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Abstract Background: Lacosamide is an antiepileptic drug (AED) approved for the ad-

junctive treatment of partial-onset seizures in adults. Completed phase II/III
clinical trials of lacosamide provide a valuable opportunity to evaluate clini-

cally relevant aspects of the resulting large patient pool.

Objective: To provide insight into the clinical utility of lacosamide by performing

a priori-defined and post hoc analyses on a large, pooled patient population.

Study Design: Pooled data from three randomized, double-blind, multicentre,

placebo-controlled phase II/III trials.
Patients:Adult patients with partial-onset seizures with or without secondary

generalization (N = 1294).
Intervention: Four- to six-week titration followed by 12-week maintenance

treatment with lacosamide (Vimpat�) 200, 400 or 600mg/day or placebo.

Main Outcome Measure: A priori-defined primary efficacy variables for the

pooled analysis were change in seizure frequency per 28 days and the propor-

tion of patients experiencing a ‡50% reduction in seizure frequency (50%
responder rate) from Baseline to the Maintenance Phase; a priori-defined

secondary efficacy variables were the proportion of patients achieving a ‡75%
reduction in seizure frequency from Baseline to the Maintenance Phase (75%
responder rate), the proportion of Maintenance Phase completers remaining

seizure free throughout the entire Maintenance Phase and the percentage of

seizure-free days during the Maintenance Phase for patients entering the

Maintenance Phase. The pooled analyses of the change in seizure frequency,

and 50% and 75% responder rates were performed with an intent-to-treat

(ITT) approach, including all patients receiving at least one dose of trial
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medication and having at least one post-baseline efficacy assessment. Similar

analyses of the two primary efficacy variables and 75% responder rates were

also performed using a modified ITT population (ITTm) that included ITT

patients who entered the Maintenance Phase. Additional post hoc efficacy

analyses were an evaluation of onset of efficacy and assessment of efficacy in

patients grouped by prior surgical history and individual concomitant AED

use. In addition, pharmacokinetic-pharmacodynamic modelling was per-

formed, and safety data were assessed.

Results: In this pooled analysis of 1294 difficult-to-treat patients, all three

dosages of lacosamide (200, 400 and 600mg/day) showed a significant im-

provement compared with placebo for median percent seizure reduction (ITT

and ITTm; p < 0.05 for 200mg/day, p < 0.001 for 400 and 600mg/day), as well
as for 50% responder rate (ITT and ITTm; p < 0.05 for 200mg/day, p < 0.001
for 400 and 600mg/day). Evaluation of 75% responder rate in the phase II/III
pooled population showed that a significantly higher proportion of patients

randomized to lacosamide 400 or 600mg/day achieved a ‡75% reduction in

seizure frequency comparedwith placebo (ITT and ITTm; p< 0.001); statistical
significance was not observed for lacosamide 200mg/day (ITT and ITTm).

A total of 2.7%, 3.3% and 4.8% of patients completing theMaintenance Phase

in the lacosamide 200, 400 and 600mg/day groups, respectively, experienced

no seizures throughout the entire Maintenance Phase (placebo group= 0.9%).

The mean change from baseline in the percentage of seizure-free days in pa-

tients entering theMaintenance Phase for the phase II/III pool was 8.0%, 11.6%
and 14.7% with lacosamide 200 (p= 0.077), 400 (p< 0.001) and 600 (p< 0.001)
mg/day groups, respectively, compared with 6.1% in the placebo group.

The onset of efficacy relative to placebo was evident by the first week of

treatment with lacosamide. Efficacy was similar in lacosamide-treated patients

reporting prior surgical intervention for epilepsy compared to lacosamide-

treated patients with no prior surgical intervention. Lacosamide showed a re-

duction in seizures, regardless of the concomitant AEDs used. The preferred

pharmacokinetic-pharmacodynamic model (Emax) supported the therapeutic

dose range of lacosamide, and no additional safety concerns were identified in

the phase II/III pooled analysis.

Conclusions: Results of these a priori-defined and post hoc pooled data ana-

lyses from phase II/III trials demonstrate that lacosamide effectively reduces

seizures in patients at all three dosages evaluated with an early onset of effica-

cy, regardless of patient surgical history and concomitant AED regimen.

