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Abstract

Objective: The objective of this study is to evaluate possible long-term effects of
treatment with brivaracetam (BRV) on body weight in children with epilepsy.
Method: Post hoc analysis of data from patients (aged 1 month to <17years)
with >6months of BRV treatment in a long-term, open-label trial (N01266
[NCT01364597]). Outcomes included body weight and body mass index (BMI)
over time (z-score growth curves), and treatment-emergent adverse events
(TEAESs). Previous/ongoing medical conditions that may affect body weight
(gastrointestinal and metabolic/nutritional disorders); concomitant antiseizure
medications (ASMs) were also evaluated.

Results: Two hundred nine patients (mean [standard deviation] age 7.9 [4.6]
years) were analyzed. Most (154 [73.7%]) had focal-onset seizures. At study
initiation, median (range) BRV dose was 1.0 (0.4-7.5) mg/kg/day. Overall, 189
(90.4%) patients had a previous or ongoing medical condition (gastrointestinal
disorders: 43 [20.6%]; metabolism/nutritional disorders: 26 [12.4%]). Most pa-
tients followed z-score curves for body weight and BMI during BRV treatment,
although there were outliers in both directions. Incidences of appetite/weight-
change TEAEs were low. Twenty-three (11.0%) patients had a TEAE of decreased
appetite and 14 (6.7%) had a TEAE of weight decreased.

Significance: Long-term adjunctive BRV was well tolerated in growing children
with no indication of detrimental effects on body weight.

Plain Language Summary: Brivaracetam is an antiseizure medication (ASM)
used to treat seizures in people with epilepsy. Some ASMs can lead to changes
in people's appetite and weight. Knowing the effect a drug has on appetite and
weight is particularly important in children. We looked at 209 children with epi-
lepsy taking brivaracetam and studied changes in their body weight and body
mass index over time. The number of reported side effects related to appetite or
weight change was low. There was no apparent long-term effect on their body
weight, even when taking their medical history and use of other ASMs into
account.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION
Multiple factors may affect the growth and development of
children and adolescents with epilepsy, such as etiology,
limitations on physical activity, the effect of comorbidi-
ties, and drug therapies." Chronic illness is a known risk
factor for malnutrition, which occurs when the needs for
normal body function are not met by nutritional intake.’
Malnutrition may contribute to the onset of seizures, or
conversely epilepsy may contribute to malnutrition due
to socioeconomic factors, disease severity, and use of an-
tiseizure medications (ASMs).” Children with epilepsy
may be more prone to metabolic syndrome (a group of
metabolic risk factors such as glucose intolerance, dys-
lipidemia, hypertension, and central obesity) than healthy
individuals.*> Some ASMs are reported to be associated
with weight loss or decreased appetite, and conversely,
some are associated with weight gain or increased ap-
petite. Other ASMs have a minimal effect on weight and
appetite.l’6

Brivaracetam (BRV) is indicated for adjunctive treat-
ment of focal-onset (partial-onset) seizures in patients
aged >2years in the European Union’ and as monother-
apy and adjunctive treatment in patients aged >1 month in
the United States.® The long-term safety and effectiveness
of BRV in pediatric patients (aged >1 month to <17years)
with epilepsy was investigated in an open-label, long-term
follow-up trial (N01266).” Enrolled patients had a mean of
3.2 patient-years of BRV exposure, with 19.5% remaining
in the trial for more than 6years.” Safety and tolerability
of long-term adjunctive BRV in pediatric patients with ep-
ilepsy was consistent with that in adults. Effectiveness was
shown by improvements in seizure frequency, responder
rates, and seizure freedom. This post hoc analysis of
NO01266 trial data was conducted to evaluate the possible
long-term effects of treatment with BRV on body weight in
pediatric patients with epilepsy.

2 | METHOD

2.1 | Trial design

N01266(NCT01364597 )9was aphaselll,open-label, single-
arm, multicenter, long-term follow-up trial that enrolled
patients aged >1 month to <16years with epilepsy who
completed other BRV trials (N01263 [NCT00422422],"°
EP0065 [NCT03405714],' and N01349 [NCT03325439]"%),

Key Points

« Long-term body weight data for children with
epilepsy taking adjunctive brivaracetam.

« Weight and BMI-for-age were plotted over time
for growing children.

» No indication of detrimental effects of long-
term BRV on childrens' body weight.

and directly enrolled patients aged >4 to <17years with a
clinical diagnosis of focal-onset seizures. Full details of the
trial methodology have been published previously.’

