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Abstract
Objective: This study was undertaken to evaluate safety/tolerability and efficacy 
of adjunctive brivaracetam (BRV) in patients on one or two concomitant antisei-
zure medications (ASMs) and in patients on one specific concomitant ASM.
Methods: Post hoc analysis was made of double-blind trials (N01252/
NCT00490035, N01253/NCT00464269, and N01358/NCT01261325) in adults 
with focal seizures randomized to BRV (50–200 mg/day; approved therapeutic 
dose range for adults) or placebo with concomitant ASM regimen unchanged 
throughout a 12-week evaluation period. Outcomes were analyzed in patients on 
one or two concomitant ASMs, and those on concomitant carbamazepine (CBZ), 
lamotrigine (LTG), oxcarbazepine (OXC), or valproate (VPA) only.
Results: Patients randomized to BRV with one or two concomitant ASMs, respec-
tively (n = 181/557), reported similar incidences of treatment-emergent adverse 
events (TEAEs; 68.0%/66.4%), drug-related TEAEs (41.4%/41.5%), and TEAEs 
leading to discontinuation (6.6%/5.4%). Respective values for patients randomized 
to placebo with one or two concomitant ASMs (n = 95/331) were 60.0%/60.7% 
(TEAEs), 32.6%/30.2% (drug-related TEAEs), and 2.1%/4.5% (TEAEs leading to 
discontinuation). The incidences of TEAEs, drug-related TEAEs, and TEAEs 
leading to discontinuation by specific concomitant ASM (CBZ, LTG, OXC, VPA) 
were similar to the overall incidences in patients taking one concomitant ASM. 
In patients on one or two concomitant ASMs, respectively, 50% responder rates 
were numerically higher on BRV (42.3%/36.8% [n  = 175/511]) versus placebo 
(18.3%/19.5% [n = 93/298]). Patients with one or two ASMs on BRV (n = 175/509) 
versus placebo (n = 92/298) also had numerically higher 100% responder rates 
(BRV, 9.1%/4.5%; placebo, 1.1%/.3%) and seizure freedom (6.9%/3.7%; 1.1%/0). For 
patients taking concomitant CBZ, LTG, OXC, or VPA, efficacy was numerically 
higher with BRV (n = 54/30/27/27) versus placebo (n = 34/13/10/14–15; 50% re-
sponder rates: BRV, 31.5%/30.0%/40.7%/70.4%; placebo, 17.6%/7.7%/20.0%/33.3%; 
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1   |   INTRODUCTION

Brivaracetam (BRV) is an antiseizure medication (ASM) 
with high and selective affinity for synaptic vesicle protein 
2A in the brain.1,2 BRV is approved in the United States3 
and European Union,4 and several countries across North 
and South America and the Asia Pacific region. The effi-
cacy and tolerability of BRV as adjunctive therapy for focal 
(partial onset) seizures was established in three placebo-
controlled, double-blind, randomized, multicenter, phase 
3 trials in adult patients with uncontrolled focal seizures 
who were randomized to fixed doses of BRV or placebo 
(without titration) as adjunctive therapy with one or two 
concomitant ASMs.5–7

Combination therapy and line of therapy are typically 
factors affecting the efficacy and safety/tolerability of a 
newly administered ASM.8,9 A longitudinal cohort study 
(30 years, 1982–2012) in 1795 patients with epilepsy sug-
gested that a history of intolerable adverse effects with 
previous ASMs and the number of concomitant ASMs 
could affect the tolerability of subsequent drug regimens.8 
A post hoc analysis of data from one of the randomized, 
double-blind, placebo-controlled trials of adjunctive BRV 
in adults with focal seizures (N01358) suggested a numer-
ically higher response to adjunctive BRV (100 and 200 mg/
day) and lower BRV discontinuation due to treatment-
emergent adverse events (TEAEs) in patients with fewer 
lifetime ASMs.9 Supplementary analysis of these trial 
data suggested no differences in the incidence of TEAEs, 
drug-related TEAEs, or discontinuations due to TEAEs in 
patients on adjunctive BRV on one and two concomitant 
ASMs.

Therefore, the aim of this analysis was to further eval-
uate the safety/tolerability and efficacy of adjunctive BRV 
across the entire therapeutic dose range (50–200 mg/day) 
in patients on one or two concomitant ASMs and in pa-
tients on one specific concomitant ASM (in patients receiv-
ing one of the four most common individual concomitant 
ASMs: carbamazepine [CBZ], lamotrigine [LTG], oxcarba-
zepine [OXC], and valproate [VPA]) by exploring pooled 
data from the three double-blind phase 3 trials of adjunc-
tive BRV in adults with uncontrolled focal seizures.

