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ABSTRACT

Objective: Gangliogliomas are commonly found pathologies in patients undergoing epilepsy surgery. While resections can be
curative, seizure relapses occur. Expression of CD34 and the BRAF V600E mutation are the most common molecular biomark-
ers found in gangliogliomas, but their influence on seizure outcomes is unclear. We therefore reviewed our experience over two
decades to better describe prognostic factors.

Methods: We performed a retrospective chart review of all patients operated on for ganglioglioma at our institution since the
year 2000. We included patients with preoperative epilepsy and a minimum follow-up of 1 year. Available tumor specimens were
immunohistochemically stained for CD34 and BRAF V600E.

Results: We included 62 patients with epilepsy operated for ganglioglioma. Lesionectomies were performed in 32 (51.6%), ex-
tended resections in 21 (33.9%), and partial resections in 9 cases (14.5%). Residual tumor mass on postoperative MRI was diag-
nosed in 21 patients (33.9%). CD34 reactivity was found in 57 patients (91.9%) and the BRAF V600E mutation was detected in 30
patients (48.4%). Patients with a BRAF V600OE mutation were younger at the time of epilepsy onset (9.1 years vs. 15.2years) and
surgery (14.5years vs. 23.7years). Residual tumor was the largest risk factor for seizure relapses (hazard ratio 8.45) and the BRAF
V600E mutation also increased this risk (hazard ratio 3.94).

Conclusions: BRAF V600E status in patients with ganglioglioma-associated epilepsy is a potential biomarker to stratify the risk
for seizure relapse after surgery. BRAF V600E-positive patients might benefit from a more aggressive surgical strategy.

1 | Introduction to anti-seizure medication [3]. Malignant transformation of

these tumors is rare, so a major part of the associated high
Gangliogliomas (GG) are glioneural, slowly growing tumors morbidity is explained through epileptic seizures and their
that often occur early in childhood or adolescence [1, 2]. sequelae [4-6]. Fortunately, surgical resection often provides
Around 80%-90% of these tumors in supratentorial locations a curative option for these patients. Indeed, GG is the most
are associated with epilepsy, which often becomes refractory common brain tumor in pediatric patients undergoing surgery
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for intractable epilepsy [7]. However, even after presumed
complete resection, seizure relapses and tumor recurrences
can occur. Histological studies have shown that the borders
of these tumors are less well defined than initially believed
[8, 9]. Therefore, sparse resections, strictly limited to the visi-
ble lesion, which aim to preserve unaffected normal brain tis-
sue, might miss microscopic extensions into the surrounding
areas. Indiscriminate, large resections can, however, increase
the risk for neurologic impairment [10, 11]. Balancing the
need for a complete resection with the reluctance to cause a
neurological or neuropsychological deficit is the dilemma in
epilepsy surgery for ganglioglioma, and in many cases, clini-
cal equipoise exists. To improve the decision-making process
in these patients, prognostic markers are direly needed.

The last decade has seen growing interest in the stratification of
tumors based on molecular markers as they sometimes describe
tumor biology better than the histological description alone [12].
While the possible molecular alterations are vast and multifac-
eted, two biomarkers already well associated with GG are CD34
expression and BRAF V600E mutation [1, 13-16]. While there
is evidence that the BRAF V600E mutation influences the on-
cological outcome [17], no study to date has been able to clearly
show an influence of the molecular profile of GG on seizure out-
come. Only a small number of studies exist, often with a small
sample size or a heterogenous cohort of a mixture of glioneural
tumors.

Therefore, we aimed to review our experience with GG and to
correlate clinical data and molecular markers with the surgical
outcome after GG resection in patients with epilepsy.

2 | Methods

This study was approved by the Ethics Committee of the
Medical University of Vienna (EK 1761/2020) and was per-
formed in accordance with the Declaration of Helsinki. The
need for informed consent was waived due to the retrospective
nature.

We reviewed all histologic reports from 2000 to 2020 with
a neuropathological diagnosis of ganglioglioma from a da-
tabase of histological findings kept at the Department of
Neurosurgery. Patients' charts were reviewed retrospectively
for demographic and surgical details. We included patients
with supratentorial, histologically verified ganglioglioma,
who suffered from at least one epileptic seizure preoperatively,
operated between 2000 and 2020 at our tertiary care center.
For inclusion, the seizure frequency had to be clearly docu-
mented pre- and postoperatively. Previous surgery at our or
an external center was acceptable for inclusion if surgical and
clinical history since then was available. Follow-up periods
are calculated from the index surgery. We grouped the extent
of surgeries into partial resection, complete lesionectomy, and
extended resection (e.g., partial lobe resection). The minimum
follow-up after surgery was 1 year, and patients were fol-
lowed until December 2023. Reported seizure frequency was
averaged into a monthly frequency per patient, and surgical
outcome was classified according to the ILAE surgical out-
come scale [18], as we feel it is less ambiguous than the older

