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Background. Epileptogenic glioblastomas are thought to convey a favorable prognosis, either due to early diagnosis or potential
antitumor effects of antiepileptic drugs. We investigated the relationship between survival and epilepsy at presentation, early
diagnosis, and antiepileptic drug therapy in glioblastoma patients.

Methods. Multivariable Cox regression was applied to survival data of 647 consecutive patients diagnosed with de novo glioblas-
toma between 2005 and 2013 in order to investigate the association between epilepsy and survival in glioblastoma patients. In
addition, we quantified the association between survival and valproic acid (VPA) treatment.

Results. Epilepsy correlated positively with survival (HR: 0.75 (95% CI: 0.61-0.92), P < .01). This effect is independent of age, sex,
performance status, type of surgery, adjuvant therapy, tumor location, and tumor volume, suggesting that this positive correla-
tion cannot be attributed solely to early diagnosis. For patients who presented with epilepsy, the use of the antiepileptic drug VPA
did not associate with survival when compared with patients who did not receive VPA treatment.

Conclusion. Epilepsy is an independent prognostic factor for longer survival in glioblastoma patients. This prognostic effect is not

solely explained by early diagnosis, and survival is not associated with VPA treatment.
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Glioblastoma (GBM) is the most malignant form of primary
brain tumors, and 30%-40% of GBM patients initially present
with epileptic seizures.>? It has been hypothesized that seizures
may convey a more favorable prognosis,® although this latter
assertion remains controversial,"~” and potential mechanisms
that would underlie a survival advantage remain speculative.
At the most trivial level, seizures could trigger earlier presenta-
tion for care, thus accelerating diagnosis and initiating earlier
treatment of smaller GBMs.® Epileptogenic GBMs may have dis-
tinct biological characteristics, such as a higher expression of
glutamate and the Xy~ system? and lower contents of gluta-
mine synthetase,”'° which have been proposed to be oncogen-
ic.'»1% In addition, the IDH1 R132H mutation is frequently
identified in proneural GBMs*® and is reported to be associated
with epilepsy in low-grade glioma'* and be a favorable prog-
nostic factor in GBM patients.>1® However, the correlation

between these biological differences reported for epileptogenic
GBMs and patient survival still awaits demonstration.

In vitro data suggest that antiepileptic drugs (AEDs) such as
valproic acid (VPA) can alter glioma tumor growth and treat-
ment resistance. VPA is believed to slow tumor growth through
inhibition of a subset of histone deacetylases and modulation
of the expression and activity of key transcription factors and
cell-cycle requlators such as NF-«kB, STAT3, p53, p21 and TCF/
B-catenin. VPA was further shown to reduce angiogenesis,
tumor invasion, and DNA repair caused by chemotherapies
(eg, temozolomide and etoposide) or radiation therapy (re-
viewed in'’). Consistent with these in vitro data, some retro-
spective studies suggest a correlation between VPA and the
overall survival of GBM patients.?'81° These studies, however,
fail to differentiate the proper role of epilepsy from that of its
treatment, and others do not observe this effect.?®
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In this study, we assessed the prognostic relevance of epi-
leptic onset and subsequent VPA treatment in a cohort of
647 consecutive de novo GBM patients.

Materials and Methods

Patient Cohort

All adult patients (n=647) with histologically confirmed de
novo supratentorial GBM (WHO grade IV) diagnosed at the Uni-
versity Medical Center Utrecht between 2005 and 2013 were
retrospectively included in this study. Hospital records of all pa-
tients were screened for the presence of at least one de novo
epileptic seizure at symptom onset (ie, prior to the surgery
that obtained tissue for histological diagnosis), resulting in sub-
groups of patients with and without epilepsy at presentation. In
addition, all patients were screened for treatment with AEDs at
the time of surgery. For analysis of the effect of AEDs on patient
survival, we included patients who continued to use the specific
AED for at least 2 months or until death. Other characteristics
such as age, sex, KPS, tumor volume, type of surgery (biopsy or
resection), the contrast-enhancing lesion on the presurgical
MRI scan (T1 weighted + gadolinium) with use of OsiriX version
4.1.2 (Pixmeo). These scans were also used to determine the
location of the contrast-enhancing lesion.

