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that gross total surgical resection of MGwNM is an independent 
and significant predictor of suvival. However, these authors did 
not analyze adjuvant treatments, such as radiotherapy or che-
motherapy, because of the variety of treatment methods. Takeu-
chi et al.19) resected all tumors followed by radiotherapy and vari-
ous regimens of chemotherapy in seven patients, but did not 
mention the treatment-related prognosis.

There are few practical management strategies for this catego-
ry. These comprise conventional chemotherapy using procarba-
xine, lomustinem and vincristine (PCV) and/or radiotherapy. 
The present study sought to clarify the prognosis and possible 
factors of MGwNM through a retrospective analysis. 

INTRODUCTION

Mixed neuronal-glial tumors, such as ganglioglioma, were first 
reported in 19307). Anaplastic ganglioglioma is a World Health 
Organization (WHO) grade III neoplasm, which is defined as a 
tumor with well-differentiated ganglion cell elements and a histo-
logically malignant glial component5). However, malignant glio-
mas with neuronal marker expression (MGwNM) other than 
classical anaplastic ganglioglioma are rare and poorly character-
ized14,22). In recent years, increasingly diverse types of MGwNM 
have been described. These cases underscore the dilemmas in 
the classification and diagnosis of MGwNM. It is not clear wheth-
er all of these neoplasms are distinct entities, variants or simply 
histological patterns of the same entity21). Varlet et al.22) reported 
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MATERIALS AND METHODS

Study design
A retrospective review of the medical records of 18 patients 

who were histopathologically diagnosed with MGwNM at our 
institute between January 2006 and December 2012 was done. 
A total of 976 patients were diagnosed with malignant glioma 
during that period at our institute, so MGwNMs count for 1.8%. 
Data about clinical presentation and tumor location were col-
lected from the medical records. The extent of surgical resection 
was assessed according to the surgeon’s notes. The 18 patients 
comprised 7 males and 11 females 7 to 69 years of age (median 
33 years). Six patients were younger than 20 years. The most 
common symptom of patients was headache (n=13, 72%) fol-
lowed by motor weakness (n=4, 22%) (Table 1). The majority of 
lesions were located in the temporal lobe (n=6, 33%), frontal 
lobe (n=5, 28%) and multiple lobes (n=3, 17%). Multiple lobes 
included, in order of frequency, frontal and parietal lobes fol-
lowed by frontal and temporal lobes and parietal lobe, occipital 
lobe, temporal lobe, contralateral hippocampus and periven-
tricular area. In most cases, magnetic resonance imaging showed 
strong contrast enhancements (n=14, 78%). Peripheral or rim 
enhancement was also seen in some cases (n=10, 56%). Calcifi-

cation or hemorrhage within the lesion was noted in five patients. 
Cystic component and central necrosis was found in 5 (28%) 
and 2 (11%) cases, respectively. The median tumor diameter was 
38 mm (range, 16 to 48). 

Macroscopic total resection was performed in 11 patients 
(61%), partial resection in four (22%), and biopsy in three (17%). 
All but 2 patients underwent radiotherapy after surgery. How-
ever, 2 others (11%) did not receive radiotherapy because of poor 
medical condition after surgery. For adjuvant chemotherapy, 6 
patients received cisplatin and etoposide with or without vin-
cristine chemoregimen before or after radiotherapy, and one pa-
tient received two cycles of temozolomide (TMZ) chemothera-
py after progression. The patients’ clinical characteristics are 
presented in Table 1. Patients were followed up clinically and 
radiologically at a regular interval following after surgery.

The study protocol was reviewed and approved by the insti-
tutional review board of Samsung Medical Center (SMC 2013-
12-145-001) and adhered to the recommendations for biomedi-
cal research involving human subjects of the Declaration of 
Helsinki (1975). The requirement of informed consent was 
waived, as the study was based on existing clinical data.

