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The most common primary malignant brain tumors are gliomas, of which glioblastoma accounts for the majority [1].
Seizures are a frequently occurring presenting symptom in glioma patients and the incidence of seizures is higher
in slow-growing and IDH-mutated gliomas. Preoperative seizure incidence in diffuse glioma ranges from approx-
imately 25% in WHO (Geneva, Switzerland), grade IV glioblastoma IDH-wildtype to approximately 75%, in
grade II diffuse astrocytoma IDH-mutant and oligodendroglioma IDH-mutant 1p/19q codeleted patients [2]. A
higher epilepsy burden is known to be associated with clinically relevant and a statistically significant decreased
health-related quality of life and neurocognitive impairment [3], greater morbidity and has a negative impact on
fitness to drive, employment, sexual activity and mood [4,5]. As optimizing seizure control is highly desired, all
patients with a first seizure should be treated with antiepileptic drugs (AEDs) [6]. Treatment with AEDs can be
challenging in glioma patients as several aspects need to be considered: potential interactions between AEDs and
chemotherapy [6], increased occurrence of adverse effects compared with nontumoral epilepsy patients receiving
AEDs [7] and pharmacoresistance, in other words, failure to achieve seizure freedom even after AED dual therapy [8],
in approximately 20% of glioma patients [9]. In addition, factors associated with a higher epilepsy burden, such as
neurocognitive impairment, might equally be attributed to the usage of AEDs and should be taken into account
when prescribing AEDs [3]. Older enzyme inducing AEDs, such as phenytoin and phenobarbital, have been espe-
cially associated with neurocognitive deficits [3]. Nowadays, consensus exists that enzyme inducing AEDs are not
preferred in glioma patients, but instead AEDs with less or no drug–to–drug interactions, such as levetiracetam,
lacosamide, pregabalin and valproic acid [6]. Given the high degree of complexity of seizure management in glioma
patients, AED studies in glioma patients are of high importance to guide clinicians in anticonvulsant treatment.
However, to be of value, clinical outcomes need to be reliable and chosen adequately. Here, we discuss different
aspects regarding measuring AED outcomes in glioma studies: the difference between efficacy and effectiveness
of AED treatment; why AED retention rate seems the most appropriate primary outcome in brain tumor related
epilepsy studies; how the retention rate should statistically be analyzed and current literature on AED retention
rates in glioma patients.
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Efficacy versus effectiveness
According to the International League Against Epilepsy (London, UK) the primary outcome in epilepsy studies is
either efficacy or effectiveness, evaluated after a minimum of 24 or 48 weeks of treatment, respectively. ‘Efficacy’
is defined as the ability of an AED to achieve seizure freedom. ‘Effectiveness’ refers to both AED efficacy and
‘tolerability’, with the latter encompassing the incidence, severity and impact of AED-related adverse effects, of
which discontinuation of an AED due to intolerable or life-threatening adverse reactions is the most important.
Effectiveness is reflected in the AED ‘retention rate’, defined as the percentage of patients continuing AEDs at
the end of a specified period [10]. The usefulness of a drug decreases with an increasing rate of patients having
to discontinue their AED due to uncontrolled seizures, intolerable adverse effects or for other reasons. Different
terms exist for retention rate, including survival rate, continuation rate, discontinuation rate and treatment failure
rate. Although used interchangeably, these terms may have different meanings, for example continuation and
discontinuation rates are opposite concepts. Of note, retention rates not only applies to AEDs, but is an increasingly
acknowledged outcome in many medical fields in which patients receive continuous pharmacological treatment,
such as rheumatology and psychiatry [11,12].

