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Abstract To report the efficacy and tolerability of lacosa-
mide as an add-on treatment in patients with gliomas and
uncontrolled seizures despite conventional antiepileptic
drugs (AEDs). We conducted an observational study on 71
patients to describe patterns of response to lacosamide and
the association between clinico-pathological factors and
seizure control. We observed at 3, 6 and 9 months a seizure
reduction >50% in 74.6, 76 and 86.2% of patients and a sei-
zure freedom in 42.2, 43 and 50%, respectively. The median
number of seizures in the 3 months before treatment was
13, and decreased to 3 between baseline and 6 months, and
to 0.5 between 6 and 9 months. The best seizure response
was observed at 3 months (62%). Sixty per cent of patients
displayed the maximum seizure control with doses of lacosa-
mide of 100-250 mg/day, while 21% needed doses up to
400 mg/day. Seizure reduction >50% and seizure freedom
were higher in patients who received lacosamide as first
add-on compared to those who received a later adjunctive
therapy. A reduction >50% of seizures was observed in a
proportion of patients with progressive disease on MRI.
Age >45 years (OR 0.11, 95% CI1 0.02-0.63, p=0.013) was
a significant predictor of seizure freedom at 9 months on
multivariate analysis. The study suggests that lacosamide,

Electronic supplementary material The online version of this
article (doi:10.1007/s11060-017-2628-0) contains supplementary
material, which is available to authorized users.

< Roberta Ruda
rudarob@hotmail.com

Department of Neuro-Oncology, University and City
of Health and Science Hospital, via Cherasco 15,
10126 Turin, Italy

Unit of Cancer Epidemiology (CPO Piemonte)
and University of Turin, Turin, Italy

when added to any baseline AEDs, is effective in obtaining
a high seizure reduction and seizure freedom regardless of
the tumor activity and response to antineoplastic therapies.
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Introduction

Epilepsy is a common cause of morbidity in patients with
brain tumors with a seizure frequency ranging from 60 to
90% in low grade gliomas (LGG) and from 30 to 50% in high
grade gliomas (HGG) [1-4]. The management of seizures
in these patients is complicated by tumor growth and drug
interactions between antiepileptic drugs (AEDs) and anti-
neoplastic treatments and steroids leading to an increased
risk of side effects [5—7]. Moreover, a high percentage of
seizures are pharmacoresistant [8, 9].

Evidence-based treatment guidelines are not available,
and the optimal antiepileptic therapy in patients with brain
tumors and epilepsy (BTRE) remains to be defined.

Limited data are available on the efficacy of AEDs in
gliomas, with rates of seizure response ranging from 15 to
100% and seizure-freedom ranging from 20 to 100% follow-
ing valproate, levetiracetam, topiramate or oxcarbazepine
[10].

Lacosamide is a third generation AED with a novel
mechanism of action of selectively enhancing slow inac-
tivation of voltage-gated sodium channels [11, 12]. It was
approved by the Food and Drug Administration (FDA)
and European Medicines Agency (EMA) in 2008 as an
add-on therapy in the treatment of partial-onset seizures
in adult. Lacosamide has a favorable pharmacokinetic pro-
file, including a lack of induction or inhibition of hepatic
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enzymes, low protein binding, rapid and complete oral
absorption not affected by food intake, 13-hour-half-life
that permits twice daily administration, and low potential
for drug interactions. Such characteristics make lacosa-
mide an interesting therapeutic option for patients with
BTRE, especially for those who are undergoing antineo-
plastic treatments.

To date, there is paucity of data on the efficacy and safety
of lacosamide in brain tumors [13, 14].

The aim of this single institution observational study was
to evaluate the efficacy and tolerability of lacosamide as add-
on treatment in a cohort of consecutive patients with gliomas
and uncontrolled seizures despite conventional AEDs.

