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Abstract

Aim

To analyze the incidence of epilepsy in adult patients with supratentorial glioblastoma,
assess the factors influencing the development of epilepsy in these cases, and evaluate
patients’ response to antiepileptic drugs (AEDs) in a series of 184 patients.

Methods

We retrospectively analyzed the 184 adult patients diagnosed with supratentorial glioblas-
toma. All subjects were treated within our hospital and subsequently died between 2003
and 2013. The incidence of epilepsy was assessed before and after initial resection and
reexamined every 2 months thereafter. We evaluated the efficacy of prophylactic AEDs in
this patient population based on the gathered incidence data.

Results

Of 184 patients, 43 (23.37%) were diagnosed with epilepsy before their initial resection. The
total incidence of epilepsy (both pre- and postoperative) was 68.48%. The prevalence of
active epilepsy reached over 80% in patients with epilepsy and survival of greater than 13
months postoperatively. Patients with glioblastoma in the frontal and/or temporal lobes had
a higher prevalence of epilepsy. In the 43 patients with preoperative epilepsy, total resection
of glioblastoma resulted in significantly lower seizure frequency. Patients who received epi-
lepsy prophylaxis with AEDs for at least 6 months had significantly fewer seizures and
higher Karnofsky scores than those receiving AEDs for less than one month or not at all.

Conclusion

The incidence of epilepsy in adult patients with glioblastoma was high and responded poorly
to AEDs in the short term. However, when taken for longer periods, AEDs can reduce the
frequency of seizures in patients with glioblastoma.
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Introduction

Glioblastoma multiforme (GBM) is the most common primary intracranial tumor, and is char-
acterized by aggressive growth and high patient morbidity." Extensive resection of intracranial
tumors is challenging and collateral damage to normal brain tissue is a significant risk.
Although research continues to provide progress, the long-term survival of patients with GBM
is rarely a reality due to frequent tumor recurrence. [1-2]

Epilepsy is common complication of glioma that can significantly decrease patient function-
ing and quality of life. [3-4] The low incidence of epilepsy in GBM compared to low grade glio-
mas is frequently reported in the literature. [1, 5-8] However, epilepsy, when present, can be
an important marker of tumor progression in GBM patients. [9] Reports on the cumulative
incidence of epilepsy throughout the entire progression of GBM, from initial presentation to
eventual death from the disease, are rare. [10] We present a retrospective analysis of patients
who were diagnosed, treated, and died from GBM at our institution between January 2003 and
December 2013. We analyze the incidence of epilepsy, the factors influencing its development,
and its response to AEDs.

Materials and Methods
Patients

Records of patients treated at our institution between January 2003 and December 2013 were
reviewed for eligibility. Patients who meet all of the following criteria were included in the
study group, (1) pathological diagnosis of GBM (WHO Grade IV); (2) surgical treatment, che-
motherapy, and epilepsy managed entirely within our unit; (3) death between January 2003
and December 2013 in order to assess patients’ entire course; (4) patients aged 18 years or
older at the time of pathological diagnosis; (5) presentation of likely GBM 3-8 weeks prior to
first operation; (6) patients with supratentorial GBM localizations; (7) underwent at least one
resection which removed over 50% of tumor volume, followed by adjuvant radiotherapy and
thermotherapy.

Patients who met the following criteria were excluded from the study: (1) postoperative
intracranial hemorrhage, cerebral infarction, or intracranial infection; (2) the appearance/diag-
nosis of multiple lesions pre- or postoperatively; (3) incomplete or missing medical records
and/or incomplete chemotherapy, radiotherapy, and/or AED use; (4) less than 2 months
between 2 consecutive operative procedures; (5) and patients who experienced epileptic sei-
zures before diagnosis of GBM. This study was approved by the Institutional Ethics Committee
of the First Affiliated Hospital of Chinese People’s Liberation Army General Hospital and
adhered to all international ethical standards and practices. All patients provided written
informed consent prior to their death.

Glioblastoma and antineoplastic treatments

The size of the GBM was determined by the maximum diameter measured on magnetic reso-
nance imaging (MRI). For classification purposes, lesions were divided into categories based
on their main anatomical location, including thalamus, bilateral, frontal, temporal, parietal,
and occipital.