Ethics Statement

This study was conducted following approval by the ethical
committee and institutional review board of the University
Medical Center Utrecht (protocols 09-420 and 14-225).

Tissue Microarrays, Immunohistochemistry, and Scoring

Archival formalin-fixed, paraffin-embedded tumor tissue was
available and collected retrospectively for 360 of the 647
GBM patients treated in the University Medical Center Utrecht
between 2005 and 2013. The histology of each specimen
was reviewed by a senior clinical neuropathologist and marked
on hematoxylin-and-eosin stained sections. For each patient,
2-3 tissue cores were placed on recipient arrayed paraffin
blocks using a manual arrayer (Beecher Instruments). Immu-
nohistochemical staining was performed on 4 pm sectioned
TMA slides, which were deparaffinated in xylene and rehydrated
with graded alcohol solutions. After peroxidase blocking, anti-
gen retrieval was achieved by incubation in citrate buffer (pH
6) for 12 minutes at 126°C. Slides were incubated with anti-
IDH1 R132H (Immunologic) for 1 hour at room temperature.
Protein expression evaluation was blinded to the clinical data
and scored as negative (0% of cells expressing IDH1 R132H)
or positive (>0% of cells expressing IDH1 R132H).

Statistical Analysis

Statistical analyses were performed with the use of SPSS 22.0
(IBM). P values <.05 were considered significant. Differences
in baseline characteristics were analyzed with chi-square
tests or Fisher exact tests and independent t tests or
Mann-Whitney U tests, according to the distribution of data.
We analyzed differences in IDH1 R132H expression between

subgroups using the chi-square test. Kaplan-Meier curves
were analyzed with use of the log-rank test. Cox regression
was used for the survival analyses. Since the Cox model as-
sumes that survival curves of 2 strata follow hazard functions
that are proportional over time, this proportional hazards (PH)
assumption was checked for each variable in the model with
log-minus-log plots and time-dependent variables and did
not hold for the variables KPS and tumor volume. Extension
of the model with time-dependent variables for KPS and
tumor volume resulted in a significantly better model fit, and
these time-dependent variables (KPS*time and tumor volume*-
time) were therefore included in the final model. These time-
dependent variables represent the changing association of
the variable as time progresses.

The PH assumption held for the epilepsy variable for patients
with survival up to 1000 days after surgery but was not valid
after this point. Therefore, in addition to performing the survival
analyses with the unadjusted follow-up time, the analyses
were restricted to a maximal follow-up time of 1000 days
after surgery. All patients who survived beyond this point
were censored at 1000 days.

Univariable Cox regression was performed to assess the ef-
fect of epilepsy on GBM patient survival. Next, multivariable Cox
regression was performed, including other prognostic factors
and baseline variables that differed across the subgroups. The
following variables were included in the multivariable model:
epilepsy, age at diagnosis, KPS, tumor volume, KPS*time,
tumor volume*time, type of surgery, postsurgical treatment,
tumor location, and sex.

Next, we evaluated the effect of VPA treatment compared
with treatment with other AEDs on patient survival using
Kaplan-Meier curves and univariate analysis. The effect was
also corrected for age at diagnosis, KPS, KPS*time, tumor vol-
ume, tumor volume*time, type of surgery, surgery*time, post-
surgical treatment, tumor location, and sex.

Results

Epilepsy and Survival in Glioblastoma Patients:
Univariable Analysis

All adult patients with de novo supratentorial GBM diagnosed at
the University Medical Center Utrecht between 2005 and 2013
(n=647) were retrospectively included in this study. Baseline
characteristics of the subgroups are described in Table 1.

