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ABSTRACT  

Introduction: Focal seizures represent the most common seizure type and focal epilepsies the 

most common epilepsy type. Anti-seizure medications (ASMs) still represent the main form of 

treatment for epilepsy.  

Areas covered: The aim of this review article is to provide an overview of available evidence 

about current and upcoming pharmacological options and strategies for adults with focal 

epilepsy focusing on the last 5 years. 

Expert opinion: Seventeen drugs are currently approved for the treatment of focal seizures 

including cenobamate as the very latest option. Ten of these drugs are also licensed for 

monotherapy. Level A evidence for initial monotherapy is available for seven drugs with no 

robust data supporting that one drug is superior to the other. Safety, tolerability as well as 

pharmacoeconomic reasons would then drive treatment decisions. Data on adjunctive treatment 

are available for 13 ASMs showing again no obvious difference in terms of efficacy. Evidence 

on specific drug combinations is almost non-existent and the final decision of combining 

specific drugs is based on the experience of the individual clinician rather than on robust 

evidence. Current outcome measures do not consider number of previously failed drugs and 

the observation period is often too short.   
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1. INTRODUCTION 

Epilepsy is a serious neurological disorder affecting over 70 million people worldwide with 

incidence rates around 50 (40-70) per 100,000 per year in high income countries and above 80-

100 per 100,000 per year in low income countries [1]. Epilepsy poses a substantial economic 

burden for health systems, individuals and their families [2]. Focal seizures represent the most 

common seizure type and focal epilepsies the most common epilepsy type [3]. 

Antiseizure medications (ASMs) still represent the main form of treatment for epilepsy 

including focal epilepsies. The number of ASMs currently available is now becoming large 

and some debate has started on their classification in terms of generation. In this paper, the 

distinction into two generations of compounds has been adopted following Perucca et al. 2020 

[4]. This distinction is mainly based on the chronological order these drugs have been marketed 

and those introduced after 1989 are generally referred to as second-generation drugs [4]. The 

development of these second generation ASM was aimed at addressing the shortcomings of 

older, first-generation drugs (barbiturates, benzodiazepines, carbamazepine, ethosuximide, 

phenytoin, and valproic acid), such as their unfavourable pharmacokinetics and drug 

interaction profiles, ineffectiveness in controlling the seizures, and propensity to induce many 

adverse effects [4]. Despite some of these drugs have shown some advantages in terms of 

pharmacokinetics, potential for interactions and tolerability [5], the proportion of drug-resistant 

patients remains dramatically unchanged and patients on polytherapy still present with often 

unacceptable medication-related side effects [6].  

Treatment outcome studies in epilepsy have shown that one third of patients are controlled on 

a single ASM, another third requires a combination of two or more drugs to be seizure free, 

while, in the remaining third, chances of becoming seizure free are considerably low and these 

patients have uncontrolled seizures lifelong [7]. The definition of drug-resistance proposed by 

the International League Against Epilepsy (ILAE) has introduced the concept of sustained 

seizure freedom which represents the only efficacy outcome measure consistently associated 

with improved quality of life [8]. Using this measure, a systematic review and meta-analysis 

of placebo-controlled studies of ASMs has pointed out that the overall pooled-risk difference 

in favour of new ASMs compared with placebo is only 6% (95% CI 4%-8%) with a number 

needed to treat (NNT) of 16 [9]. A prospective trial of adults with drug-resistant focal epilepsy 

pointed out that less than 1 in 10 patients with drug resistant focal epilepsy achieve seizure 

freedom on a newly introduced ASM and provided validated estimates of seizure freedom 

according to number of previously failed trials ranging from 12% after two failed drugs to <3% 

after at least six failures [10].   

The aim of this review article is to provide an overview of available evidence about current 

and upcoming pharmacological options and strategies for adults with focal epilepsy focusing 

on the last 5 years. References were identified by searches of Medline/PubMed and the 

Cochrane library for human studies published in English between June 30th, 2015, and June 

30th, 2020, with the search terms: (seizure* OR epilepsy) AND (focal) AND (treatment*) AND 

(mono* OR adjunc* OR add*) AND outcome. This search generated 211 abstracts. Articles 

were selected based on originality and relevance to the present topic. Additional references 

were identified from the author’s own files and from chosen bibliographies. A total of 63 papers 

have been included in this article. 

 

2. CURRENT PHARMACOLOGICAL OPTIONS AND STRATEGIES: AN 

EVIDENCE BASED APPROACH 

2.1 Monotherapy 
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Around 60% to 70% of people with epilepsy will achieve a long term remission from seizures 

[11] and many of them on a single ASM (monotherapy). Of the 17 drugs currently licensed for 

focal seizures, 10 have a monotherapy indication by either the Food and Drug Administration 

(FDA) or the European Medicine Agency (EMA) (Table 1). The ILAE Subcommission on 

ASM Guidelines published a systematic review in 2013, including 64 comparative randomized 

controlled trials (RCTs) and 11 meta-analyses, undertaken between 1940 and 2012 [12]. This 

document showed that Level A of evidence [13] for initial monotherapy for adults with focal 

epilepsy is available for levetiracetam (LEV), zonisamide (ZNS), controlled-release 

carbamazepine (CBZ-CR) and phenytoin (PHT) as all these drugs have Class 1 studies; 

lamotrigine (LTG) and gabapentin (GBP) have class I studies in elderly (≥60 years) adults with 

focal epilepsy  [12].  

