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Abstract Purpose Anaplastic gangliogliomas (AGG) are
gangliogliomas with areas of pronounced hypercellularity,
vascular proliferation, necrosis, and many mitotic figures.
As very few pediatric patients have been studied, we
analyzed the cases registered in the HIT-GBM database.
Patients and Methods Patient data were obtained from the
German HIT-GBM database. Inclusion criteria were diag-
nosis of AGG proven by a central neuropathological review
and patient age O to 17 years. Eight patients (five male and
three female) were identified. Results Patients’ median age
was 10 years. The median history of disease was 9 months
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(range, 1.0-43.0 months). Initial symptoms included signs
of raised intracranial pressure, seizures, and, in the case of
spinal cord tumor, bladder dysfunction. In five cases,
AGGs were localized supratentorially with three patients
having multiple lobes involved. The tumors affected the
frontal (n = 3 cases), parietal (n = 2), temporal (n = 2),
and occipital lobes (n = 1), as well as the brainstem
(n = 1) and the spinal cord (n = 2). Gross total tumor
resection was achieved in six patients. The estimated 5-
year overall survival rate £+ standard error was 88 £ 12%,
and the event-free survival rate was 63 & 17%. While
gender and tumor location did not affect survival rates,
gross total tumor resection provided a better overall sur-
vival than non-total resection. Conclusion The prognosis of
pediatric patients with AGG is good, especially for those
who undergo gross total tumor resection.
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Introduction

Gangliogliomas (GGs) occur mainly in children and young
adults [1-3] and account for 1-4% of all central nervous
system (CNS) neoplasms in pediatric patients [4]. GGs are
characterized by a biphasic morphologic pattern composed
of neuronal and glial cells, and range from a predominantly
neuronal phenotype to variants with a prominent glial
population [S]. Both the glial and neuronal cells are
believed to evolve from a common precursor cell in a
hamartomatous glioneuronal lesion that subsequently dif-
ferentiates to form neoplastic glial and neuronal elements
[6, 7]. The most recent World Health Organization (WHO)
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classification system for brain tumors categorizes most
GGs as low-grade tumors, but anaplastic GGs (AGGs;
ICD-O code 9505/3), which are an aggressive subtype of
GGs, are categorized as grade III tumors [8]. AGGs feature
areas of pronounced hypercellularity, vascular prolifera-
tion, necrosis, and many mitotic figures mainly found in the
glial component (Fig. 1) [9]. Typically, GGs have a good
prognosis [4], but the prognosis for AGGs is less clear
because these tumors are rare [5, 10] and their clinical
course has not been well described, particularly for chil-
dren [10-12]. As differences in molecular pathogenesis and
clinical behavior of several histological defined brain
tumors have recently been identified in this age group, this
study retrospectively analyzed data on pediatric patients
diagnosed with AGG who were enrolled in the HIT-
GBM® trials (HIT-GBM is a registered brand name for the
studies originated from an acronym of “Hirntumor Studi-
en—~Glioblastoma multiforme”) in Germany, Austria, and
Switzerland from 1994 to 2007 [14—17] to determine what
factors, if any, affect prognosis.

Patients and methods
Patient characteristics and inclusion criteria:

Patient data were obtained from the HIT-GBM database,
which is maintained by the Brain Tumor Study Group of
the Society of Pediatric Oncology and Hematology in
Germany, Austria, and Switzerland (Gesellschaft fuer

Fig. 1 Histology of case no. 2.
a, conventional HE staining
shows frequent glomeruloid
microvascular proliferations
(arrows); b, the glial tumor cells
strongly express glial fibrillary
acidic protein (GFAP); ¢, the
neuronal nuclear marker NeuN
illustrates dysmorphic
ganglionic cells with some
binucleated cells (arrow); d, the
proliferation marker Ki-67
(Mib-1) labels a high fraction of
tumor cells, aberrant mitotic
figures can be seen (arrow)
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Paediatrische Haematologie und Onkologie). At the time of
their enrollment in the various HIT-GBM trials, all patients
and their parents gave written informed consent for their
information to be included in future statistical analyses, in
accordance with the Declaration of Helsinki and confirmed
by the local institutional review boards.

