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Abstract Central neurocytomas (CN) are uncommon
tumors of the central nervous system, most descriptions of
which available in the literature are in the form of isolated
case reports and small series. Owing to this rare incidence,
diagnosis and management of this neoplasm remain
controversial. Usually, these tumors affect lateral ventricles
of young adults and display characteristic neuroimaging
and histomorphologic findings. Neurocytomas often mimic
oligodendrogliomas when confirmation of diagnosis rests
on immunohistochemistry, ultrastructure, and genetic stud-
ies. Extraventricular neurocytomas, situated entirely within
the brain parenchyma and spinal cord, have also been
reported. Typically, CN are associated with a favorable
outcome although cases with more aggressive clinical
course with recurrences are not unknown. MIB-1 labeling
index (LI) of >2% often heralds poor prognosis and tumour
recurrence. Safe maximal resection is presently considered
the ideal therapeutic option, with best long-term prognosis
in terms of local control and survival. The role of adjuvant
radiotherapy apparently seems to benefit patients with
incomplete resection and in atypical neurocytoma. Utility
of other therapeutic regimen, however, remains shrouded in
controversy. Epidemiology, histogenesis, clinical profile,
histology, neuroimaging and therapeutic modalities of
neurocytomas have been comprehensively reviewed, with

special emphasis on CN and extraventricular neurocytomas
and their atypical counterparts.
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Background

Central neurocytomas (CN) corresponding to World Health
Organization (WHO) grade II [31] are uncommon, benign
tumors of the central nervous system (CNS) associated with
favorable outcome. Historically, many such lesions were
regarded as intraventricular oligodendrogliomas or ependy-
momas until detailed immunocytochemical clarification of
their neuronal phenotype was established. Currently, this
entity has been well recognized outside the confines of the
cerebral ventricular system [37] and have been termed as
“extraventricular neurocytomas” (EVN). Thus, more impor-
tant than classifying these rare neuronal tumors based on
their location, it is imperative to recognize neurocytomas as
a group and not mistake them for infiltrating gliomas, such
as oligodendrogliomas, which they mimic due to the perinu-
clear halos acquired during the excision-fixation interval.

Histogenesis

Since the original description by Hassoun et al. [45], it has
generally been accepted that CN develop from the nuclei of
the septum pellucidum. Subsequently, Nishio et al. [83],
von Deimling et al. [129] and other workers [51] have
extrapolated this hypothesis to include the third ventricle
and the subependymal plate of the lateral ventricles.
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Currently, it remains controversial as to whether neuro-
cytomas arise from cells committed to neuronal phenotype
[30] or from bipotential cells in the periventricular matrix
[126]. In vitro cultures by Westphal et al. [131] and several
others [6, 51, 52] have revealed that CN have properties
reminiscent of bipotential precursor cells, which can exhibit
both glial and neuronal differentiation. A recent report by
You et al. [136] further proposed that CN cells can
differentiate into neuronal cells in vivo and into glial cells
in vitro. This bipotential property possibly explains the glial
fibrillary acidic protein (GFAP)-immunopositive cell pop-
ulation observed in true CN [51, 101, 112, 128, 129, 132]
and may also account for detection of spinal CN arising
from the central canal region [113, 117].

Incidence, age, and gender distribution

Although CN has gained considerable recognition follow-
ing the first report by Hassoun et al. [45] in 1982, this
continues to remain an uncommon entity, comprising only
0.1–0.5% of all brain neoplasms [18, 31, 46, 60], with most
available literature being in the form of isolated case reports
and small series. Apparently, there appears to be a genetic
difference between Asians and Caucasians, which is
apparent from the frequent reporting of these cases from
Korea [57–61], India [63, 107–109], and Japan [51, 52, 56,
62, 79, 80, 85, 124].

Typically, CN affects young adults around the third
decade [31, 46], with cases ranging from 8 days to 67 years
of age [31]. Apart from Sharma et al. [108] and Kim et al.
[57] who have noted male predominance in their series,
most studies have observed equal affection of both genders
[46]. Extraventricular neurocytomas, first reported in 1989
[29], are more unusual tumors. They have generally been
observed to afflict children and young adults, the age range
being between 5 and 76 years (median 34 years), with no
gender predilection.

Location

Most neurocytomas are midline supratentorial lesions
straddling the lateral and third ventricles, often in relation
to the foramen of Monro and arising from the septum
pellucidum, fornix, or walls of the lateral ventricles [45,
46]. In their review of 127 cases, Hassoun et al. [46] noted
involvement of the lateral ventricle and third ventricle in 98
and 33 cases, respectively, with 27 of the latter group
showing lateral ventricular extension. Interestingly, right-
sided lesions were more common, which was contrary to
that observed by other series [31]. EVN, on the contrary,
are primary tumors of the brain parenchyma devoid of any

apparent connection with the ventricular system. Case
reports have documented involvement of cerebral hemi-
spheres (commonly frontal followed by parietal) [11],
thalamus [106], cerebellum [88], pons [111], amygdala
[92], pineal gland [82], retina [74], and spinal cord [18, 71,
109, 113, 117]. Interestingly, presence of neurocytoma has
sometimes been observed arising outside the CNS, such as
an ovarian teratoma [48], and in the pelvic cavity [32].

Presenting features

CN patients have a slow and benign clinical course and
manifest with features of raised intracranial pressure
secondary to obstructive hydrocephalus caused by impaired
cerebrospinal fluid (CSF) flow or with seizures, headache,
nausea, vomiting, and memory and visual disturbances [1,
11, 46] as a result of the mass effect of the tumor [46, 76].
Cases with more acute presentation due to hemorrhage into
the tumor are also well described [110, 117]. EVN
generally manifest through mass effects in the form of
seizures and hemiparesis [125]. Brat et al. [11] described a
series of 35 cases of cerebral EVN that presented with
seizures, diplopia, headache and vomiting. Neurocytomas
of the spinal cord present with paraesthesia, numbness, and
weakness of limbs [71, 109, 113, 117] depending on the
level of affection.

