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mutation: A case report and review of literature
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A 17-year-old female complained of lower extremity pain
that progressed to low back pain accompanied by para-
paresis. Magnetic resonance imaging revealed a mass in
the conus medullaris of the spinal cord at the thoracic
spine 11–12 level. The patient underwent resection of the
mass. The pathological diagnosis was anaplastic astrocy-
toma based on the densely proliferating astrocytic tumor
cells without necrosis or microvascular proliferation.
The patient received chemoradiotherapy with oral
temozolomide and a total of 54 Gy of local irradiation,
followed by 24 courses of temozolomide as maintenance
chemotherapy. The patient survived for 8 years without
tumor recurrence following the initial treatment. Genetic
analysis of the tumor revealed a BRAF V600E mutation
that has not yet been reported in spinal cord high-grade
gliomas (HGGs). In recent years, the molecular therapy
targeting the BRAF V600E mutation has been applied in
clinical practice for several cancer types. Although the fre-
quency in spinal cord HGGs is uncertain, it is necessary to
investigate BRAF V600E mutation as a potential thera-
peutic target in the future.
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INTRODUCTION

B-type Raf (BRAF) is a component of the mitogen-
activated protein kinase (MAPK) pathway that regulates
cell growth, proliferation, and differentiation.1,2 The activa-
tion of mutations in BRAF cause abnormal cell growth,
which can lead to tumorigenesis. A missense mutation in
BRAF results in a change at codon 600 that substitutes

glutamine for valine (BRAF V600E), as detected in several
types of low-grade gliomas (LGGs), including pleomorphic
xanthoastrocytomas (PXAs), gangliogliomas (GGs), and
supratentorial pilocytic astrocytomas (PAs).3 In compari-
son, BRAF V600E mutation is rare in intracranial high-
grade gliomas (HGGs), which account for 1.7%–6.3% of
cases.3–6 In spinal cord gliomas, BRAF alterations including
the V600E mutation, copy number gain, and fusion are fre-
quently detected in LGGs,7–9 whereas the missense muta-
tion resulting in the substitution of methionine for lysine at
residue 27 of the H3 histone family member 3A (H3F3A
K27M) is frequently detected in HGGs.7,9–12 Although sev-
eral cases of spinal cord LGGs harboring BRAF V600E
mutations have been reported,5,13–16 there has been no
report of BRAF mutations in spinal cord HGGs. Here, we
report a rare case of spinal cord anaplastic astrocytoma
harboring a BRAF V600E mutation.

CLINICAL SUMMARY

A 17-year-old female presented with lower extremity pain,
which progressed to low back pain and paraparesis over
6 months. A lumbar magnetic resonance imaging (MRI)
performed at the previous hospital revealed a mass in the
conus medullaris of the spinal cord; therefore, the patient
was transferred to our department for further manage-
ment. Neurological examinations revealed paraparesis
(grade III in manual muscle testing on bilateral lower
extremities) and hyperactive deep tendon reflexes in the
right ankle and plantar. The lumbar MRI revealed an
intramedullary tumor at the thoracic 11–12 (T11-T12)
level (Fig. 1A–D). The tumor was located on the left side
of the conus medullaris. It showed mixed hyperintensity
on T2-weighted image and isointensity on T1-weighted
image as well as was heterogeneously enhanced with gad-
olinium contrast medium. The patient underwent a tumor
resection via laminectomy at the T11-T12 level. Because
the tumor was not well circumscribed, the surgery
achieved a partial resection, and the postoperative MRI
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revealed residual tumor (Fig. 1E). Following the surgery,
the patient’s leg pain improved and no other symptom
occurred. Under the pathological diagnosis of anaplastic
astrocytoma (World Health Organization (WHO) grade
III), the patient underwent chemotherapy with oral
temozolomide (75 mg/m2/day) and local irradiation with an
overall dose of 54 Gy in 27 fractions. This was followed by
24 courses of temozolomide as maintenance chemotherapy.
The size of the residual tumor decreased during the mainte-
nance chemotherapy. The patient has survived for 8 years
without recurrence following the initial treatment (Fig. 1F).

HISTOPATHOLOGICAL FINDINGS

Hematoxylin and eosin (HE) staining of the surgical speci-
mens demonstrated densely proliferating tumor cells with
swollen nuclei and eosinophilic cytoplasmic processes
(Fig. 2A). No evidence of necrosis, microvascular prolifer-
ation, or epithelioid cells was observed. The immunohisto-
chemical staining of tumor cells was positive for glial
fibrillary acidic protein (GFAP) (Fig. 2B). The Ki-67
labeling index was approximately 10% (Fig. 2C).

GENETIC ANALYSIS

Genomic DNA was extracted from the formalin-fixed,
paraffin-embedded (FFPE) tumor samples using
ReliaPrep™ FFPE gDNA Miniprep System (Promega,
Madison, WI, USA), according to the manufacturer’s

