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Chapter

Primary Central Nervous System 
Neuroblastoma: An Enigmatic 
Entity
Rakesh Mishra and Amit Agrawal

Abstract

Neuroblastoma is one of the most common solid tumour in the paediatric age 
group. Central nervous system (CNS) involvement in neuroblastoma is commonly 
due to metastasis from the extracranial primary. Primary CNS Neuroblastoma 
(PCNS-NB) is a rare entity and highlights errors in development of neural crest 
cells and CNS. A lot has been published since the first description of PCNS-NB four 
decades ago. Over the years, neuroscientists, geneticists, and clinicians have improved 
the understanding of PCNS-NB. PCNS-NB is an enigmatic entity with variable 
presentation, epidemiology, clinical features and outcomes. Recent update in knowl-
edge is seen in 2016 WHO classification of CNS tumours with reclassification of CNS 
neuroblastoma. It further subclassified different histological variants of PCNS-NB 
and its molecular correlates. Most common histological subtype of PCNS-NB is neu-
roblastoma followed by ganglioneuroblastoma. Studies support the view that younger 
age group, less number of lesions, ganglioneuroblastoma histology subtype and surgi-
cal management are good prognostic indicators. This chapter provides an updated 
overview of epidemiology, clinical features, histological and molecular diagnosis, and 
outcomes of PCNS-NB in addition to the role of adjuvant therapy.

Keywords: Primary central nervous system neuroblastoma, Ganglioneuroblastoma, 
CNS PNET, CNS Neuroblastoma with FOX-R2, CNS embryonal tumours

1. Introduction

1.1 Background

Neuroblastoma is one of the most common solid extracranial tumour in the 
paediatric age group. Key characteristics of neuroblastoma include onset at an early 
age, aggressive behaviour, tendency to metastasize, regress spontaneously in infancy, 
and variable presentation [1, 2]. Neuroblastoma is associated with grim prognosis 
with 60% of patients at presentation having only 5–15% chance of long term 
survival [3]. Most of the cases of central nervous system neuroblastoma are due to 
metastasis from the extracranial site. Primary central nervous system neuroblastoma 
(PCNS-NB) is uncommon as metastatic intracranial neuroblastoma (MIC-NB). It is 
essentialto understand that the manifestation of neuroblastoma varies with the site 
of origin [4, 5]. Therefore, a PCNS-NB has different epidemiology, clinical features, 
and outcomes compared to the MIC-NB. There is emerging evidence on various 
molecular and genetic profiling of neuroblastoma which dominates the clinical 
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picture. At the end of this chapter, the readers will acquire updated information on 
the PCNS-NB, various modes of presentation, and treatment outcomes in light of 
current evidence. Recent research areas, molecular and genetic findings, and areas 
with gaps of knowledge are also highlights of this chapter.

1.2 History

Horten, and Rubinstein provided the earliest large scale description of 35 cases of 
PCNS-NB in 1976 [6]. Their description includes the gross description of the tumour, 
clinical features and management, but lacks the description of the evolution of these 
tumours. They described three variants of PCNS-NB based on connective tissue 
stroma and cells with ganglionic differentiation. The classic variant is similar to the 
peripheral neuroblastoma with relatively high proportions of cells with ganglionic 
differentiation and high frequency of Homer Wright rosettes. A desmoplastic variant 
consists of tumours composed of intense connective tissue stroma. A transitional 
variant consists of tumours with both classical and desmoplastic features [6]. They 
found 40% to have metastasis along the craniospinal axis at autopsy and reported 
PCNS-NB to be similar to cerebellar medulloblastoma [6]. Overall three years 
survival is reported to be 60% and five years survival at 30% [7]. Most of these stud-
ies have probably clubbed other tumour types (Medulloblastoma, undifferentiated 
ependymoma, and sarcoma) in the expectedstandard category of CNS neuroblas-
toma; hence, they do not provide a precise analysis of this rare entity. Further, most 
studies on PCNS-NB have variable reporting on the treatment modalities, surgical 
options, extent of resection, adjuvant chemoradiation and long term outcomes. 
Therefore PCNS-NB is still one of the least understood neoplasms of the CNS.

