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SUMMARY

Objective: To evaluate the efficacy and safety of conversion to lacosamide 400 mg/day

monotherapy in adults with focal epilepsy.

Methods: This historical-controlled, double-blind study (NCT00520741) enrolled

patients aged 16–70 years on stable doses of 1–2 antiepileptic drugs (AEDs) and expe-

riencing 2–40 partial-onset seizures per 28 days during the 8-week prospective Base-

line. Patients were randomized to lacosamide 400 or 300 mg/day (3:1 ratio), starting

at 200 mg/day and titrated over 3 weeks to randomized dose. Patients then withdrew

background AEDs over 6 weeks and entered a 10-week Monotherapy Phase. The pri-

mary assessment was the Kaplan-Meier–predicted percentage of patients on 400 mg/

day in the full analysis set (FAS) meeting ≥1 predefined seizure-related exit criterion

by day 112, compared with the historical-control threshold (65.3%).

Results: Four hundred twenty-five patients were enrolled and were eligible for safety

analyses (400 mg/day, n = 319; 300 mg/day, n = 106). A total of 271 (63.8%) of 425

patients completed the Lacosamide Maintenance Phase (combined AED Withdrawal

and Monotherapy Phases). Among 284 patients in the 400 mg/day group in the FAS, 82

(28.9%)met ≥1 exit criterion; theKaplan-Meier–predicted exit percentage at day 112 for

400 mg/day (30.0%; 95% confidence interval [CI] 24.6–35.5%) was lower than the histori-

cal control. When exit events, withdrawal due to treatment-emergent adverse events

(TEAEs), and withdrawal due to lack of efficacy were summed (n = 90), the predicted

exit percentage (32.3%; 95% CI 26.8–37.8%) was also lower than the historical control.

Most patients receiving 400 mg/day reported some improvement on the Clinical Global

Impression of Change (75.4%) and Patient Global Impression of Change (74.3%). Over-

all, the most common (>10%) TEAEs were dizziness (24.0%), headache (14.4%), nausea

(13.4%), convulsion (11.5%), somnolence (10.4%), and fatigue (10.1%);most (74.1%) were

mild-to-moderate in intensity. Seventy-twopatients (16.9%) discontinued due toTEAEs.

Seventeen patients (4%, all receiving 400 mg/day) experienced seriousAEs.

Significance: Lacosamide 400 mg/day monotherapy was effective, with a favorable

safety profile in patients with focal epilepsy.

KEY WORDS: Monotherapy, Historical control, Lacosamide, Partial-onset seizures,
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The use of monotherapy for the treatment of seizures
in epilepsy has a number of potential benefits over
polytherapy including reduced likelihood of adverse
events (AEs), improved adherence, decreased risk of
drug–drug interactions and, possibly, lower medication
costs.1 Although the majority of patients with epilepsy
can achieve seizure freedom with monotherapy,2

only four of the newer antiepileptic drugs (AEDs) are
approved in the United States as monotherapy (felbamate,
lamotrigine, oxcarbazepine, and topiramate), and only ox-
carbazepine and topiramate have an indication for initial
monotherapy.3–6

It is challenging to demonstrate monotherapy efficacy in
epilepsy clinical studies. The European Medicines Agency
(EMA) accepts studies that demonstrate noninferiority to an
AED with established use as monotherapy. However, the
U.S. Food and Drug Administration (FDA) does not,
because of concerns that both AEDs could be equally inef-
fective.7 Monotherapy studies demonstrating superiority to
placebo raise ethical concerns about morbidity risk when
there are effective alternatives available to patients.8,9 A
conversion to monotherapy study design using a known
effective agent administered at a subtherapeutic or mini-
mally therapeutic dose (low-dose active control, also refer-
enced in some studies as “pseudo-placebo”) was used in
previous epilepsy studies,10,11 but is inconsistent with the
Declaration of Helsinki9 and is no longer considered ethical
by the epilepsy community.

The FDA and the epilepsy community have agreed that
future monotherapy trials should compare AEDs to a histor-
ical-control group based on the pooled “low-dose active
control” groups from past conversion-to-monotherapy tri-
als.7,11 Eight similarly designed studies, incorporating a
low-dose active control group were included in a meta-
analysis, which established an expected exit percentage
(proportion of patients who met predefined exit criteria) of
85.1% with a lower bound of the 95% prediction interval of
65.3%.11 Superiority over the historical controls can be
declared if the upper limit of the 95% confidence interval
(CI) for the study drug is less than the lower limit of the pre-
diction interval for the prespecified historical-control exit
percentage (65.3%). Study design, recruitment criteria, and
population characteristics for future studies are required to
be as similar as possible to the studies constituting the his-
torical control. Such historical-controlled monotherapy tri-
als still require inclusion of two effective-dose study arms
to maintain study design integrity, including randomization
and blinding of treatment assignment. Although a random-
ized concurrent controlled trial offers a higher class of evi-
dence, the historical-control trial design is currently the
only AED study design acceptable to the FDA to achieve an
indication for monotherapy.

