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ABStrACt 

Introduction: Glial and neuroglial cell neoplasms comprise pilocytic astrocytoma (PA), pleomorphic xanthoastrocytoma (PXA)  
and ganglioglioma (GG), which share various similarities, though PA has better prognosis. As ganglion cells (GC) may be scarce in GG 
and these gangliogliomas may recur or progress to grade III, an accurate diagnosis is essential. Objectives: The aim was to identify GC and 
eosinophilic granular bodies (EGB) in PA and PXA, to evaluate its effect on patient’s outcome and compare them with GG. Methods: A 
retrospective analysis of radiological, morphological and follow-up aspects (disease free-survival, recurrence and death) of 30 cases (14 
PA, 8 PXA, 8 GG). Hematoxylin and eosin (HE) stained sections were reviewed to identify the presence of neoplastic GC and EGB. They were 
immunostained for synaptophysin (SYN) and neurofilament (NF). Glial fibrillary acidic protein (GFAP) immunostaining was performed 
in selected cases. Results: Six PA were reclassified as GG due to the presence of GC by HE or immunohistochemistry. Some EGB resembling 
degenerate GC were also immunostained for SYN/NF and most of them were negative for GFAP. The mean disease-free survival was 62.16 
months. Four tumors recurred and one patient died. All PXA had GC, suggesting that they were variants of GG, 4 of which recurred and one 
patient died. Mean disease-free survival was 69 months. The radiological aspect was predominantly cystic. Conclusion: We propose that 
PA and PXA with GC or with EGB immunopositive for neuronal markers could be variants of GG, and some EGB may represent degenerate 
GC. However, the presence of GC does not seem to modify the biological behavior of these neoplasms.
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introDuCtion

Glial and circumscribed neuroglial cell neoplasms comprise 
pilocytic astrocytoma (PA), pleomorphic xanthoastrocytoma 
(PXA) and ganglioglioma (GG), which share various similarities  
among each other(10). PXA with ganglion cells and the association 
between PXA and GG have been reported in the literature(4, 6, 11-15, 22, 24). 
Furthermore, the classical glial component of GG is generally 
pilocytic and, in some cases, the ganglion cells (GC) are scarce 
and may only be identified in focal areas.

Diagnostic practice at Hospital Universitário Clementino 
Fraga Filho (HUCFF) and Instituto de Neurologia Deolindo Couto 

(INDC) revealed that PA generally recurred as GG. Moreover, we 

found GC in PA and PXA and eosinophilic granular bodies (EGB) 

in PA, PXA and GG, both with immunopositivity for neuronal 

markers.

As PA, PXA and GG share considerable similarities in terms 

of topography, image, affected age group and histological aspects, 

though there are some prognostic differences among them, we aimed 

at investigating these aspects comparing them with results from GG.

Table 1 shows the main morphological, topographic, age 

and radiological characteristics shared among PA, PXA and GG, 

which are commonly described in the literature. 
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oBJECtivES

General objectives

To investigate the presence of ganglion cells in PA and PXA, 
correlate aspects of progression (disease free survival, relapse, tumor 
progression and death) and make comparisons with data from GG.

Specific objectives

• To investigate the presence of neoplastic ganglion cells 
in PA, PXA and GG through morphological methods and 
immunohistochemistry for SYN and NF.

• To analyze if the use of neuronal markers contributed to the 
identification of ganglion cells.

• To characterize EGB with glial and neuronal markers (glial 
fibrillary acidic protein [GFAP], synaptophysin [SIN] and 
neurofilament [NF]). 

• To evaluate the possibility of reclassifying PA and PXA with 
ganglion component as ganglioglioma. 

• To correlate morphological and immunohistochemical 
data with age and progression and compare them among 
PA, PX and GG.

MEthoDS

Sample and origin

Retrospective analysis of PA, PXA and GG, according to the 
World Health Organization (WHO), filed at Universidade Federal 

tABLE 1 – Morphological and radiological characteristics as well as tumor progression analyzed in PAs with or  
without ganglion component, PXA and GG expressed in absolute numbers and percentages (in parenthesis) for each group

  PA without ganglion component PA with ganglion component PXA GG

Eosinophilic granular bodies 5 (62.5) 4 (66.7) 4 (50) 7 (87.5)

Ganglion cells 0 (0) 6 (100) 8 (100) 8 (100)

Synaptophysin + 0 (0) 6 (100) 8 (100) 8 (100)

Neurofilament + 0 (0) 2 (33.3) 8 (100) 8 (100)

Synaptophysin  in GC 0 (0) 6 (100) 8 (100) 8 (100)