2   |   MATERIALS AND METHODS

2.1  |  Trials and populations

In the double-blind pivotal trials of adjunctive BRV 
(N01252 [NCT00490035],5 N01253 [NCT00464269],6 and 
N01358 [NCT01261325]7), patients with focal seizures 
were randomized to placebo or BRV 5, 20, 50, 100, or 
200 mg/day without titration, in addition to one or two 
concomitant ASMs. Eligible patients were male or fe-
male, and 16–70 years of age (trials N01252 and N01253), 
or 16–80 years of age (trial N01358). Exclusion criteria 
included an ongoing psychiatric disease other than mild 
controlled disorder (N01252 and N01253), or any medi-
cal or psychiatric condition that, in the opinion of the 
investigator, could jeopardize or would compromise the 
patient's ability to participate in the study (N01358). This 
was a post hoc analysis of pooled data of patients from the 
three double-blind trials who were randomized to BRV 

100% responder rates: BRV, 5.6%/10.0%/11.1%/11.1%; placebo, 0 for all; seizure 
freedom: BRV, 3.7%/6.7%/7.4%/11.1%; placebo, 0 for all).
Significance: Therapeutic doses of BRV were efficacious and well tolerated re-
gardless of the number of concomitant ASMs (one or two) or specific concomi-
tant ASM (CBZ, LTG, OXC, VPA).

K E Y W O R D S

antiepileptic drug, epilepsy, randomized controlled trials, safety

Key Points
•	 There were similar incidences of TEAEs and 

drug-related TEAEs during adjunctive BRV 
treatment (50–200 mg/day) in patients on one 
or two concomitant ASMs

•	 Incidences of the most frequent TEAEs (som-
nolence, fatigue, dizziness, headache) were 
similar in patients on BRV with one or two con-
comitant ASMs

•	 Efficacy and tolerability of BRV (50–200 mg/
day) for focal seizures were demonstrated in 
patients taking one or two concomitant ASMs

•	 Efficacy and tolerability of BRV (50–200 mg/
day) were demonstrated in patients taking con-
comitant CBZ, LTG, OXC, or VPA

•	 BRV (50–200 mg/day) was efficacious and well 
tolerated regardless of concomitant ASM (CBZ, 
LTG, OXC, VPA) or number of concomitant 
ASMs (one or two)
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50–200 mg/day or placebo who maintained their con-
comitant ASM regimen (number of concomitant ASMs) 
throughout the 12-week double-blind evaluation period. 
Vagus nerve stimulation was not classified as an ASM.

2.2  |  Outcomes and statistical analysis

Outcomes were analyzed in patients randomized to BRV 
(50–200 mg/day) or placebo on one or two concomitant 
ASMs, and in those receiving one of the four most com-
mon individual concomitant ASMs in patients on one 
concomitant ASM (based on the highest sample sizes in 
patients on BRV): CBZ, LTG, OXC, or VPA. In patients on 
one or two concomitant ASMs, outcomes were also ana-
lyzed by individual BRV dose (50, 100, or 200 mg/day).

Tolerability outcomes were assessed in patients from 
the pooled safety set populations of the double-blind trials 
randomized to BRV 50–200 mg/day or placebo, including 
patients receiving concomitant levetiracetam (LEV; safety 
set). Tolerability outcomes included TEAEs, TEAEs con-
sidered drug-related by the investigator, severe TEAEs, 
serious TEAEs, TEAEs leading to discontinuation, TEAEs 
potentially associated with behavioral disorders, TEAEs 
classified as psychiatric disorders, and deaths. TEAEs 
were coded using the Medical Dictionary for Regulatory 
Activities (MedDRA) version 15.0 (www.meddra.org, 
March 2012). Psychiatric TEAEs were classified using 
the MedDRA system organ class “psychiatric disorders.” 
TEAEs associated with behavioral disorders were based 
on medical review of the MedDRA dictionary of preferred 
terms.10 TEAEs potentially associated with behavioral 
disorders and psychiatric disorders were not mutually 
exclusive.

Efficacy outcomes were assessed in patients pooled 
from the intent-to-treat populations of the double-blind 
trials in patients randomized to BRV 50–200 mg/day or 
placebo, excluding patients receiving concomitant LEV. 
Efficacy outcomes included 50% responder rate in focal 
seizures, 100% responder rate in focal seizures, and seizure 
freedom (all seizure types). Patients with a 50% or 100% re-
sponder rate were defined as patients with a ≥50% or 100% 
reduction from baseline in focal seizure frequency, respec-
tively. Patients were classified as seizure-free if they did 
not report any seizure (any type, including focal seizures, 
generalized seizures, and unclassified seizures) from the 
first day of trial treatment and had completed their seizure 
diary for at least 90% of days during the treatment period 
and did not discontinue during the treatment period.

