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INTRODUCTION

EEMGIENNE]  Ganglioglioma is a rare and slowly growing benign tumor. We investigated the out-
comes of patients who underwent different combination treatments.

PETEEE  Between 1998 and 2012, 16 patients, including 11 men and 5 women, with a median
age of 12.5 years (range, 2.5-65 years) were treated for intracranial gangliogliomas at our institution.
The median follow-up period was 5.7 years (range, 48 days—15.6 years). Fifteen cases were included
in the outcome assessment because one patient was lost to follow-up. Complete resection was
achieved in 8 (53%) patients. Six (40%) patients underwent incomplete resection with or without adju-
vant radiotherapy, and one patient with a brainstem tumor underwent only stereotactic biopsy.

IS Gangliogliomas predominantly affected young (87.5%), male patients and most fre-
quently presented with seizures (64%). Of eight patients who underwent complete resection, seven did
not show recurrence, whereas only three of six with incomplete resection showed no recurrence. Four
patients with recurrence received salvage treatments (two repeat surgeries and two radiosurgeries). A
tumor control rate of 93% (14/15) was achieved at the last follow-up. No recurrence or malignant
changes were observed after a median follow-up of 12 and 4.5 years in four patients who received
gamma knife (GK) radiosurgery as adjuvant and salvage treatment.

Complete resection produced the best outcomes and incomplete resection followed
by adjuvant or salvage treatments showed favorable outcomes. In patients who are not eligible for
complete resection because of tumor location or potential neurologic deficits following surgery, GK ra-
diosurgery should be considered for the treatment of residual or recurrent tumors.

Key Words Ganglioglioma; Radiosurgery.

[2-4].
Gangliogliomas are benign and well-differentiated neuro-

Gangliogliomas [World Health Organization (WHO) grade
I] are rare tumors of the central nervous system (CNS) that
account for approximately 1% of all CNS neoplasms, and
they most frequently affect children and young adults, with a
slight male predominance [1]. They can occur anywhere in
the CNS, including the cerebrum, cerebellum, thalamus, spi-
nal cord, hypothalamus, lateral ventricle, or brainstem, but
are most commonly found in the temporal lobe (up to 85%),
often associated with seizure disorders. Gangliogliomas are
the most common tumor related to temporal lobe epilepsy

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

epithelial tumors composed of variable proportions of dys-
plastic neuronal elements (ganglion cells) and neoplastic glial
elements [5,6]. In 5% of cases, gangliogliomas show aggres-
sive behavior and anaplastic histopathologic features charac-
teristic of WHO grade III tumors. These tumors are even rarer
and can occur de novo or as a result of malignant transforma-
tion of a pre-existing lesion [7,8].

Low-grade gangliogliomas can be cured surgically, and com-
plete tumor resection is the most effective treatment. Radio-
therapy is reserved for progressive or malignant tumors after
surgical treatment [9-11]. Here, we investigated the long-term
clinical outcomes of 16 patients with ganglioglioma.
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MATERIALS AND METHODS

This study was approved by our local Institutional Review
Board (2014-0721). The database of patients treated for in-
tracranial tumors at our institution between 1998 and 2012
was searched, and 16 patients with intracranial ganglioglioma
were analyzed retrospectively. Medical charts, surgical records,
pathology reports, and pre- and post-operative imaging stud-
ies were reviewed. Patient clinical data included presenting
symptoms, symptom duration before the diagnosis, symptom-
atic and neurological status before and after treatment, and the
use of antiepileptic drugs (Table 1). A histological diagnosis of
ganglioglioma was made when a tumor had a mixture of neo-
plastic neuronal and glial cells irrespective of which compo-
nent was predominant.

Pre-operative imaging studies included computed tomogra-
phy (CT), magnetic resonance imaging (MRI), magnetic res-
onance spectroscopy (MRS), and positron emission tomogra-
phy (PET). MRS and PET imaging results were available for
only a few cases and were not included in the analysis. CT
scans were performed as initial imaging studies in 11 patients
to determine the presence of tumor calcification. Pre-operative
MRI scans were performed in all patients and nine of them
had postcontrast T1-weighted images (TTWI).

