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children younger than 4 years have become increasingly difficult to perform be-

cause of eligibility constraints and onerous study designs. Traditional designs used

for video-electroencephalography (video-EEG) monitoring, and willingness to ac-
cept potential exposure to placebo when the drugs to be tested are usually already
available for off-label prescription. To address these constraints, the International
League Against Epilepsy (ILAE) regulatory taskforce and the ILAE pediatric com-
mission, in collaboration with the Pediatric Epilepsy Research Consortium (PERC),
propose a novel trial design which involves seizure counting by caregivers based on

previous video-EEG/video validation of specific seizure semiologies. We present
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1 | INTRODUCTION
Focal-onset seizures (FOS) are possibly the most ubiqui-
tous seizure type, are a feature of the majority of epilepsy
syndromes, and can occur from birth to old age.1 In the last
several decades, there have been numerous new antiseizure
medications (ASMs) approved for use in adults with FOS.
Once drugs are approved in adults for this indication, it is
important to determine whether they could also be valuable
for children, particularly for those whose seizures remain re-
sistant to available medications.>

The US Pediatric Research Equity act (PREA), which was
signed into US law in 2003, requires sponsors who receive
an approval for a specific condition to perform studies that
include children of all ages with the same condition, unless
the requirement is waived or deferred.* Similarly, in 2006,
the European Union established that, for all drugs under de-
velopment, a pediatric investigation plan (PIP) should be sub-
mitted to the European Medicine Agency (EMA) “not later
than upon completion of the human pharmacokinetic studies
in adults,” unless conditions apply for waiver or deferral.®

Since 2010, the EMA guideline on clinical investigation
of medicinal products in the treatment of epileptic disor-
ders accepted that efficacy of an ASM for FOS, if demon-
strated in adults, can be extrapolated down to the age of four
years “provided the dose is established” through appropriate
pharmacokinetic and safety studies in children.’® Similarly,
in 2017, in response to the “PEACE” (Pediatric Epilepsy
Academic Consortium for Extrapolation) initiative,7 the FDA
concluded that efficacy for FOS can be extrapolated from
adult trials down to the age of four years, without the need
for an additional efficacy trial.® These regulatory develop-
ments were welcomed by the epilepsy community, because
they allowed new ASMs to reach and benefit children more

than in the recent past.

a novel randomized placebo-controlled trial design intended to be used for study-
ing new antiseizure medications (ASMs) for focal-onset seizures (FOS) in children
aged one month to four years. This design uses “time to Nth seizure” as the primary
outcome and incorporates a new element of variable baseline duration. This approach
permits enrollment of infants with lower seizure burden, who might not have video-
EEG-recorded seizures within 2-3 days of monitoring. Repeated hospitalizations for
video-EEG recordings are avoided, and duration of baseline and exposure to placebo
or ineffective treatment(s) are minimized. By broadening eligibility criteria, reducing
risks from prolonged placebo exposure, and relying on validated recording of seizure
counting by caregivers, clinical trials will be likely to be completed more efficiently

antiseizure drugs, children, clinical trials, drug development, infants

Key Points

e The traditional infantile placebo-controlled design
for focal-onset seizures has become impracticable.

e We propose a novel trial design which involves
seizure counting by caregivers based on previous
video-EEG/video validation of specific seizure
semiologies.

e The baseline duration is adjusted based on indi-
vidual seizure burden, and duration of treatment
is linked to seizure response using a time-to-event
endpoint.

quickly. Yet, whether FOS in infants and very young children
(under the age of 4 years) are similar enough to those of older
children to allow extrapolation of effect remains a point of
discussion. Importantly, ASM trials that focus on young chil-
dren (<4 years old) and infants (>1 month old) are mandated
by law (trials are waived in neonates up to one month old)
and are urgently needed to provide safe clinical care to this
population.4

The traditional placebo-controlled design that has been
used in this age-group has become impracticable, for several
practical and scientific reasons. Many clinicians and investi-
gators find it difficult to justify enrolling an infant into these
trials, since they require a very high baseline seizure fre-
quency in order to limit duration of the baseline and treatment
assessment phases, two hospitalizations for video-electroen-
cephalography (video-EEG), and the risk of randomization to
placebo, particularly when the drugs to be tested by this de-
sign are available off label by prescription in most countries.
Families are reluctant to participate for these same reasons.
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Child neurologists are also reluctant to wait, conscious of
the evidence-based fact that persistence of epileptic seizures
particularly at this age may further jeopardize neurodevelop-
ment. Numerous ongoing studies are stalled, leading to a void
of rigorous data available to use for the treatment of children
with early-life epilepsies. Moreover, by the time these studies
are completed, the data may be substantially less useful, since
the drugs will have been available commercially for a decade
or more.

