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Abstract
Objective: This study aimed at estimating the cumulative incidence of antiepileptic 
drug (AED) treatment failure of first- line monotherapy levetiracetam vs valproic acid 
in glioma patients with epilepsy.
Methods: In this retrospective observational study, a competing risks model was used 
to estimate the cumulative incidence of treatment failure, from AED treatment initia-
tion, for the two AEDs with death as a competing event. Patients were matched on 
baseline covariates potentially related to treatment assignment and outcomes of inter-
est according to the nearest neighbor propensity score matching technique. Maximum 
duration of follow- up was 36 months.
Results: In total, 776 patients using levetiracetam and 659 using valproic acid were 
identified. Matching resulted in two equal groups of 429 patients, with similar co-
variate distribution. The cumulative incidence of treatment failure for any reason 
was significantly lower for levetiracetam compared to valproic acid (12 months: 33% 
[95% confidence interval (CI)  29%– 38%] vs 50% [95% CI 45%– 55%]; P <  .001). 
When looking at specific reasons of treatment failure, treatment failure due to uncon-
trolled seizures was significantly lower for levetiracetam compared to valproic acid 
(12 months: 16% [95% CI 12%– 19%] vs 28% [95% CI 23%– 32%]; P < 0.001), but no 
differences were found for treatment failure due to adverse effects (12 months: 14% 
[95% CI 11%– 18%] vs 15% [95% CI 11%– 18%]; P = .636).
Significance: Our results suggest that levetiracetam may have favorable efficacy 
compared to valproic acid, whereas level of toxicity seems similar. Therefore, lev-
etiracetam seems to be the preferred choice for first- line AED treatment in patients 
with glioma.
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1 |  INTRODUCTION

Gliomas are the most common malignant primary brain 
tumors and treatment options are multimodal.1,2 Seizures 
are a well- recognized symptom in glioma patients and 
occur frequently, either as a presenting symptom or dur-
ing the course of the disease.3 The incidence of seizures 
is higher in slow- growing tumors.4 Preoperative seizure 
incidence in diffuse gliomas ranges from ~25% in World 
Health Organization (WHO) grade 4 glioblastoma isoci-
trate dehydrogenase (IDH)- wildtype to ~75% in grade 2 
diffuse astrocytoma IDH- mutant and oligodendroglioma 
IDH- mutant 1p/19q co- deleted patients.4 Seizure control 
plays an important role in the clinical management of glio-
mas and standard- of- care involves treatment with an an-
tiepileptic drug (AED) once a first seizure has occurred.5 
Seizure control can also be achieved with anti- tumor 
treatment, including surgical resection, radiotherapy, and 
chemotherapy.6 Potential drug interactions between AEDs 
and chemotherapeutic drugs complicate seizure manage-
ment in patients with glioma and therefore cytochrome 
P450 (CYP450) enzyme– inducing AEDs, such as pheny-
toin and carbamazepine, are generally not advised.2 The 
choice of AED depends on physicians experience as the 
published literature lacks high- quality comparative ef-
fectiveness studies. Currently, levetiracetam and valproic 
acid are two of the most commonly prescribed first- line 
AEDs in patients with glioma.6– 9 Valproic acid is a first- 
generation AED and has been used in the treatment of epi-
lepsy for more than 50  years.10 It has a well- established 
reputation as a broad spectrum AED and has been associ-
ated with decreased psychiatric and behavioral adverse ef-
fects in patients with epilepsy.10,11 As a CYP450 inhibitor, 
it has the potential to increase bioavailability of chemo-
therapeutic drugs and simultaneously increase toxicity of 
these drugs.12 Valproic acid gained special attention ap-
proximately a decade ago, due to its supposed anti- tumoral 
properties as a histone deacetylase inhibitor, especially in 
combination with temozolomide chemotherapy and radio-
therapy.6 However, the results of a recent pooled analysis 
of prospective trials did not show improved survival out-
comes in patients taking valproic acid.13 Levetiracetam is a 
second- generation broad- spectrum AED and was licensed 
~20 years ago.14 It has several advantages, including a lack 

of hepatic metabolism and no known pharmacological in-
teractions, and has a wider therapeutic index (the ratio be-
tween the median toxic dose and the median effective dose) 
than valproic acid.12 Psychiatric and behavioral adverse ef-
fects are the most common adverse effects in patients using 
levetiracetam, frequently leading to discontinuation of the 
anticonvulsant.15 Other commonly prescribed AEDs in the 
glioma population include lamotrigine, lacosamide, topira-
mate, and zonisamide, each with their own efficacy and 
adverse- effect profiles.5,9,16

If more patients discontinue an AED due to inefficacy, 
intolerable adverse effects, or for alternative reasons, its 
usefulness decreases. The effectiveness of an AED is re-
flected in its treatment failure rates (or its inverse, retention 
rates), which encompasses both efficacy and tolerability of 
the treatment.17 Apart from seizure freedom, the retention 
rate is one of the recommended primary outcomes by the 
International League Against Epilepsy (ILAE).18 The ef-
fectiveness of levetiracetam compared with valproic acid 
has not been sufficiently investigated yet in patients with 
glioma. This retrospective observational study aimed to di-
rectly compare the effectiveness of first- line monotherapy 
levetiracetam vs valproic acid.

