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Abstract

Objective: Generalized tonic-clonic (GTC) seizures are the most common type of gen-
eralized seizure and more common in children than adults. This phase 3 study evalu-
ated the efficacy and safety of pregabalin for GTC seizures in adults and children with
epilepsy.

Methods: This randomized, double-blind, multicenter study evaluated pregabalin
(5 mg/kg/day or 10 mg/kg/day) vs placebo as adjunctive therapy for 10 weeks (fol-
lowing a 2-week dose escalation), in pediatric and adult patients (aged 5-65 years)
with GTC seizures. Primary endpoint was change in log-transformed 28-day seizure
rate during active treatment. Secondary endpoints included responder rates, defined
as proportion of patients with >50% reduction in 28-day GTC seizure rate from base-
line. Safety was monitored throughout.

Results: Of 219 patients, 75, 72, and 72 were randomized to adjunctive pregabalin
5 mg/kg/day, 10 mg/kg/day, and placebo, respectively. Fifteen, 11, and 6 patients
discontinued from the 5 mg/kg/day, 10 mg/kg/day, and placebo arms, respectively,
most commonly due to adverse events (AEs; 10.7%, 6.9%, and 5.6%, respectively).
A nonsignificant change in log-transformed mean 28-day seizure rate was seen with
pregabalin 10 mg/kg/day vs placebo (least-squares [LS] mean difference —0.01 [95%
confidence interval (CI) —0.19 to 0.16]; P = .8889) and with pregabalin 5 mg/kg/
day vs placebo (LS mean difference 0.02 [CI —0.15 to 0.19]; P = .8121). Similar
observations were noted for adults and children. No significant differences were seen
for secondary endpoints with pregabalin vs placebo, including responder rate. The
most common AEs (>10%) were dizziness, headache, and somnolence. Most were
of mild/moderate intensity. Seven patients had serious AEs, with one death in the

placebo arm (sudden unexpected death in epilepsy).

ClinicalTrials.gov identifier: NCT01747915.

*At time of study conduct.
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1 | INTRODUCTION
Epilepsy is a collective term for different seizure types that
may have a differential response to treatment strategies.
With approximately 50 million people estimated world-
wide to have epilepsy in 2019," epilepsy is one of the most
common neurological diseases. The global incidence rate
of epilepsy in 2017 was estimated to be 61.44 per 100 000
person-years,” although the incidence has two peaks: re-
portedly higher in the first year of life and in those aged
>85 years.3 Primary generalized tonic-clonic (PGTC) sei-
zures, formerly “grand mal” seizures, are the most common
type of generalized seizure,* occurring in approximately
20% of patients, and more common in children than adults.*
While PGTC was the terminology in use when the present
study initiated (according to International League Against
Epilepsy [ILAE] 2010 criteria)®, the shorter “general-
ized tonic-clonic (GTC) seizures” are used to categorize
these seizures following the updated ILEA terminology in
2017.° For consistency with updated terminology, we use
this throughout rather than PGTC. Childhood epilepsy in
particular is defined by a wide spectrum of clinical mani-
festations,” and diagnosis is challenging and carries high
risk for misdiagnosis.g’g The impact of childhood epilepsy
pediatric patients and their families is considerable, high-
lighting the need for ongoing research into management
strategies.8

First- and subsequent-generation antiepileptic drugs
(AEDs) are available for the management of different types
of seizures in patients with epilepsy,7’10'12 and guidelines
provide recommendations for treatment selection, with
criteria for selection of newer second- or third-generation
AEDs, which may have superior safety profiles compared
to first-generation AEDs, 01314 Despite available AEDs,
approximately one-third of patients have inadequate sei-
zure control, and evidence suggests rates of control in
newly diagnosed epilepsy have not improved over the past
30 years.ls’l(’ The majority of patients who attain seizure
control across epilepsy subtypes do so with the first or sec-
ond AED.'®

Pregabalin is an alpha-2-delta ligand, approved in certain
countries as adjunctive therapy for partial-onset seizures in
adults and pediatric patients from 1 month or older."” Efficacy
data have demonstrated that pregabalin reduces seizure

Significance: Adjunctive pregabalin treatment did not change GTC seizure rate in
adults or children. The safety profile of pregabalin was similar to that known; treat-
ment was well tolerated with few discontinuations due to AEs.

antiepileptic drug, epilepsy, generalized tonic-clonic seizures, pregabalin

Key Point

e Generalized tonic-clonic (GTC) seizures are the
most common type of generalized seizure and
more common in children than adults.

e This study evaluated pregabalin (5 mg/kg/day or
10 mg/kg/day) vs placebo as adjunctive therapy in
pediatric and adult patients with GTC seizures.

e No significant change in 28-day seizure rate was
seen with either dose of pregabalin vs placebo.

e Most AEs were mild or moderate; the most
common AEs were dizziness, headache, and
somnolence.

frequency in patients with focal-onset seizures (FOS)'82

(according to ILAE 2017 terminology, FOS will be used
throughout4). For example, a >50% reduction in seizure fre-
quency was observed in 43%—-51% of adults receiving prega-
balin 600 mg/d21y20'22’24 and 41% of pediatric patients (aged
4-16 years) receiving pregabalin 10 mg/kg/day. 18 The efficacy
of pregabalin has not been assessed as adjunctive therapy in
patients with GTC seizures. This study sought to evaluate the
efficacy and safety of pregabalin for the management of GTC
seizures in adult and pediatric patients with epilepsy. The
study was carried out as part of a postmarketing commitment
to the US Food and Drug Administration (FDA).

