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ABSTRACT
Background
Seizures are a common symptom in low-grade glioma (LGG) patients, negatively
influencing quality of life if uncontrolled. Besides antiepileptic drugs (AEDs),
antitumor treatment might contribute to a reduction in seizure frequency. The aim
of this study was to determine the effect of temozolomide (TMZ) chemotherapy
on seizure frequency, to identify factors associated with post-treatment seizure
reduction and to analyze the prognostic value of seizure reduction for survival.
Patients and methods
We retrospectively reviewed adult patients with supratentorial LGG and epilepsy
who received chemotherapy with TMZ as initial treatment or for progressive disease
in two hospitals (VUmc Amsterdam; MCH The Hague) between 2002 and 2012.
Results
We identified 104 LGG patients with epilepsy who had received TMZ. Uncontrolled
epilepsy in the 3 months preceding chemotherapy was present in 66 of 104 (63.5%)
patients. A ≥50% reduction in seizure frequency after 6 months occurred in 29 of 66
(43.9%) patients. Focal symptoms at presentation (OR 6.55; 95%CI: 1.45-32.77; p=0.015)
appeared to be positively associated with seizure reduction. Seizure reduction was
an independent prognostic factor for progression-free survival (HR 0.32; 95%CI: 0.150.66; p=0.002) and overall survival (HR 0.33; 95%CI: 0.14-0.79; p=0.013), along with
a histological diagnosis of oligodendroglioma (HR 0.38; 95%CI: 0.17-0.86; p=0.021).
Objective responses on MRI were similar for patients with and without seizure
reduction.
Conclusions
TMZ may contribute to an important reduction in seizure frequency in patients with
LGG. Seizure reduction following TMZ treatment has prognostic significance and
may serve as an important clinical outcome measure in LGG patients.
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INTRODUCTION

Seizures occur in up to 90% of patients with a low-grade glioma (LGG) and are
often difficult to treat.1-3 The occurrence of seizures as a presenting symptom is
considered a favorable prognostic factor in LGG patients. This is supposed to be the
result of the inverse correlation between the epileptogenicity and growth rate of the
tumor.3-7 However, the occurrence of seizures negatively influences quality of life and
contributes to cognitive impairment in LGG patients.8-10 Therefore, achieving seizure
control is of major importance in the clinical management of LGG.
More than 30% of LGG patients will not become seizure free despite treatment
with often multiple AEDs.11 In recent years several reports have shown a beneficial
effect of surgery and irradiation on seizure burden.12-17 A clinical response in terms of
seizure reduction after chemotherapy has also been reported,18-22 but more detailed
information on changes in seizure frequency as well as on the possible predictive
power of a reduction in seizure frequency through chemotherapy with regard to
tumor response is needed.
For this report, we recorded seizure frequencies and clinical characteristics in LGG
patients with epilepsy before and after treatment with temozolomide (TMZ),
which is the most widely applied chemotherapeutic agent for LGG, and determined
variables associated with seizure control and seizure reduction. We analyzed the
prognostic value of seizure reduction, after initiation of TMZ, for progression-free
survival (PFS) and overall survival (OS). Also, the risk of renewed seizure increase in
case of tumor recurrence was analyzed.

