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Abstract

Mesial temporal lobe epilepsy (MTLE) is a common cause of seizures, and hippocampal sclerosis (HS) is the pre-
dominant subtype. BRAFV600E mutations in MTLE-HS have only been reported infrequently. Herein, we illustrate
the neurologic, radiological, and histopathological details of a patient with MTLE-HS and BRAFV600E mutant
neurons. A 31-year-old male with medically refractory epilepsy presented with magnetic resonance imaging
(MRI) and electroencephalography (EEG) findings typical of mesial temporal sclerosis without a mass lesion. The
surgical specimens showed ILAE Type 1 HS with neurons immunopositive for BRAFV600E mutant protein
distributed along the Cornu Ammonis (CA) curvature. Instead of the normal mostly perpendicular orientation of
pyramidal neurons relative to the hippocampal surface, the BRAF mutant neurons were often oriented in a
parallel manner. On CD34 immunostaining, sparse clusters or nodules of CD34+ stellate cells and single
immunopositive stellate cells were identified. BRAFV600E or CD34 immunopositive cells were less than 1 % of
total cells. The patient responded well to surgery with no further seizures after 2 years and occasional auras.
Hippocampal BRAF mutant non-expansive lesion (HBNL) has been used to describe such lesions with preserved
cytoarchitecture and without overt tumor mass. Others may argue for the dual pathology of HS with early
ganglioglioma. Whether pre-neoplastic lesions or early tumors, these cases are important for understanding
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early glioneuronal tumorigenesis and suggest that BRAFV600E studies should be routinely performed on MTLE-
HS cases in the setting of clinical trials. With next-generation sequencing, a FANCL deletion was detected in
almost half of the alleles in our case, suggesting that many of the histologically normal-appearing cells of the
hippocampus contain this alteration. FANCL mutations can result in cytogenetic anomalies and defective DNA
repair and therefore may underlie the development of a low frequency BRAF alteration.
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Abbreviations

CA - Cornu Ammonis; EEG - Electroencephalog-
raphy; FANCL - Fanconi Anemia Complementation
Group L; GTC- Generalized Tonic-Clonic; HBNL -
Hippocampal BRAF mutant non-expansive lesion;
HS - Hippocampal Sclerosis; IHC- Immunohisto-
chemistry; ILAE - International League Against Epi-
lepsy; IPI - Inciting Precipitating Injury; LEATS - Low-
grade Epilepsy-Associated Tumors; MRI - Magnetic
Resonance Imaging; MTLE - Mesial Temporal Lobe
Epilepsy; PCR - Polymerase Chain Reaction; PLNTY -
polymorphous low-grade neuroepithelial tumor of
the young; sEEG - stereoelectroencephalography;
T1 MP-RAGE - T1-weighted Magnetization Prepared
- RApid Gradient Echo; T2/FLAIR - T2-weighted-
Fluid-Attenuated Inversion Recovery.

Introduction

Among the various causes of epilepsy, mesial
temporal lobe epilepsy (MTLE) is noteworthy for its
variability in presentation and resistance to anti-
epileptic drug treatment.’ While MTLE has myriad
etiologies, including focal cortical dysplasia, vascular
lesions, tumors, and ischemia, hippocampal sclero-
sis (HS) remains the most common.* The natural his-
tory of this entity classically involves an inciting pre-
cipitating injury (IP1) and subsequent development
of epilepsy after a variable latency period.! The dis-
ease is heterogeneous in clinical presentation,
response to therapy, ictal semiology, and ictal elec-
troencephalography (EEG).> Similarly, the histo-
pathological findings are diverse and include differ-
ent patterns of granule cell layer alterations, neu-
ronal loss, and gliosis in different regions of the
hippocampus and amygdala.® In 2013, the Interna-
tional League Against Epilepsy (ILAE) defined several
patterns of HS: Type 1 involves severe neuronal loss
and gliosis in the Cornu Ammonis (CA) 1 and 4

regions; Type 2 involves neuronal loss and gliosis
predominantly in CAl; and Type 3 involves loss
mainly in CA4.”2 The fourth category, no-HS, shows
reactive gliosis without neuron loss.® Immunohisto-
chemistry (IHC) for CD34 may highlight multipolar or
stellate cells. In a very small fraction of HS cases,
BRAFV600E immunostaining of neurons with cytoar-
chitectural preservation of the hippocampus has
been reported and named BRAF+ HS or hippocampal
BRAF mutant nonexpansive lesion (HBNL).®°® How-
ever, this entity is controversial, as some consider
such lesions to represent dual pathology (hippocam-
pal sclerosis with ganglioglioma) and requires
further study.

