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Abstract
Objective  To assess the effectiveness and tolerability of brivaracetam (BRV) in adults with epilepsy by specific comorbidi-
ties and epilepsy etiologies.
Methods  EXPERIENCE/EPD332 was a pooled analysis of individual patient records from several non-interventional studies 
of patients with epilepsy initiating BRV in clinical practice. Outcomes included ≥ 50% reduction from baseline in seizure 
frequency, seizure freedom (no seizures within prior 3 months), continuous seizure freedom (no seizures since baseline), 
BRV discontinuation, and treatment-emergent adverse events (TEAEs) at 3, 6, and 12 months. Analyses were performed for 
all adult patients (≥ 16 years of age) and stratified by comorbidity and by etiology at baseline (patients with cognitive/learn-
ing disability [CLD], psychiatric comorbidity, post-stroke epilepsy, brain tumor−related epilepsy [BTRE], and traumatic 
brain injury−related epilepsy [TBIE]).
Results  At 12 months, ≥ 50% seizure reduction was achieved in 35.6% (n = 264), 38.7% (n = 310), 41.7% (n = 24), 34.1% 
(n = 41), and 50.0% (n = 28) of patients with CLD, psychiatric comorbidity, post-stroke epilepsy, BTRE, and TBIE, respec-
tively; and continuous seizure freedom was achieved in 5.7% (n = 318), 13.7% (n = 424), 29.4% (n = 34), 11.4% (n = 44), 
and 13.8% (n = 29), respectively. During the study follow-up, in patients with CLD, psychiatric comorbidity, post-stroke 
epilepsy, BTRE, and TBIE, 37.1% (n = 403), 30.7% (n = 605), 33.3% (n = 51), 39.7% (n = 68), and 27.1% (n = 49) of patients 
discontinued BRV, respectively; and TEAEs since prior visit at 12 months were reported in 11.3% (n = 283), 10.0% (n = 410), 
16.7% (n = 36), 12.5% (n = 48), and 3.0% (n = 33), respectively.
Conclusions  BRV as prescribed in the real world is effective and well tolerated among patients with CLD, psychiatric 
comorbidity, post-stroke epilepsy, BTRE, and TBIE.
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Introduction

In addition to the number of previous antiseizure medica-
tions (ASMs) [1], factors that may affect the response to 
ASMs in patients with epilepsy include the presence of 
comorbidities [2] and the underlying epilepsy etiology [3]. 
Among patients with epilepsy, the prevalence of psychiatric 
comorbidities ranges from 20 to 50% [4], and 60 to 70% 
have cognitive impairment [5]. Psychiatric and cognitive 

comorbidities may be more disabling than the actual sei-
zures themselves [6].

Cognitive comorbidities can adversely affect patient 
psychosocial functioning, which includes social and 
emotional competence, well-being, and vocational and 
educational trajectories [6]. Difficulties with memory, 
attention, and executive functioning are identified in up 
to 70% of untreated patients before the onset of seizures 
or early during diagnosis [6]. Detrimental effects on cog-
nitive function have been reported in some patients with 
epilepsy in response to treatment with specific ASMs [7]. 
The risk of developing any psychiatric disorder is two to 
five times higher in people with epilepsy, and a third of Extended author information available on the last page of the article
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patients with epilepsy have a lifetime history of psychiatric 
disorders [8]. Poor response to treatment and increased 
morbidity and mortality have been associated with psy-
chiatric comorbidities [8]. Psychiatric side effects have 
been reported with some ASMs, which may exacerbate 
psychiatric disorders in patients with pre-existing psychi-
atric comorbidities [9, 10]. As such, when selecting an 
appropriate ASM, the presence of psychiatric comorbidi-
ties should be considered [11].

Structural abnormalities leading to epileptic seizures 
may arise as a result of stroke, brain tumors, and traumatic 
brain injury [12]. Post-stroke epilepsy occurs following 
hemorrhagic or ischemic stroke and is the most common 
cause of acquired epilepsy in older adults [13]. There is 
limited evidence to support the use of specific ASMs in 
patients with post-stroke epilepsy, and the choice of ASM 
is guided by the patients’ comorbidities, sex, age, and co-
medications. Brain tumor–related epilepsy (BTRE) is com-
mon in patients with cerebral tumors. The risk of BTRE is 
dependent upon the tumor type, with the incidence ranging 
from 10 to 15% in patients with brain metastases to > 80% 
in patients with diffuse low-grade gliomas [14]. Choice of 
ASM treatment is guided by recommendations for focal 
epilepsies, and non–enzyme-inducing ASMs are preferred 
to avoid interference with antineoplastic drugs and sup-
port therapies [14]. Post-traumatic epilepsy is defined as 
epilepsy with recurrent seizures occurring > 7 days after 
a result of traumatic brain injury [15]. Post-traumatic 
epilepsy is a common cause of acquired epilepsy and 
accounts for 10 to 20% of symptomatic epilepsy in the 
general population [16]. There is little evidence to support 
the choice of specific ASMs for the symptomatic treatment 
of seizures in post-traumatic epilepsy [17].