Neuroimaging

Imaging (Fig. 1) generally shows CN as discrete, solitary,
masses near the foramen of Monro, most of which are
attached to the septum pellucidum and expand into one or
both lateral ventricles and, less commonly, into the third
ventricle. Sequential scans demonstrate slow growth. On

Fig. 1 a Axial contrast-enhanced computed tomography (CT) scan
shows an intraventricular mass lesion in the body of the right lateral
ventricle with heterogenous density. b T1-weighted contrast-enhanced
coronal magnetic resonance (MR) image shows a heterogenous
enhancing mass lesion in the left ventricle
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computed tomography (CT) scan, these are either isodense
or mildly hyperdense, with strong, generally uniform,
contrast enhancement. Calcifications and cystic changes
have also been reported. Magnetic resonance (MR) imaging
shows high signal on both T1- and T2-weighted images,
with moderate to strong enhancement after gadolinium
administration [31, 108].

Radiologically, EVN (Fig. 2) are generally discrete,
sometimes large, complex and variably enhancing masses.
These are often cystic, frequently calcified, with or without
associated hemorrhage [5–7]. Spinal neurocytomas are
generally visualized as intramedullary solitary lesions,
isointense on T1- and hyperintense on T2-weighted images
[11, 109]. Occasionally, these may mimic spinal astrocyto-
mas (Fig. 2d).

Cerebral angiography is rarely performed, which shows
homogenous vascular blush persisting till late venous phase
[31, 36, 112]. Jayasundar et al. [55] performed in vivo and
in vitro proton MR spectroscopic (MRS) study on two
cases and suggested presence of N-acetyl aspartate (NAA)
with increased glycine as possible characteristic feature of
CN. However, a recent study by Chuang et al. [16]
observed increased choline/creatine ratios and decreased
NAA/creatine ratios in all three cases, with alanine peak
signifying poor prognosis. Glycine peak may possibly
suggest CN, but its absence does not exclude the diagnosis
[55, 61]. Ando et al. [4] noted markedly elevated choline
and lactate peaks with a strongly diminished N-acetyl
aspartate peak.

Pathology

Macroscopic features

Neurocytomas are generally grayish in color, resembling
the grey matter, with areas of hemorrhage. Grittiness
experienced while dissecting resected specimen is due to
presence of calcification [13, 31, 50].

Light microscopy

Central neurocytoma

CN are well-differentiated tumors with benign histology,
which may display varied histological architecture even in
the same specimen. The honeycomb arrangement of
oligodendroglioma, and large fibrillary areas resembling
irregular rosettes of pineocytoma are the commonest
patterns identified in CN. In other areas, cells may be
arranged in straight lines or as perivascular rosettes
mimicking ependymoma. These tumors are composed of
uniform, small-to-medium-sized cells with rounded nuclei,

finely stippled chromatin (“salt and pepper” chromatin) and
inconspicuous nucleoli, along with scant cytoplasm
(Fig. 3a,b). Cells are usually closely apposed but may also
be set within a background of finely filamentous stroma
having a neuropil-like quality. Hematoxylin and eosin
(H&E) stained sections often reveal fixation artefacts in
the form of cytoplasmic vacuolations, closely resembling
the “fried-egg” appearance of oligodendroglioma (Fig. 3e).
Vascularity is represented by long, thin-walled capillary-sized
vessels, which are arranged in a linear arborizing pattern,
imparting an endocrine appearance. In many cases, thin-
walled dilated vascular channels (Fig. 3d), and foci of
calcification (Fig. 3e) are readily identified. In places, tumors
display dense cellular areas alternating with fibrillary/

Fig. 2 a Axial computed tomography (CT) scan shows juxtaven-
tricular mass lesion in the right frontal lobe with cystic and solid
component, along with calcification. b T1-weighted contrast-enhanced
magnetic resonance (MR) image showing dense enhancement in the
solid component. Note that the cyst wall does not show any
enhancement, and there is minimal perilesional edema. c Postgadolin-
ium sagittal T1-weighted image shows densely enhancing intra-
medullary lesion at C5–C6 level. d Sagittal T2-weighted image
showing intramedullary mass lesion extending from C7 to D8, with
cord expansion and hyperintense signal mimicking astrocytomas
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Fig. 3 Histomorphology of central neurocytoma (CN) showing sheets
of uniform, small-to-medium-sized cells with rounded nuclei, finely
stippled chromatin, and inconspicuous nucleoli, along with scant
cytoplasm [a: hematoxylin and eosin (H&E)×100; b: H&E×200].
In places, the tumor displayed cellular areas alternating with fibrillary/
acellular areas (c: H&E×100). Focal areas of calcification (d: H&E×
100), along with thin-walled, dilated, vascular channels (e: H&E×40)
were present in many cases. Interspersed between uniform cells with
rounded nuclei were delicate, capillary-sized vascular channels forming
branching network pattern, resembling oligodendroglioma (f: H&E×100).

Certain cases, however, had to be differentiated from dysembryoplastic
neuroepithelial tumors (DNT) (g: H&E×200). In some cases, cells had a
perivascular arrangement and with fine fibrillary neuropil matrix
mimicking “rosettes of ependymoma” (h: H&E×100). All cases were
synaptophysin immunopositive (i: Syn×200) and showed glial fibrillary
acidic protein (GFAP)-positive reactive astrocytes in the perivascular
location (j: GFAP×200). MIB-1 labeling index (LI) was, however, low
(k: MIB-1×100). Presence of neurosecretory granules on ultrastructural
examination confirmed the neuronal origin of the tumors [l: electron
microscopy (EM)×1,650]

Neurosurg Rev (2006) 29:270–285 273



acellular areas. The latter components are mainly perivas-
cular and have a fine fibrillary neuropil matrix mimicking
“rosettes of ependymoma” (Fig. 3g,h). Calcifications in the
form of small calcospherites distributed throughout the tumor
parenchyma have been noted in half the biopsies [31] while
rare cases exhibit features such as Homer-Wright rosettes,
neuroblastic component, or ganglioid cells [99, 128].

