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Abstract
Background Brivaracetam (BRV), cenobamate (CNB), eslicarbazepine acetate (ESL), lacosamide (LCM) and perampanel 
(PER) are antiseizure medications (ASMs) approved for adjunctive treatment of focal-onset seizures. So far, no randomised 
controlled trial directly compared the efficacy and safety of these drugs.
Objective We estimated the comparative efficacy and safety of these ASMs for the treatment of focal-onset seizures in adults 
with epilepsy using a network meta-analysis (NMA).
Methods We systematically searched (June week 4, 2021) MEDLINE (accessed by PubMed), the Cochrane Central Register 
of Controlled Trials (CENTRAL), and the US National Institutes of Health Clinical Trials Registry (http:// www. clini caltr 
ials. gov). There were no date limitations or language restrictions. Randomised, double-blinded, controlled, parallel-group, 
add-on studies that compared oral BRV, CNB, ESL, LCM, and PER versus any comparator over maintenance periods of 
at least 12 weeks and included adult patients with focal seizures uncontrolled by concomitant ASMs were identified. The 
efficacy outcomes were the proportions of patients with ≥ 50% and 100% reduction in baseline seizure frequency during the 
maintenance period. The tolerability outcomes were the proportions of participants who experienced at least one treatment-
emergent adverse event (TEAE) and experienced at least one TEAE leading to discontinuation. Effect sizes were estimated 
by network meta-analyses within a frequentist framework. The hierarchy of competing interventions was established using 
the surface under the cumulative ranking curve (SUCRA).
Results Sixteen trials (BRV: n = 3, CNB: n = 1, ESL: n = 4, LCM: n = 4, PER: n = 4) were included, overall enrolling 4507 
patients randomised to add-on active treatments (BRV = 803, CNB = 221, ESL =9 90, LCM = 1104, and PER = 1389) and 
2246 to add-on placebo. Cenobamate was associated with a higher rate of ≥ 50% seizure frequency reduction than BRV 
[odds ratio (OR) 2.02, 95% confidence interval (CI) 1.11–3.66], ESL (OR 1.93, 95% CI 1.07–3.48), LCM (OR 1.86, 95% 
CI 1.04–3.32), and PER (OR 2.07, 95% CI 1.16–3.70). There was a not statistically significant trend favouring CNB over 
ESL, LCM and PER for the seizure freedom outcome. Brivaracetam (OR 0.61, 95% CI 0.44–0.86) and LCM (OR 0.60, 95% 
CI 0.40–0.88) were associated with a lower proportion of participants experiencing TEAEs compared to ESL, and patients 
treated with PER were associated with a higher risk to experience at least one TEAE (OR 1.42, 95% CI 1.02–1.96) than BRV. 
According to SUCRA, CNB had the greatest likelihood of being the best option for the ≥ 50% and 100% seizure frequency 
reduction, and BRV and LCM had the highest probabilities of being the best-tolerated treatments.
Conclusions Cenobamate ranked best for efficacy, and BRV and LCM were best tolerated over the other comparators. 
Although NMAs cannot replace direct comparisons, they may support physicians in clinical decision making.
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1 Introduction

Epilepsies are among the most common chronic disorders 
of the brain and affect approximately 70 million people 

worldwide [1–3]. The management of epilepsy is mainly 
symptomatic, aimed at reducing the risk of seizure recur-
rence, and antiseizure medications (ASMs) are the mainstay 
of treatment. However, more than 50% of patients do not 
achieve seizure freedom with initial monotherapy [4–7], and 
treatment options for these patients include other ASM mon-
otherapies or combination therapy using additional ASMs 
as adjunctive therapy. Focal onset seizures are the most 
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Key Points 

Brivaracetam, cenobamate, eslicarbazepine acetate, 
lacosamide, and perampanel are antiseizure medications 
approved for adjunctive treatment of focal-onset seizures.

Adjunctive cenobamate had the greatest likelihood of 
being the best option for the ≥ 50% and 100% seizure 
frequency reduction.

Adjunctive brivaracetam and lacosamide had the highest 
probabilities of being the best-tolerated treatments.

prevalent type of seizures and can pose a significant risk 
to individual health and impair quality of life, particularly 
when they are associated with impairment of awareness.

Five ‘‘third-generation’’ ASMs were approved for adjunc-
tive treatment of focal onset seizures in adult patients dur-
ing the past 10 years: lacosamide (LCM), eslicarbazepine 
acetate (ESL), perampanel (PER), brivaracetam (BRV), 
and cenobamate (CNB) [8]. So far, however, there has not 
been a single randomised controlled trial (RCT) performed 
to directly compare the efficacy and safety of these drugs. 
Here, we assessed the comparative efficacy and safety of 
these ASMs using a network meta-analysis (NMA).

2  Methods

2.1  Search Strategy

The results were reported according to the recommendations 
of the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) extension statement for network 
meta-analyses [9]. We systematically searched (June, Week 
4, 2021) MEDLINE (accessed by PubMed), the Cochrane 
Central Register of Controlled Trials (CENTRAL), and 
the US National Institutes of Health Clinical Trials Regis-
try (http:// www. clini caltr ials. gov). The search terms were 
(lacosamide OR perampanel OR brivaracetam OR eslicar-
bazepine OR cenobamate) AND (epilepsy OR seizure); fur-
ther details of search strategies are outlined in the Appendix 
I of the electronic supplementary material (SI). There were 
no date limitations or language restrictions. The reference 
lists of retrieved studies were reviewed to identify additional 
reports of relevant trials. The protocol was not registered 
previously.

2.2  Eligibility Criteria

Randomised, double-blinded, controlled, parallel-group, 
add-on studies that compared oral BRV, CNB, ESL, LCM, 
and PER versus any comparator over maintenance periods 
(or periods of stable dosing for dose-escalation trials) of at 
least 12 weeks and included adult patients with focal epi-
lepsy and seizures uncontrolled by one or more concomitant 
ASMs.

2.3  Outcome Measures

The efficacy outcomes were the proportion of patients with 
≥  50% (seizure response) and 100% (seizure freedom) 
reduction in monthly seizure frequency during the main-
tenance treatment period compared with the pre-randomi-
sation baseline; if data over the maintenance period were 
not reported, the treatment period was used. The modified 
intent-to-treat (mITT) population data were used for the effi-
cacy analyses. The mITT analysis set consisted of all ran-
domised patients who received at least one dose of the study 
drug and had any seizure frequency data collected during 
the double-blind phase. For the seizure freedom outcome, 
when data were available, we adopted the “pragmatic ITT” 
approach, whereby only patients who complete the study and 
are seizure-free can be classed as seizure-free in the numera-
tor and the mITT is used as denominator [10].

The tolerability outcomes included the proportions of 
participants who experienced at least one treatment-emer-
gent adverse event (TEAE) and experienced at least one 
TEAE leading to discontinuation. The safety population, 
which included all randomly assigned patients, was con-
sidered for the tolerability analyses. For each ASM, only 
licensed, maintenance daily doses for adjunctive therapy of 
focal onset seizures in adults according to individual sum-
maries of product characteristics (i.e., BRV 50–200 mg, 
CNB 200–400 mg, ESL 800–1200 mg, LCM 200–400 mg, 
and PER 4-12 mg) were considered [11–15].

2.4  Study Selection, Data Extraction, Assessment 
of the Risk of Bias and Confidence 
in the Evidence

Two review authors independently assessed trials for inclu-
sion and extracted the following information from included 
studies: main study author and date of publication, meth-
odology and trial design (methods of randomisation, allo-
cation concealment and blinding, duration of baseline and 
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treatment periods, dose/s of ASMs tested), number and 
demographics of participants (age, sex, ethnicity, concomi-
tant ASMs, seizure frequency during the baseline period), 
and the number of patients experiencing any outcome per 
randomised group. Any disagreement was resolved by dis-
cussion with a third review author. The risk of bias of the 
identified studies was assessed following the recommenda-
tions of the Cochrane Collaboration [16]. We judged the 
confidence in the evidence derived from NMA using the web 
application CINeMA (http:// cinema. ispm. ch/) [17].

2.5  Statistical Analysis

First, pairwise meta-analyses were performed for all out-
comes, using a fixed-effects model. Second, network meta-
analyses within a frequentist framework were done assuming 
equal heterogeneity parameter τ across all comparisons [18]. 
For studies with more than one randomised treatment arm 
within the licensed maintenance daily doses, the arms were 
pooled to form a single node for the corresponding ASM. 
Where sufficient data were available, secondary analyses 
were performed according to daily dosages with each dose 
within the licensed maintenance daily doses of any ASM 
representing a separate node in the network. It is appropriate 
to use NMA if the assumption of transitivity (distributions 
of the potential effect modifiers, like study and patient-level 
covariates, are balanced across all pairwise comparisons) 
can be defended [19]. We assessed the transitivity assump-
tion by looking at the similarities of studies in each compari-
son. We used the loop-specific approach to evaluate coher-
ence locally, defined as the statistical agreement between 
direct and indirect evidence for a specific comparison (con-
sistency assumption) [20]. Coherence could only be assessed 
for the secondary analyses by doses and not for the primary 
analyses as there were no closed loops in the 'primary' net-
works. Effect sizes were estimated as odds ratios (ORs) with 
their 95% confidence intervals (CIs). The hierarchy of com-
peting interventions was established using the surface under 
the cumulative ranking curve (SUCRA) and mean ranks. 
Data analysis was performed using STATA/IC 13.1 statisti-
cal package (StataCorp LP, College Station, TX, USA).

3  Results

3.1  Results of the Search and Characteristics 
of Included Studies

Database and trial register searching identified a total of 
1100 records; 16 RCTs trials were included in the qualita-
tive and quantitative synthesis [21–36] (Fig. 1).