Introduction

Clinical trials are designed in accordance with
existing regulatory guidelines. Once a drug has
been evaluated in this process, the multiple, indi-

vidual trials (which are often similarly designed)
provide a valuable opportunity to evaluate clini-
cally relevant aspects of the resulting large patient
pool. With a sufficiently large and uniform
patient population, it may be possible to reveal
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aspects of the optimal clinical utility of a drug by
examining outcome within distinct patient sub-
sets or to find differences between groups of pa-
tients that are not detectable using smaller sample
sizes in individual trials.[1]

Lacosamide is an antiepileptic drug (AED)
approved for the adjunctive treatment of partial-
onset seizures in adults.[2,3] It is believed to exert
its therapeutic effects through a unique mechan-
ism of action, selective enhancement of slow in-
activation of sodium channels, and is proposed
therefore to be mechanistically different from
other AEDs acting on the sodium channel that
primarily affect sodium channel fast inactiva-
tion.[4] The lacosamide clinical development pro-
gramme included three previously reported phase
II/III clinical trials (SP667, SP754 and SP755).[5-7]

Each of these trials was designed with similar
features (randomized, double-blind, multicentre,
placebo-controlled with 12-week Maintenance
Phases) and with similar patient criteria to create
ideal conditions for compelling and potentially
instructive pooled analyses. We present an ana-
lysis of a priori protocol-defined efficacy vari-
ables and a series of post hoc analyses using the
phase II/III patient population.

Methods

Trial Design

The pooled analyses were derived from the
three similarly designed randomized, double-blind,
placebo-controlled trials (SP667, SP754 and SP755)
evaluating adjunctive lacosamide (Vimpat�) in pa-
tients with partial-onset seizures with or without
secondary generalization. Titration and dosing de-
tails are thoroughly reported in individual trial pub-
lications[5-7] and are summarized in figure 1.

Patients

Eligibility criteria were similar across trials and
included adults who had a diagnosis of epilepsy
with partial-onset seizures with or without second-
ary generalization. Patients were required to have
had at least four partial-onset seizures per 28 days
on average, with no seizure-free period longer
than 21 days during the 8 weeks prior to baseline
and during the 8-week Baseline Phase. Patients
were to be taking a stable regimen of one to three
(one to two in trial SP667) concomitant AEDs
with or without vagus nerve stimulation (VNS)
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Chung (US), n = 405

PBO and LCM 400, 600 mg/day

Phase III
Halasz (EU), n = 485

PBO and LCM 200, 400 mg/day
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Fig. 1. Design of phase II/III randomized clinical trials of lacosamide (LCM). One back-titration of 100mg/day was allowed at the end
of titration in cases of intolerable adverse events. PBO =placebo.
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for at least 4 weeks prior to and including base-
line and throughout the trial.

Efficacy

Phase II/III A Priori-Defined Primary and Secondary
Variables

The a priori protocol-defined primary variables
were used for the pooled analysis. These primary
variables were change in seizure frequency per
28 days from Baseline to the Maintenance Phase
(presented as median percent reduction) and pro-
portion of patients experiencing a ‡50% reduction
in seizure frequency from Baseline to the Main-
tenance Phase (50% responder rate). In order to
characterize those patients achieving the highest
levels of response, additional a priori-defined sec-
ondary variables were also considered for the
pooled analysis. These were the proportion of
patients achieving a ‡75% reduction in seizure
frequency from Baseline to theMaintenance Phase
(75% responder rate), the proportion of patients
completing the Maintenance Phase remaining sei-
zure free throughout the entire Maintenance Phase
and the percentage of seizure-free days throughout
the Maintenance Phase for patients who entered
theMaintenance Phase. The pooled analyses of the
change in seizure frequency and 50% and 75% re-
sponder rates were performed according to the
randomized treatment group assigned in individual
trials using analysis of covariance (ANCOVA) and
logistic regression models with an intent-to-treat
(ITT) approach, including all patients receiving at
least one dose of trial medication and having at
least one post-baseline efficacy assessment. Similar
analyses of the two primary efficacy variables and
75% responder rates were also performed using a
modified ITT (ITTm) population that included
ITT patients who entered the Maintenance Phase.
By excluding those who dropped out during titra-
tion, the observed outcome would more accurately
reflect dosing as intended by the protocol. The two
primary efficacy variables were also evaluated for
the ITTm in the individual trials.