Data in this article are presented using descriptive 
statistics. Logistic regression models were conducted for 
patients who discontinued the trials for any reason. In 
patients on one or two concomitant ASMs, the response 

variable for the logistic regression for trial discontinuation 
(yes/no) was conducted with treatment group (BRV 50–
200 mg/day vs. placebo), BRV dose (50 mg/day, 100 mg/
day, 200 mg/day), and number of concomitant ASMs (2 
vs. 1) as factors. In patients on one specific concomitant 
ASM, the response variable for the logistic regression for 
trial discontinuation (yes/no) was conducted with treat-
ment group (BRV 50–200 mg/day vs. placebo), BRV dose 
(50 mg/day, 100 mg/day, 200 mg/day), and type of concom-
itant ASM (CBZ vs. other ASMs [any ASM other than the 
one specified], LTG vs. other ASMs, OXC vs. other ASMs, 
VPA vs. other ASMs) as factors.

Statistical comparisons were performed for baseline 
characteristics and efficacy outcomes for patients ran-
domized to BRV (intent-to-treat set). Comparisons were 
performed for patients on BRV 50–200 mg/day with one 
versus two concomitant ASMs, and for patients on BRV 
50–200 mg/day with concomitant CBZ, LTG, OXC, or VPA. 
All p-values must be interpreted in an exploratory manner, 
as the study was not powered to assess these differences.

3   |   RESULTS

3.1  |  Patient disposition, demographics, 
and baseline characteristics

From the patients included in this analysis in the safety 
set (n = 1164), 276 (23.7%) patients were on one concomi-
tant ASM, and 888 (76.3%) patients were on two concomi-
tant ASMs. In patients randomized to BRV 50–200 mg/
day, the proportion who completed the trials was 89.5% 
(n = 181) in patients on one concomitant ASM (placebo: 
95.8% [n = 95]) and 91.7% (n = 557) on two concomitant 
ASMs (placebo: 94.0% [n = 331]). The proportion of pa-
tients who completed the trials was generally similar in 
patients randomized to BRV 50, 100, or 200 mg/day on one 
concomitant ASM (89.7% [n  =  29], 92.6% [n  =  81], and 
85.9% [n = 71], respectively) and patients on two concom-
itant ASMs (92.1% [n = 151], 91.0% [n = 245], and 92.5% 
[n  =  161], respectively). Among patients randomized to 
BRV, the median dose was 100 mg/day in patients on one 
and on two concomitant ASMs.

Logistic regression analysis (patients on one or 
two ASMs) showed that trial discontinuation for any 
reason was not affected by treatment group (BRV 50–
200 mg/day vs. placebo, p  = .3123), BRV dose (50 mg/
day, 100 mg/day, 200 mg/day, p = .6873), and number of 
concomitant ASMs (2 vs. 1, p = .6903) as all p-values are 
>.05. This implies that these factors did not contribute 
to trial discontinuation for any reason. The main reason 
for BRV (50–200 mg/day) discontinuation was adverse 
events (AEs) in both patients on one and patients on 

http://www.meddra.org
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two concomitant ASMs (7.2% and 5.7%, respectively); 
the corresponding rates on placebo were 2.1% and 3.3%, 
respectively.

Patients on BRV taking one concomitant ASM were 
older (p  = .0009) and had higher age at epilepsy onset 
(p  < .0001), shorter epilepsy duration (p  = .0113), and 
fewer prior ASMs (p = .0104) compared with those taking 
two concomitant ASMs (Table 1, Table S1). LEV was the 
most common prior ASM overall in patients taking one 
(37.7%) or two concomitant ASMs (42.7%). In patients 
receiving either one or two concomitant ASMs, the most 
common concomitant ASMs (≥10% of patients in the com-
bined group of patients on BRV and placebo taking one or 
two concomitant ASMs) were CBZ (one ASM: 31.9%, two 
ASMs: 43.6%), LTG (15.6%, 28.3%), VPA (15.2%, 24.5%), 
OXC (13.4%, 16.0%), and topiramate (TPM; 6.2%, 16.2%).

In patients randomized to BRV on concomitant CBZ, 
LTG, OXC, or VPA, 90.7% (n = 54), 90.0% (n = 30), 96.3% 
(n  =  27), and 92.6% (n  =  27) of patients completed the 
trials, respectively (placebo: 88.2% [n = 34], 100% [n = 13], 
100% [n = 10], 100% [n = 15], respectively). The median 
BRV dose was 100 mg/day in each specific ASM subgroup. 
Logistic regression analysis (patients on one ASM) showed 
that trial discontinuation for any reason was not affected 
by treatment group (BRV 50–200 mg/day vs. placebo, 
p = .5690), BRV dose (50 mg/day, 100 mg/day, 200 mg/day, 
p = .3215), and type of concomitant ASM (CBZ vs. other 
ASMs, p = .7741; LTG vs. other ASMs, p = .3776; OXC vs. 
other ASMs, p = .1209; VPA vs. other ASMs, p = .2399), as 
all p-values are >.05. This implies that these factors did 
not contribute to trial discontinuation for any reason in 
patients on one concomitant ASM.