Brivaracetam (BRV) is approved for the treatment of 
focal-onset (partial-onset) seizures with or without sec-
ondary generalization in > 50 countries. The approved 
age range and adjunctive or monotherapy indication vary 
by country. EXPERIENCE/EPD332 is an international 
pooled analysis of individual patient records from multi-
ple independent non-interventional studies in patients with 
epilepsy initiating BRV in a wide range of geographies 
(Spain, Germany, Australia, and the United States), clinics, 
and subgroups [18]. The overall results showed that BRV 
was effective and well tolerated in patients with epilepsy 
in routine clinical practice. The large number of patients 
included in EXPERIENCE (1644 patients ≥ 16 years of 
age) meant that analyses of specific subgroups were feasi-
ble. The objective of these subgroup analyses was to assess 
the effectiveness and tolerability of BRV in adults with 
epilepsy by specific comorbidities (cognitive/learning dis-
ability [CLD] and psychiatric comorbidity) and epilepsy 
etiologies (post-stroke epilepsy, BTRE, and traumatic 
brain injury–related epilepsy [TBIE]).

Methods

Study design and patient population

EXPERIENCE/EPD332 was a pooled analysis of patient 
data from multiple independent, non-interventional, retro-
spective studies that utilized clinical chart review cohorts 
of patients who initiated BRV in clinical practice. The 
primary paper describes the study design in detail [18]. 
In brief, data were collected from studies that were con-
ducted in Australia, Europe, and the United States that 
had met the eligibility criteria. In each non-interventional 
study, patients received BRV as prescribed by their treat-
ing physician and according to standard clinical practice 
in their region. Patient enrollment began with the date 
of BRV availability in each country; patients must have 
initiated BRV no earlier than January 2016 and no later 
than December 2019. Patients had ≥ 6 months of follow-
up data from the date of BRV initiation (index date). Each 
patient had a follow-up period of 12 months after the index 
date or until one of the following events occurred: BRV 
discontinuation, death, disenrollment due to any reason, 
365 days of follow-up, or end of the study period. Some 
of the retrospective studies in EXPERIENCE adhered to 
more specific study protocols, as such data may not adhere 
exactly to the criteria described above (i.e., follow-up for 
some patients was > 12 months). For each patient, baseline 
characteristics were assessed at the index date. Historical 
variables may have been collected at any point before or 
at index date.

The terminology used for seizure types is consistent with 
the terminology used in the original studies, many of which 
predated the 2017 publication on operational classification 
of seizure types by the International League Against Epi-
lepsy [19]. EXPERIENCE followed the 2005 Food and Drug 
Administration’s Guidelines for Good Pharmacoepidemiol-
ogy Practices (GPP) and the 2008 International Society of 
Pharmacoepidemiology Guidelines for GPP. Patient data 
were de-identified before being processed. The EXPERI-
ENCE database consisted of Health Insurance Portabil-
ity and Accountability Act– and General Data Protection 
Regulation (GDPR)–compliant anonymized data; as such, 
no ethics committee approval was required. In order for 
the Australian and United States cohorts to have their data 
released and included in the EXPERIENCE database, ethics 
approval was required. Each non-interventional study that 
was included in EXPERIENCE received appropriate ethics 
and/or scientific review board approval as part of the initial 
study proposal at each institution. For each non-interven-
tional study, appropriate ethics and/or scientific review board 
approval was obtained as part of the initial study proposal 
at each institution.
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Outcomes

The following effectiveness outcomes were evaluated at 3, 
6, and 12 months after index date: seizure reduction, defined 
as ≥ 50% reduction from baseline in seizure frequency 
(patients who had at least one seizure at baseline [modified 
full analysis set (mFAS)]); seizure freedom, defined as no 
seizures within 3 months prior to the time point (for some 
cohorts, seizure freedom was defined as no seizures since 
the prior visit); continuous seizure freedom, defined as no 
seizures reported for any time point after baseline; and BRV 
retention, defined as the number of patients who remained 
on BRV at each time point. Patients who discontinued BRV 
were considered to have “no seizure reduction,” and “no 
seizure freedom” at the time of discontinuation and onward.

The following safety and tolerability outcomes were 
assessed: BRV discontinuation due to tolerability reasons, 
defined as the number of patients who discontinued BRV 
due to tolerability reasons since the prior visit; incidence 
of treatment-emergent adverse events (TEAEs), defined 
as TEAEs that occurred since the prior visit; severity of 
TEAEs; and incidence of psychiatric, cognitive, and behav-
ioral TEAEs.

Patient subgroups

Outcomes were assessed for all adult patients (≥ 16 years 
of age), stratified by comorbidity at baseline as documented 
in the medical records (patients with and without CLD, 
and patients with and without psychiatric comorbidity) and 
by etiology at baseline (patients with post-stroke epilepsy 
and without post-stroke epilepsy, patients with and without 
BTRE, and patients with and without TBIE). Effectiveness 
and tolerability outcomes were assessed for patients with 
psychiatric comorbidity who switched from levetiracetam 
(LEV) to BRV and in patients who switched from other 
ASMs (not including LEV) to BRV (patients may have taken 
LEV historically but stopped LEV treatment long before 
BRV initiation) at index. The same analysis was undertaken 
in patients without psychiatric comorbidity. Outcomes 
were also assessed by etiology and by comorbidity at base-
line for patients with focal-onset seizures and a BRV dose 
of ≤ 200 mg/day used as add-on at index. These analyses 
represent patients who initiated BRV per either the Aus-
tralian Product Information [20], the European Summary of 
Product Characteristics [21], or the US Prescribing Informa-
tion [22].