Post Hoc Analyses

Onset of Efficacy

A post hoc analysis was conducted to assess re-
sponse to initial lacosamide exposure compared

with placebo during the Titration Phase for the two
primary efficacy variables using ANCOVA and
logistic regression models. Although the Titra-
tion Phases differed slightly among trials with re-
spect to when the first dose of lacosamide was
administered, the titration rate was the same in
each trial (100mg/day during the initial week of
lacosamide exposure followed by weekly titration
in 100mg/day increments to the assigned target
dosage). Therefore, all patients randomized to
lacosamide initiated treatment with 100mg/day
during the first week of actual lacosamide ex-
posure and with 200mg/day during the second
week of actual lacosamide exposure (see figure 1).
Seizure diary data from each trial were pooled for
the first and second weeks of lacosamide expo-
sure for those patients randomized to lacosamide
and the first and second weeks of trial medication
exposure for those patients randomized to placebo.

By Prior Surgical History

Patient history of surgical intervention for epi-
lepsy was considered a proxy for disease severity
in a post hoc analysis. Patients reporting prior
surgical intervention for epilepsy were placed into
mutually exclusive groups based on the type of
procedure: VNS only, resection only, VNS and
resection only or other. Using ANCOVA and lo-
gistic regression models, the two primary efficacy
variables for patients randomized to lacosamide
in the ‘VNS only’ and ‘resection only’ groups
were comparedwith the group of patients random-
ized to lacosamide not reporting prior surgical
interventions for epilepsy. The two most common
categories (VNS only and resection only) were
chosen for comparison to those not reporting
prior surgical history in order to have both a clearly
defined patient population as well as an adequate
sample size.

By Concomitant Antiepileptic Drugs (AEDs)

The two primary efficacy variables were de-
scriptively evaluated in a post hoc analysis by in-
dividual concomitant AED use such that patients
could be assigned to as many as three different
subgroups (i.e. one for each of the up to three
concomitant AEDs). These data are presented
only for those patients in the phase II/III pool
who were randomized to lacosamide 400mg/day,
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as this was the dosage included in all three trials.
Efficacy variables were analysed using an ITT
approach.

Pharmacokinetic-Pharmacodynamic Model

Pharmacokinetic-pharmacodynamic (PK-PD)
models were applied to evaluate the correlation
between plasma lacosamide concentration over time
and reduction of daily seizures over time based upon
the pooled data. The pharmacokinetic parameter of
interest was the individual lacosamide exposure,
quantified by the area under the plasma concentra-
tion-time curve (AUC) within a dose interval of
12 hours under steady-state conditions (AUCt,ss).
The daily number of partial seizures in individuals
was chosen as the pharmacodynamic variable. Three
models (linear PK-PD model, Emax model [where
Emax is the maximum daily number of seizures] and
Emax100 model [with the additional condition to
have amaximum effect of 100%]) were tested to find
the most appropriate model to describe the effect
(the relative difference of daily number of seizures)
as a function of the approximated AUC in a dose
interval at steady-state conditions.

Safety

A complete report of the safety profile observ-
ed in this large pooled patient population is cur-
rently in preparation,[8] and safety assessments
described here are limited to incidence of treatment-
emergent adverse events (TEAEs) andTEAEs lead-
ing to discontinuation. These safety assessments
were analysed and are briefly described for the
safety set, which included all patients who took at
least one dose of study medication.

Results

Demographic and Baseline Characteristics
in the Pooled Patient Population

A total of 1294 patients received at least one
dose of trial medication and had at least one post-
baseline efficacy assessment, and comprised the
ITT population. Of these, 1116 patients complet-
ed titration and entered the Maintenance Phase,
comprising the ITTm population. The percent-
ages of patients completing the trial were 88%

(placebo), 83% (lacosamide 200mg/day), 78%
(lacosamide 400mg/day) and 62% (lacosamide
600mg/day). Individual trial contributions are
noted in figure 2.

Patient demographic and baseline character-
istics are summarized in table I. On average,
patients were 38.6 years of age and slightly more
than half were female (51%). Patients in these
trials had a mean time since diagnosis of more
than 2 decades. Most patients (77%) reported
using four or more lifetime AEDs, and 45% re-
ported seven or more lifetime AEDs. Most
patients (84%) were receiving two to three con-
comitant AEDs, mainly carbamazepine (35%),
lamotrigine (31%) and levetiracetam (29%). In
addition, median baseline seizure frequency per
28 days ranged from 11.0 to 13.5.

