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Abstract

Background Papillary glioneuronal tumor (PGNT) is a rare,
recently described distinct low-grade brain neoplasm. This
study was performed to characterize the clinicopathologic
and neuroradiologic features of PGNTs.

Methods We reviewed the medical records of 16 patients with
PGNT who underwent surgery, including 11 males and five
females (median age 27 years). The clinical, neuroradiologic,
histopathologic, and immunohistochemical findings were
documented.

Results Headache was the principal presentation.
Neuroimaging showed contrast-enhancing, cystic-solid or
cystic masses with a mural nodule, mostly involved the
frontal or parietal lobes. Histologically, the tumors were
characterized by glial fibrillary acidic protein (GFAP)-pos-
itive small cuboidal cells lining hyalinized vascular
pseudopapillae and synaptophysin and/or NeuN-positive
interpapillary neuronal elements. Other findings included
small angiomatous areas in ten, small islands of neuropil
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and rosettes in seven, and microvascular proliferation and/
or nuclear atypia in six. Mitoses or necrosis were absent.
All lacked isocitrate dehydrogenase 1 (IDH1) R132H pro-
tein expression. Low expression of p53 was observed in
three cases. Ki67 labeling index ranged from less than 1 to
3 %. All but one was totally resected. Median follow-up
was 65 months, and one patient had tumor recurrence.

Conclusions PGNTs display distinct clinicopathologic and im-
aging characteristics and indicate a favorable prognosis.
However, recurrences sometimes occur. Immunohistochemistry
facilitates the appropriate diagnosis of these tumors. Complete
resection of the tumor is important for a favorable outcome.

Keywords Papillary glioneuronal tumor - Neuroradiology -
Histopathology - Immunohistochemistry - Prognosis

Introduction

Papillary glioneuronal tumors (PGNTs) are rare, recently de-
scribed distinct low-grade glioneuronal neoplasms that usual-
ly occur in young adults and generally affect the cerebral
hemispheres, predominantly in the deep, paraventricular white
matter, with a predilection for the temporal lobe [15, 16, 27].
Tumors are noted on neuroimaging as well-circumscribed,
solid to cystic, contrast-enhancing masses with little mass ef-
fect, and a cystic mass with mural nodule may be seen [15, 24,
27]. Histologically, PGNTs generally consist of flat to cuboi-
dal, glial fibrillary acidic protein (GFAP)-positive neoplastic
glial cells lining hyalinized vascular pseudopapillac and
synaptophysin-positive interpapillary collections of sheets of
neurocytes, large neurons and intermediate-sized “ganglioid”
cells [2, 15, 16, 18]. Histopathologically similar tumor was
previously described as a pseudopapillary neurocytoma of
temporal lobe with glial differentiation by Kim and Suh in
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1997 [14], and was initially considered as a variant of
ganglioglioma in the 2000 World Health Organization
(WHO) classification of tumors of the central nervous system
(CNS). Due to the histological pseudopapillae and biphasic
differentiation characters, the term of PGNT first established
by Komori et al. [15] in 1998 was currently retained by the
updated 2007 WHO classification of tumors of the CNS [16].
To date, only less than one hundred cases have been reported
in the literature [6, 23]. Although PGNTs have been identified
as WHO grade I based on its indolent clinical behavior
following surgical resection, some cases with more patholog-
ically aggressive features, recurrence and malignant transfor-
mation have been described [1, 2, 4, 9, 12, 13, 18, 19, 23].
Knowledge of this entity is important to predict the clinical
course and make the right therapeutic decisions. Here, we
retrospectively review the clinicopathologic, neuroradiologic,
and prognostic features of 16 cases of PGNT, to emphasize the
processes of diagnosis and treatment and to highlight the prog-
nosis of patients with these lesions.