2 |  METHODS

2.1 | Study population and procedures

The study population consisted of consecutive adult patients 
with a histological diagnosed World Health Organization 
(WHO) grade 2– 4 glioma ([anaplastic] astrocytoma, [ana-
plastic] oligoastrocytoma, [anaplastic] oligodendroglioma, 
or glioblastoma) according to the WHO 2016 guidelines 
following biopsy or surgical (re)resection in Haaglanden 
Medical Center, Amsterdam University Medical Center, 
or Erasmus Medical Center, between January 1, 2004 and 
January 1, 2018, and first- line monotherapy treatment with 
levetiracetam or valproic acid after the occurrence of an epi-
leptic seizure.1 Patients diagnosed prior to the WHO 2016 
guidelines were regraded according to the updated guide-
lines, but no new molecular diagnostics were performed. 
Patients were excluded from this study if: (1) they had a his-
tory of non– brain tumor- related epilepsy; (2) prophylactic or 

Key Points
• Levetiracetam had better efficacy compared to valproic acid.
• Levetiracetam and valproic acid had a similar level of toxicity.
• Levetiracetam and valproic acid had a similar overall survival.
• Seizure control was similar in low- grade (grade 2) and high- grade (grade 3 or 4) 

glioma patients.
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first- line AED treatment other than levetiracetam or valproic 
acid was initiated; (3) the tumor was located infratentorially 
or in the spinal cord; and (4) the start date of first- line AED 
treatment was unknown. The medical ethics committee of 
each institution approved the protocol and consent of patients 
was obtained according to the institution’s policy.

Patients' charts were examined to extract baseline so-
ciodemographic data, tumor characteristics, information on 
anti- tumor treatment, radiological tumor progression data 
according to the Response Assessment in Neuro- Oncology 
(RANO) criteria,19 and finally, the AED treatment informa-
tion. More specifically, seizure type, start and end date of 
AED treatment, AED dosage at moment of treatment failure, 
and, if applicable, the reason for AED treatment failure (in 
case of adverse effects also the type and grade)20 and date of 
first recurrent seizure after AED treatment initiation.

2.2 | Outcomes

The primary outcome was time to treatment failure for any 
reason, from initiation of first- line AED monotherapy to 
treatment failure, with a maximum follow- up duration of 
36 months. AED treatment failure occurred when the initially 
prescribed AED was withdrawn, replaced with a new AED, or 
when an AED was added to the initial AED. A dose increase 
or dose reduction of the initially prescribed AED, addition of 
an AED taken only as needed, addition of an AED with a dif-
ferent indication than epileptic seizures, temporarily prophy-
lactic addition of an AED during a perioperative period, poor 
adherence less than 1 week, or replacement with a non- oral 
AED in the end- of- life phase due to swallowing difficulties 
were not considered as treatment failure. In the event that pa-
tients were lost to follow- up due to progressive disease, post- 
drop- out information (ie, date of death) was used if available. 
If patients were lost to follow- up ≤3 months before death, 
patients were considered as showing continuation of AED 
treatment until date of death. Time to treatment failure was 
considered a measure for the effectiveness of AED treatment, 
encompassing both AED efficacy and tolerability.21

Secondary outcomes were: (1) time to treatment failure 
with regard to specific reasons of treatment failure; (2) long- 
term time to treatment failure for any reason, in patients who 
reached the maximum of 36 months of follow- up; (3) second- 
line time to treatment failure for any reason of levetiracetam 
vs valproic acid, if first- line levetiracetam was replaced with 
monotherapy valproic acid after treatment failure due to ad-
verse effects or vice versa; (4) time to first recurrent epileptic 
seizure after AED initiation, as a measure of efficacy; and 
(5) level of toxicity, defined as severity (grade 1– 5) of in-
tolerable adverse effects leading to AED discontinuation ac-
cording to the Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0,20 as a measure of tolerability. 

Whether adverse effects improved or not, typically in a pe-
riod of 1– 2 months, was noted to determine to what extent the 
adverse effects were due to the AED.22 If intolerable adverse 
effects were part of another (main) adverse effect (eg, ab-
normal laboratory results in case of hepatic failure), only the 
main adverse effect (hepatic failure) was reported. Maximum 
duration of follow- up was 36 months for all outcomes, except 
long- term time to treatment failure, which had no maximum 
duration of follow- up.