Since then, Level A of evidence supported by Class 1 studies became available for lacosamide 

(LCM) and eslicarbazepine acetate (ESL) [14,15], subsequently confirmed by a network meta-

analysis [16]; while, regarding elderly patients, class 1 RCT on LEV [17] added this compound 

to the list of drugs with a Level A of evidence. A subsequent meta-analysis suggested that LTG, 

LEV, and GBP have even higher efficacy than CBZ-CR in elderly people [18]. A network 

meta-analysis showed that despite the lack of significant differences in efficacy across 

treatments, LCM, LTG, and LEV have the highest probability of ranking best for achieving 

seizure freedom in elderly people. CBZ and CBZ-CR showed a poor tolerability profile, 

leading to higher withdrawal rates when compared to LEV and VPA [19]. 

A meta-analysis of RCTs of PHT and valproate (VPA) monotherapy involving 669 patients 

showed no  difference in 12 months seizure freedom between the two drugs but this meta-

analysis  included a heterogeneous group of subjects with focal and generalised seizures [20]. 

Limited and very low-certainty evidence support the use of clonazepam (CLN) in monotherapy 

for the treatment of epilepsy [21]. No difference in efficacy and tolerability was found in a 

small trial comparing CLN to CBZ for the treatment of mesial temporal lobe epilepsy but over 

all data do not support the use of CLN in monotherapy for newly diagnosed patients. 

 

Current pharmacotherapy of epilepsy consists of orderly, sequential drug trials, in which ASMs 

are chosen under the concept of individual patient-oriented (or -tailored) pharmacotherapy. It 

is, therefore, evident, that if data on efficacy show that LEV, LTG, ZNS, LCM, PHT and CBZ-

CR are equally effective [4], data on tolerability may then guide therapeutic strategies. 

However, a network analysis of monotherapy studies showed that all these options seem to be 

equally tolerated and just CBZ (immediate release) seems to be burdened by lower tolerability 

as compared to other compounds especially LTG [22]. In this context, individualised treatment 

strategies considering comorbidities, patient’s preference and pharmacoeconomic reasons are 

often adopted. 

Safety of ASMs is another important parameter that may guide treatment decisions. Among 

drugs licensed for the treatment of focal seizures in adults, vigabatrin and retigabine are known 

to have serious safety concerns. Vigabatrin was approved for focal seizures in 1989 and after 

around 10 years, the drug was associated with irreversible visual field defects [23]. Since then, 

vigabatrin has been used mostly as an orphan drug used in infantile spasms. Retigabine was 

approved in 2011 for focal seizures but two years later the FDA issued a warning for blue 

discoloration of the skin, eyes, and retina pigmentation which led to the drug being withdrawn 

from the market in 2017 [24].   

Malformation risk is another important aspect regarding safety of ASMs. It is established that 

exposure to VPA in utero is associated with a lower intelligence quotient [25] as well as an 
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increased risk of developing autism spectrum disorder [26] as compared to unexposed children. 

However, data from the EURAP register have also showed that CBZ-CR > 700 mg is 

associated with an increased risk of malformations as compared to LTG≤325 mg and LEV 

[27]. As a consequence prescription patterns in women with epilepsy have changed 

substantially during the past two decades [28], with a substantial increase in the use of LTG 

and LEV who are widely considered first choice in women of childbearing age. 

 

2.2 Adjunctive treatment 

When monotherapy fails, adjunctive treatment represents a potential option. Given the number 

of ASMs the number of combinations is substantial, and each combination has both advantages 

and disadvantages, which are different and variable related to individual case scenarios. 

Mechanism of action is often considered when combining drugs although robust evidence 

supporting specific combined treatment is almost non-existent. The combination VPA and 

LTG is often mentioned as an example of a favourable pharmacodynamic interaction. 

However, in focal epilepsies, evidence is based on an unblind randomised, 60-week superiority 

trial in 207 patients with focal and generalised seizures that showed that VPA-LTG is as 

effective as CBZ-CR [29].  

Meta-analyses on efficacy and safety of individual ASMs as adjunctive treatment are available 

for 13 compounds (Table 2). All these drugs have shown very similar response rates, meaning 

at least 50% seizure reduction, while data on withdrawal risk seems to favour LTG, LEV, GBP 

and BRV.  

LTG and LEV showed to be effective and well tolerated representing the best choice again in 

adjunctive treatment [30,31]. Psychiatric side effects in predisposed patients should be 

considered especially for LEV [32]. The use of OXC is based on low quality findings and safety 

data suggest a high risk of treatment withdrawal due to side effects [33]. LCM seems to be 

effective and well tolerated but not at high doses (>400 mg per day) [34]. Perampanel (PRP) 

seems to be effective from 4 mg but data on seizure response suggest minimum benefits from 

high doses (>10 mg) [35]. Data on GBP suggest a minimum effective dose 900 mg per day 

with a target dose of 1800 mg [36] while for tiagabine (TGB) the optimal dose seems to be 

around 30 mg per day [37]. Despite meta-analyses do not seem to disfavour TGB, the 

association with cases of status epilepticus [38] made this drug less and less popular. There are 

three trials comparing pregabalin (PGB) to LTG, LEV and GBP, showing that PGB has higher 

response rates than LTG (RR 1.47; 95%CI 1.03-2.12) but not higher than LEV or GBP [39].  

Less usual options include stiripentol (STP), vigabatrin (VGB), felbamate (FLB) and clobazam 

(CLB) as they are usually used in difficult to treat generalised syndromes. STP and FLB are 

not even approved for focal seizures. Data on STP are mainly available in children but there is 

no conclusive evidence that it is effective in focal epilepsies [40]. VGB seems to be effective 

as adjunctive treatment in focal epilepsies but, as already mentioned, the use is burdened by 

the visual field problems [41]. Data on FLB in focal epilepsies are not conclusive but do not 

seem to support its use in this context [42]. Evidence on CLB is still limited but a small trial 

on 197 patients seems promising [43]. 