Extraventricular neurocytoma

In contrast to CN (Table 1), typical EVN display a wider
morphological spectrum encompassing arrangement of
neurocytes in sheets, clusters, ribbons, or rosettes, with
neuropil dispersed either in broad zones (neuropil islands)
between these cell arrangements or localized within the
rosettes [11]. Neurocytes most often demonstrate finely
granular, slightly eosinophilic cytoplasm, occasionally with
artefactual vacuolations resembling oligodendroglioma.
Nuclei of these tumors are strikingly monotonous and
rounded, with finely speckled chromatin, distinct nuclear
rims, and one to three small nucleoli.

Ganglionic differentiation is more common in EVN [30,
31, 112, 128] and has been observed in 66% cases in one
series [11]. These were either focal (29%) or diffuse (37%),
with few cases showing compact nodules of ganglion cells
against a neurocytic background [11]. Mitotic activity is
uncommon while calcification is frequent. Cerebral EVN
generally have pushing borders along with well-defined
interface with adjacent brain parenchyma [11].

Other variants

After the initial description of neurocytoma, several
variants have been described. Kim and Suh reported a case

of pseudopapillary neurocytoma of the temporal lobe with
glial differentiation [59] while others noted CN with
predominance of ganglioid differentiation (ganglioneurocy-
toma) [35, 84]; with pigmentation [82]; or with a more
pleomorphous component, viz. neurolipocytoma [2, 25, 49,
73], myoneurocytoma [88], and with both glial and
neuronal differentiation [103]. In few cases, cortical neuro-
cytomas presenting with seizures in young patients would
otherwise correspond with complex dysembryoplastic
neuroepithelial tumors (DNT) [20] or nonspecific DNT of
Daumas-Duport et al. [21].

Immunohistochemistry

The vast majority of neurocytomas and neurocytoma-like
lesions have been diagnosed on the basis of synaptophysin
immunoreactivity (Fig. 3i) alone, even without ultrastruc-
tural evaluation [126]. Strong immunostaining for synapto-
physin has been recognized as the most suitable and
reliable diagnostic marker. Typically, synaptophysin immu-
noreactivity is noted in the neuropil, especially in fibrillary
zones and perivascular cell-free areas [31], and not in the
cell bodies of normal neurons [75]. False cytoplasmic
immunopositivity may be attributed to preexistent neuropil
or neuronal structures, or faulty antigen retrieval techniques
and/or use of polyclonal antisynaptophysin antibody. On
the contrary, false immunonegativity ascribed to spontane-
ous absence of immunoreactivity [47], small biopsies, or
technical difficulties, does not necessarily rule out a
diagnosis of neurocytoma [91]. However, in the absence
of other supportive evidence, intracytoplasmic and para-
nuclear immunolabeling in EVN must be interpreted
cautiously in order to avoid misinterpretation of false
positive staining in oligodendroglioma.

Table 1 Comparison of typical and extraventricular neurocytomas

EVN CN

Morphological spectrum Wider spectrum, sheet-like, clusters, ribbons, rosettes of cells Narrower spectrum
Ganglionic differentiation Higher number, >60% of cases (focal/diffuse) Rare, 5–10%
IHC (e/o astrocytic differentiation) More frequent; seen in 50% of cases Less frequent
Biological behavior Poorer outcome, with higher rates of recurrences (i) Typical CN

(i) Subtotal resection 5-year local control rate
33–50% recur (mean period of 38 months) 83% after STR-RT
RT no influence on recurrence after STR 50% after STR without RT
(ii) Atypical histological features Time to recurrence, 3–6 ;years
Mitosis ≥3/10 hpf
Necrosis (ii) Atypical CN
Vascular proliferation 5-year local control rate
MIB-1 LI >3% (mean 6.6%) 70% after STR-RT

7% after STR without RT

EVN extraventricular neurocytoma, CN central neurocytoma, IHC immunohistochemistry, e/o evidence of, FU follow-up, RT radiotherapy, STR
subtotal resection, hpf high-power field. LI labeling index
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Tumor cells have been reported to express an array of
neuronal markers, including neuron-specific enolase (NSE),
neuron-associated class III beta-tubulin, tau, microtubule-
associated protein-2 (MAP2), calcineurin, protein gene
product 9.5 (PGP 9.5) [30, 39, 46, 47, 113, 129], HNK1
(Leu7) [99], alpha-synuclein [56], neuron-specific antigen
L1, and embryonal form of neural cell adhesion molecule
(E-NCAM) [30]. Neuronal nuclear antigen (NeuN) expres-
sion is generally associated with tumor cells displaying
terminal neuronal differentiation [44] and is often helpful in
resolving ambiguous synaptophysin staining [11]. Interest-
ingly, Hu-immunoreactivity is restricted to the nuclei of
neurocytes only [40, 44], especially in those surrounding
neuropil islands [44]. Chromogranin-A and neurofilament
are usually absent, except when admixed with ganglion
cells [46].

Expression of GFAP (Fig. 3j) has been observed more
frequently in EVN compared with CN (Table 1) [11, 31]. It
may be difficult to distinguish GFAP-immunopositive
reactive [47] and entrapped nonneoplastic astrocytes from
tumor cells showing focal cytoplasmic GFAP immunostain-
ing with neurocytic features [11, 121, 136]. Though this
bears testimony to origin from bipotential cells of germinal
matrix, this distinction appears to bear little or no
prognostic connotation.

An unusual case of cerebellar neurocytoma with immu-
nohistochemically confirmed rhabdomyomatous differenti-
ation has also been described [88].