The median overall survival in the total cohort of patients
was 9.9 months (range: 0->103 mo) from surgery. One hun-
dred twenty-three patients were still alive and censored at the
time of analysis. A total of 212 GBM patients presented with ep-
ileptic seizures, of which 191 received AED treatment.
Twenty-one patients with epileptic seizures were not treated
with an AED. One patient without epilepsy at presentation re-
ceived carbamazepine for treatment of neuropathic pain.
None of the patients without epilepsy received prophylactic
AED treatment. Epilepsy was significantly associated with lon-
ger overall survival, with a median survival in the epilepsy group
of 13.2 months (95% CI: 11.4-14.9) versus 8.4 months for pa-
tients without epilepsy (95% CI: 7.4-9.5; log-rank P <.0001)
(Supplementary Fig. S1).
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Table 1. Baseline characteristics of total cohort and subgroups analyzed in this study

Patient Characteristics n (%) Total Cohort 647 (100) Epilepsy 212 (32.9) No Epilepsy 435 (67.1) VPA 55 (8.5) Epilepsy, Not Treated
with VPA 157 (24.3)
Age (mean+SD) 61.5+12.3 59.3+12.8 62.5+11.9 57.9+13.7 59.7+£125
Sex, % male 59.8 68.4 55.6 61.8 70.7
KPS, n (%)
<70 182 (28.1) 47 (22.2) 135 (31.0) 12 (21.8) 35 (22.3)
>70 461 (71.3) 163 (76.9) 298 (68.5) 43 (78.2) 120 (76.4)

Tumor volume cm? (median (range))

Tumor location, n (%)

Left
Frontal
Parietal
Temporal
Occipital

Right
Frontal
Parietal
Temporal
Occipital

Bilateral

Extent of surgery, n (%)
Biopsy
Debulking

Postsurgical treatment, n (%)
None
Monotherapy RT or TMZ
RT + TMZ

Treatment with AED, n (%)
None
Valproic acid
Levetiracetam
Carbamazepine
Phenytoin
Other
Combination of AEDs

Missing: 4 (0.6)
343 (0.1-204.2)
Missing: 19 (2.9)

106 (16.4)
93 (14.4)
124 (19.2)
46 (7.1)

113 (17.5)

125 (19.3)

168 (26.0)

61 (9.4)

109 (16.8)
Missing: 11 (1.7)

223 (34.5)
424 (65.5)

147 (22.7)
163 (25.2)
332 (51.3)
Missing: 5 (0.8)

455 (70.3)
55 (8.5)
92 (14.2)
26 (4.0)
37 (5.7)
3(0.5)
1(3.2)

Missing: 2 (0.9)
17.8 (0.1-201.6)
Missing: 9 (4.2)

16 (7.5)
Missing: 3 (0.5)

59 (27.8)
153 (72.2)

30 (14.2)

44 (20.8)

136 (64.2)
Missing: 2 (0.9)

1(9.9)

5(25

2 (43.

5(1

7(17.

3 (1.4)
1(9.9)

9)

4)
1.8)
5)

Missing: 2 (0.5)
40.7 (0.4-204.2)
Missing: 10 (2.3)

9 (15.9)
6 (15.2)
1(18. 6)
9(9.0

62 (14.3)

76 (17.5)

114 (26.2)

46 (10.6)

93 (21.4)
Missing: 8 (1.8)

164 (37.7)
271 (62.3)

117 (26.9)
119 (27.4)
196 (45.1)
Missing: 3 (0.7)

433 (99.8)

1(0.2)

17.0 (0.8-201.6)

Missing: 3 (5.5)

11 (20.0)
3 (5.5)
14 (25.5)
1(1.8)

1(20.0)
2(21.8)
13 (23.6)
0 (0)
3(5.5)
Missing: 1 (1.8)

8
6

55 (100)
9 (16.4)
2 (3.6)

2 (3.6)
1(1.8)
14 (25.5)

Missing: 2 (1.3)
18.6 (0.1-111.8)
Missing: 6 (3.8)

13 (8.3)
Missing: 2 (1.3)

43 (27.4)
114 (72.6)

24 (15.3)
35(22.3)
96 (61.1)
Missing: 2 (1.3)

1(13.4)