Neurofilament in GC 0 (0) 2 (33.3) 8 (100) 8 (100)

Synaptophysin  in EGB 0 (0) 3 (50)                            4 (50) 7 (87.5)

Neurofilament in EGB 0 (0) 1 (16.6) 4 (50) 7 (87.5)

Infratentorial 8 (100) 5 (83.3) 0 (0) 0 (0)

Cystic 4 (50) 5 (83.3) 4 (50) 4 (50)

Tumor progression 0 (0) 0 (0) 0 (0) 0 (0)

PA: pilocytic astrocytoma; PXA: pleomorphic xanthoastrocytoma; GG: ganglioglioma; GC: ganglion cells; EGB: eosinophilic granular bodies.

do Rio de Janeiro (UFRJ)-Pathological Anatomy Services and 
INDC/UFRJ from 1997 to 2011. The study includes 30 cases: 14 
PA, 8 PXA and 8 GG (1 anaplastic). We reviewed medical records 
in order to identify patients, neuroradiological aspects and post-
operative progress. 

Morphological analysis 

A diagnostic review and GC and EGB screening were 
undertaken. Moreover, the cases were morphologically analyzed 
through hematoxylin and eosin (HE).

Immunohistochemical study

The samples were submitted to immunohistochemistry with 
SYN and NF with the aim to better characterize and identify the 
ganglion component and its expression in EGB. Immunostaining 
with GFAP was carried out in cases in which there were EGB 
(Table 2).

tABLE 2 – Applied primary antibodies

Antigenic  
antibody

Clone Manufacturer Dilution Retrieval 

Anti-neurofilament 2FII DAKO 1:1800 Citrate buffer

Anti-synaptophysin 5np88 Biogenex 1:200 Citrate buffer

Anti-GFAP 6F2 DAKO 1:150 Citrate buffer

GFAP: glial fibrillary acidic protein. 

Statistical analysis

Data were stored in only one database and statiscally analyzed. 
The statistical software XLSTAT- PRO 2009 PLS was applied and 
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the statistical study was conducted through descriptive frequency, 
proportion and mean analyses as well as statistical tests. 

rESuLtS

PA

Six out of 14 PA demonstrated ganglion component by HE 
and/or positivity for SYN and/or NF on GC. Eight out of 14 PA did 
not present it.

Five from the PA with ganglion component were cystic, five 
were infratentorial, 4 had EGB and 6 had GC by HE. Four of them 
recurred and one progressed to death due to the neoplasm. There 
was no tumor progression. The age at diagnosis varied from 4 to 17 
years (mean age: 10.66 years). The mean disease-free survival was 
62.16 months. As to SYN marker, three cases exhibited positivity for 
EGB and all six cases presented GC. NF was positive for EGB in one 
case and for GC in two cases. 

Four out of eight PA without ganglion component were cystic, 
all of them infratentorial, five presented EGB and none revealed 
GC by HE. Five of them recurred and one progressed to death in 
result of the neoplasm. Neither was there tumor progression, nor 
there was immunoreactivity for SYN and NF. The age at diagnosis 
varied from 3 to 37 years (mean age: 11.57 years). The mean 
disease-free survival was 18 months.

PXA

Eight PXA had ganglion component, four were cystic and all 
of them supratentorial. Four had EGB and eight GC by HE. Four of 
them recurred and one progressed to death. The mean disease-free 
survival was 69 months. There was no tumor progression. The age 
at diagnosis varied from 6 to 53 years (mean age: 30.25 years). 
As to SYN, four cases exhibited positivity for EGB and eight cases 
had positivity for GC. Some EGB immunostained with SYN and NF 
seemed to have degenerate nuclei.

GG 

In the group of cases originally described as GG, there were four 
relapses and one death, with no association among them. There was 
no tumor progression. The disease-free survival varied from 0 (GG 
grade III) to 24 months (mean time: 17.14 months). The age at 
diagnosis varied from 9 to 58 years (mean age: 27.75 years). Four 
of them were cystic, all of them were supratentorial, seven presented 
EGB and eight had GC by HE. As far as SYN is concerned, seven 
exhibited positivity for EGB and eight for GC. NF was positive for EGB 
in seven cases and positive for GC in eight cases.