Prior studies have searched for associations
between histopathology, IHC, clinical features, and
outcomes in patients with MTLE-HS; these suggest
that different histopathological patterns may be
linked to outcomes after surgery.”*° Based on lim-
ited early data, patients with BRAF mutant HS may
have good seizure control with surgery, and diagnos-
tic criteria to distinguish HBNL from existing BRAF
mutant brain tumors have been proposed.® In this
report, we discuss the clinical and histopathologic
findings in the case of a young male patient with
MTLE-HS, whose resected tissue demonstrates ILAE
Type 1 HS with neurons that are immunopositive for
BRAFV600E (BRAFV600E+). We also argue that there
is value in routine BRAFV600E testing of tissues in
MTLE-HS clinical trials.

Case Presentation

A 31-year-old right-handed male with a five-
year history of focal epilepsy refractory to medical
management presented to the Comprehensive Epi-
lepsy Center for advanced monitoring and surgical
planning. The patient’s seizures developed shortly
after undergoing surgery for the removal of a bone
spur that was complicated by a deep vein throm-
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bosis requiring anticoagulation. The initial semiol-
ogy included focal seizures with impaired awareness
and generalized tonic-clonic (GTC) seizures with
rightward head turn. Although the GTC seizures
were controlled with valproic acid and lacosamide,
he continued to have focal seizures without im-
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paired awareness and failed a trial of levetiracetam.
These seizures began with a sensation of déja vu,
followed by hyperventilation and oral automatisms.
Magnetic resonance imaging (MRI) showed left
hippocampal hyperintensity and mild volume loss,
consistent with left mesial temporal lobe sclerosis,

Figure 1. Preoperative coronal MRI at the level of the hippocampal body (A) T1 MP-RAGE demonstrating left hippocampal atrophy and
architectural distortion, and (B) T2/FLAIR showing abnormal hyperintense signal with atrophy and associated widening of the temporal
horn (right arrowhead) and choroid fissure (left arrowhead). Postoperative axial T2 (C) MRI at the level of the pons demonstrating
postoperative changes following left anterior temporal lobectomy and (D) T2/FLAIR at the level of the mesencephalon showing abnormal
hyperintense signal in the residual left hippocampal tail.
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without evidence of mass lesion (Figure 1). After
two unsuccessful attempts at electrographically
characterizing seizures with noninvasive EEG, the
patient underwent stereoelectroencephalography
(sEEG) implantation, which localized the seizures to
the left temporal lobe. A Wada test demonstrated
the dominance of the left hemisphere for language
and the right for memory. The case was discussed at
the multidisciplinary epilepsy clinic, and after
patient consent was obtained for surgery and
involvement in research, he underwent left craniot-
omy for temporal lobectomy and amygdalohippo-
campectomy. The procedure was uncomplicated,
and the patient went home on postoperative day 1.
A neuropsychological evaluation performed 11
months after surgery showed improvement in
measures of verbal memory and a cognitive profile
essentially within normal limits. Two years after
surgery, the patient has had occasional episodes of
dysmnesic phenomena (déja vu auras) but has not
had any seizures, corresponding to Engel class IB
(Supplementary Figure 1).

