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Abstract
Objective: To evaluate long-term safety/tolerability of brivaracetam at individual-
ized doses ≤200 mg/d (primary) and maintenance of efficacy over time (secondary) 
in adults with focal seizures or primary generalized seizures (PGS) enrolled in phase 
3, open-label, long-term follow-up trial N01199 (NCT00150800).
Methods: Patients ≥16 years of age who had completed double-blind, placebo-con-
trolled adjunctive brivaracetam trials NCT00175825, NCT00490035, NCT00464269, 
or NCT00504881 were eligible. Outcomes included safety, efficacy, and quality of life.
Results: The safety set included 667 patients (focal seizures, 97.8%; PGS, 2.2%); the effi-
cacy set included 648 patients with focal seizures and 15 patients with PGS. Overall, 49.2% 
of patients had ≥48 months of exposure. Treatment-emergent adverse events (TEAEs) oc-
curred in 91.2% of all patients (91.3% of focal seizures group), brivaracetam discontinua-
tion due to TEAEs in 14.8%, drug-related TEAEs in 56.7%, and serious TEAEs in 22.8%. 
The most common TEAEs in the focal seizures group (≥15%) were headache (25.3%) 
and dizziness (21.9%). Mean changes from baseline in Hospital Anxiety and Depression 
Scale scores at last value during 2-year evaluation were −0.7 (standard deviation [SD] 
= 4.3) and −0.2 (SD = 4.4) overall. In the focal seizures group, median reduction from 
baseline in focal seizure frequency/28 days was 57.3%, 50% responder rate was 55.6%, 
and 6-month and 12-month seizure freedom rates were 30.3% and 20.3%, respectively. 
Efficacy outcomes improved by exposure duration cohort and then stabilized through the 
108-month cohort. Mean improvement from baseline in Patient-Weighted Quality of Life 
in Epilepsy Inventory total score (efficacy set) was 5.7 (SD = 16.1, Cohen's d = 0.35) at 
month 12 and 6.5 (SD = 18.0, Cohen's d = 0.36) at month 24.
Significance: Adjunctive brivaracetam was well tolerated, with a good safety profile 
in long-term use in adults with epilepsy at individualized doses. Approximately half 
of the patients remained in the trial at 4 years. Brivaracetam reduced focal seizure 
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1 |  INTRODUCTION

Brivaracetam is a high-affinity synaptic vesicle protein 2A 
ligand indicated for the treatment of focal (partial-onset) sei-
zures. In the USA, brivaracetam has been approved as ad-
junctive therapy and monotherapy for patients ≥4 years of 
age (oral formulations only; brivaracetam injection is cur-
rently only indicated for patients ≥16 years of age)1; in the 
European Union and in Australia, brivaracetam has been ap-
proved as adjunctive therapy for patients ≥4 years of age.2-4

As antiepileptic drug (AED) treatment is usually chronic 
and may be lifelong, it is important that the safety, tolera-
bility, and efficacy of the drug is maintained long-term. A 
pooled analysis of data from phase 2b, phase 3, and long-
term follow-up trials in adults with uncontrolled focal sei-
zures showed that adjunctive brivaracetam (5-200 mg/d) was 
effective and generally well tolerated when administered 
long-term (≥8.0 years).5 In addition, health-related quality of 
life improved.

Here, we report the findings of an open-label, multina-
tional, follow-up trial conducted to evaluate long-term safety, 
tolerability, and efficacy of adjunctive brivaracetam at indi-
vidualized doses up to 200  mg/d (N01199; ClinicalTrials.
gov: NCT00150800). N01199 enrolled patients 16 years of 
age and older with epilepsy who completed the double-blind, 
placebo-controlled trials of adjunctive brivaracetam N01193, 
N01252, N01253, and N01254. The primary objective was 
to evaluate long-term safety and tolerability of brivaracetam. 
The maintenance of efficacy over time was investigated as a 
secondary objective.

2 |  MATERIALS AND METHODS

2.1 | Trial design

This was a phase 3, multicenter, open-label, flexible-dose, 
uncontrolled, long-term follow-up trial of adult patients 
with focal seizures, with or without secondary generaliza-
tion, or primary generalized seizures (PGS). Among the 
core trials from which patients were recruited, N01193 
(NCT00175825),6 N01252 (NCT00490035),7 and N01253 
(NCT00464269)8 evaluated fixed doses of brivaracetam, 

whereas N01254 (NCT00504881)9 was a flexible-dose trial 
(Table S1). All of these trials enrolled drug-resistant patients. 
The trials were all multinational but varied in the specific 
countries involved.

