisof Hirschsprung 
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disease (RET, EDNRB, EDN3, GDNF, ECE1, and ZFHX1B), central 

hypoventilation (RET,GDNF, EDN3, BDNF, and PHOX2B) and/or 

NF1 may be causally involved in the initiation or progression of human 

neuroblastoma, especially in the context of a neurocristopathy. 

 

Constitutional Chromosomal Abnormalities 

Neuroblastoma patients with de novo karyotypic abnormalities 

are rare. Confirmed recurrent constitutional deletions at chromosomal 

regions 1p36, 2p23, 3q, 11q,14q  and 15q are noted Constitutional 

balanced translocations have been identified rarely in neuroblastoma 

patients, and no common region is apparent.Whole chromosome gains 

or losses are also rare in neuroblastoma patients. 

Interestingly, there appears to be an excess incidence of 

neuroblastoma in patients with 45,X (Turner) syndrome and perhaps 

trisomy 13,whereas trisomy 21 (Down syndrome) appears to be 

associated with a decreased risk for developing neuroblastoma. (4). 
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Hereditary Neuroblastoma 

Heritable neuroblastoma is a rare phenomenon, and the pediatric 

oncologist should reassure parents of any newly diagnosed patient that 

the risk to siblings (particularly in the absence of highrisk features such 

as multifocal primary tumors) is very low.  Analyses of the published 

pedigrees in the past three decades strongly support the original 

conclusion of an autosomal-dominant mode of inheritance with 

incomplete penetrance.                                                    

                        MOLECULAR CYTOGENETICS 

Two major classes of cancer-related genes have been identified. 

a) oncogenes,which contribute to cancer “dominantly” by positive  

modulation of cellular growth; and  

b) tumor suppressor genes, which are thought to control normal 

cellular growth and differentiation and act in a “recessive” 

negative way, contributing to cancer through functional 

inactivation. Both sporadic and familial genetic factors contribute 

to the pathogenesis, a small subset of neuroblastoma cases have 

an apparent heritable genetic etiology; however, the vast majority 

of patients appear to develop neuroblastoma through 
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spontaneously acquired somatic events rather than germline 

aberrations. 

 

Neuroblastoma Suppressor Genes”and Loss of Heterozygosity 

The concept of tumor suppressor genes evolved from seminal 

observations made while studying retinoblastoma (Knudson 1971). The 

identification of the molecular pathway of retinoblastoma development 

by successive inactivation of the two RB1 alleles at a gene locus was 

seen as a paradigm for tumor suppressor gene inactivation in other 

human cancers. Statistical analyses indicated that a two-hit genetic 

pathway,similar to the one identified in retinoblastoma, would lead to 

the development of neuroblastoma (Knudson 1971). Furthermore, the 

consistent 1p deletion detected in neuroblastoma tumors suggested that 

loss of a putative “neuroblastoma suppressor gene” (NSG) on 

chromosome 1p may represent the first “hit.”The second hit was 

presumed to be a point mutation – or other subtle alterations – of the 

NSG on the other allele (although the sequence of “hits”can be either 

way). 
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Chromosome 1p Deletion 

Brodeur et al first recognized that deletions of the short arm of 

chromosome 1 (1p) were a common karyotypic feature of 

neuroblastoma cell lines and advanced tumors. Molecular genetic 

studies have confirmed these observations by documenting loss of 

heterozygosity (LOH) in up to 35% of neuroblastomas have LOH of 

chromosome 1p (Fong et al. 1989; Maris et al. 2000; It therefore seems 

likely that a neuroblastoma suppressor gene is located on the short arm 

of chromosome 1, and that this gene is inactivated in at least one third of 

primary neuroblastomas Virtually all neuroblastomas with 1p deletions 

identified in the literature 

delete a common region that includes distal 1p36.2 and all of 1p36.3 

There is a strong correlation between 1p LOH and high-risk features 

such as age greater than 1 year at diagnosis, metastatic disease, and 

MYCN amplification.75-77,95 Thus, 1p LOH occurs frequently in the 

more malignant subset of neuroblastomas.  A  retrospective study of 

uniformly treated Children’s Cancer Group patients indicated that 1p36 

LOH independently predicts for a decreased event-free survival but not 

overall survival(6). This apparent discrepancy may be explained by the 

fact that many relapses in patients with locoregional  neuroblastoma are 
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salvageable. Thus, 1p LOH analysis may identify patients with low- or 

intermediate-risk features who are more likely to have disease relapse. 

 

Chromosome 11 Alterations in Neuroblastoma 

Chromosome 11q deletions have been noted in approximately 

15% to 20% of reported  neuroblastoma karyotypes,(7) transfer of an 

intact chromosome 11 into the neuroblastoma cell line NGP induced 

differentiation.79 Constitutional rearrangements of chromosome 11q 

also have been observed in some neuroblastoma patients.Molecular 

genetic studies have demonstrated loss of 11q in approximately one 

third of primary tumors. A recently completed survey of 295 primary 

neuroblastomas has found evidence for allelic deletion in 44% of cases 

(8)(9) common region of LOH mapped to 11q23, indicating that this is 

the most likely location of an 11q neuroblastoma suppressor gene. In 

contrast to 1p LOH, there was a striking inverse correlation of 11q LOH 

and MYCN amplification. 
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Chromosome 14q deletion 

The deletions of chromosome 14 are too small to be identified 

easily by conventional cytogenetic Analysis. A recent study of 372 

primary neuroblastomas with markers evenly spaced along 14q showed 

LOH in 22%, with a common region of deletion within 14q23-qter(11).  

LOH for14q was highly correlated with 11q LOH, inversely related to 

MYCN amplification and present in all clinical risk groups, indicating 

that this abnormality may occur early in tumor development. 

 

MYCN Amplification 

MYCN is a proto-oncogene normally expressed in the developing  

nervous system and selected other tissues It  was originally cloned in 

1983 by identifying an amplified DNA sequence with partial homology 

to the proto-oncogene (c-myc) in neuroblastoma cell lines . 

MYCN gene is located on the distal short arm of chromosome 2 

(2p24). Genetic material from this region is transposed to 

DMs(chromatin -bodies) during the process of amplification, and the 

DMs may then be linearly integrated into random chromosomal regions 

as HSRs (homogeneously staining chromosomal regions). The process 
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of amplification usually   results in  50 to 400 copies of the gene per 

cell, with correspondingly high levels of protein expression.10 

Intermediate copy level numbers (ie, three to 10 copies) may reflect 

either low-level amplification or aneuploidy. Brodeur et al(12) was the   

first to show that MYCN amplification occurs in a substantial subset of 

primary untreated neuroblastomas and is highly correlated with 

advanced stage. Seeger et al (13)then demonstrated a strong association 

with rapid disease progression and a poor prognosis. Subsequent 

investigations have confirmed that MYCN gene amplification greater 

than 10 copies per haploid genome is powerful prognostic variable 

independent of anatomic stage, age, and multiple other biologic 

measures. 

 

Neurotrophins and Their Receptors in Neuroblastoma 

The neurotrophin family of growth factors consists of nerve 

growth factor (NGF), brain-derived neurotrophic factor (BDNF), 

neurotrophin-3 (NT-3), and neurotrophin-4/5 (NT-4/5), (14). The 

corresponding high-affinity neurotrophin receptors with tyrosine kinase 

activity have been identified as TrkA, TrkB, and TrkC (15). TrkA is a 

preferred receptor for NGF, TrkB for BDNF and NT-4/5, and TrkC for 



12 

 

NT-3. All of the neurotrophins also bind similarly to a lower affinity 

neurotrophin receptor p75NTR, a member of the tumor necrosis factor 

receptor (TNFR)/Fas family (14). 