All 16 RCTs were placebo-controlled studies and 
assessed both the efficacy and safety of the investigational 
drug (BRV: n = 3, CNB: n = 1, ESL: n = 4, LCM: n = 4, 
PER: n = 4). All studies had a titration phase, apart from 
three BRV trials; the maintenance period was 12 weeks in 
eleven studies, 13 weeks in four studies and 14 weeks in 
one study. Details of the studies are provided in Table 1. 
The studies recruited 6753 patients, of which 4507 were 
randomised to active treatments (BRV = 803, CNB = 221, 
ESL = 990, LCM = 1104, and PER = 1389) and 2246 to 
placebo. Participants enrolled across the studies were similar 
in terms of average age, sex distribution, epilepsy duration, 
concomitant ASMs with most patients treated with two or 
more ASMs, and baseline seizure frequency. Characteristics 
of the participants are summarised in Table 2; details of the 
type of concomitant ASMs are provided in Table e-1 in the 
SI.

Fifteen trials were considered to have used adequate 
methods of random sequence generation and allocation 
concealment; conversely, we judged one study to have an 
unclear risk of selection bias as study authors failed to pro-
vide details regarding methods used for allocation conceal-
ment [29]. We judged all included trials at low risk of per-
formance and detection bias since blinding was ensured by 
matching placebo, and patients, investigators, and study per-
sonnel were all masked to the treatment assignment. Regard-
ing the risk of attrition bias, patients lost to follow-up and 
withdrawals with corresponding reasons were documented 
in all trials. Studies presenting differences between interven-
tion groups in the proportions of imputed outcome data for 
the responder rate outcome were judged to have an unclear 
risk of bias [21, 23, 25, 28–36]. There was no suspicion of 
selective outcome reporting across the trials. A summary of 
bias assessment risk is reported in Table e-2 in the SI.

3.2  Efficacy Outcomes

All RCTs provided data on the proportion of patients with 
≥ 50% and 100% reduction in monthly seizure frequency 
from baseline. Most studies reported efficacy outcomes over 
the maintenance period, apart from one ESL study [27], for 
which treatment period was considered. In the CNB study 
[24], the mITT population for the responder rate outcome 
included patients who completed the 6-week titration phase 
and took at least one dose of study drug in the maintenance 
phase and had maintenance phase seizure data (mITT main-
tenance phase population). In one BRV study [22], the ITT 
population, defined as all randomised subjects who received 
at least one dose of study medication, was available for the 
responder rate outcome. The “pragmatic ITT” data for the 
seizure freedom outcome were available in most trials; in 
three studies, outcome up to treatment discontinuation was 
used to impute the seizure-freedom status for the remainder 
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of the trial [25, 28, 36]. The network plots of treatment com-
parisons for the efficacy outcomes are shown in Figs. e-1 
and e-2 in the SI.

At the pairwise meta-analyses, all ASMs were associated 
with a higher responder rate than placebo, and BRV, CNB, 
ESL, and PER were associated with a higher rate of seizure 
freedom than placebo (Table e-3 in the SI). In the analysis by 
dosages, ESL at 1200 mg/day was associated with a higher 
responder rate than ESL at 800 mg/day; LCM at 400 mg/
day was associated with a higher responder rate than LCM 
at 200 mg/day, and PER at 8 and 12 mg/day was associated 
with a higher responder rate than PER at 4 mg/day (Table 
e-4 in the SI).

Results of the network meta-analyses of efficacy out-
comes are shown in Figs. 2 and 3. Any ASM was more 
efficacious than placebo in the achievement of ≥50% reduc-
tion in baseline seizure frequency, and CNB was associ-
ated with a higher responder rate than BRV (OR 2.02, 95% 
CI 1.11–3.66), ESL (OR 1.93, 95% CI 1.07–3.48), LCM 

(OR 1.86, 95% CI 1.04–3.32), and PER (OR 2.07, 95% CI 
1.16–3.70) (Fig. 2).

In the analysis by dosages (Table 3), CNB 400 mg/day 
was associated with a higher responder rate than ESL 800 
mg/day (OR 2.65, 95% CI 1.35–5.22), ESL 1200 mg/day 
(OR 1.99, 95% CI 1.03–3.90), BRV 50 mg/day (OR 2.84, 
95% CI 1.34–6.03), BRV 100 mg/day (OR 2.20, 95% CI 
1.10–4.40), BRV 200 mg/day (OR 2.34, 95% CI 1.15–4.79), 
LCM 200 mg/day (OR 2.72, 95% CI 1.38–5.34), PER 4 mg/
day (OR 3.75, 95% CI 1.87–7.51), PER 8 mg/day (OR 2.31, 
95% CI 1.19–4.48), and PER 12 mg/day (OR 2.01, 95% CI 
1.02–3.96). Cenobamate 200 mg/day was associated with a 
higher responder rate than PER 4 mg/day (OR 2.67, 95% CI 
1.35–5.29). Lacosamide 400 mg/day was associated with 
a higher seizure responder rate that LCM 200 mg/day (OR 
1.42, 95% CI 1.09–1.85), ESL 1200 mg/day was associ-
ated with a higher seizure responder rate than ESL 800 mg/
day (OR 1.34, 95% CI 1.03–1.74), and PER 8 mg/day (OR 
1.63, 95% CI 1.19–2.22) and 12 mg/day (OR 1.86, 95% CI 

Fig. 1  Study flow diagram. 
CENTRAL Cochrane Central 
Register of Controlled Trials
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1.32–2.63) was associated with a higher rate of ≥ 50% sei-
zure frequency reduction than PER 4 mg/day. Perampanel at 
the daily dosage of 4 mg was associated with a lower rate of 
seizure responder than ESL 1200 mg/day (OR 0.53, 95% CI 
0.34–0.82), BRV 100 mg/day (OR 0.59, 95% CI 0.37–0.93), 
and LCM 400 mg/day (OR 0.51, 95% CI 0.34–0.78).

With regard the seizure freedom outcome, the network 
meta-analyses showed BRV, CNB, ESL and PER as being 
more efficacious than placebo at a statistically significant 
level (Fig. 3). In the analysis by daily dosages (Table 4), 
there were no statistically significant differences between 
the ASMs.

According to SUCRA, CNB had the greatest likelihood 
ranking best for both seizure response and seizure freedom 
(Table 5, Appendix II in the SI); in the analysis by drug 
dosages, CNB 400 mg/day was the option associated with 
the highest probability to be the most efficacious treatment 
(Table e-5 and Appendix III in the SI). Results from the 
loop-specific approach for efficacy outcomes are shown 
in Appendix IV, and there was no statistically significant 
incoherence in any loop. Confidence in the evidence for the 
efficacy outcomes is summarised in Appendix V in the SI.

3.3  Tolerability Outcomes

Fourteen RCTs provided data on the proportions of partici-
pants who experienced at least one TEAE, whereas RCTs 
two did not [30, 31]. All RCTs except one LCM study [31] 
provided data on the proportion of participants who experi-
enced at least one TEAE leading to discontinuation. Figure 
e-1 in the SI shows the network plots of treatment com-
parisons for the tolerability and safety outcomes; the cor-
responding network plots according to treatment dosages 
are shown in Fig. e-2 in the SI.

At the pairwise meta-analyses, BRV, CNB, ESL, and PER 
were associated with a higher proportion of patients experi-
encing at least one TEAE compared to placebo, and the risk 
of TEAEs leading to treatment discontinuation was higher 
with any ASM in comparison to placebo (Table e-3 in the 
SI). In the analysis by dosages, the rate of patients experi-
encing TEAEs was higher with CNB 400 mg/day than with 
CNB 200 mg/day, ESL 1200 mg/day than with ESL 800, 
LCM 400 mg/day than with LCM 200 mg/day, PER 12 mg/
day than with PER 4 mg/day, and PER 12 mg/day than with 
PER 8 mg/day, and the rate of patients experiencing at least 
one TEAE leading to discontinuation was higher with ESL 
1200 mg/day than with ESL 800, LCM 400 mg/day than 
with LCM 200 mg/day, PER 8 mg/day than with PER 4 mg/
day, PER 12 mg/day than with PER 4 mg/day, and PER 12 
mg/day than with PER 8 mg/day (Table e-4 in the SI).

Results of the network meta-analyses of tolerability out-
comes are shown in Figs. 4 and 5. Any ASM was associated 
with a higher rate of patients who experienced at least one Ta
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Table 2  Characteristics of the study participants

Data are mean (SD), median [IQR] or median (min, max) unless otherwise specified. *Median. **Baseline seizure frequency per week. §Con-
verted to years by dividing the number of months by 12
ASM antiseizure medication, BRV brivaracetam, CNB cenobamate, ESL eslicarbazepine acetate, IQR interquartile range, LCM lacosamide, PER 
perampanel, SD standard deviation

Study Treatment 
Arm

Number of 
participants

Age, years Male sex, n 
(%)

Epilepsy dura-
tion,
years

Number of concomitant ASMs, n (%) Baseline seizure fre-
quency per 28 days

One Two Three or more

Biton et al. 
(2014) [21]

PBO 98 37.5 (12.6) 43 (43.9) 24.3 (12.2) 13 (13.3) 80 (81.6) 4 (4.1) 2.6 [1.6–4.5]**
BRV50 101 38.9 (12.3) 51 (50.5) 26.2 (12.0) 13 (12.9) 82 (81.2) 6 (5.9) 2.9 [1.5–7.2]**

Ryvlin et al. 
(2014) [22]