Efficacy Results

Phase II/III A Priori-Defined Primary and Secondary
Variables

In individual trials, the lacosamide 400 and
600mg/day dosage groups were significantly dif-
ferent from placebo for both primary efficacy
variables (median percent reduction in seizure
frequency and 50% responder rate) in all trials
using these dosages (table II; ITT and ITTm).[5,7,9-11]

Median percent reduction in seizure frequency for
the lacosamide 200mg/day dosage was significantly
greater than placebo in the phase III trial, SP755
(ITT and ITTm).[6] In the phase II trial (SP667),[5]

the percent reduction over placebo for 200mg/day
was similar to SP755 and was significantly different
from placebo in the ITTm analysis but not for
the ITT analysis. Although lacosamide 200mg/day
showed a consistent effect over placebo on the re-
sponder rate analysis, the 50% responder rates with
lacosamide 200mg/day did not reach statistical sig-
nificance in the two trials that included this dosage
(SP667 and SP755)[5,6] in either the ITT or ITTm
analyses (table II).

The proportions of patients achieving a ‡75%
reduction in seizure frequency were evaluated in
individual trials, though statistical comparisons
to placebo are only available for trial SP754,[7] in
which the 75% responder rate from Baseline to
Maintenance Phase was significantly higher in
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Placebo
n = 359

Lacosamide
200 mg/day

n = 267

Lacosamide
400 mg/day

n = 466

Lacosamide
600 mg/day

n = 202

Completed trial 
78%

n = 363

Completed trial 
62%

n = 126

Completed trial 
83%

n = 221

Discontinued.................n = 42
Adverse event......................19
Lack of efficacy......................5
Withdrew consent ...............11
Protocol deviation..................4
Unsatisfactory compliance.....2
Lost to follow-up.....................1
Other......................................2

Discontinued.................n = 46
Adverse event......................26
Lack of efficacy......................3
Withdrew consent ...............10
Protocol deviation..................2
Unsatisfactory compliance.....4
Lost to follow-up.....................0
Other......................................2

Discontinued...............n = 103
Adverse event......................77
Lack of efficacy......................3
Withdrew consent ...............13
Protocol deviation..................3
Unsatisfactory compliance.....7
Lost to follow-up.....................0
Other......................................3

Discontinued.................n = 76
Adverse event......................58
Lack of efficacy......................2
Withdrew consent .................9
Protocol deviation..................5
Unsatisfactory compliance.....3
Lost to follow-up.....................0
Other......................................0

Completed trial 
88%

n = 317

SP667
ITT set
n = 415

SP754
ITT set
n = 402

Analysed
for efficacy in

pooled analysis
n = 1294

SP755
ITT set
n = 477

Fig.2.PhaseII/IIIpooledpopulation:poolingstrategyandpatientdisposition.Individualtrialflowdiagramsareavailableintheprimarypublications.
[5-7]

Patientscouldprovidemore
thanonereasonfortrialdiscontinuation.ITT=intent-to-treat.
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both dosage groups included in that trial
(400mg/day, 20.4%, p = 0.005 and 600mg/day,
21.6%, p = 0.007) compared with placebo (7.7%;
ITT). In trial SP667,[5] 75% responder rates were
11.2%, 22.4% and 16.2% with lacosamide 200,
400 and 600mg/day, respectively, compared with
placebo (6.3%). In trial SP755,[6] 75% responder
rates were 15.0% and 15.2% in the lacosamide 200
and 400mg/day groups respectively, compared
with placebo (11.9%).

In the pooled analyses, all three lacosamide
dosages (200, 400 and 600mg/day) showed a
significant improvement compared with placebo
for median percent seizure reduction (ITT and
ITTm) as well as for 50% responder rate (figures 3

and 4a). Evaluation of 75% response in the phase
II/III pooled population showed that a sig-
nificantly higher proportion of patients random-
ized to lacosamide 400 or 600mg/day achieved a
‡75% reduction in seizure frequency compared
with placebo; statistical significance was not ob-
served for lacosamide 200mg/day (ITT and ITTm;
figure 4b).