Engel seizure outcome scale [19]. Early postoperative seizures
in the first 14days after surgery were regarded as neighbor-
hood seizures and not counted as recurrences when patients
were seizure-free thereafter. We reviewed MRI findings and
performed volumetric measurements of tumor size as well as
resection size using tools from the Brainlab Elements soft-
ware (Brainlab AG, Munich, Germany). The extent of tumor
and resection were measured on high-resolution T2-weighted
images. Progression of residual tumor tissue was defined
in line with the RANO criteria as the development of a new
contrast-enhancing lesion or a size increase on T2-weighted
images greater than 25% [20]. Development of a new lesion
with or without contrast enhancement in proximity to the re-
section area where no residual tumor had been seen postop-
eratively was diagnosed as a tumor recurrence. The standard
neuropathological workup of tumor samples was reviewed
using pathology reports. Because tumors were resected and
described until 2020, our manuscript still uses roman numer-
als when reporting the WHO grade. In older samples with-
out BRAF status, immunohistochemistry with an antibody
against mutant BRAF V600E protein was performed. To this
end, formalin-fixed, paraffin-embedded blocks of tumor tis-
sue were cut into 3 um sections. Subsequently, the specimens
were deparaffinized following a standard protocol with xylene
and alcohol, followed by a treatment in sodium citrate solution
with a pH of 6. The slides were incubated with an anti-CD34
antibody (NCL-L-END, Novocastra, Newcastle upon Tyne,
UK) for 30min at room temperature, and the Dako detection
system (FLEX + Mouse, K8002) was used to perceive the an-
tibody signal. For the staining with an antibody directed at
the BRAF V600E mutation (VE1, 760-5095 Roche Holding
AG, Basel, Switzerland), the automated Ventana BenchMark
staining system was used with the UltraView DAB detection
kit (760-500) according to the manufacturer's specifications.
Counterstaining of all tissue specimens was performed man-
ually with hematoxylin. We performed a visual qualitative
analysis on the specimens categorizing CD34 and BRAF
V600E mutation status as present or absent.

2.1 | Statistics

Continuous variables are given with their median and inter-
quartile range (IQR). Differences between groups were analyzed
using Fisher's exact test for categorical and Mann-Whitney U
or Kruskal-Wallis test for continuous variables. A Kaplan-
Meier analysis and a log-rank test were used to find differences
between subgroups’ time until seizure relapse or tumor recur-
rence. The influence of variables on relapse-free survival was
analyzed using univariate and multivariate Cox proportional
hazard regression models.

Two-sided p-values <0.05 were considered significant.
Statistical analysis and plotting of data were performed using
R version 4.1.2.

3 | Results

From a database with 105 gangliogliomas operated since
the year 2000, we identified 62 patients, who fulfilled our
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inclusion criteria. Twenty patients had inadequate pre- or
postoperative documentation, nine patients had an infra-
tentorial or spinal ganglioglioma, 11 patients were excluded
for not having preoperative seizures, no specimen was avail-
able for two patients, and one patient with a complex genetic
syndrome was excluded as the cause of his epilepsy could
not be unequivocally tied to the GG. Median age at surgery
was 16.1years (total range: 4 months to 64.5years) and our
cohort consisted of 63.5% male patients. At the time of sur-
gery, patients already had seizures for a median of 1.6years
(IQR 0.4-3.9years). The median postoperative follow-up was
6.7years (IQR 4.3-11.1years). Preoperative MRI data in digi-
tal form were available for 53 patients in our cohort, and the
median preoperative tumor size was 3.8 cm3 (IQR 1.7-9.5 cm?)
on T2-weighted imaging. In this cohort of supratentorial GG,
73.0% were located in the temporal lobe, and 56.5% of tumors
were on the right side. Further clinical and radiological data
can be found in Table 1.

3.1 | Surgical Details

A concise lesionectomy was performed in 32 cases (51.6%),
an extended resection in 21 (33.9%), and a partial resection in
9 cases (14.5%). Patients with a partial resection had a larger
tumor volume, median 12.0cm3 versus 2.9cm?® and 3.4cm?
in lesionectomies and extended resections, respectively
(p=0.025). The resection was intentionally subtotal in the lat-
ter nine patients because it showed spread into the sublentic-
ular area and thalamus in four cases, widespread involvement
of the medial temporal lobe from the level of the amygdala to
behind the level of the splenium in two cases, and involve-
ment of the lower calcarine lip in one case. Another tumor
was growing around the pericallosal arteries and was only
amenable to partial resection due to the risk of vascular dam-
age. Finally, one larger tumor was suspected to be a diffuse
glioma, and the goal of the surgery was limited to the removal
of the PET hypermetabolic region. In the remaining 12 cases,
residual tumor was present on postoperative MRI after an in-
tended gross total resection.

Progression of the residual tumor occurred in seven of 21 pa-
tients (33.3%) and recurrences were seen in five of 41 patients
without visible tumor remnants on postoperative MRI (12.2%)
who had undergone a concise lesionectomy. No recurrences
were seen in patients after extended lesionectomies. We per-
formed a second resective surgery in 14 cases and one patient
received Gamma knife radiosurgery. Seven of these patients
were operated on because of ongoing seizures and a residual
tumor. A further five patients had increased seizure frequency
in the context of a tumor recurrence or progression of resid-
ual tumor. One reoperation was performed for uncontrolled
seizures without radiological evidence of tumor. The final
two patients had no seizures and were operated on because
of a radiological progression of residual tumor and a tumor
recurrence. Patients with a residual tumor were more likely to
require a second surgery (p <0.001) and patients after an ex-
tended operation had lower rates of reoperations than patients
after concise lesionectomies or partial resections: 4.8%, 31.3%,
and 44.4%, respectively (p=0.018). Four patients—including

TABLE 1 | Demographic and operative details of the patient cohort
stratified by BRAF mutation status.