Abbreviations: AED: antiepileptic drug; RT: radiotherapy, TMZ: temozolomide; VPA, valproic acid.
“Percentages do not add up to 100% for these variables due to possible multilobar tumor locations and multiple AED treatments per patient.
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As mentioned above, the PH assumption of the Cox model
did not hold for the entire range of the follow-up period. The
analysis was thus restricted to the period of time when this as-
sumption was valid by censoring all survival data that sur-
passed 1000 days. Epileptic GBM presentation remained
significantly associated with an increased overall survival com-
pared with GBM patients without epilepsy, as tested both with
the log-rank test (median: 13.2; 95% CI: 11.4-14.9; versus me-
dian: 8.4; 95% CI: 7.4-9.5; P<.00005; Fig. 1A) as well as with
univariable Cox regression (crude HR: 0.68; 95% CI: 0.56-0.82;
P <.001; Table 2).

Epilepsy and Survival in Glioblastoma Patients:
Multivariable Analysis

The epilepsy and nonepilepsy subgroups showed evident differ-
ences with respect to age, sex, KPS, type of surgery, and post-
surgical treatment. Lobar involvement differed notably, with
left occipital, right frontal, and bilateral tumor locations ob-
served more in the nonepilepsy subgroup (Table 1). These loca-
tions were therefore included in the multivariable model. We
also found epileptogenic GBMs to be significantly smaller
than nonepileptogenic ones (17.8 cm? [0.1-201.6] vs 40.9 cm?
[0.4-204.2]; Mann-Whitney U test; P<.0005), which has
been reported by others as well.”*

Despite these differences, epilepsy remained significantly
associated with survival of GBM patients (HR: 0.75 [95% CI:
0.61-0.92]; P<.01) after correcting for age, sex, type of sur-
gery, postsurgical treatment, tumor volume, affected lobes,
bilateral tumor involvement, and KPS (Table 2). Mutation of
the IDH1 R132H allele was observed in 8 of 136 patients in
the epilepsy subgroup, compared with 13 of 224 for the pa-
tients without epilepsy (difference not significant; chi-square
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test; P=.98). The baseline characteristics for the patients in-
cluded in this analysis are described in Supplementary Table S1.

Prognostic Relevance of Valproic Acid in Glioblastoma
Patients

Although several previous studies have suggested a favorable
effect of the AED VPA on the overall survival of GBM pa-
tients,*81° we did not find evidence for this. Within the epilep-
tic GBM group, the survival of patients who received VPA
(n=55; median survival: 13.8 mo; 95% CI: 10.1-17.4) did not
differ significantly from those with seizures who did not receive
VPA (n=157; median survival: 12.7 mo; 95% CI: 10.6-14.8; log-
rank test; P=.55; crude HR: 0.90; 95% CI: 0.62-1.29; P=.55;
Fig. 1B, Supplementary Table S2). Baseline characteristics of
these subgroups are described in Table 1. In multivariable anal-
ysis, the association between VPA treatment and survival re-
mained nonsignificant (adjusted HR: 0.99; 95% CI: 0.65-1.50;
P =95, Supplementary Table S2).

Discussion

Our study demonstrates a favorable association between epi-
lepsy at presentation and prolonged survival of GBM patients
in the largest consecutive cohort studied to this end so far
(n=647). With a hazard ratio of 0.75 in multivariable Cox re-
gression (95% CI: 0.61-0.92; P < .01), our results build upon ex-
isting smaller studies®~’ to firmly establish this correlation.
Furthermore, we show that the improved prognosis of patients
with epileptic GBM is independent of the age, sex, or perfor-
mance status of the patients as well as the location of their tu-
mors or the surgical and adjuvant treatments they received.
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Fig. 1. Effect of epilepsy and valproic acid (VPA) on glioblastoma patient survival. (A) Kaplan-Meier plot of patients with (grey, n =212) and without
epilepsy (black, n = 435). Patients with survival >1000 days from surgery were censored. Survival was significantly different between the 2 groups
(log-rank test, P < .00005). (B) Kaplan-Meier plot of glioblastoma patients treated with VPA (grey, n = 55) or all other patients with epilepsy (black,
n=157). Patients with survival >1000 days from surgery were censored. Survival was not significantly different between the 2 groups (log-rank

test, P=.55).
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Table 2. Univariable and multivariable Cox proportional hazard regression analysis

