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Abstract

Long-term epilepsy associated tumors (LEAT) repre-
sent a well known cause of focal epilepsies. Glioneu-
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ronal tumors are the most frequent histological type
consisting of a mixture of glial and neuronal elements
and most commonly arising in the temporal lobe. Cor-
tical dysplasia or other neuronal migration abnormali-
ties often coexist. Epilepsy associated with LEAT is
generally poorly controlled by antiepileptic drugs while,
on the other hand, it is high responsive to surgical
treatment. However the best management strategy of
tumor-related focal epilepsies remains controversial
representing a contemporary issues in epilepsy sur-
gery. Temporo-mesial LEAT have a widespread epilep-
tic network with complex epileptogenic mechanisms.
By using an epilepsy surgery oriented strategy LEAT
may have an excellent seizure outcome therefore sur-
gical treatment should be offered early, irrespective of
pharmacoresistance, avoiding both the consequences
of uncontrolled seizures as well as the side effects of
prolonged pharmacological therapy and the rare risk of
malignant transformation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Long-term epilepsy associated tumors (LEAT)
represent a frequent cause of focal epilepsies, particu-
larly in children and young adults. Epilepsy associated
with LEAT is generally poorly controlled by antiepileptic
drugs while it is extremely responsive to surgical treat-
ment. Temporo-mesial LEAT have a widespread epilep-
tic network and complex epileptogenic mechanisms.
The best management strategy of tumor-related focal
epilepsies remains controversial representing a contem-
porary issues in epilepsy surgery.

Giulioni M, Marucci G, Martinoni M, Marliani AF, Toni F, Bar-
tiromo F, Volpi L, Riguzzi P, Bisulli F, Naldi I, Michelucci R,
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is ongoing debate on improving consensus for diagnosis
of LEAT between specialized centers™, While LEAT
rarely coexist with hippocampal sclerosis (2%-25% of
cases ) they may often be associated with FCD (40%-80%

223,24.2,34-36
of cases)" !

INTRODUCTION

Brain tumors, mostly low grade tumors, are associated

with epilepsy in more than a half of cases and approxi-
mately 30% of tumor-associated epilepsy are pharmaco-
resistant.

Recent advances in neuroimaging and neurophysiol-
ogy have allowed the recognition of subtle epilepsy-
assoclated focal structural lesions, and have improved our
understanding of the complex functional relevance of
these lesions for seizure generation. Among this group
of lesions the concept of long-term epilepsy associ-
ated tumors (LEAT) describes the wide group of low
grade tumors in patients associated with chronic focal
epilepsy“’ﬂ. Indeed, developmental brain lesions, in pat-
ticular glioneuronal tumors (GNT), often associated with
malformations of cortical development, in particular
focal cortical dysplasia (FCD)“’M
common causes of pharmacologically intractable epi-

, are among the most

lepsy. In the setting of epilepsy surgery a brain tumor is
the second most common cause of focal epilepsym1 and it
could be encountered in approximately 30% of patients
operated on for refractory focal epﬂepsy[s’?’s].

Epilepsy associated-tumor is a debilitating condition,
causing distress and adversely affecting the quality of
life™>",

Epileptic seizure incidence varies according to tu-
mour location and hystotype. Furthermore low-grade

tumors often are more epileptogenic than high-grade tu-
10,12,13,16,18]

mours®

Epilepsy associated with brain tumours can be di-
vided into two groups: tumors without other symptoms
(usually low-grade tumors affecting children or young pa-
tients) or tumors together with neurological deficits (more
frequently high-grade tumours in middle-aged and older
patients)[m].

In the group of epilepsy associated with low grade
tumors it is useful to further distinguish between the pre-
eminence of oncological and epileptic logical aspects. In
the group of the “diffuse low grade glioma” (LGG) the
oncological aspects should prevail according to the pro-
gressive course of the neoplastic brain disease!"">>101,
On the contrary in the group of LEAT, mainly repre-
sented by glioneuronal tumors (GNTs), epilepsy control
should be the main goal“’3’5’8’23’28].

The group of LEAT, is currently enlarging not only
for the recognition of new, often rare, histotypes but also
for the identification of tumors having hybrid and/or
mixed features™”?. The biologic behaviour of LEAT
is generally benign even if some tumors could present
recurrence or malignant transformation™”. New tu-
moral entities have been recently introduced and there
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LONG TERM EPILEPSY ASSOCIATED
TUMORS

The histological characteristics of these tumors influence

their propensity to generate seizures.

Gangliogliomas

Gangliogliomas (GG) are the most common neo-
plasm causing chronic focal epileptic disorders (about
40%)>" GG can occur in any part of the central
nervous system, although the temporal lobe is the most
common location™* followed by the frontal lobe, the
optic pathway, the spinal cord, the brainstem, the cerebel-
lum and the pineal gland.

Dysembryoplastic neuroepithelial tumors
Dysembryoplastic neuroepithelial tumors (DNT) are
grade I WHO tumors with cystic components, described
by Daumas-Duport ez al™ in 1988 as a typically corti-
cal tumor affecting children and young adults with long-
standing, drug-resistant epilepsy. Most frequently DNT
are sited in the cortex of temporal lobe above all at the
temporo-mesial site™*). Rarely DNTs have been de-
scribed in ectopic locations (septum pellucidum and the
caudate nucleus)m in the pons, thalamus, basal ganglia,
cerebellum, third ventricle, and brainstem. Familial occur-
rence of these neoplasms have been described.