BRAF V600E BRAF V600E
negative, positive,
n=32 n=30 14
Median ageat  23.7(13.2-32.4) 14.1(7.9-20.1)  0.019
surgery in years
(IQR)
Median age at 15.2 (8.4-25.9) 9.5(3.9-15.1) 0.032
epilepsy onset
in years (IQR)
Median 1.2 (0.4-4.8) 1.8(0.4-3.8)  0.854
duration of
epilepsy in
years (IQR)
Side
Left 12 (37.5%) 15 (50.0%) 0.443
Right 20 (62.5%) 15 (50.0%)
Localization
Frontal 5(15.6%) 2(6.67%) 0.332
Insular 0 2 (6.67%)
Occipital 2(6.25%) 0
Parietal 3(9.38%) 3(10.0%)
Temporal 22 (68.8%) 23 (76.7%)
CD34 reactivity 27 (84.4%) 30 (100%) 0.053
Monthly 1.8(0.6-10.5)  5.3(1.0-32.4)  0.125
preoperative
seizure
frequency
Preoperative 4.0 (2.3-10.0) 3.0(1.7-5.8) 0.439
tumor size
(cm?)
Intended surgical approach
Extended 11 (34.4%) 10 (33.3%) 0.885
resection
Lesionectomy 15 (46.9%) 17 (56.7%)
Partial 6 (18.8%) 3 (10.0%)
resection

Note: Significant p-values are highlighted in bold print.
Abbreviation: IQR, interquartile range.

the patient treated with gamma knife—required a third sur-
gery because of further tumor recurrences.

3.2 | Pathohistological Details and Association
With Clinical Phenotype

Histologically, 60 tumors were classified as a WHO grade
I ganglioglioma, one of which was a desmoplastic infantile
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Kaplan-Meier plots of seizure-free survival after the initial surgery. (A) Patients with residual tumor tissue experienced earlier sei-

zure relapses. (B) Considering the entire cohort (n=62), no significant effect of the BRAF V600E mutation could be demonstrated, likely because

residual tumor led to early relapses regardless of mutation status. (C) In patients with a radiologically gross total resection (n =41), the BRAF V600E

mutation was associated with early seizure relapses, while patients without it had only a few relapses.

ganglioglioma. The two other tumors were classified as atypical
GG, WHO grade II. Fifty-seven gangliogliomas (91.9%) showed
expression of CD34, while 30 had an immunohistochemically
detected BRAF V600E mutation (48.4%). BRAF V600E mutation
status showed no association with localization, side, or size of
the radiologically defined tumor volume. Patients with a BRAF
V600E mutated ganglioglioma were younger at the age of sei-
zure onset and surgery.

While the median preoperative seizure frequency was higher in
cases with a BRAF V600E mutation, this finding was not statis-
tically significant using a non-parametric test due to the high
variation (Table 1). We found no association between the BRAF
V600E mutation and recurrent tumor growth after surgery. All
patients with a BRAF V600E mutation were also CD34 positive.
No difference was found between tumors with or without CD34
reactivity regarding size, preoperative seizure frequency, patient
age, or incidence of recurrence. In all cases with reoperations, the
resected tumors retained their diagnosis of WHO grade I ganglio-
glioma. Analysis of the one reoperation performed without ra-
diologically visible residual tumor also revealed tumor remnants
reaching into neighboring gyri. We found no case of histologi-
cally verified malignant transformation in this study cohort.

3.3 | Seizure Outcome

One year after surgery, 42 patients (67.7%) had a seizure outcome
of ILAE class 1 or 1a. Outcomes after 1 year and at the last fol-
low-up did not differ significantly between surgical approaches.
We found no association with BRAF V600E or CD34 status and
the postsurgical outcome. During the follow-up period, seven
patients, who were initially seizure free, suffered from seizure
relapses after a median of 1.8years, while another 20 patients
had recurring seizures within the first year. We further ana-
lyzed the time from surgery to seizure relapse using Kaplan-
Meier analysis. Residual tumor was the strongest predictor
for early seizure relapse (Figure 1A). While the BRAF V600E
mutation status did appear to have a significant impact in the
entire patient population, its effect was obscured by early re-
lapses in patients with residual tumor irrespective of mutation
status (Figure 1B). We found that the BRAF V600E mutation
is a significant factor for seizure-free survival in patients with

TABLE 2 | Multivariate Cox regression model of factors influencing
seizure relapse.

Hazard ratio

[95% CI] p
Age at surgery 1.03 [1.00-1.06] 0.021
Residual tumor 10.4 [2.63-40.94] <0.001
CD34 reactivity 3.70 [0.44-30.88] 0.227
BRAF V600E mutation 4.00 [1.23-13.00] 0.022
Interaction: Residual 0.15[0.03-0.78] 0.024

tumor X BRAF V600E

Note: Significant p-values are highlighted in bold print.
Abbreviation: 95% CI, 95% confidence interval.

radiologically complete resection (Figure 1C). CD34 reactiv-
ity was not associated with differences in age, tumor size, sei-
zure relapses, or final seizure outcome, but the small number
of CD34 negative tumors limits the statistical strength of this
statement. The effects of these immunohistochemical biomark-
ers were also analyzed in a multivariate Cox regression model,
which included an interaction term for the interplay of residual
tumor and BRAF V600E mutation. Younger age was associated
with earlier relapses. The regression also revealed that BRAF
V600E mutation is a risk factor for shorter relapse-free survival
and that the presence of mutation and residual tumor influence
each other (Table 2 and Figure 2). All five patients, without vis-
ible residual tumors, had a seizure relapse much earlier than
the tumor recurrence. The seizures reoccurred after a median
of 5.1 months [IQR: 2.0-22.7months], while visible tumor was
diagnosed after 86.2 months [IQR: 62.4-93.0 months].

At the last follow-up, 52 patients reported being seizure free
(83.9%). Of patients still experiencing seizures, the ILAE out-
come was class 3 in four, class 4 in four, and class 5 in two pa-
tients. Seven of these ten patients (70.0%) had a BRAF V600E
positive GG, but this effect was not significant in the cohort
as a whole, only in the subset without residual tumor after the
first surgery. Seizure outcome at the last follow-up was not as-
sociated with residual tumor, CD34 reactivity status, or surgical
technique in the initial operation.
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FIGURE 2 | Interaction plot showing the difference in median time
to seizure relapse dependent on the residual tumor and BRAF muta-
tion. When residual tumor is present, BRAF V600E positive and nega-
tive cases have a similar seizure-free interval of 31 and 42 days, respec-
tively. In patients without radiologically detectable residual tumors, the
difference is greatly increased to 182days in BRAF V600E positive and
556days in BRAF V600E negative cases.