1.3 Definition

In 2016 WHO classification of CNS tumours, CNS neuroblastoma is classified 
under neuronal and paraneuronal tumours with ICD 0 code of 9500/3 [8]. The 
first four digits of the ICD 0 code indicates the specific histologic term and the 
fifth digit after/indicates the nature of the tumour with 3 indicating malignant 
behaviour. Primary central nervous system neuroblastoma (PCNS-NB) is defined 
as an embryonal tumour with poorly differentiated neuroepithelial cells, groups of 
neurolytic cells and variable neuropil rich stroma [8]. These tumours carrier grave 
prognosis and usually portrays aggressive behaviour [4]. Ganglioneuroblastoma 
is a subtype of neuroblastoma and defined by the International Neuroblastoma 
Pathology Classification framework based on the Shimada system [9, 10].

1.4 Epidemiology

Neuroblastoma is primarily a neoplastic disease of the peripheral nervous 
system. Oncologists often describe neuroblastoma as enigmatic heterogenous 
neoplasia due to its unique features and biological properties of spontaneous 
regression, aggressive progression and maturation [2, 11, 12]. These variable factors 
serves as the prognostic factors in the cure and outcome of neuroblastoma [12, 13]. 
Epidemiology of PCNS-NB differs from the heterogeneous group of neuroblastoma 
[2]. In general, neuroblastoma is diagnosed most commonly in the first year of life 
with a median age of diagnosis at 18 months, with 90% of children with neuroblas-
toma presenting under ten years of age at an estimated prevalence of 25–50 cases 
per million individuals [14, 15]. However, only cases reports and case series of few 
patients exist for PCNS-NB. To understand the epidemiology and natural history 
of PCNS-NB, Lu et al. [16] conducted a population-based study using the SEER 
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(Surveillance, Epidemiology and End Results) program. The annual incidence 
of PCNS-NB has shown a downward trend from 1973 to 2013, probably because 
many of these tumours were earlier labelled as medulloblastoma, undifferenti-
ated ependymoma or sarcoma due to inferior diagnostic methods [16]. As per the 
SEER program, the annual age-adjusted incidence rate was 0.12 per 1,000,000 
persons in 2013 and the incidence decreased with age with peak incidence occur-
ring in infants [16, 17]. No gender or racial variation has been reported for the 
occurrence of PCNS-NB. In the study by Lu et al. [16], 40.7% of patients belonged 
to the age group 1–9 years and only 8.2% were of age ≥ 40 years. Mean age of 
patients in reported literature of PCNS-NB is around five years with slight female 
preponderance.

1.5 Tumour characteristics

Histologically most common histology of the PCNS-NB is neuroblastoma, 
followed by ganglioneuroblastoma. In a large population-based study brain (53.6%) 
was found to be the most common site of PCNS-NB, followed by other nervous sys-
tem tumours (46.4%). Tumours at sites in the nervous system other than the brain 
tend to occur in a much younger age group, extensive and more aggressive [16].

1.6 Etiopathogenesis

Neuroblastoma arises from the primitive elements of the neural crest and 
therefore predominantly affects the neural crest derivatives, i.e. adrenals and sym-
pathetic ganglia. The central nervous system (CNS) can be involved in the form of 
primary CNS neuroblastoma, CNS metastasis secondary to occult primary, primary 
intraorbital neuroblastoma from the ciliary ganglion, metastatic neuroblastoma to 
the orbit, primary intraspinal neuroblastoma originating from dorsal root ganglion, 
metastatic spinal neuroblastoma and remote paraneoplastic effects such as myo-
clonic encephalopathy. WHO classification of CNS tumours (2007) enlist CNS-
PNET-NOS (not otherwise specified) and four variants of CNS PNET which can 
be differentiated based on molecular characteristics as CNS neuroblastoma, CNS 
ganglioneuroblastoma, medulloepithelioma and ependymoblastoma [8]. According 
to the 2016 WHO classification of CNS tumours, CNS neuroblastoma is classified as 
an embryonal tumour [8]. CNS-PNET was not found to be a separate entity after the 
DNA methylation profile of most of the PNET tumours. However, when most well-
defined CNS tumours with similar DNA methylation profiles were excluded, there 
were few unknown tumours, one of which is CNS neuroblastoma [18]. This new 
molecular entity after DNA methylation was designated as “CNS neuroblastoma 
with FOX-R2 activation” (CNS NB-FOXR2) [18]. Various studies have elucidated the 
mechanism for development of CNS disease in a patient of neuroblastoma. Odeone-
Filho hypothesised that meningeal surface can act as potential direct pathyway for 
entry of neuroblastoma cells in the CNS, based on a case with CNS neuroblastma in 
completely controlled systemic disease.