From this database, which contained data from 1,009
patients, we identified all patients who were less than
18 years old at the time of their histopathological diagnosis
with AGG, which had been confirmed by central neuro-
pathological review (conducted by the German Brain
Tumor Reference Center, Department of Neuropathology,
University of Bonn, Bonn, Germany). Tissues had been
characterized by immunohistochemistry with antibodies
against GFAP, neurofilaments, synaptophysin, Ki-67
(MIB-1), and CD34. By applying these criteria, we iden-
tified eight patients (Fig. 1). The clinical characteristics of
these patients are listed in Tables 1 and 2.

HIT-GBM treatment protocols

Eligible pediatric patients with high-grade gliomas and/or
diffuse intrinsic pontine gliomas had been enrolled in the
various HIT-GBM trials since 1994. For patients in these
trials who were 3 years or older but younger than 18 years
of age, the best feasible tumor resection was recommended
before chemo- and/or radiotherapy was started [13]. Stan-
dard fractionated radiotherapy (54.0-59.4 Gy total dose;
doses of 1.8 Gy/day, 5 days/week over 6-7 weeks) was
common for all HIT-GBM trials [13]. The chemotherapy
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Table 1 Summary of pediatric patients with anaplastic
ganglioglioma
Number of cases 8 -
Male-to-female ratio 5:3 -
Median age (range in years) 10 (2-16)
Median clinical history (range in months) 9 (1.0-43.0)
Median follow-up (range in months) 28 (6.0-61.0)
Tumor location
Frontal lobe® 3 (38%)
Parietal lobe® 2 (25%)
Temporal lobe® 2 25%)
Occipital lobe® 1 (13%)
Pons & 4th ventricle 1 (13%)
Spinal cord 2 (25%)
Removal
Gross total 6 (75%)
Non-total 2 (25%)
Survival®
5-year event-free 63% (£17)
5-year overall 88% (£12)

* Three patients had multiple lobes involved

° Kaplan-Meier estimates; deaths and other event occurred only in
the first year of follow-up

regimens for this group of patients were HIT 91 [14], HIT-
GBM-A [15], HIT-GBM-B [16, 17], HIT-GBM-C [18],
and HIT-GBM-D [19]. Children younger than 3 years of
age were primarily treated with surgery and chemotherapy
alone, following the HIT-SKK protocol [20] for infant
patients with brain tumors.

Neuropathology and neuroradiology reports were
reviewed centrally and recorded in the database. The extent
of tumor resection was determined on the basis of early
post-surgical imaging and/or the neurosurgical reports.
Gross total tumor resection was defined as 100% macro-
scopic removal of the tumor mass (Fig. 2). Non-gross total
tumor resection included subtotal (<100% but >90%) and
partial (<90%) resection as well as open or stereotactic
biopsy without tumor debulking.

Statistical analysis

In the current review of patients with AGG, statistical
analysis was performed using SPSS 12.0 (Statistical
Package for Social Studies, SPSS Inc., San Francisco, CA,
USA). The Kaplan—Meier method was used to estimate
event-free survival (EFS) and overall survival (OS). Pos-
sible events were tumor relapse or progression, occurrence
of a secondary malignancy, or death from any cause. EFS
was defined as time from initial diagnosis until occurrence
of an event, and OS was defined as time from initial
diagnosis until death (Fig. 3).

Results

Five boys and three girls, with a median age of 10 years
(range, 2—16), were identified in the database. The median
history of disease was 9 months (range, 1.0 to
43.0 months). Clinical evidence of disease for some time
before diagnosis was reported in seven patients. The most
common signs were seizures (in three patients) and signs of
raised intracranial pressure, including vomiting and/or
headache (in three patients). Other presenting signs are
listed in Table 2.

In five patients, AGGs were localized supratentorially,
and three patients had multiple lobes involved and gross
total tumor resection was achieved in six of eight cases
(Fig. 2).

The median follow-up time was 28.0 months (range,
6.0-61.0 months). The mean 5-year OS estimation and
standard error was 88 & 12%, and the mean 5-year EFS
estimation and standard error was 63 = 17% (Fig. 3). It is
notable, that all events occurred within 1 year of therapy.

A detailed summary of epidemiological data and sur-
vival is given in Tables 1 and 2.

OS appeared to be superior in patients who underwent
gross total tumor resection versus non-gross total resection.
Of the six patients who underwent gross total resection
(Fig. 2), none died during a median follow-up period of
36.5 months (range, 7.0-61.0 months). Two patients
underwent non-total resection. The patient who underwent
a partial resection died after 6 months; the patient who
underwent a subtotal resection showed stable disease, but
the follow-up period was only 8 months (Table 2). The
extent of resection did not have a significant affect on EFS,
and neither gender nor tumor location had prognostic rel-
evance to OS or EFS.