PATIENTS AND METHODS
Study population

We identified patients with a histological diagnosis of LGG treated at the VU University
Medical Center Amsterdam or Medical Center Haaglanden between August 2002
and December 2012, using an institutional database. We selected patients with a
diffuse LGG who received TMZ chemotherapy either up-front or at tumor progression.
Patient characteristics consisted of 16 items, including demographics, tumor and
treatment characteristics, as well as detailed data on seizure semiology, seizure
frequency, AED use, steroid use and survival, and were retrieved from the database
and hospital medical charts. We excluded patients in whom essential data, such as
data on seizure frequencies, were missing. Subsequently, patients without epilepsy
were excluded from the study as well. Furthermore, patients with no evidence of
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tumor progression and patients who were still alive at the end of the study (June
30th, 2013) were censored for survival analysis.
Seizures were classified as partial (simple or complex), secondary generalized or a
combination of both. Patients were divided into two groups, depending on seizure
control before the start of the first TMZ cycle. We used the definitions in line with
previous reports of seizure control in LGG patients undergoing tumor resection.13
The first group had uncontrolled epilepsy before TMZ treatment, defined as having
at least one seizure in the last 3 months (mo). We divided seizure frequencies into 4
categories: <1 seizure/mo; ≥1/mo; ≥1/week; ≥1/day. The second group had controlled
epilepsy and consisted of patients without seizures in the last 3mo. We recorded AED
use before the start of TMZ and relevant adjustments in the AED regimen. A relevant
adjustment in AED regimen was defined as a change in AED regimen during TMZ
treatment, except for seizure-free patients in whom the AED dose was increased
solely due to subtherapeutic drug levels.
We recorded the types of antitumor treatment that were given before the start
of TMZ, as well as TMZ dose. Gross-total resection was defined as the absence of
residual tumor intraoperatively or on postoperative imaging. In case the patient
received any other antitumor treatment in the 6mo interval before the start of
TMZ, this was recorded separately. Usually, TMZ treatment continued for at least 6
cycles, unless new tumor growth or unacceptable toxicity emerged. The local ethics
committees of the two participating hospitals approved the study protocol.

Study end points

A ≥50% seizure reduction 6mo after the start of TMZ was the primary outcome
measure, defined as a reduction of ≥50% in the number of seizures per unit of time
after the start of TMZ. Seizure frequency was based on patient reports, without
electroencephalographic monitoring. Seizure control after 6mo, which we defined
as controlled epilepsy (seizure free) during the last 3mo, was a secondary outcome
measure, as well as seizure frequency according to the 4 predefined categories (<1
seizure/mo; ≥1/mo; ≥1/week; ≥1/day). PFS, defined as the time from the start of TMZ
to clinical or radiological progression, and OS from the start of TMZ until death were
evaluated. In line with the response assessment in neuro-oncology (RANO) criteria,
clinical progression was defined as a definite clinical deterioration that was not
attributable to other causes than the tumor or a decrease in corticosteroid dose;
radiological progression was defined as a ≥25% increase in the area of the lesions
on T2 or fluid attenuated inversion recovery (FLAIR) imaging, or the development
of new lesions or increased or new enhancement.23;24 Seizure increase, defined as a

46

≥50% increase in seizure frequency at (renewed) tumor progression, compared with
seizure frequency 6mo after TMZ treatment, in patients with a PFS of more than
6mo was evaluated as well.
We evaluated tumor response on magnetic resonance imaging (MRI) at 6mo after
initiation of TMZ according to the RANO criteria for LGG.23;24 In short, tumor response
was based on the change in the product of the perpendicular diameters of the lesion
on the T2 or FLAIR imaging. Complete response (CR) was defined as a complete
disappearance of the lesion, partial response (PR) as a ≥50% decrease and minor
response (MR) as a 25% to 50% decrease of the area of the lesion, compared with
MRI before the start of TMZ. Patients with an objective response (CR, PR or MR) had
to be stable or improved clinically without an increase in corticosteroid dose. The
definition of progressive disease (PD) or radiological progression is described above.
Stable disease (SD) was defined as any other status, which did not qualify for CR, PR,
MR or PD. Two investigators (JAFK and LD) independently assessed tumor response,
resolving disagreement by reaching consensus through discussion.

