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Summary
Background Adjunctive newer antiseizure medications (ASMs) are being used in patients with treatment-resistant
focal-onset seizures (FOS). An updated network meta-analysis (NMA) was necessary to compile evidence in this
critical area.

Methods We systematically searched PubMed, Embase, Cochrane Library, Web of Science, and Scopus from their
inception until 17 January 2024, evaluating the efficacy, tolerability, and safety of rufinamide (RUF), brivaracetam
(BRV), cenobamate (CNB), eslicarbazepine (ESL), lacosamide (LCM), retigabine (RTG), and perampanel (PER) as
adjunctive treatments for FOS. Efficacy outcomes included seizure response and seizure freedom. Tolerability was
assessed by discontinuation due to adverse events (AEs). Safety outcomes were evaluated based on the number of
patients experiencing at least one AE and serious adverse events (SAEs). This review is registered with PROSPERO
(CRD42023485130).

Findings A total of 29 studies involving 11,750 participants were included. For seizure response, all ASMs were
significantly superior to placebo, with RTG ranking highest, followed by CNB. Considering dosage, CNB 400 mg/
d was top-ranked, followed by RTG 1200 mg/d. For seizure freedom, BRV was highest-ranked, followed by CNB, with
BRV 100 mg/d leading, followed by CNB 400 mg/d. Regarding tolerability, LCM 600 mg/d had the lowest ranking,
followed by CNB 400 mg/d. For the safety outcome of AEs, ESL 1200 mg/d was ranked lowest, followed by CNB
400 mg/d. Regarding SAEs, LCM 400 mg/d was ranked lowest, followed by RTG 1200 mg/d.

Interpretation ASMs at different dosages have varying efficacy and tolerability profiles. We have provided hierarchical
rankings of ASMs for efficacy and safety outcomes. Our findings offer the most comprehensive evidence available to
inform patients, families, physicians, guideline developers, and policymakers about the choice of ASMs in patients
with treatment-resistant FOS.
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Research in context

Evidence before this study
Newer antiseizure medications (ASMs) are being used to
improve seizure control in patients with refractory epilepsy.
There has been a rise in randomised controlled trials (RCTs)
investigating new ASMs as an additional treatment for focal-
onset seizures (FOS). Given these developments, an updated
and comprehensive network meta-analysis (NMA) was
necessary to compile evidence in this critical area of clinical
research. We conducted a search on PubMed, Embase,
Cochrane Library, Web of Science and Scopus from inception
to 17 January 2024 using a combination of the search terms
(retigabine OR brivaracetam OR eslicarbazepine OR
lacosamide OR perampanel OR cenobamate OR rufinamide)
AND (epilepsy OR seizure), with no restrictions on publication
type or language.

Added value of this study
A total of 29 studies involving 11,750 participants were
included in this study. This systematic review and Bayesian

NMA provided an overview of the relative efficacy, tolerability
and safety of the most common ASMs used in patients with
drug-resistant partial epilepsy. Additionally, we also compared
ASMs across different daily dosage. Thus, we provide the best
currently available evidence base to guide the choice about
pharmacological treatment in this important clinical area.

Implications of all the available evidence
We aim to give developers and prescribers practical advice for
making informed choices among various treatment options,
including different ASMs or dosage levels. Our findings should
inform clinical guidelines and support the decision-making
process between patients and clinicians, helping to choose the
most suitable treatment strategies for drug-resistant partial
epilepsy. Furthermore, future research should include
individual patient data in NMA to achieve more accurate
estimations in this critical area.
Introduction
Epilepsy is a chronic neurological disorder characterised
by a tendency to experience seizures. It is among the
most prevalent neurological disorders.1 The estimated
incidence is about 80 per 100,000, with a prevalence of
5–10 per 1,000, affecting approximately 70 million
people worldwide.2,3 This represents about 0.5–1% of
the global population,4 with around 80% of cases
occurring in developing countries.5

Focal-onset seizures (FOS) are the most common
type of seizure, accounting for 61% of all epilepsy cases.6

The primary therapy for treating focal seizures is me-
dicinal intervention. In the treatment of epilepsy, anti-
epileptic medications (ASMs) are typically employed for
seizure management. Clinical guidelines have been
established to direct the care of epilepsy.7,8 The first line
of treatment for epilepsy is ASM, and the use of a single
ASM is considered to be the best approach for patients
with newly diagnosed epilepsy.9 About 50–60% of pa-
tients achieve lasting seizure freedom with their first
ASM.10,11 However, for some patients, additional treat-
ment may be required, as only 15–25% of patients will
experience satisfactory seizure remission after switching
or adding other treatment options, and the remaining
20–30% patients will not achieve satisfactory seizure
remission.12,13 If the first ASM is not effective in con-
trolling seizures, there are a few options to consider.
Increasing the dosage of the same ASM, trying a
different ASM, or using a combination of at least two
ASMs with different actions can be attempted.14–16 Some
patients, who are unable to achieve sustained seizure
freedom after trying 2–3 ASMs,17 will require treatment
with a combination of drugs.15,18,19

Epilepsy impacts people of all ages, races, social
classes, and geographical locations. As a chronic con-
dition, it poses additional physical and psychological
challenges for patients compared to the general popu-
lation. It significantly burdens individuals and society.
Patients with epilepsy commonly experience psychiatric
illnesses and cognitive abnormalities alongside their
condition.20,21 Notably, many ASMs can cause psychiat-
ric side effects, such as hyperactivity and depression,
and some may increase suicide risk.22–25 Moreover,
ASMs can adversely affect cognitive functions, leading
to difficulties in learning, driving, and memory reten-
tion.25,26 It is essential to consider these potential side
effects when treating individuals with epilepsy. Various
factors, including the type of seizures and the response
to ASMs, impact the burden of epilepsy.27 According to
the Global Burden of Epilepsy study in 2019,28 both
idiopathic epilepsy and epilepsy due to other causes
resulted in a global loss of 18.3 million years due to
disability (YLDs), accounting for 2.1% of total global
YLDs.29 Uncontrolled epilepsy can be disabling, leading
to significant psychological and social dysfunction,
reduced educational and employment opportunities,
impaired quality of life, and a 2–3 times higher risk of
premature death compared to the general
population.30–34 Despite the increased availability of
ASMs over the past 25 years, the challenge of treatment-
resistant epilepsy has remained constant, highlighting
the need for new and more effective treatment options.35
www.thelancet.com Vol 70 April, 2024
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Newer ASMs are being used to improve seizure
control in patients with refractory epilepsy, defined as
those who have not achieved satisfactory seizure control
with two or more different ASMs.12,13 Traditional ASMs
have limitations in achieving seizure freedom, which is
why newer ASMs with distinct mechanisms of action
are being explored.36 These newer ASMs are designed to
target various processes involved in seizure develop-
ment, such as blocking sodium or calcium channels,
activating potassium channels, enhancing gamma-
aminobutyric acid (GABA) activity, and inhibiting
excitatory amino acids.37 However, studies have shown
that using two traditional ASMs together does not
benefit patients with refractory epilepsy.10,35 As a result,
adding newer ASMs to the treatment regimen has
become standard practice for these patients.8 Recently,
several newer ASMs with better safety profiles have
been introduced. These aim to improve seizure control,
particularly for patients with refractory epilepsy. Exam-
ples include rufinamide (RUF), brivaracetam (BRV),
cenobamate (CNB), eslicarbazepine (ESL), lacosamide
(LCM), retigabine (RTG), and perampanel (PER).

The increasing number of drugs available poses a
challenge for doctors in choosing the treatment due to
limited comparative data on their effectiveness. To
address this issue, several randomised controlled trials
(RCTs) have compared newer ASMs with a placebo
(PBO) as additional therapy for patients with FOS. As
expected, most of these trials have found that newer
ASMs provide superior seizure control and are generally
safe and well-tolerated by this patient group. Although
direct comparisons between different treatments are
scarce, network meta-analysis (NMA) can offer an
objective comparison between alternative therapies.
Despite some NMAs being published previously,38–43

there is still some controversy surrounding this topic.
Therefore, a comprehensive and up-to-date network
meta-analysis is needed to compile evidence on the ef-
ficacy, safety, and tolerability of newer ASMs as add-on
treatments for treatment-resistant FOS.
Methods
Search strategy
This review was conducted in accordance with the rec-
ommendations of the Preferred Reporting Items for
Systematic Reviews and Network Meta-Analyses
(PRISMA) extension statement for network meta-ana-
lyses,44 and registered in PROSPERO (registration
number: CRD42023485130). We conducted a search on
PubMed, Embase, Cochrane Library, Web of Science
and Scopus from inception to 17 January 2024 using a
combination of the search terms (retigabine OR bri-
varacetam OR eslicarbazepine OR lacosamide OR per-
ampanel OR cenobamate OR rufinamide) AND
(epilepsy OR seizure), with no restrictions on publica-
tion type or language.
www.thelancet.com Vol 70 April, 2024
Eligibility criteria
Initially, articles were considered eligible if they met
certain criteria. These criteria included: 1) being rand-
omised, double-blinded, controlled, parallel-group add-
on study that compared various medications (RUF,
BRV, CNB, ESL, LCM, RTG, and PER) with any other
comparator; 2) having maintenance periods (or stable
dosing periods for dose-escalation trials); 3) including
patients with focal epilepsy and seizures that were not
controlled by one or more concomitant ASMs; and 4)
having no restrictions based on date, gender, or
ethnicity.