PBO 100 36.4 (13.0) 54 (54.0) 20.4 (12.3) 14 (14.0) 83 (83.0) 3 (3.0) 2.07 [1.35–6.04]**
BRV50 99 38.9 (13.6) 54 (54.5) 22.3 (13.0) 20 (20.2) 77 (77.8) 2 (2.0) 1.80 [1.25–3.47]**
BRV100 100 38.0 (13.1) 58 (58.0) 22.1 (12.8) 16 (16.0) 77 (77.0) 7 (7.0) 2.02 [1.26–3.25]**

Klein et al. 
(2015) [23]

PBO 261 39.8 (12.5) 133 (50.1) 22.7 (13.3) 14 (14.0) 83 (83.0) 3 (3.0) 10.0 (3, 560)
BRV100 253 39.1 (13.4) 102 (40.3) 22.2 (13.3) 20 (20.2) 77 (77.8) 2 (2.0) 9.5 (2, 354)
BRV200 250 39.8 (12.8) 133 (53.2) 23.4 (14.6) 16 (16.0) 77 (77.0) 7 (7.0) 9.3 (3, 710)

Krauss et al. 
(2019) [24]

PBO 108 39.6 (12.4) 58 (53.7) 23.0 (14.2) 27 (25.0) 54 (50.0) 27 (25.0) 8.4 [6.0–19.0
CNB200 110 40.9 (12.4) 54 (49.1) 22.8 (13.2) 39 (35.5) 47 (42.7) 24 (21.8) 11.0 [6.0–26.0]
CNB400 111 39.6 (10.3) 52 (46.8) 24.4 (14.2) 24 (21.6) 62 (55.9) 25 (22.5) 9.0 [6.0–21.5]

Elger et al. 
(2009) [25]

PBO 102 37.0 (11.9) 48 (47.1) 19.4 (12.6) 34 (33.3) 67 (65.7) 1 (1.0) 12.4 (17.9)
ESL800 98 41.3 (12.0) 54 (55.1) 23.1 (13.5) 31 (31.6) 67 (68.4) 0 11.2 (11.2)
ESL1200 102 38.4 (11.7) 44 (43.1) 20.4 (11.9) 39 (38.2) 63 (61.8) 0 11.6 (15.9)

Gil-Nagel 
et al. (2009) 
[26]

PBO 87 37.7 (12.1) 43 (49.4) 23.8 (13.0) 16 (18.4) 66 (75.9) 5 (5.7) 11.3 (18.5)
ESL800 85 36.8 (10.7) 35 (41.2) 22.5 (11.8) 22 (25.9) 58 (68.2) 5 (5.9) 11.6 (22.1)
ESL1200 80 36.0 (11.4) 35 (43.8) 23.0 (13.0) 12 (15.0) 63 (78.8) 5 (6.3) 11.3 (10.3)

Ben-Mena-
chem et al. 
(2010) [27]

PBO 100 36.7 (12.2) 52 (52.0) 25.4 (13.1) 15 (15.0) 76 (76.0) 9 (9.0) 14.3 (16.6)
ESL800 101 36.4 (12.6) 51 (50.5) 22.4 (11.6) 17 (16.8) 73 (72.3) 11 (10.9) 16.5 (19.6)
ESL1200 98 36.9 (11.6) 52 (53.1) 23.0 (12.9) 20 (20.4) 68 (69.4) 10 (10.2) 14.8 (16.0)

Sperling et al. 
(2015) [28]

PBO 224 39.0 (16, 67) 112 (50.0) 21.3 (14.6) 64 (28.6) 158 (70.5) 1 (0.4) 8 (4, 282)
ESL800 216 38.5 (16, 71) 109 (50.5) 21.6 (13.0) 60 (27.8) 153 (70.8) 0 8 (1, 420)
ESL1200 210 38.0 (16, 69) 105 (50.0) 21.2 (13.0) 59 (28.1) 151 (71.9) 0 9 (4, 351)

Ben-Mena-
chem et al. 
(2007) [29]

PBO
LCM200
LCM400

97
107
108

38.9 (11.1)
39.9 (11.7)
41.2 (11.6)

47 (48.5)
46 (43.0)
53 (49.1)

24.6 (11.8)
25.1 (12.9)
24.7 (13.1)

16% and 84% of the patients were taking 
1 and 2 ASMs

Median seizure 
frequency ranged 
from 11 to 13 across 
all arms

Halász et al. 
(2009) [30]

PBO 163 38.5 (10.9) 91 (55.8) 21.1 (12.2) 21 (13.2) 82 (51.6) 56 (35.2) 9.9*
LCM200 163 36.9 (11.7) 90 (55.2) 22.9 (12.3) 17 (10.6) 77 (48.1) 66 (41.3) 11.5*
LCM400 159 37.9 (13.0) 69 (43.4) 22.8 (13.2) 25 (15.8) 79 (50.0) 54 (34.2) 10.3*

Chung et al. 
(2010) [31]

PBO 104 38.1 (12.0) 49 (47.1) 25.4 (13.3) 18 (17.3) 54 (51.9) 32 (30.8) 15.0*
LCM400 204 39.1 (12.4) 104 (51.0) 24.5 (13.2) 36 (17.9) 110 (54.7) 55 (27.4) 11.5*

Hong et al. 
(2016) [32]

PBO 184 31.8 (12.0) 102 (55.4) 16.8 (11.5) 41 (22.4) 71 (38.8) 71 (38.8) 10.5 (3.6, 707.6)
LCM200 183 33.2 (12.2) 94 (51.4) 18.3 (10.9) 45 (24.7) 79 (43.4) 58 (31.9) 11.0 (3.7, 1118.0)
LCM400 180 32.3 (11.9) 104 (57.8) 17.9 (11.7) 35 (19.6) 81 (45.3) 63 (35.2) 10.0 (2.6, 221.0)

French et al. 
(2012) [33]

PBO 121 35.6 (14.7) 54 (44.6) 24.1 (12.9)§ 15 (12.4) 64 (52.9) 42 (34.7) 13.7 (3.3, 227.4)
PER8 133 35.8 (14.2) 65 (48.9) 23.6 (13.5)§ 26 (19.5) 70 (52.9) 37 (27.8) 14.3 (2.4, 1030.8)
PER12 134 36.7 (14.6) 69 (51.5) 23.3 (14.4)§ 19 (14.2) 82 (61.2) 33 (24.6) 12.0 (2.9, 1083.1)

Krauss et al. 
(2012) [35]

PBO 185 33.4 (12.6) 95 (51.4) 17.5 (10.7)§ 28 (15.1) 90 (48.6) 67 (36.2) 9.3 (3.3, 569.1)
PER4 172 33.6 (12.2) 88 (51.2) 19.7 (12.1)§ 19 (11.0) 88 (51.2) 65 (37.8) 10.0 (2.9, 4503.9)
PER8 169 34.6 (12.8) 77 (45.6) 20.0 (11.9)§ 27 (16.0) 82 (48.5) 60 (35.5) 10.9 (3.4, 723.2)

French et al. 
(2013) [34]

PBO
PER8

136
129

34.4 (13.6)
36.7 (14.4)

71 (52.2)
65 (50.4)

22.0 (12.9)§

22.5 (13.6)§
17 (12.5)
16 (12.4)

64 (47.1)
68 (52.7)

71 (52.2)
83 (64.3)

11.8 (3.4, 358.4)
13.0 (3.3, 652.2)

PER12 121 35.5 (14.1) 50 (41.3) 21.3 (13.2)§ 9 (7.4) 63 (52.1) 80 (66.1) 13.7 (1.4, 598.4)
Nishida et al. 

(2017) [36]
PBO 175 34.5 (13.2) 86 (49.1) 17.5 (10.9) 11 (6.3) 67 (38.3) 97 (55.4) Median seizure fre-

quency ranged from 
9.1 to 10.0 across 
all arms

PER8 175 33.6 (14.1) 91 (52.0) 16.9 (11.5) 15 (8.6) 60 (34.3) 100 (57.1)
PER12 180 32.3 (12.3) 87 (48.3) 17.4 (11.2) 13 (7.2) 75 (41.7) 92 (51.1)
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TEAE in comparison to placebo; BRV (OR 0.61, 95% CI 
0.44–0.86) and LCM (OR 0.60, 95% CI 0.40–0.88) were 
associated with a lower proportion of participants experienc-
ing TEAEs in comparison to ESL, and PER was associated 
with a higher risk of experiencing at least one TEAE (OR 
1.42, 95% CI 1.02–1.96) than BRV (Fig. 4). Any ASM was 
associated with a higher rate of patients who experienced 
at least one TEAE leading to discontinuation than placebo, 
whereas there were no statistically significant differences 
across the individual ASMs (Fig. 5).

In the analysis by dosages (Table 6), the rate of patients 
who experienced at least one TEAE was higher with ESL 
1200 mg/day than with ESL 800 mg/day (OR 1.43, 95% CI 
1.09–1.88) and PER 12 mg/day than with ESL 800 mg/day 
(OR 1.66, 95% CI 1.08–2.56), while it was lower with LCM 
200 mg/day compared to ESL 800 mg/day (OR 0.55, 95% 
CI 0.35–0.86). In comparison to ESL 1200 mg/day, BRV 
50 mg/day (OR 0.45, 95% CI 0.28–4.61), BRV 100 mg/day 
(OR 0.55, 95% CI 0.37–0.82), BRV 200 mg/day (OR 0.52, 
95% CI 0.33–0.80), LCM 200 mg/day (OR 0.39, 95% CI 
0.25–0.61), and PER 4 mg/day (OR 0.50, 95% CI 0.34–0.75) 
were associated with lower proportions of patients who 
experienced at least one TEAE. Compared to BRV 50 mg/
day, PER 12 mg/day (OR 2.56, 95% CI 1.50–4.38) and 
CNB 400 mg/day (OR 3.23, 95% CI 1.38–7.56) showed 
a high risk of TEAE occurrence. Perampanel 12 mg/day 
and CNB 400 mg/day were associated with a higher rate 
of patients who experienced at least one TEAE compared 
to BRV 100 mg/day (PER 12 mg/day: OR 2.12, 95% CI 
1.34–3.35; CNB 400 mg/day: OR 2.67, 95% CI 1.19–5.97) 
and BRV 200 mg/day (PER 12 mg/day: OR 2.24, 95% CI 
1.37–3.66; CNB 400 mg/day: OR 2.82, 95% CI 1.24–6.44). 

