Zhang et al. Acta Epileptologica (2020) 2:25 H H
https://doi.org/10.1186/s42494-020-00034-w ACta E p I l S pto I Ogl Ca

RESEARCH Open Access

Clinical characteristics of brain tumor- ®
related epilepsy and factors influencing the
identification of epilepsy-associated tumors

Xianwen Zhang'", Liaoyuan Zheng?", Jingfeng Duan', Zongping Li* and Yufeng Tang'"

Check for
updates

Abstract

Background: To analyze the clinical features of brain tumor-related epilepsy (BTRE) and explore the factors
influencing the identification of epilepsy-associated tumor (EAT), in order to advance the clinical understanding of
BTRE and EAT.

Methods: Intracranial tumor origin and location as well as the type of epilepsy were retrospectively reviewed in
153 BTRE patients. The patients were further divided into the EAT and non-EAT groups, and comparisons were
made for age, sex, tumor origin and location, and epilepsy type between the two groups.

Results: The 153 BTRE patients were divided into 78 cases with primary intracranial tumor and 75 cases with tumor
originating from extracranial metastasis, according to the origin of tumor. According to the location of tumor, 116
cases had tumor lesions located in the brain parenchyma, and 37 cases had tumor lesions located in the meninges.
Further, in the group with a brain parenchyma location, 77 cases had single lobular involvement, and 39 cases had
multiple-lobular involvement; 84 cases had tumor lesions located in one hemisphere and 32 cases in both
hemispheres. According to the type of epilepsy, 92 cases had generalized seizures, and 61 cases had focal seizures.
The type of epilepsy did not significantly correlate with the origin of intracranial tumor, the location of tumor
lesions (in brain parenchyma or meninges) (P> 0.05), or the hemispherical location (in one or two hemispheres) of
lesions (P> 0.05), but was significantly related with the lobular localization of lesions (P < 0.05). The 153 cases of
BTRE consisted of 87 EAT and 66 non-EAT, with significant differences in the origin, location and type (being
glioma/non-glioma) of tumor. Logistic regression analysis showed that the type of tumor (i.e. whether being
glioma) served as an independent factor for EAT identification; the lower the World Health Organization grade of
glioma, the more likely the EAT is to be diagnosed (P < 0.05).

Conclusion: The majority of BTRE patients in this study had tumors located in the brain parenchyma. In addition,
the patients with generalized seizures outnumbered those with focal seizures, and the type of epilepsy was
correlated with the lobular location of tumor lesions. The EATs are mostly low-grade gliomas.
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Background

Epilepsy is a common clinical manifestation of intracranial
tumor. About 25-60% of patients with intracranial tumor
may develop symptoms of epilepsy. Brain tumor-related
epilepsy (BTRE), as the term implies, represents the rela-
tions of two significant neurological subspecialties (neuro-
oncology and epilepsy) and conditions (brain tumors and
seizures) [1]. In BTRE, seizures may occur either as an ini-
tial symptom that leads to the diagnosis of tumor (seen in
about 30-50% of patients) or during the course of the dis-
ease (seen in 10-30% of patients) [2]. Some brain tumors
grow relatively slowly and are not easy to found, with epi-
lepsy as the primary and almost dominant symptom, thus
they are called epilepsy-associated brain tumor or
epilepsy-associated tumor (EAT). EAT is one type of
BTRE, and is currently a common cause of focal epilepsy
especially in children and young adults. EAT is clinically
characterized by drug-resistant epilepsy and usually has a
better prognosis after complete resection [3]. EAT with a
history of drug-resistant seizures for over 2 years is called
long-term epilepsy-associated tumor (LEAT)[4]. Cur-
rently, the risk factors, pathogenesis, types of seizure, diag-
nosis, and treatment of BTRE, as well as the influencing
factors of EAT have not been studied extensively, and
controversy remains among studies. In this study, we set
out to retrospectively review the origin and location of
intracranial tumor, the type of seizure, and the classifica-
tion of tumor-related epilepsy in 153 patients with BTRE,
analyze the clinical characteristics of BTRE, and determine
the independent factors that influence EAT identification,
in order to provide theoretical guidance for clinical man-
agement of BTRE and facilitate early detection and treat-
ment of EAT.

