Journal of Clinical Neuroscience 66 (2019) 196–201

Contents lists available at ScienceDirect

Journal of Clinical Neuroscience
journal homepage: www.elsevier.com/locate/jocn

Clinical study

Clinical relevance of BRAF status in glial and glioneuronal tumors: A
systematic review
Yoshiki Sugiura, Masaya Nagaishi ⇑
Department of Neurosurgery, Dokkyo Medical University Saitama Medical Center, 2-1-50 Minami-Koshigaya, Koshigaya-shi, Saitama 343-8555, Japan

a r t i c l e

i n f o

Article history:
Received 28 November 2018
Accepted 11 May 2019

Keywords:
BRAF
Ganglioglioma
Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma
Epithelioid glioblastoma

a b s t r a c t
Alterations in the BRAF gene have been reported to play a key role in the tumorigenesis of various tumors.
Recent studies have shown the existence of BRAF alterations in ganglioglioma (GG), pilocytic astrocytoma
(PA), pleomorphic xanthoastrocytomas (PXA), and epithelioid glioblastoma (eGBM). The focus of this
review was the association between the clinical characteristics and BRAF status in these glial and glioneuronal tumors. The BRAF abnormalities, KIAA1549-BRAF fusion and BRAF mutation, were detected in
approximately 50% of the analyzed tumors regardless of the tumor location, and there were sitespecific BRAF abnormalities that became more remarkable on analysis by each tumor subtype. The median age of patients with KIAA1549-BRAF fusion was much lesser than that of those with BRAF mutations.
Histological analysis indicates that the existence of KIAA1549-BRAF fusion is related to pilocytic morphology. The review of imaging features indicated that cyst formation is associated with the existence
of KIAA1549-BRAF fusion in PA and GG and the lack of BRAF mutation in GG. Hemorrhage was significantly present in cases of GG with KIAA1549-BRAF fusion, but no relevance was shown in cases with
BRAF mutations. No significant relevance was detected between the presence of calcification and BRAF
alterations. Our clinical and genetic review of BRAF-related tumors indicated that the KIAA1549-BRAF
fusion was strongly associated with PA, but not with other glial and glioneuronal tumors.
Ó 2019 Elsevier Ltd. All rights reserved.