Four AEDs have recently been evaluated as conversion to
monotherapy using the historical-control study design:

lamotrigine extended-release,12 levetiracetam extended-
release,13 pregabalin,14 and eslicarbazepine.15,16

We report the results of a historical-control study (A La-
cosamide EXchange to Monotherapy Trial [ALEX-MT]) to
assess the efficacy and safety of conversion to lacosamide
monotherapy, an AED that is approved for the adjunctive
treatment of partial-onset seizures (POS) in adults.17–19

Methods

Study design
This study (SP902; Clinicaltrials.gov: NCT00520741) was

a historical-controlled, multicenter, double-blind, conversion
to monotherapy study conducted between August 2007 and
December 2012 in the United States, Canada, Europe, and
Australia. Prior approval was received from the appropriate
institutional review body for each center, and written
informed consent was obtained from each patient. This study
was conducted in accordance with the Good Clinical Practice
requirements, the Declaration of Helsinki, and local laws.

Following an 8-week prospective Baseline Phase,
patients were randomized in a blinded fashion in a 3:1 ratio
to lacosamide 400 or 300 mg/day (Fig. S1). Treatment allo-
cation was generated by an Interactive Voice Response Sys-
tem based on a central randomization scheme, stratified by
region (U.S.A./Canada and other regions), which assigned
the applicable kit number. A 300 mg/day treatment arm was
included to blind the treatment group and to ensure a study
design consistent with the historical-control studies.

Lacosamide was administered as 50 or 100 mg tablets,
identical in appearance. An identical placebo tablet was
incorporated in the 300 mg/day dose group from the final
week of titration to maintain blinding throughout the study.
During the 3-week Titration Phase, lacosamide was initiated
at a dose of 200 mg/day (100 mg/day twice daily [b.i.d.]),
and titrated by 100 mg/day each week to the randomized
dose (300 or 400 mg/day). Patients then entered the 16-week
Lacosamide Maintenance Phase, which included a 6-week
background AED Withdrawal Phase and a 10-week lacosa-
mide Monotherapy Phase. Background AEDs were tapered
in approximately equal decrements every 2 weeks. The sec-
ond background AED, if present, was withdrawn on day 1
of the AED Withdrawal Phase. After the AED Withdrawal
Phase, patients were maintained on lacosamide monothera-
py at the randomized dose (a single reduction in dose was
permitted during the Lacosamide Maintenance Phase for
reasons of tolerability). The study had predefined exit crite-
ria consistent with the historical-control design. Patients
who met the exit criteria or completed the 10-week
Monotherapy Phase could then taper their lacosamide dose,
initiate therapy with commercial lacosamide, or transition
to the open-label extension study (SP904; Clinicaltrials.gov:
NCT00530855). Patients who prematurely discontinued the
study and were not considered exits were not eligible to
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transition to the open-label extension study. Safety follow-
up lasted for 2 weeks after last dose for those who tapered
off study medication.

Key inclusion criteria
Male and female patients aged 16–70 years with a diag-

nosis of epilepsy with POS, and electroencephalography
(EEG) and brain computerized tomography (CT) scan or
magnetic resonance imaging (MRI) evaluation consistent
with this diagnosis, were enrolled in the study. This study
used the International Classification of Epileptic Seizures,
1981.20 Patients with simple POS (with motor signs) or
complex POS (with or without secondary generalization)
were required to have a seizure frequency of 2–40 per
28 days during the 8-week Baseline Phase. A stable dose of
one or two marketed AEDs for at least 28 days was required
prior to Baseline and during the Baseline Phase. The dosage
of the second AED was required to be ≤50% of the mini-
mum recommended maintenance dose per United States
product label.

Key exclusion criteria
Patients were excluded if they had a history of pri-

mary generalized epilepsy, status epilepticus within the
previous year, cluster seizures within 8 weeks of study
start, any seizure-free period lasting 28 days or longer
during the Baseline Phase, or >5 seizures of any type
in a single day during the Baseline Phase. Additional
exclusion criteria included any history of conversion
disorders or other nonepileptic ictal events. Patients
were also excluded from entering the study if they had
an implanted vagus nerve stimulator, or had received
benzodiazepines, phenobarbital, or primidone, or were
regularly receiving neuroleptics, monoamine oxidase
inhibitors, barbiturates, or narcotic analgesics within
28 days of study entry or during the Baseline Phase.

Assessments
The primary efficacy assessment was the percentage

of patients in the full analysis set (FAS) receiving la-
cosamide 400 mg/day who met one or more of the fol-
lowing predefined exit criteria11 by day 112 of the
Lacosamide Maintenance Phase (end of Lacosamide
Maintenance Phase):
1 A twofold or greater increase in average monthly (28-
day) POS frequency (motor and nonmotor) compared
with average monthly POS frequency (motor and nonmo-
tor) during the Baseline Phase.

2 A twofold or greater increase in consecutive 2-day POS
frequency (motor and nonmotor) versus the highest con-
secutive 2-day POS frequency (motor and nonmotor) that
occurred during the Baseline Phase. If the highest consec-
utive 2-day POS frequency during the Baseline Phase
was 1, a 2-day POS frequency of ≥3 was required to meet
this exit criterion.

3 Occurrence of a single generalized tonic–clonic seizure
(GTCS) if none had occurred in the 6 months prior to ran-
domization.

4 A prolongation or worsening of overall seizure duration,
frequency, type, or pattern considered by the investigator
as serious enough to warrant study discontinuation.