The degree of resection was described as gross total, subto-
tal, or partial. Gross total resection (GTR) was defined as the
complete removal of the lesion without tumor remnant on post-
operative MRI. Subtotal resection (STR) was defined as the re-
moval of >80% of the tumor and partial resection (PR) as the
removal of <80% of the tumor. Biopsy indicated that only a
minimal amount of tumor tissue was obtained for the purpose
of the diagnosis.

In four cases, gamma knife (GK) radiosurgery was per-

Table 2. Summary of patient characteristics

Variables Value
Number of patients 16
Age (years), median (range) 12.5 (2.5-65)
Sex (%)

Male 11 (69)

Female 5(31)
Initial symptoms (%)

Seizure 11 (69)

Nausea/vomiting 3(19)

Hemiparesis 1(6)

No symptom 1(6)
Symptom duration (years), median (range) 2(0.08-10)
Image follow-up (years), median (range) 4.8 (1.4-15.0)
Follow-up (years), median (range) 5.7 (0.1-15.6)
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formed post-operatively and marginal tumor doses were 12,
13, 15, and 18 Gy respectively. One patient received conven-
tional radiotherapy (RT) as post-operative adjuvant treatment.

Outcome measures included tumor control and symptom
status at last follow-up. Tumor control was determined by ex-
amining the growth of residual tumors or new lesions on MR
and seizure outcome using the Engel Seizure Outcome Clas-
sification [12].

RESULTS

Demographics

The study population included 11 (69%) men and 5 (31%)
women. The median age at diagnosis was 12.5 years (range:
2.5-65 years), with 14 patients (87.5%) aged <25 years and 2
patients aged >25 years at the time of diagnosis (Table 2).

Table 3. Tumor characteristics

Variables Value
Imaging
T1WI 16
Low 14 (87.5%)
Iso 2 (12.5%)
High -
T2WI 16
Low -
Iso -
High 16 (100%)
T1WI with enhancement 9
Enhanced 8 (89%)
Non-enhanced 1(11%)
Appearance 16
Cystic 3 (19%)
Mixed 7 (44%)
Solid 6(37%)
Calcification on CT scan 11
Yes 4 (36%)
No 7 (64%)
Location 16
Supratentorial 12 (75%)
Temporal 10 (63%)
Frontal 1(6%)
Parietal 1(6%)
Infratentorial 4(25%)
Brainstem 2 (13%)
Cerebellar vermis 1(6%)
Brainstem/cerebellum 1 (6%)

TIWTL: T1-weighted image, T2WT: T2-weighted image
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Tumor location and clinical presentation

Supratentorial tumors were detected in 75% (12/16) of pa-
tients and infratentorial tumors in 25% (4/16) of patients. The
12 supratentorial tumors consisted of 10 temporal, 1 frontal,
and 1 parietal ganglioglioma. Among the four infratentorial
tumors, two lesions were located in the brainstem, one in the
cerebellum, and one in both the brainstem and cerebellum
(Table 3).

The most common presenting symptom was seizures (69%,
11/16), which occurred in all patients with supratentorial gan-
gliogliomas except in the case showing a parietal tumor, which
was asymptomatic and found incidentally. Three (19%) pa-
tients presented with dizziness, nausea, and vomiting ascribed
to cerebellar and/or brainstem tumors. One patient had left
hemiparesis caused by a brainstem tumor (Table 2).

Imaging findings

In general, gangliogliomas showed low signal intensity on
T1WI and high signal intensity on T2-weighted images (T2WT).
On enhanced MRI, heterogeneous enhancement was ob-
served in eight of nine cases. Tumor appearance was varied
and heterogeneous on MRL

Tumors mainly composed of cystic contents and showing
high signal intensity on T2WI were grouped as cystic tumors,
whereas those with mainly solid contents and iso or low sig-
nal intensity were grouped as solid tumors. Tumors showing
mixed signal intensity without a definite predominance were
classified as a mixed tumor group. Nearly 50% of tumors had
both solid and cystic components. Solid tumors were found
in six patients (37%) and cystic tumors in three patients (19%).
CT scans were performed in 11 patients and 4 (36%) of them
showed hyperdense lesions corresponding to calcification
(Table 3).