Statistical analyses

Populations analyzed included the full analysis set (FAS), 
defined as all patients who received at least one dose of BRV 
and had seizure type and age documented at baseline, and 

mFAS, defined as all patients in the FAS who had at least 
one seizure recorded during baseline. Data from the mFAS 
(based on the estimand at each time point) were used to 
assess seizure reduction. Data from the FAS (based on the 
estimand at each time point) were used to assess all other 
follow-up variables. Assessments of seizure reduction, sei-
zure freedom, and continuous seizure freedom included all 
seizures recorded during follow-up. Descriptive statistics 
were used to summarize all variables. With the exception 
of seizure outcomes (≥ 50% seizure reduction, seizure free-
dom, and continuous seizure freedom), for which patients 
with missing data due to BRV discontinuation were deemed 
to be non-responders for ≥ 50% seizure reduction and not 
seizure free, no measures were taken to impute or replace 
missing data. Percentages were based on the number of 
patients analyzed. Categorical variables were summarized 
using frequencies and percentages. Analyses were conducted 
using SAS® (Statistical Analysis System) version 9.4 (SAS 
Institute, Cary, NC, USA).

Results

Subgroup analyses by CLD comorbidity

Subgroup analyses by CLD at baseline included 403 patients 
with and 1232 patients without CLD (FAS) (Table  1). 
Patients with CLD were younger than those without CLD 
(84.9% vs 67.8% were 16–49 years of age). At baseline, the 
median duration of epilepsy was similar in patients with 
and without CLD. Patients with CLD had a numerically 
higher median (25th quartile [Q1], 75th quartile [Q3]) sei-
zure frequency/28 days (7.7 [2.7, 30.0] vs 4.0 [1.0, 12.0]), 
and numerically higher median (Q1, Q3) number of prior 
ASMs (any ASM used and stopped before BRV initiation) 
compared with patients without CLD (7.0 [4.0, 10.0] vs 4.0 
[2.0, 7.0]). Neurological and psychiatric comorbidities were 
more common in patients with than without CLD. A similar 
percentage of patients with and without CLD switched from 
LEV to BRV and switched from other ASMs to BRV.

The median (Q1, Q3) BRV dose was 100.0 (50.0, 
100.0) mg/day in patients with (n = 395) and without CLD 
(n = 1211) at index, and was 200.0 (150.0, 200.0) mg/day 
and 200.0 (100.0, 200.0) mg/day at 12 months in patients 
with (n = 193) and without CLD (n = 513), respectively 
(FAS). The median (Q1, Q3) duration of exposure to BRV 
was similar in patients with (345.3 [153.3, 396.0] days; 
n = 400), and without CLD (345.0 [124.0, 416.1] days; 
n = 1220). During the whole study follow-up, 37.1% of 
patients with CLD and 32.6% of patients without CLD dis-
continued BRV (Table 2). In both subgroups, the two most 
common reasons for BRV discontinuation (among patients 
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with a documented reason) were “lack of effectiveness” and 
“tolerability.”

At 12 months, ≥ 50% seizure reduction was achieved in 
35.6% and 37.4% of patients with and without CLD, respec-
tively (mFAS) (Fig. 1a); seizure freedom was achieved in 
7.9% and 17.9% (FAS) (Fig. 1b); continuous seizure free-
dom was achieved in 5.7% and 14.2% (Fig. 1c); and BRV 
retention was achieved in 66.8% and 72.5% (Fig. 1d).

Both subgroups of patients had similar incidences of 
TEAEs at 3, 6, and 12 months (FAS) (Table 3). Incidences 
of cognitive TEAEs were low at 3, 6, and 12 months. The 
incidences of psychiatric and behavioral TEAEs were also 
low in patients with and without CLD at all time points.

Subgroup analyses by psychiatric comorbidity

Subgroup analyses by psychiatric comorbidity at baseline 
included 605 patients with and 1011 patients without psy-
chiatric comorbidity (FAS). Baseline characteristics were 
generally similar among patients with and without psychi-
atric comorbidity (Table 1). CLD comorbidity was more 
common in patients with than without psychiatric comor-
bidity. Prior (lifetime) LEV use was reported in 61.7% of 
patients with and 62.6% without psychiatric comorbidity. 
A numerically lower percentage of patients with than with-
out psychiatric comorbidity switched from LEV to BRV 
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(41.0% vs 46.1%), and a numerically higher percentage 
switched from other ASMs to BRV (57.5% vs 52.5%).