Histologic evaluation and immunohistochemistry
Sections from 10% formalin fixed and paraffin embedded 

(FFPE) tumor samples were stained with hematoxylin-eosin. 
All slides from all patients were reviewed by the two neuropa-
thologists to confirm the diagnosis of MGwNM (Fig. 1A) . His-
tologically, all the tumors consisted of areas with high grade as-
trocytoma (WHO grade III or IV) or mixed oligoastrocytoma 
and the presence of immunoreactive cells for at least one neuro-
nal maker either synaptophysin or neurofilament. A representa-
tive section from each patient was selected for further analysis 
including molecular examination. Immunohistochemistry was 
performed using a BenchMark XT® autoimmunostainer (Ven-
tana Medical Systems, Tucson, AZ, USA). Antibodies used were 
against glial fibrillary acidic protein (GFAP, 1 : 4000, Biogenex, 
Fremont, CA, USA), S-100 (1 : 5000, Dako, Glostrup, Denmark), 
synaptophysin (1 : 100, Dako, Glostrup, Denmark), phosphory-
lated neurofilament (1 : 800, Dako, Glostrup, Denmark), neu-
ronal nuclear antigen (NeuN, 1 : 400, Chemicon, Temecula, CA, 
USA), and isocitrate dehydrogenase 1 (IDH-1, 1 : 50, Dionova, 
Hamburg, Germany). Strong cytoplasmic staining in any cell was 
scored as positive. Appropriate positive and negative controls 
were included.

Fluorescence in situ hybridization for 1p and 19q
Fluorescence in situ hybridization (FISH) was performed us-

ing dual color probes (Vysis®LSI® 1p36/ 1q25 and 19q13/19p13). 
Briefly, representative 4 μm thick sections of FFPE tumor tis-
sues were deparaffinized, dehydrated, immersed in 0.2 N HCl, 
boiled in a microwave in citrate buffer (pH 6.0) and incubated 
in 1 M NaSCN for 35 minutes at 80°C. Sections were then im-
mersed in pepsin solution, and the tissues were fixed in 10% 

Table 1. Characteristics of 18 patients with malignant glioneuronal tu-
mors

Characteristic No.
Sex

Male 07
Female 11

Median age (range), year 33 (7–69)
Mean follow-up period (range), months 13.2 (0.7–93.1)
Median overall survival (95% CI), months 21.2 (15.2–27.2)
Median progression-free survival (95% CI), months 06.3 (5.6–7.1)
Symptoms (%)

Headache 13 (72.2)
Motor weakness 04 (22.2)
Nausea/vomiting 03 (16.7)
Seizure 02 (11.1)
Diplopia 01 (5.6)
Gait disturbance 01 (5.6)

Radiographic pattern (%)
Single lobe involved 15 (83.3)
Multiple lobes involved 03 (16.7)

Size of tumor, cm
Median diameter (range) 38 (16–48)

<4 09 
≥4 09 

Extent of resection (%)
Gross total resection 11 (61.1)
Partial resection 04 (22.2)
Biopsy, only 03 (16.7)
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Fig. 1. Histologic, immunohistochemical and gene analysis of malignant glioneuronal tumor. A : Hematoxylin-eosin slides of fifteen cases show high 
grade glial tumor with neuronal component. B : Positive immunohistochemical stains of GFAP, synaptophysin, neurofilament, NeuN, and IDH-1 (a : 
GFAP, b : synaptophysin, c : neurofilament, d : NeuN, e : IDH-1) and the result of immunohistochemical and gene analysis of 18 patients with malig-
nant glioneuronal tumors. C : Loss of chromosomes 1p and 19q by fluorescence in situ hybridization by using dual color probes (Vysis®LSI®1p36/1q25 
and 19q13/19p13). a : two green 1q25 signals and 1 orange 1p36 signal, b : two green 19p13 signals and 1 orange 19q13 signal. NeuN : neuronal 
nuclear antigen, IDH-1 : isocitrate dehydrogenase 1, GFAP : glial fibrillary acidic protein.

A

C a b

Patient no. Glial markers Neuronal markers Gene analysis
GFAP S-100 SP NF NeuN MGMT IDH-1 1p19q

1 ● • ● ● • ● ○ 1p
2 ● • ● ● • ○ ○ •
3 ● • ○ ● ○ ○ ○ •
4 ● • ● ● ● ○ ○ ○
5 ● • ○ ○ ● ○ ○ •
6 ● • ○ ● ● ● ● ○
7 ● • ● ● • ○ ○ •
8 ● ● ● ● • ○ ○ •
9 ● • ● ● ● ○ ○ 19q