Tumor resection and adjunct chemo-radiotherapy were the treatments of choice for
included patients. Outcome following tumor resection was graded based on the ratio of preop-
erative to postoperative volume on MRI. The resultant categories were gross total resection
(100%), major resection (> 80%), and partial resection (50-79%). Methods of radiotherapy
included I'*! intra-tumor radiotherapy (30 mCi per time, every 1-3 months) and 3D-conformal

PLOS ONE | DOI:10.1371/journal.pone.0158206 July 20, 2016 2/11



@’PLOS ‘ ONE

Epilepsy in Adults with Glioblastoma

radiotherapy (2 Gy x 25~30 times). Chemotherapies included intravenous nimustine (2~3mg/
kg) and oral temozolomide (150-200mg/m2/ d for 5 days).

Epilepsy and prophylactic AED therapy

Video electroencephalography (EEG) was performed when patients presented with their first
seizure. Epilepsy diagnosis was based on seizure semiology and interictal epileptic spikes on
video EEG monitoring. All patients diagnosed with epilepsy were treated with AEDs.

Seventy-three patients without preoperative epilepsy received prophylactic AEDs following
initial tumor resection. As this is a retrospective study, these patients were administered pro-
phylaxis on a case-by-case basis based on the practice of individual physicians.

The AEDs used included valproate (20-25mg/kg), levetiracetam (20-30mg/kg), and oxcar-
bazepine (15-20mg/kg). Although single drug treatment was the preferred approach, multiple
AED:s per patient were used as appropriate when one drug alone did not adequately control
seizures.

In cases of short term AED administration, the drug was stopped over a 2 week period by
decreasing the dose by half each week. In patients who received long term AED administration,
a slower tapering was preferred and the drug was decreased by 1/3 each week for three weeks.

Follow-up and analysis

Patients were seen in clinic every 2 months beginning 1 month after initial resection until
death. Patients’ seizures, incidence of epilepsy, and quality of life were evaluated at each follow-
up. The incidence of epilepsy at any given time was defined as a cumulative number of patients
with epilepsy before this time divided by the entire sample size. The incidence of epilepsy in
surviving patients at any given time was defined as the total number of surviving patients with
epilepsy divided by the total number of surviving patients. Any incident case of epilepsy
between two follow-up appointments was defined as new onset. For the purposes of this study,
active epilepsy was defined as at least one seizure between two follow-up appointments. Kar-
nofsky scores were calculated at the 12 month follow-up for patients who survived between 18
and 24 months following initial resection.

Statistics

Statistical analyses were performed using SPSS (Version 18.0; SPSS Inc., Chicago, IL). Out-
comes were described by percentage and the standard deviation of the mean. Quantitative data
were analyzed using an F-test or t-test. Qualitative data were analyzed using Personal Chi-
square tests or Kruskal-Wallis tests. The Kruskal-Wallis test and F-test were adopted for analy-
sis of variance between groups. Results were considered significant for values of P < 0.05.

Results
Pre-resection data

This cohort included 184 adults with GBM. Of the 184 subjects, 100 were male (54.3%) and 84
were female (45.7%) (Table 1). The average age at first resection was 49.08+10.59 years (range:
20-69 years). Of the tumors, 20 (10.9%) were located mainly within the thalamus, 61 (33.2%)
in the frontal lobe, 38 (20.7%) in the temporal lobe, 26 (14.1%) in the parietal lobe, 13 (7.1%) in
the occipital lobe, and 26 (14.1%) were considered midline or bilateral (Table 2). The maxi-
mum GMB diameters ranged from 3.6 cm to 10.8 cm (mean: 6.65+1.76 cm).
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Table 1. Patient Characteristics.

Classification

No. of Patients

Male

Female
Age (years)
Tumor Diameter (cm)
Postop. Survival Time (months)
Mean Recurrence Time After Initial
Resection (months)

doi:10.1371/journal.pone.0158206.t001

Patients with Preoperative
Epilepsy

43
22 (51.2%)
21 (48.8%)

46.86+14.99
6.53+2.06
16.41£7.74
6.65+2.82

Patients with New Onset Postoperative

Epilepsy
83
54 (66.1%)
29 (34.9%)
47.76+13.31
6.48+1.71
15.53+6.77
6.45+3.28

Seizure-Free
Patients

58
23 (46.7%)
35 (60.3%)

50.67+10.48
6.99+1.55
17.66£7.90
7.67+3.38

P Value

0.2752
0.2077
0.7237
0.0715

Anti-neoplastic treatments and survival time

Each patient underwent between 1 and 3 operative resections (mean: 2.06+0.67), and received
their first adjunct thermotherapy or radiotherapy within 2 weeks following surgery. Eighty-six
patients (46.7%) received repeat I'*! intra-tumor radiotherapy with a mean number of radio-
therapy treatments of 3.14+0.72 (range: 2-5). Ninety eight (53.3%) patients underwent 3D-
conformal radiotherapy. The chemotherapy drug nimustine was used in 99 cases (53.8%), with
temozolomide in the remaining 85 cases (46.2%). Survival time ranged from 4-35 months
(median: 15 months; mean 16.41+7.39 months).