2.3 | Statistics

Competing risks models, with death as a competing event,23,24 
were employed to estimate the cumulative incidence function 
of time to treatment failure of AED treatment and time to oc-
currence of a recurrent seizure after AED treatment initiation. 
Different competing risks models were estimated: (1) a model 
with two competing events when analyzing treatment failure 
for any reason (treatment failure and death); (2) a model with 
five competing events when analyzing the specific reasons of 
treatment failure (uncontrolled seizures, adverse effects, with-
drawal due to remission of seizures, other reasons of treatment 
failure, and death); and (3) a model with three competing 
events when analyzing recurrent seizure (recurrent seizure, 
death, and treatment failure). Patients who experienced treat-
ment failure before experiencing their first recurrent seizure 
can no longer experience a recurrent seizure on their first- line 
monotherapy levetiracetam or valproic acid, and therefore, 
treatment failure was handled as a competing risk in the latter 
competing risk model. To assess the difference between the 
cumulative incidences, the Gray test was used.25 Severity of 
intolerable adverse effects, whether adverse effects improved 
or not, presence of promotor methylated O6- methylguanine- 
DNA methyltransferase (MGMT) in patients experiencing 
treatment failure due to uncontrolled seizures, presence of 
radiological tumor progression at time of treatment failure 
due to uncontrolled seizures, use of chemotherapy at time of 
treatment failure due to adverse effects, and baseline char-
acteristics between matched and non- matched patients were 
analyzed using the chi- square test. Dosage at the moment of 
treatment failure was compared using the Mann- Whitney U 
test. Overall survival (time since radiological diagnosis) was 
estimated with the Kaplan- Meier (KM) methodology; the 
log- rank test was used to assess differences between survival 
curves. Median time of follow- up was estimated with the 
reverse- KM. Patients using levetiracetam and valproic acid 
were matched according to the nearest neighbor propensity 
score matching technique, in order to obtain similar covariate 
distributions in the two AED groups. Caliper width was set at 
0.01 on the logit scale, a 1:1 match ratio without replacement, 
and standardized mean difference <0.1 was regarded as ac-
ceptable balance.26 The following baseline covariates, which 
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might be related to treatment assignment and outcomes of 
interest, were included in the matching procedure: age, sex, 
histopathological and molecular diagnosis, surgical resection, 
radiotherapy, systemic therapy, tumor location, Karnofsky 
Performance Status (KPS), history of psychiatric disorder 
(depression, anxiety, or psychotic disorder), and seizure type. 
Statistical analyses were performed using statistical packages 
SPSS version 25.0 and R version 3.6.3, an open software en-
vironment.27,28 All analyses concerning the competing risks 
models were performed in R with the cmprsk library.24 A P- 
value of <.05 was considered statistically significant.

3 |  RESULTS

3.1 | Patient characteristics

Patient characteristics are depicted in Table 1. Of 1435 pa-
tients included, 776 were prescribed levetiracetam and 659 
valproic acid. Eventually during the course of the disease, 
30% (437/1435) received anticonvulsant polytherapy. A 
total of 21% (302/1435) received duotherapy (commonly 
levetiracetam combined with valproic acid), 9% (126/1435) 
received triple therapy (commonly levetiracetam combined 
with valproic acid and clobazam), and 1% (9/1435) received 
quadruple therapy due to uncontrolled seizures. AED treat-
ment due to intolerable adverse effects was discontinued by 
18% (253/1435) of the patients once, by 6% (87/1435) twice, 
and 1% (19/1435) three times.

A total of 858 patients could be matched, resulting in 
comparable groups of 429 patients each. The non- matched 
patients were at baseline significantly more often younger 
than 40 years; had received more often surgical resec-
tion, radiotherapy, systemic therapy; and had more often 
a history of psychiatric disease (Table  S1). Most first sei-
zures prior to AED initiation occurred before histologi-
cal diagnosis (687/858 = 80%, which was before matching 
1064/1435 = 74%). All results presented below refer to the 
858 matched patients. Median overall survival did not differ 
significantly between patients on levetiracetam and valproic 
acid (26.7 months [95% confidence interval (CI) 21.4– 32.0] 
vs 26.9 months [95% CI 21.6– 32.2]; P = .699). Median fol-
low- up was equal to 86.2 months (95% CI 76.2– 96.2).

3.2 | Time to treatment failure

A total of 40% (173/429) of patients who used levetiracetam 
showed treatment failure within 36 months follow- up, vs 59% 
(253/429) of patients who used valproic acid. The main reason 
for treatment failure for both levetiracetam and valproic acid 
was uncontrolled seizures (19% [81/429] vs 32% [136/429]), 
followed by adverse effects (16% [69/429] vs 17% [75/429]).

The cumulative incidence of treatment failure for any 
reason of levetiracetam was significantly lower compared to 
valproic acid (12 months: 33% [95% CI 29%– 38%] vs 50% 
[95% CI  45%– 55%]; P  <  .001 [Figure  1]). When looking 
at the specific reasons of treatment failure, the cumulative 
incidence for treatment failure due to uncontrolled seizures 
for levetiracetam and valproic acid (12  months: 16% [95% 
CI  12%– 19%] vs 28% [95% CI  23%– 32%]; P  <  .001) and 
treatment failure due to other reasons (12 months: 3% [95% 
CI 1%– 5%] vs 7% [95% CI 5%– 10%]; (P =  .004) was sig-
nificantly lower for levetiracetam, but no significant differ-
ences were found for treatment failure due to adverse effects 
(12 months: 14% [95% CI 11%– 18%] vs 15% [95% CI 11%– 
18%]; P = .636) and withdrawal due to remission of seizures 
(36 months: 3% [95% CI 1%– 5%] vs 2% [95% CI 1%– 4%]; 
P  =  .746 [Figure  S1]). The cumulative incidence of treat-
ment failure due to adverse effects was significantly lower for 
males compared to females (12 months: 12% [95% CI 10%– 
15%] vs 19% [95% CI 15%– 24%]; P = .043).

