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ABSTRACT
Objective To evaluate efficacy and safety of lacosamide 
(up to 12 mg/kg/day or 400 mg/day) as adjunctive 
treatment for uncontrolled primary generalised tonic- 
clonic seizures (PGTCS) in patients (≥4 years) with 
idiopathic generalised epilepsy (IGE).
Methods Phase 3, double- blind, randomised, placebo- 
controlled trial (SP0982; NCT02408523) in patients with 
IGE and PGTCS taking 1–3 concomitant antiepileptic 
drugs. Primary outcome was time to second PGTCS 
during 24- week treatment.
Results 242 patients were randomised and received 
≥1 dose of trial medication (lacosamide/placebo: n=121/
n=121). Patients (mean age: 27.7 years; 58.7% female) 
had a history of generalised- onset seizures (tonic- 
clonic 99.6%; myoclonic 38.8%; absence 37.2%). 
Median treatment duration with lacosamide/placebo 
was 143/65 days. Risk of developing a second PGTCS 
during 24- week treatment was significantly lower 
with lacosamide than placebo (Kaplan- Meier survival 
estimates 55.27%/33.37%; HR 0.540, 95% CI 0.377 to 
0.774; p<0.001; n=118/n=121). Median time to second 
PGTCS could not be estimated for lacosamide (>50% of 
patients did not experience a second PGTCS) and was 
77.0 days for placebo. Kaplan- Meier estimated freedom 
from PGTCS at end of the 24- week treatment period 
(day 166) for lacosamide/placebo was 31.3%/17.2% 
(difference 14.1%; p=0.011). More patients on 
lacosamide than placebo had ≥50% (68.1%/46.3%) or 
≥75% (57.1%/36.4%) reduction from baseline in PGTCS 
frequency/28 days, or observed freedom from PGTCS 
during treatment (27.5%/13.2%) (n=119/n=121). 
96/121 (79.3%) patients on lacosamide had treatment- 
emergent adverse events (placebo 79/121 (65.3%)), 
most commonly dizziness (23.1%), somnolence (16.5%), 
headache (14.0%). No patients died during the trial.
Conclusions Lacosamide was efficacious and generally 
safe as adjunctive treatment for uncontrolled PGTCS in 
patients with IGE.

INTRODUCTION
Idiopathic generalised epilepsies (IGEs) account for 
20%–55% of all epilepsies,1 2 and are character-
ised by different generalised seizure types (absence, 
myoclonic and primary generalised tonic- clonic 

seizures (PGTCS)).3 PGTCS are associated with 
an increased risk of injury4 and sudden unex-
pected death in epilepsy.5–7 Treatment of PGTCS 
in patients with IGE is complex because associ-
ated seizure types, such as absence or myoclonic 
seizures, may be aggravated by certain antiepileptic 
drugs (AEDs).8–10

Lacosamide is approved as monotherapy and 
adjunctive therapy for patients (≥4 years of age) 
with focal (partial- onset) seizures in the European 
Union,11 USA and other countries.

A phase 2, open- label pilot study (SP0961; 
NCT01118949) and extension study (SP0962; 
NCT01118962) demonstrated the safety of lacos-
amide as adjunctive treatment of uncontrolled 
PGTCS in patients (16–65 years of age) with IGE.12 
The purpose of this phase 3, double- blind, placebo- 
controlled trial (SP0982; NCT02408523) was to 
evaluate the efficacy and safety of adjunctive lacos-
amide as treatment for PGTCS in patients (≥4 years 
of age) with IGE.

Seizure types associated with IGE can be infre-
quent and difficult to quantify, leading to long trials 
with slow enrolment, thereby making it difficult to 
study the efficacy of AEDs by assessing reductions 
in seizure frequency from baseline.12 13 A post hoc 
analysis of a double- blind trial in patients with 
PGTCS showed superiority of lamotrigine over 
placebo when analysing time to third seizure.13 
The authors concluded that time to ‘nth’ seizure 
could be a viable design for trials of low- frequency 
events. Clinical experience with adjunctive lacos-
amide indicated that an effective dose would be 
achieved more rapidly than with lamotrigine. 
Therefore, time to second PGTCS was chosen as 
the primary efficacy outcome in this trial.14 Using 
this outcome, the frequency of baseline seizures 
and duration of the prospective baseline can be 
reduced allowing for enrolment of patients more 
representative of the broader PGTCS population. 
Analysing time to second seizure further reduces 
the trial duration by reducing the treatment period 
for non- responders, ultimately reducing exposure 
to ineffective treatment.14 To our knowledge, this 
was the first trial assessing efficacy of an AED using 
this outcome.
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METHODS
Overall trial design and patients
SP0982 ( ClinicalTrials. gov: NCT02408523; VALOR) was a 
phase 3, double- blind, randomised, placebo- controlled, multi-
centre trial in patients with IGE taking one to three concom-
itant AEDs. The trial was performed in North America, Latin 
America, Europe and the Asia- Pacific region. All patients (or 
their legal representative) provided written informed consent 
for participation.