The development of PCNS-NB does not follow two-hit models usually suggested 
in neuro-oncology. Instead, it results from the persistence of embryonic cell, which 
should have differentiated or undergone apoptosis during the ordinary course of 
CNS development. Bcl-2 family of genes regulate apoptosis, and its continued 
expression appears to play a significant role in the pathogenesis of neuroblastoma 
and its resistance to chemotherapeutic drugs. Other genetic factors implicated 
in neuroblastoma development include cytogenetic aberrations in neuro crest 
development, partial monosomy for the short arm of chromosome 1, and long 
arms chromosomes 11 and 14. Shimada system of classification of neuroblastoma 
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Stage 1 Complete gross excision of localised tumour, 

with or without positive microscopic margins

Negative ipsilateral non-adherent lymph 

node(s) (lymph node(s) attached to and 

removed with the primary tumour may be 

positive)

Stage 2A Incomplete gross excision of localised 

tumour

Negative ipsilateral non-adherent lymph 

node(s) (lymph node(s) attached to and 

removed with the primary tumour may be 

positive)

Stage 2B Complete or incomplete gross excision of 

localised tumour

Positive ipsilateral non-adherent lymph 

node(s); contralateral lymph node(s) 

negative for tumour

Stage 3 a. Unresectable unilateral tumour infiltrating 

across the midline

OR

b. Localised unilateral tumour

OR

c. Unresectable midline tumour with 

bilateral extension

a. Positive or negative regional lymph 

node(s)

OR

b. Contralateral positive regional lymph 

node(s)

OR

c. May be “unresectable” due to positive 

bilateral lymph node(s)

Stage 4 Any primary tumour with involvement of 

distant lymph nodes, bone, bone marrow, 

liver, skin, and/or other organs (except 4S)

Stage 4S Any localised primary tumour with 

involvement of skin, liver, and/or less than 

10% of bone marrow cellularity

(ONLY applies to children less than 1 year 

of age)

Source: [9].

Table 2. 
International neuroblastoma staging system.

and International Neuroblastoma Staging System is illustrated in Tables 1 and 2, 
respectively. There are even reports of neuroblastoma occurring post-radiation in 
children and adults [19–22].

1.7 Clinical features

Patients usually present with features of intracranial mass lesion and raised intra-
cranial pressure. Secondary neuroblastoma is mainly extra-axial pathology. It presents 
as a bony lesion involving the calvaria and extradural mass lesion. However, the lesion 
can produce haemorrhagic deposits in the parenchyma and increase intracranial 

Type Description

I Neuroblastoma (Schwannoma stroma-poor)

II Ganglioneuroblastoma, intermixed (Schwannoma stroma-rich)

III Ganglioneuroma (Schwannoma stroma-dominant)

IV Ganglioneuroblastoma, nodular (composite schwannoma stroma-rich/stroma-dominant and 

stroma-poor)

V NT, unclassifiable

Table 1. 
The international neuroblastoma pathology classification of neuroblastoma (Shimada system) [1].
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pressure and altered neurological status. Presentation with seizures is not very com-
mon. Extra-axial deposits of neuroblastoma present with neurological deficits due to 
compression of eloquent brain parenchyma. These lesions can also have sutural dias-
tasis due to epidural deposits along the sutures and do not indicate raised intracranial 
pressure. The status of venous sinuses should be evaluated with CT and MR imaging 
in patients with sutural diastasis as increased intracranial pressure will show compres-
sion of venous sinuses, which will be absent in sutural diastasis due to neuroblastoma 
deposits [23]. PCNS-NB being intra-axial pathology presents headaches, vomiting, 
ill localised features, localising features based on cerebral location, and raised intra-
cranial pressure and seizures. Many of these patients present with clinical features on 
intraventricular mass lesions and hydrocephalus. There can be sudden worsening in 
the neurological status in the event of a haemorrhage within the lesion.