The demographics and baseline characteristics were 
generally similar in patients on one concomitant ASM by 
specific concomitant ASM (Table  2, Table S2). Patients 
taking concomitant VPA randomized to BRV were nu-
merically older (46.6 years) compared with the other 
subgroups randomized to BRV or placebo (range = 34.1–
41.1 years). Patients on BRV and VPA had a lower number 
of prior ASMs compared with patients on BRV and LTG 
(p = .0012) or OXC (p = .0261; Table S2). In patients taking 
concomitant CBZ and VPA, approximately 50% had zero or 
one prior ASMs, whereas in patients taking concomitant 
LTG and OXC, there was a higher proportion of patients 
who had five or more prior ASMs (range = 30.0%–37.0%) 
compared with those taking concomitant CBZ and VPA 
(range = 13.3%–20.6%).

3.2  |  Tolerability

Patients on one or two concomitant ASMs randomized 
to BRV (50–200 mg/day) or placebo reported similar T
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incidences of TEAEs (68.0% and 66.4% [placebo: 60.0% 
and 60.7%], respectively), drug-related TEAEs (41.4% and 
41.5% [placebo: 32.6% and 30.2%]), and TEAEs leading to 
discontinuation (6.6% and 5.4% [placebo: 2.1% and 4.5%]) 
(Table 3). In patients taking one concomitant ASM ran-
domized to BRV 50, 100, or 200 mg/day, the incidence 
of TEAEs was 62.1%, 70.4%, and 67.6%, respectively; the 
incidence in patients taking two concomitant ASMs was 
70.2%, 65.3%, and 64.6%, respectively (Table S3). In pa-
tients randomized to BRV on one specific concomitant 
ASM, the incidence of TEAEs was 70.4% on CBZ (pla-
cebo: 61.8%), 60.0% on LTG (placebo: 61.5%), 70.4% on 
OXC (placebo: 50.0%), and 59.3% on VPA (placebo: 53.3%; 
Table 4).

The most common TEAEs, reported by ≥5% of all pa-
tients randomized to BRV on one or two concomitant 
ASMs, were somnolence, fatigue, dizziness, and headache 
(Table  3). The incidences of the most common TEAEs 
were similar in patients on one or two concomitant ASMs 
when assessed for the entire approved BRV dose range 

(50–200 mg/day). An analysis by randomized BRV dose 
(BRV 50, 100, or 200 mg/day) suggested numerically 
higher incidence of fatigue with higher BRV doses in pa-
tients taking one (3.4%, 4.9%, 8.5%, respectively) and two 
(6.6%, 8.6%, 11.2%) concomitant ASMs. There was also a 
numerically higher incidence of somnolence with higher 
BRV doses in patients taking one concomitant ASM (BRV 
50, 100, or 200 mg/day: 3.4%, 16.0%, 21.1%); in patients 
on two concomitant ASMs, the incidence of somnolence 
in patients taking BRV 50, 100, or 200 mg/day was 13.2%, 
17.1%, and 14.9%, respectively.

In patients on one or two concomitant ASMs random-
ized to BRV, the incidence of psychiatric TEAEs was 13.3% 
and 9.7%, respectively (placebo: 6.3% and 6.3%, respec-
tively; Figure 1A). No increase in the incidence of psychi-
atric TEAEs was observed with increasing BRV doses. In 
patients taking one concomitant ASM randomized to BRV 
50, 100, or 200 mg/day, the incidence of psychiatric TEAEs 
was 10.3%, 18.5%, and 8.5%, respectively; the incidence in 
patients taking two concomitant ASMs was 12.6%, 7.8%, 

T A B L E  3   Incidence of TEAEs with onset during the treatment period by number of concomitant ASMs (safety set)

One concomitant ASM Two concomitant ASMs

Placebo, n = 95
BRV 50–200 mg/day,  
n = 181

Placebo, 
n = 331

BRV 50–200 mg/day, 
n = 557

Any TEAEs 57 (60.0) 123 (68.0) 201 (60.7) 370 (66.4)

Drug-related TEAEs 31 (32.6) 75 (41.4) 100 (30.2) 231 (41.5)

Discontinuation due to TEAEs 2 (2.1) 12 (6.6) 15 (4.5) 30 (5.4)

Serious TEAEs 1 (1.1) 4 (2.2) 8 (2.4) 11 (2.0)

Severe TEAEs 4 (4.2) 14 (7.7) 10 (3.0) 24 (4.3)

Deaths 0 4 (2.2) 3 (.9) 4 (.7)

Incidence of the most common TEAEsa,b

Somnolence 6 (6.3) 29 (16.0) 30 (9.1) 86 (15.4)

Headache 9 (9.5) 21 (11.6) 34 (10.3) 48 (8.6)

Fatigue 4 (4.2) 11 (6.1) 12 (3.6) 49 (8.8)

Dizziness 5 (5.3) 17 (9.4) 23 (6.9) 67 (12.0)

Incidence of TEAEsa,c classified as psychiatric disordersd

Insomnia 0 4 (2.2) 3 (.9) 14 (2.5)

Anxiety 0 2 (1.1) 5 (1.5) 11 (2.0)