1. Introduction
The mitogen-activated protein kinase (MAPK) pathway comprises various molecules, including Ras, Raf, MEK, and MAPK. The
genetic alterations in these molecules lead to activation of the
MAPK pathway and are related with tumorigenesis in many types
of malignant tumors [1]. An activated MAPK pathway is found in
30% of human cancers and is mainly due to alterations of the Ras
and Raf genes [2]. Three Raf kinase family members (i.e., A-Raf,
B-Raf, and C-Raf) are included in the MAPK pathway and are all
related with tumorigenesis. The B-Raf kinase is encoded by the
BRAF gene, which is known as the major oncogenic gene among
the three. The BRAF gene activation that is related to the tumorigenesis of brain tumors commonly occurs via activating mutations or
duplication of the BRAF gene.
The BRAF gene on the long arm of chromosome 7q34 consists of
18 exons. The tandem duplications on chromosome 7q34 lead to a
fusion gene between KIAA1549 and BRAF. The duplications result in
loss of the N-terminal autoinhibitory domain of the BRAF, which
triggers the constitutive kinase activity [3]. Various KIAA1549–
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BRAF mRNA fusion junctions have been identified. The most common fusion junction is between exon16 of KIAA1549 and exon 9
of BRAF (16–9 fusion), followed by KIAA1549 exon 15–BRAF exon
9 (15–9 fusion), KIAA1549 exon 16–BRAF exon 11 (16–11 fusion),
KIAA1549 exon 16–BRAF exon 10 (16–10 fusion), KIAA1549 exon
15–BRAF exon 11 (15–11 fusion), KIAA1549 exon 17–BRAF exon
10 (17–10 fusion), and KIAA1549 exon 18–BRAF exon 10 (18–10
fusion). KIAA1549–BRAF fusion is frequently found in pilocytic
astrocytoma (PA) and pilomyxoid astrocytoma (PMA), which is
an aggressive variant of PA. The mutational hotspot of the BRAF
gene is in the amino acid position 600, where valine is substituted
by glutamic acid (V600E). The point mutation converts BRAF into
an active state that causes constitutive activation of the MAPK
pathway [4]. In intracranial tumors, BRAF V600E mutation has been
reported in pleomorphic xanthoastrocytomas (PXA), ganglioglioma
(GG), desmoplastic infantile ganglioglioma and desmoplastic
infantile astrocytoma, PA, epithelioid glioblastomas (eGBM), and
craniopharyngiomas [5,6].
The glial tumors related to BRAF alterations often share common histopathological traits, such as the presence of eosinophilic
granular body, Rosenthal fiber, cortical dysplasia of the surrounding normal tissue, and pilocytic differentiation in the glial component of GG. GG cases with a prominent pilocytic glial component
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are often difficult to distinguish from PA. In addition, the presence
of a small number of neuronal cells, which are morphologically
hard to distinguish from dysplastic or reactive neuronal cells,
may confuse the diagnosis of these cases. Composite PXA–GG
and eGBM arising from PXA have been reported. The most recent
updates on the histopathological diagnosis of several subtypes of
brain tumor emphasized the use of molecular profiling for categorization [7]. Although BRAF profiling in the molecular diagnosis for
tumor categorization is not included in the fourth edition of the
World Health Organization classification of central nervous system
tumors, its diagnostic value has been mentioned by several reports
[8]. In the present study, we reviewed the current literature to
identify the clinical features related with the presence and absence
of BRAF abnormalities in BRAF-related gliomas.
2. Materials and methods
2.1. Search strategy
Relevant studies published in English were identified by
PubMed search using the keyword ‘‘BRAF fusion” or ‘‘BRAF mutation” in combination with ‘‘ganglioglioma”, ‘‘pilocytic astrocytoma”, ‘‘pleomorphic xanthoastrocytoma”, ‘‘glioneuronal tumor”,
and ‘‘epithelioid glioblastoma”. This review included PA, PMA,
GG, PXA, or eGBM cases that underwent analysis of the BRAF status
and had available clinical data, including tumor location and the
presence of cyst formation, calcification, and hemorrhage, but
excluded cases without BRAF status or all of clinical data mentioned above. The searched literatures included case reports, case
series, case-control studies, systematic reviews, and metaanalyses.
The tumor locations reviewed were in the cerebral hemisphere,
encephalon/optic tract, cerebellum, and brainstem/spine. Notably,
PA in the hypothalamic-chiasmatic region and optic chiasm are
genetically homogeneous tumors and originate from glial cells on
the floor of the third ventricle [9]. We summarized all tumors that
originated from these regions as ‘‘encephalon/optic tract”.

Table 1
The clinical characteristics by BRAF status in glial and glioneuronal tumors.
BRAF
KIAA1549-BRAF BRAF mutation –
mutation + fusion+
and/or duplication
Gender (510)
Male
Female

80
74

75
64

110
107

Age (503)
=18
<18

63
90

26
113

74
137

Location (514)
Infratentrial
Supratentrial

36
122

93
46

87
130

Cyst formation (78)
Present
Absent

12
28

12
0

8
18

Bleeding (65)
Present
Absent

4
32

5
4

0
20

Calcification (37)
Present
Absent

5
23

NA
NA

0
9

120
10
9
NA
NA

83
17
52
47
18

Histological subtype (514)
PA
24
PMA
0
GG
54
PXA
58
eGBM
22

The culmulative number of cases available was shown in parentheses by each
clinical characteristics, and the maximum culmulative number is 514 including 2
cases with simultaneous presence of BRAF mutation and duplication. aPXA,
anaplastic pleomorphic xanthoastrocytoma; eGBM, epithelioid glioblastoma; GG,
ganglioglioma; PA, pilocytic astrocytoma; PXA, plemorphic xanthoastrocytoma.

2.2. Statistical analysis
The Chi-square test or Fisher’s exact test was used to analyze
the differences in the qualitative features among the groups. Student’s t-test or the Mann–Whitney U test was performed to analyze the differences in the variables. P-values < 0.05 were
considered statistically significant.
3. Results
Our search resulted in 174 literatures. After review, 119 articles
were excluded because of the lack of clinical data and 52 studies
met the inclusion criteria; 32 were published as case reports and
20 were case series. In the 52 available literatures, a total of 512
patients were included in this study [10–61]. PA was the most
common subtype analyzed and comprised 225 cases, including
four cases of anaplastic PA. There were 115 cases of GG; 105 cases
of PXA (WHO grade II = 81 cases, Grade III = 24 cases); 40 cases of
eGBM; and 27 cases of PMA. The overall mean sex ratio (male/
female) was 1.1; 1.1 for PA, 1.0 for GG, 0.9 for PXA, 1.7 for eGBM,
and 0.9 for PMA. The clinical characteristics by the BRAF status
are summarized in Table 1. The median age of the cases with PA,
GG, PXA, eGBM, and PMA was 10, 15, 26.5, 21.5, and 2 years,
respectively. The KIAA1549–BRAF fusion was detected in 139 cases,
which included 120 cases (63%) of PA, 10 cases (77%) of PMA, and
nine cases (18%) of GG (Fig. 1). The KIAA1549–BRAF fusion was
assessed using real-time PCR in 141 cases, fluorescent in situ
hybridization (FISH) in 84 cases, and whole-genome or whole-