Pleomorphic Xanthoastrocytoma

Recently also pleomorphic Xanthoastrocytoma (PXA)
has been considered part of this group of tumors. In
fact, in addition to the astrocytic nature, there is growing
evidence that PXA exhibits some histological, immuno-
phenotypic and ultrastructural neuronal features™"”. Fur-
thermore occasionally, FCD can be associated with PXA.

Papillary glioneuronal tumor

Firstly described by Kim ¢ 2™ 1997, Papillary glioneuronal
tumor (PGNT) most frequently arises in a supratentorial
locationwith rare case showing multilobar involvement!.
At MRI they appear as a cystic enhancing lesion with solid

areas and often a mural nodule. PGNTS affect young adults.

Pilocytic astrocytoma

Supratentorial pilocytic astrocytoma (PA) is frequently
presents with chronic epilepsy. PA ate included within
the common histological entities encountered in seties of

. : [3.530,51]
tumor-associated epilepsy cases .

Diffuse astrocytoma
Diffuse astrocytomas mostly arise in the cerebral hemi-
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spheres of young adults (frontal and temporal cerebral
lobes) and seizures represent one of the most com-
mon symptoms. It has been described in the group of
LEAT™. Some author stated that initial presentation

. . . . 1[30,53
with seizures could influence long-term survival™,

Oligodendroglioma
Oligodendrogliomas usually arise in the cerebral hemi-
spheres of young adults. They belong to LEAT group.

. . 35,30
Seizures represent a common presenting symptom[ ],

Angiocentric gliomas

low grade cerebral tumor mostly affecting children and
young adults and it is more and more frequently identi-
fied in the setting of chronic epilepsym. Angiocentric
gliomas (AG) have a cerebro-cortical location, often with
involvement of the fronto-parietal and temporal lobe.

Extraventricular neurocytoma
This rare entity, may be considered in the spectrum of
GNT associated with focal epilepsym.

LEAT with mixed tumor features

“Hybrid” tumors constituted by mixed forms of ganglio-
glioma and DNT but also PXA and ganglioglioma, PXA
with DNT and, PXA with an oligodendroglioma have
long been recognised, representing an increasing group
of tumors in epilepsy surgical series. Cases where a PA
developed within a DNT, as well as PA grew in combi-
nation with a low-grade oligodendroglioma, have been
noted”*™.

TUMOR SITE

In the setting of low grade tumors associated with epi-
lepsy, diffuse LGG (WHO grade II gliomas) are mainly
found in the insular, fronto-insular, temporo-insular re-
gions (namely paralimbic structures) representing the iso-
mesocortical transition zone™.

Instead, LEAT mainly arise in the temporo-mesial
structures (namely limbic lobe) in the site of allo-iso-
cortical transition, harboring more frequently a neuronal
differentiation maybe due to their proximity to the hip-
pocampal granular layer where neurogenesis during adult
life takes place™ .,

In our findings according with others
the mesial temporal lobe both the lesion and hippocam-
pus seem to be epileptogenic even if there are no other
MRI abnormality (hippocampal sclerosis) and pathologi-

cal examination shows normal findings.

8,26,28,36] [62-65] -

mn

PATHOGENESIS OF TUMOR-
ASSOCIATED SEIZURES

Epileptogenesis of brain tumors depends on the histo-
type and location, even if the complexity of structural
and molecular changes implies a multifactoriality of the
pathogenesis' ****** and may differ according to histolo-
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gies (GNT s diffuse low grade gliornas)[
comprehension of the epileptogenesis in GNT is crucial
to treat effectively pharmacologically intractable epilepsy
(as discussed above) represents the initial, and often the
only, clinical manifestation of the tumor and critically af-
fects the patient’s daily life.

LEAT are often large tumors, with a high propensity
to develop seizures when located in temporal or fron-
tal lobes"””". GNT are composed of peculiar cellular
components with hyperexcitable neurons, functionally
integrated into excitatory circuitries, and neurochemi-
cal characteristics that can be relevant for epileptogen-
esis™. Data provided by intralesional EEG recording
have demonstrated intrinsic epileptogenicity of GG and
DNT""™, In addition, immunocytochemical studies
showing high expression of specific glutamate receptors
(GluR) subtypes suggest a hyperexcitability in the neuro-
nal constituent of GNT">™. An additional mechanism
that can sustain epileptogenesis is related to an unbalance
between excitation and inhibition due to to a prominent
expression of mGluR5 and downregulation of several
gammaaminobutyric acid (GABA-A) a receptor (GABA-
AR) subunits that suggest an impairment of GABAergic
inhibition™". Furthermore, a disturbed ion homeostasis
and transport could represent an additional potential
mechanism leading to increased excitability in GNTP™,