Materials and methods
Samples and clinical data

The medical records of 16 cases of PGNT during the peri-
od 2004 to 2014 at Huashan Hospital of Fudan University
and The People’s Hospital of Zhengzhou University were
reviewed. PGNTs were identified based on the criteria of
the 2007 WHO classification [16]. The clinical features of
all patients were documented, including sex, age at diag-
nosis, initial symptoms, tumor location, tumor size, extent
of surgical resection, outcome, and follow-up information.
All patients underwent maximal possible surgical resection
of the primary lesion consistent with preservation of neu-
rologic function.

Neuroimaging studies

The original magnetic resonance (MR) images and/or com-
puted tomographic (CT) scans where available were
reviewed by two neuroradiologists. The preoperative CT
analyses were performed on 12 cases, and intravenous ad-
ministration of a contrast medium was performed on three
cases (cases 2, 5, and 12). The preoperative MRI results
were available for all cases, including gadolinium injection
for 15 cases. The location, size, density, signal and
contrast-enhancement features of the lesions, and the pres-
ence of hemorrhage, calcification, cystic change, intraven-
tricular expansion, peritumoral edema, or mass effect were
evaluated.
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Histopathology and immunohistochemistry

Surgical specimens were fixed in 10 % neutral buffer forma-
lin, routinely processed and paraftin embedded. 4-pm sections
were cut, dewaxed and rehydrated, then stained with hema-
toxylin and eosin (H&E). Immunohistochemical analysis was
performed on selected, representative 4-pum-thick sections
using the immunohistochemical EnVision™ detection system
(Dakopatts, Glostrup, Denmark) according to kit instructions.
An epitope-retrieval method was applied as needed for each
specific antibody, and diaminobenzidine was the chromogen.
All tumor specimens were studied for the expression of GFAP
(catalog M076101, monoclonal, Dakopatts, Glostrup,
Denmark), oligodendrocyte transcription factor-2 (Olig-2)
(catalog JP18953, polyclonal, IBL International, GmbH), neu-
rofilament protein (NFP) (catalog M076229, monoclonal,
Dakopatts, Glostrup, Denmark), neuronal nuclear antigen
(NeuN) (catalog MAB377, monoclonal, Chemicon
International, Temecula, CA), chromogranin A (CgA) (cata-
log M086901, monoclonal, Dakopatts, Glostrup, Denmark),
synaptophysin (SYN) (catalog M077601, monoclonal,
Dakopatts, Glostrup, Denmark), p53 (catalog M700101,
monoclonal, Dakopatts, Glostrup, Denmark), IDH1 R132H
protein (catalog DIAH09, monoclonal, Dianova, Hamburg,
Germany), and Ki67 (catalog M724801, monoclonal,
Dakopatts, Glostrup, Denmark). The MIB-1 labeling index
(LI) was calculated in the highest proliferating area as the
percentage of labeled nuclei per 1,000 cells. The expression
of markers was evaluated based on intensity of staining and
distribution of positive cells. Both the percentage of positive
cells and the staining intensity were evaluated by 2 neuropa-
thologists respectively. The percentage positivity was scored
as four classes: “0” (<5 %, negative), “1” (5-25 %, sporadic),
“2” (25-50 %, focal), or “3” (>50 %, diffuse). The staining
intensity was scored as “0” (no staining), “1” (weakly
stained), “2” (moderately stained), or “3” (strongly stained).
The immunostaining score of markers was calculated as the
percentage positive score X the staining intensity score and
ranged as 0, 1, 2, 3, 4, 6, and 9. The sum-indexes (—), (+),
(++), and (+++) indicated overall staining score of 0, 1-3,4-6,
and 9, respectively. The histopathologic and immunohisto-
chemical features of all tumors at the 2 medical centers were
reviewed by 2 neuropathologists according to the 2007 WHO
classification.

