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Chapter 5 
Treatment of epilepsy in brain tumor patients 
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Abstract  
 
We prospectively examined cognitive functioning in glioma patients with epilepsy on levetiracetam 
monotherapy: a cohort study. Forty glioma patients with epilepsy were recruited. All had 
undergone surgery and were on levetiracetam monotherapy. Neuropsychological assessment was 
done at baseline, six months and 12 months, executed on 6 cognitive domains (tests on letter-digit 
substitution, concept shifting, Stroop colour-word test, visual verbal learning  memory comparison 
and categoric word fluency), and compared with healthy matched controls. Efficacy of 
levetiracetam was determined by seizure-freedom, seizure reduction, and drug withdrawal due to 
adverse events or inefficacy. At six months (n= 37), 21 patients (57%) were seizure-free, while 6 
patients (16%) reported a reduction in seizure frequency of >50%. At 12 months (n=25), 12 
patients (48%) were seizure-free, while two patients (8%) reported a reduction in seizure 
frequency of >50%. Three patients reported severe side-effects. Neuropsychological assessments 
did not show any difference between baseline and the different time-points for information 
processing, executive functioning and psychomotor functioning, attention, verbal memory and 
working memory. These prospective data indicate that levetiracetam is a well-tolerated anti-
epileptic drug in glioma patients with epilepsy, and does not lead to cognitive dysfunction.  
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Introduction 
 
Seizures are common in patients with low- or high-grade glioma, showing a frequency of 30-90% 
depending on tumor subtype.378 In 20-45% of all glioma patients, seizures are the presenting 
symptom, and in another 15-30% seizures occur during the course of disease.12 
Treatment of seizures in glioma patients with anti-epileptic drugs (AED) may be troublesome.13 
Glioma patients not only more often develop pharmacoresistance and are at higher risk for drug-
drug interactions than non-tumor patients with epilepsy, but also are more sensitive to side-effects 
of AEDs,58 including cognitive deficits.61 As glioma patients already are at risk to develop cognitive 
deficits due to the tumor itself and its treatment,21;22;26 it is pivotal to avoid additional negative 
impact of AEDs.    
Levetiracetam is a second generation AED, that is effective and well-tolerated both as add-on and 
as monotherapy in glioma patients.32-37;44;48;379 Levetiracetam also seems less susceptible to the 
effects of multi-drug transporters and shows no interactions with other drugs.90 Studies on 
cognitive impact of levetiracetam in patients without brain tumors show a  favorable profile in 
comparison to other AEDs.380-384  
These observations have prompted us to conduct a prospective multi-centre observational cohort 
study on cognitive effects of monotherapy levetiracetam in patients with low- and high-grade 
gliomas suffering from epilepsy.  
 
 
Material and methods 
 
Patient selection 
Between April 1st 2007 and June 1st 2009, consecutive patients were recruited from three tertiary 
referral centres for brain tumor patients in The Netherlands (VU University Medical Center and 
Academic Medical Center, Amsterdam, and Medical Center Haaglanden, The Hague). Inclusion 
criteria were (1) diagnosis of novel or recurrent glioma confirmed by pathological diagnosis within 
six weeks of inclusion, (2) age ≥ 18 years, (3) generalized or partial epileptic seizures with or 
without secondary generalization, and (4) levetiracetam monotherapy at the time of inclusion. 
Exclusion criteria were (1) lack of a basic proficiency of the Dutch language or (2) the inability to 
communicate adequately. Data were collected by taking medical history, physical examination, 
laboratory investigations, and neuropsychological assessments. All patients gave written informed 
consent before inclusion in the study. This study received approval from each participating centre’s 
ethics committee. 
 