Another potential epileptogenic mechanism is related
to a possible role of inflammation in the pathophysiol-
ogy of human epilepsy™. Proinflammatory molecules
have been shown in experimental models to decrease the
seizure threshold”™™ and may be involved in the genera-
tion of seizures in brain tumors, particularly in GNT™.
Different mechanisms can cause an increment of neuro-
nal excitability, for instance by enhancing the extracellular
glutamate concentrations, as well as modifying the func-
tion of both glutamate and GABA receptors. Further-
more in GNT, particularly in GG, inflammatory changes
have been showed to be associated with evidence of
alterations in blood-brain barrier (BBB), with albumin ex-
travasation and uptake in tumor astrocytes***'. Interest-
ingly, some data have shown also a prominent upregula-
tion of the mTOR pathway, known to be a key regulator
of cellular changes involved in epileptogenesis in GNT,
particularly in GG***,

Several other additional mechanisms have been hy-
pothesized to account for enhanced excitability in GG,
such as for example, hypoxia and acidosis, ionic changes,
and deposition of hemosiderin in the peritumoral re-
gion“o]. Enzymatic changes may also occur in peritumoral
tissue, impairing neurotransmitter synthesis and storage,
and contributing to tumor-associated epilepsy. Finally, as-
sociation with cortical dysplasia (as discussed below) also
has to be considered in the evaluation of the epileptoge-
nicity of GG. Indeed the identification of a coexistent
pathology may be clinically relevant since it has been ex-
tensively reported that the tumor itself may be electrically
silent and the origin of seizures is from a pathological
tissue adjacent to the tumort'™" ™. The implication is that
excising the tumor and leaving in place the nearby abnor-
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mal epileptogenic tissue, may give unsatisfactory results
on the seizure outcome. Young age and long duration of
illness are associated with an increased risk of secondary
epileptogenesis. GNT can be intrinsically epileptogenic,
even when associated with FCD"™".

CLINICAL AND EEG FEATURES OF
FOCAL EPILEPSY ASSOCIATED WITH
LEATs

Clinical features

Focal epilepsy is the most common and often the only
symptom of LEAT. Neurological deficits are relatively
uncommon, varying from 0% to 15% according to dif-
ferent series: the neurological sparing might depend on
the indolent and slow course of LEAT that might allow
compensation of possible brain impairment by slowly
developing plastic processes, particularly in the young
age. Epilepsy can appear at any age: however, the major-
ity of cases present with an epilepsy onset in adolescence
and young adulthood. In DNET, seizures appear almost
always and more than half of the patients have focal

seizures with alterated consciousness, with or without
secondary generalization[sﬂ. Regarding GGs, 80%-90%
of patients seizures represent the only clinical symptom
(mainly secondarily generalized tonic-clonic seizures) o7,
As already reported, the most common location of GG
is the temporal lobe where they are frequently positive
to CD34 glycoprotein staining, On the contrary it is not
reported the association with CD34 for GG located in
other sites of the brain””**, Tt could be argued that
this protein might represent a marker of dysplastic dif-
ferentiation and that it could contribute to epileptogen-
esis. Seizure semiology is related to the site of tumor.
In general, complex partial seizures with aura are more
common in LEAT located in the temporal lobe, whereas
secondary generalization is more common in epilepsies
assoclated with extratemporal LEATY. However, the ex-
tension of the tumor-related epileptogenic area may vary
according to the anatomical location of the neoplasm: in
fact, several data suggest that epileptogenic zone may be
more widespread and complex in focal epilepsies associ-
ated to LEAT in the mesial temporal lobe in comparison
to neocortical temporal lateral locations**"
rence of status epilepticus has been reported to be rare.
Clinical parameters that differentiated patients operated
on in childhood from patients operated on in adulthood
were: (1) aura that was reported more often in the adult
group, but it should be noted that this finding might at
least partially depend on the fact that, in general, children
are less able to refer their auras; and (2) mean age at sei-
zure: probably due to the fact that developing brain has
a low seizure threshold which leads to early and frequent
seizures. Moreover, in pediatric age, malformations of
cortical development are most often the basis of lesional
epilepsy that is characterized by a high seizure frequency
that can facilitate an early diagnosis and that can lead to

. Occut-

Baishidenge ~ WJCC | www.wjgnet.com

626

early evaluation for a surgical approach. No differences
between the clinical features of epilepsy associated with
DNET and with GG have been reported[42’89]. A favor-
able seizure outcome has been observed in cases with a
short duration of epilepsy, only partial seizure and the
lack of secondary generalization . Response of GNT-
associated epilepsy to antiepileptic treatment is variable,
but drug-resistance is quite common""*".

Task Force of the ILAE Commission on Therapeutic
Strategies defined drug resistant epilepsy as the failure
of adequate trials of two tolerated, appropriately chosen
and used antiepileptic drug (AEDs) schedules (whether
as monotherapies or in combination) to achieve sustained
seizure freedom”".

Several explanations could be at the basis for drug
resistance. AEDs could be affected by the biochemical
milieu of the peri-tumoral space.

Furthermore significant interactions between AEDs
and other drugs (i.e., chemoterapeutics) may decrease
antiepileptic effectiveness, while increasing side effects
interfering with the hepatic cytochrome P450 system.
Furthermore AEDs resistance might result from over ex-
pression of multi-drug resistance-related proteins (MRPs)
in tumors (particularly in capillary endothelial cells and
astrocytes), which restrict the penetration of lipophilic

substances into the pathologic tissue!.

