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Abstract
Objective
A meta-analysis of published studies was performed to determine whether the efficacy of
antiseizure drugs in adults with primary generalized tonic-clonic seizures (PGTCS) is com-
parable with that in the pediatric population (2–12 years of age).

Methods
Electronic searches were conducted in EMBASE, Medline, and the Cochrane Central Register
of Controlled Trials for clinical trials of PGTCS in adults and children 2–12 years of age.
Neurologists used standardized search and study evaluations to select eligible trials. Median
percent reduction in seizure frequency from baseline and ≥50% responder rates were used to
compare drug efficacy in adults and children.

Results
Among 7 adjunctive-therapy PGTCS trials in adults and children (2–12 years of age) that met
evaluation criteria, effect sizes were consistent between adults and children for lamotrigine and
topiramate. The baseline-subtracted median percent seizure reduction in seizure frequency
ranged from 50.0% to 79.7% in children and 57.0% to 64.0% in adults. The ≥50% responder rate
was similar between children and adults in a topiramate study (50% in children compared with
58% in adults).

Conclusions
This meta-analysis supports the use of drug response from antiseizure drug clinical trials for
PGTCS in adults to predict comparable treatment response in children 2–12 years of age with
PGTCS.
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Primary generalized tonic-clonic seizures (PGTCS) are a de-
bilitating seizure type afflicting adults and children, and are
associated with potentially serious consequences including
sudden unexpected death in epilepsy.1,2 Clinical trials in chil-
dren present several challenges, particularly when drugs are
already approved for use in adults. As a result, children often
receive off-label or unlicensed products for which efficacy,
safety, and pharmacokinetics have not been established. Re-
cently, antiseizure drug efficacy in adults has been extrapolated
to children when the disease course/disorder is similar,3 and
key differences sometimes emerge when independently
studying pharmacokinetics, safety, and tolerance in children.4

A 2017 review of clinical trials for focal-onset seizures (FOS)
demonstrated comparable percent seizure reduction and re-
sponder rates between adults and children (2–18 years of age)
for 5 antiseizure drugs, and resulted in approval of extrapo-
lation of efficacy data from adults to children experiencing
FOS.5 In addition, a review of antiseizure drug development
in children concluded no difference in results from large
randomized clinical trials in adults and children that used
percent seizure reduction from baseline as the efficacy mea-
sure, supporting extrapolation of efficacy data from adults to
children ≥2 years of age for focal epilepsy.3

This analysis evaluates evidence for extrapolating antiseizure
drug efficacy data from comparable trials in adults with
PGTCS for treatment of pediatric patients (2–12 years of age)
with PGTCS, eliminating the need for potentially unfeasible
efficacy trials in children.

Methods
Search strategy, selection criteria, and
data abstraction
The current study was initiated in response to a regulatory
request from the Pediatric Committee of the European
Medicines Agency as part of regulatory guidance in the pe-
diatric approval process for the antiseizure drug perampanel.
Electronic searches of EMBASE, Medline, and the Cochrane
Central Register of Controlled Trials were conducted for
controlled trials in the treatment of PGTCS published from
1970 to 2015 using predefined criteria (text e-1, doi.org/10.
5061/dryad.cg24gt6). In this meta-analysis, we interpret the
term primary generalized tonic-clonic seizures to refer to
generalized tonic-clonic seizures that occur in the context of
the idiopathic (presumed genetic) generalized epilepsies. In
doing so, we also accept that purely generalized tonic-clonic
seizures may occur outside of the widely recognized epilepsy
syndromes and also that seizures that appear to be generalized

at onset may also occur in the context of focal epilepsies,
where rapid secondary generalization may occur. The use of
this term was meant to restrict the analysis to a more ho-
mogeneous population, although in clinical practice we con-
cede this may be difficult to apply in all cases.