The rates of patients experiencing TEAEs were higher 
with LCM 400 mg/day (OR 1.68, 95% CI 1.15–2.48), PER 
8 mg/day (OR 1.85, 95% CI 1.18–2.89), PER 12 mg/day 
(OR 3.00, 95% CI 1.82–4.94), and CNB 400 mg/day (OR 
3.77, 95% CI 1.65–8.65) in comparison to LCM 200 mg/
day. The rate of patients with at least one TEAE was higher 
with PER 8 mg/day than PER 4 mg/day (OR 1.42, 95% 
CI 1.04–1.93), and with PER 12 mg/day than with PER 4 
mg/day (OR 2.30, 95% CI 1.55–3.43), PER 8 mg/day (OR 
1.62, 95% CI 1.13–2.33), and LCM 400 mg/day (OR 1.78, 
95% CI 1.06–2.99). Cenobamate 400 mg/day was associ-
ated with a statistically significantly higher rate of patients 
with at least one TEAE than PER 4 mg/day (OR 2.90, 95% 
CI 1.30–6.48). Further, CNB 200 mg/day was associated 
with a lower rate of patients who experienced at least one 
TEAE compared to PER 12 (OR 0.45, 95% CI 0.22–0.90), 
and CNB 400 mg/day was associated with a higher rate of 
patients who experienced at least one TEAE compared to 
CNB 200 mg/day (OR 2.81, 95% CI 1.31–6.03).

Concerning the proportion of patients who experienced 
at least one TEAE leading to discontinuation according to 
daily dosages (Table 7), the rates were higher with ESL 1200 
mg/day (OR 2.11, 95% CI 1.49–2.98) and PER 12 mg/day 
(OR 2.07, 95% CI 1.07–4.02). Compared with ESL 1200 
mg/day, BRV 200 mg/day (OR 0.42, 95% CI 0.17–0.99), 
LCM 200 mg/day (OR 0.29, 95% CI 0.14–0.58), PER 4 mg/
day (OR 0.23, 95% CI 0.10–0.52) and PER 8 mg/day (OR 
0.51, 95% CI 0.27–0.97) were associated with a lower rate 
of patients experiencing at least one TEAE leading to dis-
continuation. The rates of participants experiencing TEAEs 

Fig. 2  Interval plot for the efficacy outcome: seizure response. BRV 
brivaracetam, CNB cenobamate, CI confidence interval, ESL eslicar-
bazepine acetate, LCM lacosamide, PBO placebo, PER perampanel

Fig. 3  Interval plot for the efficacy outcome: seizure freedom. BRV 
brivaracetam, CNB cenobamate, CI confidence interval, ESL eslicar-
bazepine acetate, LCM lacosamide, PBO placebo, PER perampanel
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leading to discontinuation were higher with LCM 400 mg/
day (OR 2.60, 95% CI 1.65–4.09), PER 12 mg/day (OR 3.44, 
95% CI 1.66–7.16), and CNB 400 mg/day (OR 4.35, 95% CI 
1.37–13.78) than with LCM 200 mg/day. Similarly, PER 8 
mg/day (OR 2.25, 95% CI 1.19–4.26), PER 12 mg/day (OR 
4.32, 95% CI 2.24–8.36), and CNB 400 mg/day (OR 5.46, 
95% CI 1.60–18.67) were less tolerated than PER 4 mg/day. 
A higher rate of participants with TEAEs leading to discon-
tinuation was associated with PER 12 mg/day than PER 8 
mg/day (OR 1.92, 95% CI 1.29–2.86).

According to SUCRA, BRV and LCM had the highest 
probabilities of being the best-tolerated options among the 
individual ASMs for both the outcomes of the occurrence 
of any TEAE and TEAE leading to discontinuation (Table 5 
and Appendix II in the SI); across the individual ASMs at 
the different dosages, LCM 200 mg/day was the option with 
the highest probability of being the most tolerated in terms 
of any TEAE occurrence, and PER 4 mg/day and LCM 200 
mg/day were the options with the lowest likelihood of being 
associated with TEAEs leading to treatment discontinuation 
(Table e-5 and Appendix III in the SI). Results from the 
loop-specific approach for tolerability outcomes are shown 
in Appendix IV in the SI, and there was no statistically sig-
nificant incoherence in any loop. Confidence in the evidence 

for the tolerability outcomes is shown in Appendix V in the 
SI.

Clustered ranking plots of the ASM network for the effi-
cacy and tolerability outcomes for individual ASMs are 
shown in Figs. 6, 7, 8 and 9; the corresponding plots by 
daily dosages are shown in Fig. e-3 in the SI.

4  Discussion

4.1  Summary of Main Results

The analyses of efficacy outcomes considered in the current 
NMA indicated that adjunctive CNB was associated with 
a higher responder rate and the greatest likelihood ranking 
best for seizure freedom in comparison to add-on BRV, ESL, 
LCM, and PER.

So far, little has changed in the rate of patients who can 
achieve seizure control despite the development of many 
ASMs in the past few decades [37], and there is still the need 
for novel, more effective therapeutic options. Uncontrolled 
epilepsy is often disabling, with patients experiencing psy-
chological and social dysfunction, reduced educational and 
employment prospects, impaired quality of life, and risk of 
premature death [38].

Table 3  Network league table for the responder rate

PBO
1.98 

(1.48,2.63)

2.64 

(1.99,3.51)

1.85 

(1.19,2.87)

2.38 

(1.72,3.29)

2.24 

(1.55,3.25)

1.93 

(1.45,2.57)

2.74 

(2.11,3.55)

1.40 

(1.01,1.94)

2.27 

(1.75,2.95)

2.60 

(1.95,3.47)

3.74 

(2.06,6.80)

5.24 

(2.84,9.67)

0.51 

(0.38,0.67) ESL800
1.34 

(1.03,1.74)

0.93 

(0.55,1.58)

1.21 

(0.78,1.86)

1.13 

(0.71,1.81)

0.98 

(0.65,1.47)

1.38 

(0.94,2.04)

0.71 

(0.46,1.09)

1.15 

(0.78,1.70)

1.32 

(0.88,1.98)

1.89 

(0.97,3.67)

2.65 

(1.35,5.22)

0.38 

(0.28,0.50)

0.75 

(0.58,0.97) ESL1200
0.70 

(0.41,1.18)

0.90 

(0.59,1.39)

0.85 

(0.53,1.35)

0.73 

(0.49,1.09)

1.04 

(0.70,1.52)

0.53 

(0.34,0.82)

0.86 

(0.59,1.27)

0.99 

(0.66,1.48)

1.42 

(0.73,2.74)

1.99 

(1.01,3.90)

0.54 

(0.35,0.84)

1.07 

(0.63,1.81)

1.43 

(0.85,2.42) BRV50 
1.29 

(0.80,2.07)

1.21 

(0.71,2.07)

1.05 

(0.62,1.77)

1.48 

(0.89,2.47)

0.76 

(0.44,1.31)

1.23 

(0.74,2.05)

1.41 

(0.83,2.39)

2.02 

(0.96,4.25)

2.84 

(1.34,6.03)

0.42 

(0.30,0.58)

0.83 

(0.54,1.28)

1.11 

(0.72,1.71)

0.78 

(0.48,1.24) BRV100 
0.94 

(0.66,1.33)

0.81 

(0.53,1.25)

1.15 

(0.76,1.74)

0.59 

(0.37,0.93)

0.96 

(0.63,1.45)

1.09 

(0.71,1.69)

1.57 

(0.80,3.10)

2.20 

(1.10,4.40)

0.45 

(0.31,0.65)

0.88 

(0.55,1.41)

1.18 

(0.74,1.88)

0.82 

(0.48,1.41)

1.06 

(0.75,1.51) BRV200 
0.86 

(0.54,1.38)

1.22 

(0.78,1.92)

0.62 

(0.38,1.03)

1.02 

(0.65,1.60)

1.16 

(0.73,1.86)

1.67 

(0.83,3.37)

2.34 

(1.15,4.79)

0.52 

(0.39,0.69)

1.02 

(0.68,1.54)

1.37 

(0.91,2.05)

0.96 

(0.57,1.62)

1.23 

(0.80,1.90)

1.16 

(0.73,1.85) LCM200
1.42 

(1.09,1.85)

0.72 

(0.47,1.12)

1.18 

(0.80,1.74)

1.35 

(0.90,2.03)

1.94 

(1.00,3.76)

2.72 

(1.38,5.34)

0.37 

(0.28,0.47)

0.72 

(0.49,1.06)

0.97 

(0.66,1.42)

0.67 

(0.40,1.13)

0.87 

(0.57,1.32)

0.82 

(0.52,1.29)

0.71 

(0.54,0.92) LCM400
0.51 

(0.34,0.78)

0.83 

(0.57,1.20)

0.95 

(0.65,1.40)

1.37 

(0.71,2.62)

1.92 

(0.99,3.73)

0.72 

(0.51,0.99)

1.41 

(0.91,2.19)

1.89 

(1.22,2.92) 

1.32 

(0.76,2.29)

1.70 

(1.07,2.70)

1.60 

(0.98,2.63)

1.38 

(0.89,2.13)

1.96 

(1.29,2.98) PER4
1.63 

(1.19,2.22)

