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1  | INTRODUC TION

A common primary measure of antiepileptic drug (AED) efficacy is 
the 50% responder rate (RR), reflecting the proportion of patients 
with ≥50% seizure frequency reduction during a given treatment pe-
riod. However, RR does not capture seizure frequency distribution, 

the timing, or persistence of the seizure reduction response, and in-
cludes patients who discontinue treatment.

We previously proposed the concept of “sustained ≥50% re-
sponse,”1 which is a response that is maintained without interrup-
tion or treatment discontinuation from the day it is first achieved 
and continues for the remainder of the treatment period. It allows 
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Background: Time to sustained seizure frequency reduction can provide clinically 
meaningful epilepsy outcomes.
Aims of the Study: To examine the time course of brivaracetam (BRV) efficacy in 
adults with focal seizures and focal to bilateral tonic-clonic seizures (FBTCS).
Methods: Post hoc analysis of data pooled from three randomized controlled trials 
of oral adjunctive BRV in adults with epilepsy. Patients with focal epilepsy and a 
subpopulation with FBTCS receiving BRV 50, 100, or 200 mg/d (initiated without up-
titration) or placebo for 12 weeks were analyzed for time to sustained ≥75%, ≥90%, 
and 100% seizure reduction without interruption from first day until trial ends.
Results: Evaluation included 1160 patients with focal seizures, including 352 patients 
with FBTCS. Sustained ≥75%, ≥90%, and 100% response in focal seizures was higher 
from day 1 for BRV 100 and 200 mg/d vs placebo (P < .01). Sustained ≥75% and 
100% FBTCS reduction from day 1 was higher for BRV 100 and 200-mg/d groups vs 
placebo (P < .01).
Conclusions: The majority of patients achieving 75%-100% sustained seizure fre-
quency reduction (all focal seizure types and the subpopulation with FBTCS) with 
oral BRV (100 or 200 mg/d) achieved this response on the first-treatment day.
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assessment of the time to onset of sustained ≥50% responder status 
(SRS), indicates duration of AED treatment required to achieve ≥50% 
SRS, and excludes patients who subsequently lose that response or 
discontinue the trial.1

In our earlier post hoc analysis of pooled data from three pivotal 
randomized controlled trials of oral adjunctive brivaracetam (BRV) 
treatment of focal (partial-onset) seizures, BRV-treated patients had 
a higher sustained ≥50% response rate (SRR) vs placebo-treated 
patients starting on the first day of treatment (15.5%, 18.1%, and 
19.4% for BRV 50, 100, and 200 mg/d, respectively, vs 6.7% for 
placebo).1 For comparison, overall ≥50% RR was 34.2%, 39.5%, and 
37.8% for respective BRV doses vs 20.3% for placebo. Although 
≥50% seizure frequency reduction is accepted as a regulatory out-
come, its clinical usefulness has been questioned1; ≥75%, ≥90%, and 
100% seizure frequency reduction may be more clinically meaning-
ful. We therefore evaluated the same pooled data set to determine 
time to reach sustained ≥75%, ≥90%, and 100% response. Because 
focal to bilateral tonic-clonic seizures (FBTCS) have serious ramifica-
tions (eg, falls, injury, mortality), we also evaluated time to sustained 
≥75%, ≥90%, and 100% FBTCS frequency reduction.

2  | METHODS

Efficacy data were pooled from phase 3 clinical trials (N01252 
[NCT00490035],2 N01253 [NCT00464269],3 N01358 
[NCT01261325]4) enrolling adults (≥16 years) with focal seizures. 
All three initial clinical trials received approval by appropriate in-
stitutional review committees and were conducted in accordance 
with all regulatory, ethical, and good clinical practice requirements. 
After an 8-week prospective Baseline period, patients were rand-
omized to BRV or placebo without titration and entered a 12-week 
treatment period.1 Patients randomized to BRV 50-200 mg/d or 
placebo were included in the analysis. Similar to our earlier report, 
because patients taking concomitant LEV were excluded from the 
N01358 trial, patients from N01252 and N01253 who also were 
taking concomitant levetiracetam were excluded from this analy-
sis.1 Time points included treatment days 1-84.