10 ● ● ● ● ● ○ ○ •
11 ● • ● ● • ○ ○ •
12 ● • ○ ● • ● ○ •
13 ● • ● ● ● ● ○ 19q
14 ● • ○ ● ○ ● ○ ○
15 ● • ● ● ○ ○ ○ ○
16 ● • ○ ● ○ ○ ○ ○
17 ● • ○ ● ○ ● ○ ○
18 ○ ● ○ ● • ○ ○ •

● : positive in tumor cells, ○ : negative in tumor cells, • : unexamined, 1p- : 1p deletion, 19q- : 19q deletion

a b d ec

B
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neutral-buffered formalin. The probe was applied and the sec-
tions were appropriately covered and sealed. The slides were in-
cubated in a humidified atmosphere in a Hybrite apparatus 
(Vysis, Downers Grove, IL, USA) at 73°C for 5 minutes and 37°C 
for 19 hours followed by immersion in 0.4× SSC/0.3% NP-40 at 
room temperature for 5 minutes and at 73°C for 5 minutes. Af-
ter drying, nuclei were counterstained with 4,6-diamidino-2-phe-
nylindole (DAPI). FISH signals for each locus-specific FISH 
probe were assessed by examination using a BX51TRF micro-
scope (Olympus, Tokyo, Japan) equipped with a triple-pass filter 
(DAPI/Green/Orange; Vysis). At least 200 non-overlapping nu-
clei with intact morphology were evaluated. Deletion was defined 
as a mean red-to-green signal ratio <0.8. 

O6-methylguanine-DNA methyltransferase promoter 
methylation analysis by quantitative real-time 
methylation-specific PCR

FFPE DNA was treated with sodium bisulfite using an EZ DNA 
methylation kit (Zymo Research, Irvine, CA, USA). Methylation 
specific real-time PCR assays were done in a 7900HT fast real-
time PCR system (Applied Biosystems, Foster City, CA, USA). 
Primer pairs used were O6-methylguanine-DNA methyltrans-
ferase (MGMT) forward, CGTTTCGACGTTCGTAGGT and 
reverse, AAAACTCCGCACTCTTCCG, with TaqMan probe 
6FAMAACGACCCAAACACTCACCAAATCGC-BBQ; 
ACTB forward, TGGTGATGGAGGAGGTTTAGTAAGT and 
reverse, AACCAATAAAACCTACTCCTCCCTTAA, with TagMan 
probe 6FAM-ACCACCACCCAACACACAATAACAAACACA-
BBQ. The β-actin gene (ACTB) was used to normalize the meth-
ylation-independent control reaction. For relative quantifica-
tion, the amount of methylated DNA (percentage of methylated 
reference, PMR) at the MGMT promoter region was normal-
ized to the methylation value of the calibrator, which was de-
fined as 100%. Universal methylated DNA (Qiagen, Hilden, 

Germany) was used as the calibrator. PMR was defined as 100× 
2[sampleACTB(ct) - sampleMGMT(ct)]/2[calibrator ACTB(ct) - calibratorMGMT(ct)]. A meth-
ylation level ≥3 and <3 was considered methylated and un-
methylated, respectively.

Statistical analyses
Overall survival (OS) was defined as the time from the date of 

first operation to death. Progression free survival (PFS) was de-
fined as the time after the first operation during which patients 
does not have events including progression of the disease, lepto-
meningeal seeding, tumor recurrence, metastasis or death. Prog-
nostic and outcome variables associated with OS and PFS in 
MGwNM that were age, size of tumor, extent of resection and 
MGMT methylation status in tumor cells. The analysis of the re-
lation between factors mentioned above and OS was calculated 
by using the Kaplan-Meier method (SPSS version 11.0; SPSS 
Inc., Chicago, IL, USA). The differences between the survival 
curves were tested using the log-rank test. The Cox proportional 
hazards model was used for the multivariate comparisons of 
median OS and PFS. The results were statistically significant if a 
2-sided p value was <0.05. 

RESULTS

Clinical outcome
The median follow-up period at the time of analysis was 13.2 

months (range, 0.7 to 93.1), and the estimated median OS was 
21.2 months [95% confidence interval (95% CI), 15.2 to 27.2]. 
At the end of follow-up, three (17%) patients remained free of 
disease progression. The median PFS was 6.3 months (95% CI, 
5.6 to 7.1).