Patients were eligible if they were ≥4 years of age with a 
confirmed diagnosis of IGE experiencing classifiable PGTCS, 
had this diagnosis at least 24 weeks before visit 1, and disease 
onset before 30 years of age. Patients must have had at least 
three evenly spread PGTCS during the 16- week combined base-
line (12- week historical baseline plus 4- week prospective base-
line) with at least two PGTCS during the historical baseline and 
at least one during the first and second 8 weeks of the 16- week 
combined baseline. Patients must have been maintained on 
a stable dose of one to two non- benzodiazepine AEDs or one 
to three AEDs including one benzodiazepine AED for at least 
28 days before visit 1 and throughout the prospective baseline 
and treatment period (benzodiazepines had to be for epilepsy 
indication).

Eligible patients were randomised 1:1 to receive lacosamide or 
placebo (twice daily) and stratified by baseline PGTCS frequency 

(≤2 or >2 per 28 days) and age at informed consent (≥4 to <12 
years, ≥12 to <18 years and ≥18 years).

This time- to- event trial enrolled patients in order to observe 
125 events (second PGTCS during the 24- week treatment 
period). The trial was planned to randomise up to 250 patients, 
and enrolment was discontinued once the 125th event occurred. 
The trial comprised a 4- week prospective baseline and 6- to 
24- week treatment period (6- week titration and up to 18- week 
maintenance) (figure 1). To ensure a minimum exposure for 
safety evaluation, patients were required to complete a minimum 
of 6 weeks of trial treatment.

During titration, doses were uptitrated from a starting dose 
of 2 mg/kg/day or 100 mg/day in weekly increments to the target 
maintenance dose range (8–12 mg/kg/day for paediatric patients 
weighing <30 kg; 6–8 mg/kg/day for paediatric patients weighing 
≥30 kg to <50 kg; 300–400 mg/day for adults and paediatric 
patients weighing ≥50 kg). The treatment period continued 
until one of the following occurred: completion of ≥6 weeks 
of the treatment period and occurrence of two or more PGTCS, 
completion of 24 weeks of the treatment period without occur-
rence of two PGTCS, or the 125th event occurred in the trial. 
Eligible patients who chose to enter the open- label extension 
(EP0012; NCT02408549) completed a 4- week blinded transi-
tion, while patients who chose not to continue completed an up 
to 4- week blinded taper followed by a 30- day safety follow- up.

Figure 1 Trial design. *Patients were required to achieve and maintain a minimum lacosamide (or matching PBO) dose for at least the final 3 days of 
week 6 to be eligible for entry into the maintenance period. †The highest possible dose per body weight category is shown for each taper period week. 
‡Patients on lacosamide remained on their maintenance dose at entry into the transition period (as indicated by the grey background box), whereas patients 
in the PBO group initiated lacosamide in a double- blind fashion. On completion of the transition period, eligible patients entered the open- label extension 
on a weight- based dose (<30 kg: 10 mg/kg/day; ≥30–<50 kg: 8 mg/kg/day; ≥50 kg: 400 mg/day). PBO, placebo.
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Outcomes
The primary efficacy outcome was time to second PGTCS 
during the 24- week (166 days) treatment period. Secondary 
efficacy outcomes were freedom from PGTCS (estimated using 
Kaplan- Meier analysis) and time to first PGTCS during the 
24- week (166- day) treatment period. Other seizure- related effi-
cacy outcomes were percent change in PGTCS frequency per 
28 days from combined baseline, percentage of patients with 
at least 50%/75% reduction in PGTCS frequency compared 
with combined baseline, percentage of patients with observed 
freedom from PGTCS, percentage of patients with observed 
freedom from all generalised seizures, percent change in days 
with absence/myoclonic seizures per 28 days relative to prospec-
tive baseline, and percentage of patients with at least 50%/75% 
reduction in absence/myoclonic seizure days compared with 
prospective baseline.

The key safety outcome was treatment- emergent adverse 
events (TEAEs) reported spontaneously by the patient and/or 
caregiver or observed by the investigator.

Statistical analyses
Safety and some efficacy outcomes were assessed in the safety 
set (SS), which comprised all randomised patients who had been 
treated with at least one dose of trial medication. Most efficacy 
outcomes were assessed in the full analysis set (FAS), which 
included patients who took at least one dose of trial medication 
and had at least one seizure diary assessment during the treat-
ment period.

For the primary outcome, 125 events (second PGTCS during 
24- week treatment period) were necessary to observe a HR of 
0.56 with a power of 90% and two- sided test at a significance 
level of 5%. The observed HR was based on survival rates from 
a previous trial comparing lamotrigine and placebo.13

Time to second PGTCS was evaluated using a Cox propor-
tional hazards regression model.15 HR, 95% CIs for HR and p 
value are reported. A Kaplan- Meier plot, estimates for median 
time to second PGTCS and 95% CIs are provided. The number 
of events (for titration period, first 12 weeks of treatment period 
and 24- week treatment period) and the percentage of censored 
patients (patients who completed Treatment period without 
having a second PGTCS) are reported. Time to first PGTCS was 
assessed similarly (without p value).