Morphological aspects

Ganglion cells

Ganglion cells were detected in all six PA with ganglion 
component, in all eight PXA and in eight GG (Figures 1 to 4).  
Some had vacuolated cytoplasm and/or pyknotic nucleus 
suggestive of degeneration (Figure 1).

figurE 1 –  Ganglion cell in pilocytic astrocytoma (HE, lens 40×)

HE: hematoxylin and eosin.

figurE 2 –  Ganglion cell immunostained with SYN in pilocytic astrocytoma 
(lens 40×)

SYN: synaptophysin.
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Eosinophilic granular bodies

EGB were homogeneous, microvacuolar, eosinophilic and 
sometimes resembled hyaline droplets (Figure 5). In some of 
them, a possible negative image of the nucleus was observed. 
These structures were detected in five PA with ganglion component, 
four PXA and seven GG. As to SYN, 14 showed positivity. NF was 
positive for EGB in 12 cases and these were positive for both 
markers (Figures 6 and 7). GFAP was performed in five cases, 
from which four were immunonegative (Figure 8) and one was 
immunopositive. 

Table 3  summarizes progression, radiological, histopathological 
and immunohistochemical findings. 

figurE 3 –  Ganglion cell immunostained with NF with granular cytoplasm in 
pleomorphic xanthoastrocytoma (lens 40×)

NF: neurofilament.

figurE 4 –  Ganglion cell immunostained with NF in ganglioglioma. Note 
granular cytoplasm/microvacuolated (lens 10×)

NF: neurofilament.

figurE 5 – Eosinophilic granular body in pleomorphic xanthoastrocytoma in 
the center of the image (HE, lens 40×)

HE: hematoxylin and eosin.

figurE 6 –  Eosinophilic granular body immunostained with NF in 
ganglioglioma in the center of the image (lens 40×)

NF: neurofilament.

Analysis of age, relapse and death

The analysis revealed that the hypothesis of equality between 
age mean values should be rejected, inasmuch as there are 
significant differences between them (p value = 0.010).

Ganglion cells in circumscribed astrocytic tumors: possible implication in classification and prognosis



203

figurE 8 –  Eosinophilic granular body negative for GFAP immunostaining  in 
the center of the image (lens 40×)

GFAP: glial fibrillary acidic protein.

figurE 7 –  Eosinophilic granular body immunostained with SYN in 
pleomorphic xanthoastrocytoma (lens 40×)

SYN: synaptophysin.

tABLE 3 – Morphological and radiological characteristics as well as tumor progression analyzed in PAs with or without  
ganglion component, PXA and GG expressed in absolute numbers and percentages (in parenthesis) for each group

PA without ganglion component PA with ganglion component PXA GG

Eosinophilic granular bodies 4 (50) 5 (83.3) 4 (50) 7 (87.5)

Ganglion cells 0 (0) 6 (100) 8 (100) 8 (100)

SYN+ 0 (0) 6 (100) 8 (100) 8 (100)

NF+ 0 (0) 2 (33.3) 8 (100) 8 (100)

SYN in GC 0 (0) 6 (100) 8 (100) 8 (100)

NF in GC 0 (0) 2 (33.3) 8 (100) 8 (100)

NF in  EGB 0 (0) 1 (16.6) 4 (50) 7 (87.5)

Infratentorial 8 (100) 5 (83.3) 0 (0) 0 (0)

Cystic 4 (50) 5 (83.3) 4 (50) 4 (50)

Tumor progression 0 (0) 0 (0) 0 (0) 0 (0)

PA: pilocytic astrocytoma; PXA: pleomorphic xanthoastrocytoma; GG: ganglioglioma; SYN: synaptophysin; NF: neurofilament; GC: ganglion cells; EGB: eosinophilic 
granular bodies.

The study on relapse and death was carried out in two phases 

and analyzing two groups. Firstly, the variables were compared 

among PA with ganglion component, PXA and GG. The second 

group comprised PA without ganglion component, PA with 

ganglion component and GG. The analysis of the first group 

evinced a higher proportion of relapse and death among PA with 

ganglion component in comparison with PXA and GG (Table 4). 

tABLE 4 – Absolute number and relapse and death  
proportion for PA with  ganglion component and GG

n Relapse Death

PA with ganglion component 6 4 (0.66) 1 (0.16)

PXA 8 4 (0.50) 1 (0.12)

GG 8 4 (0.50) 1 (0.12)

 PA: pilocytic astrocytoma; PXA: pleomorphic xanthoastrocytoma;  
GG: ganglioglioma.
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The proportion of relapse and death between PXA and GG was 
the same.

Relapse: as calculated p value (0.2071) is higher than the 
significance level (alpha = 0.05), there is no significant difference 
in the relapse proportion between PA with ganglion component 
and GG. As to PXA and GG, based on sample results, the equality of 
proportions was concluded. 

Death: as calculated p value (0.3788) is higher than the 
significance level (0.05), there is no significant difference in 
death proportions between PA with ganglion component and GG. 
AS to PXA and GG, based on the sample results, the equality of 
proportions was concluded.