The current trial was conducted from January 2006 to 
September 2017 at 99 sites across Australia, Brazil, Canada, 
India, Mexico, and the USA. For each patient, this trial ran 
throughout the duration of the clinical development period 
of brivaracetam, and continued until marketing authorization 
for brivaracetam was granted by any health authority in an 
indication of adjunctive treatment in adults with drug-resis-
tant focal seizures (whether or not secondarily generalized), 
until UCB Pharma closed the trial, until patients transitioned 
to another brivaracetam trial, or until a managed access pro-
gram, named patient program, compassionate use program, 
or similar type of access program was established as allowed 
per country-specific requirement in addition to legal and reg-
ulatory guidelines.

The trial protocol, amendments, and patient informed con-
sents were reviewed and approved by a national or regional 
independent ethics committee or institutional review board. 

frequency versus baseline. Efficacy improved with increasing exposure duration and 
remained stable through the 9-year cohort.

K E Y W O R D S

antiepileptic drug, focal seizure, hospital anxiety and depression scale, primary generalized seizure, 
seizure control, tolerability

Key Points
• Up to 11-year, open-label, follow-up trial of ad-

junctive brivaracetam at individualized doses in 
adult patients with focal seizures or primary gen-
eralized seizures

• Adjunctive brivaracetam therapy was well toler-
ated with a good safety profile in adults with epi-
lepsy at individualized doses up to 200 mg/d

• Approximately half of the patients remained in the 
trial at 4 years

• Overall, 55.6% of patients with focal seizures 
experienced ≥50% reduction in focal seizure fre-
quency; 30.3% experienced continuous seizure 
freedom for ≥6 months

• Efficacy outcomes improved with increasing du-
ration of brivaracetam exposure, with changes re-
maining stable through the 9-year cohort
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The trial was conducted in accordance with International 
Council for Harmonization–Good Clinical Practice, the 
Declaration of Helsinki, and local laws of the countries in-
volved. All patients provided written informed consent before 
enrollment.

2.2 | Patient population

Male or female patients ≥16 years of age who had completed 
the core trials listed in Table S1 and were expected by the 
investigator to benefit from long-term brivaracetam admin-
istration were eligible. The trials N01193, N01252, and 
N01253 enrolled patients with focal seizures with or without 
secondary generalization, whereas N01254 enrolled patients 
with focal seizures and also a smaller number of patients with 
PGS.

Exclusion criteria included severe medical, neurolog-
ical, and psychiatric disorders or laboratory values that 
may have had an impact on the safety of the patient, and 
poor adherence to the visit schedule or medication intake 
in the previous brivaracetam trial. Women who were preg-
nant, lactating, or of childbearing potential and not using 
approved methods of contraception (unless sexually absti-
nent) were excluded.

2.3 | Treatment schedule

The starting dose for each patient in this long-term follow-
up trial was the dose defined/reached at the end of the pre-
vious trial: 20  mg/d for patients from N01193, 50  mg/d 
for patients from N01252, 50 or 20 mg/d for patients from 
N01253, and up to 100  mg/d for patients from N01254. 
At each trial visit, if necessary, brivaracetam dosage could 
be uptitrated or reduced in 50 mg/d increments; the maxi-
mum dose was 200 mg/d. Patients who discontinued bri-
varacetam treatment entered a down-titration period with 
a last down-titration step of 20  mg/d for 1  week, which 
was followed by 2-4 weeks free of brivaracetam before the 
final visit.

Dose adjustment to concomitant AEDs may have been 
made at any time during the trial, and patients may have 
started new AEDs or discontinued concomitant AEDs.

Conversion to brivaracetam monotherapy was no longer 
permitted after a protocol amendment in June 2011; however, 
patients already on brivaracetam monotherapy were allowed 
to continue monotherapy treatment. The use of concomitant 
vigabatrin was prohibited.

Following the entry visit (month 0), which typically cor-
responded to the final visit of the previous trial, there were 
visits at months 1, 2, 3, and 6 for patients from N01252, 
N01253, and N01254, and visits at months 1, 2, 3, 4, 5, and 

6 for patients from N01193. Subsequently, visits occurred 
every 3 months.

2.4 | Outcome measures

Primary safety variables included occurrence of treatment-
emergent adverse events (TEAEs), serious TEAEs, and with-
drawal due to TEAEs. Other safety variables were as follows: 
laboratory tests, vital signs, body weight, electrocardiogram 
(ECG), change in Hospital Anxiety and Depression Scale 
(HADS) scores10 from the baseline of the previous trial to 
each assessment for the first 2 years and to the last evaluation 
period assessment during the first 2  years, and Columbia–
Suicide Severity Rating Scale (C-SSRS).11

For patients with focal seizures, efficacy variables in-
cluded the frequency of focal seizures per 28  days during 
the evaluation period, percentage reduction in 28-day focal 
seizure frequency from baseline of the previous trial to the 
evaluation period, and 50% responder rate (defined as pa-
tients with a ≥50% reduction in focal seizure frequency from 
the baseline period of the previous trial) over the evaluation 
period. Other efficacy variables included the proportion of 
patients with focal seizures continuously seizure-free for all 
seizure types for at least 6  months and at least 12  months 
during the evaluation period.

