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Abstract
Objective: To evaluate the exploratory time to exceed pre- randomization 
seizure count (T- PSC) in the determination of efficacy of adjunctive perampanel 
in participants with primary generalized tonic– clonic (PGTC) seizures in 
generalized- onset epilepsy.
Methods: In this multicenter, double- blind study (ClinicalTrials.gov identifier: 
NCT01393743), participants ≥12 years of age with treatment- resistant idiopathic 
generalized epilepsy were randomized to receive placebo or adjunctive perampanel 
(≤8 mg/day) across a 17- week double- blind treatment phase (4- week titration; 13- 
week maintenance). We evaluated the pre- planned exploratory end point of the 
T- PSC using a Kaplan– Meier analysis. We also re- evaluated the correspondence 
of the primary end points of median percent seizure frequency change (MPC) and 
50% responder rate (50RR) calculated at T- PSC and at the end of the trial.
Results: The exploratory end point of median T- PSC on placebo was 43 days and 
>120 days on perampanel (log- rank p < .001). The primary end points calculated 
at T- PSC did not differ significantly from the end points at the end of the trial 
(MPC −31% vs −42% at T- PSC; 50RR 32% vs 51% at T- PSC). After T- PSC was 
reached, participants had a median (interquartile range) of 5 (3– 13) additional 
seizures on placebo and 5 (2– 10) on perampanel.
Significance: The exploratory end point of T- PSC demonstrated the effectiveness 
of perampanel despite a shorter duration of monitoring. The seizures that 
occurred after T- PSC did not influence the conclusions of the trial; therefore, T- 
PSC may be a viable alternative to traditional trial end points that reduces the risk 
to participants.
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1  |  INTRODUCTION

Trials for regulatory approval of antiseizure medicines 
(ASMs) typically use a placebo comparator arm. Because 
epilepsy is considered a potentially life- threatening con-
dition, trials are performed as add- on. Nonetheless, par-
ticipants randomized to placebo, or an ineffective therapy, 
will continue to experience potentially life- threatening 
seizures. In a meta- analysis of prior randomized tri-
als, participants who were randomized to placebo had a 
6.1- fold increased risk for sudden unexpected death in 
epilepsy (SUDEP).1 This risk of SUDEP is particularly im-
portant for participants with generalized tonic– clonic sei-
zures, which is a separate risk factor for SUDEP.2,3

As a result, new methodologies have been explored 
to reduce placebo exposure.4– 10 One of these proposed 
methodologies is “time to event,” which could maintain 
or improve statistical power while reducing participant 
risk.8,11– 13 This end point proposes that participants can 
be observed on investigative treatment for a pre- specified 
number of seizures instead of a pre- specified number of 
weeks.7 With this methodology, participants need only re-
main in a study until the arm they have been randomized 
to (either active or placebo) proves ineffective. If they do 
not reach the pre- determined end point, they remain in 
the study for the full pre- specified maintenance period.

Because time- to- event trials have the same maximum 
duration as a standard parallel trial, the outcome can be 
calculated as a secondary or post hoc analysis. A post 
hoc analysis explored time to “pre- randomization seizure 
count” in trials of perampanel for focal epilepsy.8 In this 
trial design, subjects exit when they experience 1 month's 
worth of seizures, as measured during a prospective base-
line. These and other post hoc analyses have concluded 
that time to pre- randomization seizure count was able 
to demonstrate efficacy similar to standard end points of 
median percent change in seizure frequency (MPC) and 
at least 50% responder rate (50RR).7,8,14,15 Although the 
Phase 3 trial for lacosamide in primary generalized tonic– 
clonic (PGTC) seizures used a time to second seizure as 
an end point,16 time to exceed pre- randomization seizure 
count (T- PSC) has not been analyzed in a trial of PGTC in 
generalized- onset epilepsy.