5 Status epilepticus or new onset of serial/cluster seizures.
Secondary efficacy assessments included the time to first

occurrence of any exit event; the sum of exit event percent-
age, percentage of withdrawals due to AEs, percentage of
withdrawals due to lack of efficacy (400 mg/day group
only); and duration of monotherapy treatment (days) during
the Monotherapy Phase. In addition, Clinical Global
Impression of Change (CGIC) and Patient’s Global Impres-
sion of Change (PGIC) were assessed at study termination
or completion. Exploratory efficacy analyses were also per-
formed on the 300 mg/day dose group. Post hoc analyses on
seizure frequency and seizure freedom were assessed for
both the 300 and 400 mg/day dose groups.

Safety assessments included incidence of treatment-
emergent AEs (TEAEs), serious adverse events (SAEs), and
withdrawal due to AEs. Other assessments included: hema-
tology, blood chemistry, and urinalysis parameters; 12-lead
electrocardiography (ECG) studies; vital sign measure-
ments (i.e., blood pressure, pulse rate); physical and neuro-
logic examination findings; and body weight.

Statistical analysis
The primary analysis of the study compared the 400 mg/

day dose group with the historical low-dose active control
group.11 The study was not randomized for the primary out-
come. Patients were randomized 3:1 to one of two therapeu-
tic doses of lacosamide 400 or 300 mg/day, to ensure a
study design comparable to the historical control.

A sample size of 338 enrolled patients in the lacosamide
400 mg/day group was calculated to provide approximately
90% power for the comparison of the Kaplan-Meier esti-
mate of the percentage of patients exiting by day 112 versus
the historical-control exit percentage (65.3%). This sample
size calculation was based on a one-sided 0.025 significance
level, an assumed 55% exit percentage, a 20% dropout per-
centage during the Titration Phase, and a 10% dropout per-
centage during the Lacosamide Maintenance Phase for
nonexit criteria reasons.

For calculation of the Kaplan-Meier estimate, the date of
the earliest exit was used in the event of a patient meeting
more than one exit criterion. Patients who withdrew for non-
exit criteria reasons were censored as of the date of the last
Lacosamide Maintenance Phase dose. Lacosamide 400 mg/
day would be declared an effective withdrawal to monother-
apy treatment if the upper limit of the 95% CI for the pre-
dicted exit estimate was less than the lower limit of the 95%
prediction interval for the prespecified historical-control
exit percentage (65.3%). The Kaplan-Meier plot of the time
to exit was calculated for time to first occurrence of any exit
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event. As exploratory analyses, results of the efficacy of the
300 mg/day dose group are descriptive only. Sensitivity
analyses were performed on the primary efficacy assess-
ment using a Cox proportional hazards model to measure
the effects of baseline characteristics, including age, gender,
racial group, region, use of oxcarbazepine/carbamazepine,
and the log-transformed baseline seizure frequency. Post
hoc analyses included 50% and 75% responder rates (the
proportion of patients who experienced a ≥50% and ≥75%
reduction in seizure frequency per 28 days compared with
baseline) as well as increase in seizure frequency of ≥25%
from baseline, and patients achieving seizure freedom dur-
ing the 10-weekMonotherapy Phase.

Efficacy assessments were evaluated using the FAS
(patients who completed the Titration Phase and started
withdrawing background AEDs). Safety assessments were
evaluated using the Safety Set (SS; all patients who received
at least one dose of lacosamide). Post hoc analyses were per-
formed on the SS and a subset of patients in the FAS who
completed the Monotherapy Phase.

Results

A total of 425 patients were enrolled and included in the
safety analyses, and 383 were included in the efficacy
analyses. Overall, 271 patients (63.8%) completed the La-
cosamide Maintenance Phase (Fig. 1). Dropout rates from
the 400 mg/day group during the Titration Phase (11.0%)
and Lacosamide Maintenance Phase (6.7%) for nonexit cri-
teria were lower than was projected in the sample size calcu-
lation (20% and 10%, respectively), hence the study
remained adequately powered. Patient characteristics were

generally comparable between treatment groups (Table 1)
and similar to those that are available for the historical-con-
trol studies, including regional distribution. Patients were
slightly older in the current study (mean age 40.6 years
compared with 35–38 years in the historical control), and
fewer patients took carbamazepine or oxcarbazepine as a
primary or secondary background AED (n = 146; 34.4%),
compared with 46–64% in the historical-control studies.11

The proportion of patients with a history of GTCS was at the
high end of the range reported in the historical-control stud-
ies (67.5% vs. 19–71%).21–25

Primary assessment
Among 284 patients in the lacosamide 400 mg/day group

in the FAS, 82 (28.9%) met at least one exit criterion
(Table 2). The Kaplan-Meier estimate of the percentage of
patients in the 400 mg/day group meeting at least one exit
criterion by day 112 was 30.0% (95% CI 24.6–35.5%;
Fig. 2). Superiority over the historical control was demon-
strated, as the upper limit of the two-sided 95% CI for this
estimate (35.5%) was lower than the historical-control exit
percentage (65.3%; Fig. 2).