2. Imaging and histopathology

2.1 Imaging

A typical CT picture of PCNS-NB shows a large intra-axial lesion with calcifica-
tions, cystic degeneration and areas of haemorrhage [24]. Perilesional oedema may 
be limited as compared to the size of the lesion [24]. On post-contrast CT images, uni-
form enhancement is seen in solid masses, and heterogeneous contrast enhancement 
is seen in lesions with cystic degeneration and extensive calcifications. Additionally, 
intraventricular lesions can demonstrate subependymal masses and help in dif-
ferentiating these lesion from other differential diagnoses of intraventricular mass 
lesions. MR imaging of these tumours shows inhomogenous intensities on both T1 
and T2-weighted images [24]. Areas of calcification and flow voids can be challenging 
to identify in classical MRI and can be seen well in susceptibility-weighted images 
(SWI). Different duration of haemorrhage within the lesion can be appreciated well 
on MR images. On gadolinium-enhanced T1-weighted MR imaging, tumour mass 
shows inhomogeneous contrast enhancement. Contrast MRI further helps in identi-
fying subependymal enhancement, recurrence around previously operated sites and 
leptomeningeal spread. Imaging also helps to assess ventricular size as these tumours 
grow towards the ventricles and many patients develop secondary hydrocephalus. 
As there are no pathognomonic image findings of PCNS-NB, it should be kept in the 
differential diagnosis of any patients with the clinical possibility of PCNS-NB and 
intra-axial, intraventricular or periventricular mass lesion [24]. Primary CNS neuro-
blastoma is usually intra-axial and spread through CSF pathways, whereas second-
ary neuroblastoma is mainly extra-axial but can have haemorrhagic deposits in the 
parenchyma and sutural diastasis on CT due to epidural deposits [23].

2.2 Histopathology

Grossly PCNS-NB tumours are massive, discrete, firm, and cystic in 
appearance. Histopathology of a newly designated group of tumours as CNS 
neuroblastoma which were earlier designated as CNS neuroblastoma or CNS 
ganglioneuroblastoma in 2007 WHO classification scheme [8] showed distinct 
characteristics. CNS NB-FOXR2 showed an embryonal architecture with small cells 
and areas of differentiation in neuropil, neurocytic cells and ganglion cells with 
uniform expression of OLIG2 and neuronal antigen synaptophysin (Figure 1) [13, 
18]. Histologically ganglioneuroblastoma consists of ganglion cells with different 
degrees of differentiation, Nerve sheath, glial fibres, and malignant neuroblastoma 
cells [9, 25–27]. Common pathological picture of ganglioneuroblastoma includes 
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ganglion cells with a double nucleus, highly infiltrated and proliferated cells with 
dense chromatin [28, 29]. Further ganglioneuroblastomata have two histological 
subtypes: undifferentiated type has a small round to oval cells with hyperchromatic 
nuclei, and poorly differentiated type has a large round to oval spindle-shaped cells 
with pale staining nuclei [30, 31].