 The targeted disruption of neurotrophins and their receptors has 

demonstrated that NGF/TrkA signaling supports the survival and 

differentiation of sympathetic and sensory neurons responsive to 

temperature and pain,while BDNF/TrkB, NT-4/TrkB, and NT-3/TrkC 

signaling supports those of sensory neurons responsive to tactile stimuli 

and motor and sensory neurons responsive to limb movement and 

position, respectively .These results suggest that neural development and 

maintenance of the neural network are spatiotemporally controlled by 

neurotrophins In  neuroblastoma, high levels of TrkA are expressed in 

subsets of tumors with good prognosis, often showing spontaneous 

regression (16,)(17). Such tumors usually occur in patients under 1 year 

of age, and their DNA ploidy is aneuploid. high levels of TrkA, 

activation with nerve growth factor (NGF) can decrease MYCN levels 

by mediating signals transduced through the MAP kinase pathway. On  

the other hand TrkA expression is strongly downregulated in tumors 

with aggressive behavior that usually possess amplification of the 

MYCN oncogene and allelic loss of chromosome 1p36 (16). TrkB is 
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preferentially expressed in aggressive neuroblastomas together with its 

preferred ligands BDNF and NT-4/5 which stimulate in an 

autocrine/paracrine manner, conferring an enhanced malignant 

phenotype to the tumor cells (18). TrkC is expressed in favorable 

neuroblastomas at variable levels (19), but its preferred ligand,NT-3, is 

nearly undetectable by RT-PCR in primary neuroblastomas. 

 

CLINICAL PRESENTATION 

Presenting signs and symptoms of children with neuroblastoma 

reflect both the location of the primary tumor and the extent of disease. 

The  typical patient with neuroblastoma is an infant or a toddler. Pain 

from abdominal distension or metastases to bone is common (30%). 

Many patients fail to gain weight or have weight loss (11%). The 

characteristic bilateral periorbital ecchymosis, which is a sign of 

metastatic disease, is typically caused by intraorbital metastases. In 

contrast, infants with stage 4S commonly present with abdominal  

distension resulting from massive liver infiltration  and subcutaneous 

nodules (most of them better palpable than visible,sometimes blueberry 

appearance. The massive hepatomegaly can lead to respiratory distress, 

and kidney or bowel function can be impaired due to obstruction by the 
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tumor. Patients with localized disease are often asymptomatic, and in 

many cases the diagnosis of neuroblastoma is made following a 

radiograph or ultrasound performed for unrelated reasons.  

 

Rare but Characteristic Symptoms 

Transverse myelopathy, Resistant diarrhea, Horner’s  syndrome, 

Hypertension, Opsomyoclonus-ataxia syndrome.  

TUMOUR MARKERS 

Catecholamine Metabolites 

Catecholamine metabolites represent the most sensitive and 

specific tumor markers. While the determination of vanillylmandelic 

acid (VMA) and homovanillic acid (HVA) in a clean void urine sample 

is considered essential, the additional value of dopamine is less clear. 

The simultaneous measurement of urinary creatinine permits reliable 

VMA and HVA estimates in spot urine samples avoiding the 

uncomfortable 24hrs urine collection. The determination of VMA, 

HVA, and dopamine in serum samples may be useful in some instances, 

but is 10–15% less sensitive. The usefulness of catecholamine 

metabolites as early markers of recurrence may be limited . 
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Neuron-Specific Enolase 

Neuron-specific enolase (NSE) is synthesized by neuroblastoma 

cells and used as an immunohistochemical marker. Elevated serum 

levels have been reported in other neuroectodermal tumors such as 

Ewing’s sarcoma, small cell lung cancer, and pheochromocytoma, as 

well as in acute lymphoblastic leukemia and non-Hodgkin’s lymphoma 

(20). High levels at diagnosis were associated with poor outcome in 

several studies (cutoff levels 30–100 ng/ml) when corrected for stage 

(21). Neuron-specific enolase is less specific for neuroblastoma than the 

catecholamine metabolites, but is more prognostic, and similarly 

valuable for monitoring recurrent disease. 

 

Ferritin 

Neuroblastoma cell lines and tumors produce and secrete ferritin 

which is biochemically different (glycosylated, electrophoretic 

characteristics) from that secreted by normal cells . Elevated serum 

ferritin levels have been observed not only in neuroblastoma but also in 

Hodgkin’s disease, leukemia, and breast cancer.While tumor cells from 

infants with stage-4 and stage-4S tumors contained equivalent amounts 

of ferritin, the highest serum levels were only observed in children with 
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stage-4 disease with poor prognosis . Although ferritin is a robust 

prognostic marker at diagnosis (22), it is unsuitable for monitoring the 

disease, because it becomes elevated from frequent blood transfusions 

during chemotherapy; thus, ferritin appears helpful for estimating the 

prognosis, but not for diagnosis and monitoring. 

 

 Lactate Dehydrogenase  

Several multivariate analyses demonstrated that elevated serum 

lactate dehydrogenase (LDH) levels provide additional prognostic 

information that is independent of stage, age, and other factors (23). 

LDH is elevated in most children with stage-4 disease.  

 

Sites of the Primary Tumor 

Primary tumors may originate in all sites of sympathetic ganglia 

or paraganglia; in particular along the sympathetic paravertebral chain, 

in the adrenal medulla, in the organ of Zuckerkandl, and in the 

ganglionstellatum at the seventh cervical vertebral transverse process. 
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Metastatic Sites 

Metastases are non-randomly distributed and the pattern differs 

distinctly between the mainly progressive stage 4 and the mainly 

regressive stage 4S. Major metastatic sites in stage-4 disease include 

bone marrow, bone, and lymph nodes, while liver, skin, and bone 

marrow are common metastatic sites in stage-4S infants. 

 

                            DIFFERENTIAL DIAGNOSIS 

 

Small Blue Round Cell Tumors 

Neuronal differentiating features are present in most 

neuroblastomas; therefore, the histological diagnosis of neuroblastoma 

is unequivocal in the vast majority of the patients. In the case of a 

completely undifferentiated histological pattern, other small blue round 

cell tumors need to be ruled out; those include Ewing’s sarcoma and 

other peripheral neuroectodermal tumors (PNET), rhabdomyosarcoma 

(RMS), desmoplastic small round cell tumor (DSRCT) and malignant 

Non- Hodgkin’s lymphoma (NHL). These tumors do not excrete 

elevated catecholamine metabolites and are not MIBG avid (Ewing’s/ 
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PNET tumors may demonstrate faint MIBG uptake).The locations of 

tumors may help to discriminate further [bone involvement in Ewing’s 

sarcoma, ribs and thoracic wall in PNETs (Askin tumors), main soft 

tissue mass in rhabdomyosarcoma, peritoneal implants in DSRCT, and 

frequent lymphoblastic bone marrow infiltration in NHL. 

 

Adrenal Hemorrhage in the Newborn 

The differentiation of necrotic/hemorrhagic neuroblastoma from 

bleeding residues of the adrenal during the newborn period may be 

difficult. The determination of urinary VMA/HVA levels rarely resolves 

the differential diagnosis because of the tumor is generally too small to 

produce abnormal marker levels. Since most patients are not in critical 

condition and the prognosis is favorable, histological investigation can 

be delayed for 1–3 months with close follow-up of tumor size and 

structure using ultrasonography. 

Nephroblastoma 

Wilms’ tumor: intrarenal, destruction of the renal pelvis; 

neuroblastoma: Suprarenal, tumor calcifications. Approximately 2% of 

1603 histologically proven neuroblastomas have been pretreated 
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wrongly according to the Wilms’ tumor protocol (24). The poor 

outcome of these patients was related more to their unfavorable 

biological features. 