Treatment
The results of 15 cases were analyzed because one patient
(Pt. #10) was lost to follow-up after she underwent burr hole

Table 4. Treatment outcome

trephination and subdural drainage for post-operative sub-
dural hemorrhage, which occurred 1 month after tumor re-
section (Table 4).

Gross total resection of the tumor was achieved in eight
(53%) patients. Seven (87.5%) of them experienced no recur-
rence during the follow-up period. Two patients who under-
went STR without any adjuvant therapy showed residual tu-
mor regrowth at 1.3 and 10.2 years after the treatments. Sub-
sequently, salvage GK radiosurgery was performed and no
further growth was observed for 4.5 and 5.3 years after the
salvage treatments. STR with adjuvant radiotherapy was per-
formed in three patients (two GKs and one RT). The two pa-
tients who received adjuvant GK radiosurgery maintained
stable disease status for more than a decade (12.4 and 12.1
years, respectively), whereas the patient who received adju-
vant RT required repeat surgery followed by chemotherapy
in the presence of radiographic progression of the residual
tumor. One patient underwent PR of a cerebellar tumor and
the residual tumor remained stable at the 1.4 year follow-up.
In the other patient, the tumor was located in the brainstem
and only a biopsy was performed for diagnosis because of the
high risk of mortality following microsurgery. The tumor
grew slightly on the last MRI 2.8 years after the diagnosis.

Outcomes

Local recurrence occurred in four cases (1 GTR, 2 STRs, and
1 STR plus RT as the first treatments), with a recurrence rate
of 29% (4/14) among those who underwent surgical resection
as initial treatment. Recurred tumors were detected at different
times ranging from 1.3 to 10.2 years from the initial treatment
(median, 5.6 years). All recurrent tumors were controlled after
salvage treatments (two repeat surgeries and two GKs) at the
time of last follow-up. The overall tumor control rate was 93%
(14 of 15 cases, including the brainstem ganglioglioma that
was only biopsied).

Ten patients with seizure presentation were seizure-free
(Engel class I) at the last follow-up. One patient reported an

Variables No progression or recurrence Progression or recurrence

Outcome after 1st treatment 15

GTR 8 (53%) 7 (87.5%) 1(12.5%)

STR 2 (13%) 2 (100%)

STR+Adj GK 2 (13%) 2 (100%)

STR+Adj RT 1 (7%) 1 (100%)

PR 1 (7%) 1 (100%)

SBx 1 (7%) 1 (100%)
Final outcome at last imaging follow-up 15 14 (93%) 1(7%)*

*the case in which only a biopsy was performed. GTR: gross total resection, STR: subtotal resection, PR: partial resection, SBx: stereotactic bi-
opsy, Adj: adjuvant, GK: gamma knife radiosurgery, RT: conventional radiotherapy
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episode of seizure after arbitrarily stopping antiepileptic me-
dication; however, he had no seizures in the 5 years since re-
starting medication. Antiepileptic drugs were discontinued
in seven of the ten initially epileptic patients. One patient (Pt.
#12), who initially presented with hemiparesis due to brain-
stem ganglioglioma, developed epilepsy later after surgery and
was placed on medication. Four patients with tumors in the
cerebellum or brainstem showed a 50% symptom-free rate
eventually. Two of these four patients showed persistent cra-
nial nerve deficits, motor weakness, and cerebellar dysfunc-
tion symptoms, such as ataxia and dizziness.

DISCUSSION

Clinical characteristics and tumor location

Gangliogliomas mainly affect children and young adults,
with a peak incidence in the second decade of life [10,13,14].
The incidence of gangliogliomas is reported to be 0.4% to
7.6% of pediatric CNS neoplasms and up to 1.3% of those in
adults [5,15,16]. Our present study population included 14
young (<25 years old) patients and 2 old (around 60 years
old) patients.

Gangliogliomas are typically located in the temporal lobe,
and seizures are the most common presenting clinical symp-
tom, with an incidence rate of 75-100% [10,14,17-20]. The re-
sults of the present study were in agreement with previous
studies, showing 63% of patients with temporal lobe tumors
and 69% of patients with seizure presentation. A recent study
reported that the frontal and parietal lobes are the second
most frequent site of gangliogliomas [21]. However, our data
indicated that the brainstem and cerebellum were affected
more often than the frontal and parietal lobes.