In both subgroups, median (Q1, Q3) BRV dose was 100.0 
(50.0, 100.0) mg/day at index (with psychiatric comorbid-
ity, n = 597; without psychiatric comorbidity, n = 996), and 
200.0 (100.0, 200.0) mg/day at 12 months (with psychiat-
ric comorbidity, n = 277; without psychiatric comorbidity, 
n = 415) (FAS). The median (Q1, Q3) duration of exposure 
to BRV was similar in patients with (341.5 [119.0, 398.1] 
days; n = 598) and without psychiatric comorbidity (349.0 
[143.7, 420.0] days; n = 1003). During the whole study 
follow-up, 30.7% of patients with psychiatric comorbid-
ity and 35.4% of patients without psychiatric comorbidity 
discontinued BRV (Table 2). In both subgroups, the most 
common reasons for BRV discontinuation (among patients 
with a documented reason) were “lack of effectiveness” and 
“tolerability.”

At 12 months, ≥ 50% seizure reduction was achieved in 
38.7% and 36.1% of patients with and without psychiatric 
comorbidity, respectively (mFAS) (Fig. 1a); seizure free-
dom was achieved in 16.0% and 14.4% (FAS) (Fig. 1b); con-
tinuous seizure freedom was achieved in 13.7% and 10.4% 
(Fig. 1c); and BRV retention was achieved in 72.7% and 
70.3% (Fig. 1d).

In patients with psychiatric comorbidity who switched 
from LEV to BRV and who switched from other ASMs to 
BRV, at 12 months, ≥ 50% seizure reduction was achieved in 
38.3% and 38.7% of patients, respectively (mFAS) (Supple-
mentary Fig. S1a); seizure freedom was achieved in 13.9% 
and 16.2% (FAS) (Supplementary Fig. S1b); continuous 
seizure freedom was achieved in 10.6% and 15.0% (Sup-
plementary Fig. S1c); and BRV retention was achieved in 
73.3% and 71.4% (Supplementary Fig. S1d).

In patients with and without psychiatric comorbidity, the 
incidences of TEAEs were similar at 3, 6, and 12 months 
(FAS) (Table 3). Incidences of psychiatric TEAEs were sim-
ilar in patients with and without psychiatric comorbidity at 
3, 6, and 12 months. Incidences of cognitive and behavioral 
TEAEs were low in both patient subgroups. At 3, 6, and 12 
months, patients with psychiatric comorbidity who switched 
from LEV to BRV had similar incidences of psychiatric, 
cognitive, and behavioral TEAEs to patients with psychi-
atric comorbidity who switched from other ASMs to BRV 
(Supplementary Table S1). Similar incidences of psychiat-
ric, cognitive, and behavioral TEAEs were also observed in 
patients without psychiatric comorbidity who switched from 
LEV to BRV compared with patients who switched from 
other ASMs to BRV.

Subgroup analyses by post‑stroke epilepsy status

Subgroup analyses by post-stroke epilepsy status at base-
line included 51 patients with and 1397 patients without 

post-stroke epilepsy (FAS) (Table 1). At baseline, patients 
with post-stroke epilepsy were older (41.2% [n = 21] vs 7.8% 
[n = 109] were ≥ 65 years of age), had a longer median dura-
tion of epilepsy, more commonly had focal-onset seizures, 
had a lower median (Q1, Q3) seizure frequency/28 days (1.0 
[0.7, 5.0] vs 4.0 [1.0, 12.6]), and a lower median (Q1, Q3) 
number of prior ASMs (2.0 [1.0, 4.0] vs 5.0 [2.0, 8.0]) com-
pared with those without post-stroke epilepsy. Neurological 
conditions, cardiovascular disease, and diabetes/endocrine 
conditions were more common in patients with (69.0%, 
52.9%, and 11.8%, respectively) than without post-stroke 
epilepsy (30.1%, 8.6%, and 3.8%, respectively). A numeri-
cally higher percentage of patients with than without post-
stroke epilepsy switched from LEV to BRV, and a numeri-
cally lower percentage switched from other ASMs to BRV.

The median (Q1, Q3) BRV dose was 50.0 (50.0, 100.0) 
mg/day (n = 51) and 100.0 (50.0, 100.0) mg/day (n = 1377) 
at index in patients with and without post-stroke epilepsy, 
respectively, and 100.0 (85.5, 150.0) mg/day (n = 20) and 
200.0 (100.0, 200.0) mg/day (n = 555) at 12 months (FAS). 
The median (Q1, Q3) duration of exposure to BRV was 
similar in patients with (350.1 [91.5, 405.1] days; n = 50) 
and without post-stroke epilepsy (343.0 [123.9, 414.3] days; 
n = 1385).

During the whole study follow-up, 33.3% of patients 
with post-stroke epilepsy and 33.8% of patients without 
post-stroke epilepsy discontinued BRV (Table 2). The most 
common reasons for BRV discontinuation (among patients 
with a documented reason) were “tolerability” and “lack of 
effectiveness and tolerability” in patients with post-stroke 
epilepsy and “lack of effectiveness” and “tolerability” in 
patients without post-stroke epilepsy.