Prespecified subgroup analyses of efficacy outcomes were 
performed by age group (paediatric: <18 years; adult: ≥18 
years), baseline PGTCS frequency (≤2 and >2 per 28 days) and 
number of concomitant AEDs (1, 2, ≥3) at trial entry. Addi-
tional subgroup analyses were performed by number of life-
time AEDs (1, 2, ≥3) (analysed post hoc) and use of sodium 
channel blocking AEDs, valproate or levetiracetam at trial entry. 
Subgroup analyses of safety outcomes were performed by the 
age group and by number of concomitant AEDs at trial entry.

For additional information on methods, see online supple-
mentary material.

RESULTS
Patient disposition and demographics
Between April 2015 and May 2019, 350 patients were screened 
at 115 sites. Overall, 242 patients were randomised; 85.1% 
(103/121) of patients in the lacosamide group and 90.9% 
(110/121) in the placebo group met a protocol- defined endpoint 
(figure 2). A total of 14.9% (18/121) and 9.1% (11/121) of 
patients discontinued the trial, respectively. The majority of 
discontinuations occurred during the titration period. Adverse 

events were the most common reason for trial discontinuation 
(lacosamide: 8.3%; placebo: 3.3%).

All 242 randomised patients received at least one dose of 
lacosamide or placebo and were included in the SS. Of these, 
240 patients (lacosamide: 119; placebo: 121) had at least one 
seizure diary assessment during the treatment period and were 
included in the FAS.

Baseline demographics and epilepsy characteristics were 
similar between the lacosamide and placebo group (table 1). 
Most patients had a history of tonic- clonic seizures; one patient 
in the lacosamide group was rediagnosed with focal seizures 
during the trial.

Overall, 28.1% of patients in the lacosamide group and 34.7% 
in the placebo group were reported to have juvenile myoclonic 
epilepsy and 10.7% and 12.4% were reported to have juvenile 
absence epilepsy, respectively (online supplementary table S1).

Efficacy
Primary generalised tonic-clonic seizures
The risk of developing a second PGTCS during the 24- week 
treatment period was significantly lower in patients randomised 
to lacosamide than placebo (figure 3, table 2). The Kaplan- Meier 
survival estimates at the end of the 24- week treatment period 
were 55.27% with lacosamide and 33.37% with placebo (HR 
0.540; 95% CI 0.377 to 0.774; p<0.001). The median time to 
second PGTCS could not be estimated for lacosamide (because 
˃50% of patients did not experience a second PGTCS by day 
166) and was 77.0 days (95% CI 49.0 to 128.0) for placebo.

The results of all sensitivity analyses of time to second PGTCS 
were consistent with the primary analysis (see online supplemen-
tary material). Survival estimates were numerically higher with 
lacosamide than placebo in all subgroup analyses (table 2).

The stratified Kaplan- Meier estimates16 of the proportion of 
patients free from PGTCS for the 24- week treatment period 
were higher with lacosamide (31.3%, 95% CI 22.8% to 39.9%) 
than placebo (17.2%, 95% CI 10.4% to 24.0%) (online supple-
mentary table S2). The difference in stratified PGTCS freedom 
rate between lacosamide and placebo was 14.1% (95% CI 3.2% 
to 25.1%; p=0.011).

Kaplan- Meier survival estimates at end of the 24- week treat-
ment period indicated a lower risk of developing a first PGTCS 
with lacosamide than placebo (30.97% vs 17.27%; HR 0.683, 
95% CI 0.507 to 0.921; p=0.012) (online supplementary figure 
S1). The median time to first PGTCS was 36.0 days (95% CI 
25.0 to 78.0) with lacosamide and 20.0 days (95% CI 13.0 to 
34.0) with placebo.

Greater median percent changes in PGTCS frequency per 28 
days from combined baseline were observed with lacosamide 
than placebo during all time periods (titration period: −66.37 vs 
−42.71; first 12 weeks of treatment period: −71.33 vs −55.69; 
24- week treatment period: −77.92 vs −43.24; ranges for all 
time periods: −100.0 to 943.6 vs −100.0 to 715.4) (online 
supplementary table S3). The 50% and 75% responder rates 
for reduction in PGTCS frequency from combined baseline and 
observed freedom from PGTCS were greater with lacosamide 
than placebo during all time periods (figure 4).