1.86 

(1.32,2.63)

2.67 

(1.35,5.29)

3.75 

(1.87,7.51)

0.44 

(0.34,0.57)

0.87 

(0.59,1.28)

1.16 

(0.79,1.71)

0.81 

(0.49,1.35)

1.05 

(0.69,1.59)

0.98 

(0.63,1.55)

0.85 

(0.58,1.25)

1.20 

(0.83,1.74)

0.61 

(0.45,0.84) PER8
1.14 

(0.88,1.49)

1.64 

(0.86,3.16)

2.31 

(1.19,4.48)

0.38 

(0.29,0.51)

0.76 

(0.51,1.14)

1.01 

(0.68,1.52)

0.71 

(0.42,1.20)

0.91 

(0.59,1.41)

0.86 

(0.54,1.38)

0.74 

(0.49,1.11)

1.05 

(0.71,1.55)

0.54 

(0.38,0.76)

0.87 

(0.67,1.14) PER12
1.44 

(0.74,2.79)

2.01 

(1.02,3.96)

0.27 

(0.15,0.49)

0.53 

(0.27,1.03)

0.71 

(0.36,1.37)

0.49 

(0.24,1.04)

0.64 

(0.32,1.26)

0.60 

(0.30,1.21)

0.52 

(0.27,1.00)

0.73 

(0.38,1.41)

0.37 

(0.19,0.74)

0.61 

(0.32,1.17)

0.70 

(0.36,1.35) CNB200 
1.40 

(0.79,2.50)

0.19 

(0.10,0.35)

0.38 

(0.19,0.74)

0.50 

(0.26,0.99)

0.35 

(0.17,0.75)

0.45 

(0.23,0.91)

0.43 

(0.21,0.87)

0.37 

(0.19,0.72)

0.52 

(0.27,1.01)

0.27 

(0.13,0.53)

0.43 

(0.22,0.84)

0.50 

(0.25,0.98)

0.71 

(0.40,1.27) CNB400 

In the lower triangle, the odds ratios have been estimated as treatment in higher order versus treatment in lower order from top to bottom, 
whereas in the upper triangle the direction of the effects is the opposite. Bold values indicate statistical differences
BRV50 brivaracetam 50 mg/day, BRV100 brivaracetam 100 mg/day, BRV200 brivaracetam 200 mg/day, CNB200 cenobamate 200 mg/day, 
CNB400 cenobamate 400 mg/day, ESL800 eslicarbazepine acetate 800 mg/day, ESL1200 eslicarbazepine acetate 1200 mg/day, LCM200 lacosa-
mide 200 mg/day, LCM400 lacosamide 400 mg/day PBO placebo, PER4 perampanel 4 mg/day, PER8 perampanel 8 mg/day, PER12 perampanel 
12 mg/day



210 S. Lattanzi et al.

Cenobamate has recently been approved for the treat-
ment of focal onset seizures in adults and is characterised by 
a so-far unique dual complementary mechanism of action. 
It decreases excitatory currents by inhibiting the persistent 
component of the sodium current and enhancing the inacti-
vated state of voltage-gated sodium channels [39]. In addi-
tion, it enhances inhibitory currents through  GABAA receptor 
allosteric modulation and experimental evidence suggests it 
may target both synaptic and extra-synaptic  GABAA receptors 
[39–41]. The comparative analysis of preclinical antiseizure 
profiles of CNB and other ASMs targeting similar molecu-
lar targets suggests that CNB is a mechanistically novel drug 
[42]. The dual pharmacodynamic activities of CNB on targets 
regulating both excitatory and inhibitory neurotransmission 
may contribute to explain its broad preclinical activity and 
support its clinical efficacy in patients with focal epilepsy 
[42], although the drug may possess other yet unknown mech-
anisms of action. The rates of seizure response and seizure 
freedom observed with CNB compare very favourably with 
those of the other adjunctive ASMs and bring promise for 
patients who have difficult-to-control seizures, mainly if the 
higher dosage can be tolerated. Real-life data overcoming the 
constraints of the RCT design will complement and further 
clarify the true therapeutic potentialities and clinical relevance 
of this newest ASM.

The analyses of tolerability outcomes indicated the good 
profile of BRV and LCM over the other comparators. Brivar-
acetam and LCM were associated with a lower proportion 
of participants experiencing TEAEs in comparison to ESL, 
and patients treated with PER were associated with a higher 
risk of experiencing at least one TEAE than BRV. Overall, 
BRV and LCM had the highest probabilities of being the 
best-tolerated options for both the outcomes of the occur-
rence of any TEAE and TEAEs leading to discontinuation.

Brivaracetam is a rationally developed compound char-
acterised by high-affinity binding to synaptic

vesicle protein 2A [43]. Lacosamide, the R-enantiomer of 
2-acetamido-N-benzyl-3-methoxypropionamide, selectively 
enhances the slow inactivation of voltage-gated sodium 
channels [44]. Both BRV and LCM do not interact with most 
drug-metabolising enzymes and drug transporters and are 
associated with few clinically relevant drug-drug interac-
tions [44, 45].

The good tolerability profile of BRV versus the other 
third-generation ASMs has been already demonstrated in 
prior indirect comparisons [46, 47]. In this regard, it is inter-
esting that more than three-quarters of participants assigned 
to BRV treatment in the RCTs were taking sodium chan-
nel blockers (SCBs) as concomitant ASMs, and the risk of 
TEAEs in patients treated with BRV within the context of 

Table 4  Network league table for the seizure freedom

PBO
3.49 

(1.36,8.91)

3.57 

(1.41,8.99)

2.95 

(0.34,25.26)

9.12 

(2.53,32.88)

6.76 

(1.71,26.72)

2.66 

(0.87,8.08)

3.10 

(1.03,9.30)

3.36 

(1.16,9.73)

3.83 

(1.46,10.02)

4.73 

(1.73,12.92)

10.61 

(1.33,84.38)

17.68 

(2.30,135.90)

0.29 

(0.11,0.73) ESL800
1.02 

(0.53,1.97)

0.84 

(0.08,8.81)

2.62 

(0.53,12.81)

1.94 

(0.37,10.24)

0.76 

(0.18,3.26)

0.89 

(0.21,3.77)

0.96 

(0.23,3.98)

1.10 

(0.29,4.21)

1.36 

(0.34,5.36)

3.04 

(0.31,29.63)

5.07 

(0.54,47.88)

0.28 

(0.11,0.71)

0.98 

(0.51,1.88) ESL1200
0.83 

(0.08,8.57)

2.56 

(0.53,12.43)

1.90 

(0.36,9.94)

0.75 

(0.18,3.16)

0.87 

(0.21,3.65)

0.94 

(0.23,3.86)

1.07 

(0.28,4.08)

1.33 

(0.34,5.20)

2.97 

(0.31,28.81)

4.96 

(0.53,46.54)

0.34 

(0.04,2.91)

1.18 

(0.11,12.35)

1.21 

(0.12,12.57) BRV50 
3.10 

(0.35,27.57)

2.30 

(0.23,22.60)

0.90 

(0.08,10.14)

1.05 

(0.09,11.76)

1.14 

(0.10,12.55)

1.30 

(0.12,13.69)

1.60 

(0.15,17.21)

3.60 

(0.18,71.37)

6.00 

(0.31,116.18)

0.11 

(0.03,0.40)

0.38 

(0.08,1.87)

0.39 

(0.08,1.90)

0.32 

(0.04,2.88) BRV100 
0.74 

(0.32,1.71)

0.29 

(0.05,1.59)

0.34 

(0.06,1.84)

0.37 

(0.07,1.95)

0.42 

(0.08,2.09)

0.52 

(0.10,2.65)

1.16 

(0.10,13.32)

1.94 

(0.17,21.57)

0.15 

(0.04,0.58)

0.52 

(0.10,2.72)

0.53 

(0.10,2.76)

0.44 

(0.04,4.29)

1.35 

(0.58,3.11) BRV200 
0.39 

(0.07,2.30)

0.46 

(0.08,2.66)

0.50 

(0.09,2.83)

0.57 

(0.11,3.03)

0.70 

(0.13,3.84)

1.57 

(0.13,18.88)

2.62 

(0.22,30.59)

0.38 

(0.12,1.14)

1.31 

(0.31,5.62)

1.34 

(0.32,5.70)

1.11 

(0.10,12.46)

3.43 

(0.63,18.73)

2.54 

(0.43,14.90) LCM200
1.17 

(0.56,2.42)

1.26 

(0.27,5.89)

1.44 

(0.33,6.27)

1.78 

(0.40,7.96)

3.99 

(0.38,41.98)

6.65 

(0.65,67.89)

0.32 

(0.11,0.97)

1.13 

(0.27,4.77)

1.15 

(0.27,4.84)

0.95 

(0.09,10.62)

2.94 

(0.54,15.93)

2.18 

(0.38,12.68)

0.86 

(0.41,1.78) LCM400
1.08 

(0.24,5.01)

1.24 

(0.29,5.32)

1.53 

(0.34,6.77)

3.42 

(0.33,35.79)

5.71 

(0.56,57.88)

0.30 

(0.10,0.86)

1.04 

(0.25,4.28)

1.06 

(0.26,4.34)

0.88 

(0.08,9.64)

2.71 

(0.51,14.36)

2.01 

(0.35,11.44)

0.79 

(0.17,3.68)

0.92 

(0.20,4.25) PER4
1.14 

(0.53,2.44)

1.41 

(0.58,3.39)

3.16 

(0.31,32.46)

5.26 

(0.53,52.48)

0.26 

(0.10,0.68)

0.91 

(0.24,3.49)

0.93 

(0.25,3.54)

0.77 

(0.07,8.11)

2.38 

(0.48,11.85)

1.77 

(0.33,9.46)