At 12 months, ≥ 50% seizure reduction was achieved in 
41.7% and 36.7% of patients with and without post-stroke 
epilepsy, respectively (mFAS) (Fig. 2a); seizure freedom 
was achieved in 35.3% and 15.2% (FAS) (Fig. 2b); con-
tinuous seizure freedom was achieved in 29.4% and 12.1% 
(Fig. 2c); and BRV retention was 70.0% and 71.3% (Fig. 2d).

The incidences of TEAEs in patients with and without 
post-stroke epilepsy were 34.1% and 24.0%, respectively, 
at 3 months; 25.6% and 13.3% at 6 months; and 16.7% 
and 7.9% at 12 months (FAS) (Table 4). At 3 months, the 
incidences of psychiatric TEAEs were 13.6% and 5.8% 
in patients with and without post-stroke epilepsy, respec-
tively; 2.6% and 2.3% at 6 months; and 2.8% and 2.4% at 12 
months. Incidences of cognitive and behavioral TEAEs at 
3, 6, and 12 months were low in patients with and without 
post-stroke epilepsy.

Subgroup analyses by BTRE status

Subgroup analyses by BTRE status at baseline included 
68 patients with and 1380 patients without BTRE (FAS) 
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(Table 1). Patients with BTRE had a shorter median (Q1, 
Q3) duration of epilepsy (12.0 [2.0, 27.0] vs 17.8 [8.0, 
30.0]), more commonly had focal-onset seizures, and had a 
numerically lower median (Q1, Q3) number of prior ASMs 
compared with patients without BTRE (3.0 [1.0, 5.0] vs 5.0 
[2.0, 8.0]). The median (Q1, Q3) seizure frequency/28 days 
was 5.3 (1.5, 12.0) and 4.0 (1.0, 12.0) in patients with and 
without BTRE, respectively. Cancer comorbidity, CLD, 
and neurological conditions were more common in patients 
with BTRE than those without BTRE, and psychiatric condi-
tions were less common. A numerically higher percentage 
of patients with than without BTRE switched from LEV to 
BRV (50.7% vs 38.2%), and a lower percentage switched 
from other ASMs (46.3% vs 60.2%).

The median (Q1, Q3) BRV dose was 50.0 (50.0, 100.0) 
mg/day (n = 67) and 100.0 (50.0, 100.0) mg/day (n = 1361) 

at index in patients with and without BTRE, respectively, 
and 200.0 (100.0, 200.0) mg/day at 12 months in both sub-
groups (with BTRE, n = 25; without BTRE, n = 550; FAS). 
The median (Q1, Q3) duration of exposure to BRV was simi-
lar in patients with (349.7 [105.0, 410.9] days; n = 67) and 
without BTRE (343.0 [122.0, 413.3] days; n = 1368).

During the whole study follow-up, 39.7% of patients with 
BTRE and 33.5% of patients without BTRE discontinued 
BRV (Table 2). The most common reasons for BRV discon-
tinuation in both subgroups (among patients with a docu-
mented reason) were “lack of effectiveness” (with BTRE, 
29.6%; without BTRE, 48.1%) and “tolerability” (40.7%; 
32.5%).

At 12 months, ≥ 50% seizure reduction was achieved 
in 34.1% and 37.0% of patients with and without BTRE, 
respectively (mFAS) (Fig. 2a); seizure freedom was achieved 
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in 18.2% and 15.8% (FAS) (Fig. 2b); continuous seizure 
freedom was achieved in 11.4% and 12.9% (Fig. 2c); and 
BRV retention was achieved in 65.7% and 71.5% (Fig. 2d).

The incidence of TEAEs at 3, 6, and 12 months was simi-
lar among patients with and without BTRE (FAS) (Table 4). 
Incidences of psychiatric, cognitive, and behavioral TEAEs 
were low in both subgroups of patients.

Subgroup analyses by TBIE status

Subgroup analyses by TBIE status at baseline included 
49 patients with and 1399 patients without TBIE (FAS) 
(Table 1). Patients with TBIE were older than patients with-
out TBIE, and a higher percentage were male. At baseline, 
patients with and without TBIE had a similar median dura-
tion of epilepsy, and patients with TBIE had a numerically 
lower median seizure frequency/28 days. The median num-
ber of prior ASMs was similar in patients with and without 
TBIE. Neurological conditions and cardiovascular disease 
were more common in patients with than without TBIE. 
A similar percentage of patients with and without TBIE 
switched from LEV to BRV and switched from other ASMs 
to BRV.

The median (Q1, Q3) BRV dose was 100.0 (50.0, 100.0) 
mg/day at index in both subgroups (with TBIE, n = 47; 
without TBIE, n = 1381); and 175.0 (100.0, 200.0) mg/
day (n = 19), and 200.0 (100.0, 200.0) mg/day (n = 556) 
at 12 months in patients with and without TBIE, respec-
tively (FAS). The median (Q1, Q3) duration of exposure to 
BRV was 352.9 (176.0, 441.0) days in patients with TBIE 
(n = 48), and 343.0 (122.0, 413.0) days in patients without 
TBIE (n = 1387).