instructions. Two mutation hotspots within the telomerase
reverse transcriptase gene (TERT) promoter—C228T and
C250T—along with mutation hotspots at codon 132 of the
isocitrate dehydrogenase 1 gene (IDH1), codon 172 of
IDH2, codons 27 and 34 of the H3 histone family member
3A gene (H3F3A), codon 27 of the histone cluster 1 H3
family member B gene (HIST1H3B), and codon 600 of
BRAF were screened using Sanger sequencing. Genomic
DNA was amplified via polymerase chain reaction (PCR)
using AmpliTaq Gold® (Thermo Fisher Scientific, MA,
USA) for the TRET promoter and Quick Taq® HS
DyeMix (TOYOBO, Osaka, Japan) for other genes. The
oligonucleotide primers used for amplification are shown
as follows: forward (F) (50-CAGGACCGCGCTTCCCAC-
30) and reverse (R) (50-AGCGCTGCCTGAAACTCG-30)
for TERT promoter (first), F (50-
CACGTGGCGGAGGGACTG-30) and R (50-
AGCGCTGCCTGAAACTCG-30) for TERT promoter
(nested), F (50-TGTGGAAATCACCAAATGGCAC-30)
and R (50-TACAAGTTGGAAATTTCTGGGC-30) for
IDH1, F (50-GGGAGCCCATCATCTGCAAAAA-30)
and R (50-ACAAGAGGATGGCTAGGCGA-30) for
IDH2, F (50-TCAATGCTGGTAGGTAAGTAAGGA-30)
and R (50-GGTTTCTTCACCCCTCCAGT-30) for
H3F3A, F (50-TCGTACTAAACAGACAGCTCGG-30)
and R (50-CGGTAACGGTGAGGCTTTTT-30) for HIS-
T1H3B, and F (50-TGCTTGCTCTGATAGGAAAAT
G30) and R (50-TGATGGGACCCACTCCAT-30) for
BRAF. Cycle sequencings were performed with the
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) using the F and R PCR
primers as sequencing primers.

Among the genes screened, the tumor presented a
BRAF V600E mutation (Fig. 2D). TERT promoter,
IDH1/2, H3F3A, and HIST1H3B were wild-type.

DISCUSSION

To the best of our knowledge, this is the first case of a spi-
nal cord HGG harboring BRAF V600E mutation. BRAF
V600E mutation is commonly detected in malignant mela-
nomas and colorectal, ovarian, and papillary thyroid carci-
nomas.2 With regard to the neoplasms of the central
nervous system, BRAF V600E mutation is frequently
detected in LGGs but rarely in HGGs. Schindler et al.
reported high frequencies of BRAF V600E mutations in
PXAs (66%), GGs (18%), and extra-cerebellar PAs (9%)
in an analysis of 1320 nervous system tumors.5 Although
high frequencies of BRAF V600E mutation in epithelioid
glioblastoma—a rare variant of glioblastoma with an epi-
thelioid feature in pathology—have been reported,6,17,18 a
limited number of HGGs have been detected harboring
this mutation.3–6,19,20

Fig. 1 Findings obtained from the lumbar spinal cord. The MRI
reveals an intradural tumor at the thoracic spine 11–12 level. The
tumor shows mixed hyperintensity on T2-weighted image
(A) and iso-intensity on T1-weighted image (B) as well as being
heterogeneously enhanced with gadolinium contrast medium (C).
The axial image shows the tumor located at the left side of the
conus medullaris (D). The postoperative MRI taken after the sur-
gery reveals no significant change in the enhanced lesion as com-
pared with that before surgery (E). However, MRI taken 8 years
after the initial treatment shows no evidence of residual tumor
except the postoperative changes after 24 courses of
temozolomide as maintenance chemotherapy (F).
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In spinal cord gliomas, BRAF alterations including the
copy number gain of BRAF or BRAF-KIAA1549 fusion
that activate MAPK signaling are frequently detected in
LGGs (WHO grades I and II),7 whereas the H3F3A
K27M mutation is frequently detected in HGGs (WHO
grades III and IV).7,10–12,21 All of the reported spinal
cord gliomas harboring BRAF V600E mutations are
LGGs (Table 1).5,13–16 Among the 24 cases of spinal cord
HGGs investigated, none of them harbored BRAF
V600E mutation (Table 2).7,10,12,22,23 Hence, our case is
the first report of a spinal cord HGG harboring BRAF
V600E mutation.

Recently, molecular therapy targeting the BRAF
V600E mutation has been applied in clinical practice for
malignant melanomas and other types of malignant

Fig. 2 Histopathological findings and genetic analysis. HE staining shows densely proliferating tumor cells with swollen nuclei and
eosinophilic cytoplasmic processes (A). Immunohistochemical staining shows that the tumor cells are positive for GFAP (B). The Ki-67
labeling index is approximately 10% (C). DNA sequencing of BRAF reveals a thymine-to-adenine substitution at nucleotide 1799, indi-
cating BRAF V600E mutation (arrow) (D).

Table 1 Summary of previously reported BRAF V600E muta-
tions in spinal cord gliomas

Authors and year Pathology Age Gender Location

Schindler, 20015 PA ND ND ND
Gessi, 201613 GG 9 M MO-C6

GG 8 M C7-Th2
Hong, 201714 PXA 31 M Th12-L1
Pages, 201815 GG 11 M ND

GG 14 F ND
Garnier, 201916 GG 22 M C3-5

C, cervical; F, female; GG, ganglioglioma; L, lumbar; M, male; MO,
medulla oblongata; ND, not described; PA, pilocytic astrocytoma;
PXA, pleomorphic xanthoastrocytoma; Th, thoracic.
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tumors.24 For intracranial HGGs, the efficacy of BRAF
inhibitors has been reported in laboratory and clinical
studies.25–28 Although genetic analysis has been performed
in several cases of spinal cord HGGs, most reports did not
describe the BRAF V600E.11,21,29 Therefore, the fre-
quency of BRAF V600E mutation in spinal cord HGGs
remains unclear. However, as elucidated from this case,
genetic analysis for BRAF V600E mutation in spinal cord
HGGs would be necessary, considering the potential for
identifying a molecular targeted therapy. In conclusion,
we reported the rare case of spinal cord anaplastic astrocy-
toma harboring a BRAF V600E mutation. This is the first
case of a BRAF V600E mutation detected in a spinal cord
HGG. Although the frequency in spinal cord HGGs is
uncertain, we consider that it is necessary to investigate
BRAF V600E mutation as a potential therapeutic target in
the future.
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