There is no clear evidence that one ASM is superior to another one as adjunctive treatment. A 

systematic review of 62 placebo controlled RCTs and 8 head-to-head RCTs including 14,272 

patients showed that differences among ASMs are of relatively small magnitude to allow a 

definitive conclusion about which drug has superior effectiveness.  TPM and LEV seem to be 

more efficacious, whereas GBP and TGB may be less efficacious. Withdrawal rates were 

higher with OXC and TPM and lower with GBP and LEV [44]. 
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3. DRUGS FOR ORPHAN INDICATIONS 

In 2017, everolimus was approved for the treatment of focal seizures in patients with Tuberous 

Sclerosis Complex (TSC). Everolimus belongs to a specific class of compounds called mTOR 

inhibitors [45]. Dysregulation of mTOR pathways has been implicated in tuberous sclerosis 

complex (TSC), focal cortical dysplasia (FCD), ganglioglioma and hemimegaloencephaly [46]. 

The efficacy of everolimus in TSC is based on a Phase III RCT showing that high-exposure 

everolimus (9-15 ng/mL) is associated with a median percentage reduction in seizure frequency 

of 39.6% as compared to 29.3% with low-exposure everolimus (3-7 ng/mL) and 14.9% with 

placebo [47]. The open label extension phase provided further data on the efficacy and safety 

of everolimus [48]. A study investigating the antiepileptic efficacy of everolimus in patients 

with Focal Cortical Dysplasia Type II and drug-resistant seizures is planned (NCT03198949) 

[45]. 

Cannabidiol (CBD) is currently licensed for the treatment of epilepsy in people with Lennox-

Gastaut and Dravet syndrome aged 2 or more. These syndromes cannot be considered focal 

epilepsies despite these patients can have focal seizures as part of the syndrome. Data on 

efficacy of CBD on focal seizures are more than scant and most of the data come from children 

[49]. 

 

4. NEW DRUG OPTIONS: CENOBAMATE 

Cenobamate (CNB) has been recently approved by U.S. Food and Drug Administration (FDA) 

for the treatment of focal seizures in the adults and it is awaiting approval from the European 

Medicine Agency (EMA). CNB inhibits the voltage-gated persistent component of the sodium 

currents and is an allosteric GABA(A) channel modulator in a non-benzodiazepine fashion 

[50]. It has demonstrated broad-spectrum efficacy in alternative preclinical models of epilepsy.  

CNB is available only as oral formulation and showed linear pharmacokinetics with long half-

life (30-76 hours) and steady-state attained after approximately two weeks supporting the once-

daily dosing [51]. There is no data on pharmacokinetics in subjects with liver impairment, 

while renal impairment may be associated with reduced clearance and 200 mg is the maximum 

recommended dose in this population [52]. CNB has some potential interactions with other 

ASMs because it decreases plasma concentrations of CYP2B6 and CYP3A substrates and 

increases plasma concentrations of CYP2C19 substrates. As a consequence, CNB can increase 

blood levels of PHT and desmethyl-CLB (the active metabolite of CLB) and can reduce blood 

levels of LTG and CBZ [52]. VPA, LEV and LCM seem to have no interactions with CMB. A 

Phase III, open-label, safety study of CNB in 1,339 patients showed that PHT and PB require 

a dose reduction ranging between 25% and 33% to maintain the same blood levels [53].  

Efficacy of CNB is based on Phase II and III studies. A Phase II RCT of 222 patients (age 18-

65) with focal epilepsy compared CNB 200 mg against placebo [54]. CNB was started at 50 

mg and increased by 50 mg increments every two weeks to a target dose of 200 mg, reached 

by 67% subjects. Responder rate (at least 50% seizure reduction) was 50.4% and seizure free 

rate 28.3% [54]. A Phase III RCT on 437 patients (age 18-70) with focal epilepsy compared 

placebo with CNB 100 mg, 200 mg and 400 mg showing responder rates of 25%, 40%, 56%, 

64% and seizure free rates of 1%, 4%, 11% and 21% for placebo, CNB 100 mg, 200 mg and 

400 mg respectively [55]. Data on seizure freedom have been considered particularly promising 

given that a systematic review of RCTs of ASMs reported seizure freedom rates up to 6.5% for 

previous ASMs [44]. A proof-of-concept study in a small sample of six patients showed also 



7 
 

promising therapeutic effect in photosensitive epilepsy for doses higher than 200 mg [56]. 

However, this would be relevant for generalised rather focal syndromes.  

Even though the results are statistically significant and very encouraging, it has to be 

acknowledged that some of the estimates have a very wide confidence interval, which does 

introduce uncertainty regarding the magnitude of the treatment effect over placebo, as 

suggested by a recent systematic review with meta-analysis [57]. 

Treatment-emergent adverse events (TEAEs) reported in >10% included somnolence 22.1%, 

dizziness 22.1%, headache 12.4%, nausea 11.5% and fatigue 10.6% [54]. The Phase III study 

reported TEAEs leading to discontinuation in 5% of patients in the placebo group, 10% for 

CNB 100 mg, 14% for CNB 200 mg and 20% for CNB 400 mg [55]. One serious case of drug 

reaction with eosinophilia and systemic symptoms (DRESS) occurred in the 200 mg CNB 

group but no deaths were reported [55]. This was not the only case of DRESS and two other 

cases were observed during previous development phases for a total of 3 cases, including one 

fatality, out of the  first  953 subjects  exposed  to CNB, leading to a frequency of 3 cases per 

1,000. Prevalence of DRESS with other ASMs seems to range between 1 per 5,000 and 1 per 

10,000 [58]. Concerns regarding an increased risk of DRESS with CNB led to a Phase III open 

label safety study which involved 1,339 patients [53]. CNB was started at 12.5 mg and 

increased with increments every 2 weeks to 25 mg, 50 mg, 100 mg, 150 mg, and 200 mg. The 

most common TEAEs included somnolence in 28.1%, dizziness in 23.6%, and fatigue in 16.6% 

but no cases of DRESS were reported suggesting that a slow titration regime may limit such a 

risk [53].  