Fig. 1. Frequency of the BRAF alteration by tumor subtypes. The number and
frequency of the mutations and duplication of BRAF were illustrated according to
tumor subtypes.

exome sequencing in 24 cases. Four cases were not available for
analysis. In these cases, the sex ratio (male/female) was 1.2, and
the median age was 8 years. No cases of PXA and eGBM were analyzed for KIAA1549–BRAF fusion. This fusion was more common in
patients who were 10 years old than in those >10 years old
(P = 0.0002). The cases with BRAF fusion were significantly younger
than those without the fusion (P = 0.0004). Fusion variants were
identified in 80 cases of PA, 1 case of PMA, and nine cases of GG.
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Of the 81 cases of PA and PMA, 67% (n = 54) had 16–9 fusion, 22%
(n = 18) had 15–9 fusion, 7% (n = 6) had 16–11 fusion, 1% (n = 1)
had 19–9 fusion, 1% (n = 1) had 16–10 fusion, and 1% (n = 1) had
18–10 fusion. On the other hand, in the 99 cases of GG, the most
common fusion was 15–9 in (56%, n = 5), followed by 16–9 (22%,
n = 2) and 16–11 (22%, n = 2). Fusion variants were not identified
in remaining 49 cases, and most of them were analyzed using FISH.
The distribution of fusion variants was significantly different
between the GG and PA cases (P = 0.03). Simultaneous presence
of BRAF mutation and duplication was detected in two cases of
PA, but there were none in the other tumor subtypes.
BRAF mutations within exon 18 was detected in 158 cases,
which included 24 cases (13%) of PA, 54 cases (47%) of GG, 58 cases
(55%) of PXA, 22 cases (58%) of eGBM, and no case of PMA (Fig. 1).
The BRAF mutation was assessed using sequence analysis including
pyrosequencing, Sanger sequencing, and whole-genome and
whole-exome sequencing in 404 cases; immunohistochemical
analysis in 34 cases; and single-nucleotide polymorphisms genotyping analysis in 27 cases. Five cases were not available for analysis. The overall sex ratio (male/female) was 1.1, and the median
age was 18 years. In patients with an average age of >4.7 years,
BRAF mutations were more common than BRAF duplication
(P < 0.0001). The BRAF mutation was frequently observed in cases
over the age of 10 years than those 10 years and under (P < 0.0001).
3.1. Localization
In this series, BRAF alteration was observed in 58% (103/179) of
tumors in the cerebral hemisphere, 49% (45/91) of tumors in the

encephalon/optic tract, 60% (80/133) of tumors in the cerebellum,
and 46% (27/59) of tumors in the brainstem/spine. Of the tumors
with BRAF mutations, 55% (99/179) arose in the cerebral hemisphere, 13% (11/84) in the encephalon/optic tract, 16% (16/100)
in the cerebellum, and 28% (16/58) in the brainstem/spine. Of the
brain tumors with KIAA1549–BRAF fusion, 16% (4/25) arose in the
cerebral hemisphere, 63% (35/56) in the encephalon/optic tract,
61% (64/105) in the cerebellum, and 31% (11/35) in the brainstem/spine (Fig. 2). The common location of tumors was the cerebral hemisphere for BRAF mutation and the encephalon/optic nerve
and cerebellum for KIAA1549–BRAF fusion. Interestingly, tumors
with BRAF mutations and those with KIAA1549–BRAF fusion
showed similar incidence rates between the encephalon/optic tract
and the cerebellum. The sites of tumors with BRAF abnormalities
according to tumor subtypes are illustrated in Fig. 3. The distribution of the site of tumors with BRAF mutation or duplication was
different among the tumor subtypes. In PA, the distributions of
BRAF mutation and BRAF duplication were similar between tumors
located on the encephalon/optic tract and those on the cerebellum.
On the other hand, similarities in the occurrence rate of BRAF
abnormalities in GG were seen in two infratentorial sites (brainstem/spine and cerebellum) and in two supratentorial sites (cerebral hemisphere and encephalon). The distribution of BRAF
mutations on the cerebral hemisphere was similar between PXA
and eGBM (61% and 63%, respectively). The number of cases with
PXA and eGBM located on the other sites was not sufficient for
analysis. BRAF mutations were more frequently detected in PXA
tumors located on the temporal lobe than in those on the other
cerebral hemisphere locations (68%, 26/38 vs. 32%, 8/25; P = 0.009).