Outcome measures
The primary outcomes for measuring efficacy were the
proportion of patients with ≥50% responder rate and
the seizure freedom rates (100% reduction) during the
maintenance treatment period. Tolerability was assessed
by the withdrawal rate due to adverse events (AES). The
safety outcomes were at least one AE rate and serious
adverse events (SAEs) in the treatment period.

Study selection, data extraction, assessment of the
risk of bias and confidence in the evidence
Two reviewers (Yankun Chen and Wenze Li) indepen-
dently searched and selected potentially relevant publi-
cations identified by the search strategy. The following
information was extracted for each included study: first
author and year of publication, country in which pa-
tients were recruited, characteristics (including gender,
age, and seizure type), sample size, duration of the
maintenance period of treatment, ASMs used in each
group, and prior therapy. Any disagreement was
resolved by discussion with a third review author
(Yangmei Chen). The risk of bias of the identified
studies was assessed following the recommendations of
the Cochrane Collaboration.45 We used a web applica-
tion, CINeMA (Confidence in Network Meta-Analysis),
to evaluate the confidence in evidence.46,47

Statistical analysis
Both different drugs and their dosages were compared
in our network meta-analysis. For the first case, when
RCTs included multiple treatment arms with different
doses of an ASM, the numbers of events and patients
receiving different doses of ASMs were pooled into one
arm for each ASM as a node in the network meta-
analysis. For the second case, the same ASM at a
different dosage was treated as a separate node. The
intention-to-treat (ITT) population was used if available.
Bayesian network meta-analysis was performed using
the “GeMTC” package in R software (version 4.2.3) and
JAGS (version 4.3.1). We employed the Markov Chain
Monte Carlo (MCMC) approach to obtain the posterior
distribution of differences between ASMs. Three chains
were used, with 50,000 iterations after a 20,000 burn-in.
Convergence assessment was performed using the
3
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potential scale reduction factor (PSRF). Risk ratios (RRs)
and their corresponding 95% credible intervals (95%
CIs) were reported as effect sizes. Global inconsistency
was evaluated by comparing the values of the Deviance
Information Criterion (DIC) between the consistency
model and the inconsistency model. Local inconsistency
was assessed using the node-splitting approach. Het-
erogeneity was assessed by calculating the between-trial
variance (τ2). Transitivity was assessed by considering
several potential covariates (sample size, publication
year, mean age, male percentage, maintenance period,
and epilepsy duration) across treatment arms. Univari-
ate meta-regression was also performed using each co-
variate for all outcomes. The surface under the
cumulative ranking curve (SUCRA) was used to rank the
ASMs.

Ethics
Institutional ethical review board approval was not
required, and participant informed consent was not
needed for this review as all study data had been pre-
viously published. The data supporting the results of
this review are available upon request from the corre-
sponding author.

Role of the funding source
There was no funding source for this study. All authors
have full access to all the data in the study and accept
responsibility for the decision to submit for publication.
Results
Study selection and characteristics of included
studies
Of the 4253 studies screened (496 from PubMed, 875
from Embase, 845 from Cochrane, 918 from Web of
Science and 1119 from Scopus), 29 trials (RUF, n = 3;
BRV, n = 5; CNB, n = 2; ESL, n = 7; LCM, n = 5; RTG,
n = 3; PER, n = 4)48–76 with approximately 11,750 patients
were included in the data analysis. The selection process
is descried in Fig. 1. Network plots are presented in
Fig. 2 for all outcomes. The key characteristics of the
studies and participants included are summarised in
Tables 1 and 2.

Risk of bias assessment
Among the 29 included RCTs, all studies were double-
blinded and exhibited a relatively low overall risk of
bias (Appendix 1).

Seizure response
The 50% responder rates were reported in all 29 trials.48–76

An assessment of transitivity with different drugs treated
as separate nodes is detailed in Appendix 2. All seven
ASMs significantly outperformed placebo (Fig. 3a), with
detailed results for seizure response outcomes available
in Appendix 3. RTG achieved the highest SUCRA value,
followed by CNB (Fig. 3b). When analysing different
dosages as separate nodes, three studies were excluded
due to dosage adjustments based on participant weights,
lacking a fixed target dosage.60,61,67 The assessment of
transitivity for this analysis is in Appendix 8, with detailed
results in Appendix 9. Most ASMs at varying dosages
were superior to placebo (Fig. 4a), with CNB 400 mg/
d achieving the highest SUCRA value, followed by RTG
1200 mg/d (Fig. 4b).

Seizure freedom
Seizure freedom data were absent in four studies,50,61,74,75

resulting in 25 studies being analysed further. When
treating different drugs as separate nodes, all ASMs
except RUF were significantly better than placebo
(Fig. 3a), with BRV leading according to SUCRA values,
followed by CNB (Fig. 3b). Detailed results are in
Appendix 4. With different dosages treated as separate
nodes, BRV 100 mg/d ranked highest, followed by CNB
400 mg/d, with details in Appendix 10.

Tolerability
Withdrawals due to AEs were reported in all studies.
With different drugs as separate nodes, all ASMs except
BRV had significantly more withdrawals than placebo
(Fig. 3a), with placebo having the highest SUCRA value,
followed by BRV (Fig. 3b). CNB had the lowest ranking.
Details are in Appendix 7. When considering different
dosages as separate nodes, PER 4 mg/d led, followed by
placebo, with LCM 600 mg/d ranking lowest. Details are
in Appendix 13.

Safety outcomes
At least one AE was not reported in three studies,50,64,65

allowing 26 studies for subsequent analysis. Treating
different drugs as separate nodes showed all ASMs had
more patients with at least one AE than placebo, though
the effect sizes were relatively small (Fig. 3a). Placebo
ranked highest according to SUCRA values, followed by
RUF, with ESL ranking lowest. Detailed outcomes are in
Appendix 5. For different dosages as separate nodes,
CNB 100 mg/d led, followed by placebo, with ESL
1200 mg/d ranking lowest. Details are in Appendix 11.

For SAEs, all studies reported data for each arm. No
significant differences were found between ASMs and
placebo when treating different drugs as separate nodes
(Fig. 3a), with BRV ranking highest according to
SUCRA values, followed by placebo, and RTG ranking
lowest. Details are in Appendix 6. With different dos-
ages as separate nodes, BRV 5 mg/d led, followed by
CNB 200 mg/d, with LCM 400 mg/d ranking lowest.
Details are in Appendix 12.
Discussion
To our knowledge, this study is the most comprehensive
quantitative synthesis to date, examining the use of
www.thelancet.com Vol 70 April, 2024
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third-generation ASMs as an add-on strategy in patients
with treatment-resistant FOS, boasting the largest
sample size. Compared to previous studies addressing
the same issue, we provide an updated and detailed
assessment of efficacy, tolerability, and safety outcomes
for both ASMs and their different dosages. Our findings
aim to inform clinical guidelines and support decision-
making for patients and clinicians, helping to select the
most appropriate treatment strategies in this critical
clinical area.

Achieving seizure freedom is a primary objective in
the treatment of epilepsy.77 However, only 50% of pa-
tients who receive their first antiepileptic drug treatment
become seizure-free.35 This means that many patients
require additional treatment in order to reach this goal.
Unfortunately, more than a third of patients with epi-
lepsy continue to experience uncontrolled seizures even
after being treated with an antiepileptic drug. Addi-
tionally, very few patients with treatment-resistant epi-
lepsy are able to achieve seizure freedom, even with the
use of newer drugs.35,78,79 Uncontrolled epilepsy can have
a profound impact on patients’ lives, leading to psy-
chological and social dysfunction, limited educational
and employment opportunities, and a diminished
quality of life. It also poses a risk of premature
death,32,33,80 with persistent generalised tonic-clonic sei-
zures being a particular risk factor for sudden unex-
pected death in epilepsy.81,82 Given these challenges,
there is a critical need for new and more effective
antiepileptic drugs that can reduce seizures in patients
with uncontrolled epilepsy and help a greater number of
individuals attain seizure freedom.
www.thelancet.com Vol 70 April, 2024
Our findings revealed that CNB secured the sec-
ond position in terms of both seizure response and
seizure freedom. Upon analyzing based on dosages,
CNB at a daily dose of 400 mg emerged as the top
performer for seizure response, while it maintained
its second-place ranking for seizure freedom. How-
ever, CNB is not covered by current guidelines.83,84

