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Abstract

Epilepsy is a common manifestation of glioma patients and negatively impacts on quality of life and neurocognitive function. The
risk of preoperative seizures in patients with glioma is currently under discussion. We aimed to evaluate the relationship between
tumor locations in the cerebrum and preoperative seizures in patients with glioma. PubMed, EMBASE, Web of Science, China
Biology Medicine, and the Cochrane Library were systematically searched from inception to July 15, 2017, for original studies
including reports of preoperative seizures in patients with gliomas in different brain regions. The pooled odds ratio (OR) and 95%
confidence interval (CI) of the meta-analysis for preoperative seizure risk stratified by cerebrum regions were calculated. The
quality of evidence was assessed per outcome, using the approach of the Grades of Recommendation, Assessment, Development
and Evaluation. Overall, 4323 participants in 16 population-based studies were included in this meta-analysis. The meta-analysis
indicated that gliomas in the frontal lobe (OR =1.51, 95% CI=1.09-2.09, P=0.013) were associated with a higher risk for
preoperative seizure compared to occipital lobe involved (OR =0.53, 95% CI=0.32-0.88, P=0.014). Regarding the other three
lobe involved gliomas, no difference was found between the incidence of preoperative seizures and tumor location. Current
limited data suggest that frontal gliomas were associated with a higher risk of preoperative seizures, while gliomas in the occipital
lobe were associated with a lower seizure risk. Further RCT studies recruiting larger sample sizes are required to validate these
results and guide clinical practice.
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Introduction

Epileptic seizures are common clinical manifestations in pa-
tients with primary brain neoplasms [1-3]. Gliomas are
thought to originate from neuroepithelial cells, account for
35.3-60.9% of brain tumors, and comprise the most frequent
type of intracranial tumor [4]. Preoperative seizures, which
occur in 50-90% of patients with low-grade glioma and 20—
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50% of patients with glioblastoma [5, 6], are important symp-
toms associated with gliomas, and significantly impact pa-
tients’ quality of life [6]. At least 10% of patients with glioma
will develop status epilepticus, which is a life-threatening con-
dition wherein a seizure lasts longer than 5 min, or when
multiple seizures occur without regaining consciousness [7].
According to relevant studies [8], factors such as tumor loca-
tion, histopathological subtype, and genetic mutations have
been linked to the risk of preoperative GAS. Ruda et al. [5]
have reported that about 47.4% of patients with grade II tu-
mors, 28.6% of those with grade III tumors, and 19.8% of
patients with grade IV tumors according to the World Health
Organization grading system might have seizures. In addition,
Pei Yang et al. [9] found that EGFR amplification was an
independent predictor for preoperative seizures in patients
with anaplastic gliomas, which has not been previously
reported.

Currently, increasing numbers of studies suggest that tumor
location plays a crucial role in the occurrence of preoperative
GAS. Preoperative seizure as a first symptom might prompt
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earlier clinical intervention [10]. This would in turn might
enable the prolongation of survival in patients with gliomas
and lead to a longer period without tumor progression. In
addition, because patients with preoperative seizures have a
higher risk of postoperative seizures [1], clinicians should
carefully monitor patients with gliomas in different locations.
Significant controversy still exists regarding the incidence of
preoperative seizures in different brain regions. Some scholars
[11-13] believe that gliomas involving the temporal lobe are
more likely to lead to preoperative seizures, while Lee et al.
[4] have proposed the idea that gliomas within the insular
cortex are more likely to occur before operative seizures. In
a univariate analysis [12], gliomas in the frontal lobe were
shown to be associated with a higher risk of seizures, while
those in the occipital lobe led to a lower risk.

Nevertheless, the incidence of preoperative GAS has not
yet been systematically evaluated, and many studies have
been limited by a lack of strict research methods, incomplete
database indexing, and small sample size. Therefore, in order
to systematically assess the above hypotheses, we carried out
a meta-analysis to further explore the relationship between the
occurrence of gliomas in different cerebrum regions and the
risk of preoperative GAS.

Materials and methods
Search strategy

PubMed, EMBASE, Web of Science, China Biology
Medicine (CBM), and the Cochrane Library were systemati-
cally searched from inception date to July 15, 2017, to identify
studies which precisely described the relationship between
tumor location and the incidence of preoperative seizures in
glioma patients. There was no language restriction on the
search. The following search terms were used: “seizure or
epilepsy” and “glioma or astrocytoma or oligodendroglioma
or oligoastrocytoma.” All searches were carried out by the
combination of medical subject heading (MeSH) terms and
free words. Retrieval strategies were determined by carrying
out multiple pre-retrieval. According to the references provid-
ed by the literature that had been retrieved, we supplemented
our searches by manually reviewing the references of all rel-
evant studies.

Study selection and criteria selection

Two authors (Jian Zhang and Shaopeng Peng) who were
trained professionally independently screened the abstracts
and titles of the searched articles, and then excluded the liter-
atures that were not relevant to our topic. The same authors
(Jian Zhang and Shaopeng Peng) independently assessed the
remaining full-text articles in details on the basis of the
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eligibility criteria mentioned below. Any disagreements were
resolved by discussion with the third author (Liang Yao). The
following inclusion and exclusion criteria for study selection
were formulated.