EEG features

Usually interictal EEG shows spikes and/or, sharp waves,
sometimes intermixed with slow activities; in some in-
stances normal EEG have been reported. These abnoz-
malities, in preoperative EEG are commonly lateralized
to the tumor side, less often to the correct lobe. How-
ever, Morris ez al” (1998) reported that the occurrence
of interictal EEG abnormalities and ictal EEG onset in
correspondence of the site of the tumor may not be pre-
dictive of seizure outcome; indeed, in some cases a post-
operative poor seizure outcome has been reported in
patients with EEG interictal and ictal findings perfectly
concordant with tumor location. On the other hand, also
patients with EEG slow or epileptiform abnormalities
distant from the tumor site or with ictal EEG onset non-
localized or widespread to a whole hemisphere improved
regarding seizure outcome after tumor resection™., In
temporal lobe GNT, long-term video-EEG monitos-
ing may allow recording of seizures and identification
of the epileptogenic zone; indeed, several data suggest
that in mesial temporal lobe GNT a tailored resection
that include, besides the tumor, the epileptogenic area
as defined by the anatomic and electroclinical correla-
tions performed on the ictal video-EEG data, provides
better post-operative seizure outcome as compared to
simple lesionectomy™ ™ Tn cases of undetermined
lateralization of seizure focus, invasive EEG investiga-
tions may provide useful information, although in GNT-
associated focal epilepsy the main goal of intracerebral
recordings is usually to map eloquent cortex in proximity
of the neoplasm. Several reports focused on prediction
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Figure 1 Ganglioglioma World Health Organization grade | of the right posterior middle temporal gyrus. Axial FLAIR T2-w (A) and coronal IR T1-w (B) images
show inhomogeneous cortical-subcortical mass extending within the deep white matter and reaching the ependymal layer. The tumor presents a combination of solid,
cystic and calcified components. The latter is better identified on coronal T2*-w sequence (C). Post-contrast axial T1-w image (D) shows no pathological enhancement
and axial CT scan (E) confirms the calcified component. Coronal IR T1-w image (F) demonstrates lesion resec-tion; G: Histological examination evidences a biphasic

neoplastic population, with neu-ronal and glial elements.

of poor postoperative outcome by identifying ECoG
spike discharge patterns in FCD and the persistence of
seizure patterns or continuous epileptiform discharges
in post-resection ECoG recordings . There are little evi-
dences about the ECoG discharge patterns in patients
with GNTs because of the small numbers of patients
investigated[sg’%’%]. Different disorders (LEAT and FCD)
may have similar electrocorticographic abnormalities
probably due to the common developmental origin. In
these cases have been observed continuous spiking (more
often in FCD), bursts, and recruiting discharges. When
continuous spiking is found in GNT, it is likely to be
due to associated dysplastic regions with a high neuronal
density[45’93]. A recent study employed MEG to investigate
possible differences in whole brain topology of epileptic
glioma patients, comparing them to patients with non-
glial lesions and healthy controls. LGG patients showed
decreased network synchronizability compared to healthy
controls in the theta frequency range (4-8 Hz), similar to
patients with non glial lesions. Network characteristics are
associated with clinical presentation (seizure frequency in
LGG), and with poorer cognitive performance (both low
grade and high grade glioma) suggesting that histology
could partly determine differences in epileptogenesis and
epileptic probably due to differences in cortical plasticity.
Interestingly, it would seem that low grade glioma and
non tumoral lesions have a decreased synchronizability
that could predispose to a high occurrence of seizures
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and cognitive decline.

IMAGING

Gangliogliomas and gangliocytoma

The differentation between GG and gangliocytoma (GC)
is mainly based on histology. They may have variable tu-
mour size (2-3 cm) and a typical location at the periphery
of cerebral hemispheres. There is usually little associated
mass effect and peripheral vasogenic edema and superfi-
cial lesions may expand cortex and remodel bone.

The MR signal of GG is variable and inhomogeneous
due to the presence of a combination of solid, cystic and
calcified components"®” (Figures 1-4).

Calcifcations can be more conspicuous as areas of
hypointensity on T2* gradient echo weighted images, or
even more evident at unenhanced CT (Figure 1E).

Medium contrast enhancement could be variable:
nodulat, intense and homogenous (Figure 3E); “ringlike”
appearance (Figure 4C) but also nonenhancing (Figure
1D). Although extremely rare GG may show focal lepto-
meningeal involvement (Figure 4C).

Dysembryoplastic neuroepithelial tumor
DNET are well-demarcated, wedge shaped, multinodu-
lar, “bubbly” intracortical tumors often similar to other
LGG.

DNET may show a multicystic morphology more
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Figure 2 Gangliocytoma and Mesial Temporal Sclerosis MTS (dual pathology). Coronal Flair T2 (A) and T1-w images (B) demonstrate a right hippocampal atro-
phy with signal hyperintensity on FLAIR. The ipsilateral temporal horn is dilated. Axial T1-w pre- (C) and post-contrast injection (D) show a non-enhancing multicystic
lesion with calcification near the optic tract. The right mammillary body is atrophic (arrowhead); E: Neoplastic ganglion cells exhibit disorganized clusters and show ab-
normal cytologic features; F: Hippocampal specimen displays ILAE hippocampal sclerosis type 1, with severe pyramidal cell loss in both CA1, CA3 and CA4 sectors.