In this work, we evaluate the exploratory end point of 
T- PSC for the randomized placebo- controlled trial of per-
ampanel for PGTC seizures. We compared this T- PSC end 
point both to the traditional primary end points of MPC 
and 50RR, as well as the time to first and second PGTC 
seizure. To illustrate that enough information was avail-
able to determine efficacy after pre- randomization seizure 
count, we also evaluate the correspondence of MPC and 
50RR calculated at the end of the maintenance period 
with these end points calculated at T- PSC, after first PGTC 

seizure, and after second PGTC seizure. To demonstrate 
reduction in participant risk, we also report the number of 
seizures and adverse effects that occurred after T- PSC. By 
further characterizing the T- PSC design, this work aims to 
provide evidence for the use of this exploratory endpoint 
as a primary end point in future trials.

2  |  METHODS

2.1 | Trial protocol information

This was a pre- planned exploratory analysis of a previ-
ously published multicenter, double- blinded, randomized 
placebo- controlled trial (Eisai Inc. protocol: E2007- 
G000- 332; ClinicalTrials.gov identifier: NCT01393743). 
This trial was performed in accordance with the 
Declaration of Helsinki, Good Clinical Practice ICH- E6 
Guideline CPMP/ICH/135/95, European Good Clinical 
Practice Directive 2005/28/EC, Clinical Trial Directive 
2001/20/EC, and US Code of Federal Regulations Part 
21. Before participation, all participants gave written in-
formed consent. We describe the details of the trial in brief 
here. For additional details regarding the trial, please refer 
to the original publication of the primary efficacy end 
points.17

This trial was conducted at 78 sites in 16 countries 
and included participants 12 years of age or older di-
agnosed with PGTC seizures from generalized- onset 
epilepsy according to the 1981 International League 
Against Epilepsy (ILAE) classification of epileptic sei-
zures and the 1989 ILAE classification of epilepsies 
and epileptic syndromes. This corresponds to gener-
alized tonic– clonic motor seizures in the setting of 
generalized- onset epilepsy based on the 2017 ILAE 
classification of seizures. For consistency with the 
original trials, the 1981 and 1989 ILAE classification 

Key points
• Efficacy of investigational treatments for 

epilepsy in trials can be determined earlier.
• Time to exceed pre- randomization monthly sei-

zure count (T- PSC) can reduce exposure to inef-
fective therapy.

• After T- PSC, there was minimal change in pri-
mary efficacy end points.

• In contrast, the efficacy of perampanel was un-
derestimated after the first or second seizure.

• T- PSC reduced exposure to placebo and may in-
crease patient safety.
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terminology is utilized here. Participants were re-
quired to have at least three PGTC seizures during pre- 
randomization baseline and be taking stable doses of 
one to three approved ASMs. The pre- randomization 
phase comprised screening (≤4 weeks) and base-
line (4– 8 weeks, depending on the accuracy of diary- 
documented seizures during screening). Eligible 
participants were randomized (1:1) to receive placebo 
or oral perampanel, stratified by country. The subse-
quent randomization phase comprised titration (weeks 
1– 4), maintenance (weeks 5– 17), and follow- up (weeks 
18– 21; only participants not entering an extension 
phase). During randomization, participants and all 
personnel— including investigators, site personnel, 
and sponsor staff— were blinded to treatment.

During titration, participants in the perampanel group 
received an initial daily dose of 2 mg, before uptitration 
in weekly 2- mg increments to the targeted daily dose of 
8 mg or the highest tolerated dose (whichever was lower). 
Participants entered the maintenance period at the last 
dose achieved during titration. Dose adjustment during 
the maintenance period was not recommended; however, 
according to the investigator's clinical judgment, partici-
pants with inadequate seizure control could have their 
dose increased by one 2- mg increment (up to a maximum 
daily dose of 8 mg) and participants who experienced in-
tolerable adverse events (AEs) could have their dose de-
creased by one 2- mg increment.