Fig. 2. Simplified summary of clinical characteristics by the BRAF status. Location, age distribution, and imaging features by the BRAF status illustrated with simplified
schema. The number of cases is indicated within the circles. Calc.; calcification.
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Fig. 3. Distribution of BRAF alterations across tumor locations and glioma subtypes. Case distribution with BRAF mutations or BRAF duplication illustrated with simplified
schema by tumor locations. Colored circle indicates BRAF alterations; blank indicates no BRAF alterations. The number of cases is indicated within the circles. Circles with NA
indicate no available cases in the location.

3.2. Imaging features

4. Discussion

Cyst formation was observed in 32 of 78 cases, including 5/5
(100%) cases of PA, 16/40 (40%) cases of GG, 9/23 (39%) cases of
PXA, and 2/10 (20%) cases of eGBM. BRAF mutations were detected
in 28 of 46 cases (61%) without cyst formation and in 12 of 32 cases
(38%) with cyst formation (P = 0.04). In the analysis of each tumor
subtype, the lack of cyst formation was significantly associated
with the existence of BRAF mutation in GG (P = 0.02), but not in
PA, PXA, and eGBM. In 34 cases with available data on both
KIAA1549–BRAF fusion and cyst formation, the KIAA1549–BRAF
fusion was detected in 13 of 16 cases with cyst formation, including three cases of PA and 10 cases of GG, but it was not detected in
all 18 cases without cyst formation (P < 0.0001). This analysis indicated that cyst formation was associated with the existence of
KIAA1549–BRAF fusion in PA and GG and the lack of BRAF mutation
in GG.
Thirty-seven cases had available data on the status of calcification. Of these, five cases had calcification, including two cases of
PXA and three cases of eGBM. BRAF mutations were observed in
5/5 (100%) cases with calcification and in 23/31 (74%) cases without calcification (P = 0.57). The presence of calcification and
KIAA1549–BRAF fusion was investigated in only four cases, and all
showed lack of both the calcification and the KIAA1549–BRAF
fusion. Hemorrhage was observed in 9 of 65 cases, including 0/2
case of PA, 6/40 (15%) cases of GG, 1/13 (8%) cases of PXA, and
2/10 (20%) cases of eGBM. Similar to the analysis of calcification,
the presence of hemorrhage was not associated with the presence
of BRAF mutation. Mutations of BRAF were observed in 4/9 (44%)
cases with hemorrhage and in 33/55 (60%) cases without hemorrhage (P = 0.49). On the other hand, KIAA1549–BRAF fusion was
seen in 5/6 (83%) cases with hemorrhage but in only 4/25 (16%)
cases without hemorrhage (P = 0.004). Only 31 cases with GG
had available data for both KIAA1549–BRAF fusion and the presence
of hemorrhage. No cases of PMA had available data on cyst formation, calcification, and hemorrhage.