Statistical analysis

Analyses were performed using SPSS version 21.0 software. Descriptive statistics
were used to define the population, seizure frequencies and AED use. We performed
analyses for the whole cohort and for a subset of patients with a grade II glioma
without histologically proven dedifferentiation. Differences between groups
were tested using the Chi-square or Fisher’s Exact test for categorical data and
the Student’s T-test or Mann Whitney U test for continuous data, depending on
the distribution of the variable. Variables showing an association (p<0.10) with
seizure control and seizure reduction in univariate logistic regression analysis were
entered as candidate variables in a multivariable logistic regression analysis. With
a backward stepwise selection procedure, using a p-value of 0.10 as the removal
criterion, significant independent predictors were identified. Differences in PFS and
OS between patients with and without a ≥50% seizure reduction were explored
with Kaplan-Meier estimates and log-rank tests. Multivariable Cox proportional
hazard models were applied to determine the association between seizure reduction
and PFS in patients with uncontrolled epilepsy before the start of TMZ, taking into
account well-known prognostic factors.
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RESULTS

Univariate analysis of seizure control before start of TMZ

Table 1:

Demographics and tumor characteristics

For the present study, 132 LGG patients who had received TMZ treatment in the
past were identified. Fourteen of 132 patients were excluded from the study due
to insufficient data to perform any further analysis. Of the remaining 118 patients,
14 patients (11.9%) never reported any seizures, neither at presentation, nor during
the course of disease. Eventually, we included 104 LGG patients with epilepsy
(table 1). The study population consisted of 67 (64.4%) astrocytomas, 24 (23.1%)
oligodendrogliomas and 13 (12.5%) oligoastrocytomas.

Treatment characteristics

All patients

Epilepsy before start TMZ (n=104)
Uncontrolled

Controlled

p-value

All patients

104

66 (63.4)

38 (36.5)

Gender
Male
Female

57 (54.8)
47 (45.2)

34 (51.5)
32 (48.5)

23 (60.5)
15 (39.5)

Mean age at start TMZ, y (SD)

47.7 (11.5)

47.2 (12.2)

46.9 (10.8)

0.910

Focal symptoms at presentation
(n=94)

27 (28.7)

18 (32.7)

9 (27.3)

0.591

44 (42.3)
31 (29.8)
21 (20.2)
1 (1.0)
7 (6.7)

31 (47.0)
16 (24.2)
12 (18.2)
1 (1.5)
6 (9.1)

13 (34.2)
15 (39.5)
9 (23.7)
0
1 (2.6)

4.6 (5.8)

5.7 (6.6)

3.3 (4.2)

Extent of surgery
Gross-total resection
Partial resection
Biopsy

8 (7.7)
56 (53.8)
40 (38.5)

5 (7.6)
32 (48.5)
29 (43.9)

3 (7.9)
24 (63.2)
11 (28.9)

0.374
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All patients had previous surgery: a gross-total resection had been performed in 8
patients (7.7%), a partial resection in 56 (53.8%) and a biopsy in 40 patients (38.5%); 78
patients (75.0%) had received focal fractionated irradiation. Thirty patients (28.8%)
had been treated with resection and/or radiotherapy within 6mo before the start
of TMZ. In 26 patients (25.0%) a second histological diagnosis had been obtained
before TMZ was started. Malignant transformation was confirmed in 21 patients.
Median time from tumor presentation to the start of TMZ was 4.6 years (interquartile
range (IQR) 5.8). Median follow-up duration was 23.5mo (IQR 35.5). During and after
TMZ treatment, 86 patients (82.7%) developed tumor recurrence. At last follow-up,
57 (54.8%) patients had died, 45 (43.3%) were still alive and 2 patients (1.9%) were lost
to follow-up.