Electron microscopy

Electron microscopy is imperative in a few cases, either to
resolve diagnostic dilemmas evolving from doubtful syn-
aptophysin immunostaining or to demonstrate unequivocal
neuronal features in EVN [11, 31, 51, 62]. Ultrastructural
evaluation (Fig. 3l) establishes neuronal origin of these
tumors, including cell processes containing parallel arrays
of microtubules, with both clear vesicles and dense-core
granules in their terminations. Though intercellular junc-
tions and rare synapses may be seen, these are not essential
for diagnosis [11, 31, 45, 51, 62, 99].

Proliferation and grading

Most neurocytomas are cytologically bland and mitotically
deprived and correspond to WHO grade II [31]. Occasional
cases, however, display histologic features of anaplasia or
malignancy without clinical evidence of poor outcome [68,
107], for which Mackenzie et al. [68] reserved the
designation “proliferating neurocytoma.” Typically, prolif-
erative index of neurocytomas as evaluated by silver
colloidal staining for argyrophilic nucleolar organizer
regions (AgNOR counts) or by Ki67 and proliferating cell

nuclear antigen (PCNA) immunolabeling have been low
[42, 57]. Currently, MIB-1 labeling index (MIB-1 LI) is
routinely used to assess proliferation potential of neuro-
cytomas. Kim et al. [57] revealed diploidy in all their cases
of neurocytomas using DNA flow cytometry. A recent
double labeling immunohistochemistry study by Englund et
al. [27] observed that NeuN expression correlates with
reduced mitotic index (as measured by Ki-67) of neoplastic
cells in CN.

Atypical neurocytoma

The terms “atypical neurocytoma”/“atypical extraventricu-
lar neurocytoma” have been coined for neurocytoma/EVN
exhibiting MIB-1 LI >2% [26, 33, 112, 123, 132] with/
without anaplastic features viz. focal necrosis, vascular
proliferation, and increased mitotic activity (Fig. 4). Cases
with MIB-1 LI >2% (Fig. 4d) have been noted to predict
adverse outcome [68, 112] in terms of time to recurrence or
progression after surgery. However, a recent evaluation by
Rades et al. [97] has suggested a MIB-1 index score >3% is
associated with poor clinical outcome.

Molecular genetics

Cytogenetic and molecular studies for neurocytomas have
yielded variable and inconsistent results in the form of loss
of chromosome 17 [15]; gain of chromosomes 2p, 10q, 18q
[135], and 7 [116]; and isochromosome 17 [16, 54].
However, TP53 and v-myc myelocytomatosis viral related
oncogene, neuroblastoma derived (avian) (MYCN) ampli-
fication [54, 86, 129] and loss of heterozygosity of
chromosome 1p/19q were consistently not detectable in
these tumors, the latter feature proving diagnostic in
differentiating from oligodendrogliomas [34, 119].

Differential diagnosis

Oligodendroglioma Owing to their artefactual cytoplasmic
vacuolations and monomorphic histologic appearances,
neurocytomas, especially EVN, need to be differentiated
from oligodendroglial tumors [13, 31, 50, 78]. Awareness
of the condition, an intraventricular localization, along with
histologic features of cellular uniformity, neuropil islands,
streaming of cells, salt and pepper chromatin, ganglionic
differentiation (more in EVN), eosinophilic granular bodies,
and lack of entrapped or infiltrated brain parenchyma,
suggest a diagnosis of neurocytoma [11, 31]. Immunoreac-
tivity for synaptophysin in neurocytomas substantiates
histology. Subsequent confirmation can be achieved by
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observing dense core granules and microtubules on electron
microscopy, lack of p53 immunostaining, and absence of
chromosome 1p/19q loss (Table 2).

Ependymoma An intraventricular tumor with solid, non-
infiltrating pattern along with perivascular pseudorosettes
warrants a differential diagnosis of ependymomas. Howev-
er, characteristic features of nuclear roundness with speck-
led chromatin and comparatively ill-defined perivascular
rosettes suggest neurocytic origin, which are confirmed by
synaptophysin immunopositivity of rosettes along with
GFAP immunonegativity [13, 31, 50].

Dysembryoplastic neuroepithelial tumor (DNT) (Fig. 2f)
Both DNT and neurocytomas are neuronal/glioneuronal
tumors characterized by uniform nuclei and perinuclear
halo, with the former being less cellular and more mucoid
on histology [20–22].

Others Conditions such as cerebellar “medullocytomas” or
“lipidized medulloblastomas” are differentiated from more
ominous medulloblastomas by virtue of their occurrence in
adults, bland cytomorphology, and impoverished mitotic
activity [89]. Cerebellar liponeurocytoma is another rare
and recently identified tumor characterized by areas of
lipomatous differentiation, with apparently a favorable
prognosis. Histologically, these show focal accumulation
of adipose tissue in an otherwise typical small cell tumor
and resemble CN [2, 73].

Differential diagnosis of spinal neurocytomas Differential
diagnoses of spinal neurocytomas (SN) include ependymo-
mas, astrocytomas, oligodendrogliomas, mixed gliomas,
neuroblastomas, and hemangioblastomas, and, rarely, me-
tastasis [3, 5]. Unlike SN, neuroblastomas are small round-

Fig. 4 a–d Histopathology of
atypical spinal cord neurocy-
toma [a: hematoxylin and eosin
(H&E)×200 showing mitosis
(inset A →: H&E×400)]
along with areas of necrosis
(b: H&E×100) and endothelial
proliferation (c: H&E×100).
MIB1 labeling index (LI) was
raised (d: MIB-1×200)

Table 2 Comparison of extraventricular neurocytoma and oligoden-
droglioma

EVN Oligodendroglioma

Salt and pepper
nuclear
chromatin

+ −

Ganglionic cell
differentiation

+ −

Eosinophilic
granular bodies

+ −

Neuropil islands + −
Infiltration Less often infiltrative;

generally pushing/discrete
borders

Typically more
infiltrating

IHC for NeuN + −
EM Dense core granules,

microtubules
Absent

1p/19q loss Not present Present
p53 mutation Not present Present (15%)

EVN extraventricular neurocytoma, IHC immunohistochemistry, NeuN
neuronal nuclear antigen, EM electron microscopy
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cell tumors composed of densely packed anaplastic cells,
with hyperchromatic nuclei, very scant cytoplasm, frequent
mitosis and an intraparenchymal location.