Incidence of epilepsy and seizure types

The incidence of epilepsy throughout disease progression is depicted in Figs 1 and 2. There
were 43 patients (23.4%) with epilepsy before the initial resection. Eighty-three (45.1%)
patients developed new-onset epilepsy, of which 38 cases developed 1 to 6 months following
initial resection, 29 between 7-12 months post-resection, and 16 patients after 12 months post
resection. The average time of seizure onset was 8.34+6.42 months post-resection, with the lat-
est recorded point of onset at 27 months following initial resection. In total, 126 (68.5%)
patients suffered epilepsy during the course of their illness.

Among the patients with pre-resection epilepsy, the percentage of active epilepsy rose from
40.3% at 3 months post-resection to 80.0% at 13 months post-resection. This trend continued
such that 100% of patients with epilepsy had active disease by 29 months post-resection.

Table 2. Resection and Recurrence by Lesion Location.

Tumor Location

Patients with Preoperative Epilepsy

Patients with New Onset Postoperative Seizure-Free Patients

Epilepsy

n GTR RT n GTR RT n GTR RT
Midline/Bilateral 2 (4.7%) 0 (0.0%) 6.00+1.41 9 (10.8%) 1(2.9%) 6.56+2.83 15 (25.8%) 5(17.2%) 8.13+2.80
Thalamus 2 (4.7%) 0 (0.0%) 6.00+5.66 9 (10.8%) 1(2.9%) 6.33+3.12 9(17.2%) 0 (0.0%) 6.11+2.89
Frontal lobe 12 (27.9%) 6 (30.0%) 6.00+3.02 | 38 (41.0%) 16 (47.1%) | 6.82+3.70 11 (19.0%) 8 (2.9%) 8.00+3.38
Temporal lobe 18 (37.2%) 12 (60.0%) | 7.50+2.50 15 (18.1%) 12 (35.3%) | 5.67+2.87 5 (8.6%) 5(17.2%) 7.40+4.22
Parietal lobe 9 (20.9%) 2(10.0%) 6.11+2.98 9 (10.8%) 2 (5.9%) 6.56+2.79 8 (13.8%) 4 (13.8%) 7.25+4.40
Occipital lobe 0 (0.0%) 0 (0.0%)/ - 3(3.6%) 2 (5.9%) 5.33+4.51 10 (17.2%) 7 (24.1%) 7.20+3.12
Total 43 20 (46.5%) | 6.65+2.82 83 34 (41.0%) | 6.45%3.28 58 29 (50.0%) | 7.67+3.38
GTR, gross total resection (P = 0.5570); RT, recurrence time (months; P = 0.0715).
doi:10.1371/journal.pone.0158206.t002
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Fig 1. The Incidence of Epilepsy in Patients with GBM. The number of epilepsy cases in patients with
GBM before initial resection (month 0), the number of patients with new onset epilepsy (red), and the number
of patients with active epilepsy (yellow), and the total number of patients with epilepsy (blue) are shown at
throughout disease progression following initial resection.

doi:10.1371/journal.pone.0158206.g001
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Fig 2. The Incidence of Epilepsy and Active Epilepsy in Patients with GBM. The cumulative incidence of epilepsy (solid black)
before the initial resection (0 month) in patients with GBM, the incidence of epilepsy (red), and the incidence of active epilepsy
(dashed black) in patients with epilepsy are shown at throughout disease progression following initial resection.

doi:10.1371/journal.pone.0158206.9002
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Table 3. Resection and Recurrence by Lesion Location Between AED and non-AED Groups.