Additional efficacy variables included change in 
EuroQol-5 Dimensions Questionnaire (EQ-5D) responses 
and in Patient-Weighted Quality of Life in Epilepsy Inventory 
(QOLIE-31-P)12 scores from baseline of the previous trial to 
each assessment for the first 2 years and to the last evaluation 
period assessment during the first 2 years. EQ-5D responses 
and QOLIE-31-P scores were evaluated for the overall trial 
population by time point in post hoc analyses.

2.5 | Statistical methods

Descriptive statistics were used to summarize safety and effi-
cacy outcomes; no statistical hypothesis testing was planned. 
The safety set (SS) comprised all patients who took at least 
one dose of trial medication. The efficacy set (ES) included 
all patients who took at least one dose of trial medication 
and had at least one day with completed seizure daily record 
card during the evaluation period. As well as the overall ES, 
separate efficacy populations were defined for patients with 
focal seizures and patients with PGS.

The last value for HADS, EQ-5D, and QOLIE-31-P was 
the last assessment after the date of the first dose of brivarac-
etam and up to and including the visit at the end of year 2 and 
any early discontinuation visits for patients who did not com-
plete through the visit at the end of year 2. The last value for 
clinical laboratory parameters, vital signs, and ECGs was the 
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last available result obtained after the first dose of brivarace-
tam and before or on the date of the last dose.

No sample size calculation was performed. Sample size 
depended on recruitment into and completion of the preced-
ing trials.

3 |  RESULTS

3.1 | Baseline patient demographics, 
characteristics, and concomitant AEDs

In total, 668 patients were enrolled in N01199; 667 (99.9%) 
were included in the SS (Table 1 and Figure S1). The ma-
jority of patients had focal seizures (652 [97.8%] patients 
from N01193, N01252, N01253, and N01254); 15 patients 
(2.2%) from N01254 presented with PGS. Due to the very 
small number of patients with PGS in this trial, the safety and 
tolerability results are presented for these patients but not the 
efficacy results. Overall, 171 (25.6%) patients completed the 
trial and 496 (74.4%) discontinued. Reasons for discontinu-
ation were lack of efficacy (165 [24.7%] patients), adverse 
event (107 [16.0%] patients), patient's choice (90 [13.5%] pa-
tients), other (76 [11.4%] patients), and lost to follow-up (58 
[8.7%] patients).

Conditions that resolved before entry into, or that were 
ongoing at the time of entry into the previous double-blind 
trial in ≥10% of SS patients were headache (162 [24.3%] pa-
tients), depression (97 [14.5%]), and vagal nerve stimulator 
implantation (74 [11.1%]). The mean duration of epilepsy 
at baseline was 21.6  years for patients with focal seizures 
and 16.6  years for patients with PGS (Table  1; focal sei-
zure ES and PGS ES). As per the protocol, patients enrolled 
in the previous double-blind trials had to be taking one or 
two concomitant AEDs (N01193, N01252, N01253) or one 
to three concomitant AEDs (N01254) and doses were kept 
stable throughout the double-blind trials. Most patients re-
ceived two concomitant AEDs at entry into the previous 
double-blind trials (Table 1). During the long-term extension 
trial, all patients in the focal seizure and PGS groups received 
at least one concomitant AED. The most commonly taken 
concomitant AEDs are presented in Table 1.

3.2 | Safety outcomes

3.2.1 | Brivaracetam exposure

The total duration of brivaracetam exposure during N01199 
was 2965.1 patient-years for the SS (Table  S2), including 
2891.1 patient-years in the focal seizure group and 74.1 pa-
tient-years in the PGS group. Overall, approximately half of 
the patients (328 [49.2%]) had at least 48 months of exposure 

to brivaracetam and small proportions of patients remained 
in the trial at 108 months (83 [12.4%] patients), 120 months 
(51 [7.6%] patients), and 132  months (16 [2.4%] patients; 
Table S2). Among patients with focal seizures, 319 (48.9%) 
and 83 (12.7%) had at least 48 months and at least 108 months 
of exposure to brivaracetam, respectively; among patients with 
PGS, nine (60.0%) and four (26.7%) had at least 48 months 
and at least 102 months of exposure to brivaracetam, respec-
tively. The most common modal dose of brivaracetam was 
150 mg/d (228 [34.2%] patients); 194 (29.1%) patients had a 
modal dose of 50 mg/d, and 161 (24.1%) patients had a modal 
dose of 100 mg/d.