Others 

Ganglioneuroma, Pheochromocytoma,  Paraganglioma, 

Chemodectoma 

                                           IMAGING 

 

Ultrasonography 

The location of the primary tumor, the presence of vascular 

encasement, and metastasis to the liver may be detected by 

ultrasonography. Calcifications are demonstrated as focal areas of 

increased echogenicity, sometimes associated with acoustical 

shadowing. The aorta and inferior vena cava are usually anteriorly 

displaced by the retroperitoneal mass. Tumor invasion of the liver or 

kidney can be assessed by visualization of planes between the mass and 

the liver or kidney.Doppler may be used to demonstrate flow in vessels 

compressed by tumor; however,evaluation of the full extent of the 

disease is not possible with ultrasonography. 
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Computerized Axial Tomography 

CT scans can be performed relatively quickly and tumor 

calcifications are readily detected . CT of the head and orbits should be 

performed in any patient with suspected cranial bone involvement, and 

chest CT scans are necessary for evaluating parenchymal lung disease. 

CT cannot be used   to evaluate bone marrow, and this imaging study is 

inadequate for the evaluation of epidural disease.  

 

 Magnetic Resonance Imaging 

Magnetic resonance imaging is the imaging modality of choice in 

the initial evaluation of NB (25).Magnetic resonance has 

distinctadvantages over CT including  

(1) The absence of ionizing radiation,  

(2) The ability to evaluate neural foraminal and epidural involvement, 

and  

(3) The ability to detect bone marrow disease. 
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  In addition, MR is ideal for defining the precise extent of skeletal 

involvement, separating cortical bone from marrow involvement. 

Furthermore, invasion of the liver,kidney, and abdominal organs can 

readily be detected by MR imaging. This is particularly important in 

large, right-sided masses where separation of the mass from liver or 

kidney may be difficult at CT. 

 

Bone Scan 

The bone scan  has had a long-standing role for evaluating the 

entire skeleton for metastatic NB . In addition, many primary NBs also 

accumulate Tc-99m MDP because of their calcifications. The depiction 

of osseous lesions depends on the reaction of bone to the presence of 

tumor within bone. The bone scan provides a major diagnostic 

advantage over skeletal surveys in the assessment of bony NB lesions 

Since NB frequently localizes in the metaphyseal region adjacent to the 

epiphyseal plates, sites of normally increased uptake of bone seeking 

tracers, metastatic involvement may be difficult to appreciate in these 

areas of normal high physiological accumulation. 
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MIBG Scintigraphy 

MIBG is highly specific (>95%) for NB in the usual pediatric 

context. MIBG is a tracer for the type-1 amine uptake and granular 

storagepathways (APUD: amine precursor uptake and decarboxylation). 

Once transported into the NB cell the majority of MIBG remains within 

the cytoplasm . In contrast to pheochromocytoma cells where MIBG is 

actively transported into catecholamine storage granules by a reserpine-

sensitive pump, accumulation of MIBG in NBs depends on continued 

reuptake of the effluxed radiotracer.MIBG is not metabolized by the 

enzymes which metabolize catecholamines. 

 

Positron Emission Tomography Scanning 

F-18 fluorodeoxyglucose (FDG) is concentrated by most NBs and 

pheochromocytomas . FDG imaging in NBs is particularly valuable for 

monitoring those tumors which do not concentrate MIBG.                                   
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STAGING 

             International Neuroblastoma Staging System (INSS) 

Stage Definition 

Stage 1 -  Localized tumor confined to the area of origin.Complete gross 

resection with or without microscopic residual disease; identifiable 

ipsilateral and contralateral lymph node negative for tumor.Adherent 

lymph nodes in direct continuity with and removed with the tumor may 

be positive for the tumor. A grossly resected midline tumor without 

ipsilateral (with: stage 2A) or contralateral (with: stage 2B) lymph node 

involvement is considered stage 1 

 

Stage 2A -  Unilateral with incomplete gross resection; identifiable 

ipsilateral and contralateral lymph node negative for tumor 

 

Stage 2B -  Unilateral with complete or incomplete gross resection; with 

ipsilateral lymph node positive for tumor; identifiable contralateral 

lymph node negative for tumor  
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Stage 3   - Tumor infiltrating across midline with or without regional 

lymph node involvement; or unilateral tumor with contralateral lymph 

node involvement or midline tumor with bilateral lymph node 

involvement  

 

Stage 4   - Dissemination of tumor to distant lymph nodes,bone marrow, 

liver, or other organs except as defined in stage 4S 

 

Stage 4S Localized primary tumor as defined for stage 1 or 2 with 

dissemination limited to liver, skin, and bone marrow (<10% of 

nucleated marrow cells are tumor cells). 
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PATHOLOGY 

 

pNTs (Peripheral neural tumours) are classified into four basic 

morphological categories (Shimada et al. 1999a):  

 

1. neuroblastoma (Schwannian stroma-poor);   

 

2. ganglioneuroblastoma,intermixed (Schwannian stroma-rich); 

 

3. ganglioneuroma (Schwannian stromadominant); 

 

4. ganglioneuroblastoma, nodular (composite, Schwannian stroma-

rich/stroma-dominant, and stroma-poor). 

 

Neuroblastoma (Schwannian Stroma-poor) 

Tumors in this category are composed of neuroblastic cells 

forming lobules separated by thin fibrovascular septa where Schwann 

cells (or their precursors) can (or may) be detected as slender S-100 
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positive cells. Three subtypes, i.e., undifferentiated, poorly 

differentiated, and differentiating, are distinguished based on different 

grades. 

 

Neuroblastoma, Undifferentiated Subtype 

In this rare subtype, tumor tissue is composed of undifferentiated 

neuroblastic cells without identifiable neurophil or rosettes. In order to 

establish the diagnosis, supplementary tests, such as  

imunohistochemistry, electron microscopy, and/or 

molecular/cytogenetic analysis, are usually required. 

 

Neuroblastoma, Poorly Differentiated Subtype  

  Diagnosis for tumor in this subtype is relatively easy because of 

the presence of varying amount of neuropil and/or rosettes of the 

Homer-Wright type. Most of the tumor cells are undifferentiated: less 

than 5% of the population has morphological evidence of differentiation 

. 
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Neuroblastoma, Differentiating Subtype  

Tumor of this subtype usually has abundant neuropil. Five percent 

or more of the tumor cells are differentiating neuroblasts: they are 

characterized by synchronous differentiation of the nucleus (enlarged, 

eccentrically located with vesicular chromatin pattern, and a single 

prominent nucleolus), and of the cytoplasm (eosinophilic/amphophilic 

with a diameter two or more times larger than the nucleus).  

 

Mitosis–karyorrhexis index (MKI):  

One of three MKI classes is assigned to the given neuroblastoma 

tumor.Those classes are low MKI (<2% or <100 of 5000 mitotic and 

karyorrhectic cells), intermediate MKI (2–4% or 100–200 of 5000 

mitotic and karyorrhectic cells), and high MKI (>4% or >200 of 5000 

mitotic and karyorrhectic cells). 

 

Ganglioneuroblastoma, 

Intermixed (Schwannian Stroma-rich). The international 

classification has stipulated that tumors having prominent Schwannian 
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stromal development occupying more than 50% of the tumor tissue are 

upgraded to this category.Tumor histology is consistent with a transition 

to the full differentiation/ maturation of ganglioneuroma (see below), 

but the process is not complete, as evidenced by scattered “residual” 

microscopic foci where neuroblastic cells in various stages of  

differentiation as well as varying numbers of maturing ganglion cells are 

found in the background of neuropil. 