Eligible patients from the core trials had a confirmed
epilepsy diagnosis, were aged <1l6years upon entry in
the core trial, and were receiving treatment with at least
one concomitant ASM. Eligibility criteria for direct en-
rollers included uncontrolled focal-onset seizures after
an adequate course of treatment with at least one ASM,
and at least one focal-onset seizure during the 3 weeks be-
fore screening. Patients were excluded if they had severe
medical, neurological, or psychiatric disorders, or other
medical histories that affected their safety; were hypersen-
sitive to BRV or excipients or comparative drugs; had poor
compliance with the visit schedule or medication intake
in their previous trial; or had a lifetime history of suicide
attempt or suicidal ideation in the past 6 months. Written
informed consent was provided by the parent(s) or legal
representative(s) of all patients before trial participation;
assent/consent was also provided by all patients who were
able to do so.

All patients enrolled from core trials must have been
able to tolerate the minimum dose specified in the core
trial to be eligible for entry into the evaluation period of
NO01266. At completion of their core trial, patients con-
tinued BRV treatment in N01266 on their existing dose.
Directly enrolled patients were screened and participated
in up to 3weeks of an up-titration period. If these patients
demonstrated acceptable tolerability and seizure control
on a stable daily dose of BRV (>1 mg/kg/day) for 7 + 2 days,
they were eligible to enter the evaluation period; patients
who were unable to tolerate a dose of >1 mg/kg/day were
excluded.

BRV was administered twice daily either as tablets or
an oral solution as appropriate. Dose adjustments of con-
comitant ASMs were permitted as needed based on clinical
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judgment. According to the study protocol, the maximum
permitted BRV dose was 5mg/kg/day (2.5mg/kg twice
daily) and could not exceed 200 mg/day. Planned trial par-
ticipation was >3 years. Further inclusion and withdrawal
criteria are specified in the Supporting information.

The trial was conducted in compliance with the
International Council for Harmonisation-Good Clinical
Practice and the Declaration of Helsinki, and with the
Health Insurance Portability and Accountability Act for
US sites. The trial protocol and amendments were ap-
proved by local Institutional Review Boards/Independent
Ethics Committees, as defined in local regulations.

2.2 | Posthoc analyses

The analyses were performed for patients with >6 months
of BRV treatment in N01266. The data were analyzed for
all patients, and for subgroups split by sex, age (1 month
to <2years, 2 to <4years, 4 to <8years, 8 to <l2years,
and >12years), and seizure type (focal-onset and primary
generalized/unknown seizures).

The outcomes included: patient disposition, baseline
characteristics, BRV dose, previous and ongoing medical
conditions, concomitant ASM use assessed at BRV initi-
ation and at 3-monthly intervals thereafter, body weight
(kg) and body mass index (BMI) assessed at 3-monthly in-
tervals, and treatment-emergent adverse events (TEAEs;
common TEAEs, weight-change TEAEs, and appetite-
change TEAEs). Weight- and appetite-change TEAEs did
not have a reference level but were entered and used by
the study investigators at their own discretion. Analyses
of previous and ongoing medical conditions focused on
gastrointestinal (GI) disorders and metabolism and nutri-
tion disorders, as these conditions may affect body weight.
Data for the most common medical conditions in the over-
all N01266 population have been reported previously.’

For each patient, body weight and BMI over time were
plotted against z-score curves which were calculated using
the 2000 Centers for Disease Control and Prevention (CDC)
Growth Charts for the United States as a reference.'>'* Z-
scores (standard deviation [SD] scores) are used to quan-
tify the extent that a growth metric is deviating from the
median (z=0). Z-scores of —2 and +2 correspond to the
3rd and 97th percentiles, respectively, and represent the
lower and upper bounds of a “normal” weight or BMI
range (Table S1). In general, weight-for-age growth charts
are used clinically for children up to the age of 2 years, and
BMI-for-age is used for older children.'>'® However, there
is evidence that BMI may be an appropriate indicator of
growth even below the age of 2years."” We provided BMI-
for-age for the whole age range to facilitate review of body
weight evolution over time and inter-patient comparison.