Secondary assessments
The mean (� standard deviation, SD) time to exit due to

meeting at least one exit criterion during the Lacosamide
Maintenance Phase was 45.0 � 24.3 days (n = 284) in the
lacosamide 400 mg/day group. If all predefined seizure-
related exits, withdrawals due to an AE, and withdrawals
due to lack of efficacy were counted as exit events, 90
patients (31.7%) exited; the Kaplan-Meier predicted exit
percentage at day 112 was 32.3% (95% CI 26.8–37.8%).

Figure 1.

Patient disposition. aOne patient was

randomized at two centers. This

patient was summarized once in the

Enrolled Set and removed from the

Safety Set. bPatients who completed

the Lacosamide Maintenance Phase

but an exit was discovered using a

more conservative computational

algorithm than that used by the

investigator. AE, adverse event.

Epilepsia ILAE
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The upper limit of the two-sided 95% CI for this estimate
(37.8%) was lower than the historical-control exit percent-
age (65.3%) and was consistent with the primary efficacy
analysis (Fig. 2). Median duration of monotherapy treat-
ment in the 400 mg/day group during the Monotherapy
Phase was 71.0 days (range 2–105). The proportion of
patients receiving 400 mg/day who showed some improve-

ment was 75.4% on the CGIC and 74.3% on the PGIC. Of
these, 19.7% and 28.5%, respectively, were rated as very
much improved; 40.8% and 32.7%, respectively, were rated
as much improved; and 14.8% and 13.0%, respectively,
were rated as minimally improved. Similarly, most patients
in the 300 mg/day group were rated as improved on the
CGIC and PGIC (72.7% for both; Fig. S2).

Table 1. Patient baseline demographics and epilepsy characteristics

Safety set Full analysis set

Lacosamide

400 mg/day

(N = 319)

Lacosamide

300 mg/day

(N = 106)

All patients

(N = 425)

Lacosamide

400 mg/day

(N = 284)

Lacosamide

300 mg/day

(N = 99)

All patients

(N = 383)

Age, years

Mean (SD) 40.4 (12.5) 41.4 (14.3) 40.6 (13.0) 40.1 (12.6) 41.4 (14.2) 40.4 (13.1)

Range 16–69 17–69 16–69 16–69 17–69 16–69
Gender

Male, n (%) 150 (47.0) 56 (52.8) 206 (48.5) 136 (47.9) 54 (54.5) 190 (49.6)

Race

Black, n (%) 53 (16.6) 9 (8.5) 62 (14.6) 48 (16.9) 8 (8.1) 56 (14.6)

White, n (%) 246 (77.1) 91 (85.8) 337 (79.3) 219 (77.1) 85 (85.9) 304 (79.4)

Other, n (%) 20 (6.3) 6 (5.7) 26 (6.1) 17 (6.0) 6 (6.1) 23 (6.0)

Country

U.S.A. 249 (78.1) 82 (77.4) 331 (77.9) 223 (78.5) 75 (75.8) 298 (77.8)

All other countries 70 (21.9) 24 (22.6) 94 (22.1) 61 (21.5) 24 (24.2) 85 (22.2)

BMI, kg/m2

Mean (SD) 28.7 (6.6) 28.2 (5.7) 28.6 (6.4) 28.9 (6.7) 28.2 (5.8) 28.7 (6.5)

Time since first diagnosis

(years), mean (SD)

16.9 (13.5) 18.0 (15.3) 17.2 (14.0) 16.6 (12.9) 18.3 (14.9) 17.1 (13.5)

Baseline seizure frequency

per 28 days, median (range)

6.50 (2.0–39.0) 7.00 (2.0–40.0) 6.62 (2.0–40.0) 6.50 (2.0–39.0) 7.00 (2.0–40.0) 6.50 (2.0–40.0)

Seizure history, n (%)

Simple partial 155 (48.6) 46 (43.4) 201 (47.3) 139 (48.9) 43 (43.4) 182 (47.5)

Complex partial 273 (85.6) 90 (84.9) 363 (85.4) 244 (85.9) 87 (87.9) 331 (86.4)

Secondary generalized 223 (69.9) 64 (60.4) 287 (67.5) 197 (69.4) 59 (59.6) 256 (66.8)

Seizure clusters >8 weeks

before baseline

7 (2.2) 3 (2.8) 10 (2.4) 6 (2.1) 3 (3.0) 9 (2.3)

Status epilepticus >12 months

before baseline

4 (1.3) 2 (1.9) 6 (1.4) 3 (1.1) 2 (2.0) 5 (1.3)

Secondary GTCS within

4 months of baseline

149 (46.7) 41 (38.7) 190 (44.7) 130 (45.8) 37 (37.4) 167 (43.6)

AEDs discontinued prior to

study entry

≤2 175 (54.9) 55 (51.9) 230 (54.1) 160 (56.3) 49 (49.5) 209 (54.6)

≥3 144 (45.1) 51 (48.1) 195 (45.9) 124 (43.7) 50 (50.5) 174 (45.4)

Number of background AEDs

1 236 (74.0) 76 (71.7) 312 (73.4) 210 (73.9) 69 (69.7) 279 (72.8)

2 83 (26.0) 30 (28.3) 113 (26.6) 74 (26.1) 30 (30.3) 104 (27.2)

Primary background AED

Levetiracetam 72 (22.6) 22 (20.8) 94 (22.1) 65 (22.9) 22 (22.2) 87 (22.7)