2.2 | Exploratory end point assessment

In this work, we evaluate the pre- planned exploratory 
end point of the time to exceed the pre- randomization 
monthly seizure count (or T- PSC). The pre- 
randomization monthly seizure count, n, was calculated 
as the number of seizures during screening and baseline 
divided by the duration of screening plus baseline mul-
tiplied by 28 days. Post- randomization, T- PSC was the 
days from the first dose to the day of the (n + 1)th seizure 
plus 1 day. These data were analyzed using a Kaplan– 
Meier analysis with censoring, and log- rank tests were 
performed to estimate the median and 95% confidence 
intervals (CIs) of T- PSC. Data from participants who 
did not experience (n + 1) seizures were censored at 
the days between first dose and last dose plus one. The 
Brookmeyer and Crowley method was used to calculate 
95% CIs of the median T- PSC. This end point was similar 
to the end point described by French and colleagues in 
studies 304 (ClinicalTrials.gov identifier NCT00699972), 
305 (NCT00699582), and 306 (NCT00700310) for focal- 
onset seizures treated by perampanel,8 and also evalu-
ated in other trials.7,14,15

To further evaluate this exploratory end point, we per-
formed additional sensitivity analyses. (1) We analyzed 
the time to the first PGTC seizure using a Kaplan– Meier 
analysis with censoring. (2) We also analyzed the time to 
the second PGTC seizure using Kaplan– Meier analysis 
with censoring, to compare to the recent analysis of lacos-
amide for PGTC seizures.16 (3) We analyzed efficacy at T- 
PSC based on the start of the titration period as compared 
to the start of the maintenance period.

For each of these time to seizure events, we also re- 
calculated the primary efficacy end points based on the sei-
zures experienced up to each seizure event (first, second, 
[n + 1]th) and the end of the trial. The first primary efficacy 
end point was defined according to the requirements of 
the US Food and Drug Administration (FDA) and was the 
median percent change in PGTC seizure frequency post- 
randomization (titration plus maintenance until the event) 
vs pre- randomization baseline (MPC). The key secondary 
efficacy end point was defined by the European Medicines 
Agency and was 50% PGTC seizure responder rate (50RR, 
percentage of participants achieving MPC at least −50% 
during maintenance; last observation carried forward).

For statistical analysis of MPC and 50RR, the methods 
matched that of the full- length trial. Analysis of covari-
ance was conducted on the rank transformed MPC, with 
pooled countries as factors and ranked baseline PGTC 
seizure frequency as covariate. Treatment difference was 
estimated using the Hodges- Lehmann estimator and asso-
ciated 95% CIs. Correspondence of the rank MPC at each 
time to seizure event compared to the end of the trial was 
calculated using Spearman's rho. Treatment differences 
for 50RR were analyzed using Cochran– Mantel– Haenszel 
test, stratified by pooled country. We also compared the 
correspondence of 50RR at each time- to- seizure event to 
the end of the trial using Cohen's kappa and report the 
false- positive and false- negative rates for at least −50% 
MPC.

3  |  RESULTS

The participants included in this exploratory analysis 
matched the participants who were included in the pri-
mary analysis of this trial. Of 164 randomized participants, 
162 were included in this analysis (placebo n = 81, peram-
panel n = 81). Of these 162, a total of 157 (97%) completed 
the titration phase and entered the maintenance phase 
(placebo n = 78, perampanel n = 79). The demographic 
and clinical information of participants is summarized in 
Table 1.

During pre- randomization, the median (range) PGTC 
seizure frequency per 28 days was 2.5 (1.0– 11.7) for pla-
cebo and 2.6 (1.4– 18.5) for perampanel.
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3.1 | Time- to- event analyses

The time- to- event results are summarized in Figure  1 
and Table  S1. The median (95% CI) time from the start 
of the titration period to exceed the pre- randomization 
seizure count (or T- PSC) was 43 days (34– 51) for placebo 
and >120 days (70 to >120) for perampanel (p < .0001). A 
similar proportion of participants receiving perampanel 
and placebo discontinued the study before T- PSC or 
completing the study (placebo 2.5%, perampanel 6.2%, 
Fisher's exact p = .44).

The median (interquartile range; maximum) of num-
ber of seizures after the T- PSC was 5 (3– 13; 170) for 63 
participants on placebo and 5 (2– 10; 78) for 38 participants 
on perampanel. The 63 and 38 participants on placebo 
and perampanel, respectively, reflect the number of par-
ticipants whose T- PSC was shorter than the duration of 
titration plus maintenance.

