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Introduction: In one third of all patients with epilepsy, seizure freedom is not achieved through anti-seizure medication (ASM). These patients have an increased risk of earlier death, poorer cognitive development, and reduced quality of life. Cenobamate (CNB) has recently been approved as a promising novel ASM drug for the treatment of adults with focal-onset epilepsy. However, there is little experience for its application in pediatric patients.

Methods: In a multicenter study we evaluated retrospectively the outcome of 16 pediatric patients treated “off label” with CNB.

Results: In 16 patients with a mean age of 15.38 years, CNB was started at an age of 15.05 years due to DRE. Prior to initiation of therapy, an average of 10.56 (range 3–20) ASM were prescribed. At initiation, patients were taking 2.63 (range 1–4) ASM. CNB was increased by 0.47 ± 0.27mg/kg/d every 2 weeks with a mean maximum dosage of 3.1 mg/kg/d (range 0.89–7) and total daily dose of 182.81 mg (range 50–400 mg). Seizure freedom was achieved in 31.3% and a significant seizure reduction of >50% in 37.5%. Adverse events occurred in 10 patients with fatigue/somnolence as the most common. CNB is taken with high adherence in all but three patients with a median follow-up of 168.5 days

Conclusion: Cenobamate is an effective ASM for pediatric patients suffering from drug-resistant epilepsy. In addition to excellent seizure reduction or freedom, it is well-tolerated. Cenobamate should be considered as a novel treatment for DRE in pediatric patients.
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INTRODUCTION

Epilepsy is one of the most common neurological disorders in children (1). Epilepsy is drug-resistant in about one third of the pediatric epilepsy population, i.e., treatment with two or more correctly chosen and dosed anti-seizure medications (ASMs) does not achieve seizure freedom (2). In these patients, the chance of reaching seizure freedom is lower than 15% (3). Given the increased risk of earlier death, poorer cognitive development, and reduced quality of life of patients with drug resistant epilepsy (DRE), (4, 5) the possibility of a curative approach through epilepsy surgery must be assessed early (6, 7). However, even in individuals with focal-onset DRE, epilepsy surgery is not always feasible as a curative (or palliative) approach. In these patients, further ASM treatment is needed.

Cenobamate (CNB) is a new ASM recently approved by the US Food and Drug Administration and the European Medicines Agency for the treatment of focal-onset seizures in adults. While the exact mode of action of CNB is not known, it has been shown to enhance inhibitory currents at GABAA receptors (8, 9) and to block excitatory currents by promoting the inactivated state of voltage-gated sodium channels (10).

Results regarding CNB efficacy are promising with placebo-adjustment seizure freedom in ~20% and seizure reduction of >50% in about half of patients with focal seizures who were concomitantly taking up to three ASM (11). CNB was taken with high retention, suggesting good long-term tolerability (12). CNB is not approved for use in children and adolescents despite the high need for treatment in the pediatric population. Hence, there is no experience for use of CNB in the pediatric epilepsy population with respect to dosing, side-effects, and efficiency. Here we describe our experience with CNB in 16 pediatric patients.



METHODS

We performed a retrospective multicenter study of pediatric patients treated with CNB. All patients up to 18 years of age at initiation of treatment were included. All patients being treated with CNB at the epilepsy centers participating in this multicenter study were included in this study. Data was extracted from medical files using a standardized data sheet. Data on seizure reduction and side effects are based on information provided by parents and patients. For the evaluation of therapy success, seizure frequency was compared to the 4 weeks before therapy initiation and the last 2 weeks under therapy when therapy duration was <3 months. For patients with longer therapy duration, the last 4 weeks were compared. The cumulative data was then imported into SPSS 28 for analysis and evaluation. Descriptive statistics were used to calculate frequencies and percentages. Group data are presented as mean ± standard deviation unless otherwise stated. The study was approved by the local ethics committee (approval no. EA2/084/18).



RESULTS

A total of 16 pediatric patients with DRE (56.3% female, 43.8% male) were treated with CNB at a mean age of 15.05 ± 1.64 years (range 12.08–17.67) at treatment start (Table 1). The median age at seizure onset was 39 months-of-age (range 0–108) and the average disease duration was 11.73 years (range 6.33–16.42). Epilepsy causes included abnormalities of cortical development (n = 5), residual brain damage following infarction, asphyxia or encephalitis (n = 4), genetic diseases (n = 2) and autoimmune (n = 1). The epilepsy cause was unclear in 25% of cases. At initiation of CNB the patients were prescribed concomitantly a mean number of 2.63 ASM (range 1–4), and had a life-time number of 10.56 ASM (range 3–20). The most common ASM were clobazam (n = 8), lacosamide (n = 6), and lamotrigine (n = 5).


Table 1. Pediatric patients treated with Cenobamate.
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Two individuals had not become seizure free despite epilepsy surgery (P3: lesionectomy; P10 lesionectomy followed by hemispherotomy), and five despite ketogenic diet.