4 | Discussion

We present the first clinical study to indicate that BRAF V600E
mutational status has an influence on the likelihood of seizure
relapse after surgery. Our study confirms that complete resection
is the mainstay of surgical treatment. Furthermore, it suggests
that in cases with a BRAF V600E mutation, microscopically
small tumor residuals increase the risk of seizure relapse, and
a more radical resection should be pursued when long-lasting
seizure freedom is the goal.

So far, the BRAF V600E mutational status in GG patients was
largely investigated only from an oncological perspective ad-
dressing questions like the time to tumor recurrence and the
value of additional therapy. Some smaller studies reported
shorter recurrence-free survival in BRAF V600E mutated tu-
mors [21-23], but another study did not corroborate this finding
[24]. One other study also described how patients with the muta-
tion had seizures at an earlier age but did not find an association
with outcome [25].

The influence of BRAF V600E status on epileptogenicity has
mainly been investigated in preclinical studies showing that
BRAF V600E mutations lead to activation of the mTOR path-
way, and this pathway has also been implicated in the devel-
opment of focal cortical dysplasias causing intractable epilepsy
[26, 27]. Indeed, histopathological analysis of ganglioglioma
samples has described cortical malformations associated with
glioneural tumors [13, 25, 28, 29]. These findings may suggest a
common origin, but their validity, significance, and influence on
clinical outcomes need to be further evaluated. Another study
investigated the effects of BRAF V60O0E in vitro and in a murine
model and showed that the mutation increases the potential for

epileptogenic discharges in neurons. They also demonstrated
that its effect can be reversed using BRAF-targeted thera-
pies [30].

On the other hand, a large meta-analysis investigating multi-
ple glioneural tumor types did not find an association between
BRAF mutation and seizure outcome [31]. However, this study
did not differentiate between tumor types when investigating
clinical symptoms. Therefore, it is possible that the epileptoge-
nicity of the BRAF V600E mutation is more pronounced in GG
but is concealed in glioneural tumors as a whole.

Furthermore, no study has investigated the interplay with a re-
sidual tumor. Our results suggest that a residual tumor alone
is so strongly epileptogenic that the effects of the BRAF V600E
mutation are obscured by it if not properly considered. Yet, when
the bulk of the tumor is removed, and only cell nests remain, the
mutation possibly increases the risk of ongoing seizures.

The other investigated biomarker, CD34, is a stem-cell marker
expressed during early neurulation but not in the adult brain
[32]. Its presence in GG has already been described 25years ago
and now serves to characterize GG during histopathological di-
agnosis [32, 33]. Due to this specific marker, pathologists were
able to show how GG cells can be spread outside the tumor,
which is visible on hematoxylin and eosin stains. Extensions
across sulcal borders and satellite lesions have been described
[8,9,33].

As in many other subfields of neurosurgery, a complete or even
supramarginal resection has clear benefits in pediatric patients
from an epileptological and an oncological viewpoint regard-
ing the outcome [34-36]. In our cohort, patients after extended
resections showed no tumor recurrences. However, the risk of
damaging important structures in the brain and causing irre-
versible injury constantly accompanies each surgery and can
increase in larger resections. The lead pediatric neurosurgeon
during the study period was eager to pursue a concise resection
and more willing to risk having to perform a second operation
than to risk causing unnecessary neurological damage. Our rate
of residual tumor tissue after lesionectomies was certainly influ-
enced by this mentality.

The histopathological evidence of widespread gangliogliomas
and the benefits of removing all tumor cells has tipped the scale
weighing between pure lesionectomy versus extended resection
toward larger resections in our and many other centers. Perhaps
the advent of surgical adjuncts like high-resolution intraopera-
tive MRI or in situ tissue imaging of resection borders might help
to better tailor the extent of resection. Until then, it is of utmost
importance to recognize the negative effects of residual tumor
tissue on seizure outcome. We therefore add data to the liter-
ature suggesting that confined resections are especially risky
from a seizure perspective when BRAF mutations are present.
Due to this mutation, even smaller remaining cell islands are a
risk factor for seizure relapses.

Thus, our data implies that early detection of a BRAF V600E
mutation could impact the surgical and treatment strategy of
GG. Liquid biopsies, where trace amounts of tumor specific
markers can be detected in blood or cerebrospinal fluid, have
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become widely used in neurooncology and will further shape
the management of neurooncological patients in the future [37].
In specific, the BRAF V600E mutation has been detected as a
biomarker in multiple studies involving patients with melano-
mas but also other tumor entities [38-41]. This development in
neurooncology should not be neglected in the field of epilepsy
surgery. The knowledge of whether or not a BRAF V600E muta-
tion is present in the presurgical evaluation could influence the
decision-making process when discussing surgical strategies.
The combination with liquid biopsy opens an avenue for contin-
uously monitoring treatment success and potential recurrences,
as the mutation can be quantitatively detected using digital
droplet PCR [42]. Furthermore, the detection of a BRAF V600E
mutation also provides a possible treatment target for patients
with surgically not accessible GG [43-45].