2 | METHODS

2.1 | Study design

This randomized, double-blind, placebo-controlled, paral-
lel group, phase 3 study of pregabalin was approved and
conducted in 21 countries (Austria, Belarus, Bosnia and
Herzegovina, Bulgaria, China, France, Greece, Hungary,
India, Malaysia, Montenegro, Poland, Romania, Russian
Federation, Serbia, Slovakia, South Korea, Turkey, Ukraine,
UK, and United States). A full list of participating centers
and investigators is given in Table S1. The first patient first
visit was on April 3, 2013, and last patient last visit February
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20, 2019. The study is registered under the ClinicalTrials.gov
identifier: NCT01747915.

The study had four phases: an 8-week baseline phase, 12-
week double-blind assessment phase, comprising a 2-week
double-blind dose escalation and 10-week fixed-dose phases,
and 1-week double-blind taper phase (Figure S1). Data from
the taper phase were not used in the efficacy analysis. Ten
clinic visits took place over the study period.

2.2 | Patient populations

Eligible patients were 5-65 years, with a diagnosis of epi-
lepsy with PGTC seizures according to ILAE 2010 guide-
lines® (termed GTC throughout in line with 2017 update
of ILEA terminologyﬁ). Randomization was stratified by
site and age-group (5-7 years, 8-11 years, 12-16 years, 17-
65 years), with an aim to enroll ~30% in pediatric groups
(5-17 years). Every reasonable effort was made to enroll >12
subject per age-group. Prior to randomization, a sponsored,
appointed, independent central reviewer (The Epilepsy
Consortium, New York, NY, USA) confirmed each patient
met diagnostic eligibility and had a diagnosis of idiopathic
generalized epilepsy. Eligible patients had >1 GTC seizure
in the 8 weeks prior to screening, >3 GTC seizures during
8-week baseline phase, and >1 GTC seizure in each 4-week
period of the baseline phase. Eligible patients also received
adequate and stable doses of 1-3 AEDs, and were stabilized
within 28 days of screening. Patients (or their guardians) re-
ceived instructions on how to maintain a diary to record sei-
zures (including seizure type). Study investigators reviewed
diaries with patients or their guardians to help ensure correct
recording and understanding of classification of seizures.

Patients with a current diagnosis of febrile seizures or sei-
zures related to an ongoing medical illness were excluded.
Patients with FOS, status epilepticus (within 1 year of screen-
ing), Lennox-Gastaut syndrome, infantile spasms, benign
epilepsy with centrotemporal spikes, Dravet syndrome, or
seizures related to drugs, alcohol, or acute medical illness
were not eligible.

The study was conducted in accordance with the
Declaration of Helsinki. The final protocol, including any
amendments, and informed consent documentation were re-
viewed and approved by the Institutional Review Board(s)
and/or Independent Ethics Committee(s) at each participating
study center. Informed consent was obtained from patients or
their guardians prior to entering the study.

2.3 | Treatment schedule

During the baseline phase, patients maintained their cur-
rent AED regimen. Following screening and eligibility
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assessment, patients were randomized using a telerandomi-
zation system to receive (1:1:1 ratio) pregabalin (5 mg/kg/
day [maximum 300 mg/day], pregabalin 10 mg/kg/day
[maximum 600 mg/day]), or placebo for 12 weeks. For pedi-
atric patients weighing <30 kg, daily dose of pregabalin (ad-
ministered in liquid form) was increased by 40%, from 5 to
7 mg/kg/day or 10 to 14 mg/kg/day, depending on assigned
arm, to ensure they achieved similar pregabalin exposure to
adults, according to the prescribing label.?® Dose selection
was based on US and EU recommendations for pregabalin
in FOS patie:nts.]7’27 Pregabalin or placebo treatments were
administered orally, twice-daily (BID) in capsule or liquid
formulation, with capsules preferred for patients who could
ingest them.

2.4 | Efficacy and safety endpoints

The primary endpoint was log-transformed (log,) 28-day
GTC seizure rate during the 12-week double-blind assess-
ment phase and did not include seizure data recorded during
the taper phase. The 28-day GTC seizure rate was calculated
as:

28 - day seizure rate =

# of seizures in the double - blind assessment phase of study %28

[# of days in period — # of missing diary days in period]

When log-transformation was used, “1”” was added to the
28-day seizure rate to account for any “0” seizure incidence,
giving: log, seizure rate = (28-day seizure rate +1).