CNB is a new antiseizure medication which has
been approved for the treatment of FOS in adults.85 In
November 2019, Xcopri®, marketed by SK Life Sci-
ence Inc (Paramus, NJ, USA), was approved by the
Food and Drug Administration for adult focal sei-
zures.86 The European Medicines Agency (EMA)
approved Ontozry® by Arvelle Therapeutics
Netherlands B.V. (Amsterdam, The Netherlands) for
the adjunctive treatment of FOS in treatment-
resistant adult patients in March 2021.87 Laskier
et al. (2023) estimated the cost per quality-adjusted
life-year (QALY) for CNB compared to BRV, ESL,
LCM, and PER over a lifetime horizon.88 CNB
improved QALYs and was less costly than BRV, ESL,
LCM, and PER. Villanueva et al. (2023) found that
CNB could represent the most effective ASM in all
doses studied compared to the third-generation ASMs
and the most efficient option at DDD for both ≥50%
responder rate and seizure freedom.89 This study
could represent an important contribution towards
informed decision-making regarding the selection of
the most appropriate therapy for FOS in adult patients
with DRE from a clinical and economic perspective in
Spain. CNB is a medication that could potentially
change the perspectives regarding the management
5
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Fig. 2: Network map for all outcomes. Considering each ASM as a separate node: a, network map for seizure response; b, network map for
seizure freedom; c, network map for tolerability; d, network map for AEs; e, network map for SAEs; Considering different dosage as separate
nodes: f, network map for seizure response; g, network map for seizure freedom; h, network map for tolerability; i, network map for AEs; j,
network map for SAEs. Each node represents an intervention, and the size of the node is proportional to the number of patients assigned to the
intervention. The lines indicate direct comparisons between nodes, and the size of the line is proportional to the number of trials comparing
each pair of nodes. PBO, Placebo; RUF, Rufinamide; BRV, Brivaracetam; CNB, Cenobamate; ESL, Eslicarbazepine; LCM, Lacosamide; RTG,
Retigabine; PER, Perampanel; AEs, adverse effects; SAEs, serious adverse events.
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and prognosis of refractory epilepsy.90 CNB has a dual
complementary mechanism of action. It works by
both inhibiting the persistent component of the so-
dium current, thus decreasing excitatory currents,
and enhancing the inactivated state of voltage-gated
sodium channels.91 This dual activity contributes to
its antiseizure properties. Additionally, it has been
found that CNB enhances inhibitory currents through
allosteric modulation of the GABAA receptor, leading
to a decrease in neuronal excitability.91,92 Experimental
evidence suggests that CNB may target both synaptic
and extrasynaptic GABAA receptors. CNB has the
potential to significantly impact the management and
prognosis of refractory epilepsy,93 especially if pa-
tients can tolerate higher dosages. Therefore, CNB
may be considered as a cost-effective adjunctive
medication for patients with treatment-resistant FOS.
BRV is also a new type of medication derived from
pyrrolidine. Our findings indicate that BRV secured the
top position for both seizure freedom and SAEs. When
considering dosages, BRV at 100 mg/d emerged as the
leading option for seizure freedom. It acts as a potent
inhibitor for synaptic vesicle protein 2A (SV2A),
showing greater affinity compared to levetiracetam
(LEV) in the human cerebral cortex.94 Additionally, BRV
also exhibits inhibitory effects on neuronal voltage-
dependent sodium channels.94–96 These properties
make BRV a promising candidate for the treatment of
both focal and generalised seizures, as observed in an-
imal models.97 In terms of pharmacokinetics, BRV dis-
plays linear characteristics across a wide range of doses.
It is rapidly and almost completely absorbed by the
body, with an elimination half-life of approximately 8 h.
The medication also has a plasma protein binding rate
www.thelancet.com Vol 70 April, 2024
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Study Study design Main inclusion criteria Treatment arms

Brodie MJ
et al. (2010)48

Multicenter, multinational (71 centers in Australia, Belgium, France, Germany,
Hungary, Israel, Poland, Russia, South Africa, Spain, the United Kingdom,
Ukraine, and the United States) Randomised, double-blind, parallel-group
study,placebo-controlled trial:
8-week observational baseline period
4-week titration phase
12-week maintenance phase
4-week transition phase

Aged 18–75 years
Localization-related epilepsy refractory to stable doses of 1–3
AEDs
4 qualifying seizures per 28 d without a seizure-free period of
>21 d during the baseline period

PBO (n = 179)
RTG 600 mg/d (n = 181)
RTG 900 mg/d (n = 178)

French JA
et al. (2011)49

Multicenter, multinational (the United States, Canada,Mwxico, Argentina)
Randomised,double-blind, parallel-group, placebo-controlled trial:
8-week observational baseline period
6-week titration phase
12-week maintenance phase

Aged 18–75 years
With drug-resistant partial epilepsy characterized by simple or
complex partial-onset seizures, with or without secondary
generalization, a 28-day partial seizure frequency of ≥4
seizures over 8 weeks
Current treatment on a stable dose of 1–3 ASMs with or
without vagus nerve stimulator

PBO (n = 152)
EZG [RTG] 1200 mg/
d (n = 153)

Porter RJ et al.
(2007)50

Multicenter, nultinational (Europe, Australia and the United States)
Parallel-group, double-blind, placebo-controlled, randomised clinical trial:
8-week observational baseline period
8-week titration phase
8-week maintenance phase

Aged 16–70 years (inclusive)
Had inadequately controlled partialonset seizures
Patients had to experience a minimum of four partial-onset
seizures per month during the 8-week baseline
Phase with no 30-day seizure-free period, while maintained on
stable doses of one or two AEDs (valproate, carbamazepine,
phenytoin, topiramate, lamotrigine, gabapentin,
oxcarbazepine, benzodiazepines, or barbiturates)
Patients receiving treatment with vagal nerve stimulator were
eligible as long as the stimulation parameters were kept
constant throughout the study (considered as one AED)
Women of childbearing potential were not to be pregnant or
lactating and were to be using a reliable method of
contraception

PBO (n = 96)
RTG 600 mg/d (n = 99)
RTG 900 mg/d (n = 95)
RTG 1200 mg/d (n = 106)

Biton V et al.
(2014)51

Multicentre, multinational (Australia, Brazil, Canada, Mexico, USA)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
12-week maintenance phas
1-week downtitration period

Aged 16–70 years
Focal epilepsy uncontrolled despite treatment with one or two
ASMs
At least 2 focal seizures/month during the 3 months before
screening and at least 8 focal seizures during the 8-week
baseline period
Current treatment on a stable dose of 1–2 ASMs for at least 4
weeks before screening

PBO (n = 98)
BRV 5 mg/d (n = 97)
BRV 20 mg/d (n = 100)
BRV 50 mg/d (n = 101)

Ryvlin P et al.
(2014)52

Multicentre, multinational (Belgium, Finland, France, Germany, Hungary,
India, Italy, Poland, Spain, Swit- zerland, The Netherlands, UK)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
12-week maintenance phase

Aged 16–70 years
Focal epilepsy uncontrolled despite treatment with one or two
ASMs
At least 2 focal seizures/month during the 3 months before
screening and at least 8 focal seizures during the 8-week
baseline period
Current treatment on a stable dose of 1–2 ASMs for at least 4
weeks before screening

PBO (n = 100)
BRV 20 mg/d (n = 99)
BRV 50 mg/d (n = 99)
BRV 100 mg/d (n = 100)

Klein P et al.
(2015)53

Multicentre, multinational (Austria, Belgium, Brazil, Bulgaria, Canada, Czech
Republic, Estonia, Finland, France, Germany, Hong Kong, Hungary, India,
Italy, Japan, Latvia, Lithuania, Mexico, Poland, Puerto Rico, Republic of Korea,
Russia, The Netherlands, Spain, Sweden, Taiwan, UK, USA)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
12-week maintenance phase
4-week down-titeation period
2-week drug-free period

Aged 16–80 years
Focal epilepsy uncontrolled despite treatment with one or two
ASMs
At least 2 focal seizures/month during the 3 months before
screening and at least 8 focal seizures during the 8-week
baseline period
Current treatment on a stable dose of 1–2 ASMs for at least 4
weeks before screening

PBO (n = 261)
BRV 100 mg/d (n = 253)
BRV 200 mg/d (n = 250)

Van
Paesschen W
et al. (2013)54

Multicenter, nultinational (42 centers in nine European countries:Belgium,
Czech Republic, Finland, France, Germany, The Netherlands, Poland, Spain
and the United Kingdom)
Randomised, double-blind, placebo-controlled, parallel group, dose-ranging
study:
4- week prospective baseline
3-week up-titration period
7-week maintenance period
2-week double-blinded down-titration period
2-week drug-free period

Aged 16–65 years
With partial-onset seizures, with or without secondary
generalization required to have wellcharacterized focal epilepsy
or epileptic syndrome
Two or more partial-onset seizures per month during the 3
months prior to study entry, four or more partial-onset
seizures during the
4-week prospective baseline period, and a stable regimen of
one to two concomitant AEDs
The same doses and AEDs were required to have been
maintained for 1 month before screening and throughout
study participation

PBO (n = 52)
BRV 50 mg/d (n = 53)
BRV 150 mg/d (n = 52)

(Table 1 continues on next page)
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(Continued from previous page)

French JA
et al. (2010)55

Multicenter, nultinational (41 epilepsy centers in Brazil, India, Mexico, the
United States) an exploratory, phase IIb, double-blind, randomised, Parallel-
group, placebocontrolled, dose-ranging study:
4-week observational baseline period
7-week treatment period
2-week follow-up drug free period

Aged 16–65 years
With refractory POS, whether or not secondarily generalized
and well-characterized focal epilepsy/epileptic syndrome
Experiencing at least 4 POS during a 4-week prospective
baseline period and taking 1 or 2 concomitant AEDs
maintained at stable dose from at least 1 month before
screening and throughout the study
Use of felbamate in the past year or current use of vigabatrin
were forbidden for safety reasons; patients previously treated
with vigabatrin were required to have stable visual fields;
phenobarbital usage in the past 6 months was not permitted
due to a possible pharmacokinetic interaction with BRV
Taking any concomitant medications that could affect the
metabolism of BRV, or medications with possible CNS effects
determined at the investigator’s discretion, must have been on
a stable dose for at least 1 month before the screening visit,
and remain on this dose during the study

PBO (n = 54)
BRV 5 mg/d (n = 50)
BRV 20 mg/d (n = 52)
BRV 50 mg/d (n = 52)

Elger C et al.
(2009)56

Multicentre, multinational (Austria, Croatia, Czech Republic, Germany, Hungary,
Lithuania, Poland, Romania, Russia, Switzerland)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
2-week titration phase
12-week maintenance phase