Participants and methods

Participants

One hundred and fifty-three BTRE patients (85 males
and 68 females, age range 3—88 years, average 48.67 +
16.58 years) who were diagnosed and treated in Mia-
nyang Central Hospital of Sichuan Province from Janu-
ary 2010 to December 2017 were employed in this study,
based on the following inclusion criteria: (1) diagnosed
with epilepsy according to the definitions proposed by
the International League Against Epilepsy in 2005[5]; (2)
brain imaging (MRI or CT) suggesting intracranial
tumor (including primary and secondary); and (3)
histopathological evaluation of biopsy confirming the
diagnosis of tumor. Patients with epilepsy caused by
paraneoplastic syndrome, autoimmune encephalitis and
radiation encephalopathy were excluded from the study.

Methods
Information on the gender, age, clinical symptoms,
tumor origin, brain imaging and EEG of the patients was
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obtained by reviewing medical records or from patients
and/or their family members at return visits. According
to the preoperative brain imaging results, tumor bound-
aries were delineated and lesion locations were deter-
mined. The correlations of seizure type with the origin
or location of intracranial tumor were analyzed. The epi-
lepsy was classified as generalized and focal epilepsy ac-
cording to The International League Against Epilepsy
Classification of the Epilepsies in 2017 [6]. The 153 par-
ticipants were divided into EAT and non-EAT groups
according to whether epilepsy is the primary and main
symptom, and the two groups were compared for seizure
type, tumor origin, and tumor location to determine the
independent factors for EAT identification.

Statistical analysis

Categorical variables were analyzed with the chi-square
test. Comparisons between the EAT and non-EAT
groups were performed with the independent sample ¢
test and chi-square test. The risk factors, confounders,
and their interactions were analyzed with the logistic re-
gression model, and odds ratios with 95% confidence in-
tervals were calculated. All analyses were performed
using the SPSS 21.0 software. A two-sided P < 0.05 was
considered as statistically significant.

Results

Origin of intracranial tumor

Of the 153 BTRE patients, 78 (51%) patients had tumors
originating from the primary intracranial tumor, includ-
ing 57 cases of glioma, 16 cases of meningioma, and 1
case each for capillary hemangioblastoma, germ cell
tumor, central nervous system malignant melanoma, pri-
mary central nervous system lymphoma, and dysem-
bryoplastic neuroepithelial tumor. The other 75 cases
(49%) had tumors originating from extracranial tumor
metastasis. The gliomas had the highest percent (37.3%)
among all types of origin (Table 1).

Distribution of tumor lesions

Of the 153 BTRE patients, 116 (75.8%) had tumor le-
sions located in the brain parenchyma and 37 (24.2%)
had tumor lesions located in the meninges. Furthermore,
of the patients with tumor lesion in the brain paren-
chyma, 77 (50.3%) of them had single lobular location of
tumor lesion, including 48 patients having tumor lesion
in the frontal lobe, 16 in the temporal lobe, 11 in the
parietal lobe, one in the cerebellum and one in the basal
ganglia, while 39 (25.5%) patients had multi-lobular loca-
tion of tumor lesion. In addition, 84 (54.9%) of the 116
patients had involvement of one hemisphere while 32
(20.9%) of them had involvement of both hemispheres
(Table 2).
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Table 1 Types of tumor origin in 153 cases of brain tumor-
related epilepsy

Origin n Percentage (%)
Primary intracranial tumor
Glioma 57 373
Meningioma 16 105
Capillary hemangioblastoma 1 0.7
Germ cell tumor 1 0.7
Central nervous system malignant melanoma 1 0.7
Primary central nervous system lymphoma 1 0.7
Dysembryoplastic neuroepithelial tumor 1 0.7
Metastasis
Lung cancer 43 281
Gastrointestinal cancer 12 78
Breast cancer 5 33
Hematologic malignancy 4 26
Genitourinary cancer 3 20
Tumor of female reproductive system 2 13
Malignant melanoma 2 13
Nasopharyngeal carcinoma 1 0.7
Unknown Origin 320

Types of epilepsy

Of the 153 BTRE patients, 92 (60.1%) had generalized
seizures, while 61 (39.9%) had focal seizures. In particu-
lar, 23 cases had symptoms of automatisms, and their le-
sions were all located in the supratentorial lobe. The
type of epilepsy did not significantly correlate with the
origin of intracranial tumor, the location of tumor le-
sions (in brain parenchyma or meninges) (P> 0.05), or
the hemispherical (one or two hemispheres) location of

Table 2 Tumor lesions locations in 153 cases of brain tumor-
related epilepsy

Location Number of Percentage
patients
Brain parenchyma
Lobuar involvement ~ Frontal lobe 48 31.4%
Temporal 16 10.5%
lobe
Parietal lobe 11 7.2%
Cerebellum 1 0.7%
Basal ganglia 1 0.7%
Multiple lobes 39 25.5%
Hemispherical One 84 54.9%
involvement hemisphere
Both 32 20.9%
hemispheres
Meninges 37 24.2%
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lesions in brain parenchyma (P> 0.05), but was signifi-
cantly related with the lobular localization of lesions
(P <0.05) (Tables 3 and 4).