The initial online database search for trials on epilepsy and tonic-
clonic seizures identified 19,485 citations (figure 1). To mini-
mize the risk of bias in individual studies, only publications that
presented results from controlled, randomized, double-blind
trials were included. Duplicate titles resulting from searches of
more than 1 database and slight variations in the entries of titles
or authors in the databases were removed. Randomized clinical
trials were selected (302) and conference proceedings were ex-
cluded. A neurologist (A.L.) and a statistician (J.W.) reviewed
262 unique abstracts by title, key words, and content. Full-text
articles were obtained for 39 abstracts for controlled, randomized
clinical trials potentially relating to PGTCS. Articles were eval-
uated by A.L. andD.R.N. and included in themeta-analysis if the
data were based on randomized, placebo-controlled studies on
PGTCS, and contained efficacy evaluations expressed as change
in percent seizure frequency or ≥50% responder rates. A neu-
rologist (A.L.) then reviewed the selected articles and confirmed
previous exclusions.

A total of 7 published trials for adjunctive therapy for PGTCS
were eligible for the meta-analysis. The quality of each trial
was assessed using a published instrument to evaluate the
methodology and clinical relevance.6 Quality scores ranging
from 0 to 1 were assigned for each trial.6 The average quality
score for the 7 trials used in this analysis was 0.74 with an SD
of 0.1 and range of 0.51 to 0.81. To minimize the risk of bias
across studies, all relevant data within the 7 publications were
used and there was no selective reporting within studies, an
approach that avoided selection bias.

Effect measures, quantitative analysis, and
statistical methods
The most commonly reported efficacy measures in the se-
lected trials were median percent reduction in seizure fre-
quency from baseline and responder rate, defined as a ≥50%
reduction in seizure frequency from baseline. Data from these
2 efficacy measures were extracted from the selected trials for
participant groups receiving adjunctive drug treatment or
placebo. Forest plots were constructed and standardized
mean differences (SMD) between drug and placebo groups,
SE of SMD, odds ratios (ORs), risk ratios, and 95% confi-
dence intervals (CIs) for each trial were calculated to de-
termine the relative strength of the baseline-subtracted
efficacy measures in pediatric and adult populations using the

Glossary
CI = confidence interval; FOS = focal-onset seizures; LTG = lamotrigine; OR = odds ratio; PGTCS = primary generalized
tonic-clonic seizures; SMD = standardized mean difference; TPM = topiramate.

e1846 Neurology | Volume 94, Number 17 | April 28, 2020 Neurology.org/N

https://doi.org/10.5061/dryad.cg24gt6
https://doi.org/10.5061/dryad.cg24gt6
http://neurology.org/n


Comprehensive Meta-Analysis V3.0 statistical analysis pack-
age for research synthesis.

As the SD of the measure of effect was not available for all
studies, it was estimated using CIs from the French et al.7

perampanel study (FYCOMPA; Eisai, Inc., Woodcliff Lake,
NJ) as follows. An estimated SD was obtained as ([0.3/2] ×ffiffiffiffiffiffiffiffi½81�p

)/1.96 = 0.69, based on the 95% CI for median dif-
ference of percent change of 15%–45% and sample size of 81
participants per treatment group in the French et al.7 study.
This estimated SD (0.69) was used as a common SD across
the PGTCS trials. The analysis was further supported by
sensitivity analyses, assuming SD values between 0.69
and 1.06.

A conservative estimate of common SD = 1.06 was derived as
follows. From the French et al. study,7 difference in median
between the drug and placebo groups was 0.381 and n = 81 in
both treatment groups. Based on the confidence bound for
the difference of (0.15, 0.45), larger distance between half
distance of the 2 confidence limits (0.45–0.15)/2 and the
difference between the median and lower limit (0.381–0.15)
is 1.96 SE of median difference. The maximum SD is given by
(0.381–0.15) = 1.96 × (SD/

ffiffiffiffiffiffiffiffi½81�p
). Therefore, SD =

(0.381–0.15) × (9/1.96) = 1.06 is a conservative estimate for
the common SD.