Review of all the cases, indicated that BRAF alterations were
associated with tumorigenesis in approximately half of the tumors,
regardless of the location. On the other hand, there were sitespecific differences in the rate of BRAF mutations and KIAA1549–
BRAF fusion. The site-specificity became more remarkable in the
analysis by each tumor subtype. PA tumors from the cerebellum
and encephalon/optic tract had more frequent KIAA1549–BRAF
fusion, compared with tumors in the other locations, but had rare
BRAF mutations. In addition, among PA tumors, 16–9 fusion was
frequent in the cerebellum and 15–9 fusion was frequent in the
midline location (i.e., encephalon and brainstem). Likewise, GG
with 15–9 fusion was commonly observed in the midline location
(i.e., brainstem). In GG cases, BRAF mutations were more frequent
in tumors from supratentorial sites than in those from infratentorial sites. In PXA cases, the temporal location was associated with
BRAF mutations. PA arising in the neurofibromatosis type 1 generally originates from the optic tracts, which are commonly associated with defects in the NF1 gene. Several studies identified the
relationship between BRAF alterations and histopathological findings, such as reticulin deposition and CD34 expression in PXA with
BRAF mutations [62] and myxoid histopathology in PA with the
KIAA1549–BRAF (15–9) fusion [63]. These site-specific genetic
alterations and histopathological appearance related to BRAF alterations suggested the existence of region-specific cells of origin,
regardless of tumor subtype.
GG comprised glial and neuronal elements, and the spectrum of
each element differs according to the tumors. Gupta analyzed the
BRAF status in GG cases that largely exhibited PA with foci of gangliocytic differentiation on the posterior fossa or spinal cord and
detected KIAA1549–BRAF fusion in 82% and BRAF mutation in none
[18]. In contrast with the nine cases with prominent pilocytic component in the report by Gupta, no GG case (0/40) showed BRAF
duplication in our review. Although 15–9 is the most common
gene fusion in GG, most of the cases with GG and this fusion pat-
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tern were in the midline location, which was similar to PA. In addition, these 9 GG cases with BRAF duplication frequently revealed
cyst formation (9/9, 100%) and hemorrhage (5/9, 56%), whereas
infratentorial GG without BRAF duplication showed cyst formation
in only 18% (4/22) and hemorrhage in only 5% (1/22). Therefore,
infratentorial GG with prominent pilocytic component clinically
and genetically appears similar to PA, suggesting that GG and PA
have common molecular mechanisms for pathogenesis. In our
review, all tumors with KIAA1549–BRAF were PA or PMA, when
these nine cases of GG were categorized to PA. Although the existence of KIAA1549–BRAF fusion had been rarely reported in cases
with lower grade glial and glioneuronal tumors, except PA or
PMA [64,65], the presence of prominent pilocytic component in
the tumor specimens of these cases needs to be reassessed. Our
review confirmed that the existence of KIAA1549–BRAF fusion
was strongly associated with pilocytic morphology and had a diagnostic value for PA, PMA, and GG with prominent pilocytic
component.
Cyst formation is frequently observed in PMA, GG, PXA, and PA
and is rarely seen in eGBM. Our review indicated that cyst formation was associated with the existence of KIAA1549–BRAF fusion in
PA and GG and the lack of BRAF mutation in GG. All GG cases that
demonstrated both BRAF duplication and cyst formation were from
the report by Gupta and showed prominent pilocytic component
and infratentorial location. In this review, calcification was not significantly associated with BRAF status, but the small sample size
and the unavailability of data on some tumor subtypes may have
led to these results.
In summary, BRAF alterations were seen in approximately half
of the BRAF-related tumors, regardless of the tumor location. The
frequency and distribution pattern of BRAF alterations illustrated
in the figures of this review are characteristic of the tumor subtypes, and the evaluation of BRAF status is valuable for diagnosis
especially in diagnostically challenging cases. In addition, the presence of cyst formation and bleeding is a useful clinical information
that indicates the existence of BRAF abnormalities.
Declaration of Competing Interest
The authors declare no conflicts of interest.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jocn.2019.05.014.
References
[1] Horbinski C. To BRAF or not to BRAF: is that even a question anymore? J
Neuropathol Exp Neurol 2013;72:2–7.
[2] Millington GW. Mutations of the BRAF gene in human cancer, by Davies et al.
(Nature 2002; 417: 949-54). Clin Exp Dermatol 2013;38:222–3.
[3] Tran NH, Wu X, Frost JA. B-Raf and Raf-1 are regulated by distinct
autoregulatory mechanisms. J Biol Chem 2005;280:16244–53.
[4] Wan PT, Garnett MJ, Roe SM, et al. Mechanism of activation of the RAF-ERK
signaling pathway by oncogenic mutations of B-RAF. Cell 2004;116:855–67.
[5] Wang AC, Jones DTW, Abecassis IJ, et al. Desmoplastic infantile ganglioglioma/
astrocytoma (DIG/DIA) are distinct entities with frequent BRAFV600
mutations. Mol Cancer Res 2018;16:1491–8.
[6] Brastianos PK, Taylor-Weiner A, Manley PE, et al. Exome sequencing identifies
BRAF mutations in papillary craniopharyngiomas. Nat Genet 2014;46:161–5.
[7] Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW, Figarella-Branger
D, et al. WHO Classification of Tumours of the Central Nervous
System. Lyon: IARC; 2016.
[8] Penman CL, Faulkner C, Lowis SP, et al. Current understanding of BRAF
alterations in diagnosis, prognosis, and therapeutic targeting in pediatric lowgrade gliomas. Front Oncol 2015;5:54.
[9] Tchoghandjian A, Fernandez C, Colin C, et al. Pilocytic astrocytoma of the optic
pathway: a tumour deriving from radial glia cells with a specific gene
signature. Brain 2009;132:1523–35.