During the whole study follow-up, 27.1% of patients with 
TBIE and 34.1% of patients without TBIE discontinued 
BRV (Table 2). The most common reason for BRV discon-
tinuation in both subgroups (among patients with a docu-
mented reason) was “lack of effectiveness.” A numerically 
higher percentage of patients with TBIE than without TBIE 
discontinued BRV due to “lack of effectiveness” (53.8% vs 
46.9%), “other” reasons (23.1% vs 12.4%), and cost (7.7% vs 
2.3%); and a numerically lower percentage discontinued due 
to “tolerability” (15.4% vs 33.5%), and “lack of effectiveness 
and tolerability” (0% vs 12.6%).

At 12 months, ≥ 50% seizure reduction was achieved in 
50.0% and 36.4% of patients with and without TBIE, respec-
tively (mFAS) (Fig. 2a); seizure freedom was achieved in 
17.2% and 15.9% (FAS) (Fig. 2b); continuous seizure free-
dom was achieved in 13.8% and 12.8% (Fig. 2c); and BRV 
retention was achieved in 79.2% and 70.9% (Fig. 2d).

The incidences of TEAEs in patients with and without 
TBIE were 19.0% and 24.5%, respectively, at 3 months; 
5.3% and 14.0% at 6 months; and 3.0% and 8.4% at 12 
months (FAS) (Table  4). No psychiatric TEAEs were 

reported at 3, 6, or 12 months in patients with TBIE, and 
no cognitive or behavioral TEAES were reported at 6 or 12 
months. Among patients without TBIE, incidences of psy-
chiatric, cognitive, and behavioral TEAEs were low.

Patients with focal‑onset seizures who were 
on a BRV dose of ≤ 200 mg/day used as add‑on 
at index

When analyses were restricted to patients with focal-onset 
seizures who had a BRV dose of ≤ 200 mg/day used as add-
on at index, the effectiveness and tolerability results were 
similar to those observed in the wider subgroups of patients 
with and without each comorbidity (CLD and psychiatric 
comorbidity) or etiology (post-stroke epilepsy, BTRE, and 
TBIE) (Supplementary Appendix S1, Supplementary Tables 
S2–S4, Supplementary Figs. S2–S3).

Discussion

In patients with epilepsy, the presence of comorbidities 
and underlying epilepsy etiology may affect the response 
to ASMs and should be considered when selecting the most 
appropriate treatment. Some patients with epilepsy have 
reported negative cognitive effects in response to treatment 
with specific ASMs [7]. Poor response to treatment has been 
associated with psychiatric comorbidities [8], and some 
ASMs are reported to cause psychiatric side effects [9, 10]. 
There is limited evidence to support the choice of ASMs for 
specific etiologies such as post-stroke epilepsy and TBIE; 
however, for BTRE, the use of non–enzyme-inducing ASMs 
is recommended [23].

The EXPERIENCE analysis provides a large amount of 
data for the evaluation of 12-month BRV effectiveness and 
tolerability among patient subgroups [18]. Patients included 
in EXPERIENCE were drug resistant, as evidenced by their 
baseline characteristics. In these subgroup analyses, BRV 
was effective and well tolerated in patients with CLD and 
psychiatric comorbidity, and in patients with various struc-
tural epilepsy etiologies (post-stroke epilepsy, BTRE, and 
TBIE).

Subgroup analyses by CLD comorbidity

A prospective observational study of adults with drug-resist-
ant epilepsy in the United Kingdom showed similar ≥ 50% 
seizure reduction between patients with and without intel-
lectual disability (37.0% vs 32.0%) [24]. In EXPERIENCE, 
patients with CLD tended to have lower ≥ 50% seizure 
reduction at 3 and 6 months, and lower seizure freedom and 
continuous seizure freedom at 3, 6, and 12 months, com-
pared with patients without CLD. This is likely due to the 
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more drug-resistant population. Patients with CLD had a 
high median number of prior ASMs (7.0 vs 4.0 in those 
without CLD) and a higher median seizure frequency/28 
days at index (7.7 vs 4.0). Retention on BRV was high in 
patients with and without CLD, indicating they were gener-
ally satisfied with their treatment. In line with these results, 
the UK study showed similar retention on BRV in patients 
with and without intellectual disability (66.0% vs 62.0%) 
[24].

A retrospective observational study conducted in Ger-
many showed BRV to be effective in drug-resistant patients 
with intellectual disability [25]. A ≥ 50% seizure reduction 
was reported by 19% of patients after 12 months, lower 
than that reported in EXPERIENCE (35.6%). These differ-
ences may reflect differences in study design; the Germany 
retrospective study was a single-center study with only 33 
patients.

In EXPERIENCE, “lack of effectiveness” was the most 
common reason for discontinuation among patients with 
CLD. BRV did not appear to exacerbate CLD, as shown 
by the low incidences of cognitive TEAEs among patients 
with these comorbidities. A favorable cognitive profile for 
BRV was shown in a randomized, placebo-controlled, dou-
ble-blind, four-way crossover study in 16 healthy volunteers 
[26]. The effects of BRV on electrophysiologic, cognitive, 
and subjective measures were comparable with those of LEV 
(known to have favorable cognitive profile) and placebo [26].