Aged 18 years or older Focal onset seizures for a minimum of
12 months before screening
At least 4 focal seizures in the two 4-week periods of the 8-
week baseline period with no seizure-free interval >21
consecutive days
Current treatment on a stable dose of 1–2 ASMs for at least 2
months before screening

PBO (n = 102)
ESL 400 mg/d (n = 100)
ESL 800 mg/d (n = 98)
ESL 1200 mg/d (n = 102)

Gil-Nagel A
et al. (2009)57

Multicentre, multinational (Mexico, Portugal, Spain)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
2-week titration phase
12-week maintenance phase
4-week tapering-off period

Aged 18 years or older
Focal onset seizures for a minimum of 12 months before
screening
At least 4 focal seizures in the two 4-week periods before
screening as well as during each of the 4-weeks periods of the
8-week baseline period
Current treatment on a stable dose of 1–2 ASMs for at least 2
months before screening

PBO (n = 87)
ESL 800 mg/d (n = 85)
ESL 1200 mg/d (n = 80)

Ben-
Menachem E
et al. (2010)58

Multicentre, multinational (Argentina, Australia, Bel- gium, Brazil, Denmark,
Germany, The Netherlands, Portugal, Romania, South Africa, Spain, Sweden,
UK)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
14-week treatment period

Aged 18 years or older Focal onset seizures for a minimum of
12 months before screening
At least 4 focal seizures in the two 4-week periods before
screening as well as during each of the two 4-week periods of
the 8-week baseline period
Current treatment on a stable dose of 1–3 ASMs for at least 2
months before screening

PBO (n = 100)
ESL 400 mg/d (n = 96)
ESL 800 mg/d (n = 101)
ESL 1200 mg/d (n = 98)

Sperling MR
et al. (2015)59

Multicentre, multinational (Argentina, Australia, Belgium, Brazil, Canada,
Cyprus, France, Germany, Greece, Hungary, India, Italy, Poland, Turkey, South
Korea, Romania, South Africa, Ukraine, US)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
2-week titration phase
12-week maintenance phase
2-week tapering off period

Aged 16 years or older
Focal onset seizures for a minimum of 12 months before
screening
At least 4 focal seizures within the 4-week period before
screening and at least 8 focal seizures during the baseline
period (with ≥3 seizures during each 4-week period and no
seizure-free interval exceeding 28 con- secutive days)
Current treatment on a stable dose of 1–2 ASMs for at least 1
month before screening

PBO (n = 224)
ESL 800 mg/d (n = 216)
ESL 1200 mg/d (n = 210)

Jóźwiak S
et al. (2018)60

Multicenter, nultinational (Italy, Poland, Russia, and Ukraine)
Phase-II, randomised, double-blind, placebo-controlled study:
4-week baseline period
4-week up-titration period
8-week maintenance phase
4-week tapering-off period
4-week observational follow-up period

Aged 6–16 years
Diagnosed with epilepsy for ≥12 months prior to enrolment,
with at least 2 epileptic FOS (≥4 in the month before
enrolment), receiving 1–2 AEDs (except oxcarbazepine), and
intelligence quotient (IQ) ≥70, were randomised (2:1) to ESL or
placebo

PBO (n = 40)
ESL 30 mg/kg/d,
maximum of 1200 mg/
d (n = 83)

Kirkham F
et al. (2020)61

Multicenter, nultinational (Czech Republic, Hungary, Poland, Romania, Russia,
Slovakia, Ukraine, Austria, France, Germany, United Kingdom, Bosnia and
Herzegovina, Croatia, Italy, Portugal, Serbia, Spain, Malaysia, Philippines, and
Taiwan)
Phase-III, randomised, double-blind, placebo-controlled study:
8-week baseline period
6-week titration period
12-week maintenance phase
4-week tapering-off period
4-week observational follow-up period

Aged 2–18 years
Diagnosed as having epilepsy for ≥6months prior to
enrollment, with FOS (≥4 seizures in the month before
enrollment), receiving 1–2 AEDs (except oxcarbazepine), were
randomised (1:1) to ESL or placebo

PBO (n = 129)
ESL 20–30 mg/kg/d,
maximum of 1200 mg/
d (n = 134)

(Table 1 continues on next page)
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(Continued from previous page)

Elger C et al.
(2007)62

Multicenter, nultinational (Croatia, Czech Republic, Germany, Lithuania, and
Poland)
Randomised, placebo-controlled, parallel-group, therapeutic exploratory
(phase II) study:
2-month baseline period
12-week treatment phase
1-week tapering-off phase

Aged 18–65 years
With at least four partial-onset seizures per month in spite of
treatment with one or two of the following AEDs: phenytoin,
valproic acid, primidone, phenobarbital, lamotrigine,
gabapentin, topiramate, and clonazepam in stable doses
during at least 2 months prior to randomization

PBO (n = 47)
ESL 1200 mg/d QD
(n = 50)
ESL 1200 mg/d BID
(n = 46)

Ben-
Menachem E
et al. (2007)63

Multicentre, multinational (Germany, Hungary, Lithu- ania, Poland,
Switzerland, UK, USA)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
6-week titration phase
12-week maintenance phase

Aged 18–65 years
Focal onset seizures for at least the preceding 2 years despite
treatment with at least two ASMs
At least 4 focal seizures per 28 days on average, with no
seizure-free period longer than 21 days during the 8-week
baseline period
Current treatment on a stable dose of 1–2 ASMs in the 4 weeks
before enrolment and during the baseline period

PBO (n = 97)
LCM 200 mg/d (n = 107)
LCM 400 mg/d (n = 108)
LCM 600 mg/d (n = 106)

Halász P et al.
(2009)64

Multicentre, multinational (Australia, Croatia, Czech Republic, Finland, France,
Germany, Hungary, Lithu- ania, Poland, Russia, Spain, Sweden, UK)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
4-week titration phase
12-week maintenance phase
2-week transition or taper period

Aged 16–70 years
Focal onset seizures for at least the preceding 2 years despite
treatment with at least two ASMs
At least 4 focal seizures per 28 days on average, with no
seizure-free period longer than 21 days during the 8-week
period before enrolment as well as during the 8-week baseline
period
Current treatment on a stable dose of 1–3 ASMs in the 4 weeks
before enrolment and during the baseline period

PBO (n = 163)
LCM 200 mg/d (n = 163)
LCM 400 mg/d (n = 159)

Chung S et al.
(2010)65

Multicentre, national (USA)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
6-week titration phase
12-week maintenance phase
2-week transition or 3-week taper period

Aged 16–70 years
Focal onset seizures for at least the preceding 2 years despite
treatment with at least two ASMs
At least 4 focal seizures per 28 days, with no seizure-free
period longer than 21 days during the 8-week baseline period
Current treatment on a stable dose of 1–3 ASMs in the 4 weeks
before enrolment and during the baseline period

PBO (n = 104)
LCM 400 mg/d (n = 204)
LCM 600 mg/d (n = 97)

Hong Z et al.
(2016)66

Multicentre, multinational (China, Japan)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
4-week titration phase
12-week maintenance phase
2-week transition or 3-week taper period

Aged 16–70 years
Focal onset seizures for at least the preceding 2 years despite
treatment with at least two ASMs
At least 4 focal seizures with motor sign per 28d and no
seizurefree period or longer than 21d during the 8 weeks
before baseline
Current treatment on a stable dose of 1–3 ASMs in the 4 weeks
before entry into the baseline period

PBO (n = 184)
LCM 200 mg/d (n = 183)
LCM 400 mg/d (n = 180)

Farkas V et al.
(2019)67

Multicentre, multinational (at 114 sites in Europe, North America, Latin
America, and the Asia Pacific region)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
6-week titration phase
10-week maintenance phase
4-week taper/transition period
30-day safety follow-up period

Children and adolescents (≥4–<17 years of age)
Focal (partial-onset) seizures, with ≥1 prior EEG and MRI/CT
scans consistent with this diagnosis
Uncontrolled focal seizures after an adequate course of
treatment (in the opinion of the investigator) with ≥2 AEDs
(concurrently or sequentially)
An average of ≥2 focal seizures per 28 days, with no more
than 21 days without seizures in the 8-week period before
entering the baseline period, and at least 2 focal seizures
during the 8-week prospective baseline
A stable dose regimen of 1–3 AEDs for ≥4 weeks before the
baseline period and throughout the trial

PBO (n = 172)
<30 kg (n = 52);
≥30 kg–<50 kg (n = 60);
≥50 kg (n = 60)
LCM (n = 171)
<30 kg: 8–12
mg/kg/d (n = 61);
≥30 kg–<50 kg: 6–8
mg/kg/d (n = 46);
≥50 kg: 300–400
mg/d (n = 64)

Krauss GL
et al. (2012)68

Multicentre, multinational (Australia, Bulgaria, Czech Republic, Estonia,
Germany, Hong Kong, Hungary, India, Italy, Latvia, Lithuania, Malaysia,
Philippines, Poland, Portugal, Republic of Korea, Romania, Russia, Serbia,
Spain, Taiwan, Thailand, Ukraine)
Parallel-group, randomised, placebo-controlled trial:
6-week observational baseline period
6-week titration phase
13-week maintenance phase
4-week after stopping treatment period

Aged 12 years or older
Focal onset seizures despite treatment with at least two ASMs
within the past 2 years
At least 5 focal seizures in the 6-week baseline period, with ≥2
focal seizures per each of 3-week period and no seizure-free
interval exceeding 25 days
Current treatment on a stable dose of 1–3 ASMs for at least 3
weeks before randomisation

PBO (n = 185)
PER 2 mg/d (n = 180)
PER 4 mg/d (n = 172)
PER 8 mg/d (n = 169)