The median (95% CI) time from the start of the titration 
period to the first and second PGTC seizure was 12 days 
(6– 15) and 23 days (15– 32) for placebo and 19 days (8– 40) 
and 54 days (30– 95) for perampanel, respectively (first 

Placebo Perampanel

Demographics; full analysis set

Randomized participants (n) 81 81

Completed titration (n) 78 79

Completed before Titration + Maintenance 
T- PSC (n)

2 5

Completed before Maintenance only T- PSC (n) 4 8

Mean age, years (SD) 29.5 (12.2) 27.3 (10.5)

Female, n (%) 45 (56) 46 (57)

Race, n (%)

White 43 (53) 44 (54)

Black or African American 2 (4) 1 (1)

Japanese 6 (7) 5 (6)

Chinese 18 (22) 18 (22)

Other Asian 10 (12) 11 (14)

Other 1 (1) 2 (3)

Epilepsy- specific medical history; safety analysis set

Randomized participants (n) 82 81

Mean time since diagnosis, years (SD) 18 (13) 16 (11)

Seizure type, n (%)

Tonic– clonic 82 (100) 81 (100)

Myoclonic 33 (40) 32 (40)

Absence 41 (50) 42 (52)

Clonic 1 (1) 0 (0)

Tonic 2 (2) 0 (0)

Atonic 1 (1) 0 (0)

No. of background ASMs at baseline, n (%)

1 29 (35) 26 (32)

2 36 (44) 39 (48)

3 16 (20) 16 (20)

4 1 (1) 0 (0)

Pre- randomization PGTC Seizure Frequency per 
28 days, median (range)

2.5 (1.0– 11.7) 2.6 (1.4– 18.5)

PGTC Seizure count after Titration + 
Maintenance T- PSC, median (range, max)

5 (3– 13, 170) 5 (2– 10; 78)

Abbreviations: %, percent; n, sample size; PGTC, primary generalized tonic– clonic; SD, standard 
deviation; T- PSC, time to pre- randomization seizure count; y, years.

T A B L E  1  Baseline demographics, 
inclusion, and epilepsy- specific medical 
history
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F I G U R E  1  Kaplan– Meier time to end point curves with censoring starting with titration or maintenance for the time to first, second, or 
exceeding pre- randomization monthly seizure count (PSC). + represents a censored observation. Abbreviation: PGTC, primary generalized 
tonic– clonic
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seizure p = .0076, second seizure p = .003; Figure 1). The 
median (95% CI) time from the start of the maintenance 
period to the first and second PGTC was 10 days (7– 19) 
and 22.5 days (14– 31) for placebo and 21 days (12– 64) and 
64 days (34 to more than 101) for perampanel, respectively 
(first seizure p = .0008, second seizure p = .0001; Figure 1).

The median (95% CI) time from the start of the 
maintenance period to exceed the pre- randomization 
seizure count (T- PSC) was 56 days (35– 70) for placebo 
and >101 days (74 to >101) for perampanel (Figure  1, 
p = .0006). A similar proportion of participants receiving 
perampanel and placebo discontinued the study before T- 
PSC or completing the study (placebo 5.1%, perampanel 
10.1%, Fisher's exact p = .37).

3.2 | Correspondence with primary 
efficacy outcomes

When calculated traditionally, the MPC from the start 
of treatment was 38% vs 76% for placebo vs perampanel, 
respectively (median difference 31%, 95% CI 15%– 46%, 
p < .0001); and the 50RR during the maintenance period 
was 40% vs 64% for placebo vs perampanel, respectively 
(odds ratio [OR] = 2.7, 95% CI 1.4– 5.1, p < .0001). The MPC 

and 50RR when calculated the first, second, and PSCth 
PGTC seizure, and at the end of the trial are illustrated 
in Figure  2. The degree of correspondence between the 
MPC and 50RR at each time to event compared to the 
traditional trial is illustrated in Figure  3. These values 
are summarized below and specific results by treatment 
group are listed in Tables S2– S4.

3.2.1 | Primary efficacy outcomes calculated 
at PSC

When calculated from the start of the titration period to 
T- PSC or the end of the trial, whichever occurred first, the 
MPC was 20% vs 76% for placebo vs perampanel, respec-
tively (median difference 42%, 95% CI 19%– 64%, p < .0001). 
The Spearman's rho between MPC at T- PSC and the end 
of the trial was 94% (95% CI 92%– 96%).