Comparison of daily dosages in patients who showed 
treatment failure due to uncontrolled seizures revealed that 
the median dosage was significantly lower for valproic acid 
than levetiracetam (1500 mg [IQR = 1500– 2000] vs 2000 mg 
[IQR = 1500– 2500]; P = .005) at the moment of treatment 
failure, whereas this was not true for treatment failure due to 
adverse effects (1000 mg [IQR = 1000– 1500] vs 1000 mg 
[IQR = 1000– 1000]; P = .059). Treatment failure due to un-
controlled seizures did not occur significantly more often in 
promotor methylated MGMT compared to non- methylated 
MGMT levetiracetam patients (18% [9/49] vs 21% [24/106]; 
P =  .546) or in promotor methylated MGMT compared to 
non- methylated MGMT valproic acid patients (32% [9/28] 
vs 38% [23/60]; P = .574). Neither did levetiracetam differ 
significantly from valproic acid with regard to radiological 
tumor progression at the time of treatment failure due to un-
controlled seizures (36% [29/81] vs 26% [36/136]; P = .147) 
or use of chemotherapy at time of treatment failure due to 
adverse effects (30% [21/69] vs 36% [27/75]; P = .479).

The cumulative incidence of treatment failure for any rea-
son in patients who showed retention of at least 36 months on 
their first- line AED (61 levetiracetam and 49 valproic acid 
patients) did not differ significantly between levetiracetam 
and valproic acid (72 months: 27% [95% CI 15%– 42%] vs 
40% [95% CI 26%– 55%], 108 months: 41% [95% CI 23%– 
59%] vs 54% [95% CI 38%– 68%]; P = .243).

Of the 429 valproic acid patients, 14% (59/429) switched to 
second- line monotherapy levetiracetam after treatment failure 
due to adverse effects, whereas this was true for 10% (45/429) 
of levetiracetam patients who switched to second- line mono-
therapy valproic acid. The cumulative incidence of treatment 
failure for any reason in these patients was significantly lower 
for second- line monotherapy levetiracetam compared to 
second- line monotherapy valproic acid (12 months: 26% [95% 
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CI 15%– 37%] vs 44% [95% CI 28%– 59%], 36 months: 36% 
[95% CI 23%– 48%] vs 66% [95% CI 48%– 79%]; P = .007).

The cumulative incidence of treatment failure for any rea-
son of low- grade (grade 2, n = 213) did not differ signifi-
cantly from high grade (grade 3 or 4, n = 645) glioma patients 
(12 months: 38% [95% CI 31%– 44%] vs 43 [95% CI 39%– 
47%]; P =  .891). Neither did the cumulative incidences of 
treatment failure for any reason differ significantly for tumor 
involvement of the temporal lobe compared to no tumor in-
volvement of the temporal lobe (12 months: 42% yes [95% 
CI 37%– 47%) vs 41% no [95% CI 36%– 45%); P = .889) or for 
tumor involvement of the frontal lobe compared to no tumor 
involvement of the frontal lobe (12 months: 43% yes [95% 
CI 38%– 47%) vs 39% no [95% CI 34%– 45%); P = .252).

3.3 | Time to recurrent seizure

The cumulative incidence of recurrent seizure was signifi-
cantly lower for levetiracetam compared to valproic acid 

(12 months: 54% [95% CI 49%– 59%] vs 67% [95% CI 62%– 
71%]; P <  .001 [Figure 2]). No significant difference was 
found when comparing the cumulative incidence of recur-
rent seizure of low- grade with high- grade glioma patients 
(12 months: 60% [95% CI 53%– 66%] vs 61% [95% CI 57%– 
64%); P = .864). Neither was a significant difference found 
for the cumulative incidence of recurrent seizure for tumor 
involvement of the temporal lobe (12 months: 60% yes [95% 
CI  55%– 65%] vs 61% no [95% CI  56%– 65%); P  =  .738) 
or tumor involvement of the frontal lobe (12 months: 62% 
yes [95% CI  57%– 66%] vs 59% no [95% CI  53%– 64%); 
P = 273).