 

Ganglioneuroma 

(Schwannian Stroma-dominant) 

 

Ganglioneuroma, Maturing Subtype :  

Tumor of this subtype was previously named 

“ganglioneuroblastoma,  well differentiated” in the original Shimada 

classification. Some of the neuroblastic components appear to be on 

their way to fully mature ganglion cells and have appearances of 

differentiating neuroblasts and/or maturing ganglion cells. 
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Ganglioneuroma,Mature Subtype :  

Tumor in this subtype is composed of fully developed 

Schwannian stroma and mature ganglion cells. Those mature ganglion 

cells are surrounded by satellite cells. Mature non-myelinating Schwann 

cells, the dominating component of tumor, characteristically form 

multiple fascicles covered with perineurial cells. Tumors categorized as 

either ganglioneuroblastoma, intermixed, or ganglioneuroma have an 

elastic consistency, and their cut surfaces are always tan-yellow and 

homogenous with or without fibrous bands. 

 

Ganglioneuroblastoma, 

Nodular (Composite,Schwannian Stroma-rich/ 

Stroma-dominant and Stroma-poor) 

 

Tumor in this category is characterized by the presence of one or 

more macroscopic, usually hemorrhagic neuroblastomatous nodule(s) 

(stroma-poor component) coexisting with ganglioneuroblastoma, 

intermixed (stroma-rich component) or with gang-lioneuroma (stroma-
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dominant component). On microscopic examination, there is typically 

abrupt demarcation (pushing border or even fibrous pseudo-capsular 

formation) between the neuroblastomatous nodule(s) and the stroma-

rich or stroma- dominant tumor tissue. Some nodules, however, are not 

clearly demarcated but rather have a zone of neuroblastic infiltration 

into the adjacent Schwannian stromal tissue. In rare cases the 

neuroblastomatousnodule becomes so large, dominating the tumor 

tissue, that one can recognize stroma-rich/stroma-dominant area only by 

light microscopic examination. 

 

Correlation of Histopathology 

with MYCN Amplification and trkA Expression 

There is a reproducible correlation between the molecular event 

of MYCN amplification and the morphological manifestations in pNTs 

(26). Those tumors with amplified MYCN typically are of the 

undifferentiated or poorly differentiated subtype of neuroblastoma 

(Schwannian stroma-poor) with markedly increased mitotic 

(proliferating) and karyorrhectic (apoptotic) activities (26), an 

unfavorable histology group according to the International 
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Neuroblastoma Pathology Classification. The presence of prominent 

nucleoli in neuroblastic cells of undifferentiated or poorly differentiated 

neuroblastoma, often associated with unfavorable prognosis (27), can be 

an additional hallmark of MYCN amplification . Favorable histology 

neuroblastoma tumors include both poorly differentiated and 

differentiating subtypes: although there is no difference in the level of 

trkA expression between these two histological subtypes, tumors of 

differentiating subtype are diagnosed in significantly older children 

(usually between 1 and 5 years of age) than those of poorly 

differentiated subtype (newborn to 1.5 years of age). 

 

                                          TREATMENT 

 

Low-Risk Neuroblastoma 

Low-risk neuroblastoma is defined as disease that is curable with 

no or minimal cytotoxic therapy and is strongly associated with 

spontaneous regression.Approximately 40% of neuroblastoma patients 

have low-risk disease.According to the COG this category includes 

patients with INSS stage – 1, 2, & 4s. Currently, stage 1 in all age 
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groups is considered low risk regardless of biologic markers and the 

same holds for infants with stage-2 disease. In older patients,lack of 

MYCN amplification is the only biologic finding needed for classifying 

stage 2 as low risk.Most patients with low-risk neuroblastoma are cured 

with surgery alone, while a subset of low-risk infants with small adrenal 

tumors can be safely observed without surgery or other treatment. The 

excellent outcome is due, in part, to a high incidence of spontaneous 

tumor regression observed with this group of tumors. The identification 

of biologic markers associated with favorable prognosis has facilitated 

treatment reduction for ever greater numbers of neuroblastoma 

patients.While gross total resection of a localized neuroblastoma 

remains the current treatment recommendation for most patients, it is 

now well recognized that such a procedure is not justified if it entails 

acute risks such as loss of a major organ (e.g., kidney) or damage to 

important nerves (e.g.,brachial or sacral plexus) as the residual 

biologically favorable disease will likely remain stable or even regress 

spontaneously. Alternatively, a partial resection followed by 

chemotherapy or observation alone may be reasonable, given the very 

small risk that residual biologically favorable tumor might evolve into 

lethal metastatic disease. 
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Intermediate-Risk Neuroblastoma 

According to the current Children’s Oncology Group (COG)  

Neuroblastoma Risk Stratification System , this grouping includes 

infants with INSS stages 3 or 4 tumors that lack MYCN amplification, 

infants with stage-4S disease with normal MYCN copy number and 

either unfavorable histology or diploidy, and children >1 year of age 

with favorable histology stage-3 tumors that lack MYCN amplification. 

Based on these clinical and biologic criteria, approximately 15% of all 

patients diagnosed with neuroblastoma are classified as intermediate risk 

 

Treatment for Stage-3 Neuroblastoma 

In the current COG study, infants with stage 3 continue to receive 

chemotherapy, but only four cycles if disease is hyperdiploid vs eight 

cycles if disease is diploid, and carboplatin is used, rather than 

cisplatin,in an attempt to reduce toxicity(combinations of platinum 

compounds, etoposide, cyclophosphamide, doxorubicin, and/or 

vincristine).Older patients with intermediate-risk stage-3 neuroblastoma 

). In the current COG study, these patients receive only four cycles of 

chemotherapy.The French Society of Pediatric Oncology achieved their 
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result using alternating cycles of carboplatin/ etoposide and  

cyclophosphamide/doxorubicin/ vincristine (maximum of three cycles of 

each combination), in moderate doses (28). In a large CCG study, 

treatment included 9 months of combined usage of cisplatin, etoposide, 

cyclophosphamide, and doxorubicin (29). In one large POG study, 

cycles of high-dose cisplatin/etoposide alternated with low-dose 

cyclophosphamide/ doxorubicin, and in a successor POG study, patients 

received cycles of cyclophosphamide, etoposide, vincristine, plus either 

cisplatin or carboplatin .  

 

Treatment of Infant Stage-4 Neuroblastoma 

In the current COG study, infants with non-MYCN-amplified 

stage 4 are treated with modest-dose chemotherapy, four cycles if tumor 

is hyperdiploid and has favorable histopathology, and eight cycles if 

tumor is diploid and/or has unfavorable histopathology. 

 

Treatment for Stage-4S Neuroblastoma 

 COG uses the presence of diploidy and unfavorable 

histopathology to confer intermediaterisk status on stage 4S with the 
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implication of a need for treatment with chemotherapy (up to eight 

cycles in the current COG study) For symptomatic hepatomegaly low-

dose chemotherapy and/or radiotherapy ( e.g., 150 cGy/fraction, ) have 

been used with variable success. 

 

High-Risk Neuroblastoma 

The high-risk group in neuroblastoma is comprised primarily of 

children (>1 year of age at diagnosis) with stage-4 disease and stage 3 

with tumor MYCN amplification or unfavorable histopathology. 

Therapy for high-risk neuroblastoma is currently divided into four 

phases 

 

(1) Induction Therapy combinations of vincristine, cisplatin, etoposide, 

cyclophosphamide, and carboplatin (30). 

(2) Local Control Surgical resection of the tumor  during or at 

completion of chemotherapy induction, in order to remove residual 

viable tumor . 
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(3) High-dose marrow ablative therapy Myeloablative therapy while 

prolonging progression-free survival may only have a small effect on the 

long-term cure rate.  