Tumor Location Patients Who Received AEDs Patients Who Did Not Receive AED
n GTR RT n GTR RT

Midline/Bilateral 16 (21.9%) 2 (6.7%) 7.88+3.01 8(11.8%) 4(12.1%) 6.88+2.59
Thalamus 6 (8.2%) 0 (0.0%) 6.67+3.93 12 (17.6%) 1(3.0%) 5.33+2.64
Frontal lobe 24 (32.9%) 12 (40.0%) 8.04+3.74 25 (36.8%) 12 (36.4%) 6.16+3.34
Temporal lobe 10 (13.7%) 8 (26.7%) 6.70+3.20 10 (14.7%) 9 (27.3%) 5.50+3.31
Parietal lobe 8(11.0%) 3(10.0%) 8.38+3.83 9 (13.2%) 3(9.1%) 5.56+2.70
Occipital lobe 9 (12.3%) 5(16.7%) 7.89+2.52 4 (5.9%) 4(12.1%) 6.25+3.86
Total 73 30 7.73+3.35 68 33 5.93+3.01

GTR, gross total resection (P = 0.4730); RT, recurrence time (months; P = 0.0010).

doi:10.1371/journal.pone.0158206.t003

Of the first seizures experienced, 23 (18.3%) were simple partial seizures, 26 (20.6%) were
complex partial seizures, and 77 (61.1%) were partial and secondary generalized seizures.

Factors influencing the incidence of epilepsy

No significant differences in the incidence of epilepsy were found based on gender, age at initial
resection, or size of the GBM. However, as expected, significant differences in the incidence of
epilepsy were found based on the main location of the lesion. Of the 38 GBM patients with
temporal lobe lesions, 18 (47.4%) suffered from epilepsy pre-operatively. In addition, of the 26
GBM patients with parietal lobe lesions, 9 (34.6%) experienced seizures pre-operatively. Thus,
temporal or parietal lobe lesions are the greatest risk factors for preoperative epilepsy in GBM
patients.

High rates of postoperative epilepsy were also observed in these patients, with 15 (39.5%) of
the subjects with temporal lobe lesions and 9 (34.6%) of those with parietal lobe lesions
experiencing post-operative onset epilepsy. However, the incidence of postoperative epilepsy
was highest in the patients with frontal lobe lesions, with 38 of 61 patients (62.3%) developing
seizures (Table 3).

Ten of 43 (23.3%) patients with preoperative epilepsy presented with one or more seizures
in the first month following initial resection (Table 4). This compares to 13 of 141(9.2%) cases
of active new onset epilepsy in the patient group without seizure history. The different adjunc-
tive treatments used in the management of each patient had no discernable effect on the inci-
dence of new-onset epilepsy following initial resection (Tables 5 and 6). As such, no significant

Table 4. Effect of AEDs on Preoperative Epilepsy at 1 month Follow-up.

Therapy Patients with Pre- and Postoperative Epilepsy Postoperative Seizure-Free Patients P Value
No. of Patients 20 23
Gross Total Resection 0.0032
Yes 4 (20.0%) 16 (69.6%)
No 16 (80.0%) 7 (30.4%)
Radiotherapy 0.4629
|31 9 (60.0%) 14 (47.8%)
3D-conformal 11 (45.0%) 9 (81.8%)
Chemotherapy 0.2193
Nimustine 15 (75.0%) 12 (52.2%)
Temozolomide 5 (25.0%) 11 (47.8%)
doi:10.1371/journal.pone.0158206.1004
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Table 5. Effects of Antineoplastic Agents on Postoperative Onset Epilepsy in Preoperative Seizure-Free Patients.

Therapy Patients with Postoperative Onset Epilepsy Postoperative Seizure-Free Patients P Value
No. of Patients 83 58
Number of Resections 0.7994
One 10 (12.0%) 9 (15.5%)
Two 54 (65.1%) 35 (60.3%)
Three 19 (22.9%) 14 (24.2%)
Extent of First Resection 0.6725
Gross total 48 (57.8%) 35 (60.3%)
Major or Partial 35 (42.2%) 22 (39.7%)
Radiotherapy 0.6262
|31 39 (47.0%) 24 (41.2%)
3D-conformal 44 (53.0%) 34 (58.8%)
Chemotherapy 0.1587
Nimustine 47 (51.8%) 25 (43.1%)
Temozolomide 36 (48.2%) 33 (56.9%)

doi:10.1371/journal.pone.0158206.t005

difference in post-resection epilepsy rates was noted between patients who underwent 3D-con-
formal radiotherapy versus those treated by I'*! intra-tumor radiotherapy or between patients
receiving nimustine chemotherapy versus those receiving temozolomide. However, patients
whose initial operations achieved gross total resections were much more likely to be seizure-
free than those who received major or partial resections. Of the 43 patients with preoperative
epilepsy, 16 of the 20 (80%) who underwent gross total resections were seizure-free at one
month follow-up, compared with 7 of the 23 (30.4%) partial resection patients (Table 4,

P =0.0032).