(Table 1 continues on next page)
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French JA
et al. (2012)69

Multicentre, multinational (Argentina, Canada, Chile, Mexico, USA)
Parallel-group, randomised, placebo-controlled trial:
6-week observational baseline period
6-week titration phase
13-week maintenance phase
4-week follow-up phase

Aged 12 years or older
Focal onset seizures despite treatment with at least two ASMs
within the past 2 years
At least 5 focal seizures in the 6-week baseline period, with ≥2
focal seizures per each of 3-week period and no seizure-free
interval exceeding 25 days
Current treatment on a stable dose of 1–3 ASMs for at least 3
weeks before randomisation

PBO (n = 121)
PER 8 mg/d (n = 133)
PER 12 mg/d (n = 134)

French JA
et al. (2013)70

Multicentre, multinational (Australia, Austria, Belgium, Germany, Finland,
France, UK, Greece, India, Israel, Italy, The Netherlands, Russia, South Africa,
Sweden, USA)
Parallel-group, randomised, placebo-controlled trial:
6-week observational baseline period
6-week titration phase
13-week maintenance phase

Aged 12 years or older
Focal onset seizures despite treatment with at least two ASMs
within the past 2 years
At least 5 focal seizures in the 6-week baseline period, with ≥2
focal seizures per each of 3-week period and no seizure-free
interval exceeding 25 days
Current treatment on a stable dose of 1–3 ASMs for at least 3
weeks before randomisation

PBO (n = 136)
PER 8 mg/d (n = 129)
PER 12 mg/d (n = 121)

Nishida T
et al. (2018)71

Multicentre, multinational (Australia, China, Japan, Malaysia, Republic of Korea,
Taiwan, Thailand)
Parallel-group, randomised, placebo-controlled trial:
6-week observational baseline period
6-week titration phase
13-week maintenance phase

Aged 12 years or older
Focal onset seizures despite treatment with at least two ASMs
within the past 2 years
At least 5 focal seizures in the 6-week baseline period, with ≥2
focal seizures per each of 3-week period and no seizure-free
interval exceeding 25 days
Current treatment on a stable dose of 1–3 ASMs

PBO (n = 175)
PER 4 mg/d (n = 174)
PER 8 mg/d (n = 175)
PER 12 mg/d (n = 180)

Krauss GL
et al. (2020)72

Multicentre, multinational (Australia, Bulgaria, Czech Republic, France,
Germany, Hungary, Israel, Poland, Romania, Serbia, South Korea, Spain,
Thailand, Ukraine, UK, USA)
Parallel-group, randomised, placebo-controlled trial:
8-week observational baseline period
6-week titration phase
12-week maintenance phase

Aged 18–70 years
Focal epilepsy uncontrolled despite treatment with at least one
ASM within the past 2 years
At least 8 focal seizures with a seizure-free interval fewer than
25 days during the 8-week baseline assessment with at least 3
of these seizures occurring during each of the two consecutive
4-week segments of the baseline period
Current treatment on a stable dose of 1–3 ASMs for at least 4
weeks before screening

PBO (n = 108)
CNB 100 mg/d (n = 108)
CNB 200 mg/d (n = 110)
CNB 400 mg/d (n = 111)

Chung SS
et al. (2020)73

This phase 2, multicenter, multinational (the United States, India, Republic of
Korea, and Poland)
Randomised, double-blind, placebocontrolled, parallel-group study:
8-week baseline period
6-week titration phase
6-week maintenance phase

Aged 18–65 years
With a diagnosis of treatment-resistant focal (partial-onset)
epilepsy had an EEG consistent with the diagnosis of focal
epilepsy and a CT or MRI scan performed within the last 5 years

PBO (n = 109)
CNB 200 mg/d (n = 113)

Elger CE et al.
(2010)74

Multicenter, randomised, double-blind, double-dummy, Placebo-controlled,
parallel-group study:
12-week baseline phase
12-week double-blind phase

Aged 15–65 years
Had a diagnosis of partial seizures, simple and/or complex, with
or without secondary generalization, who were receiving stable
dosages of one to three AEDs for at least 4 weeks prior to
starting the baseline phase and were experiencing at least four
seizures per month during the 6 months prior to the baseline
phase

PBO (n = 133)
RUF 200 mg/d (n = 127)
RUF 400 mg/d (n = 125)
RUF 800 mg/d (n = 129)
RUF 1600 mg/d (n = 133)

Biton V et al.
(2011)75

Randomised, double-blind, placebo-controlled, parallel-group study:
56-day baseline phase
12-day titration phase
84-day maintenance phase

Aged 12–80 years
With partial-onset seizures with or without secondarily
generalized seizures
Vagus nerve stimulators had to have been implanted for at
least 6 months before randomization and stimulator
parameters had to have been unchanged for at least 1 month
prior to screening and for the duration of the study

PBO (n = 180)
RUF 3200 mg/d (n = 176)

Brodie MJ
et al. (2009)76

Multicenter, nultinational (the United States, Argentina, Chile, France, Germany,
Great Britain, Italy, Russia, Slovakia, South Africa, Spain, Switzerland, and
Uruguay)
Double-blind, placebo-controlled, randomised, parallel-group:
8- week baseline phase
2-week titration period
11-week maintenance phase

Aged 16 years or older and weighed at least 18 kg
Had a diagnosis of partial seizures, had been on a stable dose of
one or two AEDs during the 8-week baseline phase (any
additional AEDs or nonallowed medication must have been
discontinued 30 days prior to the 8-week baseline phase)
Had at least six documented partial seizures during the 8-week
baseline phase (with at least one partial seizure occurring in
each 4-week period)
Eligible women capable of bearing children were required to
use acceptable methods of contraception (an intrauterine
device, spermicide and barrier, or abstinence) for at least 1
month prior to study enrollment and throughout the study
and have a negative pregnancy test at the time of
randomization

PBO (n = 157)
RUF 3200 mg/d (n = 156)

PBO: Placebo; RUF: Rufinamide, BRV: Brivaracetam, CNB: Cenobamate, ESL: Eslicarbazepine, LCM: Lacosamide, RTG: Retigabine, PER: Perampanel.

Table 1: Characteristics of the included studies.
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Treatment arm Number of
participants

Age, years,
mean (SD)

Male (percentage)/
female (percentage)

Epilepsy
duration, years,
mean (SD)

Number of concomitant ASMs, (%) Baseline seizure
frequency per
28 days, median

One Two Three or
more

Brodie MJ et al.
(2010)48

PBO 179 37.7 (11.8) 89 (50.0)/90 (50.0) 22.8 (11.8) 40 (22.3) 87 (48.6) 52 (29.1) 9.3

EZG (RTG) 600 mg/d 181 37.5 (12.0) 76 (42.0)/105 (58.0) 22.5 (13.0) 49 (27.1) 76 (42.0) 56 (30.9) 9.5

EZG (RTG) 900 mg/d 178 37.7 (12.8) 93 (52.0)/85 (48.0) 22.5 (12.7) 35 (19.7) 99 (55.6) 44 (24.7) 10.3

French JA et al.
(2011)49

PBO 152 36.7 (11.6) 72 (47.4)/80 (52.6) 23.1 (12.8) 21 (13.8) 70 (46.1) 61 (40.1) 11.3

EZG (RTG) 1200 mg/d 153 37.7 (12.6) 68(44.4)/85(55.6) 23.7 (13.0) 32 (20.9) 79 (51.6) 42 (27.5) 12.1

Porter RJ et al.
(2007)50

PBO 96 34.5 (10.3) 48 (50.0)/48 (50.0) 20.8 (11.2) 33 (34.3) 62 (64.6) 1 (1.1) 8.5

RTG 600 mg/d 99 36.8 (10.9) 53 (53.5)/46 (46.5) 21.2 (12.0) 26 (26.0) 72 (72.0) 2 (2.0) 8.5

RTG 900 mg/d 95 37.0 (10.2) 48 (50.5)/47 (49.5) 19.7 (12.0) 26 (27.4) 69 (72.6) 0 7.9

RTG 1200 mg/d 106 38.3 (11.9) 55 (51.9)/51 (48.1) 20.1 (11.4) 31 (29.2) 74 (69.8) 1 (0.9) 10.4

Biton V et al.
(2014)51

PBO 98 37.5 (12.6) 43 (43.9)/55 (56.1) 24.3 (12.2) 13 (13.3) 80 (81.6) 4 (4.1) 2.6b

BRV 5 mg/d 97 38.9 (11.6) 49 (50.5)/48 (49.5) 22.2 (12.1) 14 (14.4) 76 (78.4) 7 (7.2) 2.4b

BRV 20 mg/d 100 37.3 (13.3) 52 (52.0)/48 (48.0) 22.9 (14.0) 16 (16.0) 72 (72.0) 12 (12.0) 2.2b

BRV 50 mg/d 101 38.9 (12.3) 51 (50.5)/50 (49.5) 26.2 (12.0) 13 (12.9) 82 (81.2) 6 (5.9) 2.9b

Ryvlin P et al.
(2014)52

PBO 100 36.4 (13.0) 54 (54.0)/46 (46.0) 20.4 (12.3) 14 (14.0) 83 (83.0) 3 (3.0) 2.07b

BRV 20 mg/d 99 35.7 (12.5) 61 (61.6)/38 (38.4) 22.1 (13.6) 18 (18.2) 77 (77.8) 4 (4.0) 1.93b

BRV 50 mg/d 99 38.9 (13.6) 54 (54.5)/45 (45.5) 22.3 (13.0) 20 (20.2) 77 (77.8) 2 (2.0) 1.80b