Pathology

Surgical specimens of the temporal lobe, amygdala,
and hippocampus were submitted. Immunostaining
for NeuN highlighted the relative paucity of neurons
in the CA1 and CA4 regions consistent with HS ILAE
Type 1 (Figure 2A). Granule cell dispersion was pre-
sent. Chromogranin immunostaining showed a sim-
ilar pattern of regional neuronal loss. In the patient’s
specimen, neurons of the CA1 and CA2 regions were
often oriented parallel to the ventricular surface
(Figure 2B—G) instead of the normally predominant
perpendicular orientation, giving a streaming
appearance. Occasional scattered BRAFV600E+ cells
that have the morphology of neurons were present
in the CA, most prominently in the CA4 and CA3
regions but represented less than 1% of cells. In
CA2/CA3, BRAF+ neurons also tended to have a
parallel streaming orientation (Figure 2D). There
were far more NeuN immunopositive neurons than
BRAF mutant neurons. Hypertrophic and dys-
morphic neurons were identified (Figure 2E-F).
A curvilinear distribution of BRAF mutant neurons
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mimics the usual neuroanatomic architecture of the
CA (Figure 2G). In the amygdala specimen that also
had dentate gyrus of the hippocampus, there were
a few scattered BRAFV600E+ neurons. A section of
the temporal lobe did not show any BRAFV600E
immunoreactivity. In the dentate gyrus, the
BRAFV600E+ neurons were sparse and retained
the perpendicular orientation of their many
immunonegative peers (Figure 2H). BRAFV600E+
threads, probably reflecting neurites, were few, but
in some areas were abundant and excessive for
what might be anticipated relative to the observed
neuronal soma (Figure 2G, 21). CD34 immunostain-
ing of the hippocampus-stained blood vessels was
otherwise largely negative except for sparse foci of
CD34 immunopositive (CD34+) stellate cells present
as loose or nodular aggregates, or single cells (Figure
2)-L). CD34+ cells are less than 1% of cells.
GFAP immunostaining showed extensive reactive
astrocytosis (Figure 2M). Neurofilament highlighted
occasional pyramidal neurons and abundant axonal
injury characterized by variably thickened axons
with spindled expansions, torpedoes or spheroids in
the hippocampus (Figure 2N). Synaptophysin
immunostaining demonstrated strong staining of
the brain neuropil with scattered immunopositive
neurons. The Ki-67 proliferation index was very
low with only rare scattered immunoreactive nuclei.
An IDH1 R132H immunostain was negative. We
attempted two BRAFV600E polymerase chain reac-
tion (PCR) assays which did not detect a BRAF alter-
ation. We then attempted next-generation sequenc-
ing that also did not detect a BRAF alteration but did
detect a Fanconi Anemia Complementation Group L
(FANCL) deletion in 48.5 % of alleles. The frequency
of the BRAF V600E+ neurons in our case is very low
estimated at less than 1 % and our PCR testing can
only detect reliably at the 20—40 % or above mutant
allele level, while our next-generation sequenc-
ing detects down to ~5% mutant alleles. The
BRAFV600E immunohistochemistry is robust as
routine use produces clean staining and, in the
setting of tumors with abundant BRAFV600E+ tumor
cells, the immunostaining is corroborated by posi-
tive PCR findings.
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Figure 2. A. NeuN immunostaining highlights the loss of neurons in the CA1 and CA4 regions of the hippocampus. (20X). B. In the CA1 and
subiculum, residual pyramidal neurons often stream in parallel to the ventricular surface rather than being mostly oriented in the typical
perpendicular orientation. (H&E 200X). C. NeuN immunostained CA1 neurons are oriented parallel to the ventricular surface lined by
ependymal cells. E = Ependymal lining of ventricle. (200X). D. BRAFV600E+ neurons in the stratum radiatum of the CA3 region. (200X).
E. Occasional neurons may be large and, in this case, dysmorphic with an ovoid or swollen appearing soma and abnormal distribution of
basophilic Nissl substance. (H&E 400X). F. Two pyramidal neurons show lumpy cytoplasmic contours, reminiscent of popcorn. A variably
thickened neuritic process (asterisk) is also present. (NeuN 400X). G. BRAFV600E+ neurons in the CA3 region stream in a curvilinear fashion
around a terminus of the dentate (D) gyrus. Many slender, delicate immunopositive “threads” — presumably neuritic processes — are in
the background, including areas without obvious neuronal soma. (200X). H. Only sparse BRAFV600E+ neurons are identified in the dentate
gyrus. (200X). I. Numerous BRAF immunopositive “threads” are seen in this area of CA4. An immunopositive neuron is in the upper image.
Immunonegative neurons are marked by an asterisk (200X). J. Aggregates of CD34+ stellate cells (A) form irregular plaques (200X).
K. CD34, stellate cells may have a “nodular” pattern (N) or may be single (asterisk). (200X). L. The CD34+ stellate cell at higher magnifica-
tion. (400X). M. GFAP immunopositive hypertrophic astrocytes in the dentate gyrus and CA4 region are illustrated. (100X). N. Neurofila-
ment stain shows axonal injury characterized by thickened axons including spheroidal, spindled, or torpedo-shaped expansions. (400X).
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Discussion