Discussion

This study represents data for the largest cohort of pediatric
patients with AGG to date. Our most important observation
is the relatively good survival rate of these patients
(Fig. 3), although no specific factors were found to be
statistically significantly prognostic in these patients.

In our cohort, AGG was found at all ages within the
pediatric population. The tumor showed a male predomi-
nance (5:3), which was also true in a series of pediatric GG
[12] and has been found for most pediatric high-grade
gliomas.

In contrast to low-grade GG [4, 12, 21], AGG did not
show a strong predilection for the temporal lobe, which
was only affected in two of our patients. We thus conclude
that pediatric AGG can be found in all parts of the CNS
without a distinct predilection.
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Fig. 2 Typical MRI (T1 with
contrast) image of a pediatric
patient with anaplastic
ganglioglioma before (a) and
after (b) tumor resection

The median clinical history was 9 months (1.0-
43 months). Two patients had a surprisingly long history of
disease (33 and 43 months). Both patients reported focal
seizures, and AGG affected the frontal and temporal lobes,
respectively. We suspect that the AGG in these patients
might have developed from a low-grade GG with typical
location and typical symptoms (focal seizures). Previous
reports on malignant transformation in the glial component
of a low-grade GG or gray matter nodules into an AGG
support this hypothesis [9, 22-24]. Chromosomal aberra-
tions and candidate genes involved in this process have
been described and linked to tumor growth and seizures [6,
25, 26].

Probably because of the different locations at which
AGG tumors arise, initial disease symptoms vary widely.
Unlike in low-grade GG, focal seizures do not predominate
in AGG [4, 12, 21, 27]. In AGG, signs of increased
intracranial pressure (such as vomiting or headache) were
as frequent as seizures. Less frequent symptoms included
psychomotor slowing, tremor, and diplopia. In the case in
which the tumor was located in the spinal cord, the
symptoms of back pain and bladder dysfunction led to the
diagnosis.

One of the central goals of our study was to elucidate the
clinical outcome of AGG in children. Despite the malig-
nancy of the tumor (WHO grade III), we found distinctly
good survival rates reported in previous case reports [10,
28, 29] as well as in a small series [12]. Only one of the
patients in our study died during follow-up and as many as
five of the patients had survived for more than 2 years at
this writing (Fig. 3). In fact, our AGG patients had—with
intensive treatment—survival rates comparable to those of
children with GG (WHO grades I and II). However, clin-
ical outcome does not always correlate with the degree of
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Fig. 3 Event-free survival and overall survival in anaplastic gangli-
oglioma. Events were only reported in the first year of follow-up. Of
the patients studied, 63% remained event-free and as many as 88%
were alive at the end of follow-up

histological malignancy, and cytogenetics, proliferation
markers, and growth indices may allow better prediction of
outcomes in the future [12, 30]. One patient survived after
total resection without further treatment. Notably, he was
only 2 years old, which parallels the apparently better
prognosis in very young children with diffuse high-grade
glioma.

Probably because of the location and relatively non-
infiltrative nature of AGG (Fig. 2), gross total tumor
resection was feasible in six of eight of patients. None of
these patients died during follow-up (7-61 months), while
one of the two patients with non-total resection died
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6 months after diagnosis from tumor progression. The
other patient had stable disease, but the follow-up period of
8 months was short. We conclude that in pediatric AGG,
gross total tumor resection is a powerful positive prog-
nostic indicator. Other clinical variables such as gender and
tumor location, did not have an impact on survival. All
these findings are consistent with those from several pre-
vious studies in which gross total tumor resection
represented a predictor of favorable outcome in children
with both high-grade gliomas [13, 31-36] and low-grade
GG [4, 12, 21]. Thus, we strongly recommend performing a
gross total tumor resection in pediatric patients with AGG
whenever possible.

In conclusion, our study encompassed the largest cohort
of pediatric patients with AGG to date. We found that AGG
develops in all parts of the CNS without a specific predi-
lection. Its prognosis is good and OS is comparable to that
of low-grade GG. Patients who underwent gross total
resection along with radiochemotherapy had excellent
survival rates, so whenever possible, efforts should be
made to completely resect these tumors.
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