Depression 0 1 (.6) 2 (.6) 11 (2.0)

Incidence of TEAEsa,c potentially associated with behavioral disorderse

Irritability 3 (3.2) 4 (2.2) 2 (.6) 21 (3.8)

Note: Data are presented as n (%) of patients.
Abbreviations: ASM, antiseizure medication; BRV, brivaracetam; MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse 
event.
aMedDRA (v15.0) preferred terms.
bReported by ≥5% of all patients randomized to BRV.
cReported by ≥1% of all patients randomized to BRV.
dMedDRA system organ class.
eMedDRA preferred terms selected by medical review.
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and 9.9%, respectively. In patients on one specific concom-
itant ASM (CBZ, LTG, OXC, VPA) randomized to BRV, the 
incidence of psychiatric TEAEs ranged from 7.4% to 23.3% 
(0–8.8% for placebo).

The most common psychiatric TEAEs in patients ran-
domized to BRV on one or two concomitant ASMs (re-
ported by ≥1% of all patients randomized to BRV) were 
insomnia (2.2%, 2.5%), anxiety (1.1%, 2.0%), and depres-
sion (.6%, 2.0%), respectively (Table  3). In patients on 
one specific concomitant ASM (CBZ, LTG, OXC, VPA) 
randomized to BRV, the incidence of insomnia ranged 
between 0% and 6.7%, anxiety between 0% and 3.7%, and 
depression between 0% and 3.7% (Table 4).

The incidence of TEAEs potentially associated with be-
havioral disorders in patients on one or two concomitant 
ASMs was similar between patients randomized to BRV 
(3.9% and 4.3%, respectively) and placebo (4.2% and 1.2%, 
respectively; Figure  1B). The overall incidence of TEAEs 
potentially associated with behavioral disorders did not in-
crease with increasing BRV doses. In patients taking one 
concomitant ASM randomized to BRV 50, 100, or 200 mg/
day, the incidence of TEAEs potentially associated with be-
havioral disorders was 6.9%, 2.5%, and 4.2%, respectively, 
and the incidence in patients taking two concomitant ASMs 

was 6.6%, 3.7%, and 3.1%, respectively. In patients on one 
specific concomitant ASM (CBZ, LTG, OXC, VPA) random-
ized to BRV, TEAEs potentially associated with behavioral 
disorders were low, ranging from 0 to 7.4% and comparable 
with placebo (range = 0–7.7%; Figure 1B).

The incidence of irritability (the most common TEAE 
potentially associated with behavioral disorders) in pa-
tients on one or two concomitant ASMs randomized to BRV 
was 2.2% and 3.8%, respectively (placebo: 3.2% and  .6%). 
The incidence of irritability did not increase with increas-
ing BRV doses. In patients randomized to BRV 50, 100, or 
200 mg/day taking one concomitant ASM, the incidence 
of irritability was 3.4%, 1.2%, and 2.8%, respectively, and 
the incidence in patients taking two concomitant ASMs 
was 6.0%, 3.3%, and 2.5%, respectively. The incidence of 
irritability in patients on BRV and one specific concomi-
tant ASM was 3.7% on CBZ (placebo: 2.9%), 3.3% on LTG 
(placebo: 7.7%), 3.7% on OXC (placebo: 0), and no patients 
on VPA (placebo: 6.7%).

Most of the TEAEs reported were mild or moderate in 
intensity. The incidence of severe TEAEs with BRV (50–
200 mg/day) was 7.7% in patients on one concomitant 
ASM (placebo: 4.2%) and 4.3% in patients on two con-
comitant ASMs (placebo: 3.0%). The only severe TEAEs 

F I G U R E  1   Overall incidence of (A) treatment-emergent adverse events (TEAEs) classified as psychiatric disorders and (B) TEAEs 
potentially associated with behavioral disorders by number of concomitant antiseizure medications (ASMs) and specific concomitant ASMs 
in patients on one concomitant ASM (patients received placebo or brivaracetam [BRV] in addition to a single concomitant ASM; safety set). 
CBZ, carbamazepine; LTG, lamotrigine; OXC, oxcarbazepine; VPA, valproate.



2032  |      RYVLIN et al.

reported by ≥1% of patients taking one concomitant 
ASM were headache (1.1% [n = 2]) in patients random-
ized to BRV, and gastritis, grand mal convulsion, anger, 
and alopecia (1.1% [n = 1] each) in patients randomized 
to placebo. No severe TEAEs were reported by ≥1% of pa-
tients taking two concomitant ASMs randomized to BRV 
or placebo. The incidence of serious TEAEs was 2.2% in 
BRV (50–200 mg/day) patients on one concomitant ASM 
(placebo: 1.1%) and 2.0% in patients on two concomitant 
ASMs (placebo: 2.4%). In patients randomized to BRV (on 
one or two concomitant ASMs), no serious TEAEs were 
reported by ≥1% of patients. In patients randomized to 
placebo, the only serious TEAE reported by ≥1% of pa-
tients was grand mal convulsion (1.1%) in one patient on 
one concomitant ASM.