 

(4) Therapy of Minimal Residual Disease 

New approaches to eliminate minimal residual disease tried with 

agents such as 13-cis-retinoic acid (31), fenretinide, anti-GD2 

monoclonal antibodies (32), immunocytokines, genetically engineered 

vaccines , anti-angiogenic therapy (33), small molecule inhibitors of 

tyrosine kinase genes , or histone deacetylase inhibitors (34). 

 

Sugical Technique 

It is almost never possible to obtain a clear microscopic margin; 

thus, dissection generally proceeds along the pseudocapsule of the 

tumor. Sectioning of the tumor overlying vital structures or its partial 

removal allows better visualization in order to achieve a gross total 

resection. The use of titanium surgical clips can improve hemostasis and 

lymphostasis while marking involved areas for subsequent radiotherapy 

. 
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Surgical complications 
System Complications 

Vascular  Arterial or venous laceration: 

primary repair 

Arterial laceration: graft 

Renovascular hypertension 

Lymphatic ascites 

 
Genitourinary Nephrectomy 

Renal infarction (arterial or venous 

occlusion or thrombosis) 

Ureteral transection or fibrosis 

Neurogenic bladder 

Bladder perforation 

Urinary tract infection 

 
Gastrointestinal Intussusception 

Chronic diarrhea 

Gastric atony 

Motility disorders 

 
 Nervous  Spinal cord injury with paralysis 

Horner’s syndrome 

Recurrent nerve injury 

Brachial or lumbosacral plexus injury 

                             Sensory loss 
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RADIOTHERAPY 

 

Low Risk Disease 

The current standard of care is to reserve radiation therapy only 

for those low-risk patients whose disease is not adequately controlled 

with surgery and chemotherapy. In the current COG protocol for low-

risk neuroblastoma (#P9641), a dose of 21 Gy is recommended for 

stage-1 and stage-2 patients who require radiotherapy. 

Intermediate-Risk Disease 

Radiation therapy is indicated for patients with clinical 

deterioration despite chemotherapy and surgery or those with persistent 

tumor afterchemotherapy and second-look surgery. 

Stage-4S Disease 

A unique use of radiation therapy is for infants with stage-4S 

disease who have respiratory distress or compression of abdominal 

viscera from massive liver involvement (35). A very low dose of 

radiation, three fractions of 1.5 Gy each, is extremely effective in 

reversing these life-threatening problems without a significant risk of 

long-term complications 
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High-Risk Disease 

The majority of patients with high-risk disease do benefit from 

the addition of radiation therapy to the combined modality treatment 

paradigm. This group of patients have excellent local control when the 

primary site is managed with complete surgical resection followed 

byapproximately 21 Gy; however, this dose of radiation does not appear 

to be adequate if complete resection is not achieved. Radiation therapy 

is an indispensable tool in the management of neuroblastoma 

metastases, either as part of initial therapy or as palliation. 

 

TREATMENT OF RELAPSED & 

 REFRACTORY NEUROBLASTOMA status Treatment approach 

Primary refractory   - Novel chemotherapy,MIBG+myeloablative 

therapy,MRD therapy (Minimal residual disease 

therapy). 

 

Early relapse  - Novel chemotherapy, then targeted therapy, 

myeloablative therapy, MRD therapy. 
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Late relapse  - Standard combination chemotherapy, surgery, 

radiotherapy or MIBG, and novel MRD therapy. 

Multiple relapse - Low-toxicity oral chemotherapy or outpatient-

targeted therapy 

 

Novel therapies: 

Prolongation of induction therapy with intensification of dose if 

there has been some response to treatment, or else adding 

chemotherapeutic agents that differ in their mechanism of action from 

those used in induction, biologic response modifiers, or targeted 

radiotherapy 

NEW AGENTS WITH POTENTIAL IN NEUROBLASTOMA  

(HDAC histone deacetylase inhibitors) 
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Stem Cell Transplantation 

The primary source of hematopoietic stem and progenitor cells for 

use in autologous and allogeneic transplantation has been, until recently, 

bone marrow. Over the past decade, there has been an increasing use of 

peripheral blood containing mobilized stem and progenitor cells for 

transplantation(PBSC) (36). This product is variously referred to as 

peripheral blood stem cells, peripheral blood progenitor cells, or given 

the shorthand designation “stem cells.” 

 

Autologous Transplant in Neuroblastoma 

The use of the patient’s own stem cells to support recovery from 

high-dose chemotherapy is more properly referred to as high-dose 

chemo with stem cell rescue (HDC/SCR). The HDC  regimen used to 

prepare the patient is usually myeloablative, meaning that no bone 

marrow recovery is possible without SCR.There are also 

submyeloablative HDC regimens, in which the SCR is used to speed 

recovery. 
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MATERIALS  &  METHODS 

 

     This study on neuroblastoma in children is based on  patients 

admitted to the Institute of Child Health and hospital for children [ICH 

& HC], Egmore during the period from June 2011 to March 2012. The 

study includes  boys and  girls between the age group 8 months to 12 

years. 

 

Design of the study :  A prospective , collaborative clinical 
and molecular study. 

 

Subject Selection : New cases of neuroblastoma    

         

 

Inclusion Criteria :  New cases of neuroblastoma who have  
never received chemotherapy before. 

 

Exclusion Criteria : Cases of neuroblastoma who are on  
  chemotherapy or  completed chemotherapy                                                      

 

Follow up : Assess tumour status by clinical 
examination, Complete blood count, 
Ultrasound & X rays/ CT.      
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Neuroblastoma  tissue samples were collected after obtaining 

informed consent  from  the patient’s/parents. Patient’s clinical data with 

any family history of cancer will be  collected. All the tumour samples 

were transported on ice to Genetics Department for the  isolation of 

DNA and RNA. Gene expression were studied using TaqMan  

Quantitative  RT-PCR. 

      All base line investigations were carried out. 

      Special investigations like 24 hours urine VMA and bone marrow 

aspiration cytology were done. Ultra sound and CT scan of abdomen 

were done to document the size and primary  status of the disease. 

      Tissue samples were taken at the time of open biopsy for 

histopathological diagnosis. 

      Tissue samples were stored in special preservative solution. 

      Once neuroblastoma was confirmed by histopathology or  

immunohistochemistry   tissues samples were sent to genetics 

laboratory.  
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Procedure 
 

 

          Tissue samples fragmentation (Homogeniser) 

 

                                               

     

                          RNA isolation (Centrifuge) 

 

                                              

 

            Complementary DNA generation(RT – PCR) 

 

                                               

 

          Separation and visualization of amplified segments 

                               (Gel Electrophoresis) 

 

                                                

 

                          Flourescent Intensity reading 

                             (Gel documentation) 
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Isolation of RNA by TRI method: 

1. Homogenate 50mg tissue sample with TRIzol (1 ml) for few 
minutes (2 times) in homogenizer by keeping over ice frequently. 

2. Spin the sample at 11400 rpm (12,000 g) for 15 min at 4°C.  
3. Transfer the supernatant to 1.5ml eppendrof tube and add 200μl 

of Chloroform (per ml TRIzol). 
4. Mix vigorously by inverting for 15 sec. 
5. Stand for 5-10 min at room temperature. 
6. Spin at 11,400 rpm for 15 min at 4°C. 
7. Transfer the colourless upper aqueous phase (Which contains 

RNA) to a new tube. 
8. Add 500μl of Isoproponal (per ml TRI) and mix gently by 

inverting the tube. 
9. Incubate it for 5-10 min at room temperature. 
10. Spin at 11,400 rpm for 10 min at 4°C. RNA settles down. 
11. Remove the supernantant and wash the pellet by adding 1ml of 

75% ice cold Ethanol. 
12. Air dry the pellet and dissolve in DEPC treated water. 