Inclusion criteria: (1) prospective or retrospective studies;
(2) studies comparing preoperative seizure incidence between
patients with gliomas with and without lobe involvement; (3)
studies focused on preoperative seizures caused by gliomas;
(4) studies on gliomas in the frontal, temporal, parietal, occip-
ital, or insular lobes; (5) studies reporting risk point estimates
as odds ratios or those in which we were able to calculate the
based on the data; and (6) studies in which the 95% CI and
odds ratio could be extracted or those for which the 95% CI
and odds ratio could be calculated based on the presented data.
When studies were repeated, the highest quality study, as
assessed using the Newecastle-Ottawa Scale (NOS >6) [14],
was included.

Exclusion criteria: (1) studies that did not precisely de-
scribe the population, including precise definitions of glioma
causing seizure preoperatively; (2) studies that were case se-
ries, reviews, or conference abstracts; (3) studies for which
raw data could not be extracted; (4) studies that reported post-
operative glioma-associated seizures; (5) studies including pa-
tients with severe hepatic or renal insufficiency, or acute or
chronic infectious diseases; and (6) studies with poor quality
(NOS < 6), or those with insufficient information.

Quality assessment and data extraction

Two authors (Jian Zhang and Yuan Fang) independently eval-
uated the methodological quality of the selected studies in a
standardized data-collection form; grading was performed by
the NOS, which is a validated scale for nonrandomized studies
in meta-analyses. In our meta-analysis, studies that received >
6 points were considered of high quality. The following infor-
mation, if available, was extracted and summarized from each
selected study, such as first author, publication year, country,
study design, sample size, age median, sex ratio, glioma WHO
grade (according to the old WHO classification, appendix
Table 8), histopathological subtype, preoperative seizure rate,
and incidence of preoperative seizure with or without lobar
involvement. The processes were independently conducted by
two trained authors (Jian Zhang and Yuan Fang), who formal-
ly evaluated and performed two preliminary experiments so as
to guarantee the consistency and accuracy of the evaluation.
Inconsistent conclusions between the two authors (Jian Zhang
and Yuan Fang) were resolved through negotiation or consult-
ing with the third author (Liang Yao).

Statistical analysis

The meta-analysis was performed by STATA 12.0 software
(Stata Corp, College Station, TX, USA). A random effects
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model was applied, which was recommended in medical
decision-making contexts, especially when events were rare.
In our meta-analysis, OR and 95% CI were considered as the
effect size for all included studies. Forest plots were produced
to visually assess the OR and corresponding 95% CI using
random effects model. Heterogeneity was evaluated by using
the I value, and base on Higgins’ P statistic, P <25, P =25-
50, and P >50% were of low, moderate, and high heteroge-
neity, respectively. Potential causes of high heterogeneity
were explored and interpreted by carrying out sensitivity anal-
ysis, which could confirm the stability and reliability of the
pooled analysis. The risk of publication bias was further
assessed using the Egger test and P values less than 0.05 were
considered significant [15].

Assessment of evidence quality

Our meta-analysis used the approach of the Grades of
Recommendation, Assessment, Development and Evaluation
(GRADE) to assess the quality of evidence on this subject to
ensure the reliability of meta-analysis results. The GRADE
could be divided into four quality levels: (1) high quality;
(2) moderate quality; (3) low quality; and (4) very low quality.
We applied the methods developed by the GRADE Working
Group to rate the quality of evidence, starting at high quality
and downgrading for risk of bias, imprecision, inconsistency,
indirectness, and publication bias. We rated the quality of the
evidence for the following outcomes: frontal, temporal, pari-
etal, occipital, and insular lobes. GRADE software was uti-
lized to edit and analyze the evidence grades and for drafting.

Results
Identification of eligible studies

The initial search yielded 8246 potentially relevant references.
After the exclusion of duplicates, 7178 references remained.
Among these, 196 studies remained after excluding unrelated
studies. Ultimately, we identified 16 studies [1, 4, 9, 12,
16-27] for our meta-analysis after reading full-text and ex-
cluding papers that did not meet the inclusion criteria. All 16
studies reported the incidence of preoperative seizures in as-
sociation with temporal gliomas. Thirteen studies evaluated
the relationship between the risk of preoperative seizures
and frontal or parietal gliomas. Ten studies described the inci-
dence of preoperative seizures in association with occipital
gliomas, and seven studies focused on the relationship be-
tween the risk of preoperative seizures and insular gliomas.
The flow diagram of the literature screening process and the
selection of articles is presented in Fig. 1.

Study characteristics

Sixteen studies [1, 4, 9, 12, 16-27] including 4323 partici-
pants were considered in our meta-analysis. Of these studies,
nine [1, 9, 16, 17, 20, 24-27] were from Asia, two [19, 22]
were from Europe, and the rest [4, 12, 18, 21, 23] were from
Australia (two studies [18, 21]), Canada (one study [23]), and
the USA (two studies [4, 12]). The publication years of these
articles ranged from 2001 to 2017, and the sample sizes
ranged from 30 to 1509. There were two prospective [17,
18] and 13 retrospective studies [1, 4, 9, 12, 16, 19, 20,
22-27] in the present meta-analysis. In addition, one study
[21] comprised a separate report on retrospective and prospec-
tive studies. The results of the detailed outcome indicators of
each study are shown in Table 1.