Classification of EAT and non-EAT

Of the 153 patients with BTRE, 87 had epilepsy as the
primary and main symptom, and were assigned to the
EAT group, while the remaining 66 patients were
assigned to the non-EAT group. Among the 87 cases of
EAT, there were two cases of LEAT, one case of dysem-
bryoblastic neuroepithelial tumor found after a 17-year
history of epilepsy, and one case of gemistocytic astrocy-
toma after a 4-year history of epilepsy. The EAT and
non-EAT groups did not differ significantly in age (¢-
test), sex, type of seizure or the location of tumor lesions
(in brain parenchyma or meninges) (chi-square test, P>
0.05), but they were significantly different in the origin
of tumor, the lobular and hemispheric locations of
tumor, and the type of tumor (glioma/non-glioma) (chi-
square test, P < 0.05, Table 5).

Next, we established a logistic regression model using
tumor origin, involvement of single or multiple lobes/
meninges, involvement of unilateral or bilateral hemi-
spheres/meninges, and the type of tumor (whether being
glioma, which can be further divided into World Health
Organization [WHO] grades I-IV [7]) as independent
variables, and whether being EAT as a dependent vari-
able. The type of tumor (whether being glioma) was se-
lected into the regression equation at a=0.05. After
correction of confounding factors, whether being glioma
was determined to be the influencing factor for EAT
(P<0.05), and the lower the WHO grade of glioma, the
more likely the EAT is to occur (Table 6).

Discussion

Brain tumor is a common cause of epilepsy. About 5%
of new epilepsy patients have brain tumor, and about
10% of epilepsy with focal seizures are caused by brain
tumor [8]. BTRE is a multi-factorial condition with un-
clear physiological mechanisms. Current studies have in-
dicated that epilepsy is associated with many factors,
such as the histological type of intracranial tumor, the
severity and location of tumor, genetic factors, the integ-
rity of the blood-brain barrier, peritumoral morpho-
logical changes, changes in neurotransmitters, abnormal
ion concentrations, and tissue hypoxia [9].

Although seizures may develop from almost all types
of intracranial tumors (including primary and secondary
brain tumors), the incidence of epilepsy varies among
different histological types. For example, the incidence
of epilepsy is 100% in dysembryoblastic neuroepithelial
tumors, 25% in meningiomas, 10% in primary central
nervous system lymphoma, and 20-35% in intracranial
metastases [2]. About 20-45% of patients with glioma
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Table 3 Correlations of seizure type with tumor type

Seizure type Primary Metastasis
Generalized (n) 51 41

Focal (n) 27 34

P 0.175

present with epilepsy as the first symptom at disease on-
set, and the other 15-30% of glioma patients develop
epilepsy during the course of disease progression [10].
The incidence of epilepsy in glioma varies according to
the grade of the tumor, with the WHO grade I-II gli-
omas more prone to epilepsy than WHO grade [II-IV
gliomas. The incidence of epilepsy is 70-80% in glio-
neuronal tumor, 60-75% in low-grade glioma (WHO
grade I-1II), and 25-60% in high-grade glioma (WHO
grade III-IV) [11]. In general, the slowly-growing low-
grade tumors and intracranial multi-focal tumors have a
higher propensity to develop epilepsy than the higher-
grade tumors and focal tumors, respectively [12]. Re-
gardless of the type of intracranial tumor, patients with
epilepsy as the first symptom at disease onset have a sig-
nificantly increased risk of drug-refractory epilepsy [13].
In this study, 78 of the 153 BTRE patients were patients
with primary tumor, and the other 75 patients had
tumor from extracranial tumor metastases. A majority
(57 cases, 73.1%) of the primary tumors were gliomas,
suggesting that patients with glioma are more likely to
develop tumor-related epilepsy, which is consistent with
previous reports. There is also a clear relationship be-
tween the location of the tumor and the occurrence of
epilepsy. Studies have shown that the frontal lobe, tem-
poral lobe, and parietal lobe are closely associated with
language, cognition, and motor function [14, 15]. Le-
sions in these areas can cause abnormal firing in these
regions and thus seizures, and the occurrence of seizures
may be further increased by glioma invasion into the
cortex. Therefore, the incidence of epilepsy would be ex-
tremely high with a tumor location in the cortex, and
the rate of seizures may be higher with locations of brain
tumor in the frontal lobe, temporal lobe, and parietal
lobe than in the occipital lobe. In contrast, patients with
tumor lesions in the infratentorial or sellar region are
less likely to develop epilepsy, except in the condition of