We present a novel randomized placebo-controlled trial
design intended to be used for studying new ASMs for FOS
in children aged one month to four years. This design uses
“time to Nth seizure” as the primary outcome and incorpo-
rates a new element of variable baseline duration. Both of
these elements are intended to shorten the time until the child
receives effective therapy. There is an urgent need for this
design, as trials in this age-group have been stalled for the
last decade.”"°

2 | PREVIOUS INFANT ASM
TRIALS

Since 1988, a total of 6 controlled trials of ASMs for the
adjunctive treatment of FOS in infants have been com-
pleted.''™'® Topiramate (TPM) and lamotrigine (LTG) were
evaluated in infants aged one to 24 months.' '3 while gabap-
entin (GBP), levetiracetam (LEV), oxcarbazepine (OXC),
and pregabalin (PGB) were evaluated in children aged
>1 month to <4 years.'*'*'® The studies evaluating GBP,
TPM, LTG, LEV, and PGB were placebo-controlled, and the
OXC study compared low/high dose groups. Ability to en-
roll has changed dramatically over time; the 1988 GBP study
completed enrollment in four months, while the 2014-2018
PGB study took ten times as long (42 months) to complete
enrollment, supporting that this study design has become less
practicable.'®

Except for the LTG study (see below),? studies conducted
to date used FOS on EEG as the primary outcome. EEG pro-
tocols varied. FOS on continuous 48- to 72-hour outpatient
EEG were the primary outcome in the GBP study, and FOS
on continuous 48- to 72-hour inpatient video-EEG were the
primary outcome in the TPM, LEV, OXC, and PGB trials.
Studies using EEG for inclusion required at least two FOS
seizures on the baseline EEG. In fact, randomized patients
had a higher FOS burden than required, with baseline median
EEG seizure frequency ranging from 6 to 15 per day.' I-16

Electroencephalography (EEG) interpretation can lead to
significant variability and requires clear criteria when used as
an outcome measure. When clearly defined in the published
studies (TPM, LEV),“’14 FOS were required to have a min-
imum duration of ten seconds, involve at least two adjacent
EEG electrodes, display clearly focal or asymmetric changes,
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and have a recognizable evolution on EEG. The TPM trial
required that all EEG seizures used for study purposes have
a corresponding clinical semiology.11 The LEV trial required
clinical manifestations for all EEG seizures in patients six

months to <4 years, but subclinical seizures were permitted
in patients 1-<6 months of age.

The LTG study was a responder-enriched design. Patients
who had responded to LTG during an initial open-label phase
were randomized to double treatment for up to 8 weeks with
continued LTG or a switch from LTG to placebo. The LTG
trial utilized seizure diaries for the primary efficacy endpoint,
though baseline seizures were defined by EEG."

In the GBP, TPM, and LTG studies,“’”’15 active treat-
ment did not result in a significant reduction in FOS during
the double-blind comparison phase. The LEV, OXC, and
PGB studies did show a significant reduction in FOS during
the double-blind comparison phetse.12’14’16

3 | PROPOSAL FOR A TIME-
TO-EVENT CLINICAL TRIAL
PROTOCOL

To address the issues outlined above, we present a novel trial
protocol that is designed to adjust baseline duration and ex-
posure to placebo or ineffective treatment based on the sub-
ject's seizure burden. Sample inclusion and exclusion criteria
are presented in Table 1.

Seizures with clinical signs will be confirmed by video-
EEG (preferred) or video (with clear semiology and support-
ing clinical and interictal EEG data) for each study participant
and reviewed centrally by experts in pediatric epilepsy. If
available, prior clinically obtained video-EEG or video re-
cordings may be used to confirm that the events in question
are seizures if the seizure semiology has remained the same.
If no clinically obtained recordings are available, then they
will be obtained as study procedure before randomization.
The clinically observable FOS documented by video-EEG or
video will be the events of interest for the study's primary
endpoint.