0.69 

(0.16,3.02)

0.81 

(0.19,3.49)

0.88 

(0.41,1.88) PER8
1.23 

(0.61,2.51)

2.77 

(0.28,27.27)

4.62 

(0.48,44.07)

0.21 

(0.08,0.58)

0.74 

(0.19,2.92)

0.75 

(0.19,2.96)

0.62 

(0.06,6.69)

1.93 

(0.38,9.85)

1.43 

(0.26,7.86)

0.56 

(0.13,2.52)

0.66 

(0.15,2.91)

0.71 

(0.30,1.71)

0.81 

(0.40,1.64) PER12
2.24 

(0.22,22.50)

3.74 

(0.39,36.36)

0.09 

(0.01,0.75)

0.33 

(0.03,3.20)

0.34 

(0.03,3.26)

0.28 

(0.01,5.50)

0.86 

(0.08,9.85)

0.64 

(0.05,7.67)

0.25 

(0.02,2.64)

0.29 

(0.03,3.05)

0.32 

(0.03,3.26)

0.36 

(0.04,3.55)

0.45 

(0.04,4.47) CNB200 
1.67 

(0.72,3.86)

0.06 

(0.01,0.43)

0.20 

(0.02,1.86)

0.20 

(0.02,1.89)

0.17 

(0.01,3.22)

0.52 

(0.05,5.74)

0.38 

(0.03,4.47)

0.15 

(0.01,1.53)

0.18 

(0.02,1.78)

0.19 

(0.02,1.90)

0.22 

(0.02,2.06)

0.27 

(0.03,2.60)

0.60 

(0.26,1.39) CNB400 

In the lower triangle, the odds ratios have been estimated as treatment in higher order versus treatment in lower order from top to bottom, 
whereas in the upper triangle the direction of the effects is the opposite. Bold values indicate statistical differences.
BRV50 brivaracetam 50 mg/day, BRV100 brivaracetam 100 mg/day, BRV200 brivaracetam 200 mg/day, CNB200 cenobamate 200 mg/day, 
CNB400 cenobamate 400 mg/day, ESL800 eslicarbazepine acetate 800 mg/day, ESL1200 eslicarbazepine acetate 1200 mg/day, LCM200 lacosa-
mide 200 mg/day, LCM400 lacosamide 400 mg/day PBO placebo, PER4 perampanel 4 mg/day, PER8 perampanel 8 mg/day, PER12 perampanel 
12 mg/day
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real-world clinical practice is significantly reduced by the 
concomitant use of an ASM acting as an SCB [48]. Although 
to date, there are no experimental data about any advanta-
geous combinations of BRV with other ASMs, additive or 
synergic pharmacodynamic interactions between BRV and 
one or more compounds acting on voltage-gated sodium 
channels may exist and need to be specifically addressed. 
Further, the ranking of treatments according to tolerability 
outcomes suggested that the occurrence of any TEAE and 
the risk of TEAEs leading to discontinuation associated with 
BRV could not be dose dependent, while the incidence of 
TEAEs was higher with the increasing doses of CNB, ESL, 
LCM, and PER.

Both PER and BRV are among the ASMs traditionally 
associated with the strongest risk of behavioural adverse 

events. Although the incidence of these side effects is 
higher with PER than with BRV [49], the lack of analyses 
by individual TEAEs did not allow us to state whether the 
difference in the tolerability profile was driven by the risk 
of behavioural adverse events.

Table 5  Ranking according to SUCRA and mean rank for the efficacy 
and tolerability outcomes

SUCRA  surface under the cumulative ranking curve
Higher SUCRA values correspond to higher probabilities of better 
efficacy/tolerability

Treatment SUCRA Mean rank

Seizure response
 Brivaracetam 46.2 3.7
 Cenobamate 99.0 1.1
 Eslicarbazepine acetate 53.4 3.3
 Lacosamide 60.8 3.0
 Perampanel 40.7 4.0
 Placebo 0.0 6.0

Seizure freedom
 Brivaracetam 72.4 2.4
 Cenobamate 88.8 1.6
 Eslicarbazepine acetate 47.2 3.6
 Lacosamide 37.8 4.1
 Perampanel 53.0 3.4
 Placebo 0.8 6.0

At least one treatment-emergent adverse event
 Brivaracetam 67.0 2.6
 Cenobamate 21.5 4.9
 Eslicarbazepine acetate 12.8 5.4
 Lacosamide 70.2 2.5
 Perampanel 29.6 4.5
 Placebo 98.8 1.1

At least one treatment-emergent adverse event leading to discon-
tinuation

 Brivaracetam 62.3 2.9
 Cenobamate 11.9 5.4
 Eslicarbazepine acetate 24.8 4.8
 Lacosamide 56.8 3.2
 Perampanel 44.5 3.8
 Placebo 99.7 1.0

Fig. 4  Interval plot for the tolerability outcome: at least one treat-
ment-emergent adverse event. BRV brivaracetam, CNB cenobamate, 
CI confidence interval, ESL eslicarbazepine acetate, LCM lacosa-
mide, PBO placebo, PER perampanel

Fig. 5  Interval plot for the tolerability outcome: at least one treat-
ment-emergent adverse event leading to discontinuation. BRV brivar-
acetam, CNB cenobamate, CI confidence interval, ESL eslicarbaz-
epine acetate, LCM lacosamide, PBO placebo, PER perampanel
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Also, LCM was associated with a lower proportion of 
patients experiencing at least one TEAE compared to ESL. 
Both LCM and ESL belong to the class of SCBs and reduce 
the voltage-gated sodium channels availability through 
enhancement of slow inactivation. However, it is worthy of 
note that distinctive characteristics exist between the two 
compounds, including the higher interaction of LCM with 
fast inactivation gating [50]. The possible contribution of 
such pharmacodynamic features to dictate differential toler-
ability in clinical practice has never been investigated and 
remains an attractive theme to explore.

Finally, CNB ranked as the treatment associated with 
the highest likelihood of TEAE occurrence, mainly at the 
highest daily dosage. In this regard, the rapid titration of 
100 mg/week from 200 to 400 mg, and the impossibility as 
per study protocol to adjust the dose of concomitant ASMs, 
might have contributed to the higher rates of TEAEs in the 
400 mg group. Interestingly, a slightly higher incidence 
of TEAEs has been observed among patients treated with 
CNB and concomitantly taking SCBs compared with those 
not taking them [51]. Further, as CNB inhibits cytochrome 
P450 (CYP), 2C19 and can inhibit or induce CYP2B6 and 
3A4, pharmacokinetic drug-drug interactions occur; for 
example, CNB can increase plasma concentrations of des-
methylclobazam, the active metabolite of clobazam, and a 

reduction in clobazam dose should be considered to avoid 
adverse events [39]. Considering the remarkable efficacy 
profile of CNB, it is important to be aware of the potential 
interactions with concomitant ASMs and ensure that patients 
are able to tolerate the introduction of the drug into the exist-
ing therapeutic regimen. Special caution and slow titration 
or stepwise tapering off should be considered in patients on 
other SCBs or GABA-ergic drugs to improve tolerability and 
minimise the risk of treatment failure due to TEAEs.

4.2  Strengths and Limitations

This NMA is the first to include CNB, the newest approved 
drug for treating focal-onset seizures, in comparative analy-
ses of the efficacy and safety of ASMs and it updates the 
currently available systematic reviews of evidence [46, 47, 
52]. Efficacy and safety analyses were performed according 
to actual licensed maintenance daily doses of ASMs and the 
estimates of seizure responder rates during the maintenance 
period can reflect steady-state drug levels at the target dose 
more accurately than data referring to the entire treatment 
phase, including the titration. The “pragmatic ITT” approach 
used for the seizure freedom outcome, which defines the per-
centage of seizure free completers, represents a more con-
servative method of measuring seizure freedom and provides 

Table 6  Network league table for the occurrence of at least one treatment-emergent adverse event

PBO
1.83 

(1.41,2.38)

2.62 

(2.00,3.43)

1.19 

(0.79,1.78)

1.43 

(1.06,1.94)

1.36 

(0.96,1.92)

1.01 

(0.71,1.45)

1.71 

(1.16,2.51)

1.32 

(0.98,1.77)

1.88 

(1.44,2.44)

3.04 

(2.15,4.30)

1.36 

(0.74,2.49)

3.83 

(1.81,8.08)

0.55 

(0.42,0.71) ESL800
1.43 

(1.09,1.88)

0.65 

(0.40,1.05)

0.78 

(0.53,1.17)

0.74 

(0.48,1.15)

0.55 

(0.35,0.86)

0.93 

(0.59,1.49)

0.72 

(0.49,1.07)

1.02 

(0.71,1.48)

1.66 

(1.08,2.56)

0.74 

(0.39,1.43)

2.09 

(0.95,4.61)

0.38 

(0.29,0.50)

0.70 

(0.53,0.92) ESL1200
0.45 

(0.28,0.74)

0.55 

(0.37,0.82)

0.52 

(0.33,0.80)

0.39 

(0.25,0.61)

0.65 

(0.41,1.04)

0.50 

(0.34,0.75)

0.72 

(0.49,1.04)

1.16 

(0.75,1.80)

0.52 

(0.27,1.01)

1.46 

(0.66,3.24)

0.84 

(0.56,1.27)

1.54 

(0.95,2.50)

2.21 

(1.35,3.60) BRV50 
1.21 

(0.77,1.89)

1.14 

(0.69,1.91)

0.86 

(0.50,1.47)

1.44 

(0.82,2.52)

1.11 

(0.67,1.84)

1.58 

(0.97,2.57)

2.56 

(1.50,4.38)

1.15 

(0.55,2.38)

3.23 

(1.38,7.56)

0.70 

(0.52,0.94)