The incidence of TEAEs leading to discontinuation of 
BRV (50–200 mg/day) was 6.6% in patients on one con-
comitant ASM (placebo: 2.1%), and 5.4% in patients with 
two concomitant ASMs (placebo: 4.5%). No TEAEs led 
to discontinuation in more than one patient on BRV or 
placebo with one concomitant ASM. In patients with two 
concomitant ASMs, the TEAEs most commonly leading 
to discontinuation (≥2 patients) in patients randomized to 
BRV were dizziness (7 [1.3%]), fatigue (3 [.5%]), irritability 
(3 [.5%]), headache (3 [.5%]), anxiety (3 [.5%]), convulsion 
(2 [.4%]), somnolence (2 [.4%]), vertigo (2 [.4%]), and pru-
ritus (2 [.4%]), and in patients randomized to placebo were 
tachycardia, vertigo, nausea, fatigue, somnolence, anxiety, 
and rash (2 [.6%] each).

3.3  |  Efficacy

Efficacy was consistently numerically higher in patients 
on one or two concomitant ASMs randomized to BRV 
compared with placebo (Figure  2). The 50% responder 
rate for focal seizures in patients on BRV (50–200 mg/
day) was 42.3% in patients on one concomitant ASM and 
36.8% in patients on two concomitant ASMs (p  = .1966; 
Table S4; placebo: 18.3% and 19.5%, respectively). The 
100% responder rate for focal seizures in patients on BRV 
(50–200 mg/day) was 9.1% in patients on one concomi-
tant ASM and 4.5% in patients on two concomitant ASMs 
(p  = .0356; placebo: 1.1% and .3%, respectively). Seizure 
freedom rate (all seizure types) from the first day of trial 
treatment in patients on BRV (50–200 mg/day) was 6.9% 
in patients on one concomitant ASM and 3.7% in patients 
on two concomitant ASMs (p = .0940; placebo: 1.1% and 
0, respectively).

In patients on one concomitant ASM randomized to 
BRV 50, 100, or 200 mg/day (n = 26, n = 79, n = 70, re-
spectively), numerically higher efficacy was generally 
observed with increasing BRV doses for 50% responder 

rate (34.6%, 41.8%, 45.7%, respectively), 100% responder 
rate (7.7%, 8.9%, 10.0%), and seizure freedom (3.8%, 7.6%, 
7.1%). In patients on two concomitant ASMs randomized 
to BRV 50, 100, or 200 mg/day, 50% responder rate was 
33.9% (n = 121), 39.7% (n = 229), and 34.8% (n = 161); 
100% responder rate was 2.5% (n = 121), 5.3% (n = 227), 
and 5.0% (n  =  161); and seizure freedom rate was 2.5% 
(n = 121), 4.8% (n = 227), and 3.1% (n = 161), respectively.

Efficacy of BRV for focal seizures was demonstrated in 
patients who were taking concomitant CBZ, LTG, OXC, 
or VPA (Figure 2, Table S5). During adjunctive BRV treat-
ment, 50% responder rate in focal seizures was higher in 
patients on BRV and concomitant VPA (70.4%) compared 
with patients on concomitant CBZ (31.5%; p = .0009), LTG 
(30.0%; p  = .0023), or OXC (40.7%; p  = .0285); placebo: 
33.3%, 17.6%, 7.7%, 20.0%, respectively. One hundred per-
cent responder rate in focal seizures was similar in pa-
tients on BRV and concomitant CBZ (5.6%), LTG (10.0%), 
OXC (11.1%), and VPA (11.1%) (p  > .05 for all compari-
sons), and was numerically higher versus placebo (0 for 
all). Seizure freedom rate (all seizure types) was also simi-
lar in patients on BRV with CBZ (3.7%), LTG (6.7%), OXC 
(7.4%), and VPA (11.1%); (p > .05 for all comparisons), and 
was numerically higher versus placebo (0 for all).

4   |   DISCUSSION

Adverse events are a leading cause of treatment failure 
with ASMs, associated with early trial discontinuation, 
negatively affecting drug adherence, and preventing pa-
tients from receiving effective therapeutic doses.11 A sys-
tematic review and network meta-analysis assessing the 
short-term tolerability of ASMs based on discontinuation 
due to AEs suggested that BRV was one of the ASMs with 
low risk for intolerable AEs, and a low rate of withdrawal 
due to AEs.12 Additional systematic reviews suggest that 
adjunctive BRV may be one of the best-tolerated third-
generation ASMs in adults with focal seizures.13,14