Absence and myoclonic seizures
Fifty- one patients in the lacosamide group and 42 patients in 
the placebo group had a history of absence seizures or reported 
absence seizures during the combined baseline or treatment 
period. In these patients, the 50% responder rates were 15.7%, 
19.6% and 19.6% with lacosamide and 16.7%, 14.3% and 
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16.7% with placebo during the titration period, first 12 weeks 
of the treatment period, and 24- week treatment period, respec-
tively. The 75% responder rates were 13.7%, 13.7% and 17.6% 
with lacosamide and 7.1%, 11.9% and 11.9% with placebo, 
respectively. Among patients with absence seizure days during 
the prospective baseline, numerically greater median percent 
reductions in number of days with absence seizures per 28 days 
were observed with lacosamide (n=22) than placebo (n=22) 
(24- week treatment period: −30.1 vs −15.3) (online supple-
mentary table S4).

Among patients who had a history of myoclonic seizures or 
reported myoclonic seizures during the combined baseline or 
treatment period, the 50% responder rates were 21.3%, 23.4% 
and 27.7% with lacosamide (n=47) and 26.5%, 26.5% and 
28.6% with placebo (n=49) during the titration period, first 12 
weeks of the treatment period and 24- week treatment period, 
respectively. The 75% responder rates were 12.8%, 14.9% and 
14.9% with lacosamide and 16.3%, 18.4% and 18.4% with 
placebo, respectively. Among patients with myoclonic seizure 
days during the prospective baseline, numerically lower median 
percent reductions in number of days with myoclonic seizures 
per 28 days were observed with lacosamide (n=24) than placebo 
(n=25) (24- week treatment period: −54.6 vs −65.7) (online 
supplementary table S4).

All generalised seizures
More patients on lacosamide than placebo achieved observed 
seizure freedom from all generalised seizures during the titration 

period (39/116 (33.6%) vs 32/118 (27.1%)), first 12 weeks of 
the treatment period (31/111 (27.9%) vs 20/116 (17.2%)) and 
24- week treatment period (23/109 (21.1%) vs 15/114 (13.2%)) 
(SS).

Safety
Exposure
Overall, patients were exposed to lacosamide and placebo for 
a total of 37.2 and 31.1 patient- years, respectively (SS). The 
median trial medication duration was 143.0 days (range: 1.0 
to 176.0) with lacosamide and 65.0 days (7.0 to 176.0) with 
placebo. The majority of patients on tablets (weighing ≥50 kg) 
in both the lacosamide (54/75 (72.0%)) and placebo (51/64 
(79.7%)) groups took a modal maintenance dose of 400 mg/day.

Seizure worsening
Overall, 10.1% of patients on lacosamide had a≥50% increase 
in PGTCS frequency from combined baseline to the titration 
period, first 12 weeks of the treatment period, and 24- week 
treatment period compared with 14.9%, 15.7% and 16.5%, 
respectively, on placebo.

A total of 2.0% (1/51) patients on lacosamide and 7.1% (3/42) 
on placebo had a ≥50% increase in absence seizure days from 
prospective baseline to the titration period, first 12 weeks of the 
treatment period and 24- week treatment period. No patients on 
lacosamide or placebo had a new occurrence of absence seizures.

Figure 2 Patient disposition. *Two of these patients were successfully rescreened and randomised into the trial; †37 patients were baseline failures 
because of their PGTCS frequency during the combined baseline; ‡41/44 patients on placebo and 22/25 patients on lacosamide did not continue into 
maintenance because they had a second PGTCS during titration, one patient on lacosamide was labelled as a completer due to a site error, and the five 
remaining patients did not continue into maintenance because the 125th event had occurred in the trial; §Patients who met a protocol- defined endpoint 
(completion of ≥6 weeks of the treatment period and occurrence of two or more PGTCS, completion of 24 weeks of the treatment period without 
occurrence of two PGTCS, or the 125th event occurred in the trial). FAS, full analysis set; PGTCS, primary generalised tonic- clonic seizure; SS, safety set.
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A total of 8.5% (4/47) patients on lacosamide and 4.1% (2/49) 
on placebo had a ≥50% increase in myoclonic seizure days from 
prospective baseline to the titration period, first 12 weeks of 
the treatment period and 24- week treatment period. One patient 
(2.1%) on lacosamide and one patient (2.0%) on placebo had a 
new occurrence of myoclonic seizures. Three (2.5%) patients on 
lacosamide had a TEAE of myoclonic epilepsy and one (0.8%) 
patient on placebo had a TEAE of myoclonus; none of these 
TEAEs were serious.

Treatment-emergent adverse events
Overall, 96 (79.3%) patients on lacosamide and 79 (65.3%) on 
placebo had TEAEs during the treatment period (table 3). The 
most frequently reported TEAEs (≥10%) with lacosamide were 
dizziness, somnolence and headache. The incidences of dizziness 
and headache were numerically higher with lacosamide than 
placebo.