3.2.2 | Treatment-emergent adverse events

Overall, 608 (91.2%) patients reported at least one TEAE, 
including 595 (91.3%) patients with focal seizures (Table 2; 
SS). Permanent discontinuation of brivaracetam due to 
TEAEs occurred in 99 (14.8%) patients overall and in 96 
(14.7%) patients with focal seizures. Occurrence of TEAEs 
was similar in the focal seizure and PGS groups, although no 
meaningful comparison could be made because of the low 
number of patients with PGS. The most commonly reported 
TEAEs in patients with focal seizures (≥15%) were headache 
(165 [25.3%] patients) and dizziness (143 [21.9%] patients). 
In the overall population, 13 (1.9%) patients discontinued bri-
varacetam because of pregnancy and eight (1.2%) because of 
suicidal ideation. No other TEAEs led to permanent discon-
tinuation of brivaracetam in >1% of patients.

Psychiatric TEAEs were reported by 212 (31.8%) pa-
tients. The most commonly reported psychiatric TEAEs 
(≥5%) were depression (71 [10.6%] patients), insomnia (49 
[7.3%] patients), and anxiety (45 [6.7%] patients). Psychiatric 
TEAEs led to discontinuation of brivaracetam in 34 (5.1%) 
patients. The only single psychiatric TEAE leading to dis-
continuation in ≥1% of patients was suicidal ideation (eight 
[1.2%] patients).

The overall incidence of TEAEs was highest in months 
1-3 and diminished over time (Figure S2). The overall inci-
dence of TEAEs was similar between patients who received 
placebo (77.8%) and brivaracetam (79.0%) in the place-
bo-controlled core trials. The incidences of dizziness (27.2% 
vs 19.6%), depression (14.2% vs 9.5%), and insomnia (10.5% 
vs 6.3%) were higher in patients who received placebo in the 
core trial and transitioned to brivaracetam in this trial than in 
those who received brivaracetam in the core trial.

3.2.3 | Drug-related TEAEs

Overall, drug-related TEAEs were reported by 378 patients 
(56.7%; Table 2; SS). The most common TEAEs considered 
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T A B L E  1  Baselinea patient demographics, characteristics, and concomitant antiepileptic drugsb taken by ≥10% of patients in either trial 
group (SS, focal seizure ES, PGS ES)

Characteristic Focal seizure, SS, n = 652 PGS, SS, n = 15

Age

Mean (SD), y 34.4 (12.3) 30.7 (9.3)

Median (range), y 33.0 (16-70) 28.0 (19-50)

≤18 y, n (%) 51 (7.8) 0

19 to <65 y, n (%) 596 (91.4) 15 (100)

≥65 y, n (%) 5 (0.8) 0

Male, n (%) 354 (54.3) 10 (66.7)

Body mass index, mean (SD), kg/m2 25.9 (6.6)c 22.9 (3.3)

  Focal seizure, ES, n = 648 PGS, ES, n = 15

Age at time of first seizure, mean (SD), y 13.2 (10.9) 14.3 (11.0)

Epilepsy duration, mean (SD), yd 21.6 (12.5) 16.6 (10.0)

Seizure frequency/28 days, median (range) 9.2 (0-17.304)e 5.7 (2-27)f 

Epileptic seizure types experienced during baseline of the previous trial, n (%)g,h 

Focal (partial-onset) seizures 647 (99.8)i 0

Focal aware (simple partial) 190 (29.3) 0

Focal impaired awareness (complex partial) 513 (79.2) 0

Focal to bilateral tonic-clonic (partial evolving to secondary generalized) 234 (36.1) 0

Generalized seizures 14 (2.2) 15 (100)

Absence 2 (0.3) 4 (26.7)

Myoclonic 0 3 (20.0)

Clonic 1 (0.2) 0

Tonic 3 (0.5) 0

Tonic-clonic 3 (0.5) 9 (60.0)

Atonic 2 (0.3) 0

Number of previous AEDs, n (%)j 

0-1 294 (45.4) 7 (46.7)

2-4 281 (43.4) 7 (46.7)

≥5 73 (11.3) 1 (6.7)

Number of concomitant AEDs, n (%)k 

1 127 (19.6) 4 (26.7)

2 443 (68.4) 8 (53.3)

3 78 (12.0) 3 (20.0)

Concomitant AEDs taken by ≥10% of patients in either groupl,m 

Carbamazepine 312 (48.1) 6 (40.0)

Phenytoinn 176 (27.2) 3 (20.0)

Clobazam 171 (26.4) 7 (46.7)

