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Abstract We report a case of de novo malignant gan-

glioglioma. A 61-year-old male presented with a 12-day

history of headaches and general malaise. Pre-operative

magnetic resonance imaging revealed an irregular

enhancing mass in the left temporal lobe with associated

dural enhancement and subacute subdural hematoma. The

findings at surgery were of a vascular tumor intimately

involving the surrounding white matter, with central

necrosis. Histological and immunohistochemical studies

showed an anaplastic ganglioglioma with World Health

Organization grade IV characteristics. Gangliogliomas of

the central nervous system are rare and are typified by a

pediatric predilection and indolent behavior. A review of

the de novo anaplastic and malignant gangliogliomas is

presented.

Keywords Ganglioglioma � Dural enhancement �
Neuroepithelial tumor � Mixed glioneuronal tumor

Introduction

Gangliogliomas account for only about 1% of all intra-

cranial neoplasms. They are most common in children and

young adults and the most frequent clinical presentation is

with seizures. The typical ganglioglioma is a benign tumor

with indolent behavior [World Health Organization (WHO)

grade I]. Five percent of gangliogliomas are more aggres-

sive (WHO grade III) and usually develop after radio-

therapy for a benign ganglioglioma [1]. This paper

describes the rare case of an individual over 60 years of

age presenting with a malignant ganglioglioma (WHO

grade IV) not related to prior radiotherapy or with previous

diagnosis.

Case report

History and examination

A 61-year-old right-handed male presented with a 12-day

history of constant frontal headache not relieved with over

the counter analgesics. There was a history of dizzy spells,

decreased appetite, generalized weakness and fatigue of

several weeks duration. Family members had observed

episodes during which the patient would stare blankly and

would not respond to verbal or physical stimuli. These

lasted 5–10 s, and were not associated with other seizure

activity. His past medical history was unremarkable. He

was a non-smoker who took no medications and had no

allergies.

Physical examination showed that the patient was afe-

brile, alert and oriented. His speech was normal and he was

neurologically intact.
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Imaging

A non-contrast cranial computed tomographic (CT) scan

revealed an ill defined, left temporal, intra-axial mass with

surrounding edema and mass effect. A left convexity suba-

cute subdural hematoma was present. A magnetic resonance

imaging (MRI) scan showed a left temporal mass that was

hypointense on T1- and hyperintense on T2-weighted ima-

ges (Fig. 1). There was surrounding hyperintensity on T2

and fluid attenuated inversion recovery images. Adminis-

tration of gadolinium resulted in irregular enhancement

with a non-enhancing central region. The mass abutted on the

dura and there was associated dural enhancement and a

subdural fluid collection.

Management

The patient was placed on phenytoin and dexamethasone.

The headaches improved. The differential diagnosis

included a primary high-grade astrocytic tumor, metastatic

tumor or a non-neoplastic lesion such as cerebral abscess.

He underwent a left pterional craniotomy and gross total

resection of the mass. At surgery there was chronic sub-

dural hematoma fluid. The tumor was adherent to the dura

and fungated out of the surface of the temporal lobe. While

the superficial aspects had a well defined plane between the

tumor and surrounding brain, the deeper aspects infiltrated

the white matter. The tumor was very vascular. A frozen

section of the tumor obtained intra-operatively was inter-

preted as showing glioblastoma, which was consistent with

the preoperative diagnosis based on imaging.

Histopathology

Paraffin-embedded sections showed an infiltrating tumor

with distinct populations of ganglion and glial cells. The

neuronal nature of the large ganglion cells was confirmed

by immunoreactivity to anti-Hu, synaptophysin, and neu-

rofilament. These cells had vesicular nuclei containing

prominent nucleolus and ample basophilic cytoplasm.

Ganglion cells showed irregular, tight clustering and were

often bi- and trinucleated. The glial cell population was

characterized by smaller, irregular oval nuclei, and eosin-

ophilic cytoplasm drawn into processes. Their astrocytic

Fig. 1 Magnetic resonance

images showing a left temporal

lobe mass and subacute

subdural hematoma. T1 (a) and

T2 (b) axial images showed a

dural-based mass isointense to

brain on T1 and hyperintense on

T2. Axial (c) and coronal (d)

gadolinium-enhanced images

showed an irregularly

enhancing mass in the left

temporal lobe with associated

surrounding hypointensity. The

lesion abutted on the dura and

there was enhancement of the

dura and associated subacute

subdural hemorrhage (d)
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nature was confirmed by positive immunostaining for

glial fibrillary acidic protein (GFAP). The glial cells

exhibited malignant features, consistent with a glioblas-

toma, including necrosis, high mitotic rate, abnormal

mitoses, pseudopalisading and microvascular proliferation.

The Ki-67 labeling index was 40–50% in the areas of

maximal activity (Fig. 2). The diagnosis was anaplastic

ganglioglioma (WHO grade IV).