BRV 100 mg/d 100 38.0 (13.1) 58 (58.0)/42 (42.0) 22.1 (12.8) 16 (16.0) 77 (77.0) 7 (7.0) 2.02b

Klein P et al.
(2015)53

PBO 261 39.8 (12.5) 133 (51.0)/128 (49.0) 22.7 (13.3) 75 (29.0) 181 (69.9) 3 (1.2) 10.0

BRV 100 mg/d 253 39.1 (13.4) 102 (40.3)/151 (59.7) 22.2 (13.3) 70 (27.8) 182 (72.2) 0 9.5

BRV 200 mg/d 250 39.8 (12.8) 133 (53.2)/117 (46.8) 23.4 (14.6) 69 (27.7) 179 (71.9) 1 (0.4) 9.3

Van Paesschen W
et al. (2013)54

PBO 52 40.0 (11.7) 25 (48.1)/27 (51.9) 21.0 (12.9) 7 (13.5) 43 (82.7) 1 (1.9) 2.27b

BRV 50 mg/d 53 38.2 (12.1) 24 (45.3)/29 (54.7) 25.1 (14.8) 13 (24.5) 35 (66.0) 5 (9.4) 1.75b

BRV 150 mg/d 52 34.4 (10.1) 21 (40.4)/31 (59.6) 19.8 (11.6) 9 (17.3) 39 (75.0) 4 (7.7) 2.94b

French JA et al.
(2010)55

PBO 54 33.6 (11.3) 24 (44.4)/30 (55.6) 21.7 (13.0) 20 (37.0) 31 (57.4) 3 (5.6) 2.23b

BRV 5 mg/d 50 32.7 (12.2) 30 (60.0)/20 (40.0) 16.0 (11.5) 15 (30.0) 29 (58.0) 6 (12.0) 2.21b

BRV 20 mg/d 52 35.3 (13.7) 28 (53.8)/24 (46.2) 22.9 (13.5) 22 (42.3) 28 (53.8) 2 (3.8) 2.34b

BRV 50 mg/d 52 30.9 (11.6) 28 (53.8)/24(46.2) 19.1 (10.8) 16 (30.8) 34 (65.4) 2 (3.8) 1.95b

Elger C et al.
(2009)56

PBO 102 37.0 (11.9) 48 (47.1)/54 (52.9) 19.4 (12.6) 34 (33.3) 67 (65.7) 1 (1.0) 6.7

ESL 400 mg/d 100 37.8 (11.4) 50 (50.0)/50 (50.0) 21.0 (11.7) 39 (39.0) 60 (60.0) 1 (1.0) 7.5

ESL 800 mg/d 98 41.3 (12.0) 54 (55.1)/44 (44.9) 23.1 (13.5) 31 (31.6) 67 (68.4) 0 7.0

ESL 1200 mg/d 102 38.4 (11.7) 44 (43.1)/58 (56.9) 20.4 (11.9) 39 (38.2) 63 (61.8) 0 7.4

Gil-Nagel A et al.
(2009)57

PBO 87 37.7 (12.1) 43 (49.4)/44 (50.6) 23.8 (13.0) 16 (18.4) 66 (75.9) 5 (5.7) 11.3 (18.5)c

ESL 800 mg/d 85 36.8 (10.7) 35 (41.2)/50 (58.8) 22.5 (11.8) 22 (25.9) 58 (68.2) 5 (5.9) 11.6 (22.1)c

ESL 1200 mg/d 80 36.0 (11.4) 35 (43.8)/45 (56.3) 23.0 (13.0) 12 (15.0) 63 (78.8) 5 (6.3) 11.3 (10.3)c

Ben-Menachem E
et al. (2010)58

PBO 100 36.7 (12.2) 52 (52.0)/48 (48.0) 25.4 (13.1) 15 (15.0) 76 (76.0) 9 (9.0) 8.0

ESL 400 mg/d 96 37.6 (11.2) 39 (40.6)/57 (59.4) 24.7 (11.5) 22 (22.9) 68 (70.8) 6 (6.3) 8.0

ESL 800 mg/d 101 36.4 (12.6) 51 (50.5)/50 (49.5) 22.4 (11.6) 17 (16.8) 73 (72.3) 11 (10.9) 9.0

ESL 1200 mg/d 98 36.9 (11.6) 52 (53.1)/46 (46.9) 23.0 (12.9) 20 (20.4) 68 (69.4) 10 (10.2) 9.0

Sperling MR et al.
(2015)59

PBO 224 39.0 (16, 67)a 112 (50.0)/112 (50.0) 21.3 (14.6) 64 (28.6) 158 (70.5) 1 (0.4) 8.0

ESL 800 mg/d 216 38.5 (16, 71)a 109 (50.5)/107 (49.5) 21.6 (13.0) 60 (27.8) 153 (70.8) 0 8.0

ESL 1200 mg/d 210 38.0 (16, 69)a 105 (50.0)/105 (50.0) 21.2 (13.0) 59 (28.1) 151 (71.9) 0 9.0

Jóźwiak S et al.
(2018)60

PBO 40 11.6 (2.8) 26 (65.0)/14 (35.0) NA 19 (47.5) 18 (45.0) NA 5.2

ESL 30 mg/kg/d, maximum
of 1200 mg/d

83 11.8 (3.1) 47 (56.6)/36 (43.4) NA 44 (53.0) 37 (44.6) NA 5.0

(Table 2 continues on next page)
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Treatment arm Number of
participants

Age, years,
mean (SD)

Male (percentage)/
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Epilepsy
duration, years,
mean (SD)

Number of concomitant ASMs, (%) Baseline seizure
frequency per
28 days, median

One Two Three or
more

(Continued from previous page)

Kirkham F et al.
(2020)61

PBO 129 9.5 (3.9) 62 (48.1)/67 (51.9) 2–6 years
3.6 (1.4)d

7–11 years
6.3 (2.7)d

12–18 years
8.8 (4.1)d

25 (19.4) 94 (72.9) 10 (7.8) 17.0

ESL 20–30 mg/kg/d,
maximum of 1200 mg/d

134 9.9 (4.2) 64 (47.8)/70 (52.2) 2–6 years
3.1 (1.4)d

7–11 years
6.6 (3.0)d

12–18 years
8.9 (4.3)d

21 (15.7) 98 (73.1) 15 (11.2) 11.5

Elger C et al.
(2007)62

PBO 47 40.4 (10.8) (42.6)/(57.4) 20.0 (13.6) (32.0) (68.0) 0 11.8 (4, 120)c

ESL 1200 mg/d QD 50 39.3 (11.4) (44.0)/(56.0) 16.7 (11.7) (30.0) (70.0) 0 14.1 (4, 106)c

ESL 1200 mg/d BID 46 39.8 (11.9) (34.8)/(65.2) 19.5 (12.6) (39.0) (61.0) 0 13.6 (4, 128)c

Ben-Menachem E
et al. (2007)63

PBO 97 38.9 (11.1) 47 (48.0)/50 (52.0) 24.6 (11.8) 16% and 84% of the patients were taking
1 and 2 ASMs

Median seizure
frequency ranged
from 11 to 13
across all arms

LCM 200 mg/d 107 39.9 (11.7) 46 (43.0)/61 (57.0) 25.1 (12.9)

LCM 400 mg/d 108 41.2 (11.6) 53 (49.0)/55 (51.0) 24.7 (13.1)

LCM 600 mg/d 106 39.4 (10.5) 45 (42.0)/61 (58.0) 23.6 (12.7)

Halász P et al.
(2009)64

PBO 163 38.5 (10.9) 91 (55.8)/72 (44.2) 21.1 (12.2) 21 (13.2) 82 (51.6) 56 (35.2) 9.9

LCM 200 mg/d 163 36.9 (11.7) 90 (55.2)/73 (44.8) 22.9 (12.3) 17 (10.6) 77 (48.1) 66 (41.3) 11.5

LCM 400 mg/d 159 37.9 (13.0) 69 (43.4)/90 (56.6) 22.8 (13.2) 25 (15.8) 79 (50.0) 54 (34.2) 10.3

Chung S et al.
(2010)65

PBO 104 38.1 (12.0) 49 (47.1)/55 (52.9) 25.4 (13.3) 18 (17.3) 54 (51.9) 32 (30.8) 15.0

LCM 400 mg/d 204 39.1 (12.4) 104 (51.0)/100 (49.0) 24.5 (13.2) 36 (17.9) 110 (54.7) 55 (27.4) 11.5

LCM 600 mg/d 97 36.8 (11.8) 47 (48.5)/50 (51.5) 23.4 (13.3) 18 (18.6) 57 (58.8) 22 (22.7) 16.5

Hong Z et al.
(2016)66

PBO 184 31.8 (12.0) 102 (55.4)/82 (44.6) 16.8 (11.5) 41 (22.4) 71 (38.8) 71 (38.8) 10.5

LCM 200 mg/d 183 33.2 (12.2) 94 (51.4)/89 (48.6) 18.3 (10.9) 45 (24.7) 79 (43.4) 58 (31.9) 11.0

LCM 400 mg/d 180 32.3 (11.9) 104 (57.8)/76 (42.2) 17.9 (11.7) 35 (19.6) 81 (45.3) 63 (35.2) 10.0

Farkas V et al.
(2019)67

PBO <30 kg 52 10.9 (3.5) 99 (57.6)/73 (42.4) 6.04 (0.4, 16.2)a 29 (16.9) 82 (47.7) 61 (35.5) 8.7