 

5. CONCLUSIONS 

Out of 17 drugs approved for focal seizures, 10 are also licensed for monotherapy, one has the 

orphan indication of focal seizures in TSC and two are rarely used given safety and tolerability 

issues. Level A evidence for initial monotherapy is available for LEV, PHT, LTG, CBZ-CR, 

ZNS, LCM, ESL with no robust data supporting that one drug is superior to the other is terms 

of efficacy. Safety and tolerability profile favour LEV and LTG for initial monotherapy 

especially in women of childbearing age and elderly.  

Data on adjunctive treatment are available for 13 drugs showing again no obvious difference 

in terms of efficacy while data on tolerability favour LEV, LTG, LCM and BRV. CNB is the 

latest drug approved for focal seizures with promising efficacy results, but patients need to be 

informed about the increased risk of DRESS syndrome. 

 

6. EXPERT OPINION 

Meta-analyses and systematic reviews published in the last few years have facilitated the 

recognition of knowledge gaps and information needed to provide evidence-based treatment 

decisions in people with epilepsy. Class 1 studies are now routinely available for new anti-

seizure medicines (ASMs) but randomised controlled trials have limitations in terms of 

duration of the follow up and outcome measures. For all drugs, outcome measures such as 

response rates or seizure free rates are based on a 12-week period at best. Data on sustained 

seizure freedom are needed and to have comparable results the ILAE definition of drug-

resistance can be considered the theoretical framework to develop meaningful outcome 

measures based on number of previously failed drug trials and duration of the observation.  

Regarding monotherapy of focal epilepsies, of the 10 drugs currently approved for focal 

seizures, there is a Level A of evidence based on Class 1 studies in more than half. There is, 
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however, no evidence that one drug is more effective than another one and safety, tolerability 

as well as pharmacoeconomic reasons would then become preponderant when choosing the 

most appropriate drug. Current data suggests that levetiracetam and lamotrigine are the best 

options when all these factors are considered especially in women of childbearing age or 

elderly.  

For the adjunctive treatment of focal epilepsies, the scenario is similar with no evidence that 

one drug is superior to the other and data on tolerability seem to favour levetiracetam, 

lamotrigine, lacosamide and brivaracetam. Of the currently 17 approved drugs, 13 are routinely 

used while vigabatrin and tiagabine, despite approved for the use in focal seizures, are very 

rarely prescribed due to safety concerns; everolimus, is approved only in patients with tuberous 

sclerosis complex while cenobamate has been just recently marketed. Cenobamate is the latest 

option approved for the treatment of focal seizures and seizure free rates seem to be remarkably 

promising as compared to other ASMs, but this is not based on head-to-head comparison. The 

lack of multiple formulations (e.g. liquid or intravenous), the long titration regime and the 

increased risk of drug reaction with eosinophilia and systemic symptoms (DRESS) represent 

potential limitations and further data will be needed.  

Data on the synergistic effect of specific combinations of ASMs are almost entirely non-

existent and the decision to combine two specific compounds is based entirely on the 

experience of the individual clinician. In focal epilepsy, there is only a single study suggesting 

that the combination lamotrigine and valproate is as effective as carbamazepine. Studies 

clarifying this point are urgently needed.  

Research into the pharmacological treatment of focal epilepsies in the next 5 years will need to 

move towards precision medicine and novel mechanisms of action given that available options 

have provided very similar results in terms of efficacy. Studies exploring potentially synergistic 

combinations are needed and they would have a strong impact on clinical practice. Head-to-

head comparison studies are needed to clarify differences among ASMs in terms of efficacy 

and tolerability, but outcome measures will need to consider the number of previously failed 

drugs and longer observation periods.  

 

7. ARTICLE HIGHLIGHTS 

• 17 drugs are currently licensed for the treatment of focal seizures 

• Level A of evidence for the initial monotherapy of focal seizures is available for 7 drugs 

with no difference in terms of efficacy 

• Data on adjunctive treatment is available for 13 drugs with no difference in terms of 

efficacy 

• Lamotrigine and levetiracetam represent the best options when efficacy safety and 

tolerability are considered 

• Evidence of specific drug combinations is non-existent and clinical practice is based on the 

experience of the individual clinician 

• Head-to-head comparison studies using appropriate outcome measures are needed    

 

8. ANNOTATED BIBLIOGRAPHY 

 

[1] Thijs RD, Surges R, O’Brien TJ, Sander JW. Epilepsy in adults. Lancet 

2019;393:689–701. https://doi.org/10.1016/S0140-6736(18)32596-0. 



9 
 

[2] Allers K, Essue BM, Hackett ML, Muhunthan J, Anderson CS, Pickles K, et al. The 

economic impact of epilepsy: a systematic review. BMC Neurol 2015;15:245. 

https://doi.org/10.1186/s12883-015-0494-y. 

[3] Beghi E. The Epidemiology of Epilepsy. Neuroepidemiology 2020;54:185–91. 

https://doi.org/10.1159/000503831. 

[4] Perucca E, Brodie MJ, Kwan P, Tomson T. 30 years of second-generation antiseizure 

medications: impact and future perspectives. Lancet Neurol 2020;19:544–56. 

https://doi.org/10.1016/S1474-4422(20)30035-1. **Up-to-date review paper on second 

generation antiseizure medications 

[5] Perucca E, Tomson T. The pharmacological treatment of epilepsy in adults. Lancet 

Neurol 2011;10:446–56. https://doi.org/10.1016/S1474-4422(11)70047-3. 