Frontal lobe

Thirteen studies [1, 9, 12, 16-24, 27] indicated that frontal
gliomas were associated with a risk for GAS. The total sample
size reached 4065 cases. The incidence of preoperative sei-
zures ranged from 18.4t0 92.1% and 11.1 to 87.7% in gliomas
involved and non-involved frontal lobe (Table 2). A statisti-
cally significant association between frontal gliomas and the
risk of preoperative seizures was observed in our meta-
analysis (OR=1.51, 95% CI=1.09-2.09, P=0.013).
However, the * value of 71.0% and a P value <0.001 indi-
cated high heterogeneity (Fig. 2).

Parietal lobe

Meta-analysis of 13 researches [1, 9, 12, 16-24, 27] with 4065
cases explored the correlation between parietal gliomas and
the risk of preoperative seizures. The rate of preoperative sei-
zures ranged from 13.6 to 100.0% in parietal gliomas (Table
2). Meta-analysis demonstrated that there was no significant
difference in either group of studies (OR =0.96, 95% Cl=
0.76-1.21, P=0.725). No significant heterogeneity was
found among the studies (P =0.0%, P=0.483) (Fig. 3).

Temporal lobe

Meta-analysis of 16 studies [1, 4, 9, 12, 16-27] indicated a
correlation between temporal gliomas and the risk of preoper-
ative seizures in a total sample size of 4323 cases. We found
that gliomas involving the temporal lobe were associated with
a 21% risk increment of the incidence of preoperative sei-
zures, although the differences were not statistically signifi-
cant (OR=1.16, 95% CI=0.88-1.53, P=0.294) and there
was some between-study heterogeneity (I =55.9%, P=
0.003) (Fig. 4).
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Occipital lobe

One hundred three patients with occipital gliomas and 1613
gliomas without occipital lobe were included in ten studies.
Meta-analysis revealed that occipital gliomas were signifi-
cantly associated with a 53% risk reduction in the incidence
of preoperative seizures (OR = 0.53,95% CI=0.32-0.88, P=
0.014). There was no heterogeneity among the studies of oc-
cipital gliomas and the risk of preoperative seizures (/=
0.0%, P=0.65) (Fig. 5).

Insular lobe

Of the included studies, seven studies including 3167 cases
assessed the relationship between risk of preoperative seizures
and insular gliomas. The pooled meta-analysis suggested that
there was no statistical correlation between insular gliomas
and the risk of preoperative seizures (OR =1.18, 95% Cl=
0.92-1.51, P=0.195). No significant between-study hetero-
geneity was found among the seven studies (7 =0.0%, P=
0.930) (Fig. 6).

Subgroup analysis
To find the source of the heterogeneity, we further performed

stratification analysis by ethnicity for the outcomes. There
were obvious differences between East Asian and Caucasian
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studies for both frontal and temporal gliomas. The results
indicated that frontal gliomas tended to be associated with
preoperative seizure risk in East Asians (OR =2.02, 95% CI
1.58-2.58, P=0.329 for heterogeneity test), but not in
Caucasians (OR =1.04, 95% CI 0.64—1.60, P < 0.05 for het-
erogeneity test) (Table 3). However, the association between
temporal gliomas and preoperative seizure risk was significant
in Caucasians (OR =1.75, 95% CI 1.34-2.27, P=0.658 for
heterogeneity test), but not in East Asians (OR =0.78, 95% CI
0.59-1.04, P=0.173 for heterogeneity test) (Table 3). These
differences may be induced by different genetic backgrounds
and environmental exposures [28]. The effect of genetic var-
iants on glioma-associated seizure risk may be different be-
tween multiple ethnic groups.

Sensitivity analysis

In the meta-analysis, we conducted a sensitivity analysis by
leave-on-out method and found that ethnicity was a significant
source of heterogeneity for frontal gliomas. The result indicat-
ed that a single study [19] caused the high heterogeneity. The
P value decreased to 29.0% when we excluded this study.
However, the exclusion did not substantially affect the results
ofthe meta-analysis for frontal gliomas (OR =1.72,95% CI =
1.37-2.16, P < 0.001), which would indicate that our analyzed
results are robust.
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Publication bias
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We conducted a Begg’s test to test for publication bias in the
studies on frontal gliomas and the risk of preoperative seizures
(Fig. 7). The P value for the Begg test was 0.511, which
indicated that there was no obvious risk of publication bias
in the meta-analysis. Similarly, the conclusion of Egger test
was consistent with the Begg’s test (Table 4), suggesting low
publication bias in the outcome indexes of our meta-analysis,

Fig. 3 Forest plot showing the
relationship between gliomas + Study

which had provided potent support for the results of Begg’s
test.

Discussion
To clarify the relationship between tumor location and glioma-

related epilepsy, our meta-analysis retrospectively analyzed
16 eligible studies with a total number of 4323 patients. The