Postoperative course

The patient remained neurologically intact postoperatively

and was discharged home 4 days after surgery. He under-

went radiotherapy that consisted of 3750 centiGray (cGy)

administered in 15 fractions over 3 weeks by parallel

opposed lateral brain ports followed by MRI-based con-

formal boost of 1750 cGy in 7 fractions to a selected iso-

dose surface around the tumor. He received concomitant

low-dose temozolamide chemotherapy for 2 months fol-

lowed by six cycles of adjuvant temozolomide given once a

month. Fifteen months after surgery, MRI showed disease

progression and carmustine monotherapy was initiated. This

regimen was complicated by myelotoxicity. He was then

started on etoposide, which produced similar side effects.

Twenty-nine months after diagnosis the patient presented with

weakness and decreased level of consciousness. Investiga-

tions showed further disease progression with a recurrent

enhancing mass at the site of the initial surgery. No treatment

was administered and the patient died.

Discussion

Gangliogliomas account for about 1% of all intracranial

neoplasms [2, 3]. The typical ganglioglioma is a benign,

calcified tumor in the temporal lobe of a child with seizures

[4]. The prognosis is favorable with over 93% 5-year sur-

vival in one series [5] and 98% 7.5-year survival among

184 supratentorial cases in another [2].

Gangliogliomas are defined pathologically by neoplastic

astrocytes and neurons [6]. Usually the astrocytes are rel-

atively benign and the tumor is classified as World Health

Fig. 2 Histopathology. The tumor had fine fibrillary (neuropil)

background and was composed of two cell populations (a): glial cells

(white arrow) and neoplastic neurons that were often binucleated

(black arrow, hematoxylin and eosin, scale bar 25 lm). Synapto-

physin immunostaining labeled the perikarya of ganglion cells,

indicating their differentiated neuronal nature (b, scale bar 25 lm).

Numerous cells contained HU immunoreactivity, demonstrating their

neuronal character (c, scale bar 50 lm). Mitotic figures (arrows) were

abundant, and some (upper arrow) were atypical (d, hematoxylin and

eosin, scale bar 25 lm). Immunoreactivity to Ki-67 showed a high

proliferation index (e, scale bar 50 lm). Numerous areas of necrosis

were seen (f, hematoxylin and eosin, scale bar 400 lm). There was

immunoreactivity to GFAP as well, demonstrating the glial compo-

nent of the tumor (g). The unstained vessel on the right shows

microvascular proliferation (scale bar 50 lm)
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Organization (WHO) grade I or II. Some gangliogliomas,

however, show anaplastic features and are considered

WHO grade III (anaplastic ganglioglioma). Rarely, a newly

diagnosed tumor may contain areas with mitotic activity,

necrosis and microvascular proliferation that are indistin-

guishable from glioblastoma. These are typically classified

as WHO grade IV gangliogliomas with glioblastoma

changes in the glial component, or malignant ganglioglio-

mas, as seen in the present case. Blumcke and Wiestler

considered atypical gangliogliomas (WHO grade II) as

tumors with cellular atypia (increased cellularity or nuclear

pleomorphism in the glial component), prominent micro-

vascular proliferation and a MIB-1 labeling index of[5%)

[7]. Anaplastic gangliogliomas (WHO grade III) were

required to have necrosis. Anaplasia may be present de

novo or be found in recurrent gangliogliomas, usually after

radiation and/or chemotherapy [1, 8].

Most commonly the astrocyte component of the tumor is

anaplastic or malignant and the neuronal component is

relatively benign [9]. Cases with malignant neuronal and

astrocyte components presenting either de novo [10], after

recurrence without radiation therapy [11] or after radiation

treatment are extremely rare [12, 13]. Other variants occur,

such as anaplastic oligodendroglial differentiation [14],

combination of malignant meningioma and anaplastic

ganglioglioma [15], anaplastic ganglioglioma with a sac-

roma component [16] and secondary appearance of neu-

roblastoma components [17].

Some case series report on the incidence of anaplastic

gangliogliomas de novo and on followup. Among 184

patients with supratentorial gangliogliomas 1 (0.5%) was a

de novo anaplastic tumor and 1 recurrent tumor was ana-

plastic [2]. Pathology review of 326 cases reported 17 (5%)

were anaplastic, although this may have included de novo

and recurrent previously treated tumors [7]. The cases in

this series probably overlap with other series [4, 18]. In

other series, 2 of 58 (2%) [5], 1 of 12 (8%) [19], 1 of 17

(6%) [20], 1 of 60 (1%) [21] and 1 of 18 (6%) [22] were

WHO grade III at initial diagnosis [5].

Literature review found 31 anaplastic gangliogliomas

not related to prior radiotherapy or previous diagnosis

(Table 1) [2, 4, 5, 8, 10, 13, 16, 18–36]. This does not

include a case described by Kernohan et al., that may be a

anaplastic ganglioglioma or a giant cell glioblastoma [37].