[10] Fiset PO, Fontebasso AM, De Jay N, et al. Longitudinal mutational analysis of a
cerebellar pilocytic astrocytoma recurring as a ganglioglioma. Pediatr Blood
Cancer 2017;64:275–8.
[11] Mesturoux L, Durand K, Pommepuy I, et al. Molecular analysis of tumor cell
components
in
pilocytic
astrocytomas,
gangliogliomas,
and
oligodendrogliomas. Appl Immunohistochem Mol Morphol 2016;24:496–500.
[12] Joyon N, Tauziede-Espariat A, Alentorn A, et al. K27M mutation in H3F3A in
ganglioglioma grade I with spontaneous malignant transformation extends
the histopathological spectrum of the histone H3 oncogenic pathway.
Neuropathol Appl Neurobiol 2017;43:271–6.
[13] Oppenheimer DC, Johnson MD, Judkins AR. Ganglioglioma of the spinal cord. J
Clin Imaging Sci 2015;5:53.
[14] del Bufalo F, Carai A, Figa-Talamanca L, et al. Response of recurrent BRAFV600E
mutated ganglioglioma to Vemurafenib as single agent. J Transl Med
2014;12:356.
[15] Lindsay AJ, Rush SZ, Fenton LZ. Pediatric posterior fossa ganglioglioma: unique
MRI features and correlation with BRAF V600E mutation status. J Neurooncol
2014;118:395–404.
[16] Shih KC, Shastry M, Williams JT, et al. Successful treatment with dabrafenib
(GSK2118436) in a patient with ganglioglioma. J Clin Oncol 2014;32:
e98–e100.
[17] Qin B, Tabbara AK, Delalle I, et al. An enigmatic brainstem posterior fossa
ganglioglioma in an adult. Int J Neurosci 2014;124:704–6.
[18] Gupta K, Orisme W, Harreld JH, et al. Posterior fossa and spinal gangliogliomas
form two distinct clinicopathologic and molecular subgroups. Acta
Neuropathol Commun 2014;2:18.
[19] Donson AM, Kleinschmidt-DeMasters BK, Aisner DL, et al. Pediatric brainstem
gangliogliomas show BRAF(V600E) mutation in a high percentage of cases.
Brain Pathol 2014;24:173–83.
[20] Chappe C, Padovani L, Scavarda D, et al. Dysembryoplastic neuroepithelial
tumors share with pleomorphic xanthoastrocytomas and gangliogliomas BRAF
(V600E) mutation and expression. Brain Pathol 2013;23:574–83.
[21] Rush S, Foreman N, Liu A. Brainstem ganglioglioma successfully treated with
vemurafenib. J Clin Oncol 2013;31:e159–60.
[22] Schindler G, Capper D, Meyer J, 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 Neuropathol 2011;121:397–405.
[23] Dougherty MJ, Santi M, Brose MS, et al. Activating mutations in BRAF
characterize a spectrum of pediatric low-grade gliomas. Neuro Oncol
2010;12:621–30.
[24] Meletath SK, Pavlick D, Brennan T, et al. Personalized treatment for a patient
with a BRAF V600E mutation using dabrafenib and a tumor treatment fields
device in a high-grade glioma arising from ganglioglioma. J Natl Compr Canc
Netw 2016;14:1345–50.
[25] Mandel JJ, Goethe EA, Patel AJ, et al. Newly diagnosed ganglioglioma in an
adult patient with multiple sclerosis. J Neurol Sci 2016;369:51–2.
[26] Martinez-Ricarte F, Martinez-Saez E, Cicuendez M, et al. Atypical
ganglioglioma with BRAF V600E mutation: a case report and review of the
literature. Rev Neurol 2016;62:455–9.
[27] Cicuendez M, Martinez-Saez E, Martinez-Ricarte F, et al. Combined
pleomorphic xanthoastrocytoma-ganglioglioma with BRAF V600E mutation:
case report. J Neurosurg Pediatr 2016;18:53–7.
[28] Lucas Jr JT, Huang AJ, Mott RT, et al. Anaplastic ganglioglioma: a report of three
cases and review of the literature. J Neurooncol 2015;123:171–7.
[29] Jeyapalan JN, Doctor GT, Jones TA, et al. DNA methylation analysis of paediatric
low-grade astrocytomas identifies a tumour-specific hypomethylation
signature in pilocytic astrocytomas. Acta Neuropathol Commun 2016;4:54.
[30] Pathak P, Kumar A, Jha P, et al. Genetic alterations related to BRAF-FGFR genes
and dysregulated MAPK/ERK/mTOR signaling in adult pilocytic astrocytoma.
Brain Pathol 2017;27:580–9.
[31] Faulkner C, Ellis HP, Shaw A, et al. BRAF fusion analysis in pilocytic
astrocytomas: KIAA1549-BRAF 15–9 fusions are more frequent in the midline
than within the cerebellum. J Neuropathol Exp Neurol 2015;74:867–72.
[32] Kleinschmidt-DeMasters BK, Donson AM, Vogel H, et al. Pilomyxoid
astrocytoma (PMA) shows significant differences in gene expression vs.
pilocytic astrocytoma (PA) and variable tendency toward maturation to PA.
Brain Pathol 2015;25:429–40.
[33] Ho CY, Mobley BC, Gordish-Dressman H, et al. A clinicopathologic study of
diencephalic pediatric low-grade gliomas with BRAF V600 mutation. Acta
Neuropathol 2015;130:575–85.
[34] Bannykh SI, Mirocha J, Nuno M, et al. V600E BRAF mutation in pilocytic
astrocytoma is associated with a more diffuse growth pattern but does not
confer a more aggressive clinical behavior. Clin Neuropathol 2014;33:388–98.
[35] Shankar GM, Lelic N, Gill CM, et al. BRAF alteration status and the histone
H3F3A gene K27M mutation segregate spinal cord astrocytoma histology. Acta
Neuropathol 2016;131:147–50.
[36] Sasaki T, Saito R, Kumabe T, et al. Transformation of adult cerebellar pilocytic
astrocytoma to glioblastoma. Brain Tumor Pathol 2014;31:108–12.
[37] Kanoke A, Kanamori M, Kumabe T, et al. Metachronous, multicentric glioma of
pilocytic astrocytoma with oligodendroglioma-like component and
oligodendroglioma through distinct genetic aberrations. J Neurosurg
2013;118:854–8.
[38] Ida CM, Lambert SR, Rodriguez FJ, et al. BRAF alterations are frequent in
cerebellar low-grade astrocytomas with diffuse growth pattern. J Neuropathol
Exp Neurol 2012;71:631–9.

