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Abstract. The present study aimed to compare the safety of 
brivaracetam (BRV) at various doses among patients with 
epilepsy through a network meta‑analysis. Randomized 
controlled trials (RCTs) were retrieved from different databases, 
which were then pooled for a network analysis for calculating 
the odds ratios (ORs), together with the corresponding 95% 
confidence intervals (CIs) and surface under the cumulative 
ranking curve (SUCRA). A total of 9 RCTs were included 
in the final analysis. Compared with placebo, BRV at a dose 
of 50 mg daily led to a markedly increased risk of nervous 
system disorders (OR, 0.62; 95% CI, 0.43‑0.90; P=0.01) and 
evidently increased the risk of psychiatric disorders (OR, 0.16; 
95% CI, 0.04‑0.64; P=0.022). However, BRV treatment was 
not associated with a statistically significant change in the 
prevalence of infectious diseases. SUCRA analysis suggested 
that treatment with BRV at 50 mg/day posed the highest risk of 
nervous system disorders and psychiatric disorders compared 
with placebo or other doses of BRV. In conclusion, BRV treat‑
ment at a dose of 50 mg/day may increase the risk of nervous 
system diseases and psychosis disorders compared with the 
placebo group. However, more high‑quality clinical studies are 
warranted to validate these results.

Introduction

Epilepsy is a neurologic disorder resulting from abnormal 
electrical activity of brain neurons, affecting >70  million 
individuals worldwide  (1). Multiple factors are involved in 
the pathogenesis of epilepsy, which reflects the underlying 
brain dysfunction  (2); furthermore, it is difficult to fully 
explain the disease etiology  (3). So far, epilepsy is mainly 

treated by surgical intervention, pharmacotherapy and other 
approaches (4), including ketogenic dietary treatment  (5,6); 
however, pharmacotherapy remains the dominant therapeutic 
approach. Effective control over epilepsy may reduce disability 
and mortality rates (7). As a novel agent to treat epilepsy, brivar‑
acetam (BRV) is a ligand exhibiting high affinity for synaptic 
vesicle protein  2A (SV2A) and selectively combines with 
SV2A to exert its potent anti‑epileptic effects (8,9). In addition, 
SV2A is a protein for regulating synaptic vesicle exocytosis and 
neurotransmitter release (10,11). With regard to the safety of 
BRV, numerous studies have suggested that BRV exhibits supe‑
rior tolerability to other antiepileptic agents (12‑19). However, 
the safety of BRV at various doses has remained controver‑
sial, with adverse events including nervous system disorders, 
psychiatric disorders, infections. Nervous system disorders refer 
to a class of symptoms associated with the nervous system, 
including dizziness, headache and hypoaesthesia. Furthermore, 
psychiatric disorders are defined as symptoms associated with 
patient consciousness, including anxiety and factitious disorder. 
Infections are infectious diseases, e.g. urinary tract infection 
and pneumonia. Therefore, the present study aimed to compare 
the safety of BRV at various doses among patients with epilepsy 
by means of a network meta‑analysis.

Materials and methods

Data sources and retrieval. The present network meta‑anal‑
ysis was performed in accordance with the Cochrane 
Handbook  (20). In brief, electronic databases, including 
Pubmed, Embase and the Cochrane Library, were compre‑
hensively retrieved from inception to June 2019, using the 
following search terms: (‘Brivaracetam’ or ‘briviact’ or 
‘UCB34714’) AND (‘epilepsies’ OR ‘seizure disorder’ OR 
‘awakening epilepsy’ OR ‘epilepsies, cryptogenic’ OR ‘aura’). 
In addition, results from unpublished trials were also retrieved 
from www.clinicaltrials.gov. Two reviewers (YM and JW) 
retrieved studies from the databases independently. 

Study selection and quality assessment. The above two 
reviewers were responsible for study selection and quality 
assessment independently. Any disagreement between them 
was settled by consensus with a third investigator (JS). 
Specifically, the study inclusion criteria were as follows: 
Randomized controlled trails (RCTs); studies in which 
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seizure patients (regardless of age) were treated with BRV 
at various doses (5, 20, 50, 100 and 200 mg/day) or placebo; 
and studies that reported the safety data of interest, including 
nervous system disorders, psychiatric disorders, infections 
and infestations. The Cochrane Collaboration tool (21) was 
used to evaluate the risks of bias among those eligible studies, 
including selection bias, performance bias, attrition bias, 
detection bias, reporting bias and other bias.