This SD was then used to calculate the SE of the SMD as
follows:

SE =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n1 + n2
n1n2

+
ðstd:diffÞ2
2ðn1 + n2Þ

s

Results
Age 2–12 years and comparable adolescent and
adult trials
Characteristics of the 7 trials eligible for quantitative analysis
in adolescents and adults and children 2–12 years of age are
shown in table 1 (with references), and summaries of the
individual trials are detailed in text e-2 (doi.org/10.5061/
dryad.cg24gt6). All trials were for the treatment of PGTCS (4
lamotrigine [LTG], 1 perampanel, and 2 topiramate [TPM]),
with 2 trials conducted in adults, 2 trials in adults and ado-
lescents (12–16 years of age), 2 trials in adults and children,
and 1 trial in adolescents and children (2–12 years of age).

Adjunctive therapy for PGTCS
The changes in median percent seizure reduction in each
study group are summarized in table 2 for LTG, perampanel,
and TPM. The baseline-subtracted measures of effect based
on median percent seizure reduction in trials conducted in
adults and children were comparable for adjunctive therapy of
PGTCS with LTG and TPM (figure e-1, A and B, doi.org/10.
5061/dryad.cg24gt6). The participants in the perampanel
study were adults and adolescents (12 years and older) and
there was no pediatric group for comparison.

Forest plots were created and the standard difference between
drug and placebo groups and their corresponding 95%CIs were
calculated for each trial and patient subgroup to evaluate the
percent reduction in seizure frequency between adults and
children from the 7 studies. Figure 2 presents an efficacy com-
parison between treatment groups formedian percent reduction
in seizure frequency from baseline and for ≥50% responder rate
from baseline. The percent reduction in seizure frequency from
baseline results for the standard difference and its 95% CI are
summarized for each trial in figure e-1A (doi.org/10.5061/
dryad.cg24gt6). The fixed-effect model in figure e-1B (doi.org/
10.5061/dryad.cg24gt6) shows the differences in reduction in
PGTCS frequency from baseline by patient subgroup. The
baseline-subtracted standard difference in the median percent
reduction in PGTCS frequency was similar between adults and
children within the same drug group as well as across different
drug groups (figure e-2, doi.org/10.5061/dryad.cg24gt6). The
drug group was consistently favored over placebo. Furthermore,
lower 95% CI bounds were above 0 for children in the double-
blind phase and near 0 for the maintenance phase, with signif-
icant overlap with the adult confidence bounds for both phases
(figure e-1B, doi.org/10.5061/dryad.cg24gt6).

LTG8 and TPM9 trials were the only eligible studies with data
that could be separated by age group to compare children <12

Figure 1 Identification of clinical trials in adults and chil-
dren 2–12 years of age with primary generalized
tonic-clonic seizures
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years of age with adolescents and adults. When separate
analyses were conducted for the children (2–12 years of age
for the LTG study and 4–16 years of age for the TPM study)
and adult age groups, similar percentages of participants in
each age group experienced reductions in seizure frequency
compared with placebo. These effect measures ranged from
50.0% to 79.7% in children and 57.0% to 64.0% in adults
(table 2). Due to limited sample size, statistical data were
unavailable for studies separable by age group.

The baseline-subtracted effect measures based on the responder
rate of ≥50% reduction in seizure frequency in trials conducted in
adults and children were comparable for adjunctive therapy of
PGTCS with LTG and TPM (figure 2 and figure e-1, C and D,
doi.org/10.5061/dryad.cg24gt6; table 3). Only 1 TPM study9

provided data separable by age group for this efficacy measure.
The children (4–16 years of age) in the TPM group had a re-
sponder rate of 50% while the adults in the TPM group had
a responder rate of 58% compared with 12% and 28% in their
respective placebo groups. Although statistical significancewas not
provided due to small sample sizes, this TPM study suggested that
the reduction in seizure frequency and the responder rate of≥50%
reduction in seizure frequency was similar across age groups.