Eight (6.6%) patients on lacosamide had a total of 14 serious 
TEAEs; one patient each reported abdominal pain, pain in 
extremity, somnolence, status epilepticus and transaminases 
increased; one patient had serious TEAEs of dizziness, nausea, 
somnolence and vomiting; one had serious TEAEs of contusion, 
grand mal convulsion and headache; and one had serious TEAEs 
of asthenia and dizziness. Four (3.3%) patients on placebo had 
a total of four serious TEAEs; one patient each had upper respi-
ratory tract infection, femur fracture, road traffic accident and 
liver function test abnormal.

Eleven (9.1%) patients on lacosamide and five (4.1%) patients 
on placebo discontinued due to TEAEs. The only TEAEs leading 
to discontinuation in more than one patient on lacosamide were 
dizziness (2 (1.7%)) and suicidal ideation (2 (1.7%)). The only 

Table 1 Baseline demographics and epilepsy characteristics (SS)

Placebo (n=121)
Lacosamide 
(n=121)

Patient demographics

Age, mean (SD), years 27.6 (12.5) 27.8 (13.1)

  <18 years, n (%) 25 (20.7) 24 (19.8)

  ≥18 to <65 years, n (%) 95 (78.5) 96 (79.3)

  ≥65 years, n (%) 1 (0.8) 1 (0.8)

Female, n (%) 76 (62.8) 66 (54.5)

Epilepsy characteristics

Time since first diagnosis, mean 
(SD), years

15.4 (13.0) 15.5 (13.1)

  Median (range), years 11.3 (0.5 to 60.7) 11.4 (0.8 to 64.9)

Age at diagnosis, mean (SD), years 12.9 (5.9) 12.9 (6.8)

PGTCS frequency per 28 days during 
combined baseline, median (range)

1.24 (0.7 to 19.4) 1.25 (0.3 to 12.3)

Seizure classification history at any time before trial entry*, n (%)

Any partial- onset seizures (focal 
seizures)

0 1 (0.8)†

  Simple partial (focal aware) 0 1 (0.8)†

Any generalised seizures 121 (100) 121 (100)

  Absence 41 (33.9) 49 (40.5)

  Atypical absence 2 (1.7) 2 (1.7)

  Myoclonic 48 (39.7) 46 (38.0)

  Clonic 2 (1.7) 3 (2.5)

  Tonic 1 (0.8) 2 (1.7)

  Tonic- clonic 121 (100) 120 (99.2)†

  Atonic 3 (2.5) 2 (1.7)

Unclassified epileptic seizures 0 2 (1.7)

No of prior AEDs and benzodiazepines‡, n (%)

0 70 (57.9) 63 (52.1)

1–3 37 (30.6) 47 (38.8)

4–6 13 (10.7) 9 (7.4)

≥7 1 (0.8) 2 (1.7)

No of concomitant AEDs and benzodiazepines at trial entry§, n (%)

1 44 (36.4) 35 (28.9)

2 55 (45.5) 62 (51.2)

≥3 22 (18.2) 23 (19.0)

Concomitant AEDs and benzodiazepines taken during the treatment period 
by ≥5% of all patients, n (%)

Valproate 68 (56.2) 59 (48.8)

Levetiracetam 48 (39.7) 56 (46.3)

Lamotrigine 37 (30.6) 36 (29.8)

Topiramate 15 (12.4) 16 (13.2)

Clonazepam 16 (13.2) 12 (9.9)

Clobazam 13 (10.7) 9 (7.4)

Zonisamide 7 (5.8) 7 (5.8)

Carbamazepine 5 (4.1) 9 (7.4)

Ongoing comorbid conditions at screening visit, n (%)

Patients with at least one ongoing 
medical condition

75 (62.0) 69 (57.0)

Medical conditions in ≥5% of all 
patients

  Headache 9 (7.4) 13 (10.7)

  Depression 8 (6.6) 12 (9.9)

  Migraine 8 (6.6) 7 (5.8)

  Obesity 8 (6.6) 5 (4.1)

  Anxiety 4 (3.3) 8 (6.6)

  Back pain 5 (4.1) 7 (5.8)

Continued

Placebo (n=121)
Lacosamide 
(n=121)

*Patients could have more than one response in a classification level and/or 
category; seizure types are listed per the trial protocol (International League 
Against Epilepsy 1981 classification32) with the newer terminology33 provided in 
parentheses.
†One patient had a history of partial- onset seizures and was excluded from the 
per- protocol set.
‡AEDs stopped at least 28 days before visit 1.
§Number of concomitant AEDs and benzodiazepines at trial entry were unknown 
for one patient in the lacosamide group.
AED, antiepileptic drug; PGTCS, primary generalised tonic- clonic seizure; SS, safety 
set.

