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New evidence in adjunctive treatment of focal-onset seizures in adults: a critical appraisal

Simona Lattanzi

Neurological Clinic, Department of Experimental and Clinical Medicine, Marche Polytechnic University, Ancona - Italy


ABSTRACT

Anti-seizure medications (ASMs) represent the pillar of the treatment of epilepsy. The rate of drug-resistant epilepsy remained substantially unchanged over time and there is still the need for new and more effective treatment options. Brivaracetam, cenobamate, eslicarbazepine acetate, lacosamide and perampanel are ‘third-generation’ ASMs.

The aim of this article is to summarize the currently available evidence about the relative efficacy and tolerability of the ‘third-generation’ ASMs as adjunctive treatment of focal-onset seizures in adults.

So far, no randomized controlled study directly compared these ASMs, and their comparative efficacy and tolerability have been indirectly evaluated by one network meta-analysis. Sixteen trials were included in the network meta-analysis. The efficacy endpoints were the rates of seizure response and seizure freedom, defined as ≥ 50% and 100% reduction in baseline monthly seizure frequency. The tolerability endpoints were the rate of patients who developed any treatment emergent adverse events (TEAEs) and any TEAE leading to drug discontinuation. Cenobamate had the greatest likelihood of being the best option for the ≥ 50% and 100% seizure frequency reduction. Brivaracetam and lacosamide had the greatest likelihood to rank as the best-tolerated treatments for the occurrence of any TEAE and TEAE leading to discontinuation.

Although network meta-analyses are not substitutes of direct comparisons, they can provide valuable evidence about the hierarchy of interventions. Additional real-world data can be useful complement to characterize the clinical profile and therapeutic potentialities of third-generation ASMs.
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Background

Epilepsies are a group of neurological disorders characterized by recurrent, unprovoked seizures, which can be either focal or generalized. Focal-onset seizures are the most common type of seizures experienced by people with epilepsy, and they can be associated with impaired awareness. With approximately 70 million people affected worldwide, epilepsy accounts for a significant proportion of the global disease burden (1). The estimated proportion of the general population with active epilepsy, that is, continuing seizures or with the need for treatment at a given time, is between 4 and 10 per 1,000 people (2).

Epilepsy can have significant social impact and economic implications. People with epilepsy can experience reduced access to educational opportunities and barriers to enter some occupations. Uncontrolled epilepsy is often associated with significant psychological dysfunction and impaired quality of life and carries the risk of premature death (3,4). Further, stigma and discrimination still surround epilepsy in different countries across the world. The economic impact of epilepsy varies significantly depending on the disease duration and severity, response to treatment, and the health-care setting. Out-of-pocket costs and productivity losses create substantial burdens on households.

The treatment of epilepsy is mainly symptomatic, and anti-seizure medications (ASMs) represent the pillar. Most people with epilepsy can become seizure free with appropriate use of one or more ASMs. However, seizures are not controlled in more than one-third of the patients (5,6). Despite the increased availability of ASMs, the rate of drug-resistant epilepsy remained substantially unchanged over time and there is still the need for new and more effective treatment options (7). Over the last decade, five ‘third-generation’ ASMs, namely brivaracetam (BRV), cenobamate (CNB), eslicarbazepine acetate (ESL), lacosamide (LCM), and perampanel (PER), have been licensed for adjunctive treatment of focal-onset seizures in adult patients (8).

The aim of this article is to summarize the currently available evidence about the relative efficacy and tolerability of any of these ‘third-generation’ ASMs to one another as adjunctive treatments of focal-onset seizures in adults and suggest implications for clinical practice and future research.



The evidence from the literature

There are no randomized controlled studies that directly compared the ‘third-generation’ ASMs. So far, the comparative efficacy and tolerability of these drugs have been evaluated by one systematic review with network meta-analysis (9). Database and trial register including MEDLINE, the Cochrane Central Register of Controlled Trials, and the US National Institutes of Health Clinical Trials Registry were searched to identify randomized, double-blinded, controlled trials comparing add-on BRV, CNB, ESL, LCM, and PER versus any comparator in adult patients with focal epilepsy uncontrolled by one or more concomitant ASMs (9). Only trials with a maintenance period or a period of stable dose of 12 weeks or longer were considered (9).