Tumor location
Frontal
Temporal
Parietal
Occipital
Basal ganglia/midline

Radiotherapy

78 (75.0)

46 (69.7)

32 (84.2)

0.100

Seizure characteristics and determinants of seizure control before
start of TMZ

Antitumor therapy ≤6mo before

30 (28.8)

15 (22.7)

15 (39.5)

0.069

TMZ as 1 therapy

18 (17.3)

15 (22.7)

3 (7.9)

0.054

1st seizure at presentation

98 (94.2)

60 (90.9)

38 (100)

0.060

Seizure classification
Partial simple
Partial complex
Secondary generalized
Both partial and generalized

43 (41.3)
12 (11.5)
34 (32.7)
15 (14.4)

31 (47.0)
7 (10.6)
18 (27.3)
10 (15.2)

12 (31.6)
5 (13.2)
16 (42.1)
5 (13.2)

In 98 patients (94.2%) seizures had been the first manifestation of the tumor; 27
patients (28.7%) presented with focal neurological symptoms as well. Forty-three
patients (41.3%) had simple partial seizures and 34 patients (32.7%) had secondary
generalized seizures. At the time TMZ treatment was initiated, 99/101 patients
(98.0%) used AEDs and 57/101 patients (56.4%) were on AED polytherapy.
Of all patients, 38/104 (36.5%) had controlled epilepsy before the start of TMZ; 15
patients (14.4%) reported <1 seizure/month, 23 (22.1%) had ≥1 seizure/month, 20
(19.2%) had >1 seizure/week and 8 (7.7%) >1 seizure/day. Univariate analysis of seizure
control before the start of TMZ is outlined in table 1. According to the multivariable
analysis, antitumor treatment ≤6mo before the start of TMZ (OR 3.13; 95%CI: 1.148.52; p=0.027) was associated with controlled epilepsy. AED polytherapy was
associated with uncontrolled epilepsy (OR 0.18; 95%CI: 0.068-0.45; p<0.001) before
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Median time from first symptoms
to start of TMZ (IQR), y

st

0.264

0.193
0.305

0.361

AED adjustment during TMZ
(n=100)
AED increase during TMZ
AED decrease during TMZ

NA

AED polytherapy (n=101)

57 (56.4)

45 (68.2)

12 (34.3)

0.001

Discontinuation of AEDs
Steroid use (n=103)

4 (3.8)
62 (60.2)

0
39 (60.0)

4 (10.5)
23 (60.5)

0.016
0.958

NA
NA
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Figure 1: Seizure characteristics before and after TMZ treatment

Table 2: Univariate analysis of seizure reduction 6mo after start of TMZ

Seizure frequency 3mo before TMZ
<1/m: 15
≥1/m: 23

Seizure reduction 6mo after TMZ (n=66)
Uncontrolled
epilepsy be<50%
≥50%
fore start TMZ reduction
reduction
p-value

≥1/d:

66

37 (56.1)

29 (43.9)

Gender
Male
Female

34 (51.5)
32 (48.5)

18 (48.6)
19 (51.4)

16 (55.2)
13 (44.8)

Mean age at start TMZ, y (SD)

47.2 (12.2)

47.8 (11.7)

46.7 (13.3)

0.707

Focal symptoms at presentation (n=55) 18 (32.7)

25 (78.1)

12 (52.2)

0.043

PA diagnosis
Astrocytoma
Oligoastrocytoma
Oligodendroglioma

43 (65.2)
9 (13.6)
14 (21.2)

25 (67.6)
4 (10.8)
8 (21.6)

18 (62.1)
5 (17.2)
6 (21.2)

1p/19q co-deletion (n=9)

8 (88.9)

4 (100)

4 (80.0)

0.556

Median time from first
symptoms to start of TMZ (IQR)

5.7 (6.6)

5.0 (6.8)

5.8 (8.0)

0.619

Extent of surgery
Gross-total resection
Partial resection
Biopsy

5 (7.6)
32 (48.5)
29 (43.9)

4 (10.8)
18 (48.6)
15 (40.5)

1 (3.4)
14 (48.3)
14 (48.3)

Radiotherapy

46 (69.7)

28 (75.7)

18 (62.1)

0.233

Antitumor therapy ≤6mo before

15 (22.7)

12 (32.4)

3 (10.3)

0.034

TMZ as 1st therapy

15 (22.7)

7 (18.9)

8 (27.6)

0.404

TMZ dose, 21-day cycle

NA

18 (48.6)