[6] French JA, White HS, Klitgaard H, Holmes GL, Privitera MD, Cole AJ, et al. 

Development of new treatment approaches for epilepsy: unmet needs and opportunities. 

Epilepsia 2013;54 Suppl 4:3–12. https://doi.org/10.1111/epi.12294. 

[7] Brodie MJ, Barry SJ, Bamagous GA, Norrie JD, Kwan P. Patterns of treatment 

response in newly diagnosed epilepsy. Neurology 2012;78:1548–54. 

https://doi.org/10.1212/WNL.0b013e3182563b19. 

[8] Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser W, Mathern G, et al. 

Definition of drug resistant epilepsy: consensus proposal by the ad hoc Task Force of the 

ILAE Commission on Therapeutic Strategies. Epilepsia 2010;51:1069–77. 

https://doi.org/10.1111/j.1528-1167.2009.02397.x. **ILAE proposal for a definition of drug-

resistant epilepsy 

[9] Beyenburg S, Stavem K, Schmidt D. Placebo-corrected efficacy of modern 

antiepileptic drugs for refractory epilepsy: systematic review and meta-analysis. Epilepsia 

2010;51:7–26. 

[10] Mula M, Zaccara G, Galimberti CA, Ferrò B, Canevini MP, Mascia A, et al. 

Validated outcome of treatment changes according to International League Against Epilepsy 

criteria in adults with drug-resistant focal epilepsy. Epilepsia 2019;60:1114–23. 

https://doi.org/10.1111/epi.14685. *Validated treatment outcomes in adults with focal epilepsy 

according to ILAE definition 

[11] 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. 

https://doi.org/10.1001/jamaneurol.2017.3949. 

[12] Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Guerreiro C, Kälviäinen 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. 

https://doi.org/10.1111/epi.12074. 

[13] Edlund PW, Gronseth G, So Y, Franklin G. CLINICAL PRACTICE GUIDELINE 

PROCESS MANUAL n.d.:57. 



10 
 

[14] Baulac M, Rosenow F, Toledo M, Terada K, Li T, De Backer M, et al. Efficacy, 

safety, and tolerability of lacosamide monotherapy versus controlled-release carbamazepine 

in patients with newly diagnosed epilepsy: a phase 3, randomised, double-blind, non-

inferiority trial. Lancet Neurol 2017;16:43–54. https://doi.org/10.1016/S1474-

4422(16)30292-7. 

[15] Trinka E, Ben-Menachem E, Kowacs PA, Elger C, Keller B, Löffler K, et al. Efficacy 

and safety of eslicarbazepine acetate versus controlled-release carbamazepine monotherapy 

in newly diagnosed epilepsy: A phase III double-blind, randomized, parallel-group, 

multicenter study. Epilepsia 2018;59:479–91. https://doi.org/10.1111/epi.13993. 

[16] Lattanzi S, Zaccara G, Giovannelli F, Grillo E, Nardone R, Silvestrini M, et al. 

Antiepileptic monotherapy in newly diagnosed focal epilepsy. A network meta-analysis. Acta 

Neurol Scand 2019;139:33–41. https://doi.org/10.1111/ane.13025. 

[17] Werhahn KJ, Trinka E, Dobesberger J, Unterberger I, Baum P, Deckert-Schmitz M, et 

al. A randomized, double-blind comparison of antiepileptic drug treatment in the elderly with 

new-onset focal epilepsy. Epilepsia 2015;56:450–9. https://doi.org/10.1111/epi.12926. 

[18] Lezaic N, Gore G, Josephson CB, Wiebe S, Jetté N, Keezer MR. The medical 

treatment of epilepsy in the elderly: A systematic review and meta-analysis. Epilepsia 

2019;60:1325–40. https://doi.org/10.1111/epi.16068. 

[19] Lattanzi S, Trinka E, Del Giovane C, Nardone R, Silvestrini M, Brigo F. Antiepileptic 

drug monotherapy for epilepsy in the elderly: A systematic review and network meta-

analysis. Epilepsia 2019;60:2245–54. https://doi.org/10.1111/epi.16366. 

[20] Nevitt SJ, Marson AG, Weston J, Tudur Smith C. Sodium valproate versus phenytoin 

monotherapy for epilepsy: an individual participant data review. Cochrane Database Syst Rev 

2018;8:CD001769. https://doi.org/10.1002/14651858.CD001769.pub4. 

[21] Brigo F, Igwe SC, Bragazzi NL, Lattanzi S. Clonazepam monotherapy for treating 

people with newly diagnosed epilepsy. Cochrane Database Syst Rev 2019;2019. 

https://doi.org/10.1002/14651858.CD013028.pub2. 

[22] Nevitt SJ, Tudur Smith C, Weston J, Marson AG. Lamotrigine versus carbamazepine 

monotherapy for epilepsy: an individual participant data review. Cochrane Database Syst Rev 

2018;6:CD001031. https://doi.org/10.1002/14651858.CD001031.pub4. 

[23] Eke T, Talbot JF, Lawden MC. Severe persistent visual field constriction associated 

with vigabatrin. BMJ 1997;314:180–1. https://doi.org/10.1136/bmj.314.7075.180. 

[24] Brickel N, Hewett K, Rayner K, McDonald S, De’Ath J, Daniluk J, et al. Safety of 

retigabine in adults with partial-onset seizures after long-term exposure: focus on unexpected 

ophthalmological and dermatological events. Epilepsy Behav 2020;102:106580. 

https://doi.org/10.1016/j.yebeh.2019.106580. 