Therapeutic strategies

Surgical therapy

Most neurocytomas are intraventricular in location without
any invasion into the surrounding brain parenchyma, thus
being amenable to microsurgical macroscopic total resec-
tion. Surgery not only provides tissue for histological
diagnosis but also helps reestablish CSF pathways and
enable subsequent safe resection [102]. Various surgical
approaches have been adopted for resection of CN, the
most common being transcortical-transventricular and
interhemispheric-transcallosal-transventricular routes. Since
most CN straddle the lateral and third ventricle, a trans-
callosal approach provides the greatest flexibility. The
transcortical route finds favor with one-sided tumors while
the contralateral interhemispheric approach appears more
conducive for neoplasms occurring superiorly on one side
of the ventricular system [102]. Despite multiple interven-
tions, resection may remain incomplete due to adhesions to
eloquent structures such as the fornix. These are caused by
profuse intraoperative bleeding and excessive calcifications
[9], thus rendering gross total resection (GTR) difficult. In
the compilation of 310 cases reported by Rades et al. [93,
95], GTR was possible in 44% while Bertalanffy et al. [9]
achieved GTR in 57% among their series of 14 patients.
Surgery helps to reestablish CSF pathways and alleviates
raised intracranial pressure. External ventricular drainage as
a temporary measure prior to definite microsurgery is
reserved for patients with rapidly declining neurologic
status and evidence of hydrocephalus. A permanent shunt,
however, is considered for patients who continue to have
hydrocephalus while a third ventriculostomy is considered
for cases with noncommunicating hydrocephalus [14, 102].
Buxton et al. [14] noted successful endoscopic third
ventriculostomy in 80% of their 63 patients with noncom-
municating hydrocephalus while that for the intraventricular
tumor group was 86%.

Surgical experiences with spinal neurocytomas have
been variable. Both extramedullary and intramedullary
tumors were amenable to complete removal while a highly
vascular SN could not be removed at first attempt owing to
focal infiltrative component [5, 18, 114]. Subsequent
radiotherapy (RT) followed by complete resection precip-
itated significant neurological deficit [117]. However,
precautions need to be taken during GTR to avoid vascular
compromise to the remaining spinal cord [117].

Radiotherapy

Owing to the small but demonstrable risk associated with
surgery, alternative/adjuvant modalities in the form of RT
have been pursued, especially in a setting of subtotal
resection (STR) and/or recurrence [3, 8, 10, 17, 23, 57, 58,
60, 79, 101, 125, 130, 134]. However, it is unanimously
agreed that considering the benign nature of the tumor and
risks of radiation toxicity, routine prophylactic radiotherapy
be avoided in those cases with complete resection only and
in cases that are not atypical. [93, 95].

Owing to the paucity of cases and lack of adequate
follow-up, role of RT as primary treatment modality after
biopsy remains controversial. However, while managing
small tumors in setups lacking stereotactic surgery, this may
be an option, provided a regular follow-up for recurrence is
possible. Kulkarni et al. [63] studied the role of whole-brain
irradiation in seven patients after stereotactic biopsy. None
of the cases experienced any procedure-related adverse
effects, but one had disseminated intracranial disease at
15 months while the other six were symptom-free with
local control at 78 months of follow-up. In one case, Kim et
al. [58] also noted demyelinating changes in the brain
parenchyma adjacent to the tumour covered by the field of
radiation therapy. Further, Utsunomiya et al. [124] reported
recurrence in the form of anaplastic astrocytoma eight years
after initial treatment by partial resection and RT in a case
of central neurocytoma.

Role of RT as adjuvant following GTR remains
debatable since this subset of patients already have a better
local control. Rades and Fehlauer [93, 95] noted no
additional benefit of RT following GTR in terms of
improved local control and increased survival for both
typical and atypical CN. In contrast, RT after STR in typical
CN showed improved local control but not survival while
in atypical CN, adjuvant RT made a marked difference in
improving both parameters.

In a retrospective analysis of patients receiving RT,
Rades et al. [98] noted 54 Gy or greater (in 2-Gy fraction)
being the optimal radiation dose in terms of providing
highest chance of local control and longest time to
recurrence. It has been agreed upon that adverse effects
due to radiation toxicity are minimal if the total radiation
does not exceed 60 Gy [93, 95]. Currently, the optimal dose
for RT for patients with CN seems to be 54—60 Gy. In
most cases, tumor bed and adjacent parenchyma should be
included in the RT field in order to achieve maximal effect
[12, 93, 101].

Stereotactic radiosurgery

With the introduction of stereotactic radiosurgery, viz.,
linear accelerator (LINAC) and gamma knife surgery
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(GKS), it is currently possible to deliver high-dose
radiation with minimal long-term side effects [67]. Initial
experience with CN patients showed equivocal but encour-
aging results [3, 90], with hopes of providing options of a
safe and effective adjuvant therapy following initial
resection with or without recurrence and eliminating the
need of a reoperation.

Gamma knife surgery (GKS)

Focused radiation enables precise delivery of high-dose in
one singe-treatment session. In intraventricular tumors,
excess radiation is borne by the surrounding CSF layer,
thus reducing possible ill effects to the neighboring brain
parenchyma [8]. Experience with GKS as a primary
therapeutic option for CN is restricted to only two cases
reported by Tyler-Kabara et al. [122] and a single case by
Javendan et al. [53]. Though reduction in tumor size
following GKS has been minimal, none of the cases
experienced any side effects, thus necessitating the need
for evaluating this as a primary treatment option after
biopsy. Cobery et al. [17] used GKS as an adjuvant therapy
for residual tumor after STR, as an alternative to conven-
tional radiotherapy, in three cases while Hara et al. [43]
introduced it in a single case. All four cases showed marked
decrease in tumor size during a follow-up period ranging
from 12 months to 99 months with minimal side effects.
Many workers [3, 8, 17, 90, 101, 122] have used GKS as
the primary therapeutic option for managing CN with
asymptomatic recurrence. Overall, 15 out of 16 cases
showed favorable response in the form of reduction in
tumor volume during a follow-up period of 12–53 months.
Most patients tolerated the procedure without any side
effects and were discharged the next day, thus considerably
reducing morbidity. In a recent study of recurrent CN,
Bertalanffy et al. [9] noted a good response to different
forms of focal radiation therapy (gamma knife radiosurgery
in three patients and interstitial irradiation in one patient).