Prophylactic AEDs for new-onset epilepsy

Of the 141 patients without preoperative epilepsy, 73 received AEDs as a form of prophylaxis.
As this is a retrospective study, these patients were administered prophylaxis on a case-by-case
basis based on the practice of individual physicians and were not representative of overall
patient demographics. The patients with prophylactic AEDs had significantly larger tumor
sizes and reached significantly longer postoperative survival times than those without prophy-
lactic AEDS (Table 7). Patients who were prescribed AEDs had a lower incidence of post-oper-
ative epilepsy before the 6 month follow-up (Fig 3). There was a significant difference in the
incidence of epilepsy at the 1 month follow-up between those prescribed and those not pre-
scribed AEDs (P = 0.0067), as well as at follow-ups at 2 through 6 months (Fig 3). No statisti-
cally significant difference was observed during follow-up at 7 through 12 months (Table 6).

Table 6. Seizure Occurrence Following AED Withdrawal in Patients in the New Onset Postoperative Epilepsy Prophylaxis Group.

AED Administration Patients who Developed Seizures Following AED Patients who Remained Seizure-free Following AED
Duration Withdrawal Withdrawal

1 month 4 6

2-6 months 5 12

7—-12 months 8 18

AEDs, anti-epilepsy drugs. Excludes patients who developed seizures during AED administration.

doi:10.1371/journal.pone.0158206.t006
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Table 7. AEDs for New Onset Postoperative Epilepsy Prophylaxis.

Postoperative Duration Patients with Postoperative Onset Epilepsy Seizure-Free Patients P Value
1 month 13 128 0.0067
AEDs 2 (15.4%) 71 (55.5%)
No AED 11 (84.6%) 57 (44.5%)
2-6 months? 24 102 0.0055
AEDs 5 (22.7%) 56 (54.9%)
No AED 19 (77.3%) 46 (45.1%)
7-12 months® 22 65 0.6283
AEDs 9 (40.9%) 26(40.0%)
No AED 13(59.1%) 39 (60.0%)

AEDs, anti-epilepsy drugs.

& Excluding patients with survival times of less than 6 months and without epilepsy at 1 month follow-up.

® Excluding patients with survival time less than 12 months and without epilepsy at 6 month follow-up.

doi:10.1371/journal.pone.0158206.t007

Effect of epilepsy on karnofsky performance score

Forty-three patients survived for 18~24 months after initial resection and 20 of these patients
developed epilepsy before 12 months. No significant difference in survival time and age at first
resection was found between the 20 patients with epilepsy and the 23 without. The mean Kar-
nofsky score was 47.25+£10.94 in patients with epilepsy at 12 months follow-up, which was sig-
nificantly lower than 55.65+13.76—the mean score for those without epilepsy (P = 0.0341).

Discussion

In this study, the incidence of epilepsy before initial resection was 23.4% in patients with GBM,
which is within the range that has been demonstrated in literature with primary brain tumors.
[1] Furthermore, the cumulative incidence of epilepsy in patients with GBM was 68.48%—con-
siderably higher than has been previously reported—and responded poorly overall to AEDs.

P=0.0067 P=0.0020 P=0.7576

[ ]
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Fig 3. Antiepileptic Drug Administration for New Onset Postoperative Epilepsy Prophylaxis. Seizure
occurrence over time in both AED prophylaxis and control groups.

doi:10.1371/journal.pone.0158206.g003
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[1] Although multiple AEDs were used, disease activity rose from 40.3% of patients with epi-
lepsy at 3 months to 80.0% at 13 months. One hundred percent of patients suffered from active
epilepsy by 29-35 months follow-up. Additionally, the difference in Karnofsky scores between
the patients with and without epilepsy was slight but significant. This result demonstrates the
decreased performance of patients with epilepsy and corroborates the decreased quality of life
observed in epileptic patients, which possibly results from the structural and functional conse-
quences of frequent seizures and patient anxiety with regard to future seizures. Additionally,
the ineffective use of AEDs and their associated side effects in patients at or after 7 months
post-resection may further reduce quality of life. [1, 11] The data presented herein highlights
the relatively common nature of epilepsy with GBM and the need for its proper evaluation and
treatment. [9]