4.1 | Limitations

This study carries all the associated limitations of a retrospec-
tive study. The long study period allows for a long follow-up
time but also introduces a bias as diagnostic modalities, for ex-
ample, MRI and surgical techniques, have been continuously
developed. This limits the comparability of patients operated on
recently to patients operated 20years ago. It was not always ev-
ident whether the decision for reoperation was made due to epi-
leptological or oncological reasons. Because of the large overlap
of these issues in patients with GG, we would argue that most
centers also pursue an integrated, multidisciplinary approach
similar to ours.

Over the duration of the study period, the histological classifica-
tion of low-grade glioneural tumors and GG has also changed.
For example, GG can no longer be classified as WHO grade 11/
CNS WHO grade 2. Furthermore, immunohistochemical stain-
ing for CD34 and BRAF V600E was not originally performed in
older specimens. We tried to remedy this by repeating the stain-
ing and only including patients where tissue specimens were
available for analysis. Additionally, as in all studies involving
neurosurgical specimens, a degree of sampling bias can occur as
some of the tissue might be lost in the preparation through use of
the suction device. The presence of CD34 and BRAF V600E mu-
tations, however, was in line with previously published studies,
which makes our results comparable to the published literature.

Medical decisions and surgical aggressiveness were at the dis-
cretion of the treating physicians. This is, however, in line with
the daily experience of most pediatric and neurosurgical centers
and thus provides “real-life” data. Unfortunately, we cannot
prove that remaining GG cell nests were the cause of seizure
relapses in BRAF V600E positive cases with radiologically com-
plete resection. However, it is striking that four patients who
were radiologically tumor-free, had a subsequent recurrence of
their GG and thus proven remnant cells.

5 | Conclusion
The BRAF V600E status in patients with ganglioglioma associ-

ated epilepsy may be an important biomarker with the poten-
tial of shaping the surgical and treatment strategy in the future.

Especially young patients diagnosed with GG, who have a high
seizure frequency, should be suspected of harboring a BRAF
V600E mutation. Knowing the mutation is present could help to
indicate an extended resection because tumor cells with the mu-
tation may harbor higher epileptogenicity. Efforts to establish a
preoperative pipeline to define the BRAF status in blood or cere-
brospinal fluid need to be expedited, and the significance of this
mutation needs to be investigated in prospective clinical studies.

Author Contributions

Matthias Tomschik: conceptualization, investigation, funding ac-
quisition, writing - original draft, visualization, methodology, formal
analysis. Eva Horner: investigation, data curation, writing - review
and editing. Alexandra Lang: investigation, methodology, data cu-
ration, resources. Florian Mayer: investigation, resources. Thomas
Czech: investigation, validation, writing — review and editing. Gregor
Kasprian: investigation, writing - review and editing. Ekaterina
Pataraia: investigation, validation. Amedeo A. Azizi: investigation,
validation, writing - review and editing. Martha Feucht: investiga-
tion, validation, writing - review and editing. Karl Réssler: investi-
gation, writing - review and editing, resources, supervision. Christine
Haberler: investigation, methodology, validation, writing — review and
editing. Christian Dorfer: conceptualization, investigation, funding
acquisition, writing - review and editing, supervision.

Acknowledgments

‘We thank the Comprehensive Center for Pediatrics (CCP) of the Medical
University of Vienna, which has funded this research with money
from the CCP Starter Grant in 2020. Open access funding provided by
Medizinische Universitat Wien/KEMO.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1.1. Bliimcke and O. D. Wiestler, “Gangliogliomas: An Intriguing
Tumor Entity Associated With Focal Epilepsies,” Journal of Neuropa-
thology and Experimental Neurology 61, no. 7 (2002): 575-584, https://
doi.org/10.1093/jnen/61.7.575.

2. 0. C. Perkins, “Ganglioglioma,” Archives of Pathology & Laboratory
Medicine 2 (1926): 11-17.

3. M. S.van Breemen, E. B. Wilms, and C. J. Vecht, “Epilepsy in Patients
With Brain Tumours: Epidemiology, Mechanisms, and Management,”
Lancet Neurology 6, no. 5 (2007): 421-430, https://doi.org/10.1016/s1474
-4422(07)70103-5.

4. C. Luyken, I. Bliimcke, R. Fimmers, H. Urbach, O. D. Wiestler, and
J. Schramm, “Supratentorial Gangliogliomas: Histopathologic Grad-
ing and Tumor Recurrence in 184 Patients With a Median Follow-Up
of 8 Years,” Cancer 101, no. 1 (2004): 146-155, https://doi.org/10.1002/
cner.20332.

5.R. J. Slegers and I. Blumcke, “Low-Grade Developmental and Epi-
lepsy Associated Brain Tumors: A Critical Update 2020,” Acta Neuro-
pathologica Communications 8, no. 1 (2020): 27, https://doi.org/10.1186/
s40478-020-00904-x.

6 of 8

European Journal of Neurology, 2025


https://doi.org/10.1093/jnen/61.7.575
https://doi.org/10.1093/jnen/61.7.575
https://doi.org/10.1016/s1474-4422(07)70103-5
https://doi.org/10.1016/s1474-4422(07)70103-5
https://doi.org/10.1002/cncr.20332
https://doi.org/10.1002/cncr.20332
https://doi.org/10.1186/s40478-020-00904-x
https://doi.org/10.1186/s40478-020-00904-x

6. S. Yust-Katz, M. D. Anderson, D. Liu, et al., “Clinical and Prognostic
Features of Adult Patients With Gangliogliomas,” Neuro-Oncology 16,
no. 3 (2014): 409-413, https://doi.org/10.1093/neuonc/not169.

7.1. Blumcke, R. Spreafico, G. Haaker, et al., “Histopathological Find-
ings in Brain Tissue Obtained During Epilepsy Surgery,” New England
Journal of Medicine 377, no. 17 (2017): 1648-1656, https://doi.org/10.
1056/NEJMo0al703784.