Table 1 Continued

Figure 3 Kaplan- Meier estimates for time to second PGTCS (125 
events) (FAS). One patient in the lacosamide group was randomised after 
the 125th event and does not appear in this analysis. Symbols represent 
censored patients (patients who completed the treatment period without 
having a second PGTCS). FAS, full analysis set; PGTCS, primary generalised 
tonic- clonic seizure.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2020-323524 on 18 A

ugust 2020. D
ow

nloaded from
 

http://jnnp.bmj.com/


6 Vossler DG, et al. J Neurol Neurosurg Psychiatry 2020;0:1–9. doi:10.1136/jnnp-2020-323524

Epilepsy

TEAE leading to discontinuation in two or more patients on 
placebo was rash (2 (1.7%)). No patients died during the trial.

Three (2.5%) patients on lacosamide and two (1.7%) patients 
on placebo reported rash (considered drug related by the investi-
gator in one patient on lacosamide and two patients on placebo), 

two (1.7%) patients on lacosamide reported pruritus (considered 
drug related in one patient), and one (0.8%) patient on placebo 
reported macular rash (considered drug related). With the excep-
tion of one moderate case of rash in a patient on placebo, all of 
these skin reactions were mild in intensity and had resolved at 

Table 2 Analyses of time to second PGTCS during 24- week treatment period (FAS)

Placebo Lacosamide*

HR† (95% CI)N No of events
KM survival 
estimate, % N No of events

KM survival 
estimate, %

All patients‡ 121 76§ 33.37 118 49¶ 55.27 0.540
(0.377 to 0.774); p<0.001

Age group**

  Paediatric (<18 years) 25 14 41.54 24 9 61.03 0.650
(0.271 to 1.561)

  Adult (≥18 years) 96 62 31.25 94 40 53.60 0.527
(0.354 to 0.786)

Baseline PGTCS frequency††

  ≤2 per 28 days 95 56 37.45 93 34 60.31 0.501
(0.327 to 0.767)

  >2 per 28 days 26 20 17.72 25 15 37.59 0.653
(0.334 to 1.277)

No of concomitant AEDs at trial entry‡

  1 44 22 44.77 34 12 63.22 0.570
(0.279 to 1.165)

  2 55 37 30.24 61 26 53.72 0.539
(0.323 to 0.900)

  ≥3 22 17 19.39 22 11 44.43 0.440
(0.201 to 0.965)

No of lifetime AEDs‡‡‡

  1 28 15 37.56 21 9 55.56 0.578
(0.243 to 1.375)

  2 54 34 35.35 46 14 66.33 0.374
(0.194 to 0.723)

  ≥3 39 27 28.28 52 26 45.04 0.574
(0.333 to 0.988)

SCB use at trial entry‡§§

  Yes 46 37 17.36 46 22 45.88 0.428
(0.248 to 0.739)

  No 75 39 43.39 72 27 60.80 0.630
(0.385 to 1.032)

Valproate use at trial entry‡

  Yes 67 38 40.78 59 20 62.59 0.475
(0.276 to 0.819)

  No 54 38 24.10 59 29 48.09 0.595
(0.364 to 0.972)

Levetiracetam use at trial entry‡

  Yes 48 31 31.09 53 24 52.77 0.641
(0.373 to 1.101)

  No 73 45 34.97 65 25 57.31 0.497
(0.304 to 0.812)

*One patient in the lacosamide group was randomised after the 125th event and does not appear in this analysis.
†HR <1 indicates time to second PGTCS was improved for lacosamide compared with placebo.
‡Comparison of lacosamide versus placebo was based on a Cox proportional hazards regression model with an effect for treatment, stratifying for the following combinations 
of patients’ baseline PGTCS frequency and age group: ≤2 PGTCS per 28 days in the combined baseline period and paediatric; ≤2 PGTCS per 28 days in the combined baseline 
period and adult; >2 PGTCS per 28 days in the combined baseline period.
§Of these events, 45 occurred during the titration period (by day 42) and 61 during the first 12 weeks of the treatment period (by day 84).
¶Of these events, 29 occurred during the titration period (by day 42) and 38 during the first 12 weeks of the treatment period (by day 84).
**Comparison based on a Cox proportional hazards regression model with an effect for treatment, stratifying for baseline PGTCS frequency: ≤2 PGTCS and >2 PGTCS per 28 
days in the combined baseline period.
††Comparison based on a Cox proportional hazards regression model with an effect for treatment, stratifying for age group in the group with ≤2 PGTCS per 28 days in the 
combined baseline and with no stratification in the group with >2 PGTCS per 28 days.
‡‡AEDs stopped before or ongoing at lacosamide initiation.
§§SCB AEDs used in this trial were: carbamazepine, oxcarbazepine, phenytoin and lamotrigine.
AED, antiepileptic drug; FAS, full analysis set; KM, Kaplan- Meier; PGTCS, primary generalised tonic- clonic seizure; SCB, sodium channel blocking AED.
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the end of the trial. One patient on lacosamide and two patients 
on placebo discontinued due to rash. No patients reported 
drug reaction with eosinophilia and systemic symptoms, toxic 
epidermal necrolysis or Stevens- Johnson syndrome.