Infratentorial tumors were observed in 3 of the 14 young
patients, and one of the two old patients. The small sample size
prohibited drawing meaningful conclusions regarding the as-
sociation between tumor location and patient age. In fact, sev-
eral studies reported that posterior fossa gangliogliomas af-
fect mostly patients younger than 30 years [5,15,21,22].

Treatments and outcomes

Microsurgery is the gold standard in the treatment of gan-
gliogliomas, and complete tumor removal, when possible, is
the only curative option [5,23]. Complete resection, however,
is not always feasible because of tumor location at deep and
critical sites adjacent to vital brain areas. In particular, brain-
stem gangliogliomas often require alternative or additional tr-
eatments such as radiation therapy or chemotherapy because
of the limited role of microsurgery in the treatment of these
lesions.

In the current series, the patients who underwent GTR sh-
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owed the lowest recurrence rate at 12.5% (1/8), in contrast to
a rate of 50% (3/6) in patients who underwent incomplete re-
section (STR or PR). Among the patients with incompletely
resected tumors, those who received adjuvant treatments (2
GK and 1 RT) had a better long-term control rate than those
who did not (67% vs. 33%). Consequently, GTR resulted in
the best local control, as reported in previous studies [5,23],
and adjuvant radiation therapy reduced the risk of recurrence.
Our result is consistent with those of previous small sized
studies that reported favorable results of adjuvant RT after in-
complete resection of nonmalignant gangliogliomas, although
GK radiosurgery was not included in these studies [24-26].

Recurrence occurred in 29% of surgically resected ganglio-
gliomas (12.5% of completely resected tumors and 50% of in-
completely resected tumors). Luyken et al. [23] analyzed 184
patients with supratentorial gangliogliomas and reported re-
currence rates of 1% among cases with no residual tumor and
8% among cases showing residual tumor. The discrepancy in
the recurrence rate between our series and Luyken’s study
could be explained by differences in the sample size and dis-
tribution of tumor location. For salvage purposes, both GK
radiosurgery and repeat surgery were effective, accounting
for the lack of further recurrence after salvage treatment.

Radiation therapy

Low-grade gangliogliomas do not require post-operative
radiotherapy as long as they are completely removed. In cases
of incomplete resection, as described above, adjuvant RT has
yielded favorable results in terms of tumor control [24-26].
However, the acceptable long-term tumor control rates ob-
tained with observation alone following STR suggest that the
routine use of adjuvant RT after STR may be overtreatment
[23]. Meanwhile, RT for the management of recurrence or
high-grade gangliogliomas has not produced satisfactory re-
sults [24,27,28]. Furthermore, potential radiation-related
malignant changes in low-grade tumors are an ongoing con-
cern [7,25,29], despite data suggesting that radiotherapy may
not be the major causative factor in malignant transformation
[30]. Accordingly, there is no consensus regarding the need
for radiotherapy in patients with residual or recurrent gan-
glioglioma. Several authors have suggested that adjuvant ra-
diotherapy should be restricted to cases where recurrence
would result in neurologic compromise or patients with ana-
plastic ganglioglioma in whom radical resection is not feasi-
ble because of uncertainty regarding its benefit on tumor
control or the detrimental effects of radiation on the CNS
[7,24,27,31].

In the current series, four patients who were treated with GK
radiosurgery either as adjuvant or salvage treatment showed
no recurrence after radiosurgery for a long period. Further-
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more, GK radiosurgery did not result in malignant transfor-
mation of tumors despite earlier studies highlighting the po-
tential risk of RT [7,29]. However, whether GK radiosurgery
is superior to RT remains unclear in view of the malignant ch-
ange of tumor cells in our small study. Future studies show-
ing that GK radiosurgery is less likely to be associated with
malignant change than RT would support an explanation
based on the different radiobiologies between GK radiosur-
gery and RT. RT applies multiple fractions of radiation that
cumulatively damage rapidly proliferating tumor cells. GK
radiosurgery applies single, focused, high-dose radiation to
kill or arrest all the tumor cells in the lesion. Therefore, slowly
growing tumors such as nonmalignant gangliogliomas may
be more susceptible to radiosurgery, whereas cumulative dam-
age on indolent tumor cells caused by RT could induce ma-
lignant changes in benign or normal cells.