3.4 | Adverse effects leading to intolerability

In the levetiracetam group, 110 adverse effects in 69 patients 
were observed, which led to treatment failure (Table 2). The 
three most common intolerable adverse effects were agita-
tion (21/110 = 19%), fatigue (10/110 = 9%), and somnolence 

F I G U R E  1  Time to treatment 
failure for any reason, from antiepileptic 
drug treatment initiation, in 858 matched 
patients: levetiracetam vs valproic acid. 
CI, confidence interval; CIF, cumulative 
incidence function; LEV, levetiracetam; 
no., number of patients; VPA, valproic 
acid
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(9/110 = 8% [Table S2]). In the valproic acid group, 116 ad-
verse effects in 75 patients were observed, which led to treat-
ment failure, with decreased platelet count (16/116 = 14%), 
weight gain (12/116  =  10%), and tremor (12/116  =  10%) 
as the three most common adverse effects. A total of 20% 
(4/20) of levetiracetam and 21% (5/24) of valproic acid pa-
tients with a history of psychiatric disease showed treatment 
failure due to adverse effects. In the levetiracetam group, this 
was in all four patients due to intolerable psychiatric adverse 
effects, whereas this was in the valproic acid group in none 
of the five patients due to intolerable psychiatric adverse ef-
fects. Only a minority of the adverse effects were grade 3 or 4 
(17% [19/110] with levetiracetam vs 20% [23/116] with val-
proic acid; P = .625); also a minority did not improve after 
discontinuation of levetiracetam or valproic acid (both 18% 
[20/110 vs 21/116]; P = .861).

4 |  DISCUSSION

The aim of this retrospective observational study was to 
compare the effectiveness of two of the most commonly pre-
scribed AEDs in glioma patients with epilepsy: levetiracetam 
and valproic acid. The overall results indicate that leveti-
racetam shows better efficacy than valproic acid, reflected 
in lower cumulative incidences of treatment failure due to 
uncontrolled seizures and a recurrent seizure. However, tol-
erability was similar between the two AEDs, reflected in 
similar cumulative incidences of treatment failure due to ad-
verse effects, and similar percentages of severe toxicity or 
improvement of adverse effects after AED discontinuation. 
Levetiracetam has thus shown better efficacy over valproic 
acid in glioma patients in our study, both as first- line and 
second- line AED treatment.

F I G U R E  2  Time to recurrent seizure, 
from antiepileptic drug treatment initiation, 
in 858 matched patients: levetiracetam vs 
valproic acid.1 Patients who experienced 
treatment failure (due to adverse effects, 
withdrawal due to remission of seizures, 
or other reasons) before experiencing their 
recurrent seizure can no longer experience 
a recurrent seizure on their first- line 
monotherapy levetiracetam or valproic acid, 
and therefore, treatment failure was handled 
as a competing risk. CI, confidence interval; 
CIF, cumulative incidence function; LEV, 
levetiracetam; no., number of patients; VPA, 
valproic acid
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Several factors need to be taken into consideration 
when interpreting these results. Median dosage at the time 
of treatment failure due to uncontrolled seizures was sig-
nificantly higher for levetiracetam. This might indicate 
less adequate dose escalation of valproic acid, given that 
both drugs have similar defined daily dosages, which may 
partly explain the higher percentage of treatment failure 
due to uncontrolled seizures of valproic acid. Possible 
reasons for the lower median dosage at moment of treat-
ment failure due to uncontrolled seizures of valproic acid 
might be the narrower therapeutic index of valproic acid, 
the unpredictable relationship between dosage and serum 
concentration of valproic acid, and a possible preference 
of physicians for levetiracetam. Due to its lack of hepatic 
metabolism and no known pharmacological interactions, 
physicians might have prematurely added levetiracetam as 
second- line AED. Treatment failure due to adverse effects 
could also be attributed to other medications, such as dexa-
methasone or chemotherapeutic agents. However, after dis-
continuation of the AED, the adverse effects improved in 
most cases, making it more likely that these adverse effects 
were indeed attributable to the AED. Six- month treatment 
failure due to adverse effects percentages of levetiracetam 
(12%) and valproic acid (11%), as well as the frequency of 
types of adverse effects, were very much alike in other non- 
brain tumor- related epilepsy studies (ie, AED monotherapy 

6- month treatment failure due to adverse effects is between 
10% and 14%).29– 31 This challenges the common view12,32,33 
that patients with glioma are more prone to intolerable ad-
verse effects.34 The common view that women with brain 
tumor– related epilepsy are more prone to adverse effects 
was confirmed by this study.9 Although intolerability per-
centages between levetiracetam and valproic acid were 
comparable, the type of adverse effects differed substan-
tially. The most frequently occurring adverse effects in 
patients on levetiracetam was agitation, whereas this was 
a decreased platelet count in those on valproic acid, which 
is in line with previous reports.6,35 Other common views in 
the field of neuro- oncology, the potential survival benefit of 
valproic acid, worse seizure control in temporal lobe, fron-
tal lobe, and low- grade gliomas,12,32,36– 40 are challenged by 
this study. We found no survival difference between val-
proic acid and levetiracetam or difference in seizure recur-
rence with regard to tumor grade or tumor location.