Figure 3 Ganglioglioma World Health Organization grade | of the left temporo-mesial cortex. The tumor shows heterogeneous cortical-subcortical high signal
on axial proton density weighted image (A). It appears partially cystic on coronal IR T1 (B) FLAIR T2 (C), T1 (D) weighted sequences. Post-contast T1-w image dis-
plays nodular, intense and homogenous enhancement (E). Low-magnification view shows a vaguely lobulated, hypocellular vascularized neoplasia, with scattered
lymphocytic infiltrates (F).

frequently than GG. Absent or very slow increase in size extremely rare. Contrast enhancement could be found in
over time is typical of DNET, and recurrence is also about 30% of cases.
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On CT scan the tumor appears as a cortical-subcot-
tical hypoattenuating mass with sporadic calcifications.
Scalloping of the adjacent inner table of the skull may
also be present. At MR imaging, DNET most commonly
manifest as pseudocystic, multinodular cortical masses
that are hypointense on T1-weighted images and hyper-
intense on T2-weighted images with minimal or without
mass effect and surrounding vasogenic edema (Figures 5
and 6).

Some lesions may expand involving cortical gyri and,
producing a soap bubble appearance at the cortical mar-
gin. (Figures 5 and 06).

Pleomorphic Xanthoastrocytoma
PXA classically, although not specifically, appear as cystic
supratentorial mass containing a mural nodule and invol-
vong cortex and adjacent leptomenjnges[%]. PXA is usu-
ally a circumscribed and slow growing lesion, that rarely
recurs; size and morphology are variable.

At unenhanced CT the tumor appears as a hypo or
isoattenuating mass. Calcifications are rare. On MRI T1-
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Figure 4 Ganglioglioma and associated focal corti-
cal dysplasia lla. Coronal FSE T2-w (A, B) demonstrate
a temporo-mesial heterogeneously hyperintense lesion.
Post-contrast coronal T1-w (C) shows enhancement of the
tumor and adjacent leptomeninges. A signal abnormality
extending from the surface of the ventricle to the pole (ar-
rowheads in D) and adjacent anomalous sulci (arrow in A)
were suspicious for FCD, subsequently histologically con-
firmed. Microscopy evidenced a tumor composed of gan-
glion cells intimately intermixed with astrocytic elements (E)
and focal cortical dysplasia with dysmorphic neurons (FCD
Type lla) (F).

WI PXA ate usually hypo to isointense displaying inho-
mogenous, mainly iso-hyperintense, signal intensity on
T2-weighted sequences. Peritumoral edema is relatively
uncommon. They usually enhance after gadolinium injec-
tion (Figure 7). Leptomeninges contrast enhcement is
highly characteristic”.

Extraventricular neurocytoma

Extraventricular neurocytoma may be difficult to dif-
ferentiate from other types of low-grade tumor, such as
GGs or DNET. It could be a well circumscribed, het-
erogencous and variably enhancing mass. CT and MRI
aspects depend on the cellularity and degree of calcifica-
tion. They may have peritumoral oedema and intralesion-
al cyst but rarely intralesional blceding[zg‘gs’”].

Pilocytic astrocytoma

Pilocytic astrocytomas are the most common form of
glioma in childhood and most frequently manifest in the
first two decades of life!""". They may arise anywhere
within the neuraxis, but among the pediatric population
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Figure 5 DNET of the right uncus. Axial T2-w (A) and sagittal 3D T1-w (B) reveal a cystic cortical mass well-demarcated, without perilesional oedema or mass
effect. On coronal FLAIR T2-w image (C) the tumor is variably hypo- and isointense. Post-contrast axial T1-w sequence (D) shows no enhancement. Histological ex-
amination shows a tu-mor characterized by the “specific glioneuronal element’, typical of DNET, (E), while the cortex adjacent to the tumor displays cortical lamination
abnormalities compatible with FCD type IlIb (F); the latter was not depicted at MR study.

Figure 6 Extra temporal DNET. Sagittal 3D T1 (A) coronal IR T1 (B) and FLAIR T2-w (C) demonstrate a cystic wedge-shaped lesion in the right fronto-orbital gyrus.
On FLAIR T2-w the tumor is slightly hypointense with a faint hyperintense rim. On post contrast coronal T1-w images there is no enhancement uptake (D); E: Post-
surgical scan on cor-onal IR T1-w; F: Microscopic study evidences the presence of floating neurons, a feature of DNET, in microcystic areas lined with oligo-like cells.
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Figure 7 Pleomorphic xanthoastrocytoma World Health Organization
grade Il. Axial T2 w (A) and coronal IR T1-w (B) images show temporo-polar
mixed signal intensity cortical mass with a small cystic component anteriorly
(arrow in A). Post-contrast coronal SE T1w (C) shows a well-delineated, periph-
erally located enhancing nodule. (D) Microscopically the tumor is characterized
by huge cytologic atypia, a vaguely fascicular arrangement and scattered eo-
sinophilic granular bodies.

they are more frequently found infratentorially. Optic
nerves, optic chiasm and hypothalamus, basal ganglia,
and thalamus represent other common localtions. Cere-
bral hemispheres involvement has been less frequently
described"™".

Pilocytic Astrocytomas are commonly characterized
by fluid accumulation, with subsequent cyst formation
and by mural nodule or a rim of tissue surrounding the
cyst that enhances on post-contrast imaging. Predomi-
nantly solid mass lesions with minimal or no cyst have
been described"”! (Figure 8).