Downloaded for Anonymous User (n/a) at Italian Hospital of Buenos Aires from ClinicalKey.com by Elsevier on August 14, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

Y. Sugiura, M. Nagaishi / Journal of Clinical Neuroscience 66 (2019) 196–201
[39] Dahiya S, Yu J, Kaul A, et al. Novel BRAF alteration in a sporadic pilocytic
astrocytoma. Case Rep Med 2012;2012:418672.
[40] Forshew T, Tatevossian RG, Lawson AR, et al. Activation of the ERK/MAPK
pathway: a signature genetic defect in posterior fossa pilocytic astrocytomas. J
Pathol 2009;218:172–81.
[41] Hsiao SJ, Karajannis MA, Diolaiti D, et al. A novel, potentially targetable
TMEM106B-BRAF fusion in pleomorphic xanthoastrocytoma. Cold Spring Harb
Mol Case Stud 2017;3:a001396.
[42] Migliorini D, Aguiar D, Vargas MI, et al. BRAF/MEK double blockade in
refractory
anaplastic
pleomorphic
xanthoastrocytoma.
Neurology
2017;88:1291–3.
[43] Hong CS, Wang JL, Dornbos 3rd D, et al. BRAF-Mutated Pleomorphic
Xanthoastrocytoma of the Spinal Cord with Eventual Anaplastic
Transformation. World Neurosurg 2017;98(871):e9–e15.
[44] Jiang YF, Liu Y, Wang YL, et al. Angiomatous pleomorphic xanthoastrocytoma:
a case report and literature review. Diagn Pathol 2016;11:73.
[45] Lohkamp LN, Schinz M, Gehlhaar C, et al. MGMT promoter methylation and
BRAF V600E mutations are helpful markers to discriminate pleomorphic
xanthoastrocytoma from giant cell glioblastoma. PLoS ONE 2016;11:
e0156422.
[46] Usubalieva A, Pierson CR, Kavran CA, et al. Primary meningeal pleomorphic
xanthoastrocytoma with anaplastic features: a report of 2 cases, one with
BRAF(V600E) mutation and clinical response to the BRAF inhibitor dabrafenib.
J Neuropathol Exp Neurol 2015;74:960–9.
[47] Takei H, Rouah E, Bhattacharjee MB. Cerebellar pleomorphic
xanthoastrocytoma in a patient with neurofibromatosis type 1: a case report
and literature review. Int J Clin Exp Pathol 2015;8:7570–4.
[48] Hofer S, Berthod G, Riklin C, et al. BRAF V600E mutation: a treatable driver
mutation in pleomorphic xanthoastrocytoma (PXA). Acta Oncol
2016;55:122–3.
[49] Das S, Yip S, Hukin J, et al. Pleomorphic xanthoastrocytoma of the spinal cord:
case report and literature review. Clin Neuropathol 2014;33:190–6.
[50] Murray JC, Donahue DJ, Malik SI, et al. Temporal lobe pleomorphic
xanthoastrocytoma and acquired BRAF mutation in an adolescent with the
constitutional 22q11.2 deletion syndrome. J Neurooncol 2011;102:509–14.
[51] Dias-Santagata D, Lam Q, Vernovsky K, et al. BRAF V600E mutations are
common in pleomorphic xanthoastrocytoma: diagnostic and therapeutic
implications. PLoS ONE 2011;6:e17948.
[52] Aisner DL, Newell KL, Pollack AG, et al. Composite pleomorphic
xanthoastrocytoma-epithelioid glioneuronal tumor with BRAF V600E
mutation - report of three cases. Clin Neuropathol 2014;33:112–21.