PBO ≥30 kg ≤50 kg 60

PBO ≥50 kg 60

LCM <30 kg: 8–12 mg/kg/d 61 10.5 (3.6) 91 (53.2)/80 (46.8) 6.00 (0.4, 15.7)a 30 (17.5) 78 (45.6) 63 (36.8) 10.4

LCM ≥30 kg ≤50 kg:
6–8 mg/kg/d

46

LCM ≥50 kg: 300–400
mg/d

64

Krauss GL et al.
(2012)68

PBO 185 33.4 (12.6) 95 (51.4)/90 (48.6) 17.5 (10.7)d 28 (15.1) 90 (48.6) 67 (36.2) 9.3

PER 2 mg/d 180 33.8 (13.6) 85 (47.2)/95 (52.8) 19.4 (12.1)d 30 (16.7) 80 (44.4) 70 (38.9) 10.1

PER 4 mg/d 172 33.6 (12.2) 88 (51.2)/84 (48.8) 19.7 (12.1)d 19 (11.0) 88 (51.2) 65 (37.8) 10.0

PER 8 mg/d 169 34.6 (12.8) 77 (45.6)/92 (54.4) 20.0 (11.9)d 27 (16.0) 82 (48.5) 60 (35.5) 10.9

French JA et al.
(2012)69

PBO 121 35.6 (14.7) 54 (44.6)/67 (55.4) 24.1 (12.9)d 15 (12.4) 64 (52.9) 42 (34.7) 13.7

PER 8 mg/d 133 35.8 (14.2) 65 (48.9)/68 (51.1) 23.6 (13.5)d 26 (19.5) 70 (52.9) 37 (27.8) 14.3

PER 12 mg/d 134 36.7 (14.6) 69 (51.5)/65 (48.5) 23.3 (14.4)d 19 (14.2) 82 (61.2) 33 (24.6) 12.0

French JA et al.
(2013)70

PBO 136 34.4 (13.6) 71 (52.2)/65 (47.8) 22.0 (12.9)d 17 (12.5) 64 (47.1) 55 (40.4) 11.8

PER 8 mg/d 129 36.7 (14.4) 65 (50.4)/64 (49.6) 22.5 (13.6)d 16 (12.4) 68 (52.7) 45 (34.9) 13.0

PER 12 mg/d 121 35.5 (14.1) 50 (41.3)/71 (58.7) 21.3 (13.2)d 9 (7.4) 63 (52.1) 49 (40.5) 13.7

Nishida T et al.
(2018)71

PBO 175 34.5 (13.2) 86 (49.1)/89 (50.9) 17.5 (10.9) 11 (6.3) 67 (38.3) 97 (55.4) Median seizure
frequency ranged
from 9.1 to 10.0
across all arms

PER 4 mg/d 174 33.1 (13.2) 80 (46.0)/94 (54.0) 17.4 (11.1) 9 (5.2) 70 (40.2) 95 (54.5)

PER 8 mg/d 175 33.6 (14.1) 91 (52.0)/84 (48.0) 16.9 (11.5) 15 (8.6) 60 (34.3) 100 (57.1)

PER 12 mg/d 180 32.3 (12.3) 87 (48.3)/93 (51.7) 17.4 (11.2) 13 (7.2) 75 (41.7) 92 (51.1)

(Table 2 continues on next page)
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Krauss GL et al.
(2020)72

PBO 108 39.6 (12.4) 58 (54.0)/50 (46.0) 23.0 (14.2) 27 (25.0) 54 (50.0) 27 (25.0) 8.4

CNB 100 mg/d 108 39.0 (12.1) 57 (53.0)/51 (47.0) 25.5 (13.4) 25 (23.0) 48 (44.0) 35 (33.0) 9.5

CNB 200 mg/d 110 40.9 (12.4) 54 (49.0)/56 (51.0) 22.8 (13.2) 39 (36.0) 47 (43.0) 24 (22.0) 11.0

CNB 400 mg/d 111 39.6 (10.3) 52 (47.0)/59 (53.0) 24.4 (14.2) 24 (22.0) 62 (56.0) 25 (22.0) 9.0

Chung SS et al.
(2020)73

PBO 109 38.0 (18, 59)a 58 (53.2)/51 (46.8) 21.1 (2.4, 60.8)d 12 (11.0) 52 (47.7) 45 (41.3) 5.5

CNB 200 mg/d 113 36.0 (18, 61)a 55 (48.7)/58 (51.3) 20.0 (2.3, 52.5)d 19 (16.8) 53 (46.9) 41 (36.3) 7.5

Elger CE et al.
(2010)74

PBO 133 37.3 (17, 68) 80 (60.0)/53 (40.0) NA 26 (19.6) 70 (52.6) 37 (27.9) 11.7

RUF 200 mg/d 127 35.9 (15, 63) 64 (50.0)/63 (50.0) NA 38 (29.9) 57 (44.9) 32 (25.2) 11.1

RUF 400 mg/d 125 34.3 (14, 62) 74 (59.0)/51 (41.0) NA 29 (23.2) 68 (54.4) 28 (22.4) 11.8

RUF 800 mg/d 129 37.1 (16, 64) 68 (53.0)/61 (47.0) NA 39 (30.2) 57 (44.2) 33 (25.6) 12.7

RUF 1600 mg/d 133 36.0 (16, 62) 61 (46.0)/72 (54.0) NA 31 (23.3) 73 (54.9) 29 (21.8) 11.3

Biton V et al.
(2011)75

PBO 180 38.1 (14.8) 83 (46.1)/97 (53.9) NA 49 (13.8) 157 (44.1) 150 (42.1) 13.8

RUF 3200 mg/d 176 36.4 (14.8) 84 (47.7)/92 (52.3) NA 13.0

Brodie MJ et al.
(2009)76

PBO 157 37.9 (17, 68) 76 (48.4)/81 (51.6) NA 46 (29.2) 111 (70.8) NA 8.0

RUF 3200 mg/d 156 35.8 (16, 72) 63 (40.4)/93 (59.6) NA 46 (29.5) 110 (70.5) NA 8.5

Data are mean (SD) or median (min, max) unless otherwise specified. aMedian. bBaseline partial-onset seizure frequency per week. cMean (SD) or Mean (min, max). dConverted to years by dividing the
number of months by 12. NA, Not Available; PBO, Placebo; RUF, Rufinamide; BRV, Brivaracetam; CNB, Cenobamate; ESL, Eslicarbazepine; LCM, Lacosamide; RTG, Retigabine; PER, Perampanel; ASM,
antiseizure medication; SD, standard deviation.

Table 2: Characteristics of the study participants.
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of 20%.98–100 The majority of the BRV dose, including
8.6% of the drug unchanged, is excreted in the urine.100

Metabolism mainly occurs through hydrolysis and
secondarily through hydroxylation, which is mediated by
cytochrome (CYP) 2C19. The primary metabolites (acid,
hydroxyl, and hydroxyacid) do not have any
a

Fig. 3: Results of network meta-analysis considering each ASM as a separ
tolerability and safety outcomes; b. the SUCRA values of all ASMs for all
Cenobamate; ESL, Eslicarbazepine; LCM, Lacosamide; RTG, Retigabine; PER
risk ratio; CI, credible interval; SUCRA, the surface under the cumulative

www.thelancet.com Vol 70 April, 2024
pharmacological activity. In vitro and in vivo studies
have shown that BRV may inhibit epoxide hydrolase,
resulting in an increase in plasma carbamazepine
(CBZ)—epoxide levels when taken concurrently with
CBZ treatment.101 In a study conducted on patients with
photosensitive epilepsy, it was observed that a single
b

ate node. a, Forest plot between ASMs and placebo for the efficacy,
outcomes. PBO, Placebo; RUF, Rufinamide; BRV, Brivaracetam; CNB,
, Perampanel; AEs, adverse effects; SAEs, serious adverse events; RR,
ranking curve.
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a b

Fig. 4: Results of network meta-analysis considering each dosage as a separate node. a, Forest plot between ASMs with different dosages and
placebo for the efficacy, tolerability and safety outcomes; b. the SUCRA values of all ASMs with different dosages for all outcomes. PBO, Placebo;
RUF, Rufinamide; BRV, Brivaracetam; CNB, Cenobamate; ESL, Eslicarbazepine; LCM, Lacosamide; RTG, Retigabine; PER, Perampanel; AEs, adverse
effects; SAEs, serious adverse events; RR, risk ratio; CI, credible interval; SUCRA, the surface under the cumulative ranking curve.
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dose of BRV was effective at reducing or eliminating
EEG discharges caused by photic stimulation at all
tested doses (ranging from 10 to 80 mg).102

RUF is an oral antiepileptic drug, and it is a triazole
derivative that is a unique chemical structure different
from other current antiepileptic drugs on the market.103

RUF can be used to treat seizures associated with
Lennox-Gastaut syndrome (LGS) in patients aged four
and older.104,105 RUF has been approved by regulatory
authorities in the USA and EU for adjunctive therapy in
LGS. One of the advantages of RUF is its simple phar-
macokinetic profile. It has low plasma protein binding
and is metabolised through hydrolysis. Unlike other
drugs, it does not significantly inhibit or induce the
cytochrome P450 system, which is involved in the
metabolism of many drugs. As a result, it has minimal
risks of drug–drug interactions. Additionally, RUF has
been found to have no significant impact on cognitive
function.106–110 Our results showed RUF displayed
average performance across all outcomes, except for the
AE safety outcome, where it ranked second, trailing
behind placebo. However, the efficacy evaluation of
RUF for seizure freedom was constrained, as only one
study provided relevant data.76