The results of this post hoc analysis of pooled data 
from three double-blind, randomized, phase 3 trials of 
adjunctive BRV in adults with focal seizures demonstrate 
that therapeutic doses of BRV (50–200 mg/day) were ef-
ficacious and well tolerated regardless of the number of 
concomitant ASMs (one or two) or the specific concomi-
tant ASM used (CBZ, LTG, OXC, or VPA as a single con-
comitant ASM). These data were supported by a logistic 
regression analysis showing no impact of the number and 
type of baseline ASM on the trial discontinuation rate. 
Considering that AEs were the most common reason for 
BRV discontinuation, these data may suggest that there 
was no impact of the number and type of baseline ASMs 
on the discontinuation of BRV due to intolerable TEAEs.
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In this post hoc analysis, the tolerability of BRV (50–
200 mg/day), initiated at the randomization dose without 
titration, was similar in patients receiving one or two 
concomitant ASMs. The overall incidence of TEAEs, 
drug-related TEAEs, TEAEs potentially associated with 
behavioral disorders, and TEAEs leading to discontin-
uation during adjunctive BRV treatment (50–200 mg/

day) was similar in patients on one or two concomitant 
ASMs. No evidence of increase in the overall incidence 
of TEAEs with higher BRV doses (BRV 100 or 200 mg/
day) was apparent in this analysis, which is consistent 
with previous analyses of adjunctive BRV by individ-
ual dose.10,15 The incidences of TEAEs, drug-related 
TEAEs, and discontinuation due to TEAEs by specific 

F I G U R E  2   Efficacy outcomes by number of concomitant antiseizure medications (ASMs) and specific concomitant ASMs in patients 
on one concomitant ASM (patients received placebo or brivaracetam [BRV] in addition to a single concomitant ASM; intent-to-treat). (A) 
Fifty percent responder rate in focal seizures. (B) One hundred percent responder rate in focal seizures. (C) Seizure freedom (all seizure 
types). Patients were defined as having a 100% responder rate if they had a 100% reduction from baseline in focal seizure frequency. Patients 
were classified as seizure-free if they did not report any seizure (any type, including focal seizures, generalized seizures, and unclassified 
seizures), and had completed their seizure diary for at least 90% of days during the treatment period and did not discontinue during the 
treatment period. Three patients were excluded from the 100% responder rate and seizure freedom analyses because the only seizures they 
reported occurred on the first day of the 100% responder rate seizure analysis period, which was 1 day before the seizure freedom analysis 
period commenced. CBZ, carbamazepine; LTG, lamotrigine; OXC, oxcarbazepine; VPA, valproate.
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concomitant ASM (CBZ, LTG, OXC, VPA) were similar to 
the overall incidence in patients taking one concomitant 
ASM. Tolerability remained high irrespective of the spe-
cific concomitant ASM (CBZ, LTG, OXC, VPA) to which 
BRV was added. These data are consistent with previous 
post hoc analyses of pooled data from the three pivotal 
trials, which showed that BRV 50–200 mg/day adminis-
tered with concomitant CBZ, LTG, or TPM (independent 
of the number of concomitant ASMs) was generally well 
tolerated.16,17

Overall, in this analysis, the incidences of the most com-
mon TEAEs of somnolence, fatigue, dizziness, and head-
ache during adjunctive BRV (50–200 mg/day) treatment 
were similar irrespective of whether patients received one 
or two concomitant ASMs. The results suggested a numer-
ically higher incidence of fatigue with higher BRV doses 
in patients on one and two concomitant ASMs, and a nu-
merically higher incidence of somnolence in patients on 
one concomitant ASM. The incidence of somnolence was 
numerically higher in patients randomized to BRV taking 
concomitant CBZ or OXC than those taking concomitant 
LTG or VPA (as a single concomitant ASM).

Psychiatric TEAEs and TEAEs associated with behav-
ioral disorders are often associated with the use of ASMs, 
and can lead to early discontinuation, poor drug adher-
ence, and suboptimal dosing.18 In this pooled analysis, the 
incidence of psychiatric TEAEs in patients randomized to 
BRV (50–200 mg/day) were similar whether they were tak-
ing one or two concomitant ASMs, and did not increase 
with increasing BRV doses.

The incidence of TEAEs potentially associated with be-
havioral disorders was low in patients randomized to BRV 
50–200 mg/day whether they were taking one or two con-
comitant ASMs, and did not increase with increasing BRV 
doses. In patients on one specific concomitant ASM (CBZ, 
LTG, OXC, VPA) randomized to BRV, the overall incidence 
of TEAEs potentially associated with behavioral disorders 
was also low.

Individual psychiatric TEAEs and TEAEs associated 
with behavioral disorders reported by ≥1% of patients ran-
domized to BRV and taking one or two concomitant ASMs 
were insomnia, anxiety, depression, and irritability. In pa-
tients randomized to BRV taking one or two concomitant 
ASMs, and in patients on one specific concomitant ASM 
(CBZ, LTG, OXC, VPA), incidences of insomnia, anxiety, 
depression, and irritability were low and were generally 
comparable with placebo.