Carbamazepine 65 (20.4) 21 (19.8) 86 (20.2) 57 (20.1) 18 (18.2) 75 (19.6)

Lamotrigine 46 (14.4) 14 (13.2) 60 (14.1) 43 (15.1) 14 (14.1) 57 (14.9)

Phenytoin 40 (12.5) 14 (13.2) 54 (12.7) 36 (12.7) 11 (11.1) 47 (12.3)

Valproate 33 (10.3) 11 (10.4) 44 (10.4) 25 (8.8) 10 (10.1) 35 (9.1)

Oxcarbazepine (OXC) 25 (7.8) 13 (12.3) 38 (8.9) 24 (8.5) 13 (13.1) 37 (9.7)

Topiramate 24 (7.5) 3 (2.8) 27 (6.4) 22 (7.7) 3 (3.0) 25 (6.5)

Use of carbamazepine or

oxcarbazepine (as primary

or secondary background AED)

104 (32.6) 42 (39.6) 146 (34.4) 94 (33.1) 39 (39.4) 133 (34.7)

AED, antiepileptic drug; BMI, body mass index; GTCS, generalized tonic–clonic seizure; SD, standard deviation.
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Exploratory analyses
When the primary assessment was adjusted for baseline

characteristics, the Kaplan-Meier predicted exit percentage
in the 400 mg/day group was 29.2% (95% CI 23.5–34.5%).

In patients who received lacosamide 300 mg/day,
26 patients (26.3%) met at least one exit criterion. The
Kaplan-Meier estimate was 27.3% (95% CI 18.4–36.3%)
and the upper limit of the two-sided 95% CI for this estimate
(36.3%) was lower than the lower limit of the historical-con-

trol exit percentage (65.3%). The mean (�SD) time to exit
due to meeting at least one exit criterion during the Lacosa-
mide Maintenance Phase was 37.4 � 21.2 days in the
300 mg/day group. Median duration of monotherapy treat-
ment in the 300 mg/day group during the Monotherapy
Phase was 71.0 days (range 1–100).

Analysis by baseline subgroup showed that the subgroup
of patients from North America had a lower percentage of
subjects meeting at least 1 exit criterion (26.9% [63/234])

Table 2. Incidence of exit criteria and predicted exit percentage, FAS

Lacosamide maintenance phase

Primary efficacy analysis Exploratory analysis

lacosamide 400 mg/day

N = 284

n (%)

lacosamide 300 mg/day

N = 99

n (%)

Patients meeting at least one exit criterion (patients can

be counted under more than one exit criterion)

82 (28.9) 26 (26.3)

Exit 1: At least a twofold increase in POS frequency

seizures per 28 days compared with the baseline phase

50 (17.6) 14 (14.1)

Exit 2: At least a twofold increase in consecutive 2-day

POS frequency compared with the baseline phase

34 (12.0) 10 (10.1)

Exit 3: Occurrence of a GTCS if none had occurred in

the 6 months prior to randomization

9 (3.2) 4 (4.0)

Exit 4: Prolongation or worsening overall seizure duration,

frequency, type, or pattern that necessitated study discontinuation

23 (8.1) 8 (8.1)

Exit 5: Status epilepticus or new onset of serial/cluster seizures 5 (1.8) 1 (1.0)

Kaplan-Meier predicted exit percentage at day 112 (95% CI) 30.0 (24.6, 35.5) 27.3 (18.4,36.3)

Historical-control exit percentage, lower bound for the 95%

prediction interval

65.3 65.3

POS, partial-onset seizures; FAS, full analysis set; GTCS, generalized tonic–clonic seizures; CI, confidence interval.

A B

Figure 2.

Kaplan-Meier predicted time to exit due to meeting at least one exit criterion during the Lacosamide Maintenance Phase, 400 mg/day

group and historical control11 (A) Kaplan-Meier predicted exit percentages for the lacosamide 400 mg/day group compared with histori-

cal control11 and percentage of patients meeting ≥1 exit criterion, withdrawal due to a TEAE, and withdrawal due to lack of efficacy in the

Lacosamide Maintenance Phase, FAS (B) TEAE, treatment emergent-adverse event; FAS, full analysis set; LL, lower limit; UL, upper limit.

Epilepsia ILAE
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compared with all other regions (38.0% [19/50]). Similarly,
the exit percentage in the U.S.-only subgroup was lower
compared with all other countries (26.9% [60/223] vs.
36.1% [22/61]). Interpretation of these results should take
into account that a large majority of subjects were from the
U.S. region (223 vs. 61).

Post hoc analyses
In the 400 mg/day group, 133/319 patients (41.7%) in the

SS and 122/201 (60.7%) of those who completed the Mono-
therapy Phase had a ≥50% reduction in seizure frequency
during the 10-week Monotherapy Phase compared with
Baseline (Fig. 3). A ≥75% reduction in seizure frequency
during the Monotherapy Phase compared with baseline was
seen in 77/319 (24.1%) of the SS and in 69/201 (34.3%)
patients who completed the Monotherapy Phase. Thirty
(14.9%) of 201 patients receiving 400 mg/day who com-
pleted the Monotherapy Phase remained seizure-free during
the Monotherapy Phase (Fig. 3). In the 400 mg/day group,
an increase in seizure frequency of ≥25% was seen in 48/
319 patients (15.0%) in the SS and 16/201 (8.0%) who com-
pleted the Monotherapy Phase. The proportion of patients in
the 300 mg/day group with ≥50% or ≥75% reduction in sei-
zure frequency or who became seizure-free was comparable
to that seen in the 400 mg/day group (Fig. 3).