MTLE-HS is a heterogeneous syndrome charac-
terized by intractable epilepsy, progressive neuro-
logical changes, and variable histopathology. Alt-
hough MTLE-HS is thought to have a genetic compo-
nent, it classically arises after an IPI, such as trauma,
hypoxia, or febrile seizures, followed by a latent pe-
riod and eventual seizure onset.!* When refractory
to medical management, surgical resection of the
seizure focus can yield favorable short- and long-
term outcomes, including seizure control, seizure
freedom, and improved quality of life.>!* Nonethe-
less, positive response to surgery is not uniform, and
prior studies have reported association of febrile
seizures, hippocampal sclerosis, and certain histo-
pathological patterns with surgical outcomes.*

The ILAE classification system defines types of
HS in temporal lobe epilepsy, according to regions of
hippocampal neuronal loss and gliosis. Type 1 HS is
the most common, features the most severe neu-
ronal loss, and is frequently associated with an IPI
before the age of 5. Histologically, neuronal loss
occurs mostly in the CA1 and CA4 regions.”® Types 2
and 3 are less common and involve predominantly
CA1 and CA4 neuronal loss (with gliosis), respec-
tively. Of all types, Type 2 is most closely associated
with an IP1.%> Lastly, a no-HS pattern involves gliosis
only with no neuronal loss.? Significant interest and
research have been dedicated to describing the clin-
ical correlates and surgical outcomes of different
ILAE subtypes.’®® A retrospective cohort study of
213 patients found that those with Type 1 HS had a
longer duration of epilepsy and older age at the time
of surgical treatment, compared to patients with
Type 2 HS.'® Independent of HS type, greater than
80 % of patients had Engel class | (free of disabling
seizures) outcomes in the short- and long-term.
However, the Type 2 HS patients had better Engel
class la (complete seizure freedom) outcomes than
the Type 1 HS patients.'® In another cohort of 389
patients, there was no detectable correlation be-
tween ILAE HS type and surgical outcome.? A more
recent series of 247 patients reported that Type 1 HS
with hypertrophic neurons in the CA4 was associ-
ated with worse outcomes in both Engel | (freedom
from disabling seizures) and la (complete seizure
freedom) scores.® While our case is Type 1 HS and
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also contains hypertrophic neurons, our patient
remains seizure-free at the latest follow-up.

In addition to the pattern of HS, expression of
CD34, a stem-cell marker of hematopoietic cells
involved in early neurulation and cell function,? has
recently been recognized as a marker that varies
among histological subtypes of MTLE-HS.® CD34 was
previously shown to be useful in the prognostication
of a range of low-grade epilepsy-associated tumors
(LEATSs), including gangliogliomas, dysembryoplastic
neuroepithelial tumors, and multinodular and
vacuolating neuronal tumors.’>?! A retrospective
series of 187 patients identified CD34 expression in
up to half of patients with LEATs.?? In those patients,
CD34 positivity was associated with longer duration
of epilepsy, older age at the time of surgical treat-
ment, and a higher likelihood of achieving complete
tumor resection. The authors also noted that 89 %
of patients with CD34+ histology had drug-resistant
epilepsy and that a slightly higher proportion of
patients with unfavorable seizure outcomes (Engel
class II-1V) were CD34+.%2

CD34 immunoreactivity is not restricted to glio-
neuronal neoplasms. A study by Calderon-Garcidu-
enas et al.° described the distribution and clinical
correlates of CD34 in a large series of surgically
treated MTLE-HS patients. They reported that 17 %
(40/236) of their MTLE-HS cases had CD34+ stellate
cells. These CD34+ cells could form a “nodule” or
exist as scattered single cells. Type 1 HS was least
likely to express CD34 compared to other types.
CD34+ stellate cells were more frequently found in
Type 2 HS and non-HS cases (i.e., gliosis only), while
a CD34+ nodular pattern was more frequently found
in Type 3 HS and non-HS cases and was associated
with dysmnesic auras. Nodular aggregates were
noted in our case and the patient does have dys-
mnesic auras. The authors found that CD34+ stellate
cells were associated with a trend towards better
postsurgical outcomes and speculate that CD34+
cells may represent epileptogenic seizure foci cura-
ble by surgery.® Interestingly, our patient presented
with the less common combination of Type 1 MTLE-
HS with a few nodules of CD34+ stellate cells. He
responded favorably to surgical treatment and,
while he still has occasional auras, he remains
seizure-free after 2 years.
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Of particular interest in our patient is the
detection of phenotypic neurons with BRAFV600E
immunopositivity. BRAF is a serine/threonine kinase
involved in the Ras/MAPK signaling pathway, neces-
sary for cellular division and differentiation.
BRAFV600E mutations are among the most common
Ras/MAPK pathway abnormalities driving human
neoplasms.?® BRAFV600E mutations have been iden-
tified in the histopathology of many tumors, includ-
ing LEATs,?** but have also been reported in a
significant subset of MTLE-HS.® Determination of
BRAF mutation status has been made easier by the
advent of mutation-specific monoclonal antibodies,
replacing the time- and resource-intensive genetic
sequencing.?® Neither PCR nor next-generation
sequencing detected BRAFV600E alterations in our
case, but the frequency of BRAF mutant neurons
was below the threshold of detection by these
modalities. With next-generation sequencing of our
case, a FANCL deletion was detected in almost half
of the alleles. FANCL mutations can lead to cytoge-
netic instability, increased chromosomal breakage
and defective DNA repair among other effects. This
high percentage of mutant allele frequency suggests
that many of the histologically normal/BRAF-
wildtype cells in the hippocampus have the deletion.
We speculate that a FANCL alteration during devel-
opment may have contributed to acquiring a later
BRAF alteration given the very low percentage (less
than 1%) of BRAF immunopositive cells. GWAS
studies have previously shown a linkage between
the FANCL locus and epilepsy.?’