Results
Clinical features
The clinical data of all patients are shown in (Table 1). The

patients ranged in age from 11 to 63 years (median age,
27 years). The male-to-female ratio was 11:5. In 15 out of
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Table 1  Clinical and radiologic characteristics of 16 patients with PGNT
Case Sex/age Initial symptoms Tumor Tumor  Radiologic finding Treatment Outcome Follow-up
location size (cm) (months)
M/23 years Seizures Left parietal 4.5 Solid-cystic enhancing mass GTR NED 72
2 M/53 years Vertigo/left lower Left occipital 6.6 Cystic mass with enhancing GTR+RT NED 60
extremity weakness walls and mural nodules
3 M/52 years Seizures Left parietal 53 Cystic mass with enhancing GTR NED 105
mural nodules
4 M/29 years Seizures Right temporal 2.8 Solid-cystic mass GTR NED 92
5 M/20 years Headache Right frontal 4.6 Solid-cystic enhancing mass GTR NED 89
6 F/33 years  Vertigo Right frontal 1.8 Solid-cystic enhancing mass GTR NED 86
7 F/17 years Headache Left parietal 7.6 Cystic mass with enhancing GTR NED 67
mural nodules
8 M/25 years Headache/visual disturbance Right frontal 7.5 Solid-cystic enhancing mass GTR NED 63
9 F/11 years Headache/tinnitus/ Right temporal 5.8 Solid-cystic enhancing mass GTR NED 61
focal mass
10 F/51 years Vertigo Left frontal 4.5 Solid-cystic enhancing mass GTR NED 57
11 F/25 years Seizures Right parietal 6.5 Solid-cystic enhancing mass STR+RT Recurrence 84
50 months
after surgery
12 M/30 years Headache Left temporal 3.3 Solid-cystic enhancing mass GTR+RT NED 69
13 M/21 years Headache Left frontal 54 Solid-cystic enhancing mass GTR NED 34
14 M/24 years No symptoms Right parietal 3.9 Solid-cystic enhancing mass GTR NED 20
15  M/46 years Headache Right frontal 6.0 Solid-cystic enhancing mass GTR NED 18
16  M/63 years Fatigability/sluggish Right frontal 6.6 Solid-cystic enhancing mass GTR Seizures 16
reactions 9 months

after surgery

F female, GTR gross total resection, M male, NED no evidence of disease, R7 radiotherapy, STR subtotal resection

16 patients (94 %) diagnosis was preceded by neurological
symptoms, with a median duration of 6 months (range,
0.5 months to 156 months) before surgery. Seven patients
(44 %) presented with intermittent headaches, four patients
presented with seizures, three patients presented with ver-
tigo (case 2 also had left lower extremity weakness), one
patient had fatigability and sluggish reactions (case 16),
and one patient (case 14) had an asymptomatic mass dis-
covered incidentally upon neuroimaging secondary to a
traumatic injury to the brain. In addition to headaches,
one patient (case 8) also had visual disturbance, one patient
(case 9) had tinnitus and a focal mass.

A craniotomy and a gross total resection (GTR) of the
tumor were performed in 15 cases. One case (case 11)
received a subtotal resection (STR). Profuse intraoperative
bleeding was the main cause of subtotal removal. The post-
operative course was uneventful, and each patient was
discharged a few days after surgery. Radiotherapy was ad-
ministered to three patients (cases 2, 11, and 12). Median
follow-up was 65 months (range, 16—105 months). At the
latest follow-up, 14 cases were symptom free after surgery,
with no evidence of disease progression or recurrence.
However, one patient (case 11) developed tumor

recurrence at 50 months after the initial excision, and re-
ceived second surgery and eventually had a good clinical
outcome. One patient (case 16) developed seizures at
9 months after surgery and received antiepileptic
medication.