Subgroup analyses by psychiatric comorbidity

Analyses in patients with and without psychiatric comorbid-
ity showed that ≥ 50% seizure reduction, seizure freedom, 
continuous seizure freedom, and retention on BRV were gen-
erally similar in both subgroups. In line with these results, a 
prospective observational study of adult patients with drug-
resistant epilepsy treated with adjunctive BRV for a mean 
of 11 months in the United Kingdom showed similar ≥ 50% 
seizure reduction and retention on BRV between patients 
with and without psychiatric or behavioral comorbidities 
(29.0% vs 39.0%, and 60.0% vs 67.0%, respectively) [24].

Psychiatric comorbidities are associated with an increased 
risk of cognitive and psychiatric side effects [8]. A retro-
spective study of 1058 patients with uncontrolled seizures 
showed that those with a history of psychiatric comorbidity 
were more likely to discontinue a newly administered ASM 
due to psychiatric issues than those with no previous psychi-
atric comorbidity [27]. In EXPERIENCE, discontinuations 
of BRV due to tolerability reasons were similar in patients 
with and without psychiatric comorbidity. Few patients 
reported psychiatric or cognitive TEAEs, suggesting that 
BRV treatment did not exacerbate pre-existing psychiatric 
comorbidity. This finding is supported by data from the UK 
observational study, which showed similar tolerability in 

patients with and without pre-existing psychiatric or behav-
ioral comorbidities [24].

A retrospective analysis of data from a large German 
multicenter study showed synaptic vesicle glycoprotein 2A 
modulators have a favorable adverse event profile, with BRV 
showing fewer psychobehavioral adverse events than LEV 
[28]. In EXPERIENCE, the incidences of psychiatric, cog-
nitive, and behavioral TEAEs were similar in patients with 
psychiatric comorbidity who switched from LEV to BRV 
compared with patients who switched from other ASMs to 
BRV; this finding was also observed in patients without psy-
chiatric comorbidity who switched from LEV to BRV com-
pared with patients who switched from other ASMs to BRV.

Subgroup analyses by post‑stroke epilepsy status

Few patients in EXPERIENCE had post-stroke epilepsy 
(n = 51), BTRE (n = 68), or TBIE (n = 49); therefore, analy-
ses by epilepsy etiology should be interpreted with caution. 
Neurological, cardiovascular, and diabetic comorbidities 
were more common in patients with than without post-stroke 
epilepsy. Cardiovascular disease and diabetes are predis-
posing risk factors for stroke [29], and some neurological 
comorbidities seen in patients with post-stroke epilepsy may 
be a consequence of initial stroke [30]. The higher incidence 
of these comorbidities among patients with post-stroke epi-
lepsy may also be due to the higher proportion of patients 
aged ≥ 65 years in this subgroup [31, 32]. The incidence of 
neurological comorbidities among patients with post-stroke 
epilepsy was low (69.0%), given that these patients have a 
history of stroke. This is likely related to differing reporting 
practices in the real world. In some cases, historical stroke 
may not have been recorded as a neurological comorbidity.

Patients with post-stroke epilepsy tended to achieve 
higher ≥ 50% seizure reduction, seizure freedom, and con-
tinuous seizure freedom at 12 months than patients with-
out post-stroke epilepsy. These differences in effectiveness 
outcomes are likely due to the difference in baseline char-
acteristics; patients with post-stroke epilepsy had a lower 
median number of prior ASMs and median seizure fre-
quency/28 days than patients without post-stroke epilepsy. 
These differences may also be due to the underlying nature 
of post-stroke epilepsy; a hospital-based observational sur-
vey reported that focal epilepsy due to post-stroke brain 
abnormalities was associated with a higher proportion of 
seizure-free patients than focal epilepsy due to other brain 
abnormalities [33]. The percentage of patients that discon-
tinued BRV was similar in patients with and without post-
stroke epilepsy. The incidence of TEAEs at all time points 
was higher in patients with post-stroke epilepsy than without 
post-stroke epilepsy.

Since the EXPERIENCE analysis was undertaken, out-
comes of a subgroup analysis of patients with post-stroke 
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epilepsy from the retrospective observational BRIVAr-
acetam add‑on First Italian netwoRk Study (BRIVAFIRST) 
[34] have been published. In EXPERIENCE, the percentage 
of patients with post-stroke epilepsy who achieved ≥ 50% 
seizure reduction at 12 months was higher than in BRIVA-
FIRST (50.0% vs 41.7%). Seizure freedom at 12 months 
(continuous seizure freedom) was lower in EXPERIENCE 
(13.8% vs 34.7%); however, BRIVAFIRST used a different 
definition for this outcome (no seizures within the previ-
ous 6 months), and this reported difference may be because 
any patients who discontinued BRV in EXPERIENCE were 
deemed not seizure free. Overall, 33.3% of patients with 
post-stroke epilepsy in EXPERIENCE discontinued BRV, 
compared with 13.3% in BRIVAFIRST. Differences in study 
design and patient baseline demographics may have contrib-
uted to any differences reported between the two studies. 
Data from international retrospective studies from outside 
of Europe were included in EXPERIENCE.