20 (69.0)

0.097

1st seizure at presentation

60 (90.9)

32 (86.5)

28 (96.6)

0.158

Seizure classification
Partial simple
Partial complex
Secondary generalized
Both partial and generalized

31 (47.0)
7 (10.6)
18 (27.3)
10 (15.2)

13 (35.1)
3 (8.1)
14 (37.8)
7 (18.9)

18 (62.1)
4 (13.8)
4 (13.8)
3 (10.3)

AED adjustment during TMZ
AED increase during TMZ
AED decrease during TMZ

NA
NA
NA

9 (24.3%)
5 (13.5)
4 (10.8)

7 (24.1%)
2 (6.9)
3 (10.3)

0.986
0.327
0.637

AED polytherapy

45 (68.2)

26 (70.3)

19 (65.5)

0.681

Discontinuation of AEDs
Steroid use (n=65)

0
39 (60.0)

NA
23 (63.9)

16 (55.2)

0.476

≥1/w: 20

88
Controlled epilepsy
38

Uncontrolled epilepsy
66
TMZ treatment

6mo after start TMZ
Controlled epilepsy : 27
Uncontrolled epilepsy: 39

6mo after start TMZ

Controlled epilepsy : 36

Uncontrolled epilepsy:

2

Seizure frequency at 6mo
0: 27
<1/m: 15
≥1/m: 11
≥1/w: 10
≥1/d: 3

≥50% seizure reduction : 29
<50% seizure reduction : 37

the start of TMZ. In the subset of 83 patients with grade II glioma without proven
dedifferentiation, AED polytherapy (OR 0.12; 95%CI: 0.035-0.39; p<0.001) and simple
partial seizures (OR 0.25; 95%CI: 0.064-0.94; p=0.041) were associated with poor
seizure control before the start of TMZ.

Seizure characteristics and determinants of seizure reduction after
TMZ treatment

Seizure characteristics before and 6mo after the start of TMZ treatment are
summarized in figure 1. Of all 66 patients with previously uncontrolled epilepsy, 27
(40.9%) had controlled epilepsy 6mo after initiation of TMZ, 15 (22.7%) reported <1
seizure/mo, 11 (16.7%) had ≥1 seizure/mo, 11 (15.2%) had >1 seizure/week and 3 patients
(4.5%) >1 seizure/day. Of the 38 patients with previously controlled epilepsy, 36
patients (94.7%) remained controlled after 6mo of TMZ; 29 patients (43.9%) with
previously uncontrolled seizures had a ≥50% seizure reduction.

50

0.599

3

0.750

0.500

0.065
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During the first 6mo of TMZ treatment, AEDs were adjusted in 16/66 patients (24.2%)
with previously uncontrolled seizures. In patients with previously uncontrolled
seizures whose AED regimen was not adjusted during TMZ, 17/50 patients (34.0%)
had controlled epilepsy after 6mo; 22/50 patients (44.0%) on a stable AED dose
showed a ≥50% seizure reduction after 6mo. Univariate analysis of seizure reduction
after 6mo of TMZ treatment is described in table 2.
According to the multivariable analysis, focal symptoms at presentation (OR
6.55; 95%CI: 1.45-32.77; p=0.015) appeared to be positively associated with seizure
reduction 6mo after start of TMZ. In the subset of 57 patients with grade II glioma
without dedifferentiation, focal symptoms at presentation were also positively
associated with seizure reduction (OR 11.43; 95% CI 1.62 to 80.64; p=0.015), as well as
in 50 patients on a stable AED dose (OR 7.11; 95% CI 1.19 to 42.61; p=0.032).