The confidence bounds across clinical trials for ≥50% re-
sponder rate in seizure frequency were comparable between
adults and children. The proportional analysis of ≥50% re-
sponder rates based on risk ratio and OR by study, and esti-
mated risk ratio by patient subgroup, are presented in figure 2,
figure e-1C, figure e-3, and figure e-1D (doi.org/10.5061/
dryad.cg24gt6), respectively. The efficacy comparisons of

estimated OR for ≥50% responder rate by patient subgroup
are shown in figure e-4 (doi.org/10.5061/dryad.cg24gt6).
Figures e-1C and e-3 (doi.org/10.5061/dryad.cg24gt6) show
the estimated risk ratios and ORs between drug group and
placebo group from the ≥50% responder rates in the pediatric
population. These were consistently in favor of the drug group
across trials and were very similar to the ≥50% responder rates
seen in the adult population. Furthermore, the estimated risk
ratios for each patient subgroup in figure e-1D (doi.org/10.
5061/dryad.cg24gt6) are comparable among the adult, adult
plus children, and children subgroups in these studies, as
evidenced by overlapping CIs. The wide 95% CI for the
children subgroup is due to small sample size (n = 8 for the
drug group and n = 12 for the placebo group).

Sensitivity analyses for median percent change in reduction of
seizure frequency related to the assumption of common SD
further demonstrate similar results across studies in the adult,
adult plus children, and children subgroups using 3 SD values
between 0.69 and 1.06 (figures e-5, 6, and 7, doi.org/10.5061/
dryad.cg24gt6). An additional sensitivity analysis was con-
ducted, as shown in figure e-8 (doi.org/10.5061/dryad.
cg24gt6), by fixing the extent of variability in relation to the
means (fixed coefficient of variation). In other words, for
a standard difference of 0.552, the variability was allowed to
change according to the treatment difference. This sensitivity
analysis showed significant overlap in the 95% CIs between
studies in adult, adult plus children, and children subgroups,
suggesting that differences based onmedian percent change in
reduction of PGTCS frequency between drug and placebo
were similar in adults and children.

Table 1 Characteristics of studies among adolescents and adults and children 2–12 years of agewith primary generalized
tonic-clonic seizures

Study Participants Study design Daily dosage of active treatment No. (ITT or non-ITT)

Lamotrigine

Biton et al., 2010a,14 Adults, adolescentsb PG Variedc 143

Biton et al., 20058 Adults, children PG Variedc 117

Ettinger et al., 200715 Adults PG Variedc 70a

Trevathan et al., 200616 Adolescents, childrend PG Variedc 45

Perampanel

French et al., 20157 Adults, adolescents PG 8 mge 162

Topiramate

Biton et al., 19999 Adults, children PG 6 mg/kgf 80a

Biton et al., 200517 Adults PG 400 mg 22a

Abbreviations: ITT = intention to treat; PG = parallel group.
a Study using extended-release lamotrigine.
b Adolescents in this study were 13 years and older.
c Dosing varied depending on concomitant treatment and phase of study.
d Participants in this study were 2–19 years of age.
e The majority of participants (80.2%) took perampanel 8 mg (19.8% took 4–8 mg).
f Approximate dosing and exact dosing varied according to weight.
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Discussion
It is difficult to perform randomized, placebo-controlled add-
on trials in children with antiseizure drugs that are already
approved for use in adults. Concerns have been raised about
young children potentially being randomized to receive add-
on placebo, thereby continuing to experience life-threatening
seizures for many months, rather than seeking effective
available therapy. There is an urgent need to provide safety
and pharmacokinetics data in younger children, while pro-
tecting them from possibly unnecessary trials to re-
demonstrate efficacy that has already been demonstrated for
the same seizure type in adults.