%

involved temporal lobe and the 1D OR.(95% C1) Welght
risk of preoperative seizures EasiAsiar :
Cheng 2017 —— 0.81(0.50,1.29)  8.98
luchi 2015 —i— 0.80 (0.31,2.10)  4.91
Wang 2015 - 0.63(0.35,1.13)  7.86
Yang 2014 —i- 0.72(0.39,1.32) 7.68
Huang 2014 ! ———— 15.13(1.61, 142.15) 1.35
You 2012 o 1.07 (0.73,1.58)  9.81
Lei 2011 —*—-I* 0.54 (0.23,1.26) 5.70
Hwang 2004 —_— 045 (0.12,1.72)  3.12
Lieu 2001 —_— 0.62(0.29,1.31) 6.35
Subtotal (I-squared =30.7%, p = 0.173) < E 0.78 (0.59, 1.04)  55.76
. '
Caucasian :
Liubinas 2014 —_—— 2.63(0.26,26.07) 1.29
Pallud 2014 —— 1.28 (0.81,2.04) 9.07
Stockhammer 2012 +—— 247 (0.80,7.63) 4.02
Yuen 2012 (retrospective) —— 1.91 (1.02, 3.57) 7.50
Yuen 2012 (prospective) ——— 1.68 (0.72, 3.89) 5.72
Mirsattari 2011 ——— 4.67 (1.02,21.28) 2.60
Lee 2010 — 2.58 (1.23, 5.43) 6.48
Chang 2008 —— 1.60(0.86,2.98) 7.55
Subtotal (I-squared = 0.0%, p = 0.658) e, 1.75 (1.34, 2.27) 44.24
1
. |
Overall (I-squared = 55.9%, p = 0.003) O 1.16 (0.88, 1.53) 100.00
f
NOTE: Weights are from random effects analysis !
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Table 3  Associations between frontal/temporal gliomas and preopera-
tive seizure risk by races

Lobe Ethnicities Studies OR (95% CI) Por P*

involved

Frontal Total 13 1.51 (1.09,2.09) <0.05 <0.05
East Asian 7 2.02 (1.58,2.58) <0.05 0.329
Caucasian 1.04 (0.67,1.60)  0.089 <0.05

Temporal Total 16 1.16 (0.88,1.53)  0.295 <0.05
East Asian 9 0.78 (0.59, 1.04)  0.088  0.173
Caucasian 1.75(1.34,2.27) <0.05 0.658

meta-analysis indicated that tumor localization was a
known strong predictor for glioma-associated seizures. We
found the lowest incidence of preoperative seizures in pa-
tients with gliomas in the occipital lobe, while the highest
rate of preoperative seizure incidence was found in patients
with gliomas in the frontal lobe. Our meta-analysis did not
find any significant correlations between the location of
gliomas in the other three lobes and the incidence of pre-
operative seizure. However, epileptologists and neurosur-
geons differ slightly in the diagnosis of preoperative sei-
zures in the included studies. Epileptologists mainly based
on the guidelines for diagnosis of epilepsy, while neurosur-
geons are based on clinical symptoms, physical examina-
tion, and auxiliary examination, because there are no spe-
cial guidelines for the diagnosis and treatment of glioma-
related seizures. In addition, neurosurgeons should also

Fig. 4 Forest plot showing the
relationship between gliomas © Study

consider patients’ medical history and semiology of sei-
zures for the diagnosis of glioma-associated seizures. This
may be one of the factors that cause bias risk in our meta-
analysis.

Gliomas are known to be the most epileptogenic brain tu-
mors [6]. Current studies lack further investigations of how
the tumor itself can cause seizures. The pathogenesis of
glioma-related epilepsy appears to be different from that of
idiopathic epilepsy. Two views concerning the pathogenesis
of glioma-associated seizures are available at present [9]. One
potential explanation is that the seizure originates in the sur-
rounding normal tissue. To be specific, it is thought that the
tumor mechanically compresses the surrounding normal tis-
sue, which then gives rise to a mass effect. The affected tissues
have decreased pH level, ischemia, and hypoxia, and become
seizure foci [29, 30].

The other possibility is that the seizure originates in the
tumor. Specifically, the tumor itself may excrete certain
chemical actors, which can then change the peritumoral
microenvironment into an epileptic focus. Liang et al.
[11] found that glutamate released from glioma cells is
related to the development of epileptic activity. A greater
concentration of glutamate, the major excitatory amino ac-
id neurotransmitter in the brain, has been found in brain
tumor samples from patients with active epilepsy [31]. In
addition, as early as 1999, Ye et al. [32] carried out the
experimental study of cell lines of human astrocytomas
(included STTG-1, U-138 MG, U-251 MG, U-373 MG,
CH-235 MG, D-54 MG, and D-65 MG) and found that
glutamate released by tumors might contribute to seizure