A patient with a ganglioglioma with an anaplastic oligo-

dendroglioma component and a case of a malignant

meningioma with an anaplastic ganglioglioma were

excluded [14, 15]. Five of these cases meet the WHO

criteria for diagnosis as malignant ganglioglioma (grade

IV), only 3 were patients over age 60, as in the present case

[32, 34, 35]. The table summarizes cases of de novo

malignant gangliogliomas identified in the literature,

including the case described here.

Classification of some cases is uncertain. For example,

some reported cases were not anaplastic at presentation but

underwent only biopsy or subtotal resection and at recurrence

after radiation had only focal areas of anaplasia [36, 38]. There

are cases also of more anaplastic behavior or where there is

molecular evidence for anaplasia in an otherwise benign

appearing WHO grade I or II ganglioglioma [39].

There are too few reported cases of denovo anaplastic

gangliogliomas to be amenable to statistical analysis but in

general, review of these patients suggest the average age of

patients with anaplastic gangliogliomas is older than those

with typical ganglioglioma. Blumcke et al. and Schitten-

helm et al. reported the average age of patients with WHO

grade III anaplastic ganglioglioma was 35 years, WHO

grade IV tumors was 32 years and WHO grade I and II

tumors was 22–24 years [7, 34]. There is no marked

gender predilection for any grade of these tumors. The

anaplastic tumors are less likely to be radiologically like

the typical well-defined, cystic, calcified temporal WHO

grade I ganglioglioma [8]. Many anaplastic gangliogliomas

were cystic, irregularly enhancing masses with edema and an

appearance consistent with a malignant glioma. Only 8 of 27

(30%) were located in the temporal lobe, which is consistent

with other reports that only 46% of anaplastic gangliogliomas

were located in the temporal lobe compared to 71–80% of

grade I and II tumors [7]. The remainder was in other areas of

the cerebral hemispheres or unusual locations such as the

brainstem or spinal cord [7].

There are few reports of MR spectroscopy of anaplastic

gangliogliomas [10]. MR spectroscopy of WHO grade I

and II gangliogliomas showed reduced ratios of choline to

creatine complex and N-acetyl aspartate to creatine com-

plex with increased choline to N-acetyl aspartate ratios

compared with contralateral normal areas [40]. These

findings were consistent with neoplasia with some neuronal

component. Positron emission tomography with 18F-fluo-

rodeoxyglucose of anaplastic gangliogliomas is not repor-

ted but findings for WHO grade I gangliogliomas shows

they are usually hypometabolic, while 99 m technetium

hexamethyl propyleneamine oxime single photon emission

CT demonstrates tumor hypo- or isoperfusion [40].

The case described here was dural-based and superfi-

cially resembled a meningioma. Siddique and coworkers

reported a patient with a tumor that looked like a menin-

gioma and was a ganglioglioma [41]. There also is one case

of a 45-year-old man who had a long history of seizures

and a calcified isodense parietal mass who presented

5 years later with a dural-based mass at the site of the prior

calcification that pathologically was a malignant meningi-

oma with rhabdoid features combined with an anaplastic

ganglioglioma [15]. The tumor was resected and treated

with radiation therapy but the patient died 4 months later

with systemic metastases.
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Histopathology of anaplastic gangliogliomas shows that

the neuronal component is almost always benign and

characterized by neoplastic neurons. The neuronal stem

cell marker, CD34, is typically present in the neurons but

this may be less common in anaplastic tumors [2]. There is

usually immunoreactivity to synaptophysin and neurofila-

ment [7]. The astrocyte component is malignant and

GFAP- and vimentin-positive. The Ki-67 index usually is

greater than 10% in the anaplastic areas, consistent with a

malignant glial tumor [34].

Treatment for all grades of gangliogliomas is gross total

resection when judged to be technically feasible without

undue surgical risk. Adjuvant radiotherapy and/or chemo-

therapy are generally not recommended after gross or

subtotal resection of WHO grade I and II gangliogliomas

[42]. The indications for and timing of radiation therapy

for anaplastic or malignant gangliogliomas are not well

defined but would seem to be warranted at initial diagnosis

[2, 5, 43]. Prognostic factors have been difficult to define

using survival analysis due to small numbers of patients [2,

18, 40]. Some studies suggest favorable prognostic factors

are temporal lobe location, long-standing epilepsy, gross

total resection [2] and absence of cellular atypia [22]. 23 of

28 (82%) anaplastic gangliogliomas underwent surgery

plus radiation and/or chemotherapy with 9 patients (32%)

dead an average of 13 months after diagnosis. 12 patients

were alive a mean of 37 months after diagnosis. Of 5

patients treated only with surgery, survival was not

reported in one, was greater than 6 and 12 months in 2 and

death in 1 month in the remainder (Table 1). This outcome

is much worse than for WHO grade I and II tumors.
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