Data extraction. The following data were extracted from the 
studies included by two reviewers (YM and JW) indepen‑
dently, including registry number, name of drug, BRV dose, 
total patient number, number of events in each group, treat‑
ment period, drug regimen, mean age, as well as frequencies 
of nervous system disorders, psychiatric disorders, and infec‑
tions. In addition, www.clinicaltrials.gov was searched for any 
unpublished data.

Data analysis. Stata v.12 and NetmetaXL v.1.6.1 software 
was adopted to perform the present network meta‑analysis. 
Among them, Stata  v.12 was used for conventional 
meta‑analysis using the random‑effects models, whereas 
NetmetaXL v.1.6.1 was employed for network meta‑analysis 
using the Bayesian random‑effects models to combine the 
estimates of direct and indirect treatment comparisons. 
The Mantel‑Haenszel χ2 test and I‑parameter test were used 
to assess heterogeneity. Furthermore, heterogeneity was 
assessed by determining the I2  value and a fixed‑effects 
model was used in the presence of I2<50%; otherwise, a 
random‑effects model was employed. Furthermore, the 
random‑effects models were utilized to calculate the odds 
ratio (OR) and the corresponding 95% confidence interval 
(CI). In this analysis, the OR was estimated based on placebo 
as the control. P<0.05 was considered to indicate statistical 
significance. For network meta‑analysis, we used the Markov 
Chain Monte Carlo (MCMC) algorithm to produce the result. 
A total of 2,000 simulations per chain were performed for 
initial burn‑in using the Markov Chain Monte Carlo algo‑
rithm, followed by an additional 50,000 simulations, and 
a total of 3 MCMC chains were adopted. In addition, the 
goodness of fit was evaluated using the deviance informa‑
tion criterion. Furthermore, the surface under the cumulative 
ranking curve (SUCRA) was plotted for ranking, where a 
lower SUCRA value indicated higher risk of adverse events. 
In addition, the publication bias was assessed using funnel 
plots and sensitivity analysis was accomplished through 
omitting one individual study at a time.

Results

Search results and study characteristics. A total of 378 
studies were retrieved after searching the electronic databases 
Pubmed, Embase, the Cochrane Library and www.clinical‑
trials.gov. A total of 9 RCTs including 2,538 patients were 
selected for the final analysis and all of them were registered 
at www.clinicaltrials.gov (15‑19). Fig. 1 displays the procedure 
of the literature search. The average age of these participants 
ranged from 33.2 to 65.6 years and the treatment period ranged 
from 4 to 17 weeks. Table SI summarizes the characteristics of 
those 9 RCTs included.

Study evaluation and publication bias. A total of 4 studies, 
NCT00698581 (15), NCT01261325 (18), NCT00504881 (19) 
and NCT00699283 had a high risk of bias due to incomplete 
outcome data and 1 study (NCT03021018) had a high risk of 
performance bias, while most studies had a low risk of bias. 
Risk of bias graph and a summary of the included studies 
are presented in Fig. S1, whilst results of the funnel plots for 
publication bias are provided in Fig. S2. The results suggested 
that no publication bias was present for nervous system disor‑
ders (P=0.175), psychiatric disorders (P=0.712), or infections 
(P=0.283).

Conventional meta‑analysis of adverse events. Results of 
conventional meta‑analysis are provided in the supplemen‑
tary material (Table  SII). With regard to nervous system 
disorders, compared with placebo, BRV at the doses of 50 
and 200 mg/day was associated with a higher risk (OR, 0.62; 
95% CI, 0.43‑0.90; P=0.01; and OR, 0.46; 95%CI, 0.32‑0.65; 
P<0.001, respectively). BRV at a dose of 50 mg/day was found 
to be associated with higher risk compared with that in BRV at 
the dose of 20 mg/day (OR, 0.85; 95%CI, 0.45‑0.95; P=0.026). 
As for psychiatric disorders, BRV at 50 mg/day was associated 
with a markedly increased risk and the difference was statisti‑
cally significant compared with placebo (OR, 0.16; 95% CI, 
0.04‑0.64; P=0.022). BRV at 100 mg/day was demonstrated to 
be associated with a higher risk compared with that in BRV at 
50 mg/day (OR, 5.95; 95%CI, 1.58‑22.38; P=0.014). In terms 
of infections, BRV did not pose a significant risk relative to 
placebo.

Network meta‑analysis of adverse events. In the network 
maps of nervous system disorders (Fig. 2A), psychiatric disor‑
ders (Fig. 2B), and infections (Fig. 2C), the nodes represent 
the interventions that are compared, the lines stand for the 
direct comparisons between interventions, the weight of the 
lines between interventions indicates the number of studies 
in each comparison and the size of the nodes indicate the 
actual sample size of each intervention. There were a total of 
7 studies, including 29 direct comparisons, reported adverse 
neurological events (Fig. 2A). A total of 4 studies, including 
16 direct comparisons, reported mental illness (Fig. 2B) and 5 
studies, including 22 direct comparisons, described the infec‑
tions (Fig. 2C).