BRAFV600E is associated with a variety of
tumors including brain tumors, but it also has been
reported in pre-neoplastic or dysplastic processes
such as cutaneous nevi, serrated polyps, and cortical
dysplasia.?®*29 A variety of BRAF alterations, includ-
ing several in the kinase domain region that codon
600 lies within, are associated with epilepsy and
cortical dysplasia in patients with Cardiofaciocuta-
neous syndrome.?° CD34+ cells are well described in
glioneuronal tumors but also in cortical dyspla-
sia,?®2% and in about 17 % of hippocampal sclerosis
cases.® Accordingly, the BRAFV600E and CD34
immunopositivity in our case should not be consid-
ered specific for tumor, but can also be seen in
dysplastic or pre-neoplastic processes.
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In their cohort, Calderon-Garciduenas et al.
identified 5 out of 236 cases (2 %) of MTLE-HS with
CD34+ cells and BRAFV600E+ neurons.® Three of
these cases exhibited the nodular CD34+ pattern,
and 2 were CD34+ scarce. There were no neoplasms
seen in these 5 patients, suggesting that BRAFV600E
mutations may predispose to epilepsy in the
absence of overt tumorigenesis.® In that report,
BRAF+ HS was the proposed nomenclature. In a
follow-up study from the same group, Lerond et al.®
used the designation of hippocampal BRAF-mutant
non-expansive lesion (HBNL) and described similar
findings in the neocortex. In 28 CD34 negative cases
of HS, no BRAF mutant neurons were identified. In
contrast, 20% of 25 CD34+ MTLE-Koh et al.??
showed that somatic BRAFV600E mutations led to
intrinsic epileptogenic activity in mice neurons and
concluded that BRAF mutations in progenitor neu-
rons during embryonic development predispose to
epilepsy-associated diseases. Moreover, a case
series of 20 patients with LEATs found that BRAF
mutations were not only present in tumor cells but
also in the dysplastic neurons aHS cases were BRAF
mutant and therefore designated as HBNL. Lerond
et al.’ raised the question of other MAPK alterations
besides BRAF in the CD34+ BRAF wildtype cases.

Research in mouse models has implicated
BRAFV600E mutations in neuronal hyperexcitabil-
ity3! and epileptogenic activity.3? In 2018, ssociated
with these tumors, further supporting the hypothe-
sis that common BRAF-mutated progenitors may
produce dysplastic neurons that accompany the
neoplastic dysplasia.?® Lerond et al showed that
interictal-like discharges can be detected in HBNL
hippocampal slices but that the spatial and
discharge patterns differed from BRAF wildtype
MTLE-HS cases.® In our patient with ILAE Type 1
MTLE-HS and immune expression of CD34 and
BRAFV60OE, it is reasonably likely that these histo-
pathological findings correlate with hyperexcitable
neurons promoting epileptogenesis, and their
resection may be associated with long-term seizure
freedom.