Immunohistochemical and gene analysis
Immunohistochemical and gene analysis results are summa-

Table 2. Univariate and multivariate analysis of overall survival (OS) and progression free survival (PFS)

Prognostic factors
Univariate analysis Multivatiate analysis

Median OS, 
months p-value Median PFS,

months p-value Hazards ratio, 
OS (95% CI) p-value Hazards ratio, 

PFS (95% CI) p-value

Age, years 0.690 0.963
<20 13.6 3.9 0.863 (0.180–4.128) 0.854 1.655 (0.486–5.636) 0.421
≥20 21.8 6.4

Extent of resection 0.645 0.002
Biopsy only N/A 0.87 0.556 (0.052–5.997) 0.628 0.070 (0.009–0.563) 0.013
Gross total or partial resection 21.2 6.9

Size of tumor, cm 0.724 0.587
<4 17.8 3.9 0.981 (0.202–4.758) 0.981 1.286 (0.384–4.308) 0.683
≥4 21.2 6.9

MGMT methylation status 0.347 0.850
Unmethylated 17.8 6.0 0.383 (0.042–3.453) 0.392 0.671 (0.190–2.376) 0.537
Methylated 46 6.3

MGMT : O6-methylguanine-DNA methyltransferase
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Fig. 2. Graphs show overall survival (OS) curve (A) and progression-free survival (PFS) curve (B) according to age, extent of resection (C and D), size of 
tumor (E and F). TR : total removal, PR : partial removal.  (Continued to the next page)
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rized in Fig. 1B. GFAP immunohistochemistry was performed 
in each patient. Seventeen patients (94%) displayed GFAP-ex-
pressing tumor cells. S-100 protein immunohistochemistry was 
performed in three tumors and strong S-100 protein immunore-
activity was always noted including the GFAP-negative tumor. 
The neuronal markers NF and SP were examined in all patients 
and NeuN in 11 patients. Seventeen patients (94%) displayed NF-
positive tumor cells and 10 patients (56%) were SP positive. Six 
(55%) patients in whom NeuN immunostaining was performed 
were positive. All patients showed positive immunostaining re-
sults at least in one of the immunostaining examinations. IDH-1 
was positive in only one patient (6%). MGMT methylation was 
evaluated in all 18 patients and detected in 6 patients (33%). Pa-
tients who underwent TMZ chemotherapy did not present 
methylated MGMT. 1p19q FISH performed in 9 patients (Fig. 1C) 
revealed no deletion for 1p or 19q in 6 patients, 19q deletion only 
in 2 patients and 1p deletion only in the remaining patient.

On univariate analysis, age, size of tumor, extent of resection 
and MGMT methylation status in tumor cells were not corre-
lated with OS. Only extent of resection (gross total resection or 
partial resection versus biopsy only) was correlated with PFS 
(p=0.002) (Table 2, Fig. 2). On multivariate analysis, extent of 
resection (biopsy, only) was found to be the most significant in-
dependent predictors of poor PFS (p=0.013) (Table 2).

 
DISCUSSION

Since Varlet et al. suggested MGwNM as a distinct entity some 
cases have been reported to fall under the category17,19,22). None-
theless, those tumors have until recently remained poorly char-
acterized and its epidemiology is still not well known. High-grade 
gliomas are significantly less common in children than adults 
and represent approximately 6.5% of all newly diagnosed child-
hood intracranial neoplasms20). Presently, MGwNM occurred 

both in adults (n=12, 67%) and children (n=6, 33%) although 
there was no significant prognostic value according to age. Pa-
tients who were treated with gross total or partial surgical resec-
tion had a more favorable prognostic impact in PFS than who 
underwent biopsy only, whereas there was no significantly cor-
related value in OS. 

To the best of our knowledge, only limited series of patients 
with MGwNM have been reported. Treatment options that in-
clude surgical resection extent, radiation therapy and chemo-
therapy are varied and unstandardized. Moreover, the results of 
each treatment are too heterogeneous and it is impossible to as-
sume the OS or PFS (Table 3)1,2,4,8,13,16,19,21,22). Although those tu-
mors generally have a more favorable prognosis than glioblasto-
mas22), the present median OS of 21.2 months and PFS of 6.3 
months of patients with the pathological diagnosis were not so 
favorable. 

MGwNM in this study were distinguished from anaplastic 
gangliogliomas by the lack of atypical ganglion cells. All tumors 
exhibited glial differentiation that was positive for glial markers 
(either GFAP or S-100). 