Variable Crude HR (95% CI) P Value Adjusted HR (95% CI) P Value
Epilepsy 0.68 (0.56-0.82) <.001 0.75 (0.61-0.92) <.01
Sex (male) 1.05 (0.88-1.26) .57 0.93 (0.82-1.20) 94
Age 1.03 (1.03-1.04) <.0005 1.011 (1.002-1.019) <.05
KPS <70 1.00 1.00
KPS >70 0.24 (0.17-0.32) <.0005 0.61 (0.43-0.86) <.01
KPS * time 1.003 (1.002-1.004) <.0005 1.002 (1.001-1.003) <.005
Biopsy 1.00 1.00
Resection 0.40 (0.33-0.48) <.005 0.71 (0.57-0.89) <.005
Postoperative treatment
None 1.00 1.00
Monotherapy RT or TMZ 0.17 (0.13-0.22) <.0005 0.20 (0.15-0.27) <.0005
RT + TMZ 0.06 (0.05-0.08) <.0005 0.08 (0.06-0.12) <.0005
Tumor location
Left occipital 1.03 (0.74-1.43) 46 1.7 (0.75-1.51) 72
Right frontal 0.73 (0.57-0.93) <.05 0.80 (0.61-1.03) .09
Bilateral 2.54 (2.02-3.18) <.0005 1.62 (1.23-2.14) <.005
Tumor volume 1.006 (1.002-1.011) <.005 1.003 (0.999-1.007) 11
Tumor volume * time 1.000 (1.000-1.000) <.005 1.000 (1.000-1.000) <.005

Abbreviations: CI, confidence interval; HR, hazard ratio; RT, radiotherapy, TMZ, temozolomide.
Epilepsy remains significantly associated with survival of glioblastoma patients in multivariable analysis. Time-dependent variables (KPS * time and
tumor volume * time) are included to correct for violation of the proportional hazards assumption and represent changes in the association

between the variable and survival over time.

Consistent with previous observations,?! the volume of epi-
leptogenic tumors was significantly smaller than that of none-
pileptogenic ones. However, epilepsy remained a significant
prognostic factor independent of tumor size in multivariable
analysis, suggesting that mechanisms other than early detec-
tion may also contribute to the better outcome of epileptogenic
tumors.

AEDs have been postulated to alter the outcome of epileptic
GBM patients. An analysis of the survival of nonepileptic GBM
patients treated prophylactically with nonenzyme-inducing
AEDs pointed to a survival advantage for these patients.??
VPA treatment was also reported to enhance survival in a few
retrospective studies of high-grade glioma patients**%?? and in
a post-hoc analysis of the EORTC 26981/NCIC 3.E trial.'® The ac-
tual therapeutic benefit is still being debated,’®?* and the an-
titumoral mechanisms of therapeutic doses of VPA in GBMs
have yet to be demonstrated in patients. In our retrospective
cohort, however, VPA usage at the time of GBM diagnosis was
not associated with any survival advantage when compared
with all other patients with epileptic seizures. Previous studies
have examined the effect of VPA on survival by including only
GBM patients treated with radiotherapy'® or chemoradia-
tion,"*® whereas our analysis also included patients who did
not receive any adjuvant treatment. When we restricted our
comparison to epileptic GBM patients treated with chemoradia-
tion, there was no survival difference among those who re-
ceived VPA (n = 40) and those who did not (n = 96; log-rank
test; P=.88). Similarly, for epileptic GBM patients who received
radiotherapy (with or without chemotherapy), there was no dif-
ference in survival between patients treated with VPA (n = 49)
and those who did not receive VPA (n=131; log-rank test;

P=.76). However, the limited statistical power of these latter
subanalyses (due to fewer patients contributing to the mea-
sure) should be taken into consideration, since small but mean-
ingful differences might become apparent in larger cohorts.