2.3 Discussion

Neuroblastoma is an enigmatic and one of the most common malignant solid 
tumour of the paediatric age group. Neuroblastoma is a disease with a grim prog-
nosis, and the outcome has not changed significantly in the past two decades. 
Neuroblastoma teaches us essential aspects of CNS and neural crest development. 
Primary CNS Neuroblastoma (PCNS-NB) is a rare subtype of neuroblastoma with 
variable classification. It includes CNS neuroblastoma and ganglioneuroblastoma. 
In 2016 WHO classification of CNS tumours, PCNS-NB is classified as embryonal 
tumours. Embryonal tumours with the exception of medulloblastoma has been 
reclassified based on molecular alterations, for example atypical teratoid rhabdoid 
tumour (AT/RT) characterised by SMARCB1 or SMARCA4 inactivation, C19MC 
altered and/or LIN28A expressing embryonal tumour with multi-layered rosettes 
(ETANTR) and CNS neuroblastoma/Ganglioneuroblastoma without specific 
histological features or molecular alterations [8]. Based on global transcriptional and 
methylation profiling four tumour entities have been proposed: CNS neuroblastoma 
with FOXR2 activation (NB-FOX-R2), High grade neuroepithelial tumour with MN1 
alteration (HGNET-MN1), high grade neuroepithelial tumour with BCOR alteration 
(HGNET-BCOR), and Ewing sarcoma family tumour with CIC alteration (EFT-CIC) 
[18]. CNS neuroblastoma rarely contains GFAP positive cells which are usually reac-
tive astrocytes and most of the NB-FOX-R2 tumours are neuroblastic differentiation 
and contains neurocytic cells with poorly differentiated neuropil rich stroma and 
embryonal architecture [32]. However, there are reports of CNS neuroblastoma with 
GFAP positive tumour cells demonstrating both neuronal and glial nature, though 
the clinical significance of such entity is unknown [32]. Since, PCNS-NB is a rare 
entity and usually present in younger age group, little is known about its treatment 
protocols, prognostic factors and patient risk stratification. Review of literature 
suggests that PCNS-NB preferentially occurs in the supratentorial space with 
involvement of frontal and parietal region [4]. Clinical presentation of PCNS-NB is 
usually as per the most common site of involvement. Since, most of the PCNS-NB 
prefers supratentorial location preferably in the frontal and parietal region, patients 

Figure 1. 
Various routes for entry of neuroblastoma cells, and its spread to and within CNS.



7

Primary Central Nervous System Neuroblastoma: An Enigmatic Entity
DOI: http://dx.doi.org/10.5772/intechopen.98244

usually manifest with focal neurological deficits, bony lesions, irritative symptoms 
in form of seizures and symptoms of raised intracranial pressure due to mass effect. 
These effects of raised intracranial pressure and mass effect are less pronounced in 
infancy in younger children because of compensatory and adaptive mechanism of 
surrounding brain structures. Metastatic presentation of PCNS-NB is reported only 
in couple of cases via cervical lymph nodes and cerebrospinal fluid [33]. Therefore 
in evaluation of PCNS-NB complete screening neuroimaging of whole cranio-spinal 
neuroaxis should be performed to rule out any metastatic spread through the CSF. In 
general, PCNS-NB appears like other solid CNS tumours in brain MRI. They can be 
purely solid or solid-cystic. Solid component of tumours are T1 and T2 hypointense 
with mild hyperintensity on DWI sequences and inhomogenous contrast enhance-
ment and increased relative cerebral blood volume (rCBV) on perfusion images. 
Cystic component of tumour appears hyperintense due to hyperproteieic content. 
MRS sequences show increase in choline peak and inversion of choline/NAA ratio, 
but none of these imaging parameters are unique to the PCNS-NB. It is essential to 
understand that there are no tumour markers or radiological markers which can reli-
ably differentiate PCNS-NB from other tumours. Two essential criteria for defining 
PCNS-NB is presence of classical histology and absence of systemic neuroblastoma.

The outcome of PCNS-NB depends on age, the tumour’s aggressiveness, tumour 
subtype, locations, histology and extension. Surgery is the treatment of choice, 
and adjuvant radiotherapy improves survival. Safety and outcome of radiotherapy 
are not well established in infants and younger population but need to be viewed in 
light of improved survival obtained by adjuvant radiotherapy.

3. Summary and perspectives

3.1 Prognostic factors

Younger age group, a limited number of lesions, ganglioneuroblastoma subtype 
and surgical management, are found to be positive prognostic factors in PCNS-NB. 
Neuroblastoma has complex heterogeneous nature with varied prognosis, infants 
<1 year of age tend to have maximum overall survival with the tumour spontane-
ously regressing in some infants on the one hand and having widespread metastasis 
on the other hand [2, 12]. Studies have found best overall survival in infants <1 year 
of age and relatively less short term adverse events in age > 40 years with a 1-year 
survival of 57.2% [16].