Safety
A total of 359/425 patients (84.5%) reported a TEAE

(defined as an AE with onset during the treatment period).
The most common TEAEs in the overall population were
dizziness (24.0%), headache (14.4%), nausea (13.4%), con-
vulsion (11.5%), somnolence (10.4%), and fatigue (10.1%;
Table 3). These TEAEs (with the exception of those coded

to convulsion) were more common during the Titration
Phase than during the Monotherapy Phase (Fig. S3). During
the treatment period, 69 patients (16.2%) discontinued due
to a TEAE; 72 patients (16.9%) discontinued due to an AE
at any point during the study. The most common AEs lead-
ing to discontinuation during the treatment period were
TEAEs coded to convulsion (8.2%), dizziness (1.6%), grand
mal convulsion (1.2%), and nausea (0.9%). Forty-nine
patients reported a TEAE coded to convulsion, 35 of whom
discontinued the study; 32 of these met predefined exit crite-
ria. There was no evidence for any effect of lacosamide
treatment on vital signs, weight, ECG evaluations, or physi-
cal and neurologic examinations.

Seventeen patients (all in the 400 mg/day group) reported
19 SAEs during the treatment period. The only SAE in more
than one patient was convulsion (n = 5). The majority of
SAEs (12/19) were considered by the investigator not to be
related to treatment.

Three patients died during the study, all in the 400 mg/
day dose group. None of the deaths were considered to be
related to lacosamide. One was a consequence of poly-
trauma, unrelated to epilepsy, and two were due to sudden
unexpected death in epilepsy (SUDEP), one of which was
probable and one definite. One SUDEP occurred during the
AED Withdrawal Phase in a patient with a 9-year history of
epilepsy, and the other in a patient with a 25-year history of
epilepsy while transitioning to the open-label study. Both
patients had a history of exclusively secondarily generalized
seizures and had experienced fewer seizures during the
Monotherapy Phase than during Baseline (0 vs. 3.5 and 20.2
vs. 32.5 per 28 days). Twenty-seven patients with exclu-
sively GTCS were enrolled and two of these patients had
SUDEP. Due to the potential increased risk of SUDEP in

A B

Figure 3.

Proportion of patients with ≥50%, ≥75%, and 100% (seizure-free) reduction (A) or ≥25% increase (B) in seizure frequency per 28 days

during the 10-week Monotherapy Phase compared with Baseline Phase, safety set, and patients completing the Monotherapy Phase. aPati-

ents who discontinued the study prior to the Monotherapy Phase or did not complete the Monotherapy Phase were considered to not

be seizure-free.

Epilepsia ILAE
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patients with exclusively GTCS in a study setting, the one
remaining patient with only GTCS was withdrawn.

Discussion

This study, conducted in accordance with U.S. regulatory
criteria, demonstrates the efficacy and safety of conversion
to lacosamide 400 mg/day monotherapy in 16- to 70-year-
old patients with focal epilepsy.

The primary efficacy variable was the percentage of
patients meeting predefined exit criteria compared with his-
torical controls. Patients treated with lacosamide 400 mg
daily were significantly less likely to meet predefined exit
criteria relative to an exit rate established from a historical
low-dose active control group.11

A number of secondary analyses were performed, the
findings of which supported the primary efficacy analysis of
this study. A more conservative analysis including patients
who discontinued the study for reasons other than meeting
predefined seizure-related exit criteria (i.e., due to an AE or
perceived lack of efficacy not severe enough to meet exit
criteria) supported the efficacy of lacosamide as monothera-
py. Even in this more conservative analysis, the upper limit
of the 95% CI of the estimated exit percentage at day 112 in
the lacosamide 400 mg/day group was substantially below
the historical-control exit percentage (37.8% vs. 65.3%).

Lacosamide 300 mg/day, an established effective dose
for adjunctive therapy, was included to maintain the study
blind and to ensure a study design consistent with the histor-
ical-control studies. Its efficacy was assessed as exploratory

analyses with findings that were similar to those for the
400 mg/day group.

The primary endpoint of this study differs from the sei-
zure frequency-based endpoints used in most epilepsy stud-
ies. Additional information on patient outcomes is provided
through CGIC and PGIC assessments, and post hoc analyses
of responder rates and seizure freedom rates are included to
provide a clinical context to the study results. The majority
of physicians and patients in both dose groups reported at
least some degree of subjective improvement based on
CGIC and PGIC values. Post hoc analyses in the 400 mg/
day group revealed that almost two thirds of patients who
completed the Monotherapy Phase experienced a ≥50%
reduction and one-third experienced a ≥75% reduction in
seizure frequency per 28 days compared with Baseline.

The historical-control study design has several potential
limitations: Patients were aware that they would receive one
of two effective doses of lacosamide; the study duration was
relatively short compared with actual clinical practice; the
background AED Withdrawal Phase had a fixed duration;
and patients were converted to monotherapy from a stable
regimen of 1–2 AEDs. Although a randomized controlled
trial offers a higher class of evidence, the historical-control
trial design is the only currently acceptable design in the
United States for establishing the efficacy and safety of
AEDmonotherapy use.