Neuroradiologic findings

As seen in Table 1, all tumors affected the cerebral hemi-
spheres, including the frontal (n=7), parietal (n=5), tem-
poral (n=3), and occipital lobes (n=1). Fourteen of the 16
cases were located in the deep, periventricular area, and
intraventricular involvement was present in eight cases
(50 %). The median tumor size was 5.4 cm (range, 1.8—
7.6 cm). In 13 cases, a well-circumscribed, solid-cystic
mass was present (Fig. 1). Three cases showed a large
cystic mass with an enhancing cyst wall and mural nod-
ules. In CT scans, the solid part of the lesion was generally
isodense (n=9) (Fig. 1a) or slight hypodense (n=1) in the
12 available cases. Two cases were predominantly cystic
hypodense masses. Inhomogeneous enhancement was ap-
parent in two of the three cases given intravenous contrast
infusions. Calcific hyperdensities were present in nine of
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Fig. 1 Axial computerized
tomography (CT) scan showed an
isodense and hypodense, large
cystic and solid mass involving
the left frontal lobe and partly
extending into the body of left
lateral ventricle (a). The mass was
heterogeneous isointense and
hypointense in axial T1-weighted
images (b) and hyperintense in
axial T2-weighted images (c),
with a prominent heterogeneous
contrast enhancement in contrast-
enhanced axial T1-weighted
image (d). The mass showed
isointense and hypointense in
fluid-attenuated inversion-
recovery images (e), and did not
show diffusion restriction in
diffusion-weighted images (f)

the 12 cases. In MRI, the lesion was heterogeneous
isointense and hypointense (n=10) (Fig. 1b) or hypo-
intense (n=06) to gray matter in T1-weighted images and
hyperintense in T2-weighted images (Fig. 1c), without or
with minimal mass effect and peritumoral edema in most of
the cases, only three cases showed moderate mass effect
and peritumoral edema. Post-gadolinium scans revealed
moderate to marked enhancement of the solid component
(Fig. 1d) (n=12) and of the mural nodule (n=3). In fluid-
attenuated inversion-recovery (FLAIR) images the lesion
was hyperintense relative to gray matter in seven of ten avail-
able cases, two cases showed heterogeneous isointense and
hyperintense and one case showed isointense and hypointense
(Fig. 1e). Four cases showed hypointensity (Fig. 1f) and three
cases showed heterogeneous hypointensity and isointensity in
seven available diffusion-weighted images (DWI), indicating
no diffusion restriction within these cases.

Pathologic findings

Histopathologically, all tumors showed predominant
pseudopapillary structures characterized by a single-to-
pseudostratified layer of small, flattened to cuboidal uniform
cells with round to oval nuclei and scant cytoplasm lining
hyalinized fibrovascular cores (Fig. 2a). The intervening areas
were predominantly composed of sheets or focal collections
of small round-to-oval cells with coarse granular nuclei and
scant eosinophilic or clear cytoplasm, mimicking oligoden-
drocytes in appearance (Fig. 2b). In seven cases, small islands
of neuropil were noted, focally, oligodendroglia-like cells
were arranged around a central core of neuropil, similar to
rosettes (Fig. 2¢). Sporadic or focal medium-sized ganglioid
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cells and large ganglion cells with abundant cytoplasm and
distinct nucleoli were present in the interpapillary areas of
eight cases (Fig. 2d). In addition to these pseudopapillary
structures, some areas mimicking pilocytic astrocytomas with
microcystic changes, microvascular endothelial hyperplasia
(Fig. 2e), and/or nuclear atypia (Fig. 2f) were present in six
cases; small angioma-like areas were noted in ten cases.
Necrosis or mitoses were absent in all cases. Hemosiderin
deposition, micro-calcifications, Rosenthal fibers, and eosin-
ophilic granular bodies were common present at the periphery
of the lesions.

The immunohistochemical findings for all 16 cases are
summarized in (Table 2). Two distinct zones of glial and neu-
ronal differentiation were better highlighted on immunohisto-
chemistry. The tumor cells lining the fibrovascular core
showed strong cytoplasmic immunoreactivity for GFAP
(Fig. 3a) and variable focal nuclear immunoreactivity for
Olig-2 in 14 cases. However, in two cases, Olig-2-positive,
GFAP-negative glial cells surrounded the papillary core.
Interpapillary neuronal cells in all cases showed strong cyto-
plasmic immunoreactivity for synaptophysin (Fig. 3b) and
variable nuclear positivity for NeuN (Fig. 3c). NFP expression
was mostly confined to larger ganglioid and ganglion cells
(Fig. 3d). CgA expression was lacking or scattered. In ad-
dition, Olig-2 was variable positive in the interpapillary
areas in all cases (Fig. 3¢), and focal GFAP-positive tumor
cells were also present in the intervening areas in 11 cases.
IDH1 R132H protein was negative in all cases. p53 protein
expression was observed in three cases with 10-20 % of
tumor cells showing weak to moderate staining. The MIB-
1-labeling index ranged from less than 1 % to about 3 %