Induction of epilepsy in GBM patients can be attributed to an imbalance of inhibitory and
excitatory neural networks, which is caused by invasion and destruction of normal tissue and
neural connections. [1] Complex structural, molecular, or metabolic changes within the tumor
can affect incidence rates, and rapid growth of GBM can result in hypoxia of the surrounding
nervous tissue, promoting focal epileptogenesis and exacerbating already present seizures. [1,
7] Additionally, low levels of glutamine synthetase are correlated with both incidence of epi-
lepsy and increased survival in GBM patients. [12-14] Of the patients in this study, gross total
resection of GBM rendered 80% of patients with preoperative epilepsy seizure free in the first
month following the initial operation. This result supports prior research that associated total
resection with better seizure outcomes in patients with lower-grade gliomas. [1, 15]

We found the incidence of epilepsy to be higher among patients with tumors located in the
temporal (86.8%) and frontal (82.0%) lobes, corroborating the 2009 findings by Chaichana
et al. [9] This was higher than the incidence for lesions in all other areas and is consistent with
previous findings that show the epileptogenic zone in secondary neocortex epilepsy is usually
located within the frontal and/or temporal areas. [16]

GBM is characterized by frequent tumor recurrence, and the development of post-resection
epilepsy has been previously linked to tumor progression. [9] It is important to note that the
latest onset of epilepsy occurred 27 months following initial resection and 3 patients demon-
strated no seizure activity whatsoever until death at 35 months. This may be due to an epileptic
susceptibility or gene that may have played a role in epileptogenesis, as has been previously
suggested. [1, 6-7]

The consensus within the literature suggests that AEDs should be utilized at the first presen-
tation of epilepsy in patients with GBM. [13, 17-19] However, the prophylactic use of AEDs in
seizure-free GBM patients remains controversial. A meta-analysis of prophylactic AED use in
patients with brain tumors between 1966 and 2007 and a report by the Quality Standards sub-
committee of the American Academy of Neurology both indicated that there was no benefit
from prophylaxis. [20-21] These studies did not recommend the routine use of AEDs for sei-
zure prophylaxis and suggest they be withdrawn within the first week after surgery if patients
do not develop seizures. [18] Despite this, a recent paper surveying neurosurgical practitioners
showed that 70% of neurosurgeons choose to administer prophylactic AEDs in patients with
brain tumors. [19]

Though the data reported herein are limited by the retrospective nature of the study, our
results—in contrast to the present literature—suggest that prophylactic AEDs can reduce post-
operative epilepsy in the first month after initial resection. This observation remained at post-
operative follow-ups at 2 through 6 months. Beyond 7 months, the prophylactic benefit of
AEDs was not evident. Furthermore, the percentage of patients with GBM undergoing total
resection was low and the rate of recurrence and reoperation was high in the first 6 months
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following initial resection. Finally, this study lacks the large number of patients that would
need to be randomized in order to more clearly show the benefit of prophylaxis.

No drugs are without side effects, and consideration should be given to those of AEDs. 8]
However, due to recent pharmaceutical advances, side effect profiles have been greatly reduced.
Levetiracetam, one such example of the new generation of AEDs, which has scarce side effects
and does not interact with common chemotherapeutic agents. [5, 22-25] A recently published
literature review indicates that in the last decade there have been no randomized prospective
studies evaluating the utility of second- and third-generation AEDs in preventing epileptogen-
esis in glioma patients. [1] We therefore recommend a randomized prospective study on the
use of a prophylactic AEDs, especially levetiracetam, for the first 6 months following the resec-
tion of GBM in order to further verify our findings.

Acknowledgments

The authors would like to profoundly thank the patients and their families for their long-term
cooperation. We also appreciate the contribution provided by the following people: Prof. AM
Liand Dr. SB Yao from the Neurosurgery Department; and Dr. SS Liang, Dr. Y] Sun and all
technicians in the Neurophysiology Laboratory of the Capital Epilepsy Therapy Center.

Author Contributions

Conceived and designed the experiments: SLL. Performed the experiments: SLL JCZ. Analyzed
the data: SLL SHZ. Contributed reagents/materials/analysis tools: SLL XPF. Wrote the paper:
SLL.