3 | RESULTS

3.1 | Patients
A total of 257 patients received at least one dose of BRV,
of whom 209 had >6 months BRV exposure and were in-
cluded in the current analyses (Table 1). One hundred
twenty-four (59.3%) patients completed the trial. The
most common reasons for discontinuation were lack of
efficacy (9.6%) and adverse events (9.1%). At study entry,
the median (range) BRV dose was 1.0 (0.4-7.5) mg/kg/day
(n=209) and at 12months it was 4.0 (0.6-7.5) mg/kg/day
(n=184). The median dose was generally stable thereafter.
At baseline, patients had a mean (SD) age of 7.9 (4.6)
years, and most were aged >4 years (Table 2). The median
(Q1, Q3) number of previous ASMs was 2.0 (0.0, 4.0),
and most patients (154 [73.7%]) had focal-onset seizures.
Overall, 189 (90.4%) patients had a previous or ongoing
medical condition (Table 2). GI disorders were reported
in 43 (20.6%) patients and were more common in patients
aged <4years (1month to <lyear [30.8%], 1 to <2years
[31.6%], 2 to <4years [63.6%]) than in older patients (4
to <8years [19.7%], 8 to <12years [15.4%], >12years
[11.3%]). Overall, the most common GI disorders were
gastroesophageal reflux disease (17 [8.1%]) and constipa-
tion (16 [7.7%]). Metabolism and nutrition disorders were
reported in 26 (12.4%) patients, most commonly feeding
disorder (four [1.9%]), obesity (four [1.9%]), decreased ap-
petite (three [1.4%]), and failure to thrive (three [1.4%]).
Malnutrition, overweight, underweight, and poor weight
gain were each reported by one (0.5%) patient.

3.2 | Concomitant ASM use during BRV
treatment

Patients had a median of two concomitant ASMs at study
entry (n=209) and at all 3-month time points up to month
78 (n=40). The median number of concomitant ASMs
generally decreased thereafter. Valproic acid and topira-
mate were the most common concomitant ASMs at study
entry (Table 3) and at all assessed time points up to month
33, after which generally the most common concomitant
ASMs were valproic acid, topiramate, lamotrigine, and
carbamazepine (Figure 1).

3.3 | Body weight and BMI over time

Most patients followed the z-score curves for body weight
and BMI, although there were outliers in both directions.
There were no trends observed with regards to weight de-
crease or increase. A full set of plots (weight-for-age and
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o BMI-for-age) for each patient in these analyses are avail-
- E able in Supporting information.
8
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FIGURE 1 Ten most commonly used concomitant ASMs during the BRV treatment period (SS).*® ASM, antiseizure medication;
BRYV, brivaracetam; SS, safety set. *Figure shows the number of patients at each time point, not percentage values. The ten most common
concomitant ASMs in patients with >6 months of BRV exposure. “End’ is defined as the final visit in the study, irrespective of when in the
study that visit would have taken place.
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FIGURE 2 Incidence of ten most common TEAEs during the BRV treatment period (SS).*® BRV, brivaracetam; SS, safety set; TEAE,
treatment-emergent adverse event. *Figure presents the number of patients reporting TEAEs with a start date within the specified 3-month
time interval. Patients were included in a 3-month interval if they were receiving BRV at any time during that interval. One month was
defined as 30days. "The ten most common TEAEs in patients with >6 months of BRV exposure.

>12 to <17years, three). One patient had a serious TEAE Two (1.0%) patients had a TEAE of weight increased;
of decreased appetite, and no patients discontinued due this TEAE was reported in one patient in each 3-month
to this TEAE. Five patients reported both weight decrease =~ interval between months 40 and 45, and in one patient be-
and decreased appetite (none had TEAESs of underweight).  tween months 55 and 63 (Figure 3). Both patients were
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FIGURE 3

Incidence of weight change and appetite-related TEAEs during the BRV treatment period (SS).* BRV, brivaracetam; SS,

safety set; TEAE, treatment-emergent adverse event. “Figure presents the number of patients reporting TEAEs with a start date within the
specified 3-month time interval. Patients were included in a 3-month interval if they were receiving BRV at any time during that interval.
One month was defined as 30 days. No weight change or appetite-related TEAEs were reported after month 87.

male (age group: >12 to <17years); one had a diagnosis
of primary generalized seizures and one had focal-onset
seizures. In both cases, the TEAE of weight increased was
mild in intensity, not serious, and not considered related
to BRV (Investigator's opinion).

Two (1.0%) patients had a TEAE of overweight; this
TEAE was reported in one patient in each 3-month in-
terval between months 7 and 42, and in the other patient
between months 85 and 87 (Figure 3). Both patients were
male (age group: >4 to <12years) and had a diagnosis
of focal-onset seizures. In both cases, the TEAE of over-
weight was not considered to be serious or related to BRV
(Investigator's opinion). The TEAE was mild in one patient
(with TEAE onset 21 days after the last dose of BRV) and
moderate in the other.

Obesity was reported in two (1.0%) patients; this
TEAE was reported in one patient between months 13
and 15, and in one patient in each 3-month interval be-
tween months 40 and 84 (Figure 3). Both patients had
a diagnosis of focal-onset seizures; one was female (age
group: 212 to <17years) and the other was male (>4 to
<12years). In both patients, the TEAE of obesity was
continuous, mild in intensity, not serious, and not con-
sidered related to BRV (Investigator's opinion). No pa-
tients reported more than one kind of TEAE related to
weight increase (obesity, weight increased and/or over-
weight). One patient had TEAEs of both weight de-
creased and overweight; however, these events occurred
approximately 4 years apart.