201

[53] Tanaka S, Nakada M, Nobusawa S, et al. Epithelioid glioblastoma arising from
pleomorphic xanthoastrocytoma with the BRAF V600E mutation. Brain Tumor
Pathol 2014;31:172–6.
[54] Lee EQ, Ruland S, LeBoeuf NR, et al. Successful treatment of a progressive BRAF
V600E-mutated anaplastic pleomorphic xanthoastrocytoma with vemurafenib
monotherapy. J Clin Oncol 2016;34:e87–9.
[55] Schmidt Y, Kleinschmidt-DeMasters BK, Aisner DL, et al. Anaplastic PXA in
adults: case series with clinicopathologic and molecular features. J Neurooncol
2013;111:59–69.
[56] Breton Q, Plouhinec H, Prunier-Mirebeau D, et al. BRAF-V600E
immunohistochemistry in a large series of glial and glial-neuronal tumors.
Brain Behav 2017;7:e00641.
[57] Chamberlain MC. Salvage therapy with BRAF inhibitors for recurrent
pleomorphic xanthoastrocytoma: a retrospective case series. J Neurooncol
2013;114:237–40.
[58] Nguyen AT, Colin C, Nanni-Metellus I, et al. Evidence for BRAF V600E and
H3F3A K27M double mutations in paediatric glial and glioneuronal tumours.
Neuropathol Appl Neurobiol 2015;41:403–8.
[59] Alexandrescu S, Korshunov A, Lai SH, et al. Epithelioid glioblastomas and
anaplastic epithelioid pleomorphic xanthoastrocytomas-same entity or first
cousins? Brain Pathol 2016;26:215–23.
[60] Yamada S, Kipp BR, Voss JS, et al. Combined ‘‘Infiltrating Astrocytoma/
Pleomorphic Xanthoastrocytoma” Harboring IDH1 R132H and BRAF V600E
Mutations. Am J Surg Pathol 2016;40:279–84.
[61] Bertrand A, Rondenet C, Masliah-Planchon J, et al. Rhabdoid component
emerging as a subclonal evolution of paediatric glioneuronal tumours.
Neuropathol Appl Neurobiol 2018;44:224–8.
[62] Koelsche C, Sahm F, Wohrer A, et al. BRAF-mutated pleomorphic
xanthoastrocytoma is associated with temporal location, reticulin fiber
deposition and CD34 expression. Brain Pathol 2014;24:221–9.
[63] Dimitriadis E, Alexiou GA, Tsotsou P, et al. BRAF alterations in pediatric low
grade gliomas and mixed neuronal-glial tumors. J Neurooncol
2013;113:353–8.
[64] Pekmezci M, Villanueva-Meyer JE, Goode B, et al. The genetic landscape of
ganglioglioma. Acta Neuropathol Commun 2018;6:47.
[65] Lin A, Rodriguez FJ, Karajannis MA, et al. BRAF alterations in primary glial and
glioneuronal neoplasms of the central nervous system with identification of 2
novel KIAA1549:BRAF fusion variants. J Neuropathol Exp Neurol
2012;71:66–72.

Downloaded for Anonymous User (n/a) at Italian Hospital of Buenos Aires from ClinicalKey.com by Elsevier on August 14, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