This meta-analysis was conducted in response to a regula-
tory request for perampanel, for which published data on
efficacy in individuals with primary generalized tonic-clonic
seizures only exist for patients aged ≥12 years.7 From our
extensive literature review, we found that lamotrigine and
topiramate trials were the only eligible studies that could be
separated by age to compare children aged ≤12 years with

adolescents and adults aged >12 years. We did not find any
substantial differences in the reported efficacy of the ad-
ministered drugs between children and adults in 7 clinical
trials, measured either by median percent reduction in sei-
zure frequency from baseline or ≥50% responder rate. Al-
though the number of clinical trials for PGTCS that met the
criteria for this meta-analysis was limited, the findings pre-
sented are based on efficacy measures from well-controlled
trials, most of which were conducted in both adults and
children, across 3 different antiseizure drugs. One small
difference was noted in the subgroup analyses, where a larger
range for SMD and wider 95% CIs were observed for chil-
dren in both the double-blind and maintenance phases
compared with adults. This was also observed for risk ratios
and ≥50% responder rates. The reason for this wider range
is not known but possibilities include the smaller sample
size or greater degree of variability within the pediatric
population.

These results do not offer any evidence to suggest key dif-
ferences in the efficacy of antiseizure drugs against PGTCS in

Table 2 Median percent seizure reduction between baseline and treatment periods by drug for adults and children 2–12
years of age with primary generalized tonic-clonic seizures

Drug Study Study group within study Phase

Drug Placebo

p ValueMedian, % No. Median No.

LTG XR Biton et al., 201014 Adult (≥13 years) E, M 75.4 69 32.1 72 <0.0001

LTG XR Biton et al., 201014 Adult (≥13 years) M 89.7 68 33.3 70 <0.0001

LTG XR Biton et al., 201014 Adult (≥13 years) E 61.9 69 30.6 72 0.0016

LTG Biton et al., 20058 Adult, children (2–12 years) E, M 66.5 58 34.2 59 0.006

LTG Biton et al., 20058 Adult, children (2–12 years) M 81.9 54 43.0 52 <0.05

LTG Biton et al., 20058 Adult, children (2–12 years) E 60.6 58 32.8 59 <0.05

LTG Biton et al., 20058 Children (2–12 years) E, M 79.7 12 43.5 11 NR

LTG Biton et al., 20058 Adult (>12 years) E, M 64.0 46 28.6 48 NR

LTG Ettinger et al., 200715 Adult (≥16 years) E, M 66.5 32 33.0 38 <0.05

LTG Ettinger et al., 200715 Adult (≥16 years) M 84.2 32 56.0 38 <0.05

LTG Ettinger et al., 200715 Adult (≥16 years) E 67.3 32 34.8 38 <0.05

LTG Trevathan et al., 200616 Children, adolescent (2–19 years) E, M 77.0 21 40.0 24 0.044

LTG Trevathan et al., 200616 Children, adolescent (2–19 years) M 83.0 21 42.0 24 0.058

LTG Trevathan et al., 200616 Children, adolescent (2–19 years) E 72.0 21 30.0 24 0.059

Perampanel French et al., 20157 Adult (≥12 years) M 76.5 81 38.4 81 <0.0001

TPM Biton et al., 19999 Adult, children (4–16 years) DB 56.7 30 9.0 40 0.019

TPM Biton et al., 19999 Adult (>16 years) ITT 57.0 31 25.0 28 NR

TPM Biton et al., 19999 Children (4–16 years) ITT 50.0 8 4.0 12 NR

TPM Biton et al., 200517 Adult T 64.0 11 38.0 11 >0.05

Abbreviations: DB = double-blind phase; E = escalation phase; ITT = intention to treat; LTG = lamotrigine; M = maintenance phase; NR = not reported;
T = treatment phase; TPM = topiramate; XR = extended release.
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adults and children. The lack of any signal to suggest a sub-
stantial difference bolsters the argument that efficacy data of
antiseizure drugs in adults could be extrapolated to children
aged 2 years and older. This argument is identical to the
one recently advanced for arguing disease similarity for FOS

between children and adults.5 Unlike in that study, which
was performed under the auspices of a Food and Drug Ad-
ministration partnership, individual pharmacokinetics/
pharmacodynamics assessments were not available for our
study.

