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BACKGROUND Gangliogliomas are well-differentiated, slow-growing glioneuronal neoplasms frequently reported to harbor upregulating alterations in
the mitogen-activated protein kinase pathway, particularly serine–threonine protein kinase B-RAF alterations. Fusions involving neurotrophin tyrosine
receptor kinase (NTRK) genes have rarely been reported in ganglioglioma. Similarly, echinoderm microtubule-associated protein-like (EML) 4 gene
fusion has been described in lung cancer, but none has been reported in ganglioglioma.

OBSERVATIONS This report discusses the care of a 72-year-old man presenting with medication-refractory, left-sided focal seizures who was found to
have a nongadolinium-enhancing, T2-hyperintense, right frontoparietal lesion. The patient received resection, and histological analysis found a World
Health Organization grade I ganglioglioma, with genetic analysis demonstrating an EML4-NTRK3 gene fusion protein.

LESSONS To our knowledge, this is the first report of an NTRK3 fusion, EML4-NTRK3, in an adult ganglioglioma, which is otherwise mostly
associated with BRAF alterations and activation of the mitogen-activated protein kinase signaling pathway. Further studies are needed to elucidate the
function of the resultant fusion protein and determine whether it may serve as a future therapeutic target.

https://thejns.org/doi/abs/10.3171/CASE21645
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Gangliogliomas have been described in the literature as early as
19471 and are classically described as well-differentiated, slow-growing
glioneuronal neoplasms composed of dysplastic ganglion cells and
neoplastic glial cells. They are the most common epilepsy-associated
neoplasm and account for 2% of all primary tumors.2 Although they
are typically histologically low grade, anaplastic transformation of the
glial component can rarely occur.3 They can present at any age,
although most are diagnosed in children and young adults before 30
years of age, with a slight male preponderance.4 They vary radio-
graphically, histologically, and geographically within the central nervous
system (CNS), including supratentorial, infratentorial, and spinal intra-
medullary lesions. Lobar gangliogliomas disproportionately present with
seizures rather than focal neurological deficit or elevated intracranial
pressure. These lesions are histologically defined by dysmorphic gan-
glion cells intermixed with neoplastic glial cells of either astrocytic

(most common) or oligodendroglial (rare) morphology and can contain
eosinophilic granular bodies, Rosenthal fibers, calcifications, and peri-
vascular lymphocytes. Challenges in histological diagnosis have led to
further investigation via genetic profiling of these tumors. Pekmezci
et al. investigated 40 histologically determined gangliogliomas from
1990 to 2017 and found that 90% of these tumors harbored mutations
that upregulate the mitogen-activated protein (MAP) kinase pathway,
with 68% of tumors having serine–threonine protein kinase B-RAF
(BRAF) alterations.2 However, this study did not report any fusions
involving neurotrophin tropomyosin receptor kinase (NTRK) 1, 2, or 3.

Fusions involving NTRK genes have been investigated in glio-
mas, affecting #2% of gliomas with varying tumor histology among
different age groups. Infantile NTRK-fused gliomas have been
shown to have predominately high-grade histology, pediatric NTRK-
fused gliomas typically involve NTRK2 and range from low to high
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histology, and adult NTRK-fused gliomas typically involved NTRK1
and had predominantly high-grade histology.5 An EML4-NTRK3 fusion
was previously reported in a glioma cell line,6 and only one case of an
NTRK fusion, TLE4-NTRK2, has previously been reported in an adult
ganglioglioma.7 Two NTRK2 gene fusions were also recently reported
in pediatric gangliogliomas (one fused to KCTD16 and one to
TRIM24).8 To the authors’ knowledge, this is the first report of an
NTRK3 fusion, EML4-NTRK3, in an adult ganglioglioma, further
expanding the known genetic profile of these CNS tumors.

Illustrative Case
A 72-year-old right-handed man with hypertension, hyperlipid-

emia, diabetes mellitus type 2, squamous cell skin cancer, bladder
cancer, chronic sinusitis, and prior transient ischemic attack was
referred to Moffitt Cancer Center for neurological and neurosurgical
evaluation of recalcitrant focal seizures. The patient had developed
changes in vision and loss of balance approximately 6 months prior to
this evaluation. At that time, head computed tomography and brain
MRI studies revealed a right frontal lesion appearing to be radiologi-
cally most consistent with a low-grade glioma. Outside neurosurgical
evaluation elected observation with 6-month radiographic follow-up due
to a concern for the risk of surgical morbidity. Thereafter, the patient
began to experience intermittent numbness along his left face, arm
and leg that was thought to be focal seizures with postictal left hemi-
body weakness and headaches. He was started on antiepileptic medi-
cation by an outside neurologist with progressive increase in dosage
and number of agents, with decreased seizure frequency but continued
breakthrough episodes. He presented to the authors’ institution for
second surgical opinion after follow-up MRI showed a 3.6 � 3.3 �

3.2-cm expansile cortical lesion in the right frontoparietal region. The
lesion was stable in size, included small cystic components, and dem-
onstrated increased T2-weighted fluid-attenuated inversion recovery
signal without enhancement (Fig. 1). The patient underwent awake
right frontal craniotomy for resection of the lesion with electrocorticogra-
phy, direct stimulation of motor areas, and intraoperative monitoring of
motor/sensory function.