When calculated from the start of the maintenance 
period to T- PSC or the end of the trial, whichever oc-
curred first, the 50RR was 36% vs 66% for placebo vs 
perampanel, respectively (OR  =  3.3, 95% CI 1.7– 6.3, 
p  =  .0002). Based on seizures that occurred after T- 
PSC, 5% (4/74) of participants who were 50RR respond-
ers became nonresponders (false positives). Based on 

F I G U R E  2  Primary efficacy 
outcomes calculated at each of the time- 
to- event end points. Median percent 
reduction in seizure frequency (MPC) 
was calculated during titration and 
maintenance; 50% responder rate (50RR) 
was calculated during maintenance only. 
For MPC and 50RR during both treatment 
periods, see Figure S1. Error bars reflect 
95% confidence intervals. Abbreviations: 
PBO, placebo; PER, perampanel; PGTC 
Sz, primary generalized tonic– clonic 
seizure
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observation after T- PSC, 8% (7/83) who had <50% sei-
zure frequency reduction at T- PSC eventually had at 
least 50% seizure frequency reduction at the end of the 
trial (false negatives). This corresponded to a Cohen's 
kappa of 86% between 50RR at T- PSC vs the end of the 
trial (95% CI 78%– 94%).

3.2.2 | Primary efficacy outcomes calculated 
at second PGTC seizure

When calculated from the start of titration to the time to 
2nd (T-2nd) PGTC seizure or the end of the trial, which-
ever occurred first, the MPC was 4% vs 64% for placebo vs 
perampanel, respectively (median difference 43%, 95% CI 
21%– 72%, p < .0001). The Spearman's rho between MPC at 
T- 2nd PGTC seizure and the end of the trial was 87% (95% 
CI 82%– 90%).

When calculated from the start of maintenance to 
T- 2nd PGTC seizure or the end of the trial, whichever 
occurred first, the 50RR was 28% vs 58% for placebo vs 
perampanel, respectively (OR  =  3.2, 95% CI 1.6– 6.2, 
p = .0002). Based on seizures that occurred after T- PSC, 7% 
(5/74) who were 50RR responders became nonresponders 
(false positives). Based on observation after T- 2nd PGTC 
seizure, 24% (20/83) of participants who had <50% seizure 

frequency reduction at T- PSC eventually had at least 50% 
seizure frequency reduction at the end of the trial (false 
negatives). This corresponded to a Cohen's kappa of 68% 
between 50RR at T- 2nd PGTC seizure vs the end of the 
trial (95% CI 57%– 80%).

3.2.3 | Primary efficacy outcomes calculated 
at first PGTC seizure

When calculated from the start of titration to the time to 
1st (T- 1st) PGTC seizure or the end of the trial, which-
ever occurred first, the MPC was 7% vs 44% for placebo vs 
perampanel, respectively (median difference 37%, 95% CI 
5%– 64%, p < .0001). The Spearman's rho between MPC at 
T- 1st PGTC seizure and the end of the trial was 77% (95% 
CI 70%– 83%).

When calculated from the start of maintenance to T- 1st 
PGTC seizure or the end of the trial, whichever occurred 
first, the 50RR was 31% vs 57% for placebo vs perampanel, 
respectively (OR = 2.9, 95% CI 1.5– 5.5, p =  .0009). Based 
on seizures that occurred after T- PSC, 11% (8/74) partici-
pants who were 50RR responders became nonresponders 
on placebo and perampanel, respectively (false positives). 
Based on observation after T- 1st PGTC seizure, 27% (22/83) 
of participants who had <50% seizure frequency reduction 

F I G U R E  3  Individual level 
correspondence of 50% responder rate 
(50RR) using Cohen's kappa and median 
percent reduction in seizure frequency 
(MPC) using Spearman's rho when 
calculated at each of the time- to- event end 
points compared to the full- length trial. 
Analogous to Figure S2. Abbreviations: 
PBO, placebo; PER, perampanel; PGTC 
Sz, primary generalized tonic– clonic 
seizure
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at T- PSC eventually had at least 50% seizure frequency re-
duction at the end of the trial (false negatives). This corre-
sponded to a Cohen's kappa of 62% between 50RR at T- 1st 
PGTC seizure vs the end of the trial (95% CI 50%– 74%).