 

 

RT-PCR: 

 Reaction Volume  - 20ul 
 RNA – 5ug minimum 
 
Pre Reaction Mix: 

Random Primer (100uM) - 1 ul 
RNA    - x ul 
DEPC Water  - y ul 
    -------------------------- 
 Total    12 ul 
    -------------------------- 
Incubate the reaction mix at 65°C for 20 minutes and transfer over ice. 
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cDNA Synthesis: 

Pre reaction mix  - 12 ul 
5X Buffer   - 4 ul 
0.1M dTT            -         2 ul 
10mM dNTPs           -         1 ul 
RT enzyme (200U/ul) - 1 ul 
    -------------------------- 
     20 ul 
    -------------------------- 
 
Prepare 1-25 and 1-50 dilutions. Store the dilutions at -20°C. 
 
 
 
Second Strand Synthesis (10 ul): 
 
10X PCR Buffer   1 ul 
2.5mM dNTPs   0.4 ul 
2uM Fwd Primer            0.4 ul 
2uM Rvs Primer   0.4 ul 
Taq (5U/ul)             0.05 ul 
D. H2O    7.15 ul 
Template DNA   1 ul 
   -------------------------- 
    10 ul 
   -------------------------- 
 
PCR condition: 
 
 
        94°C       94°C               72°C  72°C 
 
      2 min    30 sec      Tm °C    30 sec 7 min  

 4°C 
 

                                                                                                                    
30 sec      
∞ 

            35 Cycles 
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Primer pair for N-MYC 

 
Sequence (5'->3') Length Tm GC%   

Forward primer CATCCCCCCAAAGGCTAAGAGC 22 59    

Reverse primer TGTGCAAAGTGGCAGTGACTGTC 23 57    

Products on target templates 

PCR product length 349 basepairs  
CATCCCCCCAAAGGCTAAGAGCttgagcccccgaaactctgactcggagg 

acagtgagcgtcgcagaaaccacaacatcctggagcgccagcgccgcaac 

gaccttcggtccagctttctcacgctcagggaccacgtgccggagttggt 

aaagaatgagaaggccgccaaggtggtcattttgaaaaaggccactgagt 

atgtccactccctccaggccgaggagcaccagcttttgctggaaaaggaa 

aaattgcaggcaagacagcagcagttgctaaagaaaattgaacacgctcg 

gacttgctagacgcttctcaaaactgGACAGTCACTGCCACTTTGCACA 

 

Primer pair for TrkA Variant 2 

 
Sequence (5'->3') Length Tm GC% 

Forward primer CACTGGTGCATCCCCTTCTCTGT 23 59 56.52 

Reverse primer CACAAGGAGCAGCGTAGAAAGG 22 57 54.55 

Products on target templates 

PCR product length 423 basepairs 

CACTGGTGCATCCCCTTCTCTGTGGATGGGCAGCCGGCACCGTCTCTGCGCTGGCTCTTC 

AATGGCTCCGTGCTCAATGAGACCAGCTTCATCTTCACTGAGTTCCTGGAGCCGGCAGCC 

AATGAGACCGTGCGGCACGGGTGTCTGCGCCTCAACCAGCCCACCCACGTCAACAACGGC 

AACTACACGCTGCTGGCTGCCAACCCCTTCGGCCAGGCCTCCGCCTCCATCATGGCTGCC 

TTCATGGACAACCCTTTCGAGTTCAACCCCGAGGACCCCATCCCTGTCTCCTTCTCGCCG 

GTGGACACTAACAGCACATCTGGAGACCCGGTGGAGAAGAAGGACGAAACACCTTTTGGG 

GTCTCGGTGGCTGTGGGCCTGGCCGTCTTTGCCTGCCTCTTCCTTTCTACGCTGCTCCTT 

GTG  
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OBSERVATION AND RESULTS 

This study conducted at ICH & HC is a prospective pilot study 

done between June 2011 and March 2012 and it encompasses a total of 

14 children who were diagnosed to have Neuroblastoma ,of which 4 

cases were not included in the study,of which 2 cases were diagnosed 

only based on Immunohistochemistry(Synaptophysin,S-100 positive)  

from bone marrow aspirate which showed small round cells and no 

tissue was available for genetic study.One of which had meningeal 

deposits and bone marrow positive, from which tissue sample could not 

be taken. In the other 2 cases, one was initially diagnosed as 

Rhabdomyosarcoma prostate and chemotherapy was started and the 

other case tissue sample was inadequate.In this study group total number 

of boys were 5 (50%) and the total number of girls were 5 (50%). The 

youngest age at presentation was 8 months  and the oldest child was 12 

years.  

Of the 10 children in the study the most common presenting 

symptom was mass in the abdomen (60%) noted by the parents. 

Abdominal distension was the next common complaint (20%).  

Nonspecific complaints like fever, loss of appetite and weight were 

noted in 2 cases(20%) . 
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AGE AND SEX DISTRIBUTION 

 

                      

 

          

 

 

 

 

TUMOUR SITES DISTRIBUTION              

 

 

                  

 

 

 
0

10

20

30

40

50

60

70

80

Adrenal         n=8
Paraspinal    n= 2

0
10
20
30
40
50
60
70
80
90

<1 >1 Male Female

Age 
Sex



50 

 

INVESTIGATIONS 

All base line investigations were carried out. 

Special investigations like 24 hours urine VMA and bone marrow  

aspiration and cytology were done. 

ABDOMINAL IMAGING 

ULTRASONOGRAPHY 

USG was the basic initial imaging done to identify the organ of 

origin extent of the tumor and pretreatment documentation of size . 

Calcifications were demonstrated in 2 cases as focal  areas of increased 

echogenicity. The aorta and inferior vena cava were anteriorly 

displaced by the retroperitoneal mass.However evaluation of 

the full extent of the disease is not possible with 

ultrasonography.  

CONTRAST ENHANCED CT SCAN OF ABDOMEN 

CT showed tumour calcification in 6 cases (60%).CT scan helped 

in 2 cases to distinguish kidney and liver from adrenal mass.It also 

showed vascular encasement  in 7 cases.Repeat CT was done after 4  

cycles  of chemotherapy to asses tumour in 3 cases and  in 2 cases 

tumour was grossly excised . 
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STAGING 

The staging was done using the (INSS) International 

neuroblastoma staging system and stage 3 (50%) was the most common 

and the remaining cases were stage 1 (30%) and stage 4 (20%) disease.     

HISTOPATHOLOGY: 

 In this study there were 2 (20%) cases of Ganglioneuroblastoma, 

and 8(80%) cases of Neuroblastoma. Among 8 cases  of neuroblastoma  

1(12.5%) showed undifferentiated  type. 

STAGE & HPE 
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TREATMENT & OUTCOME 
In our institute treatment is based on Tumour board 

recommendation which includes a team of Paediatric surgeons, Medical 

oncologists, Radiotherapists, Radiologists, and palliative care 

specialists. 

In this study all the 3 cases of stage 1 tumours were excised 

completely.Only for one case 6 cycles of chemotherapy was given.All 3 

cases are on follow up with no residual mass. 

Among the 5 cases of stage 3 tumours one had completed surgery 

and chemotherapy, another one was poor chemo responsive (progressive 

disease) and the rest  responding well  to chemotherapy. 

                  Among 2 cases of stage 4 tumours one had poor response to 

chemotherapy and poor  general condition. Partial excision was done 

and now on palliative chemotherapy.The other child is having good 

response to chemotherapy.  

 

 

 



53 

 

          CHEMOTHERAPY SCHEDULE FOLLOWED 

CISPLATIN   : 100 mg / m.sq. in divided doses D1- D3 

VINCRISTINE  : 1.5 mg / m.sq. stat. 