%

involved parietal lobe and the risk D OR (95% CI) Weight
of preoperative seizures ) 1
East Asian
Cheng 2017 kg 1.27 (0.74,2.18) 18.50
luchi 2015 —_— 0.63(0.17,2.39) 3.02
Wang 2015 — 0.94 (0.44,2.03) 9.16
Yang 2014 — 1.01(0.44,231) 7.75
You 2012 T 0.75(0.40, 1.41) 13.40
Hwang 2004 —_— 0.98 (0.25,3.86) 2.82
Lieu 2001 — 1.18 (0.50,2.76) 7.32
Subtotal (I-squared =0.0%, p = 0.901) <> 1.00 (0.74,1.34) 61.99
Caucasian
Liubinas 2014 2.56 (0.12,55.67) 0.56
Pallud 2014 T 1.74 (0.87,3.49) 10.98
Stockhammer 2012 —_— 0.40 (0.13,1.26) 4.06
Yuen 2012 (retrospective) —_— 0.43 (0.18,1.07) 6.54
Yuen 2012 (prospective) —_— 0.48 (0.14,1.66) 3.49
Mirsattari 2011 —_— 0.77 (0.25,2.37) 4.26
Chang 2008 —a— 1.31(0.58,2.94) 8.12
Subtotal (I-squared =41.0%, p =0.118) 0.83 (0.49, 1.39) 38.01
Overall (l-squared = 0.0%, p = 0.483) 0.96 (0.76, 1.21)  100.00
NOTE: Weights are from random effects analysis
T T T
.018 1 5547
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" Study %
D OR (95% Cl) Weight
East Asian X
Cheng 2017 =T 0.60 (0.26, 1.39) 37.16
luchi 2015 —_— 0.34 (0.04, 2.85) 5.74
Wang 2015 : 1.57 (0.16, 15.35) 4.97
Yang 2014 —_— 0.31(0.09,1.09) 16.15
Hwang 2004 —E——O— 1.60(0.17,15.42) 5.02
Lieu 2001 —_—t 113(0.21,5.99) 9.23
Subtotal (I-squared = 0.0%, p = 0.656) <> 0.61(0.34,1.09) 7827
i
i
Caucasian '
Liubinas 2014 : 1.74 (0.07, 40.62) 2.61
Stockhammer 2012 - 0.08 (0.01, 0.77) 5.08
Yuen 2012 (retrospective) —0—5—— 0.22 (0.03, 1.81) 5.77
Yuen 2012 (prospective) - 0.26 (0.01,5.45) 275
Mirsattari 2011 _E-O- 0.73 (0.08, 6.38) 5.53
Subtotal (I-squared = 0.0%, p = 0.514) <:> 0.31(0.10,092) 21.73
i
. i
Overall (l-squared = 0.0%, p = 0.653) <> 0.53(0.32,0.88)  100.00
|
NOTE: Weights are from random effects analysis E
.00|843 : 1:9
Experimental Control Odds Ratio Odds Ratio
r I Even Total Ev Total Weight M-H. Random. 95% CI M-H om, 95% CI
Cheng 2017 8 33 96 277 37.2% 0.60 [0.26, 1.39] — &
Hwang 2004 1 5 13 96 5.0% 1.60[0.17, 15.42]
luchi 2015 1 9 30 112 5.7% 0.34 [0.04, 2.85] T
Lieu 2001 2 7 48 183 9.2% 1.13[0.21, 5.99] D
Liubinas 2014 2 2 21 28  26% 1.74[0.07, 40.62]
Mirsattari 2011 7 8 143 158 5.5% 0.73[0.08, 6.38] -
Stockhammer 2012 1 5 56 74 5.1% 0.08 [0.01, 0.77] —
Wang 2015 3 4 149 227 5.0% 1.57 [0.16, 15.35]
Yang 2014 3 20 65 178 16.1% 0.31[0.09, 1.09] - = 1
Yuen 2012 (prospective) 0 2 43 98  2.8% 0.26 [0.01, 5.45]
Yuen 2012 (retrospective) 1 8 72 182 5.8% 0.22[0.03, 1.81] T
Total (95% Cl) 103 1613 100.0% 0.53 [0.32, 0.88] -
Total events 29 736 ) ) ) )
Heterogeneity: Tau? = 0.00; Chi? = 7.81, df = 10 (P = 0.65); I> = 0% '0.01 0i1 1 1'0 100‘

Test for overall effect: Z = 2.47 (P = 0.01)

Favours [experimental] Favours [control]

Fig. 5 Forest plot showing the relationship between gliomas involved occipital lobe and the risk of preoperative seizures

activity arising from peritumoral brain regions. These un-
derlying effects may alter the balance between intracortical
inhibitory and excitatory mechanisms, which consequently
lead to epileptogenic activity [32—34].

For frontal gliomas, we found that there was significant
heterogeneity among the 13 studies. Our sensitivity analysis
of the meta-analysis data revealed that heterogeneity was
caused by one study [19] for diffuse low-grade gliomas in-
cluded and the heterogeneity of the data sources used. The
pooled estimated effects were not altered when we removed
this study from the analysis.

Our meta-analysis declared the highest incidence of pre-
operative seizures in frontal gliomas. However, the mech-
anism underlying frontal glioma-related seizure initiation
has yet to be clarified. It is known that the frontal lobe has
the greatest volume of all the cerebral lobes. This is asso-
ciated with the highest probability of glioma formation in

this region [13]. In addition, the frontal lobe is extensively
associated with the surrounding tissues and structures,
such as the thalamus, basal ganglia, and brainstem.
Therefore, discharges of frontal neurons are likely to ex-
tend to the above-mentioned sites and induce epileptic sei-
zures [13]. Frontal lobe lesions mainly involve cortical and
superficial cerebral tissue and white matter fibers are sel-
dom destroyed due to frontal lobe lesions. This contributes
to the preservation of a route for the transmission of lesion
discharge [13, 35]. Nevertheless, large prospective multi-
center studies are required to clarify the various questions
raised by this study.

In the study of occipital lobe, two studies [9, 27] have the
largest sample size, and the sum of them has a large weight,
which renders the final conclusion to tend to be similar with
them, but not exactly the same. Therefore, the included studies
were comprehensively analyzed and concluded the lowest
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incidence of preoperative seizures in occipital gliomas. Until
now, the mechanism underlying this observation has not been
fully understood. The occipital lobe is located in the posterior
cerebral hemisphere above the tentorium cerebelli. It has the
smallest volume among all the cerebral lobes and has relative-
ly low incidence of gliomas, which may be an important factor
underlying our findings. Further high-quality basic experi-
mental researches are required to explore the pathogenesis of
occipital gliomas.