(Fig. 31).
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Fig. 2 Morphologic features of papillary glioneuronal tumor (PGNT).
Pseudopapillary structures composed of hyalinized vessels surrounded by
a single layer of cuboidal cells with round or oval nuclei (a, X 200).
Intervening areas with oligodendroglial-like cells (b, X 200), neuropil-

Discussion

PGNTs are uncommon, clinically indolent and morphologi-
cally biphasic cerebral neoplasms that mostly involve in
young adults, with a median age of 23 years, but they occur

- . ey ; - P, i
like islands (¢, X 200), and ganglioid and gangliocytic cells (d, X 400).
Vascular endothelial hyperplasia (e, X 200) and nuclear atypia of tumor
cells (f, X 400) were noted

over a wide age range varying from 4 to 75 years [3, 23, 26].
No gender predilection has been observed [15, 23, 27]. The
vast majority of PGNT are located in the supratentorial region,
most frequently in the deep, paraventricular white matter, with
common involvement of the temporal lobe [15, 16, 27].

Table 2 Immunohistochemical

characteristics of 16 patients with Case (no.) GFAP Olig-2 Syn NeuN NFP CgA P53 IDHI MIB-

PGNT 1
1 +~++ ++ +H+ ++ - — - - 1%
2 —~+ ++ ++ ++ + + - — 1%
3 +++ ++ ++ ++ - — - - <1 %
4 o~ ++ ++ + + -—~+ - 1%
5 +++ ++ ++ +++ - — - - <1 %
6 +++ +++ +++ ++ + - - - <1 %
7 +++ ++ +++ ++ + - - - 1%
8 o~ A~ +~ 4+ + - - - <1 %
9 —~+ ++ +++ ++ + - - - <1l %
10 +++ ++ ++ +~ 4+ — — —t = 1%
11 +++ ++ et ++ — — — — <1 %
12 +++ e~ A~ + + - - 1%
13 +++ +++ +++ ++ + - - - 2 %
14 +++ +++ +++ -+ - - - - 3 %
15 +++ + +++ +++ - - - - 2%
16 +++ +++ +++ o~ - - —~t+ = 1%
Positive rate (%)

The sum-indexes of expression of markers —, +, ++, and +++ indicated overall staining score of 0, 1-3,4—6, and 9,
respectively, Cg4 Chromogranin A, D diffuse, F' focal, GEAP glial fibrillary acidic protein, IDHI isocitrate
dehydrogenase 1 R132H protein, NeuN neuronal nuclear antigen, NFP neurofilament protein, Olig-2 oligoden-
drocyte transcription factor-2, S scattered, Syn synaptophysin
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Fig. 3 Immunohistochemical features of papillary glioneuronal tumor
(PGNT). Tumor cells lining the hyalinized vascular pseudopapillae
showing cytoplasmic immunopositivity for GFAP (a, X400).
Intervening neuronal cells clearly shown by synaptophysin (b, X400)

Rarely, it may involve the ventricle [6, 22]. PGNTs usually
present with single lesion, but it may also involve bilateral
cerebral hemispheres [2, 9]. In this study, there was a slight
male and frontal lobe predominance, 50 % of patients were
25 years of age or less, which were consistent with the reports
of the literature [2, 6, 18].

The clinical manifestations of PGNT were not specific. As
seen in this study, headache and seizures were common symp-
toms [23]. Nausea/vomiting, focal neurological deficit, and
disturbances of vision, gait, sensation, cognition and emotional
affect may also be encountered [2, 15, 18, 23, 27]. Patients may
also be asymptomatic with the mass discovered incidentally
upon neuro-imaging for other reasons as seen in case 14 [23].