Study procedures 
Follow-up visits were scheduled at three, six and twelve months after baseline. Neuropsychological 
assessments were done at baseline, six months, and twelve months. Treatment with levetiracetam 
was carried out according to standardized guidelines for routine clinical care of patients with 
epilepsy. In order to monitor compliance, we determined blood levels of levetiracetam at baseline, 
at six months, and twelve months of the study period through high-performance liquid 
chromatography (HPLC) in collaboration with Stichting Epilepsie Instellingen Nederland (SEIN). If 
treatment with levetiracetam did not result in satisfactory seizure control according to the patient 
and the treating physician, either treatment was switched to a different AED or an add-on AED was 
given. In case of unacceptable side-effects, drug withdrawal and switching to a different AED also 
took place. Side effects were documented by a specific validated questionnaire.385 At the time of 
enrolment, patients received a diary for recording seizures, which has proven to be a reliable 
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method to measure seizure frequency.386 Baseline seizure frequency was determined as the pre-
operative number of seizures per month. The efficacy of levetiracetam was based on the change in 
monthly seizure frequency at three, six and twelve months compared with baseline rate. In 
addition, drug withdrawal, switching to different AED treatment, or necessity of add-on AEDs due 
to inadequate seizure control were considered as inefficacy.  
 
Neuropsychological assessments 
Neuropsychological assessments were directed by a trained test assistant who was supervised by a 
board certified neuropsychologist (MK). Individual test scores were grouped into six cognitive 
domains. The assessments and their corresponding domains were the letter-digit substitution test 
(domain: information processing speed and psychomotor functioning), concept shifting test 
(domain: executive functioning and psychomotor functioning), Stroop colour-word test (domain: 
attention), visual verbal learning test (verbal memory), memory comparison test (domain: working 
memory) and categoric word fluency (domain: executive functioning). The total time to complete 
the assessment was 60 minutes. Scores on all test parameters were converted to z-scores by 
comparison of the mean and standard deviation of a healthy control group who were individually 
matched for age, gender and educational level.387 Patients were considered cognitively impaired if 
their performance fell more than 1.5 standard deviation below that of healthy controls.  
 
Statistical analysis 
SPSS release 15.0 for Windows was used for data entry and statistical  analyses. Patients’ clinical 
and sociodemographic characteristics are reported by descriptive statistics.  
At each time-point individually, correlations between clinical characteristics and cognition were 
tested with independent t-tests and Kendall’s tau correlation coefficients, because of the relatively 
small sample size. Repeated-measures ANOVAs were done to asses differences in cognitive 
performance over time for each cognitive domain. Furthermore, several covariates were added to 
the model, in order to explore their influence.  
Clinical response was calculated as a change in monthly seizure frequency at three, six, and twelve 
months since baseline compared to the monthly preoperative seizure frequency. Change in 
monthly seizure frequency over time with respect to baseline, was tested by a non-parametric 
Wilcoxon ranks test for paired samples, since the data did not follow a normal distribution. 
Associations between clinical parameters (age, gender, histopathological diagnosis, tumor 
lateralization, seizure type, radiation therapy use, chemotherapy use, biopsy vs. resection) and 
clinical response to treatment with levetiracetam and adverse events were determined using the 
non-parametric Spearman’s correlation coefficient. A two-tailed P-value <0.05 was considered 
significant. 
 
 
Results 
 
Clinical characteristics 
Forty patients met the inclusion criteria. Of these, 35 patients had a newly-diagnosed glioma and 
five patients had a recurrent glioma. None of the patients had a history of epilepsy prior to the 
initial tumor diagnosis. The clinical characteristics are summarized in Table 1. Patients were on 
levetiracetam monotherapy either as first line therapy (n=15) or had used other AEDs before 
starting levetiracetam monotherapy (n=25). Levetiracetam was dosed as per label: median dose 
was 1000 mg/day (range 500-3000). All patients received standard anti-tumor treatment (Table 1). 
We reported previously388 on six patients, who were treated with bevacizumab as part of a clinical 
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study (10mg per kg by i.v. infusion each two weeks, for six weeks in combination with concomitant 
radiotherapy and chemotherapy followed by six cycles of adjuvant TMZ). 
 