Seizure reduction as a predictor of survival

Of 66 patients with uncontrolled epilepsy before the start of TMZ, 12 patients
showed early progression and 2 patients died within 6mo. Fifty-seven of 66 patients
were progressive at the end of the study with a median PFS of 18.0mo (95%CI: 13.322.6) after start of TMZ. At last follow-up, 39/66 patients had died with a median
time from start of TMZ to death of 31.2mo (95%CI: 19.3-43.1). Patients in whom a
≥50% seizure reduction had been achieved showed a significantly longer PFS of
24.0mo (95%CI: 15.9-32.1) compared to 12.0mo (95%CI: 1.9-22.1) in patients without a
seizure reduction. After adjustment for age, histological diagnosis, focal symptoms
at tumor presentation and previous antitumor therapy 6mo before, a ≥50% seizure
reduction at 6mo was an independent prognostic factor for PFS (hazard ratio (HR)
0.32; 95%CI: 0.16-0.66; p=0.002; figure 2a). Multivariable Cox modelling showed that,
apart from a ≥50% seizure reduction, a histological diagnosis of oligodendroglioma
versus astrocytoma (HR 0.38; 95%CI: 0.17-0.86) was also independently associated
with PFS (table 3).
In addition, OS from the start of TMZ was significantly longer in patients with a
≥50% seizure reduction (HR 0.33; 95%CI: 0.14-0.79; p=0.013; figure 2b). In the subset
of 57 patients with grade II glioma without histologically proven dedifferentiation,
a ≥50% seizure reduction was also associated with a longer PFS (HR 0.30: 95%CI:
0.14-0.64), as well as OS (HR 0.26; 95%CI: 0.10-0.67). Patients with early progressive
disease or death did not affect the observed differences in survival, nor did patients
whose AEDs were adjusted during TMZ treatment (data not shown).
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Table 3: Multivariable Cox modeling of progression-free survival
Prognostic factor

HR

95% CI

p-value

Seizure reduction ≥50%

0.32

0.15-0.66

0.002

Oligodendroglioma vs astrocytoma

0.38

0.17-0.86

0.021

Age

1.03

1.00-1.05

0.053

Focal symptoms at presentation

1.95

0.98-3.88

0.057
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Table 4: Radiological response 6mo after start of TMZ treatment
Response on MRI

Complete
response
(CR)

Partial
response
(PR)

Minor
response
(MR)

Stable
disease
(SD)

Progressive
disease
(PD)

Uncontrolled
epilepsy before
TMZ (n=62)

0

7 (11.3)

8 (12.9)

27 (43.5)

20 (32.3)

<50% seizure
reduction (n=34)

0

4 (11.8)

3 (8.8)

14 (41.2)

13 (38.2)

≥50% seizure
reduction (n=28)

0

3 (10.7)

5 (17.9)

13 (46.4)

7 (25.0)

Seizure reduction and radiological response after TMZ treatment

Six months after the start of TMZ, in 62/66 patients with previously uncontrolled
epilepsy data were available to evaluate radiological tumor response (table 4). None
of the patients showed CR, 7 patients (11.3%) had PR, 8 (12.9%) MR, 27 (43.5%) had SD
and 20 (32.3%) showed PD. Of 28 patients with a ≥50% seizure reduction at 6mo, 8
(28.6%) patients showed an objective response on MRI, compared with 7/34 (20.6%)
patients without a seizure reduction (p=0.47).

Tumor progression and seizure recurrence

To detect a possible seizure increase at the time of tumor progression in patients
with a PFS of more than 6mo after the start of TMZ, seizure frequency at the time
of tumor progression was compared with seizure frequency 6mo after the start
of TMZ. Of all 86 patients who developed tumor progression, 69 patients were
progressive >6mo after the start of TMZ; 23/69 patients showed an increase in
seizure frequency prior to progression. Using the time-dependent non-adjusted
Cox proportional hazards model, seizure increase and tumor recurrence showed no
significant association (HR 1.02; 95%CI: 0.99-1.04; p=0.078).
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Figure 2: A) Progression-free survival and B) overall survival in relation to seizure
			 reduction 6mo after the start of TMZ