Because the statistical method estimates the probability of a 
treatment effect over time, efficacy outcomes included Kaplan-
Meier (KM) estimates of time to ≥75%, ≥90%, and 100% SRS based 
on focal seizure frequency at Baseline for the overall population and 
FBTCS frequency at Baseline for the FBTCS subpopulation (subset 
of patients reporting FBTCS during baseline). SRR was defined as 
the estimated percentage of patients in the overall population and 
FBTCS subpopulation who attained a ≥75%, ≥90%, or 100% reduc-
tion in seizure frequency from baseline from the day this was first 
achieved and continued (was sustained) without interruption for 
every successive day through day 84. Given this definition, patients 
who discontinued treatment during the maintenance period were 
not classified as achieving a sustained response. Percentages of 
patients attaining sustained response by number of all prior AEDs 

also were explored. The ≥75%, ≥90%, and 100% RRs were defined 
similarly to ≥50% RRs.

Incidences of treatment-emergent adverse events (TEAEs) were 
assessed weekly and are reported for the safety populations (over-
all and FBTCS subpopulation).5 Discontinuations due to TEAEs have 
been reported for the overall population.1

Kaplan-Meier estimates of the proportion of patients achieving 
≥75%, ≥90%, and 100% SRS, and P-values for treatment differences 
(vs placebo) were calculated, similar to our earlier report.1 To control 
for multiplicity, the statistical significance of each BRV treatment group 

F I G U R E  1   Kaplan-Meier estimates of time to onset of sustained 
response in patients with focal seizures from treatment day 1 
through treatment day 84. A, Sustained ≥75% responder status. 
For each day, P < .01 for BRV 100 and 200 mg/d vs placebo; P < .05 
at days 16-48 and 74-84 for the BRV 50-mg/d group. B, Sustained 
≥90% responder status. For each day, P < .01 for BRV 100 and 
200 mg/d vs placebo; P < .05 at days 42-51 and 59-62 for the BRV 
50-mg/d group. C, Sustained 100% responder status. For each day, 
P < .05 for BRV 50 mg/d, and P < .01 for BRV 100 and 200 mg/d, 
vs placebo. Analyses performed on the efficacy population.5 BRV, 
brivaracetam
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vs placebo was assessed starting on the last day of the maintenance 
period (day 84) and stepping backward for each day until P ≤ .05 for 
all days or P > .05 for any day from day 84 to day 1. The P-values were 
adjusted for multiple testing for each BRV dose arm vs placebo using 
the gatekeeping strategy suggested by Dmitrienko et al6 to preserve 
the overall false-positive (ie, Type I) error rate. The statistical compari-
sons of each BRV dose arm to placebo were carried out at the .05 sig-
nificance level. With the gatekeeping procedure, the treatment arms 
for each day were tested in a sequential manner during the treatment 
period and the tests for each subsequent day were performed only if 
the tests for the previous treatment arm in that day were significant. 
Starting with day 84, statistical significance was assessed for each BRV 
dose arm versus placebo. If statistical significance was achieved at day 
84, then statistical significance was assessed at day 83 for each BRV 
dose arm versus placebo. If statistical significance was achieved at day 
83, statistical significance was assessed at day 82 for each BRV dose 
arm versus placebo. This testing strategy continued for days 81, 80, 
and so forth down to either day 1 or until a day was reached for which 
statistical significance was not achieved for at least one BRV dose arm. 
Time to achieving a sustained responder status was then considered 
to have been statistically demonstrated for the lowest day for which 
statistical significance was achieved for BRV dose arms for all days from 
that day through day 84. P-values were assessed using a log-rank test 
and are nominal.

3  | RESULTS

3.1 | Patient population

The efficacy population comprised 1160 patients (BRV 50-200 mg/d, 
n = 742; placebo = 418), including 352 patients with FBTCS (BRV, 
n = 237; placebo = 115). Baseline characteristics of the pooled popu-
lation with focal seizures1,5 and the FBTCS subpopulation7 have 
been previously reported.

3.2 | Efficacy

For the overall population, ≥75% SRRs on day 1 were 10.8% and 
9.3% for BRV 100 and 200 mg/d vs 3.1% placebo (P < .01), and 
increased across BRV doses and placebo through day 84 (19.6%, 
17.8% vs 6.7%, respectively; P < .01; Figure 1A). Overall, KM es-
timates of achieving a ≥75% response on day 1 were 79.8% and 
81.0% for patients treated with BRV 100, or 200 mg/d, respec-
tively, vs 65.6% for placebo-treated patients (P < .0001 for each 
dose vs placebo).