Table 1. Clinical characteristics (N=40) 
Variables N=40 
Mean age, y 46 (22-70) a 
Males 23 (57.5) 
Karnofsky performance scale 90 (60-100) b 
LEV dose (mg/day) 1000 (500-3000) b 
LEV plasma level (mg/L) 15 (5-36) b 
Histopathology   
   WHO grade II  
       Astrocytoma 3 (7.5) 
       Oligodendroglioma 3 (7.5) 
       Oligoastrocytoma 1 (2.5) 
   WHO grade III  
       Astrocytoma    5 (12.5) 
       Oligodendroglioma  6 (15) 
       Oligoastrocytoma  3 (7.5) 
   WHO grade IV  
       Glioblastoma multiforme  19 (47.5) 
Tumor lateralization  
  Left 17 (42.5) 
  Right 22 (55.0) 
  Bilateral 1 (2.5) 
Tumor localization  
       Frontal    19 (47.5) 
       Parietal   5 (12.5) 
       Temporal  8 (20.0) 
       Fronto temporal 2 (5.0) 
       Fronto parietal 3 (7.5) 
       Parieto occipital 2 (5.0) 
       Temporo occipital 1 (2.5) 
Type of seizure  
  Secondary generalized 24 (60.0) 
  Simple partial  12 (30) 
  Complex partial 2 (5.0) 
  Partial and generalized  2 (5.0) 
Type of surgery  
  Gross total resection 35 (87.5) 
  Stereotactic biopsy   5 (12.5) 
Radiation therapy alone   8 (20.0) 
Chemotherapy (Temozolomide) 26 (65.0) 
        Concomitant  22 (55.0) 
        Adjuvant   4 (10.0) 
Other therapies (Bevacizumab)   6 (15.0) 
Dexamethasone    8 (20.0) 
        Dose (mg/day)        4 (1-16) b 

Cognitive performance 
Two of the 40 patients were unable to finish baseline assessment due to fatigue and were 
excluded from analysis. Of the remaining 38 patients, 31 participated in the six months follow-up 
neuropsychological evaluation. Five patients were excluded from the study because of a switch to 

Baseline variables from the first visit; All data in number of patients (percentages) or as indicated amean (range) 
or bmedian (range) LEV: levetiracetam. 
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a different anti-epileptic therapy due to inadequate seizure control (n=3) or adverse events (n=3), 
while another patient was unable to participate due to tumor progression. Fourteen patients 
participated in the 12 months evaluation. Eleven patients were unable to participate due to tumor 
progression and for six other patients the evaluation was too burdensome in this stage of the 
disease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The mean z-scores of the patients were less than 1.5 standard deviation below that of healthy 
controls in all six cognitive domains at all three time points. Figure 1 shows the comparisons 
between the neuropsychological assessments at baseline, six, and twelve months follow-up. In a 
repeated measures ANOVA with cognitive function as within-patient variable we found no 
significant difference in cognitive z-scores over time for any domain. 

Figure 1. Changes in overall cognitive functioning and in six cognitive domains between three time-
points. Mean z-scores of glioma patients on six cognitive domains and overall cognitive functioning. T1: 
first assessment (baseline); T2: second assessment (6 months); T3: third assessment (12 months). Bars 
represent SD.  
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We explored the clinical characteristics that could influence overall cognitive performance per 
time point (age, Karnofsky performance status, tumor grade, therapy, seizure frequency, tumor 
lateralization).382;383;389 At baseline, higher age (p=0.01), left-sided tumors (p<0.01) and higher WHO 
tumor grade (p=0.03) were significantly associated with poorer overall cognitive functioning. At six 
months follow-up, higher age (p=0.02), left sided tumors (p=0.02) and higher seizure frequency 
(p=0.02) were associated with poorer overall cognitive functioning. At 12 months follow-up, higher 
age (p=0.03) and higher seizure frequency (p=0.02) were associated with poorer overall cognitive 
functioning.  
 