3.2 Management options

In the population-based studies, patients with extensive disease, multiple 
lesions, and metastasis were more often offered conservative management as 
surgical excision was not feasible [16]. Surgical excision is often referred to as the 
first line of management in the treatment of PCNS-NB, whenever feasible [4]. 
Differentiation in ganglioneuroblastoma lies in between malignant neuroblas-
toma and benign ganglioneuroma. Ganglioneuroblastoma subtype is found to be 
associated with a good prognosis. Studies show that the ganglioneuroblastoma 
subtype rarely infiltrates and tends to be localised with less incidence of metastatic 
deposits [16, 34]. This explains that patients with this subtype are likely to be 
offered surgery and benefit from surgical excision with overall better survival. 
Ganglioneuroblastoma typically has a high invasive behaviour but slower multipli-
cation rate and the asymptomatic period of up to 60 months has been reported after 
surgical excision [35, 36].
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3.3 Adjuvant radiotherapy

Adjuvant radiotherapy of the primary site is the standard of care in high-risk 
neuroblastoma patients to reduce the risk of recurrence [6, 37]. Bennett et al. [7] 
suggested prophylactic irradiation craniospinal axis due to high propensity of CSF 
metastasis and recurrence of PCNS-NB [6]. However, the role of radiotherapy in 
PCNS-NB is not well elucidated. This is because the side effects of radiotherapy in 
the younger age group of radionecrosis and cognitive decline limit its applicabil-
ity. Lu et al. [16] found a variable practice pattern of adjuvant radiotherapy and 
reported better survival and no significant side effects of radiotherapy, contrary to 
other studies.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



9

Primary Central Nervous System Neuroblastoma: An Enigmatic Entity
DOI: http://dx.doi.org/10.5772/intechopen.98244

References

[1] Matthay KK, Maris JM, 
Schleiermacher G, et al. Neuroblastoma. 
Nat Rev Dis Primers. 2016;2: 16078. 
https://doi.org/10.1038/nrdp.2016.78.

[2] Maris JM. Recent Advances in 
Neuroblastoma. New England Journal of 
Medicine. 2010;362(23): 2202-2211. 
https://doi.org/10.1056/NEJMra0804577.

[3] Bonilla MA, Cheung NK. Clinical 
progress in neuroblastoma. Cancer 
Invest. 1994;12(6): 644-653. https://doi.
org/10.3109/07357909409023049.

[4] Bianchi F, Tamburrini G, Gessi M, 
Frassanito P, Massimi L, Caldarelli M. 
Central nervous system (CNS) 
neuroblastoma. A case-based update. 
Child's Nervous System. 2018;34(5): 
817-823. https://doi.org/10.1007/
s00381-018-3764-3.

[5] Vo KT, Matthay KK, Neuhaus J, et al. 
Clinical, biologic, and prognostic 
differences on the basis of primary tumor 
site in neuroblastoma: a report from the 
international neuroblastoma risk group 
project. J Clin Oncol. 2014;32(28): 
3169-3176. https://doi.org/10.1200/
jco.2014.56.1621.

[6] Horten BC, Rubinstein LJ. Primary 
cerebral neuroblastoma. A clinicopatho-
logical study of 35 cases. Brain. 1976; 
99(4): 735-756. https://doi.org/10.1093/
brain/99.4.735.

[7] Bennett Jr JP, Rubinstein LJ. The 
biological behavior of primary cerebral 
neuroblastoma: A reappraisal of the 
clincal course in a series of 70 cases. 
Annals of Neurology. 1984;16(1): 21-27. 
https://doi.org/https://doi.org/10.1002/
ana.410160106.

[8] Louis DN, Perry A, Reifenberger G, 
et al. The 2016 World Health 
Organization Classification of Tumors 
of the Central Nervous System: a 
summary. Acta Neuropathologica. 

2016;131(6): 803-820. https://doi.
org/10.1007/s00401-016-1545-1.

[9] Shimada H, Ambros IM, Dehner LP, 
et al. The International Neuroblastoma 
Pathology Classification (the Shimada 
system). Cancer. 1999;86(2): 364-372.