[25] Baker GA, Bromley RL, Briggs M, Cheyne CP, Cohen MJ, García-Fiñana M, et al. 

IQ at 6 years after in utero exposure to antiepileptic drugs: a controlled cohort study. 

Neurology 2015;84:382–90. https://doi.org/10.1212/WNL.0000000000001182. 



11 
 

[26] Christensen J, Grønborg TK, Sørensen MJ, Schendel D, Parner ET, Pedersen LH, et 

al. Prenatal valproate exposure and risk of autism spectrum disorders and childhood autism. 

JAMA 2013;309:1696–703. https://doi.org/10.1001/jama.2013.2270. 

[27] Tomson T, Battino D, Bonizzoni E, Craig J, Lindhout D, Perucca E, et al. 

Comparative risk of major congenital malformations with eight different antiepileptic drugs: 

a prospective cohort study of the EURAP registry. Lancet Neurol 2018;17:530–8. 

https://doi.org/10.1016/S1474-4422(18)30107-8. 

[28] Kinney MO, Morrow J, Patterson CC, Campbell E, Russell A, Smithson HW, et al. 

Changing antiepilepsy drug-prescribing trends in women with epilepsy in the UK and Ireland 

and the impact on major congenital malformations. J Neurol Neurosurg Psychiatry 

2018;89:1320–3. https://doi.org/10.1136/jnnp-2017-317368. 

[29] Lee BI, No SK, Yi S-D, Lee HW, Kim OJ, Kim SH, et al. Unblinded, randomized 

multicenter trial comparing lamotrigine and valproate combination with controlled-release 

carbamazepine monotherapy as initial drug regimen in untreated epilepsy. Seizure 

2018;55:17–24. https://doi.org/10.1016/j.seizure.2017.12.008. 

[30] Panebianco M, Bresnahan R, Ramaratnam S, Marson AG. Lamotrigine add-on 

therapy for drug-resistant focal epilepsy. Cochrane Database Syst Rev 2020;3:CD001909. 

https://doi.org/10.1002/14651858.CD001909.pub3. 

[31] Mbizvo GK, Dixon P, Hutton JL, Marson AG. Levetiracetam add-on for drug-

resistant focal epilepsy: an updated Cochrane Review. Cochrane Database Syst Rev 

2012:CD001901. https://doi.org/10.1002/14651858.CD001901.pub2. 

[32] Brodie MJ, Besag F, Ettinger AB, Mula M, Gobbi G, Comai S, et al. Epilepsy, 

Antiepileptic Drugs, and Aggression: An Evidence-Based Review. Pharmacol Rev 

2016;68:563–602. https://doi.org/10.1124/pr.115.012021. 

[33] Bresnahan R, Atim-Oluk M, Marson AG. Oxcarbazepine add-on for drug-resistant 

focal epilepsy. Cochrane Database Syst Rev 2020;3:CD012433. 

https://doi.org/10.1002/14651858.CD012433.pub2. 

[34] Weston J, Shukralla A, McKay AJ, Marson AG. Lacosamide add-on therapy for 

partial epilepsy. Cochrane Database Syst Rev 2015:CD008841. 

https://doi.org/10.1002/14651858.CD008841.pub2. 

[35] Hsu WWQ, Sing CW, He Y, Worsley AJ, Wong ICK, Chan EW. Systematic review 

and meta-analysis of the efficacy and safety of perampanel in the treatment of partial-onset 

epilepsy. CNS Drugs 2013;27:817–27. https://doi.org/10.1007/s40263-013-0091-9. 

[36] Panebianco M, Al-Bachari S, Weston J, Hutton JL, Marson AG. Gabapentin add-on 

treatment for drug-resistant focal epilepsy. Cochrane Database Syst Rev 2018;10:CD001415. 

https://doi.org/10.1002/14651858.CD001415.pub3. 

[37] Bresnahan R, Martin-McGill KJ, Hutton JL, Marson AG. Tiagabine add-on therapy 

for drug-resistant focal epilepsy. Cochrane Database Syst Rev 2019;10:CD001908. 

https://doi.org/10.1002/14651858.CD001908.pub4. 



12 
 

[38] Hariri G, Ferre A, Legriel S. Tiagabine-related status epilepticus: a case report and 

systematic literature review. Acta Neurol Belg 2020. https://doi.org/10.1007/s13760-020-

01464-6. 

[39] Panebianco M, Bresnahan R, Hemming K, Marson AG. Pregabalin add-on for drug-

resistant focal epilepsy. Cochrane Database Syst Rev 2019;7:CD005612. 

https://doi.org/10.1002/14651858.CD005612.pub4. 

[40] Brigo F, Igwe SC, Bragazzi NL. Stiripentol add-on therapy for focal refractory 

epilepsy. Cochrane Database Syst Rev 2018;5:CD009887. 

https://doi.org/10.1002/14651858.CD009887.pub4. 

[41] Sergott RC, Johnson CA, Laxer KD, Wechsler RT, Cherny K, Whittle J, et al. Retinal 

structure and function in vigabatrin-treated adult patients with refractory complex partial 

seizures. Epilepsia 2016;57:1634–42. https://doi.org/10.1111/epi.13495. 

[42] Shi LL, Bresnahan R, Martin-McGill KJ, Dong J, Ni H, Geng J. Felbamate add-on 

therapy for drug-resistant focal epilepsy. Cochrane Database Syst Rev 2019;8:CD008295. 

https://doi.org/10.1002/14651858.CD008295.pub5. 