4  |  DISCUSSION

The time to exceed the pre- randomization seizure count 
(or T- PSC) may be a reasonable trial design that short-
ens trial durations and reduces participants' total seizure 
burden while having minimal to no impact on the statis-
tical conclusions regarding treatment effectiveness. This 
builds upon prior clinical trial data supporting this ap-
proach from perampanel for focal epilepsy,8 fenfluramine 
for Dravet syndrome,15 lacosamide for pediatric epilepsy 
and PGTC seizures,14,16 and levetiracetam for pediatric 
epilepsy.14 In addition, simulations of clinical trial data 
suggest that the T- PSC end point has statistical power 
similar to that of the primary efficacy outcome of median 
percent seizure frequency reduction (or MPC) and higher 
statistical power than the primary efficacy outcome of 
50% responder rate (or 50RR).11 Therefore, T- PSC may be 
a reasonable pre- specified primary effectiveness end point 
for future clinical trials of epilepsy.

We performed multiple analyses to characterize the 
relative benefit and costs of T- PSC compared to other po-
tential exploratory end points. The 50% responder rate 
and MPC was underestimated at the first or second PGTC 
seizure, whereas response to perampanel was consistent 
between T- PSC and the full- length trial. This suggests that 
the time to first or second PGTC seizure may be suscepti-
ble to delayed onset of efficacy, seizure clusters, natural 
variability in seizure frequency, and transient factors re-
lated to the early stages of treatment. Similarly, placebo 
response also tended to be lower at the first or second 
PGTC seizure compared to T- PSC and the full- length trial, 
indicating that the placebo effect may not be uniform 
across the whole study. Although the efficacy end points 
at time to first or second PGTC seizure were statistically 
significant, the efficacy when calculated at T- PSC was 
more precise, robust, and sustained. This increased simi-
larity in outcomes between T- PSC and the full- length trial 
may be due to encouraging at least 1 month of monitor-
ing on treatment for at least 70% of participants. Because 
PSC represents the number of seizures the participant had 
per month during the baseline, participants would only 
reach T- PSC before 1 month if their seizure frequency had 
worsened. This duration of observation allows for poten-
tial multi- day cycles in seizure frequency, which can have 
cycle lengths of around 1 month.18– 22

To further compare T- PSC to the traditional primary 
efficacy outcomes, we calculated the correspondence 

between MPC in PGTC seizure frequency and 50% re-
sponder rate calculated at either T- PSC or the end of the 
maintenance period. Both the effect size and conclusions 
of these analyses matched when calculated at this early 
time point. On the individual participant level after T- 
PSC, a relatively small fraction of participants changed 
from a >50% response to a <50% response, or vice vera. 
On a more granular level, the participant ranks of percent 
reduction in PGTC seizure frequency reduction when cal-
culated at T- PSC was >90% correlated with the full- length 
trial. Therefore, there was strong correspondence between 
the results of the trial with observation truncated at T- PSC 
as compared to the full maintenance period.

In contrast, there was substantially less correspon-
dence between MPC in PGTC seizure frequency and 50% 
responder rate when calculated after first or second PGTC. 
Therefore, although the population- level statistics show-
ing efficacy of perampanel to placebo were significant at 
these time points, individual- level response to treatment 
was not as stable at these very early time points.

The benefit of T- PSC over the full- length trial and the 
time to first or second seizure were observed irrespective 
of whether seizure counting started with the start of ti-
tration or after the participant reached their maintenance 
dose. Starting seizure counting with the first titration dose 
shortens overall trial duration and thereby further reduces 
exposure to ineffective treatment. However, there are the-
oretical concerns about starting seizure counting during 
titration due to delayed onset of efficacy because of insuf-
ficient serum levels, especially when, for participants on 
placebo, a median of 65% of days before PSC were during 
titration. Even after titration, it may take 17– 21 additional 
days to achieve steady state because of the 105- hour half- 
life of perampanel. This may explain why time to first or 
second seizure underestimated the efficacy of perampanel, 
especially for time to first seizure during titration and 
maintenance. Therefore, although starting seizure count-
ing for T- PSC with the first treatment dose was effective 
statistically, there are both practical and theoretical bene-
fits of starting to count with the first maintenance dose.