8. 1. Bliimcke, R. Coras, A. K. Wefers, et al., “Review: Challenges in
the Histopathological Classification of Ganglioglioma and DNT: Mi-
croscopic Agreement Studies and a Preliminary Genotype-Phenotype
Analysis,” Neuropathology and Applied Neurobiology 45, no. 2 (2019):
95-107, https://doi.org/10.1111/nan.12522.

9. B. Pasquier, H. M. Péoc, B. Fabre-Bocquentin, et al., “Surgical Pathol-
ogy of Drug-Resistant Partial Epilepsy. A 10-Year-Experience With a Se-
ries of 327 Consecutive Resections,” Epileptic Disorders 4, no. 2 (2002):
99-1109.

10. H. Clusmann, J. Schramm, T. Kral, et al., “Prognostic Factors and
Outcome After Different Types of Resection for Temporal Lobe Epi-
lepsy,” Journal of Neurosurgery 97, no. 5 (2002): 1131-1141, https://doi.
org/10.3171/jns.2002.97.5.1131.

11. C. Helmstaedter, D. Van Roost, H. Clusmann, H. Urbach, C. E.
Elger, and J. Schramm, “Collateral Brain Damage, a Potential Source
of Cognitive Impairment After Selective Surgery for Control of Mesial
Temporal Lobe Epilepsy,” Journal of Neurology, Neurosurgery, and Psy-
chiatry 75, no. 2 (2004): 323-326.

12. S. Gritsch, T. T. Batchelor, and L. N. Gonzalez Castro, “Diagnostic,
Therapeutic, and Prognostic Implications of the 2021 World Health
Organization Classification of Tumors of the Central Nervous Sys-
tem,” Cancer 128, no. 1 (2022): 47-58, https://doi.org/10.1002/cncr.
33918.

13. P. Deb, M. C. Sharma, M. Tripathi, P. Sarat Chandra, A. Gupta, and
C. Sarkar, “Expression of CD34 as a Novel Marker for Glioneuronal Le-
sions Associated With Chronic Intractable Epilepsy,” Neuropathology
and Applied Neurobiology 32, no. 5 (2006): 461-468, https://doi.org/10.
1111/j.1365-2990.2006.00734.x.

14. C. Koelsche, A. Wohrer, A. Jeibmann, et al., “Mutant BRAF V600E
Protein in Ganglioglioma Is Predominantly Expressed by Neuronal
Tumor Cells,” Acta Neuropathologica 125, no. 6 (2013): 891-900, https://
doi.org/10.1007/s00401-013-1100-2.

15. M. J. Dougherty, M. Santi, M. S. Brose, et al., “Activating Mutations
in BRAF Characterize a Spectrum of Pediatric Low-Grade Gliomas,”
Neuro-Oncology 12, no. 7 (2010): 621-630, https://doi.org/10.1093/neu-
onc/noq007.

16. G. Schindler, D. Capper, J. Meyer, et al., “Analysis of BRAF V600E
Mutation in 1,320 Nervous System Tumors Reveals High Mutation
Frequencies in Pleomorphic Xanthoastrocytoma, Ganglioglioma and
Extra-Cerebellar Pilocytic Astrocytoma,” Acta Neuropathologica 121,
no. 3 (2011): 397-405, https://doi.org/10.1007/s00401-011-0802-6.

17. A. Lassaletta, M. Zapotocky, M. Mistry, et al., “Therapeutic and
Prognostic Implications of BRAF V600E in Pediatric Low-Grade Gli-
omas,” Journal of Clinical Oncology: Official Journal of the American
Society of Clinical Oncology 35, no. 25 (2017): 2934-2941, https://doi.org/
10.1200/jco.2016.71.8726.

18. H. G. Wieser, W. T. Blume, D. Fish, et al., “ILAE Commission Re-
port. Proposal for a New Classification of Outcome With Respect to Ep-
ileptic Seizures Following Epilepsy Surgery,” Epilepsia 42, no. 2 (2001):
282-286.

19.J. Engel, Surgical Treatment of the Epilepsies (Raven Press, 1987).

20. M. J. van den Bent, J. S. Wefel, D. Schiff, et al., “Response Assess-
ment in Neuro-Oncology (A Report of the RANO Group): Assessment
of Outcome in Trials of Diffuse Low-Grade Gliomas,” Lancet Oncol-
ogy 12, no. 6 (2011): 583-593, https://doi.org/10.1016/s1470-2045(11)
70057-2.

21.X. Chen, C. Pan, P. Zhang, et al., “BRAF V600E Mutation Is a Signif-
icant Prognosticator of the Tumour Regrowth Rate in Brainstem Gan-
gliogliomas,” Journal of Clinical Neuroscience 46 (2017): 50-57, https://
doi.org/10.1016/j.jocn.2017.09.014.

22.8S. Dahiya, D. H. Haydon, D. Alvarado, C. A. Gurnett, D. H. Gut-
mann, and J. R. Leonard, “BRAF(V600E) Mutation is a Negative Prog-
nosticator in Pediatric Ganglioglioma,” Acta Neuropathologica 125, no.
6 (2013): 901-910, https://doi.org/10.1007/s00401-013-1120-y.

23.D. Delev, K. Daka, S. Heynckes, et al.,, “Long-Term Epilepsy-
Associated Tumors: Transcriptional Signatures Reflect Clinical
Course,” Scientific Reports 10, no. 1 (2020): 96, https://doi.org/10.1038/
$41598-019-56146-y.