In the pretreatment baseline period, titration phase, and
maintenance period, the above clinically observable seizures
will be recorded in seizure diaries by caregivers.

Eligible subjects who meet the study entry criteria and
whose treatment regimen is at steady state at enrollment will
begin a prospective baseline period during which they will
continue to receive their prescribed ASMs. ASM doses must
be stable for >4 half-lives, and no dose change of >20% will
be permitted within two weeks of enrollment. New concom-
itant ASMs, aside from study drug, may not be added during
the trial.

During the baseline period, seizures recorded in the diary
will be reviewed by the investigator to confirm that they
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Inclusion criteria Exclusion criteria

Male or female from  Exclusively febrile seizures®
>44 wk postmen-
strual age to <4y
of age

Diagnosis of epi-
lepsy with FOS

Clinical evidence of
observable FOS

Consistent semiol-
ogy recorded on
video-EEG in
the past 6 mo, or

Current hypsarrhythmia

convincing video
evidence of FOS
with supportive
interictal EEG and
clinical data

Stable treatment
regimen of 1-2
medications at
steady state®

interpretation

Progressive central nervous system disease

Abbreviation: FOS, Focal-onset seizures.

TABLE 1

exclusion criteria for an infant time-to-event

Sample inclusion and

randomized clinical trial of antiseizure
medications for focal-onset seizures

Current seizures defined on EEG by electrodecrements, generalized
paroxysmal fast activity, or generalized spike and wave®

Nonepileptic paroxysmal events that could be confused with seizures

Medical conditions or concomitant medications that cause undue
safety risk or that may adversely influence compliance or data

“Stable treatment regimen defined as no new medications added, no change in antiseizure medication (ASM)
dosage for >4 half-lives, no ASM dose reduction by >20% within 2 wk of enrollment; ketogenic diet ratio

stable for >3 mo; vagal nerve stimulator parameters stable for >6 mo.

°A history of febrile seizures in a child with current unprovoked FOS is acceptable.

“For example, epileptic spasms, tonic, atonic, or myoclonic seizures.

correspond to the previously defined index seizure semiol-
ogies. Other seizure types should be recorded in the diary,
but will not be used for determination of the primary study
endpoint. The duration of the baseline period will be defined
by the subject's seizure frequency. An example of how this
may be done is presented in Table 2.

Once the baseline has ended, the total number of index
seizures during baseline will be the individualized “N”. The
time elapsed from end of study drug titration to the occur-
rence of a number of seizures equal to that subject's “N” will
serve as the subject's individualized prespecified endpoint
(Table 3).

Subjects who continue to meet study entry criteria at the end
of the baseline period will be randomly assigned to double-blind
treatment with investigational study drug (one or more doses)

TABLE 2 Variable baseline duration is defined according to the
subject's seizure burden

Baseline seizure frequency Duration of baseline

>1 seizure per day 7d
Less than daily and >weekly seizures 14d

Less than weekly but >3 seizure days per 28d
month

or placebo. After randomization and titration (as appropriate for
the specific drug to be assessed), subjects will enter the mainte-
nance treatment phase. Subjects will remain in the maintenance

TABLE 3
prespecified endpoint®

Sample determination of the individualized,

Day 1:4 seizures

Day 2:2 seizures
Day 3:1 seizure
Day 4:3 seizures
Day 5:2 seizures
Day 6:1 seizure
Day 7:3 seizures

Baseline seizure frequency: >1 seizure per Duration of

day baseline: 7 d
Number of seizures during baseline: 16 Individualized,
prespecified
endpoint:

N = 16 seizures

“This subject has daily seizures; therefore, the baseline period is 7 d. The total
seizure count during the baseline was 16 seizures. After the subject has com-
pleted the titration phase (after randomization) and has 16 seizures (this subject's
individualized prespecified endpoint), they will exit the treatment period of the
study.



AUVIN ET AL.

Epilepsia Open® s41

FIGURE 1

trial protocol overview

Time-to-event clinical

Seizure Counts |

Randomize

Screening

treatment phase until they reach their individualized prespeci-
fied endpoint. Subjects who have not reached the individualized
prespecified endpoint will continue in the double-blind phase
for up to 12 weeks (Figure 1). Efficacy will be evaluated based
on time (days) elapsed from randomization to reaching the indi-
vidualized prespecified endpoint of “N” seizures.