Table 4 Correlations of seizure type with tumor location

Seizure Brain Involvement Frontal lobe/temporal
type parenchyma of one/both lobe/parietal lobe/

/ meninges  hemispheres  cerebellum/ basal

ganglia/multiple lobes

Generalized  68/24 50/18 28/7/4/1/1/31
(n
Focal (n) 48/13 34/14 20/9/7/0/0/8
P 0.50 0.75 0.04
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hemispherical involvement [16]. Currently, few studies
have focused on BTRE epilepsy. In this study, 60.1% of
the patients had generalized seizures, while only 39.9%
had focal seizures, including 23 patients having symp-
toms of automatisms with lesions all located in the
supratentorial lobe. This suggests that a major propor-
tion of BTRE may have a generalized origin. In addition,
we found that the type of epilepsy did not have histo-
logical correlation, nor was it correlated with the loca-
tion of the lesion (in the brain parenchyma or
meninges), but it was related to the lobular localization
of lesions. The lesions can be located in different lobes
of the brain, accompanied by different types of epilepsy.
Lesions in the frontal lobe tend to cause generalized
seizure, while lesions in the temporal and parietal lobe
are more likely to cause focal seizure.

Most cases of EAT have benign tumors that grow
slowly with a long clinical history, with epilepsy (mostly
drug-refractory epilepsy) as the main or the only clinical
manifestation. The lesions of EAT are mostly located in
or near the cortex, usually with no significant mass effect
but accompanied by cystic changes and calcification, and
most are WHO grade I-II tumors, which are curable
after surgical resection. The common types of EAT in-
clude glioneuronal tumor and low-grade glioma [17].
EAT accounts for about 2-5% of central nervous system
tumors, and is the second most common cause of epi-
lepsy surgery in adults (next to hippocampal sclerosis)
and children (next to focal cortical dysplasia) [18]. In
2003, Luyken et al. proposed the concept of “long-term
epilepsy-associated tumor”, where “long-term” indicates
having a long history of drug-resistant epilepsy of more
than 2 years [4]. In this study, 2 cases of LEAT were in-
cluded, 1 with dysembryoblastic neuroepithelial tumor
found after a 17-year history of epilepsy, and 1 with
gemistocytic astrocytoma after a 4-year history of epi-
lepsy. As the development of imaging technology enables
early discovery of some “secret” tumor lesions, the classi-
fication of LEAT alone has limited significance in clin-
ical practice. However, brain imaging of EAT at early
stage may not necessarily show the presence of tumor
lesions, which can cause failure to diagnose and misdiag-
nose, therefore, it is of great significance to study the
clinical characteristics of EAT.

EAT can be further subdivided into tumors of mixed
neuronal and glial origin (glioneuronal tumor) and those
of the glial origin based on histology. Glioneuronal tu-
mors are composed of neurons and glia with different
degrees of differentiation, have a poor proliferative abil-
ity and low malignancy, and are almost exclusively
WHO grade I benign tumors, with a good prognosis and
a low rate of recurrence and malignancy. Glioneuronal
tumors commonly include ganglioglioma and embryonic
dysplasia neuroepithelial tumors. The incidence of
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Table 5 Comparisons between EAT and non-EAT groups
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Group Male/ Age Primary/ Glioma/other Involvement of Involvement of one/ Location in brain Generalized/
Female (years) Metastasis types of single/multiple both hemispheres parenchyma/ focal seizures
(n) (n) tumor (n) lobes (n) (n) meninges (n) (n)