Compared to gliomas with frontal and occipital lobes, we
did not find gliomas with temporal, insular, and parietal lobes
that were associated with preoperative seizure risk. These neg-
ative findings may be due to several factors, such as differ-
ences in the study design and the different populations stud-
ied. Future research should focus on identifying regions with
susceptibility to GAS in larger multicenter studies.

Uncontrolled preoperative seizures might lead to hospi-
talization, which is typically not a desired option for pa-
tients and might subsequently decrease their quality of life.
Caregivers, who may already have a heavy burden of care,
might experience additional distress when caring for pa-
tients with ongoing seizures [36]. Therefore, adequate pre-
operative seizure management is essential for glioma pa-
tients. Preoperative seizure control in glioma patients in-
volving different lobes has been described, with success
rates ranging from 48 to 77% [12, 13, 37-39]. Although
some studies [2, 38] have reported that there is no signif-
icant association between the type of surgical resection and
control of seizures, recent research [12, 37, 40—42] sug-
gests that gross total resection is one of the strongest pre-
dictors for glioma-related seizure control. Gross total re-
section is defined as removal of more than 90% of the

Fig. 6 Forest plot showing the

tumor. Minimizing the residual tumor volume through total
resection may enable removal of the epileptogenic zone.
Therefore, surgical resection of tumor lesions is one of
the most important methods to control epileptic seizures.

In addition, a univariate analysis [20] indicated that chemo-
therapy may lead to better seizure control, which might partly
be related to its effects on tumor progression. Chalifoux et al.
[43] reported that radiation therapy can significantly reduce
the frequency of seizures and control tumor growth. The
mechanism may be related to the fact that radiotherapy can
change the microenvironment of epilepsy foci and destroy the
epileptic conduction pathway [43]. However, compared with
chemotherapy or radiotherapy alone, concomitant chemora-
diotherapy could effectively improve the tumor’s
progression-free survival and prolong the overall survival pe-
riod [44, 45]. The European Organization of Research and
Treatment for Cancer (EORTC) [46] had carried out a ran-
domized controlled experimental study on 22,845 glioma
cases and demonstrated that radiotherapy combined with che-
motherapy could reduce the frequency of epileptic seizures in
50-60% glioma patients, and epilepsy disappeared in 20-40%
patients. The latest research had shown [47] radiochemother-
apy combined with surgical treatment is effective in reducing
postoperative seizures. In conclusion, the combination of ra-
diotherapy and chemotherapy is very effective and necessary
in the treatment of glioma-associated seizures.

Currently, there are different views regarding the active use
of antiepileptic drugs (AEDs) for the treatment of preoperative
glioma-related epilepsy. To date, there are no data to support a
preferred drug of choice. Gan You et al. [20] found that
valproic acid could be used to successfully control preopera-
tive seizures. However, due to the potential neurotoxicity of

relationship between gliomas Study %
involved insular lobe and the risk ID OR (95% Cl) Weight
of preoperative seizures .
East Asian E
Cheng 2017 ——I+— 125(0.70,221) 1868
Wang 2015 —*—.— 0.97(049,191) 1327
Yang 2014 102(041,255) 733
You 2012 — T 120(0.75,1.93)  27.54
Subtotal (I-squared = 0.0%, p = 0.936) <:> 114 (0.84,155)  66.83
E
Caucasian !
Pallud 2014 ——E-.— 148(0.88,2.46) 2329
Stockhammer 2012 : 084(021,345) 307
Chang 2008 085(0.33,2.18) 681
Subtotal (I-squared = 0.0%, p = 0.507) <::> 125(0.81,192) 3317
: E
Overall (l-squared = 0.0%, p = 0.930) <d> 118(0.92,151)  100.00
Y
'
NOTE: Weights are from random effects analysis '
T
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Table 4 Comparison between Begg’s test and Egger’s test for
publication bias

Outcomes Begg’s test Egger’s test

VALE] Pl i Pl
Frontal 0.66 0.511 1.00 0.338
Temporal 1.28 0.202 1.36 0.195
Parietal 0.99 0.324 -1.18 0.261
Insular 1.50 0.133 —2.61 0.058
Occipital 0.62 0.533 —-0.01 0.989

valproate, the clinical application of valproic acid was also
reduced. Another study [48] reported that levetiracetam had
minimal side effects in the central nervous system.
Levetiracetam (except for patients with abnormal renal func-
tion) was considered to be the first choice for controlling par-
tial seizures and focal epileptic seizures induced by gliomas,
along with favorable tolerance. Newly developed AEDs do
not undergo hepatic metabolism, such as lamotrigine, which
was mainly eliminated through the acidification metabolism
of glucal and could be inhibited by sodium valproate [49].
Besides, it was also effective in controlling GAS [50]. More
importantly, lamotrigine and levetiracetam would not impact
the cytochrome P450 enzyme system or other metabolic path-
ways, which were vital to glioma patients requiring chemo-
therapy [51, 52].

Furthermore, a study [53] had found that sulfasalazine
(SAS), which is a drug approved by the Food and Drug
Administration, inhibited peritumoral hyperexcitability and
reduced epileptic event frequency in tumor-bearing mice.
This drug had the most benefit in patients with slow-
growing gliomas. Clearly, a well-designed clinical study of
SAS for the treatment of patients with gliomas is warranted.
Until now, there has only been limited evidence to recommend
the use of certain AEDs for the treatment of GAS. Therefore,
more prospective studies are required to provide better evi-
dence to guide clinical decision-making.