Secondary efficacy endpoint was responder rate, de-
fined as patients achieving >50% reduction in 28-day
seizure rate during the 12-week double-blind assessment
phase, as measured from baseline (data collected during
8-week baseline phase). Patients not achieving a 50% re-
duction were defined as nonresponders. Exploratory end-
points included (a) proportion of seizure-free days, overall
and for each seizure type (GTC seizures, myoclonic, tonic/
atonic, absence, clonic seizures), defined as (# seizure-
free days in a given period)/(# days in a period — # missing
seizure diary days); (b) adjusted number of seizure-free
days gained per 12-weeks, defined as (# seizure-free days
in given period x 84)/(# days in the period — # missing
days in period); and (c) proportion of GTC seizure free-
dom over double-blind assessment phase (patients re-
ceived >84 days of fixed-dose treatment).

Safety was monitored by recording treatment-emergent ad-
verse events (AEs). Mandatory, predetermined seizure exit cri-
teria were episode of status epilepticus during assessment phase
and 28-day GTC seizure rate during assessment phase that was
greater than twice the maximum seizure rate during the base-
line phase; potential seizure exit criteria were episode of a newly
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emergent seizure type or an increase in GTC or other generalized
seizure activity deemed significant by the investigator. Suicidal
ideation was captured and behavior assessments recorded, as re-
quired, using the Mini-International Neuropsychiatric Interview
for Children and Adolescents (MINI-KID), the eight-item
Patient Health Questionnaire depression scale (PHQ-8), and the
Columbia-Suicide Severity Rating Scale (C-SSRS) question-
naires at screening and C-SSRS throughout the study. Mental
health risk assessments were carried out if any patient met nec-
essary criteria based on these questionnaires. Body weight, clin-
ical laboratory data, physical and neurological examinations,
and electrocardiograms were also captured.

2.5 | Statistical analysis

A total of 168 patients were planned to be enrolled to provide
>80% power to detect a significant difference in the primary
endpoint (log, 28-day seizure rate) between pregabalin 10 mg/
kg/day and placebo, and pregabalin 5 mg/kg/day and placebo
(with pregabalin dose adjusted by weight, as required), as-
suming a difference in log, 28-day seizure rate between pre-
gabalin 600 mg and placebo of —0.534 (translating to percent
difference of —41.4%) and a difference between pregabalin
300 mg and placebo of —0.358 (translating to percent differ-
ence of —30.1%), with a common standard deviation of 0.67
(translating to percent scale of common standard deviation of
95.4). Expected difference was 80% of the observed differ-
ence between specified pregabalin dose minus placebo based
on a meta-analysis of three previous studies (Study 1008-
009°%, 1008-011°", 1008-034>*; data on file).

Efficacy analyses were performed on the intent-to-treat
population, comprising all randomized patients who took
>1 dose of pregabalin or placebo during the assessment
phase, had a baseline value, and >1 postbaseline efficacy
assessment (seizure diary entry). The safety set included
all randomized patients who took >1 dose of pregabalin or
placebo. AEs are reported using descriptive statistics (eg,
counts and percentages). The primary efficacy analysis was
performed on log, 28-day GTC seizure rate (28-day seizure
rate +1), using a linear model with ordinary least-squares
(LS), with treatment, age stratum, and geographic region as
fixed factors and log, (baseline seizure rate +1) as continu-
ous covariate. A sequential stepwise testing procedure was
used to control for multiplicity such that the experiment-
wise type I error rate would not exceed 5% level. Step 1
tested the null hypothesis of equal treatment group means
(W of pregabalin (PGB) 10 mg/kg/day vs placebo (PBO) at
o = 0.05 two-sided for the primary endpoint (HO1: uPGB
10 — uPBO = 0; Hal: yPGB 10 — uPBO # 0). Step 2 was
tested only when HO1 was rejected. Step 2 tested the null
hypothesis of equal treatment group means (u) of pregab-
alin 5 mg/kg/day vs placebo at « = 0.05 two-sided for the

primary endpoint (HO2: uyPGB 5 — uPBO = 0; Ha2: uPGB
5 — uPBO # 0). Missing values for seizures were handled
by subtracting the number of missing diary days from the
denominator of 28-day seizure rate equation. Each dose of
pregabalin and placebo was compared in a pairwise manner
using a sequential stepwise testing procedure. Two-sided
95% confidence intervals (CIs) of the difference between
LS means were calculated using the appropriate LS means
and their standard errors.

Results were also reported as percentage reduction in
seizures relative to placebo. Percentage reduction was calcu-
lated by backwards transformation of seizure log (exponen-
tiation of log seizure rate) by 100%*(exp(X)-1), where X is
the difference in LS mean of seizure rate in log scale between
each dose of pregabalin and placebo.

Responder rates were analyzed using a logistic regres-
sion model with fixed covariate terms for treatment group,
weight, and geographic region. Comparisons were performed
for each pregabalin dose vs placebo using maximum likeli-
hood tests and 95% Cls. Each dose of pregabalin and placebo
was compared using a sequential stepwise testing procedure.
Treatment group comparisons were summarized with odds
ratios of achieving responder status.