Lamotrigine 167 (25.8) 2 (13.3)

Levetiracetam 120 (18.5) 3 (20.0)

Topiramate 110 (17.0) 2 (13.3)

Oxcarbazepine 96 (14.8) 3 (20.0)

Phenobarbital 68 (10.5) 2 (13.3)

(continues)
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drug-related by the investigator (reported by ≥5% of 
patients overall) were dizziness (82 [12.3%] patients), 
somnolence (61 [9.1%] patients), headache (52 [7.8%] 

patients), and depression (37 [5.5%] patients). Fifty-three 
(7.9%) patients discontinued brivaracetam due to drug-
related TEAEs, the most common of which (reported by 

T A B L E  2  Incidence of TEAEs (safety set)

 
Overall, N = 667, 
n (%)

Focal seizure, N = 652, 
n (%) PGS, N = 15, n (%)

Any TEAE 608 (91.2) 595 (91.3) 13 (86.7)

Drug-related TEAEsa 378 (56.7) 371 (56.9) 7 (46.7)

Serious TEAEs 152 (22.8) 149 (22.9) 3 (20.0)

Drug-related serious TEAEsa 30 (4.5) 28 (4.3) 2 (13.3)

Severe TEAEs 182 (27.3) 180 (27.6) 2 (13.3)

Permanent discontinuation of brivaracetam due to TEAEs 99 (14.8) 96 (14.7) 3 (20.0)

Deaths 18 (2.7) 18 (2.8) 0

TEAEs reported by ≥10% of patients overall, MedDRA version 15.0 preferred term

Headache 166 (24.9) 165 (25.3) 1 (6.7)

Dizziness 143 (21.4) 143 (21.9) 0

Nasopharyngitis 94 (14.1) 92 (14.1) 2 (13.3)

Somnolence 91 (13.6) 88 (13.5) 3 (20.0)

Influenza 84 (12.6) 84 (12.9) 0

Convulsionb 82 (12.3) 81 (12.4) 1 (6.7)

Upper respiratory tract infection 76 (11.4) 75 (11.5) 1 (6.7)

Depression 71 (10.6) 70 (10.7) 1 (6.7)

Pyrexia 69 (10.3) 65 (10.0) 4 (26.7)

Nausea 67 (10.0) 67 (10.3) 0

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; PGS, primary generalized seizures; TEAE, treatment-emergent adverse event.
aThe relationship was assessed by the investigator. 
bConvulsions were reported as TEAEs if their nature changed considerably or their frequency or intensity increased as compared to the clinical profile known to the 
investigator from the patient's history or baseline period. 

  Focal seizure, ES, n = 648 PGS, ES, n = 15

Valproateo 168 (25.9) 6 (40.0)

Garoin 0 2 (13.3)

Abbreviations: AEDs, antiepileptic drugs; ES, efficacy set; PGS, primary generalized seizure; SD, standard deviation; SS, safety set.
aBaseline refers to data collected at the time of entry into the previous trials or from the baseline period of the previous trials. 
bTaken during administration of brivaracetam in the current trial, regardless of start and stop dates. 
cn = 649. 
dRelative to date of first seizure. 
eData represent seizures/28 days. 
fData represent seizure days/28 days. 
gPatients may have had more than one type of seizure. 
hSeizure types are listed per the International League Against Epilepsy (ILAE) 201726 classification, with the old terminology (ILAE 1981) in parentheses.27 
iOne patient was consented to the trial but never received brivaracetam; this patient was discontinued due to loss to follow-up. 
jTaken within 5 years and discontinued before entry into the previous trial. 
kAt entry into the previous trials. 
lWorld Health Organization Drug Reference List (June 2012 version) preferred drug name. 
mAt any time during the trial. 
nIncludes phenytoin, phenytoin sodium, fosphenytoin, and fosphenytoin sodium; 
oIncludes valproate sodium, valproate semisodium, valproic acid, and valproate magnesium. 

T A B L E  1  (Continued)
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at least four patients overall) were depression (five [0.7%] 
patients), suicidal ideation (five [0.7%] patients), and diz-
ziness (four [0.6%] patients).

3.2.4 | Serious TEAEs

A total of 152 (22.8%) patients reported at least one serious 
TEAE (Table  2; SS). The serious TEAEs experienced by 
≥1% of patients overall were convulsion (15 patients [2.2%]), 
pneumonia (seven patients [1.0%]), and suicide attempt 
(seven patients [1.0%]). Eighteen deaths (2.7% of patients) 
were reported, two of which were considered treatment-
related; one completed suicide and one sudden unexplained 
death in epilepsy were considered by the investigator as pos-
sibly related to brivaracetam; all other fatal events were as-
sessed as unlikely or not related.