Three markers including 1p19q deletion, MGMT methylation 
and IDH-1 mutation are considered as indicators of favorable 
prognosis in malignant gliomas6,9-12,15,23). Our results demon-
strated the status of these markers in all 18 patients with MG-
wNM. 

Takeuchi et al.19) reported deletions of chromosome 1p19q in 
seven patients and suggested that 1p19q loss and differentiation 
along neuronal cell lines as a factor in the favorable prognosis 
for glial tumors. Presently, there were also3 patients (17%) with 
deletion in 1p (n=1) or 19q (n=2). However, both 1p and 19q de-
letions were not detected in any patient, so further analysis with 
1p19 deletion was not performed. 

MGMT promoter methylation is associated with a favorable 
outcome after alkylating chemotherapy with TMZ in patients 

Fig. 2. (Continued from the previous page) Graphs show MGMT methylation status (G and H). 
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with newly diagnosed glioblastoma9-11). The MGMT gene is lo-
cated on chromosome 10q26 and encodes a DNA-repair pro-
tein that removes alkyl groups from the O6 position of guanine, 
an important site of DNA alkylation11). Our molecular genetic 
analysis showed that methylated MGMT were also identified in 
MGwNM. In this study, only one patient received TMZ chemo-
therapy; MGMT methylation was not detected in the tumor cells 
of this patient. There were six other patients with methylated 
MGMT status in which no significant correlated prognostic val-
ue was evident. This result underlines the need of trying conven-
tional chemotherapy, such as TMZ, as an addition to surgical re-
section. No standard chemotherapy for this category is known 
and no investigation has addressed TMZ chemotherapy in pa-
tients with those tumors. Our study indicates that attempting 
TMZ chemotherapy in patients with MGwNM may be prudent, 
especially when methylated MGMT is detected. 

As far as we know, the current study is the first investigation of 
the IDH-1 status in patients with MGwNM. In 2008, a genome-
wide somatic mutational analysis of glioblastoma revealed a sub-
set of an IDH-1 mutation at codon R13215). Subsequently, IDH-1 
mutations ware detected in all subtypes of gliomas, with the ex-
ception of primary glioblastomas (5–8%)3,23). In our study, IDH-
1 mutation was detected in only one case of MGwNM so further 
analysis could not be undertaken. However, the analysis of IDH-
1 in more patients with those tumors may be needed to identify 
the prognostic factors and set new options for treatment of MG-
wNM. 

Our study has 2 limitations. First, we failed to validate the ef-
fect of conventional treatments for malignant gliomas such as 
TMZ chemotherapy followed with CCRT, because it was diffi-
cult to try TMZ chemotherapy due to lack of objective evidence 
and practical cost-effectiveness. Second, we could not test 1p19q 

Table 3. Comparison of patient overall survival and treatment options of the previously reported cases of malignant glioneuronal tumors

Author (year) No. of 
cases

Age (range), 
years Overall survival Extent of surgical 

resection Postoperative treatment Remarks

Aryan et al.2) (2004) 1 78 ND Biopsy ND
Varlet et al.22) (2004) 40 Median 

43.5 (7–72)
Median 24 months 

(3 to 57)
Gross total resection 

in 24 subtotal or 
partial resection in 
14 biopsy in two

Conventional focal RT 
(55–60 cGy) in 26
RT after 2nd or 3rd 
resection in 5

Craniospinal RT in 2
(RT only in 9)
various CT in 26 
(CT only in 3)

Rodriguez et al.16)

(2006)
3 84

66
34

22 days
1 month
ND

Extensively debulked
Partial removal
Gross total resection

None
None
No follow up

Biernat et al.4) (2007) 1 10 ND Total resection ND
Takeuchi et al.19)

(2009)
7 47

69
32
36
60
61
36

NED (8 years)
14 months
NED (10 years)
NED (10 years)
NED (2 years)
NED (1 year)
NED (6 months)

Biopsy+subtotal
Subtotal 
Subtotal
Subtotal
Biopsy+partial+partial
Paritial
Partial+subtotal

RT (local 50 Gy)+
various CT

Aouba et al.1) (2010) 1 56 ND Gross total RT & CT (rituximab) The patient with severe
haemophilia A

Tihan et al.21) (2010) 36 Median
30 (1–76)

Median 65 months 25 partial resection
four biopsy seven 
gross total resection

RT in 30 (RT only in 2)
Various CT in 31 (CT 

only in 3)