[10] Hsiao CC, Huang CC, Sheen JM, et 
al. Differential expression of delta-like 
gene and protein in neuroblastoma, 
ganglioneuroblastoma and ganglio-
neuroma. Mod Pathol. 2005;18(5): 
656-662. https://doi.org/10.1038/
modpathol.3800335.

[11] Brodeur G, Castleberry R. Principles 
and Practice of Pediatric Oncology 
Pizzo PA and Poplack DG. Lippincott-
Raven: Philadelphia; 1997.

[12] Nuchtern JG, London WB, 
Barnewolt CE, et al. A prospective study 
of expectant observation as primary 
therapy for neuroblastoma in young 
infants: a Children's Oncology Group 
study. Ann Surg. 2012;256(4): 573-580. 
https://doi.org/10.1097/SLA.0b013 
e31826cbbbd.

[13] Carlsen NL, Christensen IJ, 
Schroeder H, et al. Prognostic factors in 
neuroblastomas treated in Denmark 
from 1943 to 1980. A statistical estimate 
of prognosis based on 253 cases. Cancer. 
1986;58(12): 2726-2735. https://doi.
org/10.1002/1097-0142(19861215)58: 
12<2726::aid-cncr2820581229>3.0.co; 
2-m.

[14] Stiller C, Parkin D. International 
variations in the incidence of 
neuroblastoma. International journal of 
cancer. 1992;52(4): 538-543.

[15] London W, Castleberry R, 
Matthay K, et al. Evidence for an age 
cutoff greater than 365 days for 
neuroblastoma risk group stratification 
in the Children's Oncology Group. 
Journal of clinical oncology. 
2005;23(27): 6459-6465.



Pheochromocytoma, Paraganglioma and Neuroblastoma

10

[16] Lu X, Zhang X, Deng X, et al. 
Incidence, Treatment, and Survival in 
Primary Central Nervous System 
Neuroblastoma. World Neurosurg. 
2020;140: e61-e72. https://doi.
org/10.1016/j.wneu.2020.04.145.

[17] Georgakis MK, Dessypris N, Baka M, 
et al. Neuroblastoma among children in 
Southern and Eastern European cancer 
registries: Variations in incidence and 
temporal trends compared to US. 
International Journal of Cancer. 
2018;142(10): 1977-1985. https://doi.org/
https://doi.org/10.1002/ijc.31222.

[18] Sturm D, Orr BA, Toprak UH, et al. 
New Brain Tumor Entities Emerge from 
Molecular Classification of CNS-PNETs. 
Cell. 2016;164(5): 1060-1072. https://
doi.org/10.1016/j.cell.2016.01.015.

[19] Perez Garcia V, Martinez Izquierdo 
Mde L. Radiation-induced olfactory 
neuroblastoma: a new etiology is possible. 
Oral Maxillofac Surg. 2011;15(2): 71-77. 
https://doi.org/10.1007/s10006- 
010-0234-9.

[20] Tamase A, Nakada M, Hasegawa M, 
Shima H, Yamashita J. Recurrent 
intracranial esthesioneuroblastoma 
outside the initial field of radiation with 
progressive dural and intra-orbital 
invasion. Acta Neurochir (Wien). 
2004;146(2): 179-182. https://doi.
org/10.1007/s00701-003-0179-y.

[21] Park KJ, Kang SH, Lee HG, 
Chung YG. Olfactory neuroblastoma 
following treatment for pituitary 
adenoma. J Neurooncol. 2008;90(2): 
237-241. https://doi.org/10.1007/
s11060-008-9657-7.

[22] McVey GP, Power DG, Aherne NJ, 
Gibbons D, Carney DN. Post irradiation 
olfactory neuroblastoma (esthesio-
neuroblastoma): a case report and up to 
date review. Acta Oncol. 2009;48(6): 
937-940. https://doi.org/10.1080/ 
02841860902759709.

[23] Zimmerman RA, Bilaniuk LT. CT of 
primary and secondary craniocerebral 
neuroblastoma. American Journal of 
Roentgenology. 1980;135(6): 1239-1242. 
https://doi.org/10.2214/ajr.135.6.1239.