[43] Bresnahan R, Martin-McGill KJ, Williamson J, Michael BD, Marson AG. Clobazam 

add-on therapy for drug-resistant epilepsy. Cochrane Database Syst Rev 2019;10:CD004154. 

https://doi.org/10.1002/14651858.CD004154.pub5. 

[44] Costa J, Fareleira F, Ascencao R, Borges M, Sampaio C, Vaz-Carneiro A. Clinical 

comparability of the new antiepileptic drugs in refractory partial epilepsy: a systematic 

review and meta-analysis. Epilepsia 2011;52:1280–91. https://doi.org/10.1111/j.1528-

1167.2011.03047.x. 

[45] Mula M. Emerging drugs for focal epilepsy. Expert Opin Emerg Drugs 2018;23:243–

9. https://doi.org/10.1080/14728214.2018.1527903. 

[46] van Scheppingen J, Broekaart DWM, Scholl T, Zuidberg MRJ, Anink JJ, Spliet WG, 

et al. Dysregulation of the (immuno)proteasome pathway in malformations of cortical 

development. J Neuroinflammation 2016;13. https://doi.org/10.1186/s12974-016-0662-z. 

[47] French JA, Lawson JA, Yapici Z, Ikeda H, Polster T, Nabbout R, et al. Adjunctive 

everolimus therapy for treatment-resistant focal-onset seizures associated with tuberous 

sclerosis (EXIST-3): a phase 3, randomised, double-blind, placebo-controlled study. Lancet 

2016;388:2153–63. https://doi.org/10.1016/S0140-6736(16)31419-2. 

[48] Franz DN, Lawson JA, Yapici Z, Ikeda H, Polster T, Nabbout R, et al. Everolimus for 

treatment-refractory seizures in TSC: Extension of a randomized controlled trial. Neurol Clin 

Pract 2018;8:412–20. https://doi.org/10.1212/CPJ.0000000000000514. 

[49] Lattanzi S, Brigo F, Trinka E, Zaccara G, Striano P, Del Giovane C, et al. Adjunctive 

Cannabidiol in Patients with Dravet Syndrome: A Systematic Review and Meta-Analysis of 

Efficacy and Safety. CNS Drugs 2020;34:229–41. https://doi.org/10.1007/s40263-020-

00708-6. 

[50] Dhir A. Cenobamate for the treatment of focal epilepsy. Drugs Today 2020;56:233–

40. https://doi.org/10.1358/dot.2020.56.4.3127030. 



13 
 

[51] Vernillet L, Greene SA, Kamin M. Pharmacokinetics of Cenobamate: Results From 

Single and Multiple Oral Ascending-Dose Studies in Healthy Subjects. Clin Pharmacol Drug 

Dev 2020;9:428–43. https://doi.org/10.1002/cpdd.769. 

[52] Dinsmore S. Clinical Review NDA 212839 (cenobamate) XCOPRI. Center for Drug 

Evaluation and Research, U.S. Food and Drug Administration 2019. 

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/212839Orig1s000M edR.pdf 

(accessed August 17, 2020). 

[53] Sperling MR, Klein P, Aboumatar S, Gelfand M, Halford JJ, Krauss GL, et al. 

Cenobamate (YKP3089) as adjunctive treatment for uncontrolled focal seizures in a large, 

phase 3, multicenter, open-label safety study. Epilepsia 2020;61:1099–108. 

https://doi.org/10.1111/epi.16525. 

[54] Chung SS, French JA, Kowalski J, Krauss GL, Lee SK, Maciejowski M, et al. 

Randomized phase 2 study of adjunctive cenobamate in patients with uncontrolled focal 

seizures. Neurology 2020;94:e2311–22. https://doi.org/10.1212/WNL.0000000000009530. 

[55] Krauss GL, Klein P, Brandt C, Lee SK, Milanov I, Milovanovic M, et al. Safety and 

efficacy of adjunctive cenobamate (YKP3089) in patients with uncontrolled focal seizures: a 

multicentre, double-blind, randomised, placebo-controlled, dose-response trial. Lancet Neurol 

2020;19:38–48. https://doi.org/10.1016/S1474-4422(19)30399-0. 

[56] Kasteleijn-Nolst Trenite DGA, DiVentura BD, Pollard JR, Krauss GL, Mizne S, 

French JA. Suppression of the photoparoxysmal response in photosensitive epilepsy with 

cenobamate (YKP3089). Neurology 2019;93:e559–67. 

https://doi.org/10.1212/WNL.0000000000007894. 

[57] Lattanzi S, Trinka E, Zaccara G, Striano P, Del Giovane C, Silvestrini M, et al. 

Adjunctive Cenobamate for Focal-Onset Seizures in Adults: A Systematic Review and Meta-

Analysis. CNS Drugs 2020. https://doi.org/10.1007/s40263-020-00759-9. 

[58] Tennis P, Stern RS. Risk of serious cutaneous disorders after initiation of use of 

phenytoin, carbamazepine, or sodium valproate: a record linkage study. Neurology 

1997;49:542–6. https://doi.org/10.1212/wnl.49.2.542. 

[59] Bresnahan R, Panebianco M, Marson AG. Brivaracetam add-on therapy for drug-

resistant epilepsy. Cochrane Database Syst Rev 2019;3:CD011501. 

https://doi.org/10.1002/14651858.CD011501.pub2. 

[60] Chang X-C, Yuan H, Wang Y, Xu H-Q, Hong W-K, Zheng R-Y. Eslicarbazepine 

acetate add-on for drug-resistant partial epilepsy. Cochrane Database Syst Rev 

2017;10:CD008907. https://doi.org/10.1002/14651858.CD008907.pub3. 

[61] Bresnahan R, Hounsome J, Jette N, Hutton JL, Marson AG. Topiramate add-on 

therapy for drug-resistant focal epilepsy. Cochrane Database Syst Rev 2019;10:CD001417. 

https://doi.org/10.1002/14651858.CD001417.pub4. 