Pathologic evaluation demonstrated mildly atypical glial cells
intermixed with dysmorphic ganglion cells consistent with a ganglio-
glioma, World Health Organization (WHO) grade I (Fig. 2). There
was no mitotic activity, microvascular proliferation, or necrosis.
Immunostaining was positive for GFAP, OLIG2, and CD34 in hyper-
cellular zones. The tumor cells were negative for p53, mutant IDH1
R132H, and BRAF V600E mutant protein. The Ki-67 labeling index
was low (<1%). Genetic analysis with the UCSF500 next-genera-
tion sequencing cancer gene panel demonstrated an EML4-NTRK3
fusion. The patient recovered well postoperatively with resolution of
headaches and seizures and improvement in left-sided strength and
apraxia. He is being managed with serial imaging evaluations.

Discussion
The anticipated 2021 WHO classification of tumors of the CNS

continues to characterize gangliogliomas under the heterogenous
group of “glioneuronal and neuronal tumors,” with known molecular

FIG. 1. Preoperative MRI studies. A: T1-weighted postgadolinium axial
image demonstrating no pathologic enhancement. Axial (B), sagittal
(C), and coronal (D) T2-weighted fluid-attenuated inversion recovery
images.

FIG. 2. Histological sections of the tumor with representative features.
A: Dystrophic neuron (H&E stain, original magnification�200).
B: Hypercellularity (H&E stain, original magnification�200). C: CD341
cell populations (immunohistochemistry stain, original magnification
�200). D: Microcavitations (H&E stain, original magnification�100).
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alterations in BRAF for ganglion cell tumors and various other sig-
nature copy number and gene alterations associated with other glio-
neuronal tumor types.9 Herein, we report the first NTRK3 fusion,
EML4-NTRK3, in an adult ganglioglioma. As additional molecular
signatures become known, it becomes essential for providers to
develop and maintain an understanding of the molecular signaling
pathways to understand how these genetic alterations and their
downstream effectors may be related and how potential novel thera-
peutics alter these signaling pathways.

The TRK Family
NTRK genes (NTRK 1, 2, and 3) encode tropomyosin receptor

kinase (TRK) proteins, including TRKA, TRKB, and TRKC proteins,
which are membrane-bound proteins that dimerize, phosphorylate,
and activate downstream signaling cascades via phospholipase
C-gamma (PLC-g), phosphatidylinositol-3-kinase/protein kinase B
(PI3K/AKT), MAP kinase, and protein kinase C pathways when
bound with neurotrophins; ultimately, this leads to activation of
downstream effectors responsible for neuronal survival and differen-
tiation.10,11 TRK receptors are highly expressed in CNS tissue and
have been shown to play a physiological role in neuronal develop-
ment, proliferation, survival, and synaptic plasticity.12 TRK activation
in cancer has been identified to occur via mutations, splice variants,
TRK overexpression, and, most commonly, NTRK fusions.11 NTRK
fusions typically occur when the 30 sequences of NTRK1, NTRK2,
or NTRK3 (including kinase domain) are juxtaposed to the 50

sequences of a different gene, with most fusion partners harboring
oligodimerization domains. The exact mechanism of oncogenic acti-
vation is unknown; however, the two predominant theories include (1)
the gene partner replacing an autoinhibitory domain and subse-
quently allowing for unrestricted downstream activation of the consti-
tutively active 30 sequence and/or (2) the gene partner actively
promoting and perpetuating downstream cellular activation. Although
initially identified in colorectal and papillary carcinomas, NTRK
fusions have been found in multiple tumor types, including reports of
NTRK113 and NTRK2 fusions7 in gangliogliomas and other glioneuro-
nal tumors.14 Epigenetic regulation via methylation of normal NRTK
genes has been reported as correlating with increasing grade of gli-
oma samples compared to control tissue.15 A wide range of NTRK
gene fusions has been reported in various low- and high-grade adult
CNS malignancies.16

The Echinoderm Microtubule-Associated Protein-Like
Family

Humans express a family of six echinoderm microtubule-associ-
ated protein-like (EML) proteins thought to contribute to the regula-
tion of microtubule assembly during mitosis.17 EML1 to EML4 have
an N-terminal coiled-coil domain, followed by a C-terminal domain
containing a hydrophobic EML protein domain and variable trypto-
phan-aspartic acid repeats;18 these oligomerization domains make
these proteins prime NTRK fusion partners. EML4 was involved in
the first oncogenic fusion discovered in lung cancer as part of an
EML4-ALK (anaplastic lymphoma kinase) fusion identified in non–
small-cell lung cancer,19 and this fusion protein has been exten-
sively studied in non–small-cell lung cancer and found to have
downstream effects via the PLC-g, PI3K, Ras, and JAK3 path-
ways.20–23 Interestingly, the EML4-ALK fusion proteins have both
similar properties shared with their parent proteins, such as microtu-
bule binding and trimerization and kinase activity, as well as unique

properties, such as HSP90 dependence.17 However, the question
“Does EML4 fusion simply remove kinase inhibition, or does it intrinsi-
cally contribute to pathway activation?” remains to be answered.

Observations
To our knowledge, this is the first report of an NTRK3 fusion,

EML4-NTRK3, in an adult ganglioglioma, which is otherwise mostly
associated with BRAF alterations and activation of the MAP kinase
signaling pathway. Although potentially still activating this pathway,
the NTRK pathway can activate downstream signaling cascades via
PLC-g, PI3K/protein kinase B, and protein kinase C pathways. Fur-
ther investigation is needed to better understand how this fusion
participates in oncogenesis. Elucidating the various unique activities
of this fusion protein may help to develop novel therapeutics
against tumors expressing this abnormal protein with less off-target
downstream effects rather than using inhibitors that target ubiqui-
tously expressed TRK proteins.

Lessons
NTRK3 fusion, EML4-NTRK3, is a newly reported gene fusion in

an adult ganglioglioma. Further studies are needed to elucidate the
function of the resultant fusion protein and determine whether it
may serve as a future therapeutic target.
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