The efficacy endpoints were the rates of seizure response and seizure freedom, defined as a ≥ 50% and 100% reduction in baseline monthly seizure frequency during the maintenance treatment period. When information over the maintenance phase was not available, the treatment period was considered (9). The ‘pragmatic intent-to-treat’ approach was used for defining the seizure freedom, whenever available. According to this approach, only patients who were seizure free and completed the entire study were considered as seizure free (10). This is a more conservative methodology to measure seizure freedom and it provides more reliable information about the actual treatment efficacy in comparison to the ‘observation carried forward’ strategy, which considers as being seizure free those patients who dropped out of a study and were free from seizures at the last available assessment (10).

The tolerability endpoints were the rate of patients who developed any treatment emergent adverse events (TEAEs) and any TEAE leading to drug discontinuation. For any drug, only licensed maintenance doses for adjunctive treatment were considered in accordance with the prescribing information. The daily doses were 50-200 mg for BRV, 200-400 mg for CNB, 800-1200 mg for ESL, 200-400 mg for LCM, and 4-12 mg for PER (11-15).

The comparative efficacy and safety of the included ASMs were estimated through network meta-analyses within a frequentist framework (16). The hierarchy of competing interventions was established through the surface under the cumulative ranking curve (SUCRA) and mean ranks.

The randomized, controlled trials included in the quantitative synthesis were sixteen (17-32): three for add-on BRV, one for add-on CNB, four for add-on ESL, four for add-on LCM, and four for add-on PER. The trials enrolled 6,753 participants: 4,507 were assigned to active treatments (BRV = 803, CNB = 221, ESL = 990, LCM = 1,104, and PER = 1,389) and 2,246 to placebo (9).


Efficacy

The rates of participants with ≥ 50% and 100% reduction in baseline monthly seizure frequency were provided by all the included trials. For the seizure freedom endpoint, the ‘pragmatic intention-to-treat (ITT)’ data were available in most studies; in three trials, the status at the time of treatment withdrawal was used to impute the freedom from seizure for the remainder of the study (21,24,32). The network meta-analyses showed that all ASMs were associated with higher rates of seizure response than placebo, and CNB was associated with a higher probability of ≥50% reduction in baseline seizure frequency than BRV, ESL, LCM, and PER (Fig. 1) (9). In the analysis of seizure freedom outcome, BRV, CNB, ESL, and PER were more efficacious than placebo, whereas there were no statistically significant differences between the ASMs (Fig. 2) (9). According to SUCRA, CNB had the greatest likelihood to rank as the best treatment option for both the seizure response and seizure freedom endpoints (Tab. I) (9).
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Fig. 1 - Interval plot for the seizure response outcome.

BRV = brivaracetam; CI = confidence interval; CNB = cenobamate; ESL = eslicarbazepine acetate; LCM = lacosamide; PBO = placebo; PER = perampanel.




Tolerability

The rates of participants who experienced at least one TEAE were available from all the included trials except two (26,27). The rates of participants who experienced at least one TEAE leading to discontinuation were available from all the included trials except one LCM study (27).

The network meta-analysis showed that all ASMs were associated with higher rates of participants who experienced at least one TEAE than placebo. Further, BRV and LCM were associated with a lower risk of the occurrence of TEAEs compared to ESL; PER was associated with a higher risk of the occurrence of TEAEs compared to BRV (Fig. 3) (9). In the analysis of the rates of patients who experienced at least one TEAE leading to discontinuation, all ASMs were less tolerated than placebo, whereas there were no statistically significant differences between the ASMs (Fig. 4) (9). According to SUCRA, BRV and LCM had the greatest likelihood to rank as the best-tolerated treatments for both the endpoints of the occurrence of any TEAE and TEAE leading to discontinuation (Tab. II) (9).


[image: Image]
Fig. 2 - Interval plot for the seizure freedom outcome.

BRV = brivaracetam; CI = confidence interval; CNB = cenobamate; ESL = eslicarbazepine acetate; LCM = lacosamide; PBO = placebo; PER = perampanel.
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Fig. 3 - Interval plot for the occurrence of at least one treatment-emergent adverse event.