The neuroimaging characteristics of PGNT reported so far
consistently described a supratentorial, periventricular well-
defined, contrast-enhancing, solid to cystic mass or a cystic
lesion with a mural nodule [2, 15, 16, 18, 24, 27], as detected
in this study. Most PGNTs were adjacent to the ventricle,
suggesting a possible origin from the germinal zone of the
subependymal plate, while more superficially situated
PGNTs might arise from the secondary germinal layer [15].
Typically, PGNTs displayed isodense or hypodense in CT
scan, isointense and/or hypointense in T1-weighted images,
hyperintense in T2-weighted images, and isointense and/or
hypointense in DWI. Inhomogeneous marked enhancement
may be associated with prominent pathological paraplastic
blood vessels within the tumors. As a result, these unique
radiological findings can facilitate the diagnosis of PGNT
and are helpful in the radiologic differential diagnosis.

Histopathologically, PGNT was characterized by a biphasic
pattern of a layer of flat to cuboidal glial cells lining hyalinized
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and NeuN (¢, X400) immunostaining. Larger ganglioid and ganglion
cells highlighted by NFP immunostaining (d, X400). Olig-2 reactivity
cells were seen in the intervening areas or surrounding vessels (e,
X400). MIB-1-labeling index was low (f, X400)

vascular pseudopapillae and interpapillary sheets or focal col-
lections of neuronal cells of variable size [15, 16] as seen in
our cases. The proportion of these two components varied
from case to case [15]. Although the glial elements generally
lacked both nuclear atypia and mitotic activity as seen in this
study, some aggressiveness criteria, including nuclear atypia,
high mitotic rate, high MIB-1 labeling indices, vascular endo-
thelial hyperplasia, and necrosis, may be observed in a few
cases of PGNT, it suggested that these patients should need
more closely follow-up and may require adjuvant therapy [1,
2,4,9,12,13, 16, 18, 19]. In this study, areas of microvascular
hyperplasia and nuclear atypia may be associated with piloid
gliosis, and one case, which recurred after 50 months, did not
show any changes suggestive of anaplasia. At the periphery of
the lesions, prominent secondary changes including Rosenthal
fibers, eosinophilic granular bodies, angiomatous areas, he-
mosiderin deposition, and calcifications were common noted,
reflecting the long-standing course of PGNTs.

The immunochemical features of the PGNT suggested its
possible origin from multipotent precursors capable of diver-
gent glioneuronal differentiation [15]. As seen in this study,
immunoreactivity for GFAP in the glial cells adjacent to the
papillary core, and neuronal markers synaptophysin, NeuN,
neuron-specific enolase (NSE) and class 111 3 -tubulin stain-
ing in the interpapillary neuronal component assisted in estab-
lishing the diagnosis of PGNT [2, 15, 16, 18].
Oligodendroglia-like cells in the interpapillary spaces were
also positive for Olig-2 (a marker of oligodendrocyte and
neuroectodermal progenitor cell), indicating the existence of
glial and neuronal elements between the pseudopapilla and
suggesting possible origin from the pluripotential neural stem
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cells of PGNTs [10, 17, 25]. All cases showed a low MIB-1-
labeling index, in keeping with its indolent nature.

The major differential diagnosis should include
extraventricular neurocytoma (EVN), ganglioglioma,
dysembryoplastic neuroepithelial tumor (DNT), papillary
ependymoma, and astroblastoma etc [6, 15, 16, 18, 27].
Although hyalinized blood vessels and monotonous
neurocyte-like cells can be encountered in EVN and GG,
the absence of pseudopapillary architecture can differentiate
these tumors from PGNT. Moreover, EVN has a more homo-
geneous histologic appearance and more mature synapses,
and GG usually has more numerous and larger dysmorphic
ganglion cells mixed with astrocytic glial components and a
typically arborizing vascularity. DNT usually shows
multinodular growth patterns and specific glioneuronal ele-
ments containing floating neurons and does not exhibit solid
neuronal component or pseudopapillary patterns.
Ependymoma usually contains a high degree of fibrillarity,
which PGNTs lack. Astroblastoma has a perivascular cell pop-
ulation that is columnar or has stout processes, and also dem-
onstrates extensive vascular hyaline changes. The location of
the lesion, immunostaining patterns of EMA, and the absence
of neuronal differentiation are helpful in excluding
ependymoma and astroblastoma.