4 | DISCUSSION

To our knowledge, this open-label trial of BRV in pediatric
patients with epilepsy represents the longest prospective
study of body weight evolution in a pediatric population
under a particular ASM treatment to date. This post hoc
analysis assessed the effects of long-term BRV treatment
on body weight in a subgroup of patients from N01266
who had >6 months of BRV exposure. Overall, ~60% of
patients completed the study; these patients maintained
BRYV treatment long term with no indication of detrimen-
tal effects on body weight.

Most patients were aged >4years and had focal-onset sei-
zures. Before initiating BRV, 51.2% had been treated with two
or more ASMs. Overall, 20.6% of patients had previous/ongo-
ing GI disorders and 12.4% had metabolism and nutritional
disorders which may have affected growth. The prevalence of
GI disorders was as expected for a pediatric population,'® 2
with the highest prevalence seen in patients aged <4years.

Patients were receiving a median of two concomitant
ASMs in addition to BRV. As concomitant ASM use may
affect body weight, any weight changes cannot be solely
attributed to BRV. Valproic acid and topiramate were the
most common concomitant ASMs at most time points.
Valproic acid has been associated with increased appetite
and weight gain,”**? and topiramate has a known side ef-
fect of weight decrease.!

Assessments of body weight and BMI over time
showed that most patients followed the z-score age curves,
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although there were outliers in both directions. Although
NO01266 was an international trial (Belgium, Czech
Republic, Germany, Hungary, Italy, Mexico, Poland, Spain,
and the United States’), the post hoc analysis of BMI and
body weight used the 2000 CDC Growth Charts for the
United States. The CDC charts show the growth patterns
of typical children in the United States and may not be
fully representative of growth patterns in children from
other countries'’; however, they are more appropriate for
the current analyses than the World Health Organization
growth standards, which describe the growth of healthy
breastfed children under optimal conditions.””> Body
weight and BMI have known limitations as biomarkers
for child development and, ideally, other metrics (such as
body composition, body mass, fat mass) would be used to
fully evaluate whether growth is adequate.” >

In line with the data for the overall N01266 trial pop-
ulation,” many of the common TEAEs in patients with
>6months of BRV exposure were infections (e.g., na-
sopharyngitis, pharyngitis, and upper respiratory tract
infection). Incidences of these TEAEs were as expected
for a pediatric population. Such conditions may affect
growth, although not to the same extent as chronic in-
fections, as the effect should typically be transient. Most
weight-related TEAEs reported during BRV treatment
were associated with a decrease (underweight, weight
decreased, decreased appetite) rather than an increase
in weight (weight increased, overweight, obesity). These
TEAEs did not appear to influence body weight evolu-
tion over time, as most patients either followed the same
percentile or slightly improved. Incidences of weight
decrease and decreased appetite TEAEs were highest
in the first 18 months of BRV treatment, during which
time patients were younger; however, it should be noted
that the number of patients included in the analyses de-
creased over time, as patients discontinued. In the overall
population in the N01266 trial, 30 (11.7%) patients had a
TEAE of decreased appetite. This TEAE was drug-related
(Investigator's opinion) in 11 (4.3%) patients. Decreased
appetite was also reported as a common drug-related
TEAE in one of the core trials that preceded N01266
(N01263). In a 3-week open-label study of adjunctive BRV
in pediatric patients (aged 1 month to <16years) 6.1% of
patients had decreased appetite. One patient discontin-
ued BRV due to this TEAE.'

A limitation of this study is that it is a post hoc analy-
sis of an open-label trial with no comparator group. This
analysis focused on data from patients with >6 months of
BRV treatment, as a shorter time period would not enable
conclusions to be drawn about long-term exposure; how-
ever, this may have introduced a potential bias, as patients

who were less able to tolerate BRV may have discontinued
in the first few months of treatment. Patients were also
taking concomitant ASMs, as well as other medications,
in addition to BRV, which may also have an influence on
body weight. BMI-for-age was analyzed for patients aged
<2years; BMI is not a recommended measure for this
age group despite evidence that it is a useful indicator of
growth.'” Lastly, most patients were aged >4 years and had
focal-onset seizures, therefore younger children or those
with different seizure types may be under-represented in
this study.

5 | CONCLUSION

The results of this post hoc analysis indicate that BRV
was well tolerated in growing children with no indication
of detrimental effects on body weight, despite the preva-
lence of both GI disorders and metabolism and nutrition
disorders in the patients’ medical histories and the use of
concomitant ASMs and other medications that may affect
body weight.
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