ESL has been approved for use as adjunctive therapy
in adults with FOS with or without secondary general-
isation by the EMA, FDA, and Health Canada. Subse-
quently, both EMA and FDA have also approved ESL for
use as monotherapy in the same group of patients.111

ESL is a novel voltage-gated sodium channel (VGSC)
www.thelancet.com Vol 70 April, 2024
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blocker. It is chemically related to CBZ and oxcarbaze-
pine (OXC), as they both share a similar basic chemical
structure of a dibenzazepine nucleus with a 5-
carboxamide substituent. However, ESL differs struc-
turally from CBZ and OXC at the 10, 11-position.112,113

One notable difference between ESL and CBZ is that
ESL does not undergo metabolism to CBZ-10, 11-
epoxide. This means that ESL is not susceptible to
enzyme induction or autoinduction. On the other hand,
OXC is a prodrug that is converted to both enantiomers
of the OXC monohydroxy derivative (MHD). In contrast,
ESL is a prodrug that is converted only to S-MHD,
which is also known as S-licarbazepine or ESL.113,114 The
pharmacokinetics of ESL are not affected by factors such
as food consumption,115,116 age,117 or gender.118 Our re-
sults showed ESL 1200 mg/d was ranked seventh in
terms of seizure response. However, dosages of
800 mg/d and 400 mg/d were ranked 16th and 26th,
respectively, indicating that a higher dose of ESL might
be necessary to achieve a satisfactory response. In the
context of seizure freedom, ESL at dosages of 400 mg/d,
800 mg/d, and 1200 mg/d ranked first, seventh, and
eighth from the bottom, respectively. This pattern sug-
gests that ESL may offer limited advantages for
achieving seizure freedom compared to other ASMs.

Our results showed LCM was ranked third for
seizure response. Upon evaluating dosages, LCM at
400 mg/d and 600 mg/d were ranked fifth and eighth
for seizure response, respectively. Regarding seizure
freedom, LCM at 600 mg/d and 400 mg/d were ranked
fourth and fifth, respectively. LCM is a recently intro-
duced ASM that has been approved by both the US FDA
and EMA for the treatment of FOS in adults and chil-
dren aged four and older.119,120 LCM is a modified amino
acid, specifically the R-enantiomer of 2-acetamido-N-
benzyl-3-methoxypropionamide, and belongs to the
third generation of ASMs, which work through different
mechanisms compared to previous generations.121 Un-
like traditional ASMs that block sodium channels and
mainly target fast inactivation by altering the voltage
dependence of inactivation to more hyperpolarised po-
tentials, LCM specifically enhances slow inactivation of
voltage-gated sodium channels by binding to the col-
lapsin response mediator protein 2.122,123 The collapsin
response mediator protein 2 is involved in neuronal
differentiation, growth, and polarisation processes.124

These mechanisms result in significant anti-epileptic
effects whilst also maintaining normal brain function,
including cognition.125,126 LCM has a pharmacokinetic
profile that is advantageous, with linear kinetics, high
bioavailability, low potential for drug interactions, and
good tolerability.127 The body rapidly absorbs LCM, with
peak blood concentration achieved within 0.5–4 h after
ingestion and taking 800 mg orally can result in com-
plete absorption and the drug maintains a stable blood
concentration.121 As a result, it can be taken twice daily
for antiepileptic treatment.122
www.thelancet.com Vol 70 April, 2024
RTG emerged as the leading medication for seizure
response and secured the 4th position for seizure
freedom. When examining dosages, RTG at 1200 mg/
d and 900 mg/d were ranked second and third for
seizure response, respectively. Despite its promising
efficacy, it is important to highlight that RTG was
ranked lowest for SAE safety outcomes. RTG was
approved by the EMA in March 2011 under the name
RTG (Trobalt®) and by the US FDA in June 2011 under
the name ezogabine (EZG, Potiga®) for use as an
additional therapy for FOS in adult patients.67–69 RTG/
EZG facilitates the opening of specific neuronal voltage-
gated potassium channels, resulting in an increase in
potassium current. This shift in current leads to a
hyperpolarising effect and reduces the excitability of the
brain cells.128 RTG/EZG also enhances gamma-
aminobutyric acid (GABA)-evoked currents in cortical
neurons and inhibits the production of neuroactive
amino acids induced by 4-aminopyridine and promotes
the synthesis of GABA in hippocampal slices.128,129 These
effects may contribute to the stabilisation of neuronal
excitability.129 Research suggests that activating M-
channels through the opening of Kv 7.2 and Kv 7.3
channels could be a powerful method for treating epi-
lepsy and other neuropsychiatric disorders.130–134 How-
ever, concerns have been raised about the potential risk
of retinal pigmentation and visual impairment associ-
ated with RTG/EZG treatment. As a result, in May 2013,
the patient population eligible for RTG/EZG treatment
was revised to allow its use only after other drug com-
binations have proved ineffective or intolerable, and the
benefits of treatment outweigh the risk of retinal ab-
normalities.135 The pharmacokinetic profile of RTG is
dose-proportional up to a maximum daily dose of
1200 mg.136 It is rapidly absorbed after oral administra-
tion, with peak plasma concentrations reached within
1.5 h. Food does not affect the overall absorption and
exposure of RTG, although it may slightly delay the time
to reach maximal plasma drug concentrations to
approximately 2 h.136 RTG undergoes two processes in
the body to form metabolites. One process is acetylation,
which leads to the formation of the primary metabolite.
The second process is glucuronidation, resulting in the
creation of an N-glucuronide structure.137 After admin-
istration, the maximum plasma concentration of the
primary active metabolite is reached about 2 h later than
the parent compound. Both RTG and its primary
metabolite have a plasma half-life of approximately 8 h.
Furthermore, there are no significant pharmacokinetic
interactions between RTG and other antiepileptic drugs
such as phenobarbitone, valproate, topiramate,
phenytoin, lamotrigine, or carbamazepine.138 However,
it should be noted that phenytoin and carbamazepine do
moderately increase the clearance of RTG.138

Our findings also indicated that PER was ranked
third for seizure freedom. At a dosage of 12 mg/d, PER
was positioned 6th for seizure response and 8th for
15
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seizure freedom. PER is a highly selective and non-
competitive antagonist of alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptor.139,140

PER is approved as an additional treatment for focal
and primary generalised tonic-clonic seizures in pa-
tients aged 12 and above.141,142 It can be used as mono-
therapy or as an adjunct therapy for FOS with or without
generalised seizures in individuals aged 4 years or
older.143,144 It can also be used as an add-on therapy for
primary generalised tonic-clonic seizures in those aged
7 years and older.145 In 2014, the European Union and
the United States approved the use of PER for patients
who are 18 years old or older. Since then, over 40
countries worldwide have also approved the use of this
drug.143,146 AMPA receptors are responsible for medi-
ating fast excitatory synaptic transmission and play a
crucial role in triggering and spreading epileptic sei-
zures.139,140,147 PER works by inhibiting excitatory
neurotransmission through the modulation of post-
synaptic glutamate activity. Additionally, it has the
ability to block excessive levels of glutamate due to its
non-competitive nature, meaning it cannot be displaced
even under high concentrations of AMPA receptor ag-
onists. This unique mechanism of action contributes to
the drug’s strong anti-seizure properties.147 In laboratory
studies using liver cells, it has been found that PER is
mainly broken down by a specific enzyme called cyto-
chrome P450 (CYP) isotype CYP3A4/5.148 This means
that the clearance of PER may be affected by other
drugs.141,142,149,150 When researchers investigated the ef-
fects of PER on other drugs, they found that it only
weakly inhibits certain enzymes (CYP2C8, CYP3A4)
and uridine diphosphate glucuronosyltransferase (UGT)
enzymes (UGT1A9, UGT2B7) in laboratory studies. It
also weakly induces other enzymes (CYP2B6, CYP3A4/
5, UGT1A1, UGT1A4). However, PER is not a substance
that is affected by or affects drug transporters in labo-
ratory studies.140,142,148 Therefore, it is not expected to
have a significant impact on the way other drugs are
processed in the body. PER has not been found to
interact with other types of glutamate receptors, such as
N-methyl-D-aspartate (NMDA) and kainate re-
ceptors.151,152 Unlike some medications that block
NMDA receptors, PER does not cause behavioural
adverse events similar to those associated with
phencyclidine.152

However, there are several limitations to consider.
Firstly, the majority of RCTs compare ASMs with
placebos, with few RCTs directly comparing different
ASMs. Consequently, all effect sizes between different
ASMs were derived from indirect comparisons. While
we have ranked all ASMs across all outcomes, these
rankings should be treated with caution, underscoring
the need for future head-to-head trials. Secondly,
achieving seizure freedom in patients with treatment-
resistant FOS is challenging, leading to a scarcity of
adequate case numbers for seizure freedom in most
RCTs. This scarcity may introduce bias in estimating
seizure freedom outcomes.153 Lastly, our analysis was
based on traditional NMA; future studies should incor-
porate individual patient data into NMA for more pre-
cise estimates in this field.

In summary, this systematic review and Bayesian
NMA offer insights into the relative efficacy, tolerability,
and safety of third-generation ASMs in treating patients
with treatment-resistant FOS. By providing the most
comprehensive current evidence base, our analysis aims
to inform pharmacological treatment choices in this
critical clinical area. The insights gained should assist in
shaping clinical guidelines and supporting the decision-
making process for patients and clinicians, facilitating
the identification of the most suitable treatment strate-
gies for treatment-resistant FOS.
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