24. M. G. Xie, X. F. Wang, J. Qiao, et al., “The Clinicopathological Fea-
tures of Ganglioglioma With CD34 Expression and BRAF Mutation in
Patients With Epilepsy,” Frontiers in Molecular Neuroscience 16 (2023):
1022364, https://doi.org/10.3389/fnmol.2023.1022364.

25.Q. Liu, L. Cai, Y. Sun, et al., “Epilepsy Outcome and Pathology
Analysis for Ganglioglioma: A Series of 51 Pediatric Patients,” Pediatric
Neurology 149 (2023): 127-133, https://doi.org/10.1016/j.pediatrneurol.
2023.09.022.

26.J.S. Lim, W. I. Kim, H. C. Kang, et al., “Brain Somatic Mutations in
MTOR Cause Focal Cortical Dysplasia Type II Leading to Intractable
Epilepsy,” Nature Medicine 21, no. 4 (2015): 395-400, https://doi.org/10.
1038/nm.3824.

27. A. S. Prabowo, A. M. Iyer, T. J. Veersema, et al., “BRAF V600E Mu-
tation Is Associated With mTOR Signaling Activation in Glioneuronal
Tumors,” Brain Pathology (Zurich, Switzerland) 24, no. 1 (2014): 52-66,
https://doi.org/10.1111/bpa.12081.

28. M. Giulioni, G. Marucci, M. Cossu, et al., “CD34 Expression in Low-
Grade Epilepsy-Associated Tumors: Relationships With Clinicopatho-
logic Features,” World Neurosurgery 121 (2019): €761-e768, https://doi.
0rg/10.1016/j.wneu.2018.09.212.

29.R. A. Prayson, J. Fong, and I. Najm, “Coexistent Pathology in
Chronic Epilepsy Patients With Neoplasms,” Modern Pathology 23, no.
8(2010): 1097-1103, https://doi.org/10.1038/modpathol.2010.94.

30. H. Y. Koh, S. H. Kim, J. Jang, et al., “BRAF Somatic Mutation Con-
tributes to Intrinsic Epileptogenicity in Pediatric Brain Tumors,” Na-
ture Medicine 24, no. 11 (2018): 1662-1668, https://doi.org/10.1038/
$41591-018-0172-x.

31. H. Xing, Y. Song, Z. Zhang, and P. D. Koch, “Clinical Characteris-
tics of BRAF V600E Gene Mutation in Patients of Epilepsy-Associated
Brain Tumor: A Meta-Analysis,” Journal of Molecular Neuroscience
71, no. 9 (2021): 1815-1824, https://doi.org/10.1007/s12031-021-
01837-3.

32. 1. Bliimcke, K. Giencke, E. Wardelmann, et al., “The CD34 Epitope
Is Expressed in Neoplastic and Malformative Lesions Associated With
Chronic, Focal Epilepsies,” Acta Neuropathologica 97, no. 5 (1999): 481-
490, https://doi.org/10.1007/s004010051017.

33.1. Blumcke, E. Aronica, H. Urbach, A. Alexopoulos, and J. A.
Gonzalez-Martinez, “A Neuropathology-Based Approach to Epilepsy
Surgery in Brain Tumors and Proposal for a New Terminology Use for
Long-Term Epilepsy-Associated Brain Tumors,” Acta Neuropathologica
128, no. 1 (2014): 39-54, https://doi.org/10.1007/s00401-014-1288-9.

34. A. K. Gnekow, F. Falkenstein, S. von Hornstein, et al., “Long-Term
Follow-Up of the Multicenter, Multidisciplinary Treatment Study HIT-
LGG-1996 for Low-Grade Glioma in Children and Adolescents of the
German Speaking Society of Pediatric Oncology and Hematology,”
Neuro-Oncology 14, no. 10 (2012): 1265-1284, https://doi.org/10.1093/
neuonc/nos202.

35.D. G. Southwell, P. A. Garcia, M. S. Berger, N. M. Barbaro, and E. F.
Chang, “Long-Term Seizure Control Outcomes After Resection of Gan-
gliogliomas,” Neurosurgery 70, no. 6 (2012): 1406-1414, https://doi.org/
10.1227/NEU.0b013e3182500a4c.

7 of 8


https://doi.org/10.1093/neuonc/not169
https://doi.org/10.1056/NEJMoa1703784
https://doi.org/10.1056/NEJMoa1703784
https://doi.org/10.1111/nan.12522
https://doi.org/10.3171/jns.2002.97.5.1131
https://doi.org/10.3171/jns.2002.97.5.1131
https://doi.org/10.1002/cncr.33918
https://doi.org/10.1002/cncr.33918
https://doi.org/10.1111/j.1365-2990.2006.00734.x
https://doi.org/10.1111/j.1365-2990.2006.00734.x
https://doi.org/10.1007/s00401-013-1100-2
https://doi.org/10.1007/s00401-013-1100-2
https://doi.org/10.1093/neuonc/noq007
https://doi.org/10.1093/neuonc/noq007
https://doi.org/10.1007/s00401-011-0802-6
https://doi.org/10.1200/jco.2016.71.8726
https://doi.org/10.1200/jco.2016.71.8726
https://doi.org/10.1016/s1470-2045(11)70057-2
https://doi.org/10.1016/s1470-2045(11)70057-2
https://doi.org/10.1016/j.jocn.2017.09.014
https://doi.org/10.1016/j.jocn.2017.09.014
https://doi.org/10.1007/s00401-013-1120-y
https://doi.org/10.1038/s41598-019-56146-y
https://doi.org/10.1038/s41598-019-56146-y
https://doi.org/10.3389/fnmol.2023.1022364
https://doi.org/10.1016/j.pediatrneurol.2023.09.022
https://doi.org/10.1016/j.pediatrneurol.2023.09.022
https://doi.org/10.1038/nm.3824
https://doi.org/10.1038/nm.3824
https://doi.org/10.1111/bpa.12081
https://doi.org/10.1016/j.wneu.2018.09.212
https://doi.org/10.1016/j.wneu.2018.09.212
https://doi.org/10.1038/modpathol.2010.94
https://doi.org/10.1038/s41591-018-0172-x
https://doi.org/10.1038/s41591-018-0172-x
https://doi.org/10.1007/s12031-021-01837-3
https://doi.org/10.1007/s12031-021-01837-3
https://doi.org/10.1007/s004010051017
https://doi.org/10.1007/s00401-014-1288-9
https://doi.org/10.1093/neuonc/nos202
https://doi.org/10.1093/neuonc/nos202
https://doi.org/10.1227/NEU.0b013e3182500a4c
https://doi.org/10.1227/NEU.0b013e3182500a4c