Among patients in the phase II/III trials who
completed the Maintenance Phase, 2.7% (6/225),
3.3% (12/366) and 4.8% (6/124) in the lacosamide
200, 400 and 600mg/day groups, respectively, ex-
perienced no seizures throughout the entire Main-
tenance Phase (placebo group = 0.9% [3/326]).[12]
When calculating seizure freedom with a more

Table I. Phase II/III pooled population: demographic and baseline characteristics (intent-to-treat [ITT])

Placebo (n =359) Lacosamide (mg/day) Total (N =1294)
200

(n =267)
400

(n = 466)
600

(n= 202)

Age (mean, y) 38.5 38.1 39.2 38.1 38.6

Female (%) 48.5 49.8 52.4 54.5 51.1

Time since diagnosis (mean –SD, y) 23.4 –12.6 23.8 –12.5 23.9 –13.2 23.5 –13.0 23.7 – 12.8

Lifetime AEDs (% of patients)

1–3 21.7 22.8 23.6 15.8 21.7

4–6 32.9 30.7 32.0 33.7 32.2

7+ 44.6 44.9 43.8 50.0 45.2

missing 0.8 1.5 0.6 0.5 0.9

Number of concomitant AEDs (% of patients)

1 16.7 12.4 16.7 14.9 15.5

2 58.8 62.9 59.9 74.3 62.4

3 24.5 24.7 23.4 10.9 22.0

Most commona concomitant AEDs (% of patients)

carbamazepine 34.8 42.7 31.5 34.2 35.2

lamotrigine 32.3 25.8 33.9 30.2 31.2

levetiracetam 28.7 25.8 30.7 29.7 29.0

valproate 25.9 27.3 21.2 19.8 23.6

topiramate 22.8 26.2 22.5 15.8 22.3

Median baseline seizure frequency per 28 days 11.0 12.2 11.0 13.5 11.5

Patients reporting a history of surgical intervention

(% of patients)

Placebo (n= 116) Total lacosamide (n= 310) Total (N =426)

VNS only 50.0 45.8 46.9

resection only 24.1 32.9 30.5

VNS and resection only 12.1 8.1 9.2

other 13.8 13.2 13.4

a Represents the top five most commonly used concomitant AEDs.

AEDs =antiepileptic drugs; VNS = vagus nerve stimulation.
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conservative ‘pragmatic ITT’ approach using
the ITT to determine the denominator,[13] percen-
tages were 0.8% (3/359, placebo), 2.2% (6/267, la-
cosamide 200mg/day), 2.6% (12/466, lacosamide
400mg/day) and 3.0% (6/202, lacosamide 600mg/

day). The mean change from baseline in the per-
centage of seizure-free days in patients entering
the Maintenance Phase for the phase II/III pool
was 8.0%, 11.6% and 14.7% with lacosamide 200
(p= 0.077), 400 (p< 0.001) and600 (p< 0.001)mg/day

Table II. Primary efficacy variables: individual trial results (intent-to-treat [ITT] and modified ITT [ITTm])[5-7]

Trial, treatment group ITT ITTm

n median percent

seizure reductiona
50% responder

rateb (%)

n median percent

seizure reductiona
50% responder

rateb (%)

SP667

Placebo 96 10 21.9 91 12.2 23.1

Lacosamide 200mg/day 107 26 32.7 95 31.5* 34.7

Lacosamide 400mg/day 107 39** 41.1** 89 45.7** 48.3**

Lacosamide 600mg/day 105 40** 38.1* 70 48.8** 48.6**

SP754

Placebo 104 20.8 18.3 98 20.8 17.3

Lacosamide 400mg/day 201 37.3** 38.3** 168 39.6** 41.7**

Lacosamide 600mg/day 97 37.8** 41.2** 72 47.5** 48.6**

SP755

Placebo 159 20.5 25.8 148 25.4 27.0

Lacosamide 200mg/day 160 35.3* 35.0 149 35.6* 34.9

Lacosamide 400mg/day 158 36.4* 40.5** 136 43.0* 44.9**

a p-values reflect the percent reduction over placebo and are based on log-transformed seizure frequency from pairwise analysis

of covariance models with terms for treatment, pooled site and baseline seizure frequency.

b p-values are based on pairwise treatment logistic regression model with terms for treatment and pooled site.

* p <0.05, ** p <0.01.
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Fig. 3. Phase II/III pooled population: median percent reduction in seizure frequency per 28 days from Baseline to Maintenance Phase
(intent-to-treat [ITT] and modified ITT [ITTm]). p-values represent the percent reduction over placebo and are based on log-transformed
seizure frequency from pairwise analysis of covariance models with terms for treatment, trial, pooled site and baseline seizure frequency.
* p <0.05, ** p <0.001.
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groups, respectively, compared with 6.1% in the
placebo group.