Calcification may be seen in up to 25% of cases and
haemorrhage has been reported. On MRI the solid por-
tion of the neoplasm is typically isointense to hypoin-
tense on T1 weighted images and hyperintense on T2
weighted sequences to grey matter and it enhances after
gadolinium chelates injection (Figure 8D). The signal
intensity of the cystic portion is often not suppressed on
FLAIR T2 weighted images due to its protein content.

MR spectroscopy reveals elevation in choline and
reduction in NAA, with minimal elevation in lipid peak
(Figure 8F). Lactate peak could be elevated, representing
alteration in mitochondrial metabolism or variability in
glucose uptake“ozj.

Diffuse astrocytoma
Diffuse astrocytomas are diffusely infiltrating primary
brain neoplasms of astrocytic origin that are classified as
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WHO grade II.

Diffuse astrocytomas are usually at unenhanced CT
iso to hypoattenuating lesions. They do not enhance on
post-contrast imaging. Calcifications may be present in
approximately 20%; cyst formation is rare.

MRI demonstrates astrocytomas as relatively ho-
mogenous mass involving and expanding more typically
cerebral hemispheres cortex and adjacent white matter.
The lesions are high in water content, thus appearing as
hyperintense on T2 weighted images and hypo isointense
on T1 weighted sequences. They usually lack peritumoral
oedema (Figure 9).

Well differentiated Astrocytomas has a variable ap-
pearance after contrast agent administration, but usually
shows no significant contrast enhancement (Figure 9C).
In general, contrast enhancement is not recognized as a
reliable indicator of the grade of infiltrative astrocyto-
mas. MR perfusion imaging however seems to be more
informative for distinguish low- and high-grade astro-
cytoma and for identifying low-grade lesions that could
more likely behave aggressively“oﬂ,

On dynamic contrast enhanced T2* weighted MR
perfusion imaging study rCBV is typically less than 1.75
(Figure 9D)!",

MR Spectroscopy should display Cho elevation and
NAA reduction. A High myo-inositol to Creatine ratio
(Myo/Cre) in also present (Figure 9E)"".

FOCAL CORTICAL DYSPLASIA AND

LEAT

LEAT and focal cortical dysplasia FCD are common

findings in drug-resistant focal epilepsies, and frequently
11,6,8,24,34,36,104,106-109]

coexist

Rarely MRI features of LEAT could be misinterpret-
ed as FCD. Generally most important neuroradiological
findings in FCD are increased cortical thickness, blurring
of the cortical-white matter junction, increased signal on
T2-W, a radially oriented linear or conical transmantle
stripe of T2 hyperintensity, cortical thinning, and local-
ized brain atrophy”™'""""? (Figure 10).

Some limitations are encountered in the correct
identification of different FCD types or subtypes[m’m].
A high number of false negatives is detected with FCD
type 1 and slightly fewer with FCD type I a (about 50%
sensitivity). FCD 1I b is much more easily identified (about
90% sensitivity)" " (Figure 10).

Association between LEAT and FCD poses further
issues into its correct identification. In a limited serie
of patients with LEAT, who underwent surgery at our
Institution associated FCD has been correctly identified
in the majority of cases!'"”! (Figure 4). In a few cases peri-
tumoral edema and neoplastic infiltration both caused
subcortical white matter signal alterations, determining
false positives (FP) and false negatives (FN) FCD results.
Indeed, the signal abnormality is able to mimic a blurring,
but it could hide a FCD contiguous to the tumour (Figure
11).
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Figure 8 Pilocytic astrocytoma World Health Organization grade | of the right frontal lobe. Axial FLAIR T2-w (A) and coronal IR T1-w (B) images show a cor-
tical-subcortical lesion, with cystic component, with minimal mass effect. The tumor appears well de-marcated (C) on 3D sagittal sequence and displays nodular and
homogeneous en-hancement on post-contrast axial T1-w images (D). Perfusion study doesn’t show any rCBV increase within the lesion (E). MR Spectroscopy (MRS)
study (F) reveals elevation in choline and reduction in NAA. (G) Histological examination shows a tumor com-posed of areas rich in myxoid material, elongated glial
elements with uniform nuclei and numerous eosinophilic granular bodies.

Figure 9 Temporo-mesial astrocytoma World Health Organization grade Il. Axial FLAIR T2-w (A) shows a left temporal hyperintense mass, involving mainly the
hippocampus. The lesion is slightly hypointense on T1-w image (B) and does not demonstrate enhancement after gadolinium injection (C). Perfusion study reveals
no significant rCBV increase (D). MRS study shows a faint NAA reduction, a slight Cho elevation and high ml, expression of low grade glioma (E). Postsurgical axial
FLAIR T2-w (F). (G) This histological picture exhibits in the left side a portion of hippocampus and in the right side an infiltrating astrocytoma, composed of fibrillary
elements with varying degree of hypercellularity.
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Figure 10 Focal cortical dysplasia with balloon cells (Taylor). Axial (A) and sagittal (B) reformatted fat-saturated 3D FLAIR images show a left temporo-mesial
cortical thicken-ing (arrow) and white matter tapering to the temporal horn of the lateral ventricle (arrowheads). MR spectroscopy shows normal metabolite concentra-
tions (C). (D) Histol-ogy demonstrates the presence of typical balloon cells, showing large and opalescent glassy eosinophilic cytoplasm.