36. T. Stokland, J. F. Liu, J. W. Ironside, et al., “A Multivariate Analysis
of Factors Determining Tumor Progression in Childhood Low-Grade
Glioma: A Population-Based Cohort Study (CCLG CNS9702),” Neuro-
Oncology 12, no. 12 (2010): 1257-1268, https://doi.org/10.1093/neuonc/
noq092.

37.S. Bunda, J. A. Zuccato, M. R. Voisin, et al., “Liquid Biomarkers for
Improved Diagnosis and Classification of CNS Tumors,” International
Journal of Molecular Sciences 22, no. 9 (2021): 4548, https://doi.org/10.
3390/ijms22094548.

38. M. Daniotti, V. Vallacchi, L. Rivoltini, et al., “Detection of Mutated
BRAFV600E Variant in Circulating DNA of Stage III-IV Melanoma Pa-
tients,” International Journal of Cancer 120, no. 11 (2007): 2439-2444,
https://doi.org/10.1002/ijc.22598.

39. A. Santiago-Walker, R. Gagnon, J. Mazumdar, et al., “Correlation of
BRAF Mutation Status in Circulating-Free DNA and Tumor and Asso-
ciation With Clinical Outcome Across Four BRAFi and MEKi Clinical
Trials,” Clinical Cancer Research 22, no. 3 (2016): 567-574, https://doi.
org/10.1158/1078-0432.Ccr-15-0321.

40.Y. Yang, X. Shen, R. Li, et al., “The Detection and Significance of
EGFR and BRAF in Cell-Free DNA of Peripheral Blood in NSCLC,” On-
cotarget 8, no. 30 (2017): 49773-49782, https://doi.org/10.18632/oncot
arget.17937.

41. P. C. Iyer, G. J. Cote, T. Hai, et al., “Circulating BRAF V600E Cell-
Free DNA as a Biomarker in the Management of Anaplastic Thyroid
Carcinoma,” JCO Precision Oncology 2 (2018): PO.18.00173, https://doi.
0rg/10.1200/po.18.00173.

42. F. Pasqualetti, G. Restante, A. Gonnelli, et al., “Dabrafenib Treat-
ment in a Patient With BRAF V600E Ganglioglioma: Circulating
Exosome-Derived Cancer RNA Supports Treatment Choice and Clin-
ical Monitoring,” Neuro-Oncology 21, no. 12 (2019): 1610-1611, https://
doi.org/10.1093/neuonc/noz157.

43.S. Rush, N. Foreman, and A. Liu, “Brainstem Ganglioglioma Suc-
cessfully Treated With Vemurafenib,” Journal of Clinical Oncology 31,
no. 10 (2013): e159-e160, https://doi.org/10.1200/jc0.2012.44.1568.

44. K. C. Shih, M. Shastry, J. T. Williams, et al., “Successful Treatment
With Dabrafenib (GSK2118436) in a Patient With Ganglioglioma,” Jour-
nal of Clinical Oncology: Official Journal of the American Society of Clin-
ical Oncology 32, no. 29 (2014): e98-e100, https://doi.org/10.1200/jco.
2013.48.6852.

45. L. Philippe, K. Maria, A. Tariq, et al., “Efficacy of Dabrafenib for
Three Children With Brainstem BRAF(V600E) Positive Gangliogli-
oma,” Journal of Neuro-Oncology 145, no. 1 (2019): 135-141, https://doi.
0rg/10.1007/s11060-019-03280-2.

8 of 8

European Journal of Neurology, 2025


https://doi.org/10.1093/neuonc/noq092
https://doi.org/10.1093/neuonc/noq092
https://doi.org/10.3390/ijms22094548
https://doi.org/10.3390/ijms22094548
https://doi.org/10.1002/ijc.22598
https://doi.org/10.1158/1078-0432.Ccr-15-0321
https://doi.org/10.1158/1078-0432.Ccr-15-0321
https://doi.org/10.18632/oncotarget.17937
https://doi.org/10.18632/oncotarget.17937
https://doi.org/10.1200/po.18.00173
https://doi.org/10.1200/po.18.00173
https://doi.org/10.1093/neuonc/noz157
https://doi.org/10.1093/neuonc/noz157
https://doi.org/10.1200/jco.2012.44.1568
https://doi.org/10.1200/jco.2013.48.6852
https://doi.org/10.1200/jco.2013.48.6852
https://doi.org/10.1007/s11060-019-03280-2
https://doi.org/10.1007/s11060-019-03280-2

	BRAF V600E Mutation in Ganglioglioma: Impact on Epileptogenicity and Implications for Surgical Strategy
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Statistics

	3   |   Results
	3.1   |   Surgical Details
	3.2   |   Pathohistological Details and Association With Clinical Phenotype
	3.3   |   Seizure Outcome

	4   |   Discussion
	4.1   |   Limitations

	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