References

1. BrunaJ, Mir6 J, Velasco R. Epilepsy in glioblastoma patients: basic mechanism and current problems
in treatment. Expert Review of Clinical Pharmacology 2014; 6(3): 333+

2. WenPY, Kensari S. Malignant gliomas in adults. N Engl J Med 2008; 354:492-507.

3. Klein M, Engelberts NH, van der Ploeg HM, Kasteleijn-Nolst Trenité DG, Taphoorn MJ, Baajeien H,
et al. Epilepsy in low-grade gliomas: the impact on cognitive function and quality of life. Ann Neurol
20083; 54(4):514-520. PMID: 14520665

4. Taphoorn MJB, Sizoo EM, Bottomley A. Review on Quality of Life Issues in Patients with Primary Brain
Tumors. The oncologist 2010; 15(6):618-626. doi: 10.1634/theoncologist.2009-0291 PMID: 20507891

5. Vecht CJ, Kerkhof, Duran-Pena A. Seizure prognosis in brain tumors: new insights and evidence-
based management. Oncologist 2014; 19(7):751-9. doi: 10.1634/theoncologist.2014-0060 PMID:
24899645

6. LeeJW, Norden AD, Ligon KL, Golby AJ, Beroukhim R, Quackenbush J, et al. Tumor associated sei-
zures in glioblastomas are influenced by survival gene expression in a region-specific manner: a gene
expression imaging study. Epilepsy Res 2014; 108(5):843-52. doi: 10.1016/j.eplepsyres.2014.02.021
PMID: 24690158

7. van Breemen MSM, Wilms EB, Vecht CJ. Epilepsy in patients with brain tumours: epidemiology, mech-
anisms, and management. Lancet Neurol 2007; 6:421-430. PMID: 17434097

8. YangZJ, Yuan XR, Zhou Y, Zhan H, Li SX. Comparisons of incidence of epilepsy and clinical charac-
ters in different grade gliomas. Medical clinical research (Chinese) 2008; 25 (12):2186—2188.

9. ChaichanaKL, Parker S, Olivi A, Quinones-Hinojosa A. Long -term seizure outcome in adult patients
undergoing primary resection of malignant brain astrocytomas. J Neurosurg 2009; 111(2):282—-292.

10. Pace A, Villani V, Di Lorenzo C, Guariglia L, Maschio M, Pompili A, et al. Epilepsy in the end-of-life
phase in patients with high-grade gliomas. J Neurooncol 2013; 111(1):83-86. doi: 10.1007/s11060-
012-0993-2 PMID: 23086435

11. Tebo CC, Evins Al, Christos PJ, Kwon J, Schwartz TH. Evolution of cranial epilepsy surgery complica-
tion rates: a 32-year systematic review and meta-analysis. J Neurosurg 2014; 120(6):1415-1427. doi:
10.3171/2014.1.JNS131694 PMID: 24559222

PLOS ONE | DOI:10.1371/journal.pone.0158206 July 20, 2016 10/11


http://www.ncbi.nlm.nih.gov/pubmed/14520665
http://dx.doi.org/10.1634/theoncologist.2009-0291
http://www.ncbi.nlm.nih.gov/pubmed/20507891
http://dx.doi.org/10.1634/theoncologist.2014-0060
http://www.ncbi.nlm.nih.gov/pubmed/24899645
http://dx.doi.org/10.1016/j.eplepsyres.2014.02.021
http://www.ncbi.nlm.nih.gov/pubmed/24690158
http://www.ncbi.nlm.nih.gov/pubmed/17434097
http://dx.doi.org/10.1007/s11060-012-0993-2
http://dx.doi.org/10.1007/s11060-012-0993-2
http://www.ncbi.nlm.nih.gov/pubmed/23086435
http://dx.doi.org/10.3171/2014.1.JNS131694
http://www.ncbi.nlm.nih.gov/pubmed/24559222

@’PLOS ‘ ONE

Epilepsy in Adults with Glioblastoma

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Liang SL, Li AM, Zhang ZW, Fu XP, Yao SB. Surgery for intractable epilepsy. Chinese journal of neuro-
surgical diseases research (Chinese) 2006; 5(6): 524-526.