Detangling the independent relationship between AED use
and presence of seizures is problematic because no patients re-
ceived prophylactic AEDs in the absence of clinical seizures, and
few patients with seizures did not receive AEDs. Since there are
no patients without epilepsy who received prophylactic AED
treatment in this study, we cannot completely rule out an as-
sociation of VPA with survival of GBM patients, which might be
overshadowed by the more profound prognostic effect of epi-
lepsy per se. To be solved, this question would likely require a
randomized prospective trial with AED administration to pa-
tients both with and without epilepsy.

Even though VPA has received the most attention in litera-
ture for its possible antitumor effects, some studies have inves-
tigated the effects of other AEDs. For instance, levetiracetam
has been reported to chemosensitize glioma cells to temozolo-
mide treatment, possibly by inhibition of MGMT expression.?®
A recent study reported a survival benefit for GBM patients
receiving chemoradiation therapy and treatment with levetira-
cetam compared with those who were not treated with levetir-
acetam. However, the majority of patients in that study
received seizure prophylaxis and did not present with epilepsy
at diagnosis.?® Guthrie et al reported a survival benefit for
GBM patients receiving carbamazepine or phenytoin compared
with patients receiving no AED treatment.’’ However, the
epilepsy status was not included in the multivariable analyses
in both studies. In our cohort, we analyzed the survival of
patients who presented with epilepsy and were treated with
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levetiracetam, carbamazepine, or phenytoin to the survival of
other patients who presented with epilepsy. The baseline char-
acteristics of the analyzed subgroups were comparable
(Supplementary Tables S3-S5), and we did not observe any as-
sociation between specific AED use and survival using Kaplan-
Meier analysis (Supplementary Fig. S2A-C) and univariable Cox
regression (Supplementary Table S6).

A potential limitation of this study remains its retrospective
nature. As a result, medical imaging to assess the extent of re-
section was incomplete for patients diagnosed in the first years
of the cohort. This presents a challenge because the surgeon’s
perception of the estimated extent of resection does not
always correspond strictly to quantitative radiological assess-
ment of the pre- and postoperative tumor burden.?® Further-
more, surgical resection of >78% of the tumor volume can
provide a survival benefit compared with biopsy alone, with fur-
ther significant increments for additional tumor debulking.?®
Despite this, the differentiation between biopsy and resection
(whether for debulking or gross-total resection) has been prov-
en to have a significant effect on prognosis,*° and we used this
for our survival analyses.

The observed prognostic effect might result from distinct bi-
ological features of epileptogenic tumors. For instance, the
IDH1 R132H mutation has been reported to occur frequently
in proneural GBMs,*? to correlate with epilepsy in low-grade gli-
oma patients,** and to confer a more favorable prognosis in
GBM patients.>'® In our series, however, the IDH1 mutational
status did not correlate with epilepsy status at all (chi-square
test; P=.98). This finding should, however, be nuanced. Indeed,
the subset of patients included in our histochemical IDH1 anal-
ysis was enriched in patients who underwent debulking rather
than biopsy due to tissue availability constraints. They likewise
presented a higher average age, a larger median tumor volume,
more involvement of the right hemisphere and less bilateral
tumor location, and involved more patients treated with che-
moradiation and more patients presenting with epilepsy than
our complete patient population (Supplementary Table S1).

Previous reports also suggested some gene expression alter-
ations in epileptogenic gliomas such as higher expression of
glutamate and the X, system? and lower expression of glu-
tamine synthetase.’”'? Our laboratory is currently investigating
whether such biological differences are indeed present in our
cohort of patients.

Collectively, our results show that epilepsy at presentation is
associated with prolonged survival of GBM patients indepen-
dent of age, sex, performance status, type of surgery, postsur-
gical treatment, and tumor volume and location. This
prognostic effect cannot be solely explained by early diagnosis,
and survival was not associated with VPA treatment.