BRV = brivaracetam; CI = confidence interval; CNB = cenobamate; ESL = eslicarbazepine acetate; LCM = lacosamide; PBO = placebo; PER = perampanel.



TABLE I - Ranking according to the surface under the cumulative ranking curve and mean rank for the efficacy outcomes



	Treatment
	Surface under the cumulative ranking curve
	Mean rank





	Seizure response



	Brivaracetam
	46.2
	3.7



	Cenobamate
	99.0
	1.1



	Eslicarbazepine acetate
	53.4
	3.3



	Lacosamide
	60.8
	3.0



	Perampanel
	40.7
	4.0



	Placebo
	0.0
	6.0



	Seizure freedom



	Brivaracetam
	72.4
	2.4



	Cenobamate
	88.8
	1.6



	Eslicarbazepine acetate
	47.2
	3.6



	Lacosamide
	37.8
	4.1



	Perampanel
	53.0
	3.4



	Placebo
	0.8
	6.0





Higher values of surface under the cumulative ranking curve correspond to higher probabilities of better efficacy.
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Fig. 4 - Interval plot for the occurrence of at least one treatment-emergent adverse event leading to discontinuation.

BRV = brivaracetam; CI = confidence interval; CNB = cenobamate; ESL = eslicarbazepine acetate; LCM = lacosamide; PBO = placebo; PER = perampanel.



TABLE II - Ranking according to the surface under the cumulative ranking curve and mean rank for the tolerability outcomes



	Treatment
	Surface under the cumulative ranking curve
	Mean rank





	At least one treatment-emergent adverse event



	Brivaracetam
	67.0
	2.6



	Cenobamate
	21.5
	4.9



	Eslicarbazepine acetate
	12.8
	5.4



	Lacosamide
	70.2
	2.5



	Perampanel
	29.6
	4.5



	Placebo
	98.8
	1.1



	At least one treatment-emergent adverse event leading to discontinuation



	Brivaracetam
	62.3
	2.9



	Cenobamate
	11.9
	5.4



	Eslicarbazepine acetate
	24.8
	4.8



	Lacosamide
	56.8
	3.2



	Perampanel
	44.5
	3.8



	Placebo
	99.7
	1.0





Higher values of surface under the cumulative ranking curve correspond to higher probabilities of better tolerability.





Third-generation ASMs for focal seizures: comparative efficacy and safety

The currently available comparative analysis of the ‘third-generation’ ASMs suggested that CNB given as adjunctive treatment of focal-onset seizures in adult patients is associated with a higher rate of seizure response and a greater likelihood to rank best for seizure freedom outcome compared to add-on BRV, ESL, LCM, and PER (9).

Among the third-generation ASMs, CNB is the most recently approved for treating focal seizures, and these findings bring promise for people with epilepsy whose seizures are difficult to control.

The Food and Drug Administration in the USA approved CNB for the treatment of focal-onset seizures in adults in 2019 (33). The European Medicines Agency in the EU approved CNB for the adjunctive treatment of focal-onset seizures with or without secondary generalization in adult patients with epilepsy who have not been adequately controlled despite a history of treatment with at least two anti-epileptic medicinal products in 2021 (12).

CNB is a novel tetrazole-derived carbamate compound with a unique dual complementary mechanism of action. It decreases excitatory currents by preferentially inhibiting the persistent component of the sodium current and enhancing the inactivated state of voltage-gated sodium channels (34). In addition, it enhances inhibitory currents by acting as a positive allosteric modulator of high-affinity γ-aminobutyric acid (GABA)A receptors at a non-benzodiazepine binding site (35). The unique dual mechanism of action of CNB suggests that it has the potential to both prevent seizure initiation and limit seizure spread (36).

The network meta-analysis suggested better tolerability of BRV and LCM against the other third-generation ASMs: these two compounds were associated with the greatest likelihood to be the best-tolerated options for both the endpoints of the occurrence of any TEAE and the occurrence of TEAEs leading to treatment withdrawal (9).