In addition to shortened trial duration, the T- PSC trial 
design reduced participant risk by reducing the number of 
seizures needed to establish efficacy of treatment. Although 
the risk of death or disability from each individual seizure 
may be low, participants in the placebo arm of trials for ep-
ilepsy have been shown to have a 6.1- fold increased risk for 
sudden unexpected death in epilepsy (SUDEP).1 Truncating 
participation at T- PSC would allow for a reduced exposure 
to placebo or ineffective treatment, thus potentially avoid-
ing the median of 5 seizures (maximum 170 seizures) that 
were observed after T- PSC, which did not change the sta-
tistical efficacy conclusion of the trial. Although each indi-
vidual seizure is unlikely to be fatal, one of the predictors 
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of SUDEP includes generalized tonic– clonic seizures, for 
which more seizures conferred more risk2,3; therefore, it is 
critical to minimize exposure to further seizures so partic-
ipants can explore other potentially effective treatments. 
Our results suggest that a T- PSC design could accomplish 
this goal and permit participants to pursue other treat-
ments for their seizures, including but not limited to open- 
label extension of perampanel.

These results indicate that T- PSC may have been an ap-
propriate primary end point for this trial; however, there 
remain some limitations in this approach that may warrant 
further study. To make a timely decision to end or mod-
ify treatment at or after T- PSC, participants would need 
to either contact study staff at that point or provide daily 
updates on electronic seizure diary that was accessible to 
study staff in real time. With the wide availability of smart 
phone– based seizure diary applications, we do not expect 
timely reporting of seizure diaries to be a significant bar-
rier to time- to- event design trials. However, this early time- 
to- event end point resulted in reduction of the duration of 
observation for adverse effects on placebo, which can be 
valuable statistically when compared to the rate of similar 
adverse effects on perampanel.23 This would place more em-
phasis on open- label extension studies to evaluate adverse 
effects without a placebo group, as occurred with ceno-
bamate.24 However, this is mostly an issue for idiosyncratic 
adverse effects, since dose- related adverse effects could be 
assessed over a 1- month duration.23 Furthermore, it is un-
clear whether the risk– benefit ratio of continued placebo- 
controlled observation for adverse effects for participants 
who did not appear to respond to placebo before T- PSC, and 
therefore were unlikely to respond at the end of the trial, 
can be justified (50RR false- negative rate 8% during mainte-
nance). After first or second PGTC seizure, the 50RR false- 
negative rate was higher (27% for first and 24% for second); 
therefore, monitoring until PSC likely is warranted. This 
may reflect the increasing evidence that seizure frequency 
may have individually variable multi- day cycles that may be 
longer than the time to first or second seizure, but usually 
are shorter than T- PSC.18,22 In addition, seizure clusters or 
status epilepticus early in treatment may not be an accurate 
representation of an individual's long- term seizure response 
and would skew the results of time to first or second seizure. 
Further analysis of this and other trials would be needed 
to evaluate the potential impact of these natural sources of 
variability in seizure frequency.5,25

5  |  CONCLUSION

The exploratory end point of T- PSC is an effective way to 
evaluate the efficacy of treatments for epilepsy in future 
trials, while also reducing participant risk and trial cost. In 

this analysis, we demonstrated similar conclusions of the 
trial when using this exploratory end point as compared 
to the primary efficacy outcomes. In addition, we demon-
strated a high degree of correspondence in the primary 
efficacy outcomes when calculated at T- PSC. Based on 
similar statistical results, this exploratory end point may 
reduce participant risk by reducing the total number of 
seizures experienced in the trial and shortening duration 
of placebo exposure, as well as reducing the cost of trial 
conduct by shortened post- randomization observation.11
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