Rosati A, Marconi S, Pollo B, Tomassini A, Lovato L, Maderna E, et al. Epilepsy in glioblastoma multi-
forme: correlation with glutamine syntretase level. J Neurooncol 2009; 93(3):319-324. doi: 10.1007/
s11060-008-9794-z PMID: 19183851

Rosati A, Poliani PL, Todeschini A, Cominelli M, Medicina D, Cenzato M, et al. Glutamine synthetase
expression as a waluable marker of epilepsy and longer survival in newly diagnosed glioblastoma multi-
forme. Neuro Oncol 2013; 15(5):618-625. doi: 10.1093/neuonc/nos338 PMID: 23410662

Luyken C, Bliimcke I, Fimmers R, Urbach H, Elger CE, Wiestler OD, Schramm J. The spectrum of
Long-Term Epilepsy-associated Tumors: Long-term Seizure and Tumor Outcome and Neurosurgical
Aspects. Epilepsia 2003; 44(6):822—830. PMID: 12790896

Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde Boas W, et al. Revised terminol-
ogy and concepts for organization of seizures and epilepsies: report of the ILAE Commission on Classi-
fication and Terminology, 2005-2009. Epilepsia 2010; 51(4):676—85. doi: 10.1111/j.1528-1167.2010.
02522.x PMID: 20196795

Davis ME, Stoiber AM. Glioblastoma multiforme: enhancing survival and quality of life. Clin J Oncol
Nurs 2011; 15 (3):291-7. doi: 10.1188/11.CJON.291-297 PMID: 21624864

Experts Group of China Association Against Epilepsy. Expert consensus on appliance of anti-epilepsy
drugs after supratentorial craniotomy. Chinese J of Neurosurgery 2012, 28(7):751-754.

Klimek M, Dammers R. Antiepileptic drug therapy in the perioperative course of neurosurgical patients.
Curr Opin Anaesthesiol 2010, 23:564—-567. doi: 10.1097/ACO.0b013e32833e14f2 PMID: 20689411

Siomin V, Angelov L, Li L, Vogelbaum MA. Results of a survey of neurosurgical practice patterns
regarding the prophylactic use of anti-epilepsy drugs in patients with brain tumor. J Neurooncol 2005;
74(2):211-215. PMID: 16193395

Tremont-Lukats 1V, Ratilar BO, Armstrong T, Gilbert MR. Antiepileptic drugs for preventing seizure in
people wiht brain tumors. Cochrane Database Syst Rev 2008:CD0044224.

Glantz MJ, Cole BF, Forsyth PA, Recht LD, Wen PY, Chamberlain MC, et al. Practice parameter: anti-
convulsant prophylaxis in patients with newly diagnosed brain tumors: report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2000; 54:1886—1893. PMID:
10822423

Milligan TA, Hurwitz S, Bromfield EB. Efficacy and Tolerability of Levetiracetam versus Phenytoin after
Supratentorial Neurosurgery. Neurology 2008; 71(9):665-669. doi: 10.1212/01.wnl.0000324624.
52935.46 PMID: 18725591

Lim DA, Tarapore P, Chang E, Burt M, Chakalian L, Barbaro N, et al. Safety and feasibility of switching
from phenytoin to levetiracetam monotherapy for glioma-related seizure control following craniotomy: a
randomized phase Il pilot study. J Neurooncol 2009; 93:349-354. doi: 10.1007/s11060-008-9781-4
PMID: 19169651

Fountain NB. Should levetiracetam replace phenytoin for seizure prophylaxis after neurosurgery? Epi-
lepsy Curr 2009; 9(2):71-72.

PLOS ONE | DOI:10.1371/journal.pone.0158206 July 20, 2016 11/11


http://dx.doi.org/10.1007/s11060-008-9794-z
http://dx.doi.org/10.1007/s11060-008-9794-z
http://www.ncbi.nlm.nih.gov/pubmed/19183851
http://dx.doi.org/10.1093/neuonc/nos338
http://www.ncbi.nlm.nih.gov/pubmed/23410662
http://www.ncbi.nlm.nih.gov/pubmed/12790896
http://dx.doi.org/10.1111/j.1528-1167.2010.02522.x
http://dx.doi.org/10.1111/j.1528-1167.2010.02522.x
http://www.ncbi.nlm.nih.gov/pubmed/20196795
http://dx.doi.org/10.1188/11.CJON.291-297
http://www.ncbi.nlm.nih.gov/pubmed/21624864
http://dx.doi.org/10.1097/ACO.0b013e32833e14f2
http://www.ncbi.nlm.nih.gov/pubmed/20689411
http://www.ncbi.nlm.nih.gov/pubmed/16193395
http://www.ncbi.nlm.nih.gov/pubmed/10822423
http://dx.doi.org/10.1212/01.wnl.0000324624.52935.46
http://dx.doi.org/10.1212/01.wnl.0000324624.52935.46
http://www.ncbi.nlm.nih.gov/pubmed/18725591
http://dx.doi.org/10.1007/s11060-008-9781-4
http://www.ncbi.nlm.nih.gov/pubmed/19169651