Among the considered ASMs, CNB ranked as the drug linked with the greatest probability of the occurrence of TEAEs. In this regard, the rapid uptitration of CNB by 100 mg for a week from the daily dosage of 200 mg to the daily dosage of 400 mg, and the impossibility to modify the concomitant therapeutic regimen during the trial might have played a role in the incidence of TEAEs. Importantly, drug–drug interactions may occur when CNB is administered. CNB can inhibit the cytochrome P450 (CYP) 2C19, and drugs like phenytoin and phenobarbital, which are metabolized, in part, by this isoenzyme may have their levels increased (37). Following multiple doses of adjunctive CNB, the plasma exposures of phenobarbital and phenytoin have been shown to increase by a mean of 37% and 84%, respectively (38). The elevation of drug levels may lead to increased risk of adverse events. The coadministration of clobazam with a CYP2C19 inhibitor has also been demonstrated to increase by two to six times the plasma levels of N-desmethylclobazam, which is the active metabolite of clobazam and is mainly metabolized by the CYP2C19 enzyme (39,40). Proactive reductions or dose alterations of concomitant ASMs should be considered according to the potential risk of drug–drug interactions to minimize the risk of treatment failure. In this regard, the effects of dose adjustments of concomitant ASMs have been explored in a post hoc analysis of a phase 3, multicenter, open-label study of adjunctive CNB for the treatment of uncontrolled focal seizures (38). Patients continuing CNB had greater mean reductions and percent changes of doses of concomitant ASMs from baseline compared to patients who discontinued the treatment. Doses of phenytoin, phenobarbital, clobazam, valproate, and LCM were decreased early, when patients were in the titration phase, while carbamazepine, oxcarbazepine, and eslicarbazepine had their doses decreased later, during the maintenance phase (38). Dose decreases were mostly due to the occurrence of adverse events related to the central nervous system, like somnolence, dizziness, and balance disorders. For example, phenytoin doses were reduced by a mean of 60.8% and phenobarbital doses by a mean of 40.0% in patients continuing CNB (38).

Direct head-to-head trials represent the most rigorous methodology to ascertain and compare the relative efficacy and tolerability of treatments. These studies, however, are costly and they are not required by regulatory authorities for ASM approval. It is unlikely that similar randomized controlled trials will be ever planned and conducted. In the absence of direct comparisons, network meta-analyses can use indirect evidence to estimate how ASMs measure up to each other and provide a hierarchy of competing interventions.

Importantly, the validity of the results of a network meta-analysis is strongly influenced by the degree of similarity and the methodological quality of the trials that are included in the comparisons (41). The network meta-analysis comparing the third-generation ASMs adopted rigid inclusion criteria with the aim to reduce the source of heterogeneity across the trials and minimize as much as possible the influence of potential confounding variables on the estimates of treatment effect (9). All the studies included in the analyses were overall clinically and methodologically homogeneous and none was judged at high risk of bias. Despite their similarities, however, a certain degree of diversity may exist among the studies, even if not explicitly recognized by heterogeneity testing. Some differences in the design of the trials and the baseline characteristics of the study cohorts may have affected the findings. It is also worth noting that the low event rates and scarcity of patients achieving some of the endpoints were associated with wide confidence intervals and such imprecision in the estimates can limit the sensitivity to identify differences across the ASMs and influence the rankings of treatments (9). Importantly, all trials included in the network meta-analysis were sponsored by pharmaceutical companies, and evidence about the efficacy and tolerability of CNB is obtained from one single study (9).



Conclusion

Network meta-analyses cannot be considered as substitutes of direct comparisons. Nonetheless, under certain assumptions, they can provide valuable evidence about the hierarchy of interventions and offer guidance for clinical practice and decision-making (42-44).

The comparative analyses of data from randomized, placebo-controlled trials of third-generation ASMs suggested that CNB is associated with the highest probability to be the best treatment option for efficacy outcomes, and BRV and LCM are associated with the greatest probabilities of being the best-tolerated drugs (9). Additional data obtained in real-world practice can overcome the limits of the randomized, controlled trials and be a useful complement to better characterize the clinical profile and therapeutic potentialities of the third-generation ASMs for the treatment of focal seizures in adult patients.
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