The overall quality of evidence varies for different out-
comes, as shown in Table 5. The quality of evidence was poor
for temporal gliomas; moderate for frontal, parietal, and insu-
lar gliomas; and high for occipital gliomas. The major reasons
for this poor assessment of temporal gliomas were that most of
the included studies were case-control studies. In addition,
some potential confounding biases also affecting the result,
such as gene mutation or histopathological subtype, have been
linked to the risk of glioma-related seizures. Small sample
sizes resulted in wide confidence intervals for the outcomes
of temporal and frontal gliomas, which decreased the quality
of evidence. Future multicenter, large-scale clinical studies
should be adequately powered to measure differences in clin-
ically important outcomes.

In the current meta-analysis, several studies [18, 22] an-
alyzed the association between seizure as the initial symp-
tom and mutation of IDH1/2. The two above-mentioned
studies demonstrated that there is significantly increased in-
cidence of preoperative seizures in gliomas with mutations
of IDH1/2 compared to those with no IDH1/2 mutations. In
addition, Chen et al. [54] studied a large cohort (712 cases)
WHO grade II-IV gliomas from three institutions where
they found that IDH mutant tumors confer risk for preoper-
ative seizures and D-2-hydroxyglutarate (D2HG) product of
mutant isocitrate dehydrogenase 1 (IDHImut) may increase
neuronal activity by mimicking the activity of glutamate on
the NMDA receptor. A recent meta-analysis [55] also dem-
onstrated that the association between IDH1/2 mutation sta-
tus and incidence of preoperative seizures is significant for
low-grade gliomas (grade II) but not for high-grade gliomas
(grades III and IV). Therefore, IDH1/2 mutation has an im-
portant effect on the incidence of preoperative glioma-
related epilepsy. Since the included studies did not carry
out correction analysis for this confounding factor, which
leads to a certain bias in our meta-analysis, prospective
studies are needed to provide better evidence to confirm
our results.

Large-scale comprehensive reports were included in this
study and the database was searched without language restric-
tion. In addition, the requirements for the internal control
group were determined in accordance with specific diagnostic
criteria. This allowed us to improve the quality of the quanti-
tative analysis. Furthermore, our meta-analysis strictly obeyed
the literature inclusion and exclusion criteria and all the en-
rolled studies were assigned semi-quantified scores using the
Newecastle-Ottawa Scale after strict quality control and data
extraction. The corresponding computational models were se-
lected in the data analysis through rigid heterogeneity testing.
Finally, a sensitivity analysis was performed on the results of
the meta-analysis.

Our meta-analysis has several potential limitations. First,
several results, for example, those of participants with occip-
ital gliomas, had quite small sample sizes. It seems that larger
numbers of eligible studies with large samples are needed.
Fortunately, our powerful analysis indicated that we were able
to draw conclusions with great power using our methods.
Secondly, glioma-associated seizures may also be related to
gene mutations, histopathological subtype, and patient age.
However, due to the lack of detailed data on these factors in
several included studies, our confidence in the findings may
be weakened. Furthermore, in the included studies, the types
of preoperative seizures induced by gliomas are mainly simple
partial seizures and secondary general seizures. It may affect
reporting of preoperative seizure incidence and lead to a cer-
tain publication bias. Consequently, we believe that large-
scale, high-quality research should be performed to further
verify the above results.
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Fig. 7 Begg’s funnel plot with
pseudo 95% confidence limits for
frontal gliomas

Conclusions

Our meta-analysis demonstrated a correlation between glioma
location and preoperative seizure risk. The meta-analysis of
seizure-susceptible regions furthers our understanding of the
etiology of glioma-related seizure. Additionally, these findings

Table 5

Begg's funnel plot with pseudo 95% confidence limits

logor

-2

Summary of findings for the main comparisons

1
5

s.e. of: logor

provide new evidence that may eventually be useful for cus-
tomized seizure management, although currently further evi-

dence is needed. Future prospective studies also should take
into account the complexity of AED administration in patients
with preoperative GAS. This in turn may contribute to the
development of more targeted preoperative seizure treatments.

Glioma involved a lobe compared to non-involved for preoperative seizures

Patient or population: patients with gliomas with preoperative seizures

Settings:
Intervention: lobe involvement
Comparison: lobe non-involvement

Outcomes
(95% CI)
Assumed risk

Lobe non-involvement
642 per 1000
687 per 1000
683 per 1000
743 per 1000
Occipital lobe 456 per 1000

Frontal lobe
Temporal lobe
Parietal lobe

Insular lobe

Illustrative comparative risks*

Corresponding risk

Lobe involvement

730 per 1000 (661 to 789)
718 per 1000 (659 to 770)
674 per 1000 (621 to 723)
773 per 1000 (726 to 813)
308 per 1000 (212 to 425)

Relative effect
(95% CI)

OR 1.51 (1.09 to 2.09)
OR 1.16 (0.88 to 1.53)
OR 0.96 (0.76 to 1.21)
OR 1.18 (0.92 to 1.51)
OR 0.53 (0.32 t0 0.88)

No. of Participants
(studies)

4065 (13 studies)
4323 (16 studies)
4065 (13 studies)
3167 (7 studies)

1716 (10 studies)

Quality of the evidence Comments
(GRADE)

@ & & © moderate®
®® 0o low™
® ® ® © moderate”
© ® ® © moderate®
® D ® @ high

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95%
confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI)

ClI, confidence interval; OR, odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate

* The heterogeneity was high

® Imprecision
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Appendix 1

Table 6 Search strategies

Web of Science

#1 TS = (glioma OR astrocytoma OR oligodendroglioma OR
oligoastrocytoma)

#2 TS = (seizure OR epilepsy)

#3 #2 AND #1
PubMed

#1 Search glioma [Title/Abstract]

#2 Search “Glioma”[Mesh]

#3 Search astrocytoma [Title/Abstract]

#4 Search “Astrocytoma”[Mesh]

#5 Search oligodendroglioma [Title/Abstract]

#6 Search “Oligodendroglioma”[Mesh]

#7 Search oligoastrocytoma [Title/Abstract]

#8 Search “Oligoastrocytoma”[Mesh]

#9 Search #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8
#10 Search seizure [Title/Abstract]

#11 Search “Seizure”[Mesh]

#12 Search epilepsy [Title/Abstract]

#13 Search “Epilepsy”’[Mesh]

#14 Search #10 or #11 or #12 or #13

#15 Search #9 and #14
Cochrane Library

#1 glioma: ti,ab,kw

#2 MeSH descriptor: [Glioma] explode all trees

#3 astrocytoma: ti,ab,kw

#4 MeSH descriptor: [Astrocytoma] explode all trees

#5 oligodendroglioma: ti,ab,kw

#6 MeSH descriptor: [Oligodendroglioma] explode all trees
#7 oligoastrocytoma: ti,ab,kw

#8 MeSH descriptor: [Oligoastrocytoma] explode all trees

Table 6 (continued)

#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8
#10 seizure: ti,ab,kw

#11 MeSH descriptor: [Seizure] explode all trees
#12 epilepsy: ti,ab,kw

#13 MeSH descriptor: [Epilepsy] explode all trees
#14 #10 or #11 or #12 or #13

#15 #9 and #14

EMBASE

#1 ‘glioma’: ab,ti

#2 ‘glioma’/exp

#3 ‘astrocytoma’: ab,ti

#4 ‘astrocytoma’/exp

#5 ‘oligodendroglioma’: ab,ti

#6 ‘oligodendroglioma’/exp

#7 ‘oligoastrocytoma’: ab,ti

#8 ‘oligoastrocytoma’/exp

#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
#10 ‘seizure’: ab,ti

#11 ‘seizure’/exp

#12 ‘epilepsy’: ab,ti

#13 ‘epilepsy’/exp

#14 #10 OR #11 OR #12 OR #13

#15 #9 AND #14

CBM

1 et it

2 AN TR ARl ]

3 ST R

4 RGN R [ IRl ]

5 DS A IR

6 TN SR

7 (#6) OR (#5) OR (#4) OR (#3) OR (#2) OR (#1)
8 TG

9 CH [ IR E]

10 T R A E

11 (#10) OR (#9) OR (#8)

12 (#11) OR (#7)
Appendix 2
Table 7 The inception date of each database
Database Inception date to search time
PubMed 1966-2017.07
EMBASE 1974-2017.07
Cochrane Library 1992-2017.07
Web of Science 1980-2017.07
CBM 1978-2017.07
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Appendix 3

Table 8 The 2007 WHO grading of tumors of the central nervous

system

Tumor classification

I 1II 1ur 1v

Astrocytic tumors

Subependymal giant cell astrocytoma
Pilocytic astrocytoma

Pilomyxoid astrocytoma

Diffuse astrocytoma

Pleomorphic xanthoastrocytoma
Anaplastic astrocytoma

Glioblastoma

Giant cell glioblastoma

Gliosarcoma
Oligodendroglial tumors
Oligodendroglioma

Anaplastic oligodendroglioma
Oligoastrocytic tumors
Oligoastrocytoma

Anaplastic oligoastrocytoma
Ependymal tumors

Subependymoma

Myxopapillary ependymoma
Ependymoma

Anaplastic ependymoma

Choroid plexus tumors

Choroid plexus papilloma

Atypical choroid plexus papilloma
Choroid plexus carcinoma

Other neuroepithelial tumors
Angiocentric glioma

Chordoid glioma of the third ventricle
Neuronal and mixed neuronal-glial tumors
Gangliocytoma

Ganglioglioma

Anaplastic ganglioglioma
Desmoplastic infantile astrocytoma and ganglioglioma
Dysembryoplastic neuroepithelial tumor
Central neurocytoma

Extraventricular neurocytoma
Cerebellar liponeurocytoma
Paraganglioma of the spinal cord
Papillary glioneuronal tumor

Rosette-forming glioneuronal tumor of the fourth
ventricle
Pineal tumors

Pineocytoma

Pineal parenchymal tumor of intermediate differentiation
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Table 8 (continued)

Tumor classification

I 1 o Iv

Pineoblastoma
Papillary tumor of the pineal region
Embryonal tumors
Medulloblastoma
CNS primitive neuroectodermal tumor (PNET)
Atypical teratoid/rhabdoid tumor
Tumors of the cranial and paraspinal nerves
Schwannoma
Neurofibroma
Perineurioma
Malignant peripheral nerve sheath tumor (MPNST)
Meningeal tumors
Meningioma
Atypical meningioma
Anaplastic/malignant meningioma
Hemangiopericytoma
Anaplastic hemangiopericytoma
Hemangioblastoma
Tumors of the sellar region
Craniopharyngioma
Granular cell tumor of the neurohypophysis
Pituicytoma
Spindle cell oncocytoma of the adenohypophysis
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