Linear accelerator (LINAC)

Although limited to only three reports, response to LINAC
radiosurgery [51, 58, 70, 72] has been favorable. Kim et al.
[58] utilized LINAC radiosurgery in the management of
residual lesion. Tumor started regressing within 6 months
and completely disappeared by 36 months, with no
radiological sign of recurrence even after 51 months of
the procedure. Martin et al. [70] utilized LINAC radio-
surgery in the management of four patients with residual
lesion after initial surgery. Two were cured, one showed
considerable reduction in tumor size, and the fourth
remained stable. They concluded that in cases of small
residual tumors or recurrences, radiosurgery allows open

surgery to be avoided and is a safe and potentially effective
approach.

Cyberknife

Recently, a frameless image-guided stereotactic radiosur-
gery with Cyberknife (Accurav, Sunnyvale, CA, USA) has
been developed, which, although not used in CN to date,
may serve as a viable alternative to the available treatment
regimen [65].

Chemotherapy

Chemotherapy has been found beneficial in recurrent CN
that cannot be resected but have been irradiated without
success [102]. It has usually constituted part of a multi-
modality therapeutic regimen as an acceptable alternative to
potential long-term side effects of radiotherapy in younger
patients. A wide variety of chemotherapeutic agents,
including carmustine, lomustine, prednisone, vincristine,
and cisplatin, have been used [10, 23, 130, 134]. Schild et
al. [101] reported a series of four cases that received
chemotherapy after radiation without any tumor progres-
sion. Dodds et al. [23] treated a 15 year old with
chemotherapy comprising etoposide, ifosfamide, and car-
boplatin after initial STR. Though the tumor responded
well to this regimen, the patient required reoperation and
RT. They also evaluated the role of chemotherapy (etopo-
side, cisplatin, and cyclophosphamide) in recurrent CN
patients who were initially managed with surgery with or
without RT. Stabilization of disease was noted in two cases
and complete remission in one [23]. Recently, von Koch
and colleagues [130] described a case of a 20-year-old
woman who received procarbazine, lomustine, and vincris-
tine (PCV) chemotherapy after four STRs. Her tumor size
started reducing after two cycles and continued to shrink
until it stabilized after five cycles. Despite the limited but
promising experience with chemotherapy in CN, larger
cohorts of patients need to be evaluated prior to incorpo-
rating this in the conventional treatment schedule.

Biological behavior and outcome

CN are thought to represent the benign end of the spectrum
of neuronal tumors that are generally amenable to surgical
excision, with an overall favorable outcome. Even residual
tumors following STR are noted to behave in a biologically
indolent fashion. Eng et al. evaluated 145 cases of CN
reported in the literature between 1982 and 1997 [26] and
observed only seven recurrences, all of which were local
[57, 60, 99, 106, 134]. In another series of 11 surgically
resected patients, without adjuvant RT/chemotherapy, death
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could be attributed to tumor in only one case [37]. Schild et
al. [101] evaluated a series of 32 CN, and noted that
patients treated with GTR without adjuvant RT had a 5-year
local control and survival rate of 100% and 80%,
respectively. However, in STR cases, RT increased the
control rate from 50% to 100%. Brown and colleagues [12]
also found that crude local control rates for STR versus
STR/RT (48.6–626.2 Gy in 180–200 cGy fractions or
59 Gy median dose) were 62% and 100% (p=0.0008),
respectively.

Rades et al. [95] evaluated data of 310 CN patients from
91 different institutes and concluded that patients managed
by GTR had a better outcome compared with STR, and
adding RT to GTR did not improve local control or 5-year
survival rate while STR-RT had better local control but not
survival rate. In this study [95], they observed local control
rates of 95% and 85% for GTR at 3 years and 5 years
compared with 55% and 46% for STR. On introducing
adjuvant RT, 3-year and 5-year local control rates for GTR
remained at 96% and 86%, respectively, while it improved
to 89% and 83%, respectively, with STR. The 5-year
survival rates of 99% for GTR and 86% for STR did not
show any improvement on adding RT and were comparable
with the 95% for GTR-RT and 90% for STR-RT (Table 3).

Further, on evaluating 85 patients with atypical CN,
Rades and colleagues [94] noted the significant impact of
RT following STR whereby local control and survival rates
improved significantly. Local control rates at 3 years and
5 years in this study were 73% and 57%, respectively, for
GTR and 21% and 7%, respectively, for STR, with 3-year
and 5-year survival rates being 93% and 93%, respectively,
following GTR and 65% and 43%, respectively, after STR.
On adding adjuvant RT, the 3-year and 5-year local control
rates for GTR patients remained at 81% and 53%,
respectively, while in STR cases, it improved to 85% and
70%, respectively. Similarly, survival at 3 years and 5 years
also remained unchanged for GTR at 90% and 90%,
respectively, while it enhanced for STR cases to 87% and
78%, respectively (Table 3).