		
A

B

DISCUSSION

In the current study, we found that 44% of LGG patients with uncontrolled epilepsy
show a ≥50% seizure reduction after treatment with TMZ. In addition, we found
that a reduction in seizure frequency after start of TMZ appears to be a favorable
independent prognostic factor of PFS and OS in LGG patients with epilepsy.
Our study population in general consisted of a representative group of LGG patients
regarding age, gender, location of the tumor, the histological distribution as well as
the seizure status before start of TMZ, comparable with previously published series
of LGGs.13;16;25-27 However, the 38.5% of patients who had undergone a biopsy possibly
reflect an overrepresentation of unresectable tumors in our cohort compared with
the general LGG population, which could have had a negative impact on survival.13
Our study reported a significant effect of previous antitumor treatment 6mo before
the start of TMZ. Similar to surgery, a beneficial effect of radiotherapy on seizure
control in LGG has been established in previous studies, showing 25-75% of the
patients becoming seizure free.16;17;28 Comparable with previous reports on seizure
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control in LGG patients, simple partial seizures before TMZ treatment were found
to be independently associated with poor seizure control in patients with grade II
glioma without secondary dedifferentiation. Possibly, this reflects the physician’s
lower motivation to prevent seizure recurrence, as the need to achieve complete
seizure control might be lower in patients with simple partial seizures compared to
generalized seizures.13;29 Similarly, physicians may be more inclined to start a second or
third AED in patients with uncontrolled seizures, which might explain the association
between poor seizure control and AED polytherapy. Thus, the determination of the
physician to reach a seizure-free status seems to influence seizure control as well.
Nevertheless, with a detailed analysis of patients with uncontrolled epilepsy, we
concentrated our study on LGG patients of highest concern.
This study has several limitations, necessitating caution in the interpretation of the
outcomes. First, a retrospective analysis of medical records is particularly prone to
reporting bias with regard to seizure frequencies. Second, the study population consisted of a heterogeneous group of LGG subtypes, treated up-front or at progression
over a 12-year period. As in most subjects histological confirmation of dedifferentiation was lacking, we included both histologically confirmed and histologically
unconfirmed progressive LGGs. However, in LGG patients without proven dedifferentiation, our findings were comparable with the whole study population of LGG
patients, particularly with regard to the prognostic significance of seizure reduction
for PFS and OS. Third, we did not perform a correction for multiple testing due to
the relatively small sample sizes. Fourth, molecular prognostic markers were not
included in our multivariable survival analysis due to the large number of missing
values, as testing on these markers was not routinely performed in our center until
2009.22;30;31 Finally, this study did not take into account the changing preferences in
the prescription of AEDs over time, neither the recently reported survival benefit in
high-grade glioma patients receiving VPA.32;33 However, only few patients in our cohort used enzyme-inducing AEDs, such as carbamazepine and phenytoin, reducing a
possibly negative impact of AEDs on the effectiveness of TMZ.34
Nevertheless, our data not only show that a substantial part of LGG patients
experience seizure reduction during and after TMZ chemotherapy, but also show
that most patients with previously controlled epilepsy remain seizure free after 6mo
of TMZ (94.7%). Possibly, this persistent control of seizures reflects a stable disease
following previous treatments rather than an effect of TMZ. It is important to stress
that a seizure reduction after TMZ developed independently of recent surgery or
radiotherapy. Furthermore, seizure reduction was not correlated to AED polytherapy
or adjustments in anticonvulsant therapy. Moreover, in patients whose AEDs were
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unchanged during TMZ treatment, a similar percentage of patients reporting seizure
reduction was found. In our study, absence of an LGG control group not receiving
TMZ could be considered a weakness. However, previous reports indicate that in the
natural history of seizures in LGG patients an improvement in seizure control cannot
be expected without antitumor therapy.3;19
Comparable results were reported in previous small studies on response of LGG
to TMZ, although details on seizure control and seizure frequency are lacking, as
most studies used patient’s seizure status only as a secondary outcome parameter.
Pace et al. showed a ≥50% seizure reduction in 49% of patients with uncontrolled
epilepsy treated with TMZ and Kaloshi et al. demonstrated a ≥50% seizure reduction
in 58% of LGG patients.20;23 However, some studies included patients with previously
controlled epilepsy in their analysis, which may lead to an underestimation of the
percentage of patients with a significant seizure reduction. Altogether, these studies
suggest that TMZ contributes to an improvement in seizure frequency in 49%-62%
of the LGG patients.19;35 Probably, the slightly lower percentage of patients with a
seizure reduction found in our study results from a rather strict definition of a ≥50%
reduction, which excluded patients with a single seizure before the start of TMZ who
had controlled epilepsy after 6mo of TMZ treatment. Nevertheless, the ≥50% seizure
reduction that we found in 44% of the patients with uncontrolled epilepsy is based
on detailed information on seizure frequencies before and after TMZ treatment in a
representative cohort of LGG patients.
We found that a seizure reduction at 6mo is an independent prognostic factor for
the time to radiological progression after adjustment for age, histological diagnosis,
other focal symptoms at diagnosis and previous antitumor treatment. After
excluding patients with early progression or death, and patients with a secondary
dedifferentiation, similar differences in PFS and OS were shown. Therefore, to
predict whether or not tumor progression might be expected shortly, a decrease in
seizure frequency appears to be informative. However, we could not detect a similar
association between tumor progression and an increase in seizure frequency.