This is the first study that investigated the effectiveness 
of levetiracetam compared with valproic acid in patients 
with glioma, taking into account relevant methodologi-
cal issues. We matched the two groups appropriately on 
measured potential confounders to mimic the randomized 
controlled trial (RCT) design as far as possible. A previ-
ous study found lower treatment failure percentages of le-
vetiracetam compared to valproic acid (41% vs 66%), but 

Adverse effects that led to treatment failurea Levetiracetam Valproic acid

Adverse effect categories based on the CTCAE v. 5.0 Adverse effects, 
no. (%)

Adverse effects, 
no. (%)

Blood and lymphatic system disorders 0 (0) 2 (2)

Eye disorders 3 (3) 0 (0)

Gastrointestinal disorders 6 (5) 8 (7)

General and administration site conditions 13 (12) 10 (9)

Hepatobiliary disorders 0 (0) 3 (3)

Investigationsb 0 (0) 52 (45)

Metabolism and nutrition disorders 1 (1) 0 (0)

Nervous system disorders 30 (27) 31 (27)

Psychiatric disorders 51 (46) 3 (3)

Reproductive system and breast disorders 0 (0) 1 (1)

Respiratory, thoracic and mediastinal disorders 1 (1) 0 (0)

Skin and subcutaneous tissue disorders 3 (3) 4 (3)

Unknown 2 (2) 2 (2)

Total number of adverse effects 110 (100) 116 (100)

Total number of patients who showed treatment 
failure due to adverse effects

69 75

CTCAE, Common Terminology Criteria for Adverse Events; no., number of patients.
aA more detailed description of all adverse effects that led to treatment failure can be found in the 
supplementary, Table S2. 
bIncludes adverse effects based on (laboratory) test results, for example, decreased platelet count, increased 
alanine aminotransferase, or weight gain. 

T A B L E  2  Adverse effects that led to 
treatment failure in 858 matched patients: 
levetiracetam vs valproic acid
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comparable seizure freedom percentages (43% vs 41%). 
However, only glioblastoma patients were included and no 
formal statistical analysis was conducted, including com-
peting risks analysis and a pre- specified maximum dura-
tion of follow- up for the AEDs, to ensure comparability 
between the two AED groups.6, 41

4.1 | Limitations

Valproic acid used to be the preferred choice as first- line 
AED monotherapy in glioma patients in the beginning of the 
century, at least in The Netherlands, but over the years has 
been overtaken by levetiracetam. This disparity in calendar 
period could theoretically introduce bias. However, given 
that the anti- tumor treatments for glioma, which have shown 
to have an advantageous effect on seizure control,6 has re-
mained fairly comparable over the past 15 years, we believe 
this had a negligible effect on the outcomes. Due to the ret-
rospective nature of this study we did not have information 
on serum levels at the moment of treatment failure of both 
drugs, which would have been a more reliable estimate. In 
our study, only patients who were prescribed first- line valp-
roic acid or levetiracetam were included. Unfortunately, the 
reason and whether a specific AED was prescribed as first 
or maybe as second choice cannot be determined due to our 
retrospective design. Although we accounted for confound-
ing by matching according to the nearest neighbor propen-
sity score matching technique, in a retrospective design it is 
impossible to account for unmeasured confounders. Residual 
confounding might therefore still be present. Given that our 
study was not designed under ideal circumstances (ie, no ran-
domization, not placebo controlled, no blinding), this study 
should be interpreted as an effectiveness study and not as an 
efficacy trial.42

5 |  CONCLUSION

Our results suggest that first- line monotherapy leveti-
racetam may have favorable efficacy compared to valproic 
acid, whereas the two AEDs seem similarly tolerated in 
glioma patients with epilepsy. Therefore, given the avail-
able evidence, levetiracetam seems the preferred choice for 
first- line AED treatment in glioma patients with no history 
of certain psychiatric diseases. Currently an RCT is on-
going (ClinicalTrials.gov Identifier: NCT03048084) com-
paring efficacy and tolerability of first- line monotherapy 
levetiracetam with valproic acid in glioma patients, and 
may provide more insight into the question of which AED 
is preferred in patients with glioma.

CONFLICTS OF INTEREST
None of the authors declare a conflict of interest. We confirm 
that we have read the Journal's guidelines for ethical publica-
tion and affirm that this manuscript is consistent with these 
guidelines.

ACKNOWLEDGMENTS
We acknowledge the contribution of Marijke Coomans with 
her input in the design of the figures.

AUTHOR CONTRIBUTION
PBvdM, LD, MJvdB, MJBT, and JAFK designed the study. 
Data collection was performed by PBvdM. PBvdM per-
formed data- analysis with input from LD, MF, and JAFK. 
PBvdM wrote the first and successive versions of the manu-
script. All authors (PBvdM, LD, MF, MJV, MCMK, MJvdB, 
MJBT, and JAFK) contributed to the interpretation of the re-
sults, intellectual content, and critical revisions to the drafts 
of the paper, and approved the final version. PBvdM had full 
access to all the data in the study and had final responsibility 
for the decision to submit for publication.

ORCID
Pim B. van der Meer   https://orcid.org/0000-0003-3700-8906 

REFERENCES
 1. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella- 

Branger D, Cavenee WK, et al. The 2016 World Health 
Organization classification of tumors of the central nervous sys-
tem: a summary. Acta Neuropathol. 2016;131:803– 20.