CYCLOPHOSPHAMIDE: 1000 mg / m.sq. in divided doses D1-D3 

N-myc Amplification detected using PCR 

In this study group of 10 cases, N myc were amplified in 3 cases 

(30%), of which 2 cases belong to stage 3 and 1 case belongs to stage 4. 

No amplification were noted in all 3 cases (0%) of stage 1. 

Trk A Epression 

                             NO case in this study group showed Trk A expression 
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Distribution of N-myc amplification      

  AMPLIFIED UNAMPLIFIED TOTAL 

AGE 

< 1 YR 

>1YR 

0 (0%) 

3 (33.3%) 

1 (100%) 

6 (66.6%) 

1 

9 

SEX 

MALE 

FEMALE 

2 (40%) 

1 (20%) 

3 (60%) 

4 (80%) 

5 

5 

STAGE 

STAGE –3 

STAGE - 4 

2 (40%) 

1 (50%) 

3 (60%) 

1 (50%) 

5 

2 

SITE 

ADRENAL 

PARASPINAL 

2 (25%) 

1 (50%) 

6 (75%) 

1 (50%) 

8 

2 

STAGE 
Progressive 

Disease 

N-myc 

Amplified 

HPE – 

undifferentiated 

STAGE – 3 (n=5) 1 2 0 

STAGE – 4 (n=2) 1 1 1 
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DISCUSSION  

ICH & HC is a government run institution and caters to the 

children belonging to the lower socio economic strata. Majority of 

parents of children with this disease are illiterate and ignorant of even 

the common paediatric problems. This is one of the reasons why a good 

number of our patients in the study presented to us in the advanced stage 

of the disease. 

Most of our children presented with a mass in the abdomen or 

with abdominal distension, which was either noticed by the parents or 

by the referring physician. 

In this study  a total of 14 children were diagnosed to have 

Neuroblastoma of which 4 cases were excluded from the study as 

mentioned earlier. 

The age & sex distribution: 

In this study group of 10 cases(n) total number of boys were 5 

(50%) and the total number of girls were 5 (50%). The youngest age at 

presentation was 8 months  and the oldest child was 12 years. 
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TUMOUR SITES DISTRIBUTION 

    SITES       STUDY  
  REFERENCE 

( Grosfeld JL )(37) 

    ADRENAL 80%(8/10) 50% 

    PARASPINAL 20%(2/10) 25% 

    MEDIASTINAL _ 20% 

    PELVIC _ <5% 

    NECK _ <5% 

 

Of the 10 children in this study the most common presenting 

symptom was mass in the abdomen (60%) noticed by the parents. 

Abdominal distension was the next common complaint (20%).  

Nonspecific complaints like fever, loss of appetite and weight were 

noticed in 2 cases(20%) . 
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HISTOPATHOLOGY: 

  In this study there were 2 (20%) cases of Ganglioneuroblastoma, 

and 8(80%) cases of Neuroblastoma. Among 8 cases of neuroblastoma  

1(12.5%) showed undifferentiated  type. 

 

N-myc Amplification detected using PCR 

         The method for N-myc amplification used is the Southern blot 

which is quantitative, but requires a large amount of tumor DNA  that 

can be only obtained by surgical excision or open biopsy. 

In this study group of 10 cases, N myc were amplified in 3 cases 

 (30%), of which 2 cases belong to stage 3 and 1 case belongs to stage 

4.No amplification were noted in all 3 cases (0%) of stage 1. 

 

Trk A Expression 

No case in this study group showed Trk A expression. Trk A 

expression may be low in our (Indian) population, but needs large 

number of tissue sample to  study and for accurate detection may need 

Real time PCR. 
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N – myc Amplification   

 

 

COMPARISION OF MYCN AMPLIFICATION OF OUR STUDY  

WITH OTHER INDIAN & FOREIGN STUDY. 

   OUR STUDY 

  (10 cases – 1yr) 

  AIIMS STUDY 

 ( 26 cases – 3 yrs) 

      (Ref - 38) 

AMERICAN 

SOCIETY OF 

ONCOLOGY 

   (Ref - 39) 
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Correlation of Stage , Clinical status, MYCN amplification & HPE 

 

In our series we had more(80%) adrenal tumors. and stage 3 

(50%) was the most commonest and the remaining cases were stage 1 

(30%) and stage 4 (20%) disease.  Nearly 40% patients in StageIII and 

50% Stage IV had MYCN amplification and stage IV patients were 

more likely to have progressive  disease than those in stage III. The N-

myc amplified tumors have been linked to more aggressive behavior and 

rapid tumor progression, especially in advanced stage neuroblastoma. 

The usefulness of studying the N-myc amplification in neuroblastoma 

has to be placed in context. The abnormality  has  been detected in 50% 

of stage IV patients, the majority of whom respond poorly to 

STAGE 
Progressive 
Disease 

  N-myc 
Amplified     HPE – undifferentiated 

STAGE – 3 

(n=5) 
1 2 0 

STAGE – 4 

(n=2) 
1 1 1 
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conventional combination chemotherapy. The patients where detection 

of Nmyc amplification, may be of best importance are those with either 

stage I and stage II disease. Here the case for treating individuals with 

the same aggressiveness as for those in stage III and stage IV disease 

with N-myc amplification. 

The analysis of the prognostic value of biological parameters in  

Neuroblastoma confirms that N-myc amplification is the major 

biological unfavorable predictive indicator. Accordingly, determination 

of N-myc amplification influences the treatment strategy in 

neuroblastoma. 
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CONCLUSION 

 Stage – 3 & 4 tumour  exhibit poor prognosis. 

 Neuroblastoma cases with age more than 1 year showed  poor  

     prognosis. 

 N-myc amplification detection by polymerase chain reaction(Taq 

Man quantitative PCR) is rapid, accurate and sensitive. 

 The N-myc amplified tumors have been linked to more aggressive  

behavior, rapid tumor progression and poor prognosis. 

 N-myc amplification is seen more in patients older than 1 year, 

male and stage IV disease. 

 Trk A expression may be low in our population, but needs large  

sample to  study and for accurate detection may need Real time 

PCR. 

 This study reinforces the importance of N-myc amplification on  

      prognosis and tumor progression. 

 More accurate prognostic assessment of patients with 

neuroblastoma is required for the choice of risk-related therapy. 
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                                                          PROFORMA 

 

NAME            : 

AGE                : 

SEX                 : 

ADDRESS       : 

IP NO              : 

FAMILY HISTORY :      NEUROCRISTOPATHIES 

                                   SIBLINGS 

                                   PARENTS 

CLINICAL DETAILS : 

                                        SYMPTOMS  - 

 

 

                                             SIGNS  - 

 

INVESTIGATIONS :  

                                          COMPLETE HAEMOGRAM 

                                           USG 

                                           X RAYS / CECT 

                                           URINARY  VMA 

                                           BMA 
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TUMOUR BIOPSY  : 

                                              HPE   REPORT ( CONFIRMATION ) 

SPECIMEN  SAMPLES :  

 

                                       BLOOD     –  

 

                    TUMOUR TISSUE       - 
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Patient Information Sheet 

Study Title :  Predicting outcomes of neuroblastoma using MYCN status, TrkA \ 

expression profiling 

Authors & contact numbers:  

Dr.V.GOPINATH, MCh,(Paediatric surgery)Post graduate, ICH&HC, 

Egmore, Chennai.  

Mobile No. 9940412821. 

Prof.S.V.SENTHIL NATHAN, Professor & Head, Dept of paediatric 

surgery, ICH&HC, Egmore, Chennai. 

 

Why this study? 