Our study was designed to match the historical-control
studies as much as possible with respect to overall design,
patient population, exit criteria, and data analysis.11 Patient
demographics, including age, gender, race, nationality,

Table 3. Incidence of TEAEsa of any causality with onset during any part of the treatment period, SS

400 mg/day

N = 319

300 mg/day

N = 106

Total

N = 425

Any TEAE, n (%) 272 (85.3) 87 (82.1) 359 (84.5)

Serious TEAE, n (%) 17 (5.3) 0 17 (4.0)

Discontinuations due to TEAE, n (%) 54 (16.9) 15 (14.2) 69 (16.2)

Deaths, n (%) 3 (0.9) 0 3 (0.7)

TEAEs occurring in >5% of patients

Dizziness 83 (26.0) 19 (17.9) 102 (24.0)

Headache 42 (13.2) 19 (17.9) 61 (14.4)

Nausea 44 (13.8) 13 (12.3) 57 (13.4)

Convulsionb 32 (10.0) 17 (16.0) 49 (11.5)

Somnolence 29 (9.1) 15 (14.2) 44 (10.4)

Fatigue 32 (10.0) 11 (10.4) 43 (10.1)

Nasopharyngitis 25 (7.8) 7 (6.6) 32 (7.5)

Tremor 21 (6.6) 8 (7.5) 29 (6.8)

Diarrhea 21 (6.6) 7 (6.6) 28 (6.6)

Vision blurred 19 (6.0) 6 (5.7) 25 (5.9)

Insomnia 17 (5.3) 7 (6.6) 24 (5.6)

Vomiting 21 (6.6) 2 (1.9) 23 (5.4)

SS, safety set; TEAE, treatment-emergent adverse event.
aCoded using Medical Dictionary of Regulatory Activities (MedDRA), Version 9.1.
bBecause the preferred term of convulsions captures both worsening of seizure conditions and improvements (emergence of less severe seizure types), the inci-

dence of convulsion may be an overestimate of the number of patients with worsening seizures.
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baseline seizure frequency, epilepsy type, and history in
this study were generally similar to the data available for
the historical-control studies (Table S1).11 At the time the
study was conducted (2007–2012), patients were treated
with a greater variety of AEDs than when the historical-
control studies were conducted due to the availability of a
greater number of new therapies. Levetiracetam was the
most common background AED in this study. Although
carbamazepine was the second most common background
AED, its use was lower than in the historical-control stud-
ies.

The safety profile of lacosamide reported in the present
study is generally similar to that observed in lacosamide
adjunctive therapy studies.17–19 The most frequently
reported TEAEs included dizziness, nausea, and headache.
Analysis by study phase revealed that the incidence of TE-
AEs was higher during the Titration Phase of the study
while patients were still receiving background AEDs and
thus may have been related to polytherapy, the higher initial
lacosamide dose of 200 mg/day, and fixed titration to the
randomized dose. Most TEAEs (with the exception of
events coded to convulsions) occurred less frequently dur-
ing the Monotherapy Phase and rarely led to discontinua-
tion. In clinical settings that are not constrained by the
limitations of the historical-control design, more flexible
titration schedules may be expected to reduce the incidence
of AEs.

Reporting of terms coded to convulsions was higher dur-
ing the Monotherapy Phase than during the Titration Phase,
but patients did not necessarily have GTCS or consistently
meet predefined exit criteria. In this study, all changes of
seizure type or severity were coded to convulsions, even the
onset of a new milder seizure type despite resolution of
more severe seizures.

Seizures are a cardinal manifestation of epilepsy. Any
change in AED regimen may engender risk of seizure exac-
erbation, and a proportion of patients may be expected to
experience worsening seizures when current therapy is
withdrawn.26,27 Nonetheless, all patients entering this study
had suboptimal seizure control that warranted a change in
treatment. It is not possible to assess how many of these
patients would have experienced a deterioration of seizure
control regardless of intervention given the highly variable
natural course of epilepsy.28 The constraints imposed by the
historical-control design of this study did not allow for indi-
vidualized and flexible conversion to monotherapy options
that would be utilized in clinical settings.

There were two cases of SUDEP in this study, both in
patients with a history of exclusively GTCS. SUDEP has
been reported in clinical trials of adjunctive antiepileptic
therapy in patients with refractory seizures,29 as well as in
conversion-to-monotherapy trials.14 A causal relationship
between SUDEP and the administration of AEDs has not
been established.30 The most important known risk factor
for SUDEP is the occurrence and frequency of GTCS.31

Hence, control of GTCS remains the most important clinical
intervention to reduce the risk of SUDEP.

In addition to meeting regulatory guidelines, this study
suggests a potential positive impact on clinically relevant
outcomes. CGIC and PGIC ratings and post hoc analyses of
responder rates and the seizure freedom rate indicate that
most patients whose seizures were not controlled on their
existing treatment improved when converted to lacosamide
monotherapy. It should be noted that although the patients
in this study had epilepsy that was somewhat more drug
resistant than would usually be considered for monotherapy
in clinical practice (45.4% of patients having failed ≥3 pre-
vious AEDs and a high proportion of patients had a history
of GTCS), patients with less drug-resistant epilepsy may
also benefit from lacosamide monotherapy. In addition, la-
cosamide may be better tolerated in clinical practice, where
flexible titration schedules may allow physicians to with-
draw existing treatment at a rate adjusted for optimal effi-
cacy and tolerability.