3 | RESULTS

3.1 | Patient demographics and disposition

A total of 219 patients were randomized to prega-
balin 5 mg/kg/day (n = 75) or pregabalin 10 mg/kg/
day (n = 72), or placebo (n = 72). As noted, this was
a postmarketing safety commitment to the FDA with a
requirement to enroll >12 patients in each age-group.
Enrollment of adults outpaced pediatric patients, leading
to overenrollment. Overall, 153 adult and 66 pediatric
patients were enrolled; thus, the stipulation for enroll-
ing ~30% across pediatric age-groups was met. Most
frequent reasons for discontinuation were treatment-
emergent AEs (n = 14 [6.4%]) and no longer willing to
participate (n = 9 [4.1%]; Figure 1). Discontinuation due
to prespecified seizure exit criteria was recorded as AE
or as other. Eight (3.7%) patients met >1 predetermined
seizure exit criteria: 1 (1.3%) on pregabalin 5 mg/kg/
day and 3 (4.2%) on placebo had 28-day GTC seizure
rate during the double-blind assessment phase that was
greater than twice the baseline rate; 1 patient (1.3%) on
pregabalin 5 mg/kg/day had an episode of status epilep-
ticus; 3 patients (4.0%) on pregabalin 5 mg/kg/day (in-
cluding 1 with increasing numbers of absence seizures
as adjudicated by the investigator), 1 patient (1.3%) on
pregabalin 10 mg/kg/day, and 1 (1.3%) on placebo had
clinically significant increases in seizure frequency or
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Randomized (N = 219) |
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Pregabalin (5 mg/kg/day)
(N =75)

v

Pregabalin (10 mg/kg/day)

(N=72)

Discontinued (n = 15):
AE-related (n = 8)

No longer willing to
—p| participate (n = 4)

Lost to follow-up (n =1)
Protocol violation (n = 1)
Other (n=1)

A 4

v

Placebo®
(N=72)

Discontinued (n = 11):
AE-related (n =5)

No longer willing to
—pp| participate (n =4)
Insufficient clinical
response (n = 1)
Other (n=1)

A 4

385

AE-related (n = 2)°
No longer willing to
| participate (n=1)
Subject died (n =1)
Pregnancy (n =1)
Other (n=1)

Discontinued (n = 6):

A 4

Completed the study
(n=60) [80.0%])
Analyzed:
Efficacy (n = 75 [100%])
Safety (n = 75 [100%])

Completed the study
(n=61) [84.7%])
Analyzed:
Efficacy (n = 72 [100%])
Safety (n =72 [100%])

Completed the study
(n=66)[91.7%])
Analyzed:
Efficacy (n = 72 [100%])
Safety (n = 72 [100%])

FIGURE 1

Flow of patients through the study. *Patients continued their AED regimen. °AE-related withdrawals were all considered related to

the study drug, with the exception of one patient in the placebo arm (where the AE was considered not to be study drug-related). AE, adverse event

and AED, antiepileptic drug

intensity. While 2 patients discontinued treatment due
to an increase in frequency of myoclonic seizures (1 in
each pregabalin 5 mg/kg/day and 10 mg/kg/day groups,
respectively), these patients did not meet predetermined
seizure exit criteria.

All patients were taking 1-3 AEDs, with 42.0%, 45.2%,
and 12.8% taking 1, 2, and 3 AEDs, respectively (Table 1).
The most frequent AEDs taken prior to the study, and con-
comitantly during the study, were levetiracetam, valproic
acid/valproate sodium, and lamotrigine. Valproic acid was
the most common AED taken prior to the study and concom-
itantly by patients 5-16 years (40.9%) and levetiracetam for
patients aged 17-65 years (35.3%).

Mean duration since GTC onset was 14.8 years (range:
0.1-57.8 years). In total, 42.5% of patients had a history of
generalized absence seizures and 24.7% a history of gener-
alized myoclonic seizures (Table 1). In line with exclusion
criteria, no subjects had a history of generalized clonic,
tonic, atonic, or tonic/atonic seizures, or history of partial-
onset seizures, status epilepticus, or unclassified epileptic
seizures. Treatment compliance was high (>98.2%) in each
treatment arm, overall and regardless of age-group. Mean
dose during the fixed-dose phase with pregabalin 5 mg/
kg/day group was 256 mg/day (204 mg/day for pediatric
patients; 286 mg/day for adults). In 10 mg/kg/day group,
mean dose was 535 mg/day (453 mg/day for pediatric pa-
tients; 575 mg/day in adults).

3.2 | Change in log, 28-day seizure rate
(primary efficacy analysis)

The baseline mean log, 28-day seizure rate was similar
across treatment groups (Figure 2). A nonsignificant reduc-
tion in mean log, 28-day seizure rate was seen with pregaba-
lin 10 mg/kg/day vs placebo (LS mean difference —0.01 [95%
CI-0.19 to 0.16]; P =.8889). Since the pregabalin 10 mg/kg/
day group did not reach significance, the primary endpoint
analysis for pregabalin 5 mg/kg/day group vs placebo was
nonsignificant per the prespecified sequential stepwise test-
ing procedure (LS mean difference 0.02 [95% CI -0.15 to
0.19]; P =.8121). There was no significant difference when
treatment by age-group interaction was assessed (P =.5340),
suggesting that log, 28-day GTC seizure rate was homoge-
nous across age-groups (5-16 years old and 17-65 years old).
Results from the sensitivity analyses were consistent with
the outcomes of the primary endpoint analyses. In addition,
there was no significant difference in the percentage reduc-
tion vs placebo in 28-day seizure rate with either pregabalin
10 mg/kg/day (—1.8%) or pregabalin 5 mg/kg/day (3.1%).