To the best of our knowledge, the effect of radiosurgery on
gangliogliomas has not been investigated to date. GK radio-
surgery appears to be a safe and effective treatment option for
residual or recurrent gangliogliomas, particularly in deep and
critical brain areas such as the brainstem.

Prognosis and prognostic factors

The prognosis of ganglioglioma is favorable, with a 10-year
survival rate of 84-93% [28]. One series reported a 5-year sur-
vival rate of 93% [32], and another study showed a 7.5-year
survival rate of 98% [23]. The tumor control rate of our series
was 93% (14 of 15 patients on follow-up) at a median follow-
up of 5.7 years.

More than half of the residual tumors after STR remain si-
lent for a long time [27], underscoring the need to identify
prognostic factors for the detection of residual tumors at risk
of recurrence. Although prognostic factors are difficult to re-
liably define because of the low incidence of this disease, cer-
tain features such as complete resection, temporal location,
epilepsy presentation [23,27,33,34], and absence of cellular
atypia [28] are associated with favorable prognosis.

The degree of resection shows a strong correlation with re-
currence [23,27,33], and the best tumor control and progres-
sion-free survival rates are achieved with complete tumor re-
section [23].

Another important prognostic factor is histologic grade.
Although the criteria for WHO grade II gangliogliomas have
not been established, WHO grade II tumors have atypical
histological features, such as increased cellularity and in-
creased mitotic activity, and lack unequivocal anaplastic fea-
tures [33]. Several studies based on a 3-tiered histopathologic
grading system reported that WHO grade II tumors account-
ed for approximately 10% and WHO grade III tumors ac-
counted for 2.5-5% of all gangliogliomas [6,33,34]. Majores
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et al. [33] investigated the survival and recurrence rates ac-
cording to tumor grade. The 5-year survival rates of patients
with WHO grade I, II, and III tumors were 99%, 79%, 53%,
and the recurrence rates were 2%, 33%, 60%, respectively. De-
Marchi et al. [35] investigated the survival time of anaplastic
gangliogliomas based on previous publications and found that
nine (39%) of 23 patients with anaplastic gangliogliomas were
dead at an average of 13 months after diagnosis. Although
some authors reported that histological grade is not a predic-
tor of poor outcome [32,36], it is likely to play a role in deter-
mining the clinical course and hence should be taken into
consideration in choosing the treatment modalities.

Long-term epilepsy [33] and temporal tumor location [10,
23,37] are among the favorable prognostic factors. Tumors in
the temporal lobe commonly present with epilepsy, and in
most cases, a temporal lobe location allows complete resection
of the tumors. As a result, epilepsy and temporal lobe loca-
tion are associated with favorable outcomes. On the contrary,
infratentorial tumors, which usually cause cerebellar dys-
function or cranial nerve deficits rather than epilepsy, are fre-
quently difficult to completely remove and consequently lead
to less favorable outcomes.

Epilepsy

Epilepsy associated with ganglioglioma, even if it is medi-
cally refractory, can be controlled by tumor resection [37-39].
Seizure relief (Engel class I) was reported to be accomplished
in 76% to 88% of epileptic patients [23,27,37,39] and 59% of
seizure-free patients were off antiepileptic medication [27]. We
observed a seizure-free rate of 100% at last follow-up and
complete relief of seizure without antiepileptic drugs was ach-
ieved in 70% cases (7/10) after GTR or STR followed by GK
radiosurgery.

In conclusion, the current series of benign gangliogliomas
demonstrated the typical findings of this rare disease such as
a predilection for younger patients, common temporal tu-
mor location with seizure presentation, and a favorable prog-
nosis after complete resection. GK radiosurgery, whether it is
administered as adjuvant or salvage therapy, may be a safe
and effective treatment option for gangliogliomas. In patients
(especially those with high-grade tumors) who are not eligi-
ble for complete resection because of the location of the tumor
or the risk of neurologic deficits after surgery, GK radiosur-
gery can be considered for the treatment of residual or recur-
rent tumors.
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