The titration scheme applied to the cohort varied given that there is no experience in CNB titration in pediatric patients. CNB was given once a day orally. The initial dose chosen in pediatric patients was most frequently 12.5 mg (range 6.25–25) and a mean of 0.22 mg/kg/d (range 0.12–0.36) (Table 1). The mean body weight of individuals was 62.16 kg (range 32–107). In most individuals CNB was increased by 0.47 ± 0.27 mg/kg/d every 2 weeks (27.9 mg ± 14.83). The mean maximum CNB dosage was 3.1 mg/kg/d (range 0.89–7) with a total daily dose of 182.81 mg (range 50–400 mg) (Figures 1A,B). The individual titration until highest dosage is given for each patient in Supplementary Figure 1. In most cases, the dosages of other ASM were kept constant at CNB initiation. In eight patients, other ASMs could even be reduced or discontinued after CNB initiation (4, 5, 7–11, 13). In most cases, ASMs were reduced or discontinued to reduce drug burden, as well as to reduce side effects due to possible pharmacodynamic interaction.


[image: Figure 1]
FIGURE 1. Outcome of patients treated with Cenobamate. (A,B) Graph showing the outcome per patient and maximum CNB dosage (mg/kg/d and total) (C) Bar chart depicting the outcome of patients treated with Cenobamate.


Adverse events (AE) occurred in ten cases (62.5%) during 198 CNB up-titration. However, AE were in most cases no severe enough to result in a discontinuation of CNB. In patient 16 CNB dosing resulted in an increase in seizure frequency and 201 prolongation of seizures. For this reason, CNB was discontinued 8 weeks after initiation, at a dose of 50 mg (0.89 mg/kg/d), under which seizure frequency and duration returned to previous levels. In another patient (Patient 4), a transient increase in seizure 205 frequency occurred. However, the up-titration was continued to a dose of 300 mg (5.17 mg/kg/d). This resulted in seizure freedom. In two other patients, AEs were too severe during the follow-up, and CNB was discontinued (P6, P13). In three patients AEs led to a reduction of dosage (P4, P5, P9). Most common adverse effects were somnolence/fatigue (n = 5). In two patients, seizure frequency increased during the titration period as delineated above, leading to a discontinuation of CNB in one patient. Three patients reported agitated behavior. Vertigo was observed in three patients. One patient each reported nausea and a balance disorder, diplopia and increased impulsive and agitated behavior, increased appetite resulting in weight gain and impaired sleep quality. One patient reported a rash with scaling first of the hands, then feet, as well as transient red eczema on the hips, which did not lead to discontinuation of CNB. No drug rash with eosinophilia and systemic symptoms (DRESS) occurred.

The effect of CNB treatment was evaluated at a median follow up of 168.5 days (range 56–314). All patients continued to take CNB except for three (81.25%) Seizure freedom was observed in five patients (31.3%) (Figure 1C). A seizure reduction >50% was observed in six patients (37.5%), four patients (25%) had a reduction of seizures <50%, and one case had an increase of seizure frequency.



DISCUSSION

Here we report our experience with CNB in 16 pediatric patients with DRE. CNB was initiated in pediatric patients with body weights between 32 and 107 kg most often at 12.5 mg once a day (0.22 mg/kg/d) and then titrated-up by 0.47 ± 0.27 mg/kg/d every 2 weeks. The individual maximum daily dose varied between 50 and 400 mg, with a mean of about 183 mg. Treatment with CNB resulted in seizure-free or a significant seizure reduction of > 50% in more than two thirds of the patients. These rates of seizure freedom or strong reduction of seizure frequency are in line with data published for adults. No serious adverse events occurred in our cohort. AEs occurred in about two thirds of the pediatric cohort, similar to the rate in adults (50%) (12). Two patients had an increase in seizure frequency, which was transient in one of them, and led to a treatment stop in the second patient. Most frequently, somnolence/fatigue occurred during up-titration, in line with the report of Sperling et al. (12). Less frequently vertigo, nausea, balance disorder, diplopia, increased impulsive/agitated behavior, increased appetite with weight gain and impaired sleep quality were reported. No drug rash with eosinophilia and systemic symptoms (DRESS) occurred. However, with a median follow-up of 168.5 days (range 56–314), these data are only a short time experience. Long-term data on the changes in outcome and complications are needed. Large multi-center prospective studies are necessary to answer these questions.

In conclusion, we report our first experience in treatment of pediatric patients with CNB. CNB showed an excellent effect with respect to seizure control in our small cohort of pediatric patients with DRE. The drug was well-tolerated without severe side effects. The use of CNB should, therefore, be considered in pediatric patients with DRE. Still, data for application of CNB in children prior to the age of 12 years and with a body weight below 32 kg are lacking. Furthermore, these data are only a short time experience due to short follow up duration. Given the need of therapeutic approached in children with DRE, large cohort, prospective studies are needed to determine the dosing schemes necessary for various weight ranges, safety data and efficacy data for use in children of all age ranges.
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