1.28 

(0.86,1.90)

1.83 

(1.22,2.73)

0.83 

(0.53,1.29) BRV100 
0.95 

(0.66,1.35)

0.71 

(0.44,1.13)

1.19 

(0.73,1.94)

0.92 

(0.60,1.40)

1.31 

(0.88,1.95)

2.12 

(1.34,3.35)

0.95 

(0.48,1.86)

2.67 

(1.19,5.97)

0.74 

(0.52,1.04)

1.35 

(0.87,2.09)

1.93 

(1.24,3.00)

0.87 

(0.52,1.46)

1.06 

(0.74,1.51) BRV200 
0.75 

(0.45,1.23)

1.26 

(0.75,2.12)

0.97 

(0.62,1.53)

1.38 

(0.89,2.14)

2.24 

(1.37,3.66)

1.00 

(0.50,2.01)

2.82 

(1.24,6.44)

0.99 

(0.69,1.41)

1.81 

(1.16,2.82)

2.58 

(1.65,4.05)

1.17 

(0.68,2.01)

1.41 

(0.88,2.26)

1.34 

(0.81,2.21) LCM200
1.68 

(1.15,2.48)

1.30 

(0.82,2.07)

1.85 

(1.18,2.89)

3.00 

(1.82,4.94)

1.34 

(0.66,2.71)

3.77 

(1.65,8.65)

0.59 

(0.40,0.86)

1.07 

(0.67,1.71)

1.53 

(0.96,2.45)

0.69 

(0.40,1.21)

0.84 

(0.52,1.37)

0.79 

(0.47,1.33)

0.59 

(0.40,0.87) LCM400
0.77 

(0.48,1.25)

1.10 

(0.69,1.75)

1.78 

(1.06,2.99)

0.80 

(0.39,1.63)

2.24 

(0.97,5.19)

0.76 

(0.56,1.02)

1.39 

(0.94,2.06)

1.98 

(1.33,2.96)

0.90 

(0.54,1.49)

1.09 

(0.71,1.66)

1.03 

(0.65,1.62)

0.77 

(0.48,1.22)

1.30 

(0.80,2.10) PER4
1.42 

(1.04,1.93)

2.30 

(1.55,3.43)

1.03 

(0.53,2.02)

2.90 

(1.30,6.48)

0.53 

(0.41,0.69)

0.98 

(0.67,1.41)

1.40 

(0.96,2.03)

0.63 

(0.39,1.03)

0.76 

(0.51,1.14)

0.72 

(0.47,1.12)

0.54 

(0.35,0.85)

0.91 

(0.57,1.45)

0.70 

(0.52,0.96) PER8
1.62 

(1.13,2.33)

0.73 

(0.38,1.40)

2.04 

(0.92,4.51)

0.33 

(0.23,0.47)

0.60 

(0.39,0.93)

0.86 

(0.55,1.34)

0.39 

(0.23,0.67) 

0.47 

(0.30,0.75)

0.45 

(0.27,0.73)

0.33 

(0.20,0.55)

0.56 

(0.33,0.94)

0.43 

(0.29,0.65)

0.62 

(0.43,0.89) PER12
0.45 

(0.22,0.90)

1.26 

(0.55,2.87)

0.74 

(0.40,1.34)

1.35 

(0.70,2.60)

1.92 

(0.99,3.73)

0.87 

(0.42,1.80)

1.05 

(0.54,2.07)

1.00 

(0.50,2.00)

0.75 

(0.37,1.51)

1.26 

(0.61,2.57)

0.97 

(0.50,1.90)

1.38 

(0.71,2.66)

2.23 

(1.11,4.48) CNB200 
2.81 

(1.31,6.03)

0.26 

(0.12,0.55)

0.48 

(0.22,1.06)

0.68 

(0.31,1.51)

0.31 

(0.13,0.73)

0.37 

(0.17,0.84)

0.35 

(0.16,0.81)

0.26 

(0.12,0.61)

0.45 

(0.19,1.03)

0.34 

(0.15,0.77)

0.49 

(0.22,1.08)

0.79 

(0.35,1.81)

0.36 

(0.17,0.76) CNB400 

In the lower triangle, the odds ratios have been estimated as treatment in higher order versus treatment in lower order from top to bottom, 
whereas in the upper triangle the direction of the effects is the opposite. Bold values indicate statistical differences.
BRV50 brivaracetam 50 mg/day, BRV100 brivaracetam 100 mg/day, BRV200 brivaracetam 200 mg/day, CNB200 cenobamate 200 mg/day, 
CNB400 cenobamate 400 mg/day, ESL800 eslicarbazepine acetate 800 mg/day, ESL1200 eslicarbazepine acetate 1200 mg/day, LCM200 lacosa-
mide 200 mg/day, LCM400 lacosamide 400 mg/day PBO placebo, PER4 perampanel 4 mg/day, PER8 perampanel 8 mg/day, PER12 perampanel 
12 mg/day
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more reliable and informative estimates of treatment efficacy 
as opposed to “last observation carried forward” methodol-
ogy, whereby patients who were seizure-free up to drop-
ping out of a study can be classed as being seizure-free [10]. 
Although the seizure-free numbers in add-on RCTs may not 
be predictive of seizure freedom in clinical practice, they 
do represent a reference point when assessing ASMs and an 
often-discussed marker of how potentially useful an ASM 
will be in refractory patients [10]. In this regard, the “prag-
matic ITT” analysis more closely represents the information 
on seizure freedom that clinicians seek. Notably, only a few 
patients achieved seizure freedom in all included studies, 
and this may have led to a lack of sufficient statistical power 
to detect a significant difference between the comparators 
[53].

The validity of indirect comparisons relies upon the simi-
larity and methodological quality of the individual RCTs 
being indirectly compared [54]. In the present NMA, we 
used strict inclusion criteria to minimize, as much as pos-
sible, any source of heterogeneity; all the included trials 
were overall clinically and methodologically homogeneous 
and comparable, and no trial showed a high risk of bias. 
Although there is no consensus about the optimal length of 
the treatment period, the inclusion of studies with a main-
tenance phase of 12 weeks or longer met the guideline on 

Table 7  Network league table for the occurrence of at least one treatment-emergent adverse event leading to discontinuation

PBO
1.95 

(1.23,3.09)

4.10 

(2.67,6.30)

2.02 

(0.78,5.25)

2.04 

(1.06,3.94)

1.70 

(0.80,3.62)

1.17 

(0.67,2.04)

3.05 

(1.90,4.90)

0.93 

(0.46,1.88)

2.10 

(1.30,3.40)

4.03 

(2.50,6.50)

3.25 

(1.14,9.29)

5.09 

(1.85,14.00)

0.51 

(0.32,0.81) ESL800
2.11 

(1.49,2.98)

1.04 

(0.36,2.99)

1.05 

(0.47,2.34)

0.88 

(0.36,2.12)

0.60 

(0.29,1.24)

1.57 

(0.81,3.03)

0.48 

(0.21,1.11)

1.08 

(0.55,2.10)

2.07 

(1.07,4.02)

1.67 

(0.53,5.26)

2.62 

(0.86,7.95)

0.24 

(0.16,0.37)

0.47 

(0.34,0.67) ESL1200
0.49 

(0.17,1.40)

0.50 

(0.23,1.09)

0.42 

(0.17,0.99)

0.29 

(0.14,0.58)

0.74 

(0.39,1.41)

0.23 

(0.10,0.52)

0.51 

(0.27,0.97)

0.98 

(0.52,1.87)

0.79 

(0.26,2.46)

1.24 

(0.41,3.72)

0.50 

(0.19,1.29)

0.96 

(0.33,2.79)

2.03 

(0.71,5.79) BRV50 
1.01 

(0.37,2.78)

0.84 

(0.27,2.60)

0.58 

(0.19,1.75)

1.51 

(0.52,4.39)

0.46 

(0.14,1.51)

1.04 

(0.36,3.03)

2.00 

(0.69,5.81)

1.61 

(0.39,6.66)

2.52 

(0.63,10.14)

0.49 

(0.25,0.95)

0.95 

(0.43,2.13)

2.01 

(0.92,4.42)

0.99 

(0.36,2.72) BRV100 
0.84 

(0.44,1.60)

0.57 

(0.24,1.36)

1.49 

(0.66,3.37)

0.46 

(0.17,1.20)

1.03 

(0.45,2.33)

1.98 

(0.88,4.46)

1.59 

(0.46,5.51)

2.50 

(0.75,8.35)

0.59 

(0.28,1.25)

1.14 

(0.47,2.77)

2.41 

(1.01,5.73)

1.18 

(0.38,3.65)

1.20 

(0.62,2.29) BRV200 
0.69 

(0.27,1.75)

1.79 

(0.73,4.36)

0.55 

(0.20,1.53)

1.23 

(0.50,3.01)

2.37 

(0.97,5.78)

1.91 

(0.52,6.95)

2.99 

(0.85,10.55)

0.85 

(0.49,1.49)

1.66 

(0.81,3.42)

3.50 

(1.74,7.06)

1.72 

(0.57,5.20)

1.74 

(0.74,4.12)

1.45 

(0.57,3.71) LCM200
2.60 

(1.65,4.09)

0.80 

(0.33,1.94)

1.79 

(0.86,3.73)

3.44 

(1.66,7.16)

2.78 

(0.85,9.10)

4.35 

(1.37,13.78)

0.33 

(0.20,0.53)

0.64 

(0.33,1.24)

1.35 

(0.71,2.55)

0.66 

(0.23,1.92)

0.67 

(0.30,1.51)

0.56 

(0.23,1.36)

0.38 

(0.24,0.60) LCM400
0.31 

(0.13,0.71)

0.69 

(0.35,1.35)