Fig. 3 presents the results of the network meta‑analysis. 
There were no statistically significant differences in nervous 
system disorders between placebo and BRV at various doses, 
or among the different doses of BRV (Fig. 3A). With regard to 
psychiatric disorders (Fig. 3B), BRV at 50 mg/day was associ‑
ated with a significantly increased risk compared with placebo 
(OR, 0.09; 95% Cr.I, 0.01‑0.52). Conventional meta‑analysis 
also came to a similar conclusion (Table SII). Furthermore, 
no significant influences were found with regards to infections 
(Fig. 3C; Table SII).

Ranking probability. Table I summarizes the results of the 
SUCRA, which represent the ranking probability of BRV at 
various doses. In terms of the risk of nervous system disorders, 
BRV at 50 mg/day was associated with the highest probability 
of risk, followed by that at 200, 100, 5 and 20 mg/day (0.142, 
0.180, 0.485, 0.575 and 0.739, respectively). As for the risk of 
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psychiatric disorders, BRV at 50 mg/day had the highest‑ranking 
probability, followed by that at 100, 20, 5 and 200 mg/day 
(0.037, 0.367, 0.508, 0.590 and 0.765, respectively). As for the 

risk of infections, BRV at 5 mg/day had the highest‑ranking 
probability, followed by that at 20, 100, 50 and 200 mg/day 
(0.109, 0.319, 0.499, 0.771 and 0.892, respectively). The data 

Figure 1. Flow chart depicting the search and selection strategy of studies for the present network meta‑analysis.

Figure 2. The network plot of nervous system disorders, psychiatric disorders and infections associated with BRV treatment at different doses. (A) nervous 
system disorders, (B) psychiatric disorders and (C) infections. The nodes represent the interventions that are compared, the lines stand for the direct compari‑
sons between interventions, the weight of lines between interventions indicates the number of studies in each comparison and the size of the nodes indicate the 
actual sample size of each intervention. BRV, brivaracetam.
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show that BRV at 50 mg/day represented the highest risk of 
nervous system disorders and psychiatric disorders since the 
SUCRA value was found to be the lowest.

Sensitivity analysis. Sensitivity analysis was also performed 
through omitting one individual study at a time (Fig. S3), 
which revealed that the results were not obviously changed 
when any of the other studies was removed.

Discussion

Epilepsy is a frequent serious brain disease. In ~1/4 of patients, 
antiepileptic drugs cannot be used to control epilepsy, which 
severely affects the quality of life of those patients (22). Adverse 

events in the nervous system occur more frequently during the 
treatment for patients (18). Psychiatric disorders and infectious 
diseases are also common, as identified in certain clinical 
trials (10). However, the mechanism of these comorbidities 
has remained elusive. The present network meta‑analysis was 
performed based on 9 RCTs involving 2,538 participants. 
The major outcomes of the network meta‑analysis suggested 
the following: i) BRV at 50 mg/day resulted in a statistically 
significant increase in nervous system disorders compared with 
placebo; ii) BRV at 50 mg/day led to a statistically significant 
increase in psychiatric disorders compared with placebo and 
it also had the highest risk; and iii) BRV was not associated 
with a statistically significant difference in infectious diseases 
compared with placebo.

Figure 3. Results of the network meta‑analysis. (A) nervous system disorders, (B) psychiatric disorders and (C) infections. O.R., odds ratio; Cr.I, confidence interval.
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Nervous system disorders are a class of relatively common 
adverse events. The results of the conventional meta‑analysis 
performed in the present study suggested that BRV at 
50 mg/day markedly increased the risk of such complica‑
tions. Furthermore, the results of the network meta‑analysis 
demonstrated that BRV at 50 mg/day was associated with the 
lowest SUCRA value of 0.142, indicating that, compared with 
other doses of BRV, BRV at 50 mg/day was associated with 
the highest risk of such adverse effects. However, it is difficult 
to clearly explain the exact mechanisms of this phenomenon. 
The results of the present network meta‑analysis may provide 
certain guidance for clinical practice, e.g. more attention 
should be paid to nervous system diseases when treating 
epilepsy patients with BRV at a dose of 50 mg/day or higher 
and disease deterioration should also be avoided.