In addition to its utility as a predictor of disease
pathogenesis and clinical presentation, BRAFV600E
may represent a potential target for emerging phar-
macologic agents.?*3 BRAF inhibitors, such as
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vemurafenib and dabrafenib, are commonly and
successfully used to treat BRAFV600E+ melanoma.3*
Remarkably, emerging rodent data has applied BRAF
inhibitors to BRAFV600E+ epileptic disease with
promising results. In their study, Koh et al.?? noted
that intraventricular injections of vemurafenib in
mice with BRAFV600E mutations alleviated epileptic
seizures. Oral administration of the drug, however,
yielded no benefit, perhaps due to its poor blood-
brain barrier penetrance. Trials are currently under-
way to explore the efficacy of these drugs in treating
BRAFV600E-associated gliomas in human subjects.

There remains the unsettled question of
whether the BRAF mutant cells in MTLE-HS reflect a
benign dysplastic state that has the potential to be
converted by additional alterations into a neoplasm,
an early stage of a developing neoplasm that would
have continued to progress without surgical inter-
vention or a forme fruste wherein a developing
neoplasm is effectively frozen before forming a
radiologically detectable mass, for example by
oncogenic senescence. Lerond et al.3? suggested the
presence of somatic mosaicism given the absence of
detectable BRAFV600E alterations in the temporal
lobe of some of their hippocampus mutant cases.
A BRAFV600E immunostaining of the temporal lobe
in our cases is negative but this is a limited assess-
ment of the temporal lobe specimen, which con-
sisted of multiple blocks of tissue. At a practical
level, we were initially uncertain as to whether clas-
sify the lesion as a BRAF mutant HS or as HS associ-
ated with a BRAF mutant neoplasm. The lack of a
radiological mass, mild hippocampal volume loss by
MRI, localization of BRAF mutant cells in a curvilin-
ear distribution that approximated the usual CA
cytoarchitecture, and the low Ki-67 index led us to
favor the designation of a BRAFV600E+ HS conso-
nant with the preliminary nomenclature at that
time.® The parallel streaming pattern raises the
question of aberrant neuronal migration akin to
classical cortical dysplasia. Given the unclear nature
of our case, the most recently proposed nosology of
HBNL, which is a descriptive, neutral term that does
not ascribe a non-neoplastic or neoplastic etiology
may be appropriate.® Our case could reflect dual
pathology (hippocampal sclerosis and a ganglion cell
neoplasm) though that may require postulating
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migration of mutant neoplastic neurons along the
curvature of the CA. We did not identify diagnostic
features of a variety of tumor entities that may be
CD34+ and BRAF+ such as polymorphous low-grade
neuroepithelial tumor of the young (PLNTY), pleo-
morphic xanthoastrocytoma, multinodular and
vacuolated neuronal tumor, and dysembryoplastic
neuroepithelial tumor. The major concern for our
case was to exclude a gangliocytoma or a gangliogli-
oma. Based on a limited number of cases, it has been
proposed that diffuse sheets of CD34+ cells are
more typical of PLNTY and ganglioglioma than for
HBNL wherein single scattered CD34+ cells are
common®. The nodular CD34+ pattern was not
included as a distinguishing feature.® In addition to
the aforementioned radiologic, cytoarchitectural
and other histopathologic features, our case only
had sparse CD34+ nodules and scattered cells and
did not have sheets of such cells, overall favoring
an HBNL by the published preliminary criteria.

Conclusion

We provide details of a case of ILAE Type 1
MTLE-HS with BRAFV600E+ neurons and CD34+
stellate cells. We describe a general parallel orienta-
tion of many CA neurons relative to the ventricular
surface including BRAF mutant ones. BRAF mutant
neurons are not restricted to the stratum pyrami-
dale but may be more prominent in the stratum
radiatum and strata lucidum. Whether this parallel
streaming pattern is typical of HBNL, or an incon-
stant coincidental dysplastic feature or migration of
neoplastic cells requires further research. Additional
study is required to better understand the nature of
this finding as to whether it is a pre-neoplastic or
early neoplastic state or even a forme fruste of a
glioneuronal tumor. Nevertheless, these HBNL cases
are important as they likely provide a very important
glimpse of the early genesis of glioneuronal tumors.
Such cases may be missed as BRAFV600E studies are
not routinely obtained on HS cases and tumor may
be radiologically and histologically inapparent as in
our case. Since only approximately 2 % of MTLE-HS
cases will have this alteration, it may not be cost-
effective to routinely test for BRAFV600E alterations
in the community. However, major epilepsy centers
that perform relevant MTLE research as well as
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clinical trials involving MTLE-HS patents should
consider doing so routinely.
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