Post Hoc Analyses

Early Onset of Efficacy

Some patients prematurely discontinued dur-
ing titration and prior to receiving lacosamide in
the titration schedule. Therefore, the onset of
action analysis included 913 lacosamide-treated
and 358 placebo patients in the week 1 analysis

and 904 lacosamide-treated and 357 placebo pa-
tients in the week 2 analysis. A significant differ-
ence in the median percent reduction in seizure
frequency was observed during the first week
(33.0% vs 19.4%) with lacosamide 100mg/day
and during the second week (34.0% vs 20.0%)
with lacosamide 200mg/day compared with pla-
cebo (figure 5). Efficacy appeared to be main-
tained during the subsequent weeks of lacosamide
exposure regardless of randomization group (data

50
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Fig. 4. Phase II/III pooled population: 50% and 75% responders (intent-to-treat [ITT] and modified ITT [ITTm]). p-values are based on a
pairwise treatment logistic regression model with terms for treatment, trial and pooled site. * p <0.05, ** p <0.001 vs placebo.

Clinical Utility of Lacosamide 1049

ª 2010 Adis Data Information BV. All rights reserved. CNS Drugs 2010; 24 (12)



not shown). Similar results were observed for 50%
responder rates (data not shown).[14]

Efficacy Results by Previous Surgical History

Prior surgical intervention for epilepsy was re-
ported in a total of 426 patients (33%, table I).
Patients who had undergone surgery had a greater
median seizure frequency per 28 days at baseline
compared with those without surgery (16.4 vs 10.0).
Nearly double the number of patients who had
undergone surgery (67%) had tried seven or more
lifetime AEDs compared with patients without sur-
gical intervention (34%). VNS and resection were
the most common forms of surgical intervention
(47% vs 31%, respectively). Using the total lacosa-
mide group (all dosages), no differences were ob-
served for median percent reduction in seizure fre-
quency in either VNS- or resection-only patients
when compared with patients receiving lacosamide
with no prior surgical intervention (39% vs 36%
VNS only compared with no surgical intervention
[p= 0.62] and 32% vs 36% for resection only com-
paredwith no surgical intervention [p= 0.99]). Simi-
lar results were observed in the total lacosamide
group when analysing 50% responder rates (40%

vs 38% for VNS-only patients [p= 0.62] and 39% vs
38% for resection-only patients [p= 0.98] vs those
with no prior surgical interventions).[15]

Efficacy Results by Use of Selected Concomitant
AEDs

Since most patients (84%) were taking one or
more concomitant AED, subgroups in the con-
comitant AED analysis were not mutually exclu-
sive, and a patient could be represented in up to
three different AED subgroups. When analysed
by concomitant AED, lacosamide treatment show-
ed a reduction in seizures, regardless of the con-
comitant AED used. Evaluation of 50% responder
rates in these concomitant AED subgroups is
shown in figure 6. An evaluation of median per-
cent seizure reduction showed similar results
(data not shown).[16]

Pharmacokinetic-Pharmacodynamic Model:
Serum Concentration-Effect Relationship

A total of 3055 records from 615 patients were
evaluable and were included in the PK-PD analy-
sis. Of these 615 patients, 222 patients were from
trial SP667, 194 were from trial SP754 and 199
were from trial SP755. The Emax model was
identified as the most appropriate PK-PD model
to describe the relationship between AUC and
seizure frequency change (table III). Individual
variability was high in all tested PK-PD models,
including the Emax model (arithmetic mean of
Emax = 71%, standard deviation = 30%, range:
0.06–100%; AUC50 [AUCt,ss necessary for half of
maximum decrease in partial seizure frequency] =
35.9mg/mL�h, standard deviation= 185.6, range:
0–3998mg/mL�h).