Figure 2 Efficacy comparison in median percentage seizure reduction between treatment groups

CI = confidence interval; DB = double-blind phase; M = maintenance phase; PGTC = primary generalized tonic-clonic.

Table 3 Proportion of participants with ≥50% reduction in seizure frequency between baseline and treatment periods by
drug for adults and children 2–12 years of age with primary generalized tonic-clonic seizures

Drug Study Study group within study Phase

Drug Placebo

p ValueMedian, % No. Median No.

LTG XR Biton et al., 201014 Adult (≥13 years) E, M 69.6 69 31.9 72 <0.0001

LTG XR Biton et al., 201014 Adult (≥13 years) M 75.0 68 41.4 70 <0.0001

LTG XR Biton et al., 201014 Adult (≥13 years) E 55.1 69 31.9 72 0.0067

LTG Biton et al., 20058 Adult, children (2–12 years) E, M 64.0 58 39.0 59 <0.05

LTG Biton et al., 20058 Adult, children (2–12 years) M 72.0 58 49.0 59 <0.05

Perampanel French et al., 20157 Adult (≥12 years) M 64.2 81 39.5 81 0.0019

TPM Biton et al., 19999 Adult, children (4–16 years) ITT 56.0 39 20.0 40 0.001

TPM Biton et al., 19999 Adult (>16 years) ITT 58.0 31 18.0 28 NR

TPM Biton et al., 19999 Children (4–16 years) ITT 50.0 8 25.0 12 NR

TPM Biton et al., 19999 Adult, children (4–16 years) DB 62.0 34 19.0 37 <0.001

TPM Biton et al., 200517 Adult T 73.0 11 18.0 11 0.03

Abbreviations: DB = double-blind phase; E = escalation phase; ITT = intention to treat; LTG = lamotrigine; M = maintenance phase; NR = not reported; T =
treatment phase; TPM = topiramate; XR = extended release.
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These results are not surprising since, from a clinical and elec-
trophysiologic standpoint, the authors are unaware of any sig-
nificant differences between PGTCS seen in children with
idiopathic epilepsies and those in adults. PGTCS are rare before
2 years of age,10 but after this age they appear with similar
semiology to adults.10 Thalamocortical projections that are in-
tegral in the production of PGTCS are fully functional by 2 years
of age, and this is clearly evidenced by the appearance of normal
physiologic waveforms such as synchronized sleep spindles,
vertex waves, and K-complexes.11,12 Furthermore, generalized
spike-wave discharges, an important interictal feature seen in
patients with PGTCS, are present by 2 years of age.13

Limitations of this analysis include the paucity of trials with data
that could be separated by age group, differences in clinical trial
methodology and reporting of results, variability in the subject
population, differences in analysis subsets, and varying length of
treatment phases and dosage. In addition, this meta-analysis
was restricted to efficacy measures. It is important to highlight
that there may be significant differences in tolerance, side
effects, and pharmacokinetics between adults and children
treated with antiseizure drugs for PGTCS. Therefore, these
measures should be independently studied to provide useful
information for clinicians caring for children with PGTCS.

This analysis supports the similarity of efficacy data from
antiseizure drug clinical trials for PGTCS in adults to children
2–12 years of age. This evidence, along with an understanding
that PGTCS are similar in adult and pediatric patients with
idiopathic (genetic) generalized epilepsies, supports the ex-
trapolation of current labeling to pediatric patients for efficacy
measurements. Pharmacokinetics and safety data were not
addressed in this analysis, and remain important domains for
study within the pediatric population.