place in radiologically stable tumors suggests that other mechanisms than relief of
mechanical compression may contribute to TMZ-induced seizure reduction.36;37 In
other words, our findings with regard to tumor response on MRI suggest that seizure
reduction is probably not an epiphenomenon of tumor shrinkage. Possibly, TMZ
reduces the intrinsic epileptogenicity of the tumor through a decrease in glutamate
levels released from glioma cells.11 Furthermore, a downregulation of glutamate
receptors is both associated with a reduction in the risk of seizures, and with an
increased survival in glioma patients treated with adjuvant TMZ.38 Changes in the
peritumoral microenvironment might be induced as well, for example through an
inhibition of the immune response or restoring the neurotransmitter synthesis.39;40
A decrease of seizure activity in the absence of an objective radiological response
has previously been recognized both after radiotherapy and TMZ.22;28 However, our
results also show that, although responses on MRI at 6mo are comparable between
patients with and without a seizure reduction, PFS and OS differed largely. Therefore,
a seizure reduction within 3-6mo after initiation of TMZ treatment not only seems
to be an early indicator of tumor response, but also has prognostic significance for
both PFS and OS, underscoring its clinical relevance on the longer term.
In conclusion, our study focused in detail on seizure frequency before and after TMZ
treatment and the implications of seizure reduction on survival in a relatively large
cohort of LGG patients. In a substantial number of LGG patients TMZ may lead to a
relevant reduction in seizure frequency. As a result of reduced seizure burden TMZ
could contribute to an improvement in quality of life. Therefore, the start of TMZ
treatment might be considered at an early stage in glioma patients with intractable
seizures, or even as an alternative to conventional anticonvulsant treatment in
patients in whom other AEDs have failed. Moreover, seizure reduction appears to be
of value as a clinical prognostic factor in LGG, probably even more than radiological
response. Further prospective studies are needed to confirm the importance of
changing seizure frequency as an outcome measure in LGG patients.

TMZ is currently the preferred chemotherapy in LGG patients due to its relatively
good tolerability and easy administration.31 The specific way in which TMZ
contributes to reduced seizure burden is still unclear. A direct pharmacological
effect of TMZ on seizures could be one of the mechanisms of action. Our findings
suggest that seizure reduction, similar to improved neurological functioning or
decrease in elevated intracranial pressure, reflects the response of the tumor to
TMZ treatment. The fact that in about half of patients clinical improvement takes
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