3.3 | Change in mean 28-day seizure rate

Mean 28-day seizure rates at baseline were 6.1, 3.3, and 3.6 in
pregabalin 5 mg/kg/day, pregabalin 10 mg/kg/day, and placebo
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TABLE 1 Baseline characteristics, overall and by age category (safety set)
Pregabalin 5 mg/kg/ Pregabalin 10 mg/kg/
day day Placebo Total
All patients n=75 n=72 n=72 N =219
Age, years (mean + SD)* 240+133 254 +12.7 262+ 13.2 252+13.1
5-7, mean (%) 6 (8.0) 5(6.9) 6 (8.3) 17 (7.8)
8-11, mean (%) 709.3) 70.7) 5(6.9) 19 (8.7)
12-16, mean (%) 13 (17.3) 10 (13.9) 7(9.7) 30 (13.7)
17-65, mean (%) 49 (65.3) 50 (69.4) 54 (75.0) 153 (69.9)
Male (n, %) 33 (44.0) 33 (45.8) 32 (44.4) 98 (44.7)
Weight, kg (mean + SD) 63.3+253 63.7+20.3 63.3 +21.8 63.5+225
Height, cm (mean + SD) 161.2 +20.1 162.5 + 16.7 162.0 + 19.1 161.9 + 18.6
Mean duration since GTC onset, years 14.6 (0.6-57.8) 13.8 (0.1-44.6) 15.9 (0.5-54.9) 14.8
(range) (0.1-57.8)
History of generalized absence 36.0 50.0 41.7 42.5
seizures®, %
History of generalized myoclonic 70.7 73.6 81.9 75.3
seizures®, %
Number of concomitant AEDs, n (%)
1 30 (40.0) 32 (44.4) 30 (41.7) 92 (42.0)
2 33 (44.0) 32 (44.4) 34 (47.2) 99 (45.2)
3 12 (16.0) 8 (11.1) 8 (11.1) 28 (12.8)
Type of AEDs, n (%)
Levetiracetam 24 (32.0) 24 (33.3) 24 (33.3) 72 (32.9)
Valproic acid 18 (24.0) 17 (23.6) 21(29.2) 56 (25.6)
Lamotrigine 15 (20.0) 18 (25.0) 16 (22.2) 49 (22.4)
Topiramate 13 (17.3) 10 (13.9) 10 (13.9) 33 (15.1)
Aged 5-16 years” n=26 n=22 n=18 N = 66
Age, years (mean =+ SD) 103 +34 109 +34 9.8 +£3.5 104 +34
Male (n, %) 12 (46.2) 14 (63.6) 9 (50.0) 35 (53.0)
Race, n (%)
White 22 (84.6) 20 (90.9) 17 (94.4) 59 (89.4)
Asian 4(15.4) 209.1) 1(5.6) 7 (10.6)
Weight, kg (mean = SD) 40.6 + 20.1 44.8 +20.9 325+ 113 39.8 £18.8
Height, cm (mean + SD) 143.8 +20.1 1472 + 16.7 1374 +19.1 1432+ 18.6
Number of concomitant AEDs, n (%)
1 13 (50.0) 9 (40.9) 11 (61.1) 33 (50.0)
2 8 (30.8) 12 (54.5) 6 (33.3) 26 (39.4)
3 5(19.2) 1(4.5) 1(5.6) 7 (10.6)
Type of AEDs, n (%)
Levetiracetam 8 (30.8) 7(31.8) 3(16.7) 18 (27.3)
Valproic Acid 10 (38.5) 8(36.4) 9(40.1) 27 (40.9)
Lamotrigine 6(23.1) 6(27.3) 4(22.2) 16 (24.2)
Topiramate 1(3.8) 0 1(5.6) 2 (3.0)
Aged 17-65 years” n =49
Age, years (mean + SD) 31.3+10.6 31.8+9.7 31.6 £ 10.4

(Continues)
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TABLE 1 (Continued)
Aged 17-65 years” n=49 n =50
Male (n, %) 21 (42.9) 19 (38.0)
Race, n (%)
White 45 (91.8) 44 (88.0)
Asian 4(8.2) 6 (12.0)
Other 0 0
Weight, kg (mean + SD) 75.4 +18.5 721 £13.4
Height, cm (mean + SD) 1705+ 11.2 169.2 + 9.1
Number of concomitant AEDs, n (%)
1 17 (34.7) 23 (46.0)
2 25 (51.0) 20 (40.0)
3 7 (14.3) 7 (14.0)
Type of AEDs, n (%)
Levetiracetam 16 (32.7) 17 (34.0)
Valproic acid 8 (16.3) 9 (18.0)
Lamotrigine 9(18.4) 12 (24.0)
Topiramate 12 (24.5) 10 (20.0)

n =54 N =153
23 (42.6) 63 (41.2)
48 (88.9) 137 (89.5)
5(9.3) 15(9.8)
1(1.9) 1(0.7)
73.6 +12.9 73.7 +15.0
170.2 + 9.3 170.0 + 9.8
19 (35.2) 59 (38.6)
28 (51.9) 73 (47.7)