Safety

A thorough examination of the safety profile
observed in this large pooled patient population
is currently in preparation.[8] Key results are
summarized here. Four TEAEs occurred in the
Treatment Phase (Titration and Maintenance
Phases) at an incidence of ‡10% in the lacosamide
total group (all dosages) and greater than placebo
(dizziness [31% vs 8%], headache [13% vs 9%],
nausea [11% vs 4%] and diplopia [11% vs 2%]);
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Fig. 5. Median percent reduction in seizure frequency during first
2 weeks of actual lacosamide (LCM) exposure. p-values reflect the
percent reduction over placebo and are based on log-transformed
seizure frequency from an analysis of covariance model with terms
for treatment, trial, pooled site and baseline seizure frequency. Pla-
cebo group consists of all placebo-treated subjects in weeks 1 and 2.
* p <0.01 compared with placebo.
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all of these with the exception of headache ap-
peared to be dose related. All occurred with a
lower incidence during the Maintenance Phase
compared with the Titration Phase. In addition
to those TEAEs listed above, vomiting, fatigue,
coordination abnormal (ataxia), blurred vision,
tremor and nystagmus occurred at an incidence
of ‡10% in the lacosamide 600mg/day treatment
group only. No overall dose effect among the
lacosamide groups was observed for the inci-
dence of serious TEAEs (lacosamide 200mg/day
[8%], 400mg/day [7%], 600mg/day [3%]); the in-
cidence was 4% in patients randomized to place-
bo. Three serious TEAEs occurred at an over-
all rate of greater than or equal to 1% in any
treatment group: dizziness (1.5% for lacosamide
600mg/day vs 0% for all other groups), nys-
tagmus (1.0% for lacosamide 600mg/day vs 0% in

all other groups) and convulsion (1.1% for laco-
samide 200 and 400mg/day, 0% for lacosamide
600mg/day vs 0.8% for placebo).

The percentage of patients discontinuing treat-
ment due to a TEAE in the Treatment Phase was
5% with placebo and 17% with lacosamide (8%,
17% and 29% for lacosamide 200, 400 and
600mg/day). TEAEs leading to discontinuation
with an incidence of greater than 5% in any treat-
ment group were dizziness and coordination ab-
normal (ataxia), which were both associated with
the 600mg/day group.

Discussion

The pooled analysis of these three phase II/III
randomized, double-blind, placebo-controlled
trials demonstrates that lacosamide 200, 400 and
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600mg/day significantly reduced seizures com-
pared with placebo.

In this pooled analysis, the uniform patient
populations and similar study designs were con-
ducive for evaluating the clinical utility of laco-
samide since all three trials used dosage regimens
and formulations described within the product
label (lacosamide 200 or 400mg/day); a dosage of
lacosamide 600mg/day was also evaluated in two
of the three phase II/III trials (SP667 and SP754).
As a whole, patients included within the analysis
represent a difficult-to-treat population, as in-
dicated by their epilepsy treatment history and
baseline seizure frequency. In spite of this, laco-
samide significantly reduced seizures relative to
placebo at all dosages studied for both primary
variables using both the ITT and ITTm popula-
tions in the pooled analysis.

A recent epidemiological study has demon-
strated an inverse relationship between prob-
ability of response to a newly administered AED
and greater disease severity, defined by a higher
number of prior AEDs, a longer duration of epi-
lepsy and more frequent seizures at baseline.[17]

Despite the treatment challenges predicted for
difficult-to-treat patients, the efficacy results ob-
served here for this large pooled population are
consistent with what has been observed in in-
dividual lacosamide trials[5-7] and are comparable
to those seen with established and second-gen-
eration AEDs.[18-22] Though predicted by epide-
miological data to have the poorest likelihood for
response, significantly more patients receiving

the two highest lacosamide dosages in the phase
II/III pool met the strictest response criteria (75%
responder rate) compared with placebo. Further-
more, among patients completing the Mainten-
ance Phase, a dose-response trend for seizure
freedom was observed. It is acknowledged that
the results presented here for the phase II/III pool
are from trials with a 12-week Maintenance
Phase and are not equivalent to seizure-freedom
status sustained over the course of longer term
(‡1 year) treatment. Mean changes in the per-
centage of seizure-free days suggest that, com-
paredwith placebo, lacosamide 400 and 600mg/day
may provide an additional 42.3 and 53.7 seizure-
free days, respectively, over a year of treatment.
Safety data for the phase II/III pool were con-
sistent with previous observations in individual
trials,[5-7] and no additional safety concerns were
identified in the pooled analysis.

Results were presented for the two a priori-
defined primary efficacy variables for both ITT
and ITTm. The ITT served as the basis for reg-
ulatory submissions for lacosamide. Based on the
ITT analysis, the lacosamide 400 and 600mg/day
groups demonstrate similar efficacy on both pri-
mary efficacy variables. The ITTm analysis allows
evaluation of subjects who tolerated lacosamide
and entered the Maintenance Phase. Since the
ITTm does not include patients who discon-
tinued during titration, it is not unexpected that a
dose response was more evident for both primary
efficacy variables for the ITTm across all dos-
ages. The ITTm analysis suggests that lacosamide