Figure 11 Gangliogliomas World Health Organization grade | of the left temporo-mesial region and focal cortical dysplasia lla subtype associated. Axial
and coronal T1-w images (A-B) show thickening of amygdala and uncus (arrow in B). Axial and coronal FLAIR T2-w images (C-D) present blurring and adjacent sub-
cortical high signal abnormality compatible with a focal cortical dysplasia (FCD). Microscopy evidenced a glioneuronal tumor, with scattered binucleated ganglion cells,
compatible with a gan-glioglioma (E) and dysmorphic neurons in the adjacent cortex (FCD Type lla) (F).

These limitations were more evident when tumour size is larger (Figure 12). MRI sensibility can be reduced
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Figure 12 Gangliogliomas and focal cortical dysplasia lla. Sagittal 3D T1-w (A), coronal FLAIR T2-w (B) and axial T2-w (C) reveal an inhomogeneous mass,
involving the right hippocampus and the temporal pole. Due to the size of the tumor, the associated dysplasia is not clearly visible. Histological examination demon-
strates the presence of a glioneuronal tumor with small ganglion cells in a desmoplastic stroma (D) and of dysmorphic neurons in the adjacent cortex (focal cortical

dysplasia Type lla) (E).

by an incomplete protocol too.

MOLECULAR ASPECT OF LEAT

The following molecular markers may facilitate differen-
tial diagnosis of LEAT: (1) IDH1 and IDH2 mutations:
common in low grade diffuse gliomas (70%-80%), while
they are generally not present in PA and GNT""?; (2)
LOH 1p/19q: constitutes the keystone in diagnosis of
oligodendrogliomas (> 70% of tumors), while it has not
been detected in DNT, a useful difference in those cases
in which histological aspects do not permit a conclusive
diagnosis''”; and (3) BRAF V600E mutations: frequently

found in PXA, GG and PA, whereas diffuse grade II
[117]

gliomas harbor only rarely these mutations

As recently observed these BRAF-mutant grade II
diffuse gliomas seem to present with refractory seizures
and frequently are located within the temporal lobe.It as
been proposed that BRAF mutations could be strictly
linked to epileptogenesis'

Interestingly we found that BRAF mutations could be
present in the FCD associated with LEAT, suggesting a
pathogenetic role of BRAF mutations in cyto-architec-
tural dysplasia and in the tumorigenesis of LEAT!",

SURGICAL STRATEGIES FOR LEAT

Epilepsies associated to LEAT are usually unsatisfactorily
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controlled by antiepileptic drugs, whereas excellent results
can be achieved by surgery > Nnrious surgical
approaches have been adopted for the radical resection
of these tumors. The choice of surgical approach is also
related to the goal of surgical strategy.

The surgical strategy may be directed only to on-
cological issues and/or to resolve epilepsy. In this last
condition we must have an epilepsy surgery oriented ap-
proach.

A non-invasive presurgical study and neuropsycologi-
cal assessment, may define the extension of the epilep-
togenic zone and may address the choice of the better
surgical strategy to optimise seizure control (lesionectomy
or tailored resection)*+****%1,

Rarely in the setting of epilepsy associated tumor may
be necessary an invasive presurgical study (using subdural
grid, depth electrodes, or stereo-EEG)****"# T EAT
are certainly the prototype of cases where epilepsy is the
main problem. However, in recent years, even in cases
where the main problem is oncological, it is becoming
equally important trying to preserve brain functions and
to best cure even epilepsy (especially when tumors involve
mesiotemporal structures, the insular lobe, or the central
area) in order to improve the quality of life!>*>****.,

Several authors analyzed epileptological outcome ac-
cording to surgical treatment in tumor-related chronic epi-
lepsy. While some argue that lesionectomy alone 1s enough
for good seizure control others say that the best manage-
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ment should include additional resection of epileptogenic
zones adjacent to the o 2O25639:40462,119,120.125,120]

In Epilepsy-associated tumors it reaches a special
meaning for the epileptogenicity and surgical strategies,
the site of the lesion, Ze., temporal, mesio-temporal (or
limbic), temporo-lateral, paralimbic, extratemporal, elo-
quent areas “9’125’126].

Regarding limbic and paralimbic system, the role of
hippocampus in the epilepsy network is pivotal since that
could play a pivotal role in epileptogenesis even without

obvious neuroradiological and pathological changes (ze.,
hippocampal sclerosis) 2028360164121,

The limbic system consists of the following ele-
ments, which are all directly or indirectly interconnected:
the temporo-mesial structures (hippocampus, the
parahippocampus,giryus) and the cingulate gyrus[58’60’61’128].
The paralimbic system is composed of 3 independent
anatomical parts: the orbitofrontal cortex, the tempo-
BSA128 The limbic system
is connected vz the entorhinal cortex and the uncinate

ropolar cortex, and the insula

fasciculus to the paralimbic system. In the setting of low-
grade tumors associated with epilepsy WHO Grade I
gliomas are mainly found in the paralimbic system while
glioneuronal tumors are found in the limbic system (tem-
poromesial structures) 7,

LEAT are frequently associated with type [ or type I
a cortical dysplasia which, in contrast to focal cortical dys-
plasia type I b, are more difficult to identify with MRI™®
HGIOILI Tt means that the anatomical structural lesion
can be larger than what have been detected by MRI"''",

For this reason the target of the surgical resection
should be the epileptogenic zone defined according to
neuroradiological, clinical, neurophysiological and neuro-
psycological ﬁndingsm’m].