According to Table 5, the second analyzed group showed 
relapse and death distribution.

tABLE 5 – Absolute number and relapse and death proportion  
for PA with and without ganglion component and GG

n Relapse Death

PA with ganglion component 6 4 (0.66) 1 (0.16)

PA without ganglion 
component

8 5 (0.62) 1 (0.12)

GG 8 4 (0.50) 1 (0.12)

 PA: pilocytic astrocytoma; GG: ganglioglioma.

Relapse: as p value (0.7971) is higher than the significance 
level (0.05), there is no significant different within the three 
analyzed groups.

Death: as calculated p value (0.9694) is higher than alpha 
significance level (0.05), it was concluded that deaths do not 
depend on diagnoses.

Analysis of disease-free survival

Variance analysis test (ANOVA) was performed and it was 
concluded that there was no significant difference among mean 
disease-free survival values (p value = 0.210)

DiSCuSSion

In the neuropathology practice at UFRJ, PA have been 
reported in which, when conveniently investigated or in relapse, 
the ganglion component is present, which may imply a higher 
chance of relapse and malignant transformation when they are 
not resected. 

In a more detailed investigation, as it was performed herein, 
we verified that six out of 14 exhibited ganglion cells expressed 

by HE, SYN and NF. All GCs were identified by HE, hence the 
immunohistochemistry was confirmatory. Therefore, we 
assume that the use of neuronal markers is not indispensable 
to the detection of GC in PA. It is essential to take into account 
that the diagnosis is not always simple, inasmuch as subjective 
interpretations may lead to diagnostic discrepancies or even the 
conclusion that GC are not present. 

In 1994, Wasdahl et al. published a case of cerebellar PXA 
with pilocytic areas(21, 23), demonstrating similarities in the 
studied neoplasms. Among the common characteristics between 
PA and PXA, we highlight the radiological cystic aspect that was 
indentified in all PA, reclassified or not, in four out of eight PXA 
and in five out of eight GG.

The ganglion component in PXA has been mentioned in other 
studies(4, 6, 11-13, 15, 22, 24), which brings up the question as to how 
to denominate these tumors. Would they be PXA with ganglion 
component, true GG or collision tumors (association between PXA 
and GG)?

In our investigation, all eight PXA showed demonstrable 
ganglion component both by HE and immunohistochemistry. 
Accordingly, as it occurred with PA, the use of neuronal markers 
only confirmed the ganglion nature of the cells identified by HE. 
The positivity for these markers was verified in multinucleated and 
smaller atypical cells distributed in the tumors, which precludes 
the possibility of being a collision tumor or an infiltration of 
cortical neurons in the neoplasm peripheral area.

Immunopositivity for SYN had been described by Lindboe et al. 
in 1992 in an association of PXA and cerebellar GG. Nonetheless, 
these authors verified the positivity in only one region of the lesion 
(denominated GG)(12). This observation was made by Perry et al. 
in four cases of association between PXA and GG. 

Anti-synaptophysin was positive in all cases and NF in three 
of them. Based on this observation, the authors questioned the 
possibility of being a GG with PXA as its glial component or PXA 
with neuronal component(9). In 2008, Hirose et al. described 
12 PXA, five with positivity for SYN, nine for NF and four for 
chromogranin A(5).

In 2003, Yeh et al. reported the association of PXA and 
suprasellar GG. In this case, there were ganglion cells indentified 
by HE and SYN was positive for these cells and giant ones(24), which 
was also substantiated in our study. 

Our results were closer to Powell et al. findings, who reported 
seven cases of PXA, all showing positivity for SYN and five of 
them for anti-NF(15). Herein, there was a higher proportion for 
GC, which was detected in eight cases, both with the use of SYN 
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and NF. Therefore, this suggests that PXA may be variants of GG 
whose neoplastic cells are lipidized or may constitute another 
glioneuronal tumor. 

We did not find reports on EGB analysis and their identification 
through neuronal markers in none of the three tumors. In our 
investigation, EGB were observed by HE in four PXA, all confirmed 
by the positivity for anti-SYN and anti-NF; in seven GG, all 
confirmed by immunohistochemistry; in four out of six PA with 
ganglion component ; in five PA without ganglion component. 
Three of the PA with ganglion component showed positivity for 
SYN and one for NF. 

There was no positivity for EGB among PA without ganglion 
component. In the tumors with ganglion component that were 
positive for SYN and NF, it is possible that EGB may be degenerate GC.