In Neuroblastoma treatment will continue to rely on risk grouping based on 

tumour genomic features. Increasing attention is now focused on utilising these data 

sets to discover therapeutic targets. It stands to reason that any prognostically 

relevant genomic aberration might also signal a molecular aberration that is critical 

to the maintenance of the malignant phenotype, and thus can be targeted for 

therapy.This study is an early attempt to identify the diagnostic/prognostic markers. 

An improved understanding of the genomics of Neuroblastoma should lead to the 

rapid development of novel diagnostic techniques and therapeutic strategies. 
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What is this study? 

 We have designed a proforma for data collection. In this proforma we will 

collect clinical details,  family history ,investigations and effect of chemotherapy 

given to your child. Final outcome of management will also be noted. All details 

will be analysed at the end to find out the parameters that are significantly associated 

with outcome. 

What will happen if I/we accept for the study? 

 In this study, I will be collecting tissue and blood materials which is 

normally done for treating the baby/child , in which a part of sample will be sent for 

genetic study. These data will be analysed at the end of my study period. I assure 

you about the confidentiality of your baby’s details. 

What will happen if I/we refuse for the study? 

 There will not be any change in the management of your baby/child, if you 

are not willing to participate in this study. Similarly, you can withdraw from this 

study at any time you feel so. This also will not affect the care for your baby/child. 
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Informed Consent Form 

 

I / We,……………………………………………………………………………… 

related to Baby of ……………………………………………………………….as 

………………………………………….. , herewith consent to enroll our baby/child for the 

study entitled Predicting outcomes of neuroblastoma using MYCN status,and TrkA 

expression profiling conducted by Dr. V.GOPINATH as a part of his thesis for MCh, 

(Paediatric Surgery) post graduation. I / We have been fully informed about the study 

process, the investigations needed,sampling of tumour tissue and blood and the treatment 

given to the baby/child. I / we  have been reassured about the confidentiality of our baby’s 

identity. I / we know that we can withdraw from the study at any time without affecting the 

care and treatment of our baby/child.  

 

Witness 1 

Signature: 

Address:     

 

Witness 2                                                                           Signature of parent/ Guardian 

Signature:       Place: 

Address:       Date: 
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                          CENTRIFUGE 
 
 

                                     
                                                            



PCR 
 

                           
  
 
 
                                        GEL ELECTROPHORESIS 
 
 

 
 
 
 
 
 
 
 
 
               

 
                                                   



UV CAMERA 
 
 
 

 
 
 
                                                     



CT SCAN 
 
 
             Axial section – Rt Adrenal Neuroblastoma  with calcification 
 
 

                           
 
 

Coronal section – Rt Adrenal Neuroblastoma displacing kidney 
 
 

                         



 
64  SLICE  CT 

 
 
                              Axial section – Rt Adrenal Neuroblastoma   
 

                        
 
 
                         Coronal section – Rt Adrenal Neuroblastoma 
 
 

                               
 



                                 CT SCAN (Paraspinal Neuroblastoma)     
 
                            Axial Section – Neuroblastoma pushing IVC  
              

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
                  
                 Coronal Section – Neuroblastoma encasing Rt Renal artery 
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DETECTION OF AMPLIFICATION USING PCR 
 
 
                    

 
 
               PCR run  showing N-myc amplification in 3 cases shown by arrows .(C- Control ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Intensity of nMYC expression in Neuroblastoma patients 
                                      (35 cycles of PCR amplification) 
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DETECTION OF Trk – A EXPRESSION 
 
 
 
               
 

 
 
                      Gel documentation showing no Trk A EXPRESION (C-Control) 
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                                          HISTO PATHOLOGY 
 
 
 
                               NEUROBLASTOMA – SHOWING SMALL ROUND CELLS 
                                              WITH ROSETTES & NEUROPIL 
 

                               
 
 
 
 
 

GANGLIONEUROBLASTOMA – SHOWING NEUROBLASTIC CELLS 
WITH  MATURING GANGLION CELLS 

 
 
   

                       
                          



NAME AGE SEX IP NO  CLINICAL DETAILS USG / CT VMA BMA STAGE
1 Santhya 12 y F 712425 Mass abdomen R Adrenal mass 12x9 cms    -ve     -ve 3
2 Vijay raj 4 y M 726964 Mass abdomen,fever R Adrenal mass 11x9 cms    -ve     -ve 3
3 Vinitha 4y F 728249 Mass abd,neck node R Adrenal mass 9x8 cms    +ve     +ve 4
4 Prashanth 6y M 728385 Haematuria R Adrenal mass 6x5cms    -ve     -ve 1
5 Siva 8mo M 730101 Adrenal haemorrhage L Adrenal cyst 5x4cms    -ve     -ve 1
6 Deepika 6y F 730321 Mass abdomen,fever L Adrenal mass 7x6 cms    -ve    +ve 4
7 Kavya 17mo F 736141  Mass abdomen Paraspinal mass 8x7cms    -ve     -ve 1
8 Padmapriya 7y F 738312 Mass abdomen L Adrenal mass 7x6 cms    -ve     -ve 3
9 Mohamed asif 4y M 745721 Abdomen distension, Paraspinal mass 11X8cms    -ve     -ve 3

10 Kamaludin 2y M 744111 Abdomen distension R Adrenal mass 13X10cms    -ve     -ve 3
11 Dhanushree 6mo F 701872 Mass,skin nodules,Liver L Adrenal mass 4x3cms    -ve     -ve                      4s
12 Abilash 11y M 722839 Fever,joint pain(JRA) Skull,meningeal mets    +ve small round cells
12 Jaleel 5y M 733752 haematuria,constipationPelvic mass Pelvic mass,RMS prostrate,no chemo response 
13 Abilash 11Y M 722839 Fever,joint pain(JRA) Skull,meningeal mets     +ve BMA-small round cells.
14 Nani 3mo M 745728 Abdomen distension  Small Adrenal mass,liver mets,poor G/C,



NAME STAGE BIOPSY TREATMENT MYC N Trk A FOLLOW UP( FP )
1 Santhya 3 Ganglioneuroblastoma Sx,chemo completed(15)   NA  -ve residual calcified mass 3x2cms,monthly fp
2 Vijay raj 3 Neuroblastoma Sx,8 cycles chemo given   NA  -ve residual calcified mass 3x3cms,9th cycl chemo 
3 Vinitha 4 Neuroblastoma Sx,8 cycles chemo given   NA  -ve residual calcified mass 4x3cms,9th cycl chemo 
4 Prashanth 1 Ganglioneuroblastoma Adrenalectomy+6 chemo   NA  -ve monthly FP,no residual mass
5 Siva 1 Cystic neuroblastoma Excision in toto   NA  -ve 3 monthly FP,no residual mass
6 Deepika 4 Neuroblastoma(undiff)  chemo poor resp +debulk  Amplified  -ve Palliative chemo
7 Kavya 1 Neuroblastoma(diff) Gross resection ,no nodes   NA  -ve 3 monthly FP,no residual mass
8 Padmapriya 3 Neuroblastoma 3 cycles chemo given   NA  -ve residual  mass 4x3cms,4th cycl chemo 
9 Mohamed asif 3 Neuroblastoma 2 cycles chemo given  Amplified  -ve residual  mass 12 X 10cms,3th cycl chemo 

10 Kamaludin 3 Neuroblastoma  chemo poor responsive  Amplified  -ve residual  mass 8x7cms,3th cycl chemo 
11 Dhanushree         4s             Neuroblastoma(skin nd) oral endoxon    poor  sample
12 Abilash NB) palliative care No tissue for study
12 Jaleel IHC- Syn,S-100 +(NB) Already chemo drugs used ,not suitable for tissue analysisTissue not suitable for study
13 Abilash IHC- Syn,S-100 +(NB) No tissue for study
14 Nani BMA - Small round cell No tissue for study