Supplementary Material

Supplementary material is available online at Neuro-Oncology
(http://neuro-oncology.oxfordjournals.org/).

Funding

This work was supported by the following grants: PNC-029-006 of the
Belgian Ministry of Health, grants FRSM 3.4.562.12, Televie 7.4.564.11.F

and 1.5.162.10 of the FNRS of Belgium, FBC 2010.14 of the Belgian
Foundation against Cancer, and an unrestricted grant from the T&P
Bohnenn fund for Neuro-Oncological Research to T.S. and P.R.

Acknowledgments

The authors are very grateful to Dr. R. Stellato for statistical advice,
Dr. W. van Hecke for assistance with TMA construction and
immunohistochemistry, and Dr. K.J. Miller for critical reading of the
manuscript.

Part of the work described in this paper was presented at the 11th
European Association of Neuro-Oncology meeting on Sept.12, 2014.

Conflict of interest statement. Sharon Berendsen: none to declare.
Jérome Kroonen: none to declare. Meri Varkila: none to declare.
Tatjana Seute: none to declare. Tom J. Snijders: none to declare. Frans
Kauw: none to declare. Wim G.M. Spliet: none to declare. Christophe
Poulet: none to declare. Marie Willems: none to declare. Marike
L. Broekman: none to declare. Vincent Bours: none to declare. Pierre
A. Robe: none to declare

References

1. Kerkhof M, Dielemans JC, van Breemen MS, et al. Effect of valproic
acid on seizure control and on survival in patients with
glioblastoma multiforme. Neuro Oncol. 2013;15(7):961-967.

2. Beaumont A, Whittle IR. The pathogenesis of tumour associated
epilepsy. Acta Neurochir (Wien). 2000;142(1):1-15.

3. Lote K, Stenwig AE, Skullerud K, Hirschberg H. Prevalence and
prognostic significance of epilepsy in patients with gliomas. Eur J
Cancer. 1998;34(1):98-102.

4. Kilpatrick C, Kaye A, Dohrmann P, Gonzales M, Hopper J. Epilepsy
and primary cerebral tumours. J Clin Neurosci. 1994;1(3):
178-181.

5. Mineo JF, Bordron A, Baroncini M, et al. Prognosis factors of survival
time in patients with glioblastoma multiforme: A multivariate
analysis of 340 patients. Acta Neurochir (Wien). 2007;149(3):
245-252.

6. Stark AM, van de Bergh J, Hedderich J, Mehdorn HM, Nabavi A.
Glioblastoma: Clinical characteristics, prognostic factors and
survival in 492 patients. Clin Neurol Neurosurg. 2012;114(7):
840-845.

7. Rosati A, Poliani PL, Todeschini A, et al. Glutamine synthetase
expression as a valuable marker of epilepsy and longer survival
in newly diagnosed glioblastoma multiforme. Neuro Oncol.
2013;15(5):618-625.

8. VYuile P, Dent O, Cook R, Biggs M, Little N. Survival of glioblastoma
patients related to presenting symptoms, brain site and treatment
variables. J Clin Neurosci. 2006;13(7):747-751.

9. Yuen TI, Morokoff AP, Bjorksten A, et al. Glutamate is associated
with a higher risk of seizures in patients with gliomas. Neurology.
2012;79(9):883-889.

10. Rosati A, Marconi S, Pollo B, et al. Epilepsy in glioblastoma
multiforme: Correlation with glutamine synthetase levels. J
Neurooncol. 2009;93(3):319-324.

11. Robert SM, Sontheimer H. Glutamate transporters in the biology of
malignant gliomas. Cell Mol Life Sci. 2014;71(10):1839-1854.

Neuro-Oncology

705


http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov238/-/DC1

Berendsen et al.: Prognosis of epilepsy at presentation in GBM

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lyons SA, Chung WJ, Weaver AK, Ogunrinu T, Sontheimer H.
Autocrine glutamate signaling promotes glioma cell invasion.
Cancer Res. 2007;67(19):9463-9471.