4 | STATISTICAL DESIGN, DATA
COLLECTION, AND ANALYSIS
CONSIDERATIONS

The proposed trial design outlined here will encourage more
providers, child neurologists, families, and patients to consider
the enrollment of this young population leading most likely to a
better recruitment rate. In general, the proposed design will tend
to have lower power than a standard six- or eight-week base-
line design looking at changes in seizure frequency—because
of less overall monitoring time in both the baseline and pos-
trandomization periods. This likely will increase sample size
relative to a standard design, but it should offset the difficulties
in enrollment that plague current designs to more than compen-
sate for any increase in sample size. Researchers will need to
think carefully about the variable baseline lengths with respect
to their understanding of the drug under study and the specifics
of the planned population. For instance, the 7-day baseline may
not be appropriate if a drug has moderate efficacy, has a longer
titration, or slower onset of action. To improve on power, varia-
bility can be reduced by actions such having standardized train-
ing for the caregiver(s) who document the seizures of interest,
for instance, in identifying and recording seizure (eg, recording
clusters).

Analysis of the time to Nth seizure can utilize most
standard survival analysis methods such as Cox propor-
tional hazards models. The typical model will need a factor
for the baseline strata used in the design with the option
of including baseline seizure rate for improved precision.
The data from any studies in older children or even adults
could be used with Bayesian methods. Such an analysis
can enhance the “power” of the study, but it requires that
those studies and the new study satisfy the compatibility
requirement known as “exchangeability.” It would also re-
quire reanalyzing the previous studies as time to Nth sei-
zure studies.'”'®

We developed this design to address the urgent need for
infant focal epilepsy, but the design could also be considered

Baseline =
7, 14, or 28 Days
Count “N” Seizures

Open-Label Phase
] A
i >
Exit at 12 weeks

i i If < N seizures
Exit at N*" seizure

for use in other epilepsy syndromes, including generalized
epilepsies and pediatric syndromes such as Dravet and
Lennox-Gastaut syndrome.

S | CONCLUSIONS

Difficulty of successfully performing clinical trials in chil-
dren with early-life epilepsies creates a pressing ethical
issue: The incidence of epilepsy is highest among young
children, but there is a striking paucity of data upon which
clinicians can rely to make informed treatment decisions
in these patients. As a result, most children with early-life
epilepsies are prescribed off-label medications without ad-
equate evidence of efficacy and safety. Given that the safest
way to initiate treatment with a new medication is through
an efficient clinical trial, there is an urgent need to redesign
protocols to improve efficiency in order to make them ac-
ceptable to clinicians, investigators, families, and regulatory
agencies.

In the study design used in the 1990s and early 2000s,
change in the number of FOS with or without clinical signs
recorded on 48- to 72-hour video-EEG between baseline and
posttreatment served as the primary outcome measure.' 1
Such an approach is onerous for patients and families, con-
founded by the inability to assess clinical signs during some
EEG seizures, complicated by EEG artifacts which can mimic
seizures, prone to sampling error, and not generalizable to
clinical practice. Use of informed seizure diaries combines
the rigor of accurate seizure identification and classification
via video-EEG with a clinically relevant seizure diary count
by caregivers. Seizure diaries informed by prior EEG, video,
and video-EEG are practical, efficient, rigorous, and general-
izable to clinical practice.

Our proposed design would allow the inclusion of many
more infants/young children with FOS than traditionally
designed trials. Prior trial designs only allowed inclusion
of patients with a high seizure frequency and there were
limitations in maintaining them in the trial for the baseline
and the treatment period. The new design allows duration
of placebo exposure to be based on the infants’ seizure bur-
den and response (or lack of response) to treatment with
the new ASM. Infants with lower seizure burden may now
be included while they would not have been previously
due to the requirement of video-EEG-recorded seizures
within 2-3 days of monitoring. The proposed design would
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reflect the real-world treatment of infants with FOS. With
potentially increased study-eligible patient populations,
we anticipate that the novel protocol design is likely to be
completed much more efficiently than recent clinical tri-
als of ASMs in very young populations. Ultimately, this
would enhance clinical care through efficient provision of
rigorous evidence to guide treatment decisions in early-life
epilepsies.
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