3.2.5 | Other safety outcomes

No clinically relevant findings were observed for any mean 
changes from baseline in hematology, blood chemistry, uri-
nalysis parameters, vital signs, body weight, or ECGs.

Columbia–Suicide Severity Rating Scale
A total of 51 (7.6%; SS) patients had a positive response 
on the C-SSRS at any time during the trial. Seven patients 
(1.0%) had a serious TEAE of suicide attempt; four of these 
TEAEs were assessed as drug-related by the investigator. 
Two patients (0.3%) completed suicide. Sixteen patients 
(2.4%) had TEAEs of suicidal ideation; eight of these TEAEs 
were assessed by the trial investigator as drug-related.

Hospital Anxiety and Depression Scale
Mean anxiety and depression scores indicated normal to mild 
levels of anxiety and depression at baseline (Table 3; SS). At last 
value, the mean changes from baseline in anxiety and depres-
sion scores were −0.7 (standard deviation [SD] = 4.3) and −0.2 
(SD = 4.4), respectively. Changes from baseline over time for 
anxiety were all negative, indicating improvement. Depression 
score showed minor decreases from baseline over time.

3.3 | Efficacy and quality of life outcomes

3.3.1 | Focal seizure frequency

The median focal seizure frequency per 28 days for patients 
with focal seizures decreased from 9.2 (range = 0-17.304) at 
the previous trial baseline to 4.2 (range = 0-11.726) during the 
evaluation period (focal seizure ES). The median reduction 

T A B L E  3  Hospital Anxiety and Depression Scale scores (safety 
set)

Trial visit cohort,a   
time point

Observed 
values,  
mean (SD)

Change 
from 
baseline, 
mean (SD)

Anxiety score

2-mo cohort, n = 378

Baseline 8.0 (4.0)  

Month 2 7.1 (3.9) −0.9 (4.0)

6-mo cohort, n = 328

Baseline 8.0 (4.0)  

Month 6 6.8 (3.9) −1.1 (4.3)

12-mo cohort, n = 290

Baseline 8.0 (4.1)  

Month 12 7.0 (4.2) −1.0 (4.2)

18-mo cohort, n = 260

Baseline 8.1 (4.2)  

Month 18 6.9 (4.0) −1.2 (4.0)

24-mo cohort, n = 234

Baseline 8.1 (4.1)  

Month 24 6.8 (3.9) −1.3 (4.3)

Last value, n = 397

Baseline 8.0 (4.0)  

Outcome 7.4 (4.1) −0.7 (4.3)

Depression score

2-mo cohort, n = 377

Baseline 6.1 (4.0)  

Month 2 5.4 (3.9) −0.7 (3.9)

6-mo cohort, n = 328

Baseline 6.0 (4.0)  

Month 6 5.4 (3.9) −0.6 (4.3)

12-mo cohort, n = 289

Baseline 6.1 (4.1)  

Month 12 5.4 (3.9) −0.6 (4.2)

18-mo cohort, n = 260

Baseline 6.0 (4.1)  

Month 18 5.7 (4.0) −0.4 (4.1)

24-mo cohort, n = 234

Baseline 6.1 (4.0)  

Month 24 5.5 (3.9) −0.6 (4.4)

Last value, n = 396

Baseline 6.1 (4.0)  

Outcome 5.9 (4.2) −0.2 (4.4)

Abbreviation: SD, standard deviation.
aTrial visit cohorts define groups of patients who have completed the scheduled 
visit at the time point defined by the cohort (eg, the 24-month cohort includes 
patients who completed the scheduled visit at the end of year 2). 
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from baseline in focal seizure frequency per 28 days was 57.3% 
overall and increased with each exposure duration cohort 
through the 36-month cohort, and then remained stable through 
the 108-month cohort (Table  4). Overall, the 50% responder 
rate was 55.6% (360/648 patients); the rate increased by expo-
sure duration cohort through the 36-month cohort and remained 
generally consistent through the 108-month cohort (Figure 1).

During the evaluation period, 170 (30.3%) patients with 
focal seizures were continuously seizure-free (for all seizure 
types) for at least 6 months and 114 (20.3%) were seizure-free 
for at least 12 months (Figure 2). Rates of 6-month and 12-
month seizure freedom generally increased with each exposure 
duration cohort through to the 84-month cohort and then sta-
bilized. Of 16 patients in the 132-month cohort, four patients 
were seizure-free for 6 years, three patients were seizure-free for 
8 years, and one patient was seizure-free for 10 years. Seizure 
frequency assessments were also completed for patients with 
PGS, but because of the small number of patients (n = 12-15; 
PGS ES) meaningful interpretations could not be made.