1.32 

(0.68,2.59)

1.07 

(0.34,3.38)

1.67 

(0.55,5.10)

1.07 

(0.53,2.16)

2.09 

(0.90,4.82)

4.40 

(1.94,9.99)

2.16 

(0.66,7.07)

2.19 

(0.84,5.72)

1.83 

(0.65,5.11)

1.26 

(0.51,3.07)

3.27 

(1.40,7.61) PER4
2.25 

(1.19,4.26)

4.32 

(2.24,8.36)

3.49 

(0.99,12.31)

5.46 

(1.60,18.67)

0.48 

(0.29,0.77)

0.93 

(0.48,1.81)

1.96 

(1.03,3.73)

0.96 

(0.33,2.80)

0.97 

(0.43,2.20)

0.81 

(0.33,1.99)

0.56 

(0.27,1.16)

1.45 

(0.74,2.86)

0.44 

(0.23,0.84) PER8
1.92 

(1.29,2.86)

1.55 

(0.49,4.92)

2.43 

(0.79,7.44)

0.25 

(0.15,0.40)

0.48 

(0.25,0.94)

1.02 

(0.54,1.93)

0.50 

(0.17,1.46)

0.51 

(0.22,1.14)

0.42 

(0.17,1.03)

0.29 

(0.14,0.60)

0.76 

(0.39,1.48)

0.23 

(0.12,0.45)

0.52 

(0.35,0.77) PER12
0.81 

(0.25,2.56)

1.26 

(0.41,3.86)

0.31 

(0.11,0.88)

0.60 

(0.19,1.88)

1.26 

(0.41,3.92)

0.62 

(0.15,2.57)

0.63 

(0.18,2.17)

0.52 

(0.14,1.91)

0.36 

(0.11,1.18)

0.94 

(0.30,2.97)

0.29 

(0.08,1.01)

0.65 

(0.20,2.05)

1.24 

(0.39,3.93) CNB200 
1.57 

(0.76,3.21)

0.20 

(0.07,0.54)

0.38 

(0.13,1.16)

0.81 

(0.27,2.42)

0.40 

(0.10,1.59)

0.40 

(0.12,1.34)

0.33 

(0.09,1.18)

0.23 

(0.07,0.73)

0.60 

(0.20,1.83)

0.18 

(0.05,0.63)

0.41 

(0.13,1.26)

0.79 

(0.26,2.42)

0.64 

(0.31,1.31) CNB400 

In the lower triangle, the odds ratios have been estimated as treatment in higher order versus treatment in lower order from top to bottom, 
whereas in the upper triangle the direction of the effects is the opposite. Bold values indicate statistical differences.
BRV50 brivaracetam 50 mg/day, BRV100 brivaracetam 100 mg/day, BRV200 brivaracetam 200 mg/day, CNB200 cenobamate 200 mg/day, 
CNB400 cenobamate 400 mg/day, ESL800 eslicarbazepine acetate 800 mg/day, ESL1200 eslicarbazepine acetate 1200 mg/day, LCM200 lacosa-
mide 200 mg/day, LCM400 lacosamide 400 mg/day PBO placebo, PER4 perampanel 4 mg/day, PER8 perampanel 8 mg/day, PER12 perampanel 
12 mg/day

Fig. 6  Clustered ranking plot of the antiseizure medications net-
work for the efficacy and tolerability outcomes: seizure response and 
occurrence of at least one treatment-emergent adverse event. Ranking 
plots are based on cluster analysis of SUCRA values for two differ-
ent outcomes: efficacy and tolerability. Note: Y and X axes represent 
the cumulative ranking curve (SUCRA) to rank each intervention—
i.e., probability between 0 to 1 of an intervention being superior in 
efficacy (X axis) or tolerability (Y axis). Higher SUCRA values cor-
respond to higher probabilities of better efficacy/tolerability. Each 
colour represents a group of treatments that belong to the same clus-
ter. BRV brivaracetam, CNB cenobamate, CI confidence interval, ESL 
eslicarbazepine acetate, LCM lacosamide, PBO placebo, PER peram-
panel, SUCRA  surface under the cumulative ranking curve
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clinical investigation of medicinal products in the treatment 
of epileptic disorders, which recommends that the mainte-
nance period should last at least 12 weeks to establish that 
efficacy is not short lasting [55]. However, despite the simi-
larity of the included RCTs, some differences in characteris-
tics of trials and populations such as treatment duration and 
concomitant medications need to be acknowledged. Studies 
with shorter double-blind treatment periods may have under-
estimated the occurrence of TEAEs compared to those with 
longer time frames available for tolerability assessment, and 
a higher burden of concomitant ASMs may have resulted 
in an increased frequency of TEAEs. Further, the lack of 
efficacy and tolerability data according to the mechanism of 
action of concomitant ASMs prevents to explore or confirm 
potential favourable or unfavourable drug interactions and 
combinations [48, 56].

The NMA also inherited the general limitations of the 
RCTs of adjunctive ASMs, including the short length of 
observation and the highly selected inclusion and exclusion 
criteria for enrolment, which do not account for the inher-
ent variability of epilepsy and the need to tailor treatment 
according to individual characteristics, hence, limiting the 
external validity of the results. Although the ≥50% reduc-
tion in baseline seizure frequency represents one of the out-
comes required for licensing studies, it lacks information 

Fig. 7  Clustered ranking plot of the antiseizure medications network 
for the efficacy and tolerability outcomes: seizure response and occur-
rence of at least one treatment-emergent adverse event leading to 
treatment discontinuation. Ranking plots are based on cluster analy-
sis of SUCRA values for two different outcomes: efficacy and toler-
ability. Note: Y and X axes represent the cumulative ranking curve 
(SUCRA) to rank each intervention—i.e., probability between 0 to 1 
of an intervention being superior in efficacy (X axis) or tolerability 
(Y axis). Higher SUCRA values correspond to higher probabilities of 
better efficacy/tolerability. Each colour represents a group of treat-
ments that belong to the same cluster. BRV brivaracetam, CNB ceno-
bamate, CI confidence interval, ESL eslicarbazepine acetate, LCM 
lacosamide, PBO placebo, PER perampanel, SUCRA  surface under 
the cumulative ranking curve

Fig. 8  Clustered ranking plot of the antiseizure medications network 
for the efficacy and tolerability outcomes: seizure freedom and occur-
rence of at least one treatment-emergent adverse event. Ranking plots 
are based on cluster analysis of SUCRA values for two different out-
comes: efficacy and tolerability. Note: Y and X axes represent the 
cumulative ranking curve (SUCRA) to rank each intervention—i.e., 
probability between 0 to 1 of an intervention being superior in effi-
cacy (X axis) or tolerability (Y axis). Higher SUCRA values corre-
spond to higher probabilities of better efficacy/tolerability. Each col-
our represents a group of treatments that belong to the same cluster. 
BRV brivaracetam, CNB cenobamate, CI confidence interval, ESL 
eslicarbazepine acetate, LCM lacosamide, PBO placebo, PER peram-
panel, SUCRA  surface under the cumulative ranking curve

Fig. 9  Clustered ranking plot of the antiseizure medications network 
for the efficacy and tolerability outcomes: seizure freedom and occur-
rence of at least one treatment-emergent adverse event leading to 
treatment discontinuation. Ranking plots are based on cluster analy-
sis of SUCRA values for two different outcomes: efficacy and toler-
ability. Note: Y and X axes represent the cumulative ranking curve 
(SUCRA) to rank each intervention—i.e., probability between 0 to 1 
of an intervention being superior in efficacy (X axis) or tolerability 
(Y axis). Higher SUCRA values correspond to higher probabilities of 
better efficacy/tolerability. Each colour represents a group of treat-
ments that belong to the same cluster. BRV brivaracetam, CNB ceno-
bamate, CI confidence interval, ESL eslicarbazepine acetate, LCM 
lacosamide, PBO placebo, PER perampanel, SUCRA  surface under 
the cumulative ranking curve
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on the actual effect of the treatment on the quality of life of 
patients. Further, the reliability of seizure count, as docu-
mented in clinical trials by self-reported calendar diaries, 
may be affected by issues like noncompliance with diary 
maintenance, poor accuracy in reporting, and limited aware-
ness of seizures [57, 58]. Accordingly, studies considering 
patient-reported outcomes and new approaches for collecting 
reliable information about seizure control are warranted to 
fully assess the potential of treatments in the management of 
patients with epilepsy. In addition, all studies were funded 
by pharmaceutical companies. Importantly, data about effi-
cacy and safety of CNB are obtained from one single trial 
and some of the results are associated with wide confidence 
intervals. In this regard, imprecision and uncertainty asso-
ciated with low event rates can lead to extreme results and, 
in turn, influence the rankings of treatments. As ranks are 
sensitive to imprecision, dose-dependent relationships need 
to be interpreted with caution and no definitive conclusions 
can be drawn for trends that do not formally reach statis-
tical significance. Finally, the protocol of this NMA was 
not registered previously, and the lack of information about 
economic issues does not allow to address cost-effectiveness 
analyses and provide further guidance for clinical decisions.

5  Conclusion

The comparative analyses of trials’ data have shown that 
CNB ranked best for efficacy outcomes standing out against 
the comparators, and BRV and LCM had the highest prob-
abilities of being the best-tolerated options among the ASMs 
considered in this NMA. Ideally, head-to-head trials may 
allow definite conclusions on the comparative efficacy and 
tolerability of ASMs. It is unlikely that such RCTs will be 
performed. Although NMAs cannot replace studies directly 
comparing two or more drugs, they may offer reliable evi-
dence of the relative efficacy and safety, provide useful infor-
mation about the hierarchy of competing interventions, and 
may inform and guide physicians in clinical decision making 
[5, 59, 60].
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