In case of LEAT located near or in eloquent area, the
surgical approach is usually directed only to the anatomi-
cal structural lesion. Regarding the more frequent site
of these tumors, Ze., the temporal lobe, several approach
have been used. The surgical strategy used in temporal
lobe tumors includes lesionectomy, extended lesionec-
tomy, tailored resection, anterior temporal lobectomy.

The majority of authors agree that lesionectomy
alone provides the best seizure outcome results in
LE%’EZ Al‘gcated in the extratemporal and temporo-lateral
site” "

questionable

while its results for temporomesial lesions are
82625400 “ghme authors suggested that the
involvement of temporo-mesial regions may extend and
make more complex the epileptogenic zone.

For this reason the amount of tissue removed in tem-
poromesial surgeries is considered crucial to gain good
pOStOpCfatiVe results[5,8,60,62,63,65,125,130,131].

One important and persistent problem are the con-
flicting needs of the necessary extent of resection and

the avoidance of neuropsychological deficits'**"*"'*,

SEIZURE OUTCOME
Focal epilepsy associated with LEAT and particularly

Baishidenge ~ WJCC | www.wjgnet.com

Giulioni M et a/. Epilepsy associated tumors

GG and DNT shows the best seizure outcome after
[5,18,28,36,92,95,119,132-134
surgery

provement of seizure outcome in young patients whereas

| Some authors observed im-

others found no correlation with age at the time of sut-
gery“’zg’%’wz].

A recent literature meta-analysis about epileptogenic
gangliogliomas in adult showed that an early surgical in-
tervention of less than 3 years from the onset of seizure
is significantly associated with improved seizure con-
trol™.

Several studies reported that lesionectomy plus tem-
poral tailored resection seems to offer the best results for
20253640 Qeveral authors insist that the

the temporal pole has a pivotal role in epileptogenesis in
130,135,136]

seizure outcom

temporomesial epﬂepsy[

The higher effectiveness of an extended resection
beyond the LEAT might depend on the frequent as-
sociation of this tumor type with other epileptogenic
pathologies, such as the spectrum of cortical dysplasias
that might represent the origin of a widespread epileptic
networkB2343668

The new class FCD Type IlIb, which includes cases
with abnormal cortical layering associated with a glial or
glioneuronal tumor, has been introduced by the ILAE
classification™.

However in light of the frequent association of FCD
Type II with LEAT and the immunohistochemical evi-
dence of a common pathogenesis linking LEAT and
FCD Type 11" the possibility of creating a unify-
ing class also for this kind of FCD should be considered.

With respect to oncological behavior, LEAT are usu-
ally indolent WHO Grade [ lesions, although several
reports have demonstrated that gangliogliomas may po-
tentially have an evolving course and may demonstrate
B34070  Pleomorphic xantho-
astrocytoma can carry a higher risk of early recurrence

malignant transformation

when it is characterized by numerous mitoses and/or

. [137-139]
necrosts .

CONCLUSION

We believe that the adjective “long-term” included in
the acronym LEAT could be prospectively confusing or
misleading. Nowadays patients with LEAT are operated 5
years catlier compared to mid 1990s (mean of 7.4 years s
12.9 years, respectively)ﬂ’z].

The further increase in knowledge and a better recog-

nition of these lesions among the scientific community
(neurologists, epileptologists, neuropediatrics, neuroradi-
ologists, epilepsy surgeons, neuropathologists) will lead to
modify the present concept of “pharmacoresistance” »s a
“tailored concept” of pharmacoresistance related to the
underliyng pathology submitting many more patients to
an early surgical treatment""" >,

As a pathology-based approach to epilepsy surgery
will be increasingly adopted[z’zg"%’m’l32’140’141] an early surgi-
cal treatment will become unavoidable.

In the near future this prototype of “surgically reme-
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diable cause of epilepsy” will be properly operated eatly,
irrespective of the concept of pharmacoresistance, mak-
ing the adjective “long-term” obsolete and not appropri-
ated.

An early surgical strategy can achieve various aims,
namely to obtain a definite diagnosis, to contrast epilepsy
progression (including psychosocial consequences and/
or adverse effects of pharmacological treatment) and
even to prevent the risk, present although uncommon, of
tumor growth and malignant transformation. In addition,
carly surgery may reduce the risk of sudden unexplained
death (SUDEP) or scizure-related injuties.

Such predictable future approach will modify the
clinical history of these patients, and features of epi-
lepsy as “chronic” or “long term”, nowadays adopted in
the definition of epilepsy-associated tumors, will loose
sense. Neurophysiological aspects together with a proper
histological and molecular characterization will become
increasingly necessary for an accurate diagnosis of these
epﬂeptomas[25’34’85’142].

Therefore, what characterizes and makes up special
for this group of tumors it is not the “chronic” or “long
term” epilepsy history, but their pathological-biological
features (ie., shating of immunopositivity for CD34 and

of BRAF (V600E) mutation!"'*",
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