3.3.2 | EuroQol-5 dimensions questionnaire

No substantial change in the EQ-5D health status item was 
observed during the trial in the overall trial population 
(Table S3; ES).

3.3.3 | Patient-weighted Quality of Life in 
Epilepsy Inventory

In a post hoc analysis of the ES, the total QOLIE-31-P score 
showed a mean (SD) improvement from baseline of 5.7 

(16.1) at month 12 and 6.5 (18.0) at month 24 (Table S4), 
which are approximately equivalent to effect sizes (Cohen's 
d) of 0.35 and 0.36, respectively.

4 |  DISCUSSION

In this up to 11-year, open-label, multinational, follow-
up trial of adjunctive brivaracetam at individualized doses 
up to 200  mg/d in adult patients with focal seizures (with 
or without secondary generalization) or PGS, the duration 
of patients’ participation depended on several factors. Over 
time, patients left the trial when brivaracetam became com-
mercially available or when they transitioned to a managed 
access program. Therefore, the timing of commercial avail-
ability of brivaracetam in each country may have affected the 
overall duration of exposure for this trial. Furthermore, some 
patients discontinued the trial due to TEAEs or lack of effi-
cacy. Therefore, results should be interpreted with the knowl-
edge that patients who responded well to brivaracetam were 
more likely to remain in the trial for longer. Approximately 
half of the patients were still in the trial at 4 years, and 12.4% 
remained in the trial at 9 years. The duration of exposure in 
this trial is long even among long-term follow-up trials of 
AEDs.13-18

During extended treatment, brivaracetam was gener-
ally safe and well tolerated, with only a small proportion 
of patients permanently discontinuing brivaracetam due 
to TEAEs. This could be related to the flexible-dose trial 
design, which allowed dose adjustment of brivaracetam 
and concomitant AEDs, as well as addition and discontin-
uation of concomitant AEDs to optimize tolerability. The 
most common TEAEs in patients with focal seizures were 
headache and dizziness, consistent with other brivaracetam 
trials.5-9,19-21 Overall, the incidence of TEAEs was slightly 
higher in the first 3 months of treatment than in the follow-
ing time intervals. This is not unexpected, as patients who 
received placebo in the previous trials received brivaracetam 
for the first time in this trial, and patients who may have 
been on a lower dose of brivaracetam in the previous trials 
received an up-titration when they transitioned to this long-
term follow-up trial.

The median reduction in focal seizure frequency 
(57.3%) and 50% responder rate (55.6%) observed in this 
trial are similar to those reported for a pooled analysis of 
data from phase 2b, phase 3, and long-term follow-up tri-
als of adjunctive brivaracetam in adults with uncontrolled 
focal seizures, which included the current trial among the 
nine  trials in the efficacy analysis.5 In that pooled analy-
sis, the median reduction in focal seizure frequency was 
approximately 50% and the 50% responder rate was 48.9% 
for patients who received modal brivaracetam doses of 
5-200  mg/d. The current results are also consistent with 

T A B L E  4  Percentage reduction in focal seizure frequency from 
baseline (focal seizure efficacy set)

Efficacy time 
interval n Mean (SD) Median (Q1, Q3)

On treatment 647 38.2 (94.3) 57.3 (18.6, 82.2)

Months 1-12 485 47.3 (57.9) 57.3 (30.8, 81.6)

Months 1-24 411 54.2 (45.7) 62.7 (37.8, 85.5)

Months 1-36 353 59.0 (39.4) 67.1 (42.5, 88.4)

Months 1-48 318 60.3 (40.0) 69.1 (44.6, 89.5)

Months 1-60 274 59.4 (42.0) 69.0 (43.1, 87.5)

Months 1-72 243 59.9 (42.5) 70.0 (43.5, 87.8)

Months 1-84 219 61.4 (42.5) 70.8 (47.3, 91.0)

Months 1-96 173 62.0 (44.0) 71.1 (51.5, 91.4)

Months 1-108 83 67.0 (33.2) 74.3 (51.7, 94.4)

Note: Exposure duration cohorts define groups of patients with at least the 
specified duration of exposure. Baseline values were calculated from the seizure 
diary data collected during the baseline period of the previous trial.
Abbreviation: SD, standard deviation.
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those reported in long-term follow-up trials of other AEDs 
in patients with focal seizures (overall data: median reduc-
tion in seizure frequency of 32%-53%, 50% responder rate 
of 37%-53%).13,15,17 As reported for the pooled analysis,5 
with increasing exposure duration, patients with focal sei-
zures experienced greater improvements in focal seizure 
frequency and continuous seizure freedom. This could 
potentially be explained by changes to concomitant AED 
treatments and optimization of brivaracetam doses in this 
long-term extension trial. Although patients who responded 
well to brivaracetam were more likely to remain in the trial, 

the data show that efficacy was maintained for those pa-
tients who continued treatment.