Neurocytoma is an extremely rare tumor in the pediatric
age group, with approximately 60 cases been documented
since initial description [96]. A comprehensive review by
Rades et al. [96] also showed better outcome with GTR
compared with STR. Local control rates at 5 years and
10 years were 86% and 86%, respectively, for GTR in
comparison with 60% and 45%, respectively, for STR. The
5- and 10-year survival rates, however, were 100% and
93%, respectively, after GTR and after STR. Despite
encouraging results, RT has failed to find favor with many
workers [58], and some have even cautioned against routine
use of adjunctive RT following STR [26, 41, 62, 68, 69, 80,
83, 87, 105, 117, 127, 128] owing to the hazards of
radiation toxicity, especially in the pediatric age group with
a still-growing skeleton [113]. Some have, however,
advocated use of RT for managing residual tumor based
on MIB-1 LI [65, 94, 95, 101].

Despite the initial concept of benign behavior of CN,
long-term follow-up studies have noted recurrences after
both STR and GTR [9, 26, 57, 58, 68, 104, 134]. These
tumors have also shown features of malignant transforma-
tion and craniospinal dissemination [9, 45, 68, 134]. Rades
et al. [95] observed a median time to recurrence for GTR of
36 (range 4–72) months compared with 20 (range 2–
72) months for STR. On adding adjuvant RT, it was
39 (24–54) months and 34 (range 2–276) months, respec-
tively [95], thus showing no added RT-related benefit.
Others have noted a disease-free survival up to 12.5 years
following GTR [62] compared with 18.5 years for STR
[68].

Overall, fewer than 100 local recurrences have been
reported to date, most of which were associated with
atypical neurocytomas, STR, and extraventricular neuro-
cytomas [5, 10–12, 65, 94, 108, 109, 112]. Bertalanffy et al.
[9] reviewed 14 CN in patients aged between 16–43 years
and equal gender ratio. On follow-up, two patients died
postoperatively while one had malignant progression. One
who underwent STR had disease progression after
37 months but was stable 10 years after surgery. Five
patients had disease recurrence following GTR after a
median of 67 (range 51–79) months while the remaining
five had a relatively short follow-up period (5–44 months).
Histologic and immunohistochemical workup, however,
revealed no significant prognostic parameters. The MIB-1
LI ranged between 0.8–11% (mean 4.6%) while that for the
malignant transformed tumor was 46.8%. Cases were
successfully managed by focal radiotherapy (GKS and
interstitial irradiation).

Recurrence in the form of craniospinal dissemination is
most unusual, with only seven documented cases. All were
lateral ventricle in location, with mean age of 29.9 (range
19–46) years and female preponderance [10, 26, 38, 55, 61,
102, 115]. Cases were managed by GTR (two cases), STR

Table 3 Comparison of local control and survival rates of typical and
atypical neurocytomas

Treatment Local control rate
(5 years)

Survival rate
(5 years)

Typical CN
(n=310)

Atypical
CN (n=85)

Typical CN
(n=310)

Atypical
CN (n=85)

GTR 85% 57% 99% 93%
GTR+RT 89% 53% 95% 90%
STR 46% 7% 86% 43%
STR+RT 83% 70% 90% 78%

CN central neurocytoma, GTR gross total resection, RT radiotherapy,
STR subtotal resection
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(one case), and STR+RT (four cases). None of these cases
showed features of histological atypia, with mean MIB-1 LI
of 2% (range 0–4.6%). The interval between surgery and
dissemination ranged between 2–36 (mean 18.4) months.
Recently, a case of intraventricular neurocytoma with
massive brain-stem involvement was reported in a 5-year-
old child [66].

Leptomeningeal spread of primary CNS tumors is a
well-known phenomenon; however, similar mechanism for
primary spinal tumors is a rare [24, 81]. Yamamoto et al.
[133] described an unusual neuronal tumor that showed
multifocal parenchymal involvement affecting the cere-
brum, cerebellum, and spinal cord, with extensive
leptomeningeal dissemination at the base of the brain and
spinal cord.

Spinocranial dissemination of primary spinal-cord tumor
is extremely rare, with limited case reports confined to
primitive neuroectodermal tumor (PNET) [64], diffuse
astrocytomas [7, 100], germinoma [118], and myxopapil-
lary ependymomas [28] only. Recently, Sharma et al. [109]
described a case of recurrent primary atypical spinal
neurocytoma, which on follow-up was found to have
spinocranial dissemination with evidence of metastasis into
the cerebellar vermis.

Predictive factors

The role of histologic atypia and proliferation potential has
been extensively investigated in determining the biological
behavior of CN. Soylemezoglu et al. [112] concluded that a
MIB-1 LI of 2% might be critical in determining recur-
rence. After a follow-up of 150 months, they observed that
patients with MIB-1 LI <2% had a relapse rate of 22%
compared with 63% when it was >2%. They also noted a
significant correlation between MIB-1 LI with microvascu-
lar proliferation (p=0.0006). Sharma et al. [107] observed
an elevated MIB-1 LI level in their series, which also had
accompanying histologic features of atypia but lacked
clinical evidence of poor outcome. However, in the series
of Mackenzie et al. [68], MIB-1 LI >2% heralded poor
outcome in the form of symptomatic relapse/death, with
only one case showing histologic atypia, which was in
contrast to cases that had histologic atypia and MIB-1 LI
<2% without any relapse. Currently, MIB-1 LI appears to
be the best predictor of proliferative potential and clinical
outcome of CN [5, 19, 97, 107].