7 (13.0) 21 (13.7)
21 (38.9) 54 (35.3)
12 (22.2) 29 (19.0)
12 (22.2) 33 (21.6)

9 (16.7) 31 (20.3)

Note: The safety set comprises all randomized patients who took at least one dose of the investigational product.

Abbreviations: AED, antiepileptic drug; GTC, primary generalized tonic-clonic; SD, standard deviation.

“No subjects had generalized clonic, tonic, atonic, or tonic/atonic seizures. Additionally, no subjects had a history of partial-onset seizures, status epilepticus, or

unclassified epileptic seizure.

bAge at randomization.

2.0 O Pregabalin 5 mg/kg/day
1.5

1.0

0.5

Log mean seizure rate

0.0 .

@® Pregabalin 10 mg/kg/day

4 Placebo

T
Baseline Month 1

T
Month 2

T
Month 3 Overall

FIGURE 2 28-day GTC seizure rate during the double-blind, multicenter study (ITT population; primary endpoint). The primary endpoint

was the log-transformed 28-day seizure rate for all GTC seizures collected during the double-blind assessment phase. The ITT population consisted

of all randomized patients who took >1 dose of investigational product during the 12-week double-blind assessment phase, had a baseline value,

and >1 postbaseline efficacy assessment (diary entry). GTC, generalized tonic-clonic and ITT, intent-to-treat

groups, respectively (Table S2). Median baseline 28-day sei-
zure rate was 2.5 for all three groups. Median change from
baseline was —1.01, —0.96, and —1.17, respectively. Change
from baseline was similar in children and adults (Table S2).

3.4 | Responder rates (secondary efficacy
analysis)

There were no notable differences between patients achiev-
ing >50% seizure reduction with either dose of pregabalin vs
placebo in the overall analysis or by age-group (Figure 3).

3.5 | Exploratory endpoints

No significant differences in the mean proportion or number
of seizure-free days (each type of seizure or for all seizures
combined) were observed between either pregabalin treat-
ment arm vs placebo (LS mean difference all seizure types
vs placebo: 0.01 [P =.757] and —0.01 [P =.652], for 5 mg/
kg/day and 10 mg/kg/day, respectively). Similarly, no sig-
nificant differences in GTC seizure freedom (7% [P =.871]
and 6% [P =.662], respectively) were observed between ei-
ther pregabalin arm vs placebo and no significant change in
number of seizure-free days gained (LS mean differences
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vs placebo 0.6 [P =.757] and —0.8 [P =.652] for all seizure
types, respectively).

3.6 | Safety and tolerability

At least half of each treatment arm experienced >1 AE
(53.5%, 56.9%, and 50.0% in the 5 mg/kg/day, 10 mg/kg/day,
and placebo groups, respectively) (Table 2). The majority of
AEs were mild or moderate in severity. The most frequently
reported AEs (>10% in any treatment group) were dizzi-
ness (17.3%) in 5 mg/kg/day group, dizziness (16.7%) and
headache and somnolence (15.3%) in 10 mg/kg/day group,
and headache (16.7%) with placebo (Table 2). No increase
in the number of patients experiencing myoclonic seizures
was observed in patients treated with pregabalin vs pla-
cebo: 29.3% and 27.8% patients in pregabalin 5 mg/kg/day
and 10 mg/kg/day groups, respectively, experienced myo-
clonic seizures during the double-blind treatment phase vs
26.4% with placebo. In addition, 34.7% and 44.4%, respec-
tively, experienced absence seizures vs 40.3% with placebo.
One patient in the pregabalin 5 mg/kg/day group reported
tonic-atonic seizures, and clonic seizures and unclassified

FIGURE 3 Patients with >50%
reduction in 28-day GTC seizure rate (ITT
population). A, Overall cohort. B, pediatric

41.7

patients (aged 5-16 years), and C, adult
patients (aged 17-65 years). GTC, primary
generalized tonic-clonic and ITT, intent-to-
treat

Placebo

333

Placebo

44.4

Placebo

epileptic seizures were reported by 1 patient each in the pla-
cebo group.

One death was reported of a 27-year-old Asian woman ran-
domized to placebo. The cause of death was sudden unexpected
death in epilepsy and was not considered to be related to study
treatment. Other serious AEs were reported in six patients, and
their resolution per treatment arm was (a) pregabalin 5 mg/
kg/day: one adult (35 years) with GTC seizure, event led to
discontinuation from the study (considered treatment-related),
and one child (14 years) with status epilepticus, event led to
discontinuation from the study (considered treatment-related);
(b) pregabalin 10 mg/kg/day: one adult (35 years) with GTC
seizure, event led to discontinuation from the study (considered
treatment-related), and one child (6 years) with severe GTC
seizure, which required hospitalization, study drug was discon-
tinued on Day 22 due to insufficient clinical response, resolved
on Day 25; and (c) placebo: two adults (25 and 26 years) with
seizure events, both events led to discontinuation from the
study, one serious AE was considered related to study drug.