EAT 46/41 4932+ 59/28 46/41 53/14 56/11 67/20 50/37

16.73

Non-  39/27 5665+ 19/47 11/55 24/25 28/21 49/17 42/24

EAT 15.53

P 044 0.06 <005 <005 <005 <005 0.69 044

epilepsy in glioneuronal tumor as the first or the only
manifestation is ~80-100% [19]. Complex partial seiz-
ure, which is manifested as stunning, autonomous ner-
vous system or mental symptoms, aura, automatism,
etc., is the most common seizure type that occurs in ~
80% of ganglioglioma cases, followed by partial second-
ary generalized tonic-clonic seizures (50%) [19]. Only a
limited number of patients develop neurological deficits
related to the tumor site, such as limb numbness, visual
impairment, poor speech, and ataxia, as well as symp-
toms of elevated intracranial pressure such as headache,
dizziness, nausea and vomiting when the tumor affects
the cerebrospinal fluid circulation. The epilepsy-related
low-grade gliomas originate from different glial cells,
mainly belong to the WHO grade II tumors, and exhibit
a diffuse infiltrative growth pattern. Although not having
a high proliferation capacity, they can recur or become
malignant, diagnosed mainly within the age range of 30—
45 years [20, 21]. Epilepsy can develop early as the most
common major clinical manifestation, and also later in
the course of the disease [10]. The seizures usually be-
long to the type of secondary generalized seizure [21].
Surgical treatment remains the most effective treatment
for epilepsy-related low-grade gliomas. Drug resistance
to AEDs is present in over 50% of patients before sur-
gery, which may be attributed to insular involvement,
delayed diagnosis, and location of tumor in functional
areas [20]. In addition to epilepsy, the neurological
symptoms of epilepsy-related low-grade gliomas also in-
clude headache, dizziness, elevated intracranial pressure,
focal neurological deficits, cognitive decline, and mental
abnormalities. The diagnosis of EAT mainly depends on

Table 6 Regression analysis of factors for EAT

Factor Odd ratio P
Tumor type 0.50 0.19
Involvement of single/multiple lobes/meninges 0.89 0.81
Involvement of one/two hemispheres/meninges 01.35 0.53
Grade of glioma 0.01

WHO -l 8.54

WHO Il 334

WHO v 144

clinical symptoms, imaging approaches and pathological
examination. Diagnosis of EAT can be considered for re-
fractory epilepsy based on abnormal computed tomog-
raphy (CT)/magnetic resonance imaging (MRI) findings.
More importantly, attentions should be paid to distin-
guish EAT from cortical dysplasia and intracranial in-
flammation. There are no clear clinical or imaging
boundaries for distinguishing between EAT subtypes, so
pathological examination is needed to confirm diagnosis.
Immunohistochemical staining has the advantage of dis-
tinguishing between neurons and glial cells, and can fa-
cilitate histological classification of EAT. Given that the
main clinical manifestation of EAT is epilepsy, electro-
encephalogram (EEG), especially long-term video elec-
troencephalography (VEEG), is an important tool to
evaluate EAT. EEG can provide guidance for locating
and surgical resection of epileptic foci, evaluating disease
severity, predicting the risk of epilepsy recurrence, and
making adjustment of epilepsy medications. The inter-
ictal EEG signals of EAT patients do not have a specific
pattern; they usually appear as spike waves and/or
sharp waves, sometimes mixed with slow waves ipsilat-
eral to the tumor. Some EEG activities can even be
quite normal [9, 19]. In this study, the EAT patients
had an average age of 49.32 + 16.73 years, and the tu-
mors were mostly gliomas, particularly WHO grade I-
II gliomas, which are consistent with the literature. The
EAT and non-EAT patients had no significant differ-
ence in the type of epilepsy or tumor location. This
suggests the need of awareness for low-grade gliomas
in epilepsy patients, especially drug-resistant epilepsy
patients, who have unknown causes of epilepsy and a
disease onset at the middle age. Moreover, follow-up
observations, especially follow-up brain imaging, are
important for distinguishing EAT from other causes of
epilepsy, such as cortical dysplasia and inflammatory
pathology. Brain biopsy examination should be per-
formed if necessary.

Conclusion

In this study, we found that a majority of BTRE patients
had tumor lesions located in the brain parenchyma, and
most of them had generalized seizures. The type of seiz-
ure was related to the lobular distribution of the lesion,
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but not to the origin or the location (being in the brain
parenchyma or the meninges) of tumor. In addition,
“whether the tumor is glioma” and the glioma grade
were determined to be independent factors for EAT, that
is, the majority of EATs are gliomas, particularly low-
grade gliomas. However, as this study is limited by a
small sample size, future in-depth studies with larger
sample sizes are needed.
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