The ≥90% SRRs on day 1 were 6.9% and 5.3% for BRV 100 and 
200 mg/d vs 1.2% placebo (P < .01) and increased to 11.1% and 7.7% 
vs 2.4% at day 84 (P < .01; Figure 1B). Overall, KM analysis estimated 
that 78.9%, 81.0%, and 65.1% of all patients treated with BRV 100 
and 200 mg/d, and placebo achieved a 90% response on treatment 
day 1 (P < .0001 for each dose vs placebo) (Table S1). The ≥75% and 
≥90% SRRs trended non-significantly higher for the BRV 50-mg/d 
group vs placebo (Figure 1A,B; Table S1). The 100% SRRs on day 1 
were 5.1% and 4.0% for BRV 100 and 200 mg/d, vs 0.5% for placebo 
(P < .05; Figure 1C), and remained essentially the same by day 84.

The KM estimates for patients with sustained ≥75% response 
with BRV 100 or 200 mg/d were similar across groups with two or 
fewer, three to four, and five to six prior AEDs; sustained ≥90% re-
sponse was similar for two or fewer and three to four prior AEDs 
(Figure 2). Patients with prior exposure to seven or more AEDs had 
lesser response.

In the FBTCS subpopulation, the ≥75%, ≥90%, and 100% SRRs 
were higher from day 1 for BRV 100 and 200 mg/d vs placebo 
(Figure 3A-C; Table S2): respectively, 35.0% and 41.3% vs 15.7% for 
≥75% SRR; 34.0%, 37.3% vs 14.8% for ≥90% SRR; and 32.0%, 36.0% 
vs 14.8% for 100% SRR (all P < .01). Respective SRRs through day 84 
were 45.0%, 45.3% vs 20.9% for ≥75% SRR; 36.0%, 40.0% vs 15.7% 
for 90% SRR, and unchanged from day 1 for 100% SRR (all P < .01). 
The BRV 50-mg/d group had non-significantly higher SRRs vs pla-
cebo on day 1 (Table S2). The majority of patients achieving ≥75%, 

F I G U R E  2   Percentage of patients attaining sustained response (at treatment day 1) by number of all prior AEDs. A, Sustained ≥75% 
response and B, sustained ≥90% response. In each trial, prior AEDs were discontinued before study entry. N01358 was the only trial 
capturing all history of prior AEDs used before entry; N01252 and N01253 collected AED use within 5 y before study entry and were not 
included. Analyses performed on efficacy population.5 AED, antiepileptic drug; BRV, brivaracetam
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≥90%, and 100% responses did so on treatment day 1 (KM estimated 
response: 87.8%-95.2%).

3.3 | Safety

In the overall safety population (N = 1262), the incidence of TEAEs 
was highest during the first week of treatment (BRV 50 mg/d: 
64/200 [32.0%] patients; 100 mg/d: 128/353 [36.3%]; 200 mg/d: 
102/250 [40.8%]; placebo: 108/459 [23.5%]) and declined by 

treatment end. In the FBTCS safety population (n = 381), the 
incidence of TEAEs peaked during week 1 for both BRV (22/73 
[30.1%]; 33/106 [31.1%], and 31/75 [41.3%] for BRV 50, 100, and 
200 mg/d) and placebo (26/127 [20.5%]), and decreased there-
after. The incidence of TEAEs leading to discontinuation in the 
FBTCS subpopulation during week 1 was 0% (0/73), 1.9% (2/106), 
1.3% (1/75), and 0.8% (1/127) for BRV 50, 100, and 200 mg/d, 
and placebo.

4  | DISCUSSION

In this post hoc analysis, ≥75%, ≥90%, and 100% SRS in focal sei-
zure reduction was observed with oral adjunctive BRV beginning on  
day 1, was higher for BRV- vs placebo-treated patients, and in-
creased over time for ≥75% and ≥90% SRS. The majority of patients 
who achieved ≥75%, ≥90%, and 100% SRS did so on the first day 
of treatment. These results extend our previous findings1 by show-
ing that BRV at recommended starting doses results in a sustained 
seizure reduction from the first day of treatment not only at the 
≥50% response level but also at the clinically more meaningful ≥75%, 
≥90%, and 100% seizure reduction.