No dose reductions or temporary discontinuations due to
AEs were reported (Table 2). Seventeen patients (15 adults and 2
children) permanently discontinued treatment due to AEs. Two
adults (both pregabalin 5 mg/kg/day) reported suicidal ideation
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TABLE 2 All-causality AEs, overall and by age category (safety set)
Pregabalin 5 mg/kg/day Pregabalin 10 mg/kg/day, n (%) Placebo, n (%)
Overall population n=75 n="72 n="72
Number of AEs 92 102 80
Patients: evaluable for AEs 75 72 72
With any AEs 40 (53.3) 41 (56.9) 36 (50.0)
With serious AEs 2(2.7) 2 (2.8) 34.2)
With severe AEs 3(4.0) 3(4.2) 2(2.8)
Dose reduction or temporary 0 0 0
discontinuation due to AEs
Permanent discontinuation due to 8 (10.7) 5(6.9) 4(5.6)
AEs
Type of AE*
Dizziness 13 (17.3) 12 (16.7) 5(6.9)
Headache 7(9.3) 11 (15.3) 12 (16.7)
Somnolence 5(6.7) 11 (15.3) 7(9.7)
Fatigue 5(6.7) 34.2) 3(4.2)
UTI 4 (5.3) 2(2.8) 4(5.6)
Weight increased 1(1.3) 79.7) 0
Aged 5-16 years n =26 n=22 n=18
Number of AEs 22 19 15
Patients: evaluable for AEs 26 22 18
With any AE 13 (50.0) 11 (50.0) 8 (44.4)
With serious AEs 1(3.8) 1(4.5) 0
With severe AEs 1(3.8) 14.5) 0
Dose reduction or temporary discontinuation 0 0 0
due to AEs
Permanent discontinuation due to AEs 2(7.7) 0 0
Type of AE*
Dizziness 4(15.4) 1(4.5) 0
UTI 3(11.5) 2(9.1) 3(16.7)
Somnolence 2(7.7) 2(9.1) 1(5.6)
Fatigue 2(7.7) 0 1(5.6)
Weight increased 1(3.8) 29.1) 0
Headache 1(3.8) 2(9.1) 1(5.6)
Aged 17-65 years n =49 n =50 n =54
Number of AEs 70 83 65
Patients: evaluable for AEs 49 50 54
With any AE 27 (55.1) 30 (60.0) 28 (51.9)
With serious AEs 1(2.0) 1(2.0) 3(5.6)
With severe AEs 2(4.1) 2 (4.0) 2(3.7)
Dose reduction or temporary 0 0 0
discontinuation due to AEs
Permanent discontinuation due to AEs 6(12.2) 5(10.0) 4(7.4)
Type of AE*
Dizziness 9 (18.4) 11 (22.0) 59.3)

(Continues)
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TABLE 2 (Continued)

Aged 17-65 years n=49
Headache 6(12.2)
Somnolence 3(6.1)
Fatigue 3(6.1)
Vertigo 3(6.1)
Weight increased 0

n =350 n =54

9 (18.0) 11 (20.4)
9 (18.0) 6 (11.1)
3 (6.0) 2 (3.7)

2 (4.0) 1(1.9)

5 (10.0) 0

Notes: The safety set comprises all randomized patients who took at least one dose of the investigational product.

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; UTI, urinary tract infection.

“In >2 patients taking pregabalin treatment arm (MedDRA (v21.1) preferred term).

or behaviors and required mental health risk assessments. One
patient required mental health risk assessment twice during the
study due to suicidal ideation; this patient was considered eli-
gible to continue based on the results of the mental health risk
assessments. A mental health risk assessment was performed
for one further patient to evaluate a moderate AE of epileptic
psychosis that previously resulted in discontinuation from the
study, but the event had resolved by discontinuation.

4 | DISCUSSION
This randomized, placebo-controlled study of pregabalin
treatment for the management of GTC seizures did not show
any significant change in seizure frequency with adjunctive
pregabalin treatment (10 mg/kg/day adjusted to 14 mg/kg/day
in children with body weight <30 kg)”’18 based on observed
nonsignificant reduction in GTC seizure frequency compared
with placebo treatment. This study was a postmarketing com-
mitment investigating the safety of pregabalin in patients
with GTC seizures, a type of epilepsy in which the benefit of
adjunctive pregabalin had not been previously investigated
in a randomized control trial. No increase in GTC seizure
rate was seen, and the safety profile of pregabalin in this new
population of patients was in line with previous observations
of adjunctive pregabalin treatment for FOS, in both children
and adults.!”'8212224 While some reports suggest an increase
of myoclonic seizures in patients taking pregabalin,28'30 this
was not observed herein for either dose of pregabalin. It is
important to note, however, that this study was not powered
to detect differences in seizure type, other than GTC seizures.
The ideal goal of treatment with an AED is to eliminate sei-
zures, but realistically the goal is to reduce seizure frequency to
allow patients, of all ages, to maintain or return to a normal life-
style while avoiding side effects from an AED 1regimen.]3 With
different pharmacologic options for GTC seizures,'%! many
patients can be treated successfully. However, some patients
may not respond to any currently available pharmacologic treat-
ments'® or may require additional AEDs to control different
types of seizure, which warrants investigations into alternative
therapies with predictable safety profiles, such as pregabalin.