The underlying molecular pathogenesis of PGNTs remains
unclear. By using comparative genomic hybridization (CGH),
Faria et al. [8] reported that PGNT was characterized by gains
and structural alterations involving only chromosome 7
(7p14-q12) with breakpoints at 7p22, including high-level
amplification of 7pl4~ql2. MGMT methylation was ob-
served in some cases of PGNT using fluorescence in situ hy-
bridization (FISH) [18]. Recently, on the base of FISH and
reverse transcription-polymerase chain reaction (RT-PCR)
analysis, the t(9;17)(q31;q24) with the resultant novel fusion
oncogene SLC44A1-PRKCA had been described as the de-
fining molecular feature of PGNT that may be responsible for
its pathogenesis [5] and seems to be a specific characteristic of
PGNT with a high diagnostic value [20]. EGFR gene ampli-
fication, 1p/19q deletion or BRAF V600E mutation were not
found in PGNT, implying absence of a role of these molecular
alterations in the pathogenesis of PGNT [2, 18]. However, an
FGFR1 N546K mutation detected in a case of PGNT sug-
gested that at least a subgroup of PGNTs may show close
molecular relationships with pilocytic astrocytomas (PAs)
[I1]. In this study, no expression of IDH1 R132H protein
was found by immunohistochemistry, which was consistent
with the previous reports [2, 18]. However, three cases of
PGNT showed p53 immunoreactivity in 10-20 % of the cells.
The significance of this is not known, and mutation analysis
may be required to establish the exact role of this gene in the
pathogenesis of PGNT.

PGNT is generally considered as a benign neoplasm and
can be curable with adequate surgery alone [6, 15, 16, 23,

27]. Most patients remain well with the longest recurrence-
free survival recorded being 19 years [7] and the extension
of surgical removal was the main prognostic factor [21].
But tumor progression or recurrence sometimes occur after
initial subtotal or even gross total resection [2, 18]. Rare
PGNTs may show aggressive biological behavior [1, 9, 12,
13, 19]. More recently, Bourekas EC et al. [4] reported a
single case of anaplastic PGNT with extraneural metasta-
ses. Therefore, accurate diagnosis, completeness of resec-
tion and follow-up observation are the optimal treatment
for PGNT. Postoperative adjuvant radiotherapy and/or che-
motherapy is considered if anaplastic [4, 18, 19] or recur-
rent [2, 13]. In this study, the follow-up period ranged from
16 to 105 months, most of patients had a favorable prog-
nosis after surgery, suggesting that the usual biological
behavior of PGNTs is not aggressive. Only one patient
(case 11) demonstrated recurrence of tumor after a long
symptom-free period (50 months), which may be the result
of subtotal resection of tumor, although radiotherapy was
administered postoperatively. This patient received second
surgery and was reported to be well at 34 months. One
patient (case 16) represented 9 months later with seizures
after GTR and remained seizure-free on medication at the
latest follow-up, no tumor regrowth was observed on MRI.
Our findings suggested that regular follow-up may be im-
portant for identifying the rare cases of PGNT recurrence,
especially in cases following incomplete resection of the
tumor.

In summary, PGNTs are rare, indolent distinct neoplasms,
although some cases of tumor recurrence and aggression have
been described. Precise diagnoses, complete resection, and
postoperative follow-up regularly using MRI are important
for favorable long-term outcome. The underlying molecular
pathogenesis or genetic alterations of PGNTs should be better
studied in the future.
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