In the most severe focal seizure type, FBTCS, ≥75%, ≥90%, and 
100% SRR was observed from the first day of treatment. Over one-
third of patients with FBTCS treated with BRV 100 and 200 mg/d 
achieved FBTCS seizure freedom on the first-treatment day and 
sustained it for the entire treatment period. The high SRR from the 
first day of treatment may be particularly important for patients with 
FBTCS, who are at high risk of falls, injury, and mortality, including 
sudden unexpected death in epilepsy.8

The results observed in our current analysis for BRV are con-
sistent with a similar study by Naritoku et al9 for lamotrigine ex-
tended release (LTG). Using a slightly different definition for time 
to ≥50% reduction in seizure frequency (defined as the time a 
patient achieved and maintained a ≥50% reduction in seizure 
frequency after ≥1 week of the double-blind treatment period), 
Naritoku et al9 reported the time to ≥50% reduction was shorter 
for patients treated with LTG vs placebo (P = .0007). This treat-
ment difference reached statistical significance after 18 days of 
the dose-escalation phase of the trial. A major difference between 
the Naritoku et al trial and our analysis is that a dose-escalation, 
or titration, phase was not included for patients in the BRV trials 
used in our pooled analysis.

The sustained response observed in our current report, as well 
as those from our previous analysis of patients achieving ≥50% SRS 
on day 1,1 further supports the suggestion that the effectiveness of 
BRV occurs early in clinical treatment. One reason for this early onset 
of efficacy may be due to the lack of the need for titration because 
of BRV's established favorable safety profile.1,5 Pharmacokinetic 
analysis in healthy volunteers indicated that the absorption of oral 
BRV reaches a median tmax at 0.5-1 hour with a time to peak plasma 
concentrations (Cmax) at 0.5-3.5 hours.10 Studies in healthy volun-
teers also suggest that intravenous infusion of 200-mg BRV enters 

F I G U R E  3   Kaplan-Meier estimates of time to onset of sustained 
response in patients with FBTCS from treatment day 1 through 
treatment day 84. A, Sustained ≥75% responder status. For each 
day, P < .01 for BRV 100 and 200 mg/d vs placebo; P-values were 
not significant (NS) for BRV 50 mg/d vs placebo. B, Sustained ≥90% 
responder status. For each day, P < .01 for BRV 100 and 200 mg/d 
vs placebo; P-values were NS for BRV 50 mg/d vs placebo. C, 
Sustained 100% responder status. For each day, P < .01 for BRV 
100 and 200 mg/d vs placebo; P-values were NS for BRV 50 mg/d 
vs placebo. Analyses performed on efficacy population.5 BRV, 
brivaracetam; FBTCS, focal to bilateral tonic-clonic seizures
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the brain and binds to the SV2A protein (its target protein) within 
corrected half-time values of 1.7 to 2.1 minutes compared to 20.5 
(±5.7) minutes for LEV 1500 mg.11 Therefore, the rapid adsorption 
of BRV may help to explain, at least in part, the observed efficacy of 
BRV in patients with epilepsy starting at day 1 and without the need 
for titration.

Interpretation of our findings is limited by the nature of post 
hoc analyses, pooling of clinical trial data, and minor between-trial 
differences in trial populations. A potentially noteworthy limita-
tion is the relatively short treatment duration used in the analysis. 
The results from our analysis indicate the SRRs increased across 
all three BRV dose levels from day 1 through day 84, which is ap-
proximately 3 months. However, observations from Brodie et al12 
suggest that up to 22% of patients newly diagnosed with epilepsy 
starting a specific AED treatment may achieve and sustain seizure 
freedom after 6 months or longer. In addition, a retrospective, da-
tabase analysis by Faught et al13 reported that 39% of patients re-
ceiving first-line monotherapy for epilepsy needed changes their 
AED treatment regimen within 1year. Finally, Cassard et al14 years. 
Therefore, the short duration of the data in this study may not 
have captured those patients who achieved a sustained response 
after 3 months of treatment or those patients who no longer had 
a sustained response beyond the 84-day cutoff. Additional investi-
gation using long-term clinical trial data would likely address these 
limitations.12,13

In conclusion, this analysis shows that a majority of patients with 
focal seizures who achieve 75%-100% seizure frequency reduction 
with BRV do so on the first day of treatment.
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