Indian scenario

A study at the All India Institute of Medical Sciences
(AIIMS), New Delhi, revealed 49 cases of CN, accounting

for 0.39% of all intracranial tumors diagnosed during the
24-year study period (1980–2003). It was observed that
cases had a lower mean age (23.7 years) at diagnosis (range
10–42 years), male preponderance (M:F=1.8:1), and higher
incidence of involvement of the lateral ventricle (44 cases)
in contrast to reports in the Western literature [13, 31, 50].
Out of these 49 cases, 20 CN diagnosed between 1980–
1995 constituted material for detailed evaluation and were
subsequently published in the literature [107, 108] (Table 4).
A major aspect highlighted by these studies [107, 108] was
that 11/20 CN had a striking resemblance to oligodendrog-
liomas and were initially diagnosed as such. Diagnosis of
CN was later established by immunohistochemistry and/or
electron microscopy on reevaluation. Thirteen of these

Table 4 Details of neurocytoma cases a the All India Institute of
Medical Sciences (AIIMS), New Delhi

Study period 1980–1995

Incidence 20
Number of neurocytomas 0.28% of all intracranial

neoplasms
Frequency of neurocytomas 0.85% of all gliomas
Age
Mean 23.1 years
Male:female 1.8:1
Site: All intraventricular
Right lateral ventricle 10 (50%)
Histopathology (n=20)
Similarity to oligodendroglioma 11 (55%)
Dilated vascular channels 12 (60%)
Atypical neurocytoma 2 (10%)
Necrosis 7 (35%)
Mitosis 7 (35%)
Synaptophysin 20 (100%)
Proliferation index (n=17)
AgNOR-range (mean) 1.2–2.6 (1.9±0.4)
PCNA labeling index-range (mean) 0.1–5.5 (2.5±1.8)
MIB-1 labeling index-range (mean) 0.1–3.0 (0.8±0.02)
Treatment (n=20)
Surgical resection
Total 14 (70%)
-Subtotal 6 (30%)
Radiotherapy (4,000–6,000 rads x 4–
6 weeks) offered to patients with
incomplete resection, atypical
neurocytomas, and in cases
of recurrence
Follow-up (n=20)
Range 12–72 months
Mean 32 months
Outcome (n=20)
Succumbed to complications of surgery 5 (25%)
Alive and apparently asymptomatic 15 (75%)

AgNOR argyrophilic nucleolar organizer regions, PCNA proliferating
cell nuclear antigen
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cases were histologically benign (Group 1) while seven
showed mitoses and necrosis (Group 2) [107].

Treatment consisted of surgical resection (total 14 cases,
subtotal six), followed by radiotherapy. Except for five
cases that succumbed to complications of surgery, the
remaining 15 were alive and apparently asymptomatic
during the follow-up period, which ranged from 12–
72 (mean 32) months. Proliferation index was assessed in
formalin-fixed paraffin-embedded tissue in 17 cases using
the AgNOR technique and immunohistochemical staining
for proliferating cell nuclear antigen (PCNA-PC10 anti-
body) and Ki-67 antigen (MIB-1 monoclonal antibody).
AgNOR counts ranged from 1.2 to 2.6 (mean 1.9±0.4),
PCNA labeling index from 0.1 to 5.5 (mean 2.5±1.8), and
MIB-1 LI from 0.1 to 3 (mean 0.8±0.02). There was no
significant difference in any of these proliferative parame-
ters within histological groups although MIB-1 LI tended to
be higher in Group 2 tumors. Further, there was no
significant correlation between these proliferative indices
and tumor mitotic rates, as well as patient survival.

Recently, we reported a rare case of recurrent primary
neurocytoma of the spinal cord in a 24-year-old man [109]
who presented with weakness and numbness of the left
upper and lower limbs of 2-months duration and a history
of previous spinal surgery 10 months previously. Imaging
revealed a contrast-enhancing intramedullary mass involv-
ing the C5–T1 region. Histologic and immunohistochemi-
cal features of both resections were that of atypical
neurocytoma, showing occasional mitoses and focal mild
vascular proliferation in both specimens, with necrosis
being restricted to the initial biopsy only. Marked prolifer-
ation with MIB-1 LI of 9% and 10% were noted in the
initial and recurrent specimens, respectively. Follow-up
showed intracranial dissemination involving the cerebellar
vermis, for which the patient underwent surgical resection
followed by RT. Postoperative course was uneventful, and
the patient improved in terms of cerebellar signs and
symptoms. He was alive and on regular follow-up as of
9 months following the procedure.

A retrospective evaluation of intraventricular tumors
from a referral center in south India [63] identified eight
patients who had undergone radiation therapy following
stereotactic biopsy. Seven of these cases were initially
diagnosed as oligodendroglioma or ependymoma but were
subsequently diagnosed as neurocytoma on synaptophysin
immunohistochemistry.

Conclusion

Generally, CN is characterized by a bland benign histology,
with an excellent prognosis. Similar histologic picture and
immunoprofile also characterizes primary EVN and prima-

ry SN [109], with minor variations, the significance of
which in terms of biologic behavior remain unclear [37, 59,
85, 120]. In contrast, atypical neurocytomas featuring
increased proliferative activity (MIB-1 LI >2%) with or
without features of mitoses, necrosis, or microvascular
hyperplasia, have been consistently associated with in-
creased risk of recurrence [5, 26, 57, 77, 107, 112].

Safe maximal surgical resection has been associated with
a significantly better local control and 5-year survival
compared with incomplete resection. The role of radiother-
apy is primarily as an adjuvant following surgery, the
advantage of which has been noted after STR, especially in
patients of atypical neurocytomas. Trial of chemotherapy
has been conducted with encouraging results, especially in
inoperable cases that have already been irradiated. Current-
ly, CN appear to have a higher incidence of recurrence
during long-term follow-up than previously reported, even
after complete resection, which have been variably man-
aged by focused radiosurgery. Owing to this, cases need to
be regularly followed-up using neuroimaging techniques,
even several years after resection.
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Comments

William T. Couldwell, Salt Lake City
Since its initial description in 1982 by Hassoun et al., we have

learned much about the natural history of this tumor and its response
to surgical and radiation therapy. The study of the molecular genetics
of this tumor, on the other hand, remains rudimentary, and further
work will undoubtedly reap rewards regarding origin, differential
diagnosis, and response to treatment. At the present time, the MIB-1
labeling index appears to be the best predictor of proliferative
potential and clinical outcome. The role of chemotherapy for treatment
of residual tumor has yet to be defined, but promising early reports are
emerging. As noted in the report by Sharma et al., larger treatment
cohorts need to be evaluated before chemotherapy is incorporated in
the conventional treatment schedule.
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