In conclusion, the use of lacosamide 400 mg daily,
divided b.i.d., was demonstrated to be effective as mono-
therapy for the treatment of adult patients with focal epi-
lepsy with a favorable safety profile. The results of this
study also suggest that lacosamide has a positive impact on
clinically relevant measures, and is a well-tolerated alterna-
tive for conversion to monotherapy in patients with uncon-
trolled focal epilepsy. Further exploratory analysis on
relevant endpoints, such as whether there are certain patient
characteristics that could predict those more likely to have
efficacy or side effects from lacosamide treatment, could be
conducted in the future to clinically contextualize the results
of this study.
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Warszawa; K Dziewiatowski, Synexus SCM Sp.z.o.o., Gdynia; J Galow-
icz, Wojewodzki Szpital Specjalistyczny im. Stefana, Lublin; J Kap-
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Georges Hospital, London; P Cooper, Hope Hospital, Salford; S Ellis,
University Hospital of North Straffordshire, Stoke-on-Trent; R Elwes,
Kings College Hospital NHS Foundation Trust, London; P McKee, James
Cook University Hospital, Middlesbrough; B McLean, Royal Cornwall
Hospitals, Truro; T (JWA) von Oertzen, St Georges Hospital, London;
U.S.A.: A Abubakr, New Jersey Neuroscience Institute, Edison, NJ; A
Alvarez, In Vivo Clinical Research, Inc., Doral, FL; A Arain, Vanderbilt
University Medical Center, Nashville, TN; R Armstrong, Asheville Neu-
rology Specialists, Asheville, NC; R Aung-Din, Lovelace Scientific
Resources, Sarasota, FL; R Ayala, Tallahassee Neurological Clinic, Talla-
hassee, FL; I Azzat Ali, The University of Toledo Health Science Center,
Toledo, OH; M Bensalem-Owen, University of Kentucky, Lexington, KY;
V Biton, Clinical Trials, Inc., Little Rock, AR; S Block, Millard Fillmore
Gates Hospital, Buffalo, NY; R Brooks, Upstate Clinical Research, LLC,
Albany, NY; R Brower, Texas Tech University Health Sciences Center,
El Paso, TX; M Brown, Neurology Associates, Maitland, FL; J Cantero,
Intercoastal Medical Group, Sarasota, FL; W Carlini, Medford Neurologi-
cal and Spine Clinic, Medford, OR; K Chan, NEA Baptist Clinic, Jones-
boro, AR; S Chung, St. Joseph’s Hospital and Medical Center, Phoenix,
AZ; J Cochran, Alexandria Fairfax Neurology PC, Alexandria, VA; J Co-
hen, Beth Israel Medical Center, New York, NY; S Cooper, Medical Asso-
ciates of North Georgia, Canton, GA; E Crisan, Edward Hines, Jr. VA
Hospital, Hines, IL; F Danisi, Kingston Neurological Associates, Kings-
ton, NY; R Davis, Pediatric Neurology, P.A., Orlando, FL; A DeMaria,
PMG Research of Wilmington LLC, Wilmington, NC; J DeWolfe, Uni-
versity of Alabama, Birmingham, AL; D Eliashiv, Cedars Sinai Medical
Center, Los Angeles, CA; B El-Nabbout, VCMA Comprehensive Epi-
lepsy Center, Wichita. KS; E Ergene, OSF Saint Francis Medical Cen-
ter, Peoria, IL; S Epps, Neurological Associates, Inc., Richmond, VA;
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Evans, Southern Illinois University School of Medicine, Springfield,
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ira, Pediatric Epilepsy and Neurology Specialists, PA, Tampa, FL; M
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Cleveland Clinic, Cleveland, OH; N Fountain, University of Virginia,
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North Alabama Neuroscience Research Associates, Huntsville, AL; A
Husain, Duke University Medical Center, Durham, NC; C Inglese, St.
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kins University Epilepsy Center, Baltimore, MD; D Kudrow,
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Institute, San Juan, PR; P Modur, University of Texas Southwestern
Medical Center, Dallas, TX and Kentucky Neuroscience Research,
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The Ohio State University Medical Center, Columbus, OH; P Mullin,
Weill Cornell Medical College, New York, NY; R Nanavaty, Brighton
Research Group, LLC, Virginia Beach, VA; M Newmark, Kelsey Sey-
bold Clinic, Houston, TX; O Omidvar, Collaborative Neuroscience Net-
work, Inc., Long Beach, CA; A Pajeau, Boice-Willis Clinic PA, Rocky
Mount, NC; C Pappas MD, PhD, Advent Clinical Research Centers,
Inc., Pinellas Park, FL; N Patel, University of Missouri Health Care,
Columbia, MO; E Pearlman, Savannah Neurology, PC, Savannah, GA;
S Penc, Upstate Clinical Research, LLC, Albany, NY; YY Peng,
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