15 cases of anaplastic 
ganglioma were 
included

DeWire et al.8) (2013) 1 12 14 months Subtotal resection, 
second subtotal 
resection

RT+bevacizumab 
adjuvant CT

Underlying ataxia 
telangiectasia

Kaloostian et al.13) 
(2013)

1 58 6 months Biopsy The patient died 
unrelated to tumor

Kim et al. 
(present study)

18 33 (7–69) Median 21.2 months 
(15.2 to 27.2)

11 gross total four 
partial three biopsy

RT in 16
Various CT in 7 (TMZ 

in one)
Systematic literature searches were conducted of PubMed up to December 2014. A search was performed using the following medical subject headings and key words : 
“malignant glioneuronal tumor”, “anaplastic glioneuronal tumor”, “malignant glioneuronal neoplasm” and related terms. ND : not described, RT : radiotherapy, CT : chemo-
therapy, NED : no evidence of disease
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in all patients as the non-availability of samples or absent of in-
formed consent, so we could not analyze the prognosis accord-
ing to the 1p19q deletion. 

Nonetheless, the results show some possibility that the prog-
nosis of MGwNM is not so favorable than glioblastomas. Con-
firmation in more patients is recommended. In addition, the ex-
tent of resection has a significant prognostic impact in PFS value. 
Those are important clinical findings to determine optimal man-
agement for these tumors. Establishing decisive pathological 
differential points of anaplastic ganglioneuronal tumors or neu-
ral type glioblastomas is prudent. Conventional treatment for 
glioblastomas seems warranted considering the poor prognosis 
of MGwNM, particularly in patients with MGMT methylated 
MGwNM. Additional gene analyses, such as 1p19q deletion and 
IDH-1 mutation, could give more information about prognos-
tic factors of this category tumors. A better understanding of clini-
cally feasible prognostic factors regarding chemo- or radiation 
therapy could lead to more effective treatments of those tumors. 

CONCLUSION

In this study, the prognosis of MGwNM was not superior to 
glioblastoma. The extent of resection has a significant prognostic 
im pact on progression-free survival. Further studies of the prog-
nostic factors related to chemo-radio therapy, similar to studies 
with glioblastoma, are mandatory to determine optimal treatment 
and improve survival.

• Acknowledgements
This work was equally supported by the Global Frontier Project grant 

(NRF-2012M3A6A-2010-0029781) of National Research Foundation funded 
by the Ministry of Education, Science and Technology of Korea and by a 
grant of the Korea Health Technology R&D Project through the Korea Health 
Industry Development Institute (KHIDI), funded by the Ministry of Health 
& Welfare, Republic of Korea (HI14C3418).

References 
1. Aouba A, Dezamis E, Sermet A, Rothschild C, Hermine O, Lasne D, et 

al. : Uncomplicated neurosurgical resection of a malignant glioneuronal 
tumour under haemostatic cover of rFVIIa in a severe haemophilia pa-
tient with a high-titre inhibitor : a case report and literature review of 
rFVIIa use in major surgeries. Haemophilia 16 : 54-60, 2010

2. Aryan HE, Overstreet KL, Amjadi DK, Hansen LA : Primary anaplastic 
glio-neuronal tumor of the pineal gland : a new type of pineal neoplasm? 
J Clin Neurosci 11 : 163-165, 2004

3. Balss J, Meyer J, Mueller W, Korshunov A, Hartmann C, von Deimling 
A : Analysis of the IDH1 codon 132 mutation in brain tumors. Acta Neu-
ropathol 116 : 597-602, 2008

4. Biernat W, Zakrzewski K, Polis L, Liberski PP : Glioneuronal-mesenchy-
mal tumour with malignant transformation. Folia Neuropathol 45 : 140-
143, 2007

5. Brat DJ, Parisi JE, Kleinschmidt-DeMasters BK, Yachnis AT, Montine 
TJ, Boyer PJ, et al. : Surgical neuropathology update : a review of chang-
es introduced by the WHO classification of tumours of the central ner-
vous system, 4th edition. Arch Pathol Lab Med 132 : 993-1007, 2008

6. Cairncross JG, Ueki K, Zlatescu MC, Lisle DK, Finkelstein DM, Ham-
mond RR, et al. : Specific genetic predictors of chemotherapeutic re-
sponse and survival in patients with anaplastic oligodendrogliomas. J 
Natl Cancer Inst 90 : 1473-1479, 1998