The EQ-5D health status item showed no substantial 
change in the overall population during the trial. These are 
the first EQ-5D visual analog scale data reported for brivarac-
etam. The minor changes were as expected, because EQ-5D 
is not sensitive in treatment-resistant epilepsy, as previously 
shown by an analysis of data from phase 3 trials of adjunctive 
brivaracetam in patients with uncontrolled focal seizures.22 
A study that compared different generic preference-based 
health-related quality of life instruments in adults evaluated 

F I G U R E  1  Fifty percent responder rate for focal seizure frequency from baseline of previous trial (focal seizure efficacy set). M, months; m, 
month; n, number of patients who achieved at least a 50% reduction in focal seizure frequency from baseline; N, total number of patients assessed 
in each exposure duration cohort. aPercentages for the overall summary for each exposure duration cohort were relative to the number of patients 
included in the cohort; exposure duration cohorts defined groups of patients with at least the specified duration of exposure

F I G U R E  2  Continuous seizure freedom for ≥6 months and ≥12 months at any time during brivaracetam treatment in patients with focal 
seizures (focal seizure efficacy set). Percentages are relative to the number of patients within each exposure duration cohort. Patients had to have 
seizure diary entries for at least 90% of days within the seizure-free interval. Patients whose duration of brivaracetam treatment was less than 
the duration of seizure freedom failed for seizure freedom. an = number of patients who reported no seizures with brivaracetam for at least 6 and 
12 months at any time during treatment. bn = number of patients who reported no seizures with brivaracetam for at least 6 and 12 months at any 
time during the cohort interval. m, month; N, total number of patients assessed in each exposure duration cohort
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for epilepsy surgery also showed that EQ-5D was relatively 
insensitive to seizure control at 2 years.23

In the overall trial population, QOLIE-31-P total score 
showed mean improvements at month 12 and at month 24 
that are close to a “moderate improvement” in general con-
vention. Additional post hoc analyses of the ES showed that 
at 12  months, 49% of patients had a clinically meaningful 
improvement in QOLIE-31-P total score, defined as a change 
larger than a previously defined minimally important change 
(MIC) threshold,24 whereas 23% of patients showed a wors-
ening (lower than the negative MIC); at 24 months, 52% of 
patients had a clinically meaningful improvement and 21% 
worsened (data not shown).

These results are consistent with the pooled dataset.5 
The mean change in QOLIE-31-P total score was similar to 
that seen in the pooled dataset at month 24 in patients who 
received modal brivaracetam doses of 5-200  mg/d (6.5 vs 
approximately 5.5)5; however, a greater mean change was 
observed in the current trial for the subscores of emotional 
well-being (3.9 vs approximately 2.5), energy/fatigue (6.2 vs 
approximately 3.5), medication effects (5.2 vs approximately 
3.5), and overall quality of life (7.0 vs approximately 5), and 
a lower mean change was observed for seizure worry (11.3 vs 
approximately 13). Geographic differences could have influ-
enced the results; the current trial was conducted in Australia, 
Brazil, Canada, India, Mexico, and the USA and excluded 
Europe, whereas the pooled analysis included trials con-
ducted in Africa, the Asia-Pacific, Europe, North America, 
and South America. The mean change in QOLIE-31-P scores 
was also higher than in short-term double-blind data,25 high-
lighting the need for longer-term follow-up to assess treat-
ment effects on quality of life.

The HADS data presented in this report are the first for 
brivaracetam. Baseline anxiety and depression scores indi-
cated normal to mild levels of anxiety and depression. In 
all trial visit cohorts, the anxiety score showed a numerical 
improvement from baseline. The depression score remained 
unchanged at the last value.

Limitations of this trial include the open-label, single-arm 
design and the small number of patients with PGS enrolled, 
which does not allow meaningful conclusions to be drawn for 
those patients. Although the flexible-dose trial design limits 
the conclusions that can be drawn regarding the relationship 
between brivaracetam dose and efficacy, individualized dos-
ing is closer to clinical practice than fixed dosing.

5 |  CONCLUSION

In this long-term follow-up trial, adjunctive brivaracetam 
therapy was well tolerated, with a good safety profile in 
adults with epilepsy at individualized doses up to 200 mg/d. 
The safety profile of brivaracetam is consistent with that in 

previous studies. Approximately half of the patients remained 
in the trial at 4 years. Brivaracetam resulted in reductions in 
focal seizure frequency. Efficacy outcomes improved with 
increasing duration of brivaracetam exposure, with changes 
remaining stable through the 9-year cohort. These findings 
support the long-term use of adjunctive brivaracetam to treat 
patients with focal seizures.
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