In 2002, Blümcke et al. described a series of 326 GG. 8o% of the 
cases showed positivity for the following neuronal protein markers: 
microtubule – associated protein 2 (MAP-2), neuronal nuclei 
(NeuN) and SYN(2). Despite the fact that our sample comprises less 
cases of GG (only eight), we verified positivity for SYN and NF in 
100% of the cases, which corroborates the presence of ganglion 
component, indispensable to the diagnosis of these tumors.

In some cases, it was not possible to ascertain that the 
immunostained structures were ganglion cells in degeneration. 
In those cases in which the image suggested degenerate nucleus, 
immunostaining with NeuN (nuclear pattern) would be useful if 
this structure is negative for other neuronal markers.

GFAP was positive in only one case and negative in other 
four, all of them were GG and PXA that were immunopositive for 
neuronal markers, which denotes that EGB in these cases could 
represent degenerate ganglion cells and not astrocytic processes as 
it has been traditionally described. 

In order to ascertain that the granular structures 
immunostained with SYN and NF antibodies were the same that 
were negative for GFAP, we may carry out a double immunostaining 
followed by examination on fluorescence microscope.

As to epidemiological aspects, we could observe that the mean 
age at diagnosis was 10,66 years for PA with ganglion component 
and 11.57 years for PA without ganglion component, which is 
corroborated by the literature. They are neoplasias that typically 
affect children and teenagers(3, 17, 20). In PXA, the mean age at 
diagnosis was 30.25 years, varying from 6 to 53, and five of them 
with less than 30 years. These results are similar to Hirose’s findings 
(5) and higher than those reported by Kepes in the description of 
a series of 12 cases, whose mean age was lower (12.75 years)(9). 
As to GG, they occur predominantly among young patients, most 

of them younger than 30 years of age and with incidence peak 
between 10 to 20 years of age(2, 7, 16), similarly to our sample results.

There was no tumoral progression (anaplastic or malignant 
transformation) in none of the 30 cases, despite the relapse and 
death due to the neoplasia, which corroborates the low grade of 
these lesions according to the classification proposed by the World 
Health Organization (WHO). These findings are also mentioned 
by Singhal et al., who claim that most PA tumors are relatively 
indolent(19). Smith et al. also affirm that it is a neoplasia with rare 
malignant transformation, generally arising from radiotherapy(20).

Anaplastic gangliogliomas have been described in the 
literature(1, 8, 18), but they are extremely rare. According to Blümcke 
et al., clinicopathological follow-ups identified a low risk of 
relapse and malignant transformation(2). There was just one case 
of anaplastic GG in our study.

Our results contrast with those yielded by Hirose et al. in 2008, 
inasmuch as we did not observe any tumoral progression in PXA, 
which was reported by the authors in three cases that recurred(5).

As to the identification of the ganglion component in PA, 
PXA and GG and its relation with progression, we verified that the 
correlation of relapse, death and disease-free survival in PA with 
ganglion component, PXA and GG was not significantly different. 
These observations lead us to the conclusion that PA with ganglion 
component, PXA and GG have a similar behavior. PA without 
ganglion component also exhibited similar mean age, death and 
disease-free survival rates. However, we do not know whether these 
lesions were totally resected or not, since this piece of information 
was not available in the medical records. The incomplete resection 
may have contributed to a worse clinical progression.

ConCLuSion

PA and PXA may present ganglion component either 
by the presence of identifiable GC by HE or SYN and/or NF 
immunostaining, which are suitable antibodies for GC and 
EGB screening. However, they were not indispensable for the 
identification of GC in the present study.

The fact that all PXA presented GC conveys the possibility of 
being a glioneuronal tumor, perhaps a variant of GC. The presence 
of ganglion component in part of PA may imply that they may 
be GG whose ganglion component is not abundant or scattered 
throughout the neoplasm, that is to say concentrated on focal 
areas that may not have been sampled. EGB that display positivity 
for SYN and/or NF, associated with negativity for GFAP, may 
represent degenerate GC.
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The radiological cystic aspect was predominant, confirming that 

its presence may contribute to characterize circumscribed neoplasias.

The most affected age group, as it had been expected, comprised 

teenagers and young adults. The surveyed neoplasias present indolent 

biological behavior and most of them do not undergo anaplastic 

transformation, which is also corroborated by the literature.

There was relapse of neoplasias with ganglion component, 
but without significant difference in relation to those without it. 
As far as the lesion groups are concerned, there was no difference 
in terms of progression (relapse, death, disease-free survival and 
anaplastic transformation), which suggests that the presence of 
ganglion cells may modify the biological behavior of circumscribed 
astrocytic tumors. 
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