When adding the covariates age, WHO tumor grade, seizure frequency and lateralization to the 
model (repeated measures ANOVA), no significant results regarding cognitive functioning at all 
time points were found. Additionally, we evaluated the subgroup of patients who were able to 
participate in neuropsychological assessments at all follow-up moments (n=14). Again, this analysis 
did not yield any significant differences in cognitive z-scores over time (data not shown). 
 
Efficacy 
At three months follow-up we could evaluate 39 patients, because one patient had tumor 
progression. At six months follow-up we were able to evaluate 37 patients, as two patients were 
unable to participate because of severe tumor progression. At 12 months follow-up we could 
evaluate 25 patients, as nine patients were not able to participate due to tumor progression and 
three patients did not participate due to disease burden. Seizure frequency and adverse events at 
three, six, and twelve months follow-up compared to baseline are listed in Table 2. In summary, at 
baseline, the mean monthly seizure frequency was 3.2 (SD 6.4). At 3 months, 23 patients (59%) 
were seizure free, and six (15.4%) reported a seizure reduction of more than 50%.  At six months 
(n= 37), 21 patients (57%) were seizure-free, while 6 patients (16%) reported a reduction in seizure 
frequency of >50%. At 12 months (n=25), 12 patients (48%) were seizure-free, while two patients 
(8%) reported a reduction in seizure frequency of >50%.  We also evaluated whether the reduction 
in seizure frequency was statistically significant over time with respect to baseline. This was the 
case after three, six and twelve months as compared to baseline (p<0.05). 
 
No correlations were found between seizure response and clinical parameters i.e. age, gender, 
histopathological diagnosis, tumor lateralization, seizure type, radiation therapy, chemotherapy, or 
extent of tumor resection (biopsy vs. partial resection and gross total resection).  
 
Table 2. Change in seizure frequency compared to baseline and adverse events 

 
  All data in number of patients (percentages) 
 
Adverse events 
Of the 37 patients who were evaluated at six months follow-up, three (8.1 %) experienced severe 
adverse events and discontinued levetiracetam after one (severe myalgia), three (leucopenia) and 
five months (severe headache). Mild adverse events were reported in 33% of patients and 

 At 3 months At 6 months At 12 months 
Total N N=39 N=37 N=25 
Seizure free     23 (59) 21 (56.8) 12 (48) 
Reduction > 50% 6 (15.4) 6 (16.2) 2 (8) 
Reduction > 20%       1 (2.6)       1 (2.7) 1 (4) 
No change       5 (12.8)       2 (5.4) 0 (0.0) 
Increase in frequency       3 (7.7) 4 (10.8) 7 (28) 
Adverse events       1 (2.6)       3 (8.1) 3 (12)  
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consisted mainly of fatigue and dizziness, and those patients were able to continue levetiracetam 
medication. After 12 months no other (delayed) adverse events were encountered. The adverse 
events were not related to any clinical characteristics, such as age, gender, histopathological 
diagnosis, tumor lateralization, seizure type, radiation therapy, chemotherapy, biopsy vs. 
resection. 
 
 
Discussion 
 
We found no significant changes in cognitive functioning in glioma patients with epilepsy on 
levetiracetam monotherapy during the first year of treatment. Regarding efficacy, the majority 
(57%) of the patients achieved seizure-freedom or a reduction (16%) in seizure frequency of more 
than 50% at six months. Besides, levetiracetam monotherapy was well tolerated in 92% of all 
patients.   
When deciding on the proper AED in brain tumor patients, the balance between efficacy and 
tolerability (including cognitive functioning) is essential. Our study consists of a homogeneous 
population of glioma patients with epilepsy, who were treated with levetiracetam monotherapy. 
We prospectively evaluated cognitive function in this population, which permitted a thorough and 
reliable analysis. Moreover, this study is the first employing a complete neuropsychological battery 
for the assessment of cognitive functioning in brain tumor patients on levetiracetam monotherapy. 
 