 2. Weller M, van den Bent M, Hopkins K, Tonn JC, Stupp R, Falini A, 
et al. EANO guideline for the diagnosis and treatment of anaplastic 
gliomas and glioblastoma. Lancet Oncol. 2014;15:e395– 403.

 3. Samudra N, Zacharias T, Plitt A, Lega B, Pan E. Seizures in gli-
oma patients: An overview of incidence, etiology, and therapies. J 
Neurol Sci. 2019;404:80– 5.

 4. Phan K, Ng W, Lu VM, McDonald KL, Fairhall J, Reddy R, et al. 
Association between IDH1 and IDH2 mutations and preoperative sei-
zures in patients with low- grade versus high- grade glioma: a systematic 
review and meta- analysis. World Neurosurg. 2018;111:e539– e545.

 5. Maschio M, Aguglia U, Avanzini G, Banfi P, Buttinelli C, 
Capovilla G, et al. Management of epilepsy in brain tumors. 
Neurol Sci. 2019;40:2217– 34.

 6. Vecht CJ, Kerkhof M, Duran- Pena A. Seizure prognosis in brain tu-
mors: new insights and evidence- based management. Oncologist. 
2014;19:751– 9.

 7. Berntsson SG, Merrell RT, Amirian ES, Armstrong GN, Lachance 
D, Smits A, et al. Glioma- related seizures in relation to histopatho-
logical subtypes: a report from the glioma international case– 
control study. J Neurol. 2018;265:1432– 42.

 8. You G, Sha Z- Y, Yan W, Zhang W, Wang Y- Z, Li S- W, et al. 
Seizure characteristics and outcomes in 508 Chinese adult patients 
undergoing primary resection of low- grade gliomas: a clinicopath-
ological study. Neuro Oncol. 2012;14:230– 41.

https://orcid.org/0000-0003-3700-8906
https://orcid.org/0000-0003-3700-8906


   | 1129VAN DER MEER Et Al.

 9. Maschio M, Beghi E, Casazza MML, Colicchio G, Costa C, Banfi P, 
et al. Patterns of care of brain tumor- related epilepsy. A cohort study 
done in Italian Epilepsy Center. PLoS ONE. 2017;12:e0180470.

 10. Loscher W. Basic pharmacology of valproate: a review after 35 years of 
clinical use for the treatment of epilepsy. CNS Drugs. 2002;16:669– 94.

 11. Chen B, Choi H, Hirsch LJ, Katz A, Legge A, Buchsbaum R, et al. 
Psychiatric and behavioral side effects of antiepileptic drugs in 
adults with epilepsy. Epilepsy Behav. 2017;76:24– 31.

 12. Armstrong TS, Grant R, Gilbert MR, Lee JW, Norden AD. 
Epilepsy in glioma patients: mechanisms, management, and im-
pact of anticonvulsant therapy. Neuro Oncol. 2016:18:779- 89.

 13. Happold C, Gorlia T, Chinot O, Gilbert MR, Nabors LB, Wick W, 
et al. Does valproic acid or levetiracetam improve survival in glio-
blastoma? A pooled analysis of prospective clinical trials in newly 
diagnosed glioblastoma. J Clin Oncol. 2016;34:731– 9.

 14. Ulloa CM, Towfigh A, Safdieh J. Review of levetiracetam, with a focus 
on the extended release formulation, as adjuvant therapy in controlling 
partial- onset seizures. Neuropsychiatr Dis Treat. 2009;5:467– 76.

 15. Yi Z- M, Wen C, Cai T, Xu L, Zhong X- L, Zhan S- Y, et al. 
Levetiracetam for epilepsy: an evidence map of efficacy, safety 
and economic profiles. Neuropsychiatr Dis Treat. 2018;15:1– 19.

 16. Lombardi G, Barresi V, Castellano A, Tabouret E, Pasqualetti F, 
Salvalaggio A, et al. Clinical management of diffuse low- grade 
gliomas. Cancers. 2020;12:3008.

 17. Drugs ICoA. Considerations on designing clinical trials to evaluate the 
place of new antiepileptic drugs in the treatment of newly diagnosed 
and chronic patients with epilepsy. Epilepsia. 1998;39:799– 803.

 18. Glauser T, Ben- Menachem E, Bourgeois B, Cnaan A, Chadwick D, 
Guerreiro C, et al. ILAE treatment guidelines: evidence- based analysis 
of antiepileptic drug efficacy and effectiveness as initial monotherapy 
for epileptic seizures and syndromes. Epilepsia. 2006;47:1094– 120.

 19. Chukwueke UN, Wen PY. Use of the response assessment in 
neuro- oncology (RANO) criteria in clinical trials and clinical 
practice. CNS. Oncol. 2019;8:CNS28.

 20. Services UdoHaH. Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0 [online]. Available at: https://ctep.
cancer.gov/proto colde velop ment/elect ronic_appli catio ns/docs/
CTCAE_v5_Quick_Refer ence_8.5x11.pdf

 21. Glauser T, Ben- Menachem E, Bourgeois B, Cnaan A, Guerreiro C, 
Kalviainen R, et al. Updated ILAE evidence review of antiepileptic 
drug efficacy and effectiveness as initial monotherapy for epileptic 
seizures and syndromes. Epilepsia. 2013;54:551– 63.