[24] Davis PC, Wichman RD, Takei Y, 
Hoffman JC. Primary cerebral 
neuroblastoma: CT and MR findings in 
12 cases. American Journal of 
Roentgenology. 1990;154(4): 831-836. 
https://doi.org/10.2214/ajr.154.4.2107684.

[25] Shimada H, Ambros IM, Dehner LP, 
Hata J, Joshi VV, Roald B. Terminology 
and morphologic criteria of neuroblastic 
tumors: recommendations by the 
International Neuroblastoma Pathology 
Committee. Cancer. 1999;86(2): 349-363.

[26] Peuchmaur M, d'Amore ES, 
Joshi VV, et al. Revision of the 
International Neuroblastoma Pathology 
Classification: confirmation of favorable 
and unfavorable prognostic subsets in 
ganglioneuroblastoma, nodular. Cancer. 
2003;98(10): 2274-2281. https://doi.
org/10.1002/cncr.11773.

[27] Umehara S, Nakagawa A, 
Matthay KK, et al. Histopathology 
defines prognostic subsets of ganglio-
neuroblastoma, nodular. Cancer. 
2000;89(5): 1150-1161.

[28] Yokoyama M, Okada K, Tokue A, 
Takayasu H, Yamada R. Ultrastructural 
and biochemical study of neuroblastoma 
and ganglioneuroblastoma. Invest Urol. 
1971;9(2): 156-164.

[29] Ryu KH, Woo SY, Lee MY, et al. 
Morphological and biochemical changes 
induced by arsenic trioxide in 
neuroblastoma cell lines. Pediatr 
Hematol Oncol. 2005;22(7): 609-621. 
https://doi.org/10.1080/088800 
10500198897.

[30] Taxy JB. Electron microscopy in the 
diagnosis of neuroblastoma. Arch 
Pathol Lab Med. 1980;104(7): 355-360.



11

Primary Central Nervous System Neuroblastoma: An Enigmatic Entity
DOI: http://dx.doi.org/10.5772/intechopen.98244

[31] Fatimi SH, Bawany SA, Ashfaq A. 
Ganglioneuroblastoma of the posterior 
mediastinum: a case report. J Med Case 
Rep. 2011;5: 322. https://doi.org/ 
10.1186/1752-1947-5-322.

[32] Furuta T, Moritsubo M, Muta H, et 
al. Central nervous system neuroblastic 
tumor with FOXR2 activation presenting 
both neuronal and glial differentiation: a 
case report. Brain Tumor Pathol. 
2020;37(3): 100-104. https://doi.
org/10.1007/s10014-020-00370-2.

[33] Ahdevaara P, Kalimo H, Törmä T, 
Haltia M. Differentiating intracerebral 
neuroblastoma: report of a case and 
review of the literature. Cancer. 
1977;40(2): 784-788. https://doi.
org/10.1002/1097-0142(197708)40:2< 
784::aid-cncr2820400228>3.0.co;2-8.

[34] Yao P-S, Chen G-R, Shang-Guan 
H-C, et al. Adult hippocampal 
ganglioneuroblastoma: Case report and 
literature review. Medicine. 2017;96(51): 
e8894. https://doi.org/10.1097/
md.0000000000008894.

[35] Kratimenos GP, Crockard HA. 
Cavernous sinus neuroblastoma. Br J 
Neurosurg. 1993;7(6): 691-696. https://
doi.org/10.3109/02688699308995101.

[36] Gasparetto EL, Rosemberg S, 
Matushita H, Leite Cda C. Ganglio-
neuroblastoma of the cerebellum: 
neuroimaging and pathological features 
of a case. Arq Neuropsiquiatr. 2007; 
65(2A): 338-340. https://doi.org/10.1590/
s0004-282x2007000200029.

[37] Mazloom A, Louis CU, Nuchtern J, et 
al. Radiation Therapy to the Primary and 
Postinduction Chemotherapy MIBG-
Avid Sites in High-Risk Neuroblastoma. 
International Journal of Radiation 
Oncology*Biology*Physics. 2014;90(4): 
858-862. https://doi.org/https://doi.
org/10.1016/j.ijrobp.2014.07.019.