Efficacy of BRV for focal seizures was demonstrated in 
patients who were receiving either one or two concom-
itant ASMs. Numerically higher efficacy with increasing 
BRV doses was apparent in patients on one concomitant 
ASM. Reductions in focal seizure frequency (50% and 
100% responder rates) and seizure freedom (all seizure 

types) were demonstrated in patients receiving BRV irre-
spective of whether they were on one or two concomitant 
ASMs.

Recently published retrospective studies have inves-
tigated clinical predictors of response to BRV based on 
real-world data.19–21 A German study in 262 patients with 
epilepsy who initiated adjunctive BRV showed that the 
use of fewer concomitant ASMs and lack of current LEV 
treatment were associated with better 3-month outcomes, 
whereas no predictors of 12-month efficacy were identi-
fied.20,21 An Italian study in 1029 adults with focal epi-
lepsy prescribed adjunctive BRV identified that older age, 
a lower number of lifetime ASMs, lower baseline seizure 
frequency, and prior discontinuation of LEV due to AEs 
were independent predictors of 12-month seizure free-
dom.19 In the current analysis, the 100% responder rate 
for focal seizures was higher in patients with one concom-
itant ASM, which could potentially be explained by their 
older age, higher age at epilepsy onset, and fewer prior 
ASMs compared to patients with two concomitant ASMs.

The analysis in patients on one specific concomitant 
ASM (CBZ, LTG, OXC, VPA) indicates that adjunctive 
BRV was efficacious when added to the treatment regimen 
of patients on CBZ, LTG, OXC, and VPA monotherapy. 
Although it is difficult to draw firm conclusions because 
of the low number of patients in each subgroup by specific 
concomitant ASMs, these data are consistent with previ-
ous post hoc analyses that showed BRV (50–200 mg/day) 
was efficacious in patients on concomitant CBZ, LTG, or 
TPM (as part of the treatment regimen, independent of 
the number of concomitant ASMs).16,17

In this analysis, differences in the baseline character-
istics of the patients on CBZ, LTG, OXC, and VPA mono-
therapy were apparent, and their potential impact on the 
outcomes cannot be completely ignored. Patients random-
ized to BRV and taking concomitant VPA had a mean age 
of 46.6 years compared with 39.4–41.1 years in the other 
subgroups. In patients taking concomitant CBZ and VPA, 
approximately half had up to one prior ASM. This is not 
surprising as CBZ and VPA are older first-generation 
ASMs that are commonly used as first-line monotherapy 
or early in the treatment lines. For patients taking con-
comitant LTG and OXC (second-generation ASMs), there 
was a higher proportion of patients who had had five or 
more prior concomitant ASMs. The 50% responder rate 
was higher in patients on BRV and concomitant VPA com-
pared with patients on concomitant CBZ, LTG, or OXC. 
Patients on BRV and VPA had a lower number of prior 
ASMs compared with patients on BRV and LTG or OXC. 
These differences in baseline characteristics may have 
contributed to the observed efficacy results. A post hoc 
analysis of data from the N01358 trial suggested a numer-
ically higher response to adjunctive BRV in patients with 
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fewer lifetime ASMs.9 This is also supported by data from 
a real-world clinical practice study showing that a lower 
number of lifetime ASMs was an independent predictor 
of 12-month seizure freedom.19

The Italian retrospective study showed a higher sei-
zure response and lower incidence of AEs among patients 
on adjunctive BRV taking concomitant sodium channel 
blockers (SCBs) in comparison to patients without con-
comitant SCBs.19 BRV was taken concomitantly with one 
or more ASMs over a 1-year follow-up period and, given 
the real-world nature of the study, adaptations of the BRV 
dose and concomitant ASM regimens could be expected. 
In contrast, patients in the current analyses received a 
fixed dose of BRV or placebo, and concomitant ASM reg-
imens were unchanged over the 12-week evaluation pe-
riod. These differences in the methodologies applied could 
at least partly contribute to the differences in the study 
findings.

4.1  |  Limitations

Some caution is recommended in interpreting these data, 
as this was a post hoc analysis of data pooled across three 
double-blind trials with a treatment duration of 12 weeks. 
Interpretation of the data by specific concomitant ASMs 
is limited by the small sample sizes of the individual sub-
groups. In clinical practice, more than two concomitant 
ASMs may be used. Different pharmacokinetic and phar-
macodynamic interactions are possible when two or more 
ASMs are used concomitantly, which may affect the inter-
pretation of the data. Therefore, the current analysis was 
focused on patients on one specific concomitant ASM, 
which provided a low sample size.

5   |   CONCLUSIONS

In summary, consistent with the clinical program, doses 
of BRV 50–200 mg/day were efficacious and well tolerated 
regardless of whether BRV was used in addition to one 
or two concomitant ASMs, and irrespective of the specific 
concomitant ASM used in patients taking one concomi-
tant ASM (CBZ, LTG, OXC, or VPA). These data further 
support the good tolerability and efficacy profile of ad-
junctive BRV in patients with focal seizures, and its com-
patibility of use with other ASMs.
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