Subgroup analyses by BTRE status

Management of BTRE is complex, due to the high inci-
dence of drug resistance in these patients and the use of 
antineoplastic medication concomitantly with ASMs, which 
increases the risk of drug–drug adverse events [23]. To avoid 
interference with antineoplastic drugs, non–enzyme-induc-
ing ASMs, such as LEV and lamotrigine, are recommended 
as first-line treatment for BTRE [23]. BRV is a non–enzyme-
inducing ASM and therefore may be beneficial to patients 
with BTRE over other enzyme-inducing ASMs. Further-
more, an in vitro study by Rizzo et al. showed that BRV 
may possess antineoplastic activity on glioma cells, sug-
gesting that BRV treatment may be beneficial to patients 
with glioma [35]. A retrospective multicenter study in Italy 
suggested BRV is an effective treatment option for reducing 
seizure frequency in patients with BTRE [36]. After a mean 
of 10 months, a significant reduction in mean monthly sei-
zure frequency was reported, ≥ 50% seizure reduction was 
achieved in 18.1% of patients, and 60.6% of patients were 
seizure free.

In EXPERIENCE, patients with BTRE had a shorter 
duration of epilepsy (12.0 vs 17.8 years) and lower median 
number of prior ASMs than those without BTRE (3.0 vs 
5.0); however, median seizure frequency at index was higher 
(5.3 vs 4.0). Patients with BTRE had similar ≥ 50% seizure 
reduction, seizure freedom, and continuous seizure free-
dom as patients without BTRE at all time points. However, 
retention on BRV was lower in patients with BTRE. Patients 
with BTRE more commonly discontinued BRV due to “tol-
erability” reasons and less commonly discontinued due to 
“lack of effectiveness” than patients without BTRE. This 
may reflect the poor underlying health status of patients 

with brain tumors. The incidence of TEAEs was similar in 
patients with and without BTRE.

Subgroup analyses by TBIE status

To our knowledge, EXPERIENCE is the first study to inves-
tigate the effectiveness and tolerability of BRV in patients 
with TBIE. Effectiveness data for patients with TBIE should 
be interpreted with caution, due to the small numbers of 
patients assessed at each time point. ≥ 50% seizure reduc-
tion, seizure freedom, continuous seizure freedom, and 
retention were similar or tended to be higher in patients with 
TBIE compared with patients without TBIE at various time 
points. “Lack of effectiveness” was the most common rea-
son for discontinuation among patients with TBIE and few 
patients discontinued due to “tolerability” reasons. This is 
likely related to the low incidence of TEAEs in patients with 
TBIE. With exception to cognitive and behavioral TEAEs at 
3 months, there were no psychiatric, cognitive, or behavioral 
TEAEs reported by patients with TBIE.

Strengths and limitations

Patient enrollment in EXPERIENCE begun at the date of 
BRV availability in each country. Therefore, patients may 
have initiated BRV during the post-launch phase which 
may have contributed to inclusion of a higher percentage of 
patients with drug-resistant epilepsy, as evidenced by base-
line characteristics [18]. Strengths of EXPERIENCE include 
the rigorous approach used for seizure analyses (patients 
with missing data due to BRV discontinuation were deemed 
to be non-responders for ≥ 50% seizure reduction and not 
seizure free) and the use of a common data model, which 
enabled the pooling of patient cohorts from different coun-
tries and a variety of centers.

There are limitations to the EXPERIENCE pooled analy-
sis [18]. For the subgroup analyses by psychiatric comor-
bidity, data on the types of psychiatric comorbidities were 
unavailable. Given the small number of patients with post-
stroke epilepsy (n = 51), with BTRE (n = 68), and with TBIE 
(n = 49) data for subgroup analyses by etiology should be 
interpreted with caution. Analyses by epilepsy etiology were 
based on the patient’s etiology, as documented in each of the 
non-interventional studies. No data were available regarding 
the timing of epilepsy diagnosis following traumatic brain 
injury. Misclassification of etiologies cannot be excluded. 
For example, eight patients who were classified as “with-
out BTRE” in the non-interventional studies had a docu-
mented etiology of tumor-related epilepsy (more than one 
etiology could be recorded). Despite these limitations, the 
large sample size of BRV 12-month clinical data provided 
by EXPERIENCE enabled the assessment of effectiveness 
and tolerability among key subpopulations of interest. These 
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subgroup analyses add to the limited published real-world 
evidence data on patients on BRV with different comorbidi-
ties and different etiologies.

Conclusions

The subgroup analyses of patients from a variety of real-
world settings suggest that BRV as prescribed in the real 
world is effective and well tolerated among patients with 
CLD, patients with psychiatric comorbidity, patients with 
post-stroke epilepsy, patients with BTRE, and patients with 
TBIE. BRV treatment did not appear to exacerbate CLD or 
psychiatric comorbidity, as shown by the low incidences of 
psychiatric, cognitive, and behavioral TEAEs.
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