Table III. Achievable decrease of the daily number of seizures (%) in relation to area under the plasma concentration-time curve within a dose

interval of 12 hours under steady-state conditions (AUCt,ss) and daily lacosamide dosea

Decrease of daily number of seizures,

E(AUC) % of baseline

Decrease of daily number of

seizures, E(AUC) % of Emax

Corresponding

AUCt,ss (mg/mL�h) Daily dose to achieve

corresponding AUCt,ss (mg bid)

22.5 31.7 16.7 50

34.2 48.1 33.3 100

35.1 50 35.9 110

41.3 58.2 50 150

46.1 65.0 66.7 200

49.6 69.9 83.3 250

52.2 73.6 100 300

a Calculated based on the results of the Emax model.

bid = twice daily; E(AUC) =decrease of daily number of seizures in percentage as function of area under the plasma concentration-time

curve.
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600mg/day may provide additional benefit for
patients who are able to tolerate this dosage.

In the pooled analysis of lacosamide phase
II/III data, efficacy was demonstrated during the
first (100mg/day) and second (200mg/day) weeks
of actual lacosamide exposure when compared
with placebo. This analysis circumvented con-
founding factors of differential titration sched-
ules since data were combined for first and
second weeks of actual exposure (when all pa-
tients were receiving either lacosamide 100 or
200mg/day). The magnitude of effect of these
seizure reductions observed during the first 2 weeks
of lacosamide exposure appeared to be maintained
during subsequent weeks. As a clinical note, indi-
vidual patients may require higher dosages or
longer duration of treatment to fully evaluate the
therapeutic potential of lacosamide.

Lacosamide is currently approved as an ad-
junctive therapy. Insight into differential patient
outcome (increased seizure reduction and/or im-
proved tolerability) based upon prior or current
treatments would provide valuable clinical guid-
ance. A post hoc pooled analysis presented here
showed that lacosamide was equally effective in
those reporting prior surgical interventions for
epilepsy compared to those with no prior surgical
history. This is notable as patients with surgical
interventions often represent a particularly diffi-
cult-to-treat population, as evidenced by the AED
treatment history and baseline seizure frequency
of lacosamide phase II/III patients with prior sur-
gical interventions for epilepsy.

With respect to differential patient outcome
based upon concomitant AEDs, the preliminary
investigation presented here did not distinguish
among individual AEDs since too few patients
were taking only one other AED in addition to
lacosamide. In addition, the sample sizes in the
less common AED subgroups were small. Re-
cognizing these limitations, these results showing
efficacy with lacosamide regardless of existing
AED use, support the use of lacosamide as an
adjunctive therapy across a broad range of AEDs.
These results, though intriguing, do not specific-
ally address the impact that an overlapping mech-
anism of action may have on patient outcome.
Therefore, additional, more refined analyses group-

ing patients based upon primary mechanism of
action of their concomitant AEDs have been com-
pleted and are reported within this issue of CNS
Drugs (see Sake et al., pages 1055-1068). Future
evaluation of patient outcome with adjunctive
lacosamide based upon the mechanism of action of
individual concomitant AEDs is warranted.

The PK-PD modelling on the phase II/III
pooled data supports the therapeutic dose range
of lacosamide; however, individual variability
was high. Based on the distribution of the daily
number of seizures in the phase II/III pool, a wide
range of parameter values for AUC50 and Emax

was not unexpected. The high variability in the
pharmacodynamic parameter should be consid-
ered when interpreting the current PK-PD mod-
elling results. Overall, the current PK-PD results
support the therapeutic range of lacosamide dos-
ages (200–600mg/day) that has been shown to be
effective as an adjunctive treatment for reducing
partial seizure frequency. The therapeutic serum
concentration range has not been established for
lacosamide. Therefore, routine monitoring is not
recommended, though certain clinical situations
(e.g. suspected non-compliance) may warrant this
for an individual patient.

Conclusions

Lacosamide is a new AED with a favourable
tolerability profile and a rapid onset of anticon-
vulsant effects. The pooled analysis of these three
phase II/III randomized, double-blind, placebo-
controlled trials demonstrates that lacosamide
200, 400 and 600mg/day significantly reduces sei-
zures in patients with uncontrolled partial-onset
seizures. Efficacy was demonstrated during the
initial weeks of lacosamide treatment and ap-
peared to bemaintained during subsequent weeks.
Furthermore, seizure reduction in a difficult-to-
treat patient population was observed with laco-
samide, regardless of prior surgical history and the
specific concomitant AEDs used.
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