Why retention rate is the most appropriate primary outcome
Encompassing both AED efficacy and tolerability, the retention rate has great clinical utility. So far, seizure freedom
and ≥ 50% seizure reduction are more regularly used as primary or secondary outcomes in glioma studies. However,
these outcomes reflect efficacy only and because efficacy outcomes largely depend on self reports of patients, they
are vulnerable to recall bias. The majority of glioma patients have neurocognitive impairment, such as impaired
memory [3], likely aggravating recall bias, thus hampering reliable counting of seizures necessary for outcomes relying
on seizure frequency [5]. In epilepsy drug trials patients might be instructed to make use of a seizure diary, but this is
unattainable in a retrospective study design and instead researchers have to depend on seizure frequency reporting
in medical electronical records, further complicating a reliable estimation of seizure frequency. The management
of AED treatment in glioma patients is mostly done by either the treating neurologist or neurosurgeon and they
see the glioma patient in regular follow-up visits every 3- or 6 months, depending on the tumor grade. Therefore,
a change in AED regimen and the reasons for this change are generally reported adequately in medical electronical
records, supporting our belief that the retention rate is the most appropriate outcome in epilepsy studies.

Competing risks analysis to estimate the cumulative incidence of nonretention & first seizure
It is important to use the correct methodology to provide a reliable estimate of the cumulative incidence of time to
nonretention and to first seizure from initiation of AED treatment. Typically, Kaplan–Meier’s (KM) methodology
is used in the nontumoral epilepsy population and also in two studies in the glioma population to estimate AED
retention [13,14] instead of crude percentages. However, this method is not the most appropriate to estimate AED
retention rates [15], particularly in the glioma population.

Given the dismal prognosis of several subtypes of glioma [16], death is an important factor to take into account
when calculating AED retention in this patient population. The KM-estimator is based on the assumption that
censoring is noninformative, meaning that censored patients, in other words patients with incomplete information
about their AED retention time, have the same probability of experiencing the event of interest as patients still at
risk in the population under observation. This means that time of event and censoring time are independent. As
censoring is informative, in case death occurs before the event of interest, the KM-estimator is not the appropriate
methodology to estimate the time of event of interest. Indeed, death is a competing event for nonretention, as
patients who have died can no longer experience nonretention (e.g. due to intolerable adverse effects) of the AED.
When patients who have died are censored, the KM overestimates the probability of developing nonretention. The
independent assumption is not violated when, for example, a patient moves to the other side of the country and
thus drops out, while this is unrelated to the event of interest [17]. In studies estimating time to first seizure, or
seizure freedom rates, in glioma patients [18], where a patients dies before the occurrence of a first seizure, KM’s
methodology yields to bias as discussed previously. Therefore, to estimate the cumulative incidence of nonretention
or first seizure, a competing risks model with death as competing risk must be used.

Not taking into account competing risks is common. Six out of 16 (38%) of Walraven and McAlister’s randomly
selected studies from prominent medical journals performed a KM analysis, overestimating the event of interest
by at least 10% [19]. We strongly encourage using a competing risks model to estimate the cumulative incidence
function for time to nonretention or time to first seizure from initiation of AED treatment. Competing risks models
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are available in several statistical packages, including R, STATA and SAS. Easy guides for clinicians are published
on how to perform competing risks analysis [20].

Retention rates of AEDs in glioma studies
Although there is a limited number of studies on AED retention rates in the glioma population, none of them have
incorporated a competing risks analysis. In one multicenter randomized controlled trial, monotherapy levetiracetam
was compared with monotherapy pregabalin in primary brain tumor patients, most of them diagnosed with a grade
III–IV glioma. After 12 months of follow-up, levetiracetam showed a retention rate of 59%, while pregabalin
showed a retention rate of 41%. About a quarter of the 52 randomized patients died during the study period
and nonretention was mainly due to intolerable adverse effects [13]. In a prospective, multicenter, single-arm,
observational, add-on study in 93 grade I–II glioma patients, the estimated 6 month retention rate of lacosamide
was 86% [14], indicating favorable effectiveness of especially levetiracetam and lacosamide.

Conclusion
The retention rate is the most appropriate primary outcome to determine AED effectiveness in the glioma
population because it encompasses both AED efficacy and tolerability and can be reliably estimated. However,
currently it has been scarcely implemented in the glioma population and, when applied, the proper methodology
has not been used. When calculating AED nonretention rates or time to first seizure in brain tumor patients with
a limited prognosis, competing risks models should be used where death is included as a competing event.
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