In the lacosamide group, TEAEs were more common during 
titration (79/121 (65.3%)) than maintenance (44/82 (53.7%)). 
In the placebo group, incidence of TEAEs was similar in both 
periods (67/121 (55.4%) vs 39/70 (55.7%)).

In the placebo group, more patients taking three concomi-
tant AEDs than patients taking one or two concomitant AEDs 
reported TEAEs during the treatment period. No such trend was 
seen in the lacosamide group (online supplementary table S5).

Additional safety, quality of life and health outcomes are 
included in online supplementary material.

Paediatric subgroup
Efficacy
In this trial, 24/121 patients on lacosamide and 25/121 on 
placebo were <18 years of age. In paediatric patients, the 
risk of developing a second PGTCS during the 24- week treat-
ment period was lower in patients on lacosamide than placebo 
(table 2). The Kaplan- Meier estimates of the proportion of 
patients free from PGTCS for the 24- week treatment period 
were higher with lacosamide (20.0%, 95% CI 3.6% to 36.4%) 
than placebo (12.0%, 95% CI 0.0% to 24.7%). The median 
PGTCS frequency per 28 days at combined baseline was 1.01 
(range: 0.7 to 7.5) with lacosamide and 1.00 (0.7 to 19.4) with 
placebo. Greater median percent changes in PGTCS frequency 
per 28 days from combined baseline to the 24- week treat-
ment period were observed with lacosamide (−80.64%, range: 
−100.0% to 281.8%) than placebo (−31.20%, −100.0% to 
715.4%). The 50% and 75% responder rates for reduction in 
PGTCS frequency during the 24- week treatment period were 
also higher with lacosamide (70.8% and 62.5%, respectively) 
than placebo (44.0% and 36.0%, respectively).

The median number of days with absence seizures during 
prospective baseline was 0.0 days (range: 0 to 18) in the lacos-
amide group (n=15) and 1.0 days (0 to 6) in the placebo group 
(n=10). The median percent change in days with absence 
seizures to the 24- week treatment period was −51.8% (range: 
−78% to −26%) with lacosamide and −44.6% (range: −96% 
to 137%) with placebo. The 50% and 75% responder rates for 
reduction in days with absence seizures from prospective base-
line to the 24- week treatment period were 6.7% and 6.7% with 
lacosamide (n=15) and 20.0% and 20.0% with placebo (n=10).

The median number of days with myoclonic seizures 
during prospective baseline was 3.0 days (range: 0 to 17) 

Figure 4 (A) 50% responder rates for PGTCS, (B) 75% responder rates 
for PGTCS and (C) freedom from PGTCS* (FAS). *Percentages are based on 
the number of patients who had either two PGTCS or completed the time 
period of interest or completed the trial due to occurrence of the 125th 
event; †6- week titration period + first 6 weeks of maintenance period; ‡6- 
week titration period +18- week maintenance period. FAS, full analysis set; 
PGTCS, primary generalised tonic- clonic seizure.

Table 3 Treatment- emergent adverse events (SS)

Placebo (n=121) Lacosamide (n=121)

Any TEAEs, n (%) 79 (65.3) 96 (79.3)

Drug- related TEAEs* 42 (34.7) 56 (46.3)

Serious TEAEs 4 (3.3) 8 (6.6)

Severe TEAEs 3 (2.5) 6 (5.0)

Discontinuations due to TEAEs 5 (4.1) 11 (9.1)

TEAEs† experienced during the treatment period by ≥5% of patients in either 
treatment group, n (%)

Dizziness 7 (5.8) 28 (23.1)

Somnolence 17 (14.0) 20 (16.5)

Headache 12 (9.9) 17 (14.0)

Nausea 7 (5.8) 12 (9.9)

Vertigo 2 (1.7) 8 (6.6)

Nasopharyngitis 4 (3.3) 8 (6.6)

Fatigue 6 (5.0) 8 (6.6)

Vomiting 1 (0.8) 7 (5.8)

Upper respiratory tract infection 6 (5.0) 3 (2.5)

Drug- related TEAEs*† experienced during the treatment period by ≥5% of 
patients in either treatment group, n (%)

Dizziness 4 (3.3) 21 (17.4)

Somnolence 14 (11.6) 16 (13.2)

Nausea 3 (2.5) 9 (7.4)

Vertigo 2 (1.7) 7 (5.8)

Vomiting 0 6 (5.0)

Fatigue 3 (2.5) 6 (5.0)

*TEAEs considered drug- related by the investigator (if relationship to trial medication was 
missing, TEAE was considered drug related).
†MedDRA (V.16.1) preferred term.
SS, safety set; TEAE, treatment- emergent adverse event.
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in the lacosamide group (n=5) and 1.1 days (0 to 28) in the 
placebo group (n=7). The median percent change in days with 
myoclonic seizures from prospective baseline to the 24- week 
treatment period was 11.5% (range: −96% to 197%) with 
lacosamide and −34.0% (range: −100% to 0%) with placebo. 
The 50% and 75% responder rates for reduction in days with 
myoclonic seizures to the 24- week treatment period were 20.0% 
and 20.0% with lacosamide (n=5) and 14.3% and 14.3% with 
placebo (n=7).