Pregabalin has a predictable and linear pharmacokinetic
profile, making it an easy-to-use add-on AED with a predict-
able safety profile.32 However, no study to date had investigated
the efficacy and safety of pregabalin in adults and children with
GTC seizures. The present study revealed no significant reduc-
tion in 28-day GTC seizure frequency with adjunctive pregab-
alin treatment compared with placebo treatment. Although no
significant reduction in GTC seizure frequency or responder
status was seen, pregabalin did not increase GTC or myoc-
lonic seizures and demonstrated a safety profile consistent
with the known safety profile in patients with other epileptic
syndromes, including in adults and children with FOS.!7:18.26.33
The most common AEs reported in adults with FOS include
dizziness, somnolence, and weight gain,17 consistent with the
common AEs recorded in this GTC population. We observed
a gradual decline in GTC seizure frequency in all three treat-
ment arms over the treatment period; however as patients were
allowed to continue stable concomitant medications during
the treatment phase, these may have influenced these observa-
tions. Studies have suggested an increasing placebo effect with
ongoing AED treatments,** and some patients in the present
study had suffered from GTC seizures for more than 50 years.
The gradual decline in seizure frequency may also help explain
the high responder rate observed in the placebo group.

There is a known peak in epilepsy incidence in young chil-
dren, as well as older adults,”* highlighting key populations at
need for effective AED regimens. Although efficacy data can be
extrapolated from adults to represent expected efficacy in chil-
dren,® the safety profile of a drug is best studied in the popula-
tion of interest. This study specifically recruited patients aged
<16 years, per requirements from the FDA for this postmarket-
ing safety commitment. As such, 66 children were recruited, of
whom 48 were treated with pregabalin, thus adding to the safety
information already available for pregabalin in children with
epilepsy.”']9 Importantly, no new safety signals were seen in
these 48 children (4-16 years) with GTC seizures who received
adjunctive pregabalin. AEs commonly observed in pediatric pa-
tients with FOS include somnolence and weight gain,”'19 both
of which were observed in >10% of patients in this GTC popu-
lation, suggesting the safety profile of pregabalin is consistent re-
gardless of seizure type. The discontinuation rate due to AEs was
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relatively low (10.7%, 6.9%, and 5.6% with pregabalin 5 mg/kg/
day, 10 mg/kg/day, and placebo, respectively), although we ob-
served higher discontinuation rates due to AEs in adults (12.2%,
10.0%, and 7.4%, respectively) than in children (2%, 0%, and
0%, respectively). Discontinuations among adults were similar if
somewhat lower than those seen in similar studies of pregabalin
in adults patients with FOS.”? These observations support a fa-
vorable safety profile of pregabalin, in line with that seen in other
patient populations, including those with FOS.!6:18:21.23

4.1 | Limitations

We conducted a multinational study, in 70 sites across 21
countries. This enabled a good representation of how prega-
balin acts in a diverse population of adults and children with
GTC seizures. The study protocol was specifically designed
to limit the potential impact of variability in clinical practices,
for example, a central reviewer model was used and concom-
itant medications for management of GTC seizures across
different countries were limited. Despite these precautions,
variability is inherent to multinational studies which enroll
patients with different characteristics from different health-
care environments and cannot be eliminated altogether. In
addition, seizures were captured by self-report in diaries, and
therefore, data rely on the accuracy of these reports and the
interpretation of seizure type by the person recording. In an
attempt to improve accuracy of recording, diaries were rou-
tinely reviewed by study investigators together with patients
or their guardians. However, any subjective rating of sever-
ity was not captured and therefore change in seizure severity
could not be assessed based on diary data. These limitations
are consistent with other international studies of seizures reli-
ant on self-monitoring of events. Finally, despite being one
of the most common seizure types, GCT seizures often occur
less frequently than other types, for example, FOS. With a
2-week dose escalation phase followed by a 10-week fixed-
dose phase and a 1-week taper phase, the study may not have
been sufficient to detect changes in GCT seizure frequency in
all patients. However, the overall number of patients enrolled
ensured sufficient statistical power to detect changes in the
overall study population during the designed length of study.

5 | CONCLUSIONS

In this postmarketing safety commitment study, adjunctive
pregabalin did not change seizure rate in adults (17-65 years)
or children (5-16 years) with GTC seizures. Pregabalin was
well tolerated in adults and children with GTC seizures, and
no increase in GTC seizure rate was noted. The safety profile
observed was similar to that known for pregabalin treatment
of adults and children with FOS.
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