Several longitudinal studies found improvements in cognitive domains 390;391 or at least no negative 
effects on cognition in non-tumor related epilepsy patients treated with levetiracetam.381;392 Two 
longitudinal studies showed a deterioration of cognitive function in non tumor-related epilepsy 
patients during treatment with topiramate, but not in patients treated with levetiracetam.380;384 
Levetiracetam also demonstrated superior cognitive outcome compared to carbamazepine.38 A 
small study found only one out of eleven surgically treated brain tumor patients to be cognitive 
impaired after one month of levetiracetam treatment.37 The only longitudinal study that evaluated 
the effects of levetiracetam on cognitive function in brain tumor patients reported a significant 
decline in global cognition after 12 months of treatment.19;37 However, cognitive functioning in this 
study was measured by means of the Mini-Mental State Examination (MMSE), a screening 
instrument for cognitive functioning, as opposed to the extensive cognitive battery applied in our 
study.32-34;37;46;48;379  
 
Our data on clinical efficacy of levetiracetam monotherapy are in line with earlier reports on 
levetiracetam monotherapy and add-on therapy in patients with seizures and brain tumors.35;44 
Two smaller studies with only 18 and 20 patients found a higher seizure -free percentage of resp. 
88.9% and 87% on levetiracetam monotherapy,36 corroborating a prospective study in 82 patients 
with gliomas showing seizure-freedom in  91%.12 We observed severe side-effects in only 8% of 
patients which compares  favorably to other AEDs (e.g. topiramate, carbamazepine, phenytoin, 
phenobarbital) showing a frequency between 15-24%.47 One study compared traditional AEDs with 
a newer AED (oxcarbazepine) in brain tumor patients, showing a comparable efficacy of the 
different AEDs tested, with fewer side-effects on oxcarbazepine.32 Although psychosis44 and 
emotional instability can be associated with levetiracetam,382;383;389 we did not see such problems 
in our study population. As we did not find a correlation between clinical characteristics and 
outcome, we were unable to identify patients at risk for poor seizure control or adverse events. 
The small sample size of the treatment-subgroups did not allow addressing the issue of potential 
interactions between chemotherapy or corticosteroids and levetiracetam, which may potentially 
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affect tumor-control and survival In contrast to others, we did not find either a decline or an 
improvement in cognitive function as. described in studies carried out in the general epilepsy 
population.97;108;114 In brain tumor patients, cognitive dysfunction is often the result of the 
cumulative effects of existing brain damage due to the tumor itself and therapy. Therefore, 
exclusion of patients with progression of tumor and patients for whom the neuropsychological 
assessments were too demanding to perform, may have skewed our results towards a more 
positive estimation of cognitive functioning. Moreover, the negative impact of a brain tumor and 
its treatment on cognitive function might have obscured potentially positive effects by 
levetiracetam. Therefore, we speculate that the absence of cognitive dysfunction as compared to 
healthy controls strongly suggests a  favorable profile of levetiracetam in patients with low- and 
high-grade gliomas.  
A limitation of our study is that other factors than levetiracetam might have contributed to the 
high percentage of patients showing considerable seizure reduction in our patient group. All 
patients had received anti-tumor treatment, which is known to contribute substantially to seizure 
control.8 However, we found no correlations between seizure response and type of treatment 
(radiation therapy, chemotherapy, or extent of tumor resection (biopsy vs. partial resection and 
gross total resection)).  
 
In conclusion, this study suggests that levetiracetam does not negatively interfere with cognitive 
function in glioma patients with epilepsy. The absence of cognitive dysfunction might be explained 
by a compensatory influence of levetiracetam on adverse cognitive effects by potential brain 
damage secondary to brain surgery or anti-tumor therapy. 
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