Safety
Overall, 22/24 (91.7%) paediatric patients on lacosamide and 
15/25 (60.0%) on placebo had TEAEs during the treatment 
period. The most common TEAEs with lacosamide (≥10%) 
were dizziness (7 (29.2%) vs 1 (4.0%) with placebo), somno-
lence (7 (29.2%) vs 1 (4.0%)), headache (3 (12.5%) vs 2 (8.0%)) 
and nasopharyngitis (3 (12.5%) vs 1 (4.0%)) and nausea (3 
(12.5%) vs 0).

DISCUSSION
The results of this trial indicated that adjunctive lacosamide was 
efficacious in reducing PGTCS frequency in patients (≥4 years 
of age) with IGE, and was generally well tolerated. Treatment 
with lacosamide resulted in a significantly lower risk of devel-
oping a second PGTCS (HR 0.540; p<0.001) and a significantly 
higher rate of 166 days freedom from PGTCS (31.3% vs 17.2%; 
difference 14.1%; p=0.011) than placebo.

Consistent improvements were also observed with lacos-
amide versus placebo across other efficacy endpoints assessing 
PGTCS seizure frequency. Median percent reduction in PGTCS 
frequency (−77.92% vs −56.7% to −77.6%), 50% responder 
rates (68.1% vs 56.4% to 72.2%) and observed seizure freedom 
rates (27.5% vs 12.8% to 24.1%) for the entire treatment period 
were within the upper ranges reported in previous randomised, 
double- blind, placebo- controlled trials of other AEDs that 
demonstrated efficacy as adjunctive treatment of PGTCS.17–22 
The placebo responses seen in this trial were relatively high 
(median percent reduction in PGTCS frequency: −43.24%; 50% 
responder rate: 46.3%; observed seizure freedom rate: 13.2%). 
However, similarly high placebo responses were also seen in 
previous trials of adjunctive levetiracetam and lamotrigine treat-
ment in patients with PGTCS.18 20 High placebo responses are 
not unexpected, given the known variability of seizure frequency 
in patients with IGE and PGTCS, and the fact that patients in 
clinical trials are often more adherent to their AED regimen.18 
An open- label pilot and extension study assessed the safety of 
lacosamide for adjunctive treatment of uncontrolled PGTCS in 
patients with IGE.12 Although these studies were not designed 
to assess efficacy, reductions in PGTCS, myoclonic and absence 
seizure frequencies were observed. Several case reports and 
small- scale studies also suggested that lacosamide may be an 
effective treatment for patients with IGE.23–28

In the pilot lacosamide study, five (10%) patients had an 
increase in absence seizures (reported as TEAEs).12 However, 
because of the uncontrolled nature of the study, it was not 
clear whether this was due to lacosamide or the natural course 
of the condition. In a small- case series supported by video- 
electroencephalogram, the authors concluded that lacosamide 
can be a reasonable option for patients with IGE and drug- 
resistant PGTCS, but recommended follow- up in patients with a 
history of absence seizures who could be at higher risk of seizure 
worsening.28

In the current trial, 37% of patients had a history of absence 
seizures and 39% had a history of myoclonic seizures. Median 
percent reductions in the number of days with absence seizures 
were numerically higher with lacosamide than placebo and 
median percent reductions in the number of days with myoc-
lonic seizures were numerically lower with lacosamide than 
placebo. Responder rates for reduction in days with absence and 
myoclonic seizures were generally similar with lacosamide and 
placebo. There was no evidence of an increased risk of seizure 
worsening for PGTCS and absence seizures with lacosamide and 
only few patients reported worsening of myoclonic seizures. 
One patient on lacosamide and three patients on placebo had a 
≥50% increase in absence seizure days, while four patients on 
lacosamide and two patients on placebo had a ≥50% increase in 
myoclonic seizure days from the combined baseline. If seizure 
worsening occurred, it was observed during the titration period 
and no further increase was seen during the first 12 weeks of the 
treatment period and 24- week treatment period.

Lacosamide was generally safe and well tolerated in patients 
with IGE and PGTCS. The most common TEAEs with lacos-
amide were dizziness, somnolence and headache, consistent with 
those reported previously in patients with focal seizures29–31 and 
in the open- label pilot study in patients with IGE and uncon-
trolled PGTCS.12

Findings in the subgroup of paediatric patients were consistent 
with the overall population. However, patient numbers were 
low and results should be interpreted with caution as this trial 
was not powered to evaluate significance in subgroups.

The results of this trial support the use of adjunctive oral 
lacosamide for treatment of uncontrolled PGTCS in patients ≥4 
years of age with IGE.
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