Acknowledgment
The authors thank Leock Y. Ngo of Eisai Inc., Woodcliff Lake,
NJ, for reviewing the manuscript. Editorial support, under the
direction of the authors, was provided by Adele Blair, PhD, of
CMC AFFINITY, a division of McCann Health Medical
Communications Ltd., Glasgow, UK, funded by Eisai Inc., in
accordance with Good Publication Practice (GPP3) guidelines.

Study funding
The analyses presented here were funded by Eisai Inc.

Disclosure
D. Nordli is an Associate Editor for UpToDate and has served
as an advisor for Eisai. E. Bagiella has served as an advisor for
Eisai Inc. A. Arzimanoglou occasionally serves as an advisory
board member, consultant, or lecturer for Eisai, GW Pharma-
ceuticals, Shire, Takeda, UCB Pharma, and Zogenix, and has
received royalties. He or his institution also received research
grants from Caixa Bank Foundation, the European Commis-
sion, and UCB Pharma. J. Wang is an employee of Eisai Inc.
D. Kumar is an employee of Eisai Inc. A. Laurenza was formerly
an employee of Eisai Inc. J. French receives NYU salary support

from the Epilepsy Foundation and for consulting work and/or
attending Scientific Advisory Boards on behalf of the Epilepsy
Study Consortium for Acadia, Adamas, Addex, Aeonian,
Alexza, Anavex, Axcella Health, Axovant, Biogen, Biomotiv/
Koutif, Blackfynn, Bloom Science, Bridge Valley Ventures,
Cavion, Cerebral Therapeutics, Cerevel, Clinilabs, Concert
Pharmaceuticals, Covance, CuroNZ, Eisai, Empatica, Engage
Therapeutics, Epitel, GW Pharmaceuticals, Idorsia, Impax,
Ionis, J&J Pharmaceuticals, Marinus, MonosolRx, Neurelis,
Novartis, Otsuka Pharmaceutical Development, Ovid Thera-
peutics Inc., Pfizer, Pfizer-Neusentis, Redpin, Sage, Sancillio,
Shire, SK Life Science, Springworks, Stoke, Sunovion, Super-
nus, Takeda, UCB Inc., Ultragenyx, Upsher-Smith, Vyera,West
Therapeutic Development, Xenon, Xeris, Zogenix, and
Zynerba. J. French has also received research grants from
Biogen, Cavion, Engage, Neurelis, Ovid, SK Life Science, UCB
Pharma, and Zogenix, as well as grants from the Epilepsy Re-
search Foundation, the Epilepsy Study Consortium, and Na-
tional Institute of Neurological Disorders and Stroke. She is on
the editorial board of Lancet Neurology and Neurology Today.
She is scientific officer for the Epilepsy Foundation, for which
NYU receives salary support. She has received travel re-
imbursement related to research, advisory meetings, or pre-
sentation of results at scientific meetings from the Epilepsy
Study Consortium, the Epilepsy Foundation, Adamas, Axo-
vant, Biogen, Blackfynn, CuroNz, Eisai, Engage, Idorsia, Neu-
relis, Novartis, Otsuka, Ovid, Pfizer, Redpin, Sage, SK Life
Science, Sunovion, Takeda, UCB Pharma, Ultragenyx, and
Zynerba. Go to Neurology.org/N for full disclosures.

Publication history
Received by Neurology March 7, 2019. Accepted in final form
November 20, 2019.

Appendix Authors

Name Location Contribution

Douglas R.
Nordli, Jr., MD

University of Chicago, IL Contributed to the review
of published papers,
analysis of the data, and
writing of the manuscript

Emilia Bagiella,
PhD

Mount Sinai School of
Medicine, New York, NY

Contributed to the
analysis of the data and
interpretation and the
writing and review of the
manuscript

Alexis
Arzimanoglou,
MD

Department of Pediatric
Clinical Epileptology,
Sleep Disorders and
Functional Neurology,
University Hospitals of
Lyon (HCL), Member of
the European Reference
Network EpiCARE, Lyon,
France; research
coordinator, Paediatric
Epilepsy Unit, Hospital
Sant Joan de Déu,
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