Verhaak RG, Hoadley KA, Purdom E, et al. Integrated genomic
analysis identifies clinically relevant subtypes of glioblastoma
characterized by abnormalities in PDGFRA, IDH1, EGFR, and NF1.
Cancer Cell. 2010;17(1):98-110.

Liubinas SV, D’Abaco GM, Moffat BM, et al. IDH1 mutation is
associated with seizures and protoplasmic subtype in patients
with low-grade gliomas. Epilepsia. 2014;55(9):1438-1443.

Gerber NK, Goenka A, Turcan S, et al. Transcriptional diversity of
long-term glioblastoma survivors. Neuro Oncol. 2014;16(9):
1186-1195.

Hartmann C, Hentschel B, Simon M, et al. Long-term survival
in primary glioblastoma with versus without isocitrate
dehydrogenase mutations. Clin Cancer Res. 2013;19(18):
5146-5157.

Berendsen S, Broekman M, Seute T, et al. Valproic acid for the
treatment of malignant gliomas: Review of the preclinical
rationale and published clinical results. Expert Opin Investig
Drugs. 2012;21(9):1391-1415.

Weller M, Gorlia T, Cairncross JG, et al. Prolonged survival with
valproic acid use in the EORTC/NCIC temozolomide trial for
glioblastoma. Neurology. 2011;77(12):1156-1164.

Barker CA, Bishop AJ, Chang M, Beal K, Chan TA. Valproic acid use
during radiation therapy for glioblastoma associated with
improved survival. Int J Radiat Oncol Biol Phys. 2013;86(3):
504-500.

van Breemen MS, Rijsman RM, Taphoorn MJ, Walchenbach R,
Zwinkels H, Vecht CJ. Efficacy of anti-epileptic drugs in patients
with gliomas and seizures. J Neurol. 2009;256(9):1519-1526.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Lee JW, Wen PY, Hurwitz S, et al. Morphological characteristics of
brain tumors causing seizures. Arch Neurol. 2010;67(3):336-342.

Jaeckle KA, Ballman K, Furth A, Buckner JC. Correlation of
enzyme-inducing anticonvulsant use with outcome of patients
with glioblastoma. Neurology. 2009;73(15):1207-1213.

Oberndorfer S, Piribauer M, Marosi C, Lahrmann H, Hitzenberger P,
Grisold W. P450 enzyme inducing and non-enzyme inducing
antiepileptics in glioblastoma patients treated with standard
chemotherapy. J Neurooncol. 2005;72(3):255-260.

Tsai HC, Wei KC, Tsai CN, et al. Effect of valproic acid on the
outcome of glioblastoma multiforme. Br J Neurosurg. 2012;
26(3):347-354.

Bobustuc GC, Baker CH, Limaye A, et al. Levetiracetam enhances
p53-mediated MGMT inhibition and sensitizes glioblastoma cells
to temozolomide. Neuro Oncol. 2010;12(9):917-927.

Kim YH, Kim T, Joo JD, et al. Survival benefit of levetiracetam in
patients treated with concomitant chemoradiotherapy and
adjuvant chemotherapy with temozolomide for glioblastoma
multiforme. Cancer. 2015;121(17):2926-2932.

Guthrie GD, Eljamel S. Impact of particular antiepileptic drugs
on the survival of patients with glioblastoma multiforme.
J Neurosurg. 2013;118(4):859-865.

Orringer D, Lau D, Khatri S, et al. Extent of resection in patients
with glioblastoma: Limiting factors, perception of resectability,
and effect on survival. J Neurosurg. 2012;117(5):851-859.

Sanai N, Polley MY, McDermott MW, Parsa AT, Berger MS. An extent
of resection threshold for newly diagnosed glioblastomas.
J Neurosurg. 2011;115(1):3-8.

Vuorinen V, Hinkka S, Farkkila M, Jaaskelainen J. Debulking or

biopsy of malignant glioma in elderly people - a randomised
study. Acta Neurochir (Wien). 2003;145(1):5-10.

706




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