 22. Varallo FR, Planeta CS, Herdeiro MT, Mastroianni PDC. 
Imputation of adverse drug reactions: causality assessment in hos-
pitals. PLoS ONE. 2017;12:e0171470.

 23. van der Meer PB, Dirven L, Fiocco M, Taphoorn MJB, Koekkoek 
JAF. Retention rates of antiepileptic drugs in glioma patients: the 
most appropriate outcome. CNS. Oncol. 2020;9:CNS53.

 24. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: compet-
ing risks and multi- state models. Stat Med. 2007;26:2389– 430.

 25. Gray RJ. A class of K- sample tests for comparing the cumulative 
incidence of a competing risk. Ann Stat. 1988;16:1141– 54.

 26. Austin PC. An introduction to propensity score methods for re-
ducing the effects of confounding in observational studies. 
Multivariate Behav Res. 2011;46:399– 424.

 27. Corp I. IBM SPSS Statistics for Windows. Armonk, NY: IBM 
Corp; 2017.

 28. R Development Core Team. R: A Language and Environment for 
Statistical Computing. Vienna, Austria: R Foundation; 2019.

 29. Chung S, Wang N, Hank N. Comparative retention rates and 
long- term tolerability of new antiepileptic drugs. Seizure. 
2007;16:296– 304.

 30. Alsfouk BAA, Brodie MJ, Walters M, Kwan P, Chen Z. Tolerability 
of antiseizure medications in individuals with newly diagnosed ep-
ilepsy. JAMA Neurol. 2020;77:574– 81.

 31. Chen Z, Brodie MJ, Liew D, Kwan P. Treatment outcomes in 
patients with newly diagnosed epilepsy treated with established 
and new antiepileptic drugs: a 30- year longitudinal cohort study. 
JAMA Neurol. 2018;75:279– 86.

 32. Perucca E. Optimizing antiepileptic drug treatment in tumoral ep-
ilepsy. Epilepsia. 2013;54:97– 104.

 33. Koekkoek JA, Dirven L, Taphoorn MJ. The withdrawal of antie-
pileptic drugs in patients with low- grade and anaplastic glioma. 
Expert Rev Neurother. 2017;17:193– 202.

 34. Glantz MJ, Cole BF, Forsyth PA, Recht LD, Wen PY, Chamberlain 
MC, et al. Practice parameter: anticonvulsant prophylaxis in pa-
tients with newly diagnosed brain tumors. Report of the Quality 
Standards Subcommittee of the American Academy of Neurology. 
Neurology. 2000;54:1886– 93.

 35. Bedetti C, Romoli M, Maschio M, Di Bonaventura C, Cesarini EN, 
Eusebi P, et al. Neuropsychiatric adverse events of antiepileptic 
drugs in brain tumour- related epilepsy: an Italian multicentre pro-
spective observational study. Eur J Neurol. 2017;24:1283– 9.

 36. Ertürk Çetin Ö, İşler C, Uzan M, Özkara Ç. Epilepsy- related brain 
tumors. Seizure. 2017;44:93– 7.

 37. Rudà R, Bello L, Duffau H, Soffietti R. Seizures in low- grade gli-
omas: natural history, pathogenesis, and outcome after treatments. 
Neuro Oncol. 2012;14(Suppl 4):iv55- iv64.

 38. Kerkhof M, Vecht CJ. Seizure characteristics and prognostic fac-
tors of gliomas. Epilepsia. 2013;54:12– 7.

 39. Chang EF, Potts MB, Keles GE, Lamborn KR, Chang SM, 
Barbaro NM, et al. Seizure characteristics and control following 
resection in 332 patients with low- grade gliomas. J Neurosurg. 
2008;108:227– 35.

 40. You G, Huang L, Yang P, Zhang W, Yan W, Wang Y, et al. Clinical 
and molecular genetic factors affecting postoperative seizure con-
trol of 183 Chinese adult patients with low- grade gliomas. Eur J 
Neurol. 2012;19:298– 306.

 41. Kerkhof M, Dielemans JC, van Breemen MS, Zwinkels H, 
Walchenbach R, Taphoorn MJ, et al. Effect of valproic acid on 
seizure control and on survival in patients with glioblastoma mul-
tiforme. Neuro Oncol. 2013;15:961– 7.

 42. Singal AG, Higgins PDR, Waljee AK. A primer on effectiveness 
and efficacy trials. Clin Transl Gastroenterol. 2014;5:e45.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Meer PB, Dirven L, Fiocco M, 
et al. First- line antiepileptic drug treatment in glioma 
patients with epilepsy: Levetiracetam vs valproic acid. 
Epilepsia. 2021;62:1119–1129. https://doi.org/10.1111/
epi.16880

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.1111/epi.16880
https://doi.org/10.1111/epi.16880