[62] Bresnahan R, Gianatsi M, Maguire MJ, Tudur Smith C, Marson AG. Vigabatrin add-

on therapy for drug-resistant focal epilepsy. Cochrane Database Syst Rev 2020;7:CD007302. 

https://doi.org/10.1002/14651858.CD007302.pub3. 



14 
 

[63] Brigo F, Lattanzi S, Igwe SC, Behzadifar M, Bragazzi NL. Zonisamide add-on 

therapy for focal epilepsy. Cochrane Database Syst Rev 2018;10:CD001416. 

https://doi.org/10.1002/14651858.CD001416.pub4. 



15 
 

Table 1. Drug options for adults with focal epilepsy.  
 Mono Daily dose 

range 

(mg) 

Half 

life 

(h) 

Interactions with other anti-seizure medications (ASMs) 

Brivaracetam No 50-200 6-11 Blood levels reduced by enzyme-inducing ASMs; 

It increases carbamazepine 10,11 epoxide 

Cenobamate No 200-400 30-76 It increases blood levels of phenytoin, phenobarbital and desmethyl-clobazam; It reduces blood levels 

of lamotrigine and carbamazepine 

Carbamazepine Yes 400-2000 10-20 Blood levels reduced by enzyme-inducing ASMs and increased by vigabatrin; Carbamazepine 10,11 

epoxide levels increased by valproate and brivaracetam 

Eslicarbazepine Yes 800-1600 13-20 Licarbazepine concentrations reduced by enzyme inducing ASM 

Everolimus* No ¥5/m2 25-35 Blood levels reduced by enzyme-inducing ASMs; 

Gabapentin No 900-2700 5-9 None 

Lacosamide Yes 100-400 12-16 Blood levels reduced by enzyme-inducing ASMs; 

Levetiracetam Yes 1000-3000 6-8 Blood levels reduced by enzyme-inducing ASMs; 

Lamotrigine Yes 100-600 20-40 Blood levels increased by VPA and reduced by enzyme-inducing ASMs; 

Oxcarbazepine Yes 600-2400 7-12 Licarbazepine concentrations reduced by enzyme inducing ASM; It increases blood levels of 

phenytoin and phenobarbital 

Phenytoin Yes 300 7-42 Blood levels increased by topiramate and oxcarbazepine; Reduced by vigabatrin and valproate (free 

fraction)  

Perampanel No 6-12 50-130 Blood levels reduced by enzyme-inducing ASMs; 

Tiagabine No 16-56 5-9 Blood levels reduced by enzyme-inducing ASMs; 

Topiramate Yes 100-600 20-30 Blood levels reduced by enzyme-inducing ASMs; TPM can increase PHT blood levels 

Vigabatrin# No 1000-6000 4-7 It can decrease phenytoin levels 

Valproate Yes 600-2000 8-17 Blood levels reduced by enzyme-inducing ASMs and topiramate 

Zonisamide Yes 150-450 50-70 Blood levels reduced by enzyme-inducing ASMs; 

Mono= monotherapy indication; Enzyme inducing ASMs= phenytoin, phenobarbital, primidone, carbamazepine 
*in patients Tuberous Sclerosis Complex 
¥starting dose 5mg/m2 without CYP3A4/PgP inducer; 8 mg/m2 with CYP3A4/PgP inducer. Increase 2 mg/d to blood levels 5-7 ng/mL (max 15 

ng/mL) 
#mainly used for infantile spasms  
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Table 2. Meta-analytic evidence on efficacy and tolerability of antiseizure medications as adjunctive treatment.  
ASMs Dose 

mg 

N patient Max duration observation  

(weeks) 

RR ≥50% seizure reduction  

(95%CI) 

RR treatment withdrawal (95%CI) Ref 

Brivaracetam 10-600 2411 16 1.81 (1.53-2.14) 1.27 (0.94-1.74) [59] 

Eslicarbazepine 800-1600 1799 18 1.71 (1.42-2.05) 2.66 (1.42-4.96) [60] 

Gabapentin 600-1800 2607 14 1.89 (1.40-2.55) 1.05 (0.74-1.49) [36] 

Lacosamide 200-600 1311 26 1.70 (1.38-2.10) 1.88 (1.40-2.52) [34] 

Levetiracetam 1000-3000 A=2159 

C=296 

24 2.37 (2.02-2.78) 1.11 (0.89-1.40) [31] 

Lamotrigine 75-600 A=1569 

C=199 

24 1.80 (1.45- 2.23) 1.11 (0.91-137) [30] 

Oxcarbazepine 600-2400 1593 26 1.80 (1.27-2.56) 1.75 (1.44-2.13) [33] 

Perampanel 4 

8 

12 

 

1678 

8 

13 

13 

1.51 (1.11-2.13) 

1.80 (1.38-2.35) 

1.72 (1.11-2.13) 

- 

0.57 (0.09-3.48) 

0.97 (0.20-4.76) 

[35] 

Pregabalin 150-600 3327 17 2.28 (1.52-3.42) 1.35 (1.11-1.65) [39] 

Tiagabine 16-56 948 22 3.16 (1.97-5.07) 1.81 (1.25-2.62) [37] 

Topiramate 50-600 1650 19 2.71 (2.05-3.59) 2.37 (1.66-3.37) [61] 

Vigabatrin 1000-6000 756 36 2.60 (1.87-3.63) 2.86 (1.25-6.55) [62] 

Zonisamide 100 -500 1636 18 1.86 (1.60-2.17) 1.44 (1.08-1.93) [63] 

A=adult; C=children 

 