7. Courville CB : Ganglioglioma tumor of the central nervous system : re-
view of the literature and report of two cases. Arch Neurol Psychiatr 24 : 
439-491, 1930

8. DeWire MD, Beltran C, Boop FA, Helton KJ, Ellison DW, McKinnon 
PJ, et al. : Radiation therapy and adjuvant chemotherapy in a patient with 
a malignant glioneuronal tumor and underlying ataxia telangiectasia : a 
case report and review of the literature. J Clin Oncol 31 : e12-e14, 2013

9. Esteller M, Garcia-Foncillas J, Andion E, Goodman SN, Hidalgo OF, 
Vanaclocha V, et al. : Inactivation of the DNA-repair gene MGMT and the 
clinical response of gliomas to alkylating agents. N Engl J Med 343 : 1350-
1354, 2000

10. Hegi ME, Diserens AC, Godard S, Dietrich PY, Regli L, Ostermann S, et 
al. : Clinical trial substantiates the predictive value of O-6-methylgua-
nine-DNA methyltransferase promoter methylation in glioblastoma pa-
tients treated with temozolomide. Clin Cancer Res 10 : 1871-1874, 2004

11. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, 
et al. : MGMT gene silencing and benefit from temozolomide in glio-
blastoma. N Engl J Med 352 : 997-1003, 2005

12. Intergroup Radiation Therapy Oncology Group Trial 94021, Cairncross 
G, Berkey B, Shaw E, Jenkins R, Scheithauer B, et al. : Phase III trial of 
chemotherapy plus radiotherapy compared with radiotherapy alone for 
pure and mixed anaplastic oligodendroglioma : Intergroup Radiation 
Therapy Oncology Group Trial 9402. J Clin Oncol 24 : 2707-2714, 2006

13. Kaloostian PE, Chen H, Tran HP : Malignant papillary glioneuronal tu-
mor of the pineal gland : case presentation and literature review of a dis-
tinct entity. Am J Case Rep 14 : 164-168, 2013

14. McLendon RE, Bentley RC, Parisi JE, Tien RD, Harrison JC, Tarbell NJ, 
et al. : Malignant supratentorial glial-neuronal neoplasms : report of two 
cases and review of the literature. Arch Pathol Lab Med 121 : 485-492, 
1997

15. Parsons DW, Jones S, Zhang X, Lin JC, Leary RJ, Angenendt P, et al. : An 
integrated genomic analysis of human glioblastoma multiforme. Science 
321 : 1807-1812, 2008

16. Rodriguez FJ, Scheithauer BW, Port JD : Unusual malignant glioneuronal 
tumors of the cerebrum of adults : a clinicopathologic study of three cas-
es. Acta Neuropathol 112 : 727-737, 2006

17. Rodriguez FJ, Scheithauer BW, Robbins PD, Burger PC, Hessler RB, 
Perry A, et al. : Ependymomas with neuronal differentiation : a morpho-
logic and immunohistochemical spectrum. Acta Neuropathol 113 : 313-
324, 2007

18. Shibahara J, Fukayama M : Secondary glioblastoma with advanced neu-
ronal immunophenotype. Virchows Arch 447 : 665-668, 2005

19. Takeuchi H, Kubota T, Kitai R, Matsuda K, Hashimoto N, Sato K : Chro-
mosome 1p and 19q deletions in malignant glioneuronal tumors with 
oligodendroglioma-like component. J Neurooncol 91 : 33-38, 2009

20. Tamber MS, Rutka JT : Pediatric supratentorial high-grade gliomas. 
Neurosurg Focus 14 : e1, 2003

21. Tihan T, Gültekin H, Çomunoğlu N : Glioneuronal neoplasms with ma-
lignant histological features : a study of 36 cases. Turk J Pathol 26 : 55-67, 
2010

22. Varlet P, Soni D, Miquel C, Roux FX, Meder JF, Chneiweiss H, et al. : New 
variants of malignant glioneuronal tumors : a clinicopathological study 
of 40 cases. Neurosurgery 55 : 1377-1391; discussion 1391-1392, 2004

23. Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, Yuan W, et al. : 
IDH1 and IDH2 mutations in gliomas. N Engl J Med 360 : 765-773, 2009