Mental disorders occurring during the course of epilepsy 
have attracted the attention of clinicians and researchers, and 
they represent a serious comorbidity in epilepsy (23). The 
association between epilepsy and psychiatric disorders is more 
complex than expected, as elaborated in a recent review (23). 
These comorbidities were previously thought to be adverse 
drug reactions, but they are currently considered to be part 
of epilepsy, which may be attributed to potential disorders 
of the neural network (24). As suggested by the results of the 
conventional meta‑analysis performed in the present study, 
BRV at a dose of 50 mg/day markedly increased the risk of 
psychotic disorders compared with placebo. Furthermore, 
network meta‑analysis suggested that, compared with other 
doses, BRV at the dose of 50 mg/day led to the lowest SUCRA 
value (0.037), indicating that it was linked to the highest risk of 
psychotic disorders. Typically, the risk of such an adverse reac‑
tion was detected at the BRV dose of 50 mg/day. Therefore, 
clinicians should pay more attention to the mental conditions 
of epilepsy patients treated with BRV at a dose of 50 mg/day 
or higher. BRV should be considered for continued use in the 
presence of a BRV‑induced psychiatric disorder.

Levetiracetam, an analogue of BRV, has the same mecha‑
nism of action as BRV, and these two antiepileptic drugs exert 

their anti‑epileptic effects through binding to SV2A (8). With 
regard to the infectious disease, a meta‑analysis suggests that 
application of BRV alone does not increase the risk of infec‑
tious disease (25), which is consistent with the present results. 
That study also pointed out that levetiracetam is associated 
with a significantly higher risk of infectious diseases than 
BRV (25). In addition, another study suggests that SV2A 
is expressed in CD8+ T lymphocytes and inhibiting SV2A 
affects the function of CD8+ T lymphocytes, which causes 
an increased risk of infectious diseases  (26). However, it 
is unable to explain why BRV makes no difference to the 
increased risk of infectious diseases. After all, they share 
the same mechanism of action. Conversely, other studies 
suggested that levetiracetam exerts its anti‑inflammatory 
activity through regulating inflammatory factors  (27,28). 
BRV may have the same anti‑inflammatory and pro‑inflam‑
matory effects as those of levetiracetam, of which the 
former exerts a more potent role than the latter, and BRV 
is suggested not to be associated with an increased risk of 
infectious disease. However, such conjecture has not been 
accurately verified so far, and these contradictory views have 
added to the complexity in interpreting the results. In fact, the 
statistical results of the present study involved all infectious 
diseases rather than a specific one. However, the studies with 
a small sample size included in the present meta‑analysis 
only provided short‑term data, which may limit the present 
results. The above aspects may account for the differences in 
results between BRV and levetiracetam.

Certain limitations should be noted regarding the present 
analysis. Firstly, only 9 RCTs were included for final analysis 
and such a small sample size may affect the results of the 
analysis. Furthermore, the treatment duration in these studies 
was relatively short, and therefore, the present results do not 
represent those from long‑term clinical trials for epilepsy 
patients who took medication for a long time. Finally, the 
present network meta‑analysis was performed in accordance 
with the Cochrane Handbook instead of PRISMA guide‑
lines (29), which is beneficial to improve the quality of the 
analysis. Therefore, more high‑quality clinical studies are still 
warranted to validate these results.

To sum up, the present network meta‑analysis may provide 
certain guidance for clinical practice. Specifically, more atten‑
tion should be paid to the risks of nervous system disease and 
psychotic disorders when a patient is treated with BRV at a 
dose of 50 mg/day or higher. Actually, the results obtained with 
healthy participants demonstrate that these adverse reactions are 
mild to moderate and disappear within 1 day (11). However, such 
results are based on healthy subjects and cannot be extrapolated 
to all patients, particularly those at a high risk of nervous system 
disease or psychosis disorder. Thus, clinicians should pay more 
attention to the mental conditions of patients.
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Table I. SUCRA values for nervous system disorders, psychi‑
atric disorders, infections.

	 Adverse events
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Dose of	 Nervous system	 Psychiatric
BRV (mg/day)	 disorders	 disorders	 Infections

5 	 0.575	 0.590	 0.109
20 	 0.739	 0.508	 0.319
50 	 0.142	 0.037	 0.771
100 	 0.485	 0.367	 0.499
200 	 0.180	 0.765	 0.892
Placebo	 0.875	 0.732	 0.408

The values range between 0 and 1 where 1 is designated as the 
maximum value. A lower SUCRA value indicated higher occurrence 
of adverse events. BRV, brivaracetam; SUCRA, surface under the 
cumulative ranking curve.
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