Methods
Patient selection

The inclusion criteria of the study were as follows: (1) age
(> 18 years); (2) histologically verified supratentorial gli-
omas of grade II, III or IV according to WHO 2007; (3)
uncontrolled seizures despite an appropriate treatment with
AEDs in adequate doses and serum concentration or unac-
ceptable adverse effects from previous AEDs; (4) at least one
seizure in the 3 months preceding the start of lacosamide;
(5) absence of ventricular or atrial arrhythmias; (6) signed
informed consent.

The study was approved by the local Institutional Review
Board.

Study design

Patients received an initial daily dose of lacosamide of
50 mg twice daily with increments of 50 mg every week
until a maximum dose of 400 mg/day depending of seizure
control and/or intolerable adverse events (AEs). Any change
or dose increase of concomitant AEDs at baseline or during
lacosamide treatment were not allowed.

Follow-up visits were scheduled at baseline, at week
2, and then monthly. At each visit information regarding
type and frequency of seizures, and dose and side effects of
lacosamide were recorded in patient diaries.

MRI with contrast enhancement was performed every 3
months.

Response of tumor following antineoplastic treatments
was evaluated according to Response Assessment in Neuro-
Oncology (RANO) criteria for high and low-grade gliomas
[15, 16] (Supplementary Table 1). Patients not undergoing
antineoplastic treatments during lacosamide were coded as
stable disease.
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Efficacy assessments

The primary efficacy endpoints were seizure reduction
>50% versus baseline and seizure-freedom at 3, 6 and 9
months. Secondary endpoints of efficacy were latency and
duration of best seizure response.

Safety assessment

Safety assessment included monitoring of all treatment-
emergent AEs, treatment discontinuations, clinical labora-
tory tests results (chemistry, hematology, ECG and vital
signs).

Side effects were assessed using the National Can-
cer Institute Common Terminology Criteria for Adverse
Events version 3.0 [17].

Statistical analysis

Patient characteristics were described using percentage
frequencies for categorical data, median [interquartile
range, (IQR)] or mean with standard deviation (SD) for
continuous data.

The comparison between baseline seizure frequency
and that at 3, 6 and 9 months following lacosamide, was
performed with the Chi square test.

We selected a priori the following factors potentially
associated with seizure control: age, sex, tumor type,
tumor location, tumor grade, extent of surgery, seizure
type, seizures duration, seizure frequency, timing of
lacosamide add-on, tumor status on MRI, and concurrent
antineoplastic treatment. Crude and adjusted odds ratios
(ORs) and their 95% confidence intervals (CIs) were esti-
mated using univariate and multivariate logistic regres-
sion models. Variables that showed an association in the
univariate analysis and well known prognostic factors were
included in the multivariate models.

All analyses were performed using Stata 13.

Results
Patient characteristics at baseline

Between January 2012 and June 2015, 71 patients were
enrolled into the study and met the inclusion criteria:
58 patients (81.7%) completed the 9 months treatment
of lacosamide, while 13 patients (18.3%) died before
9 months due to tumor progression. Clinical characteristics
of the patients are summarized in Table 1.
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Table 1 Patient characteristics

All patients N=71

N %

Age (years)

<45 38 53.5

>45 33 46.5
Age (mean +SD) 48.6 (+=14.9)
Sex

Female 23 324

Male 48 67.6
Tumor type

Oligodendroglioma or oligoastrocytoma 27 38.0

Astrocytoma 44 62.0
Tumor location

Frontal lobe 41 57.7

Temporal lobe 23 32.4

Gliomatosis cerebri 7 9.9
Tumor grade

2 26 36.6

3 20 28.2

4 25 352
Extent of surgery”

Biopsy/partial or subtotal resection 40 56.3

Total resection 31 43.7
Seizure type

Partial simple 61 85.9

Partial complex 7 9.9

Secondary generalized 3 42
Epilepsy duration before LCM

<1 year 35 49.3

>1 year 36 50.7
Seizure frequency

Monthly 32 45.1

Weekly 23 324

Daily 16 22.5
Timing of LCM add-on

First add-on 46 64.8

Later add-on 25 352
Concomitant SCB®

No 48 67.6

Yes 23 324
Tumor status on MRI

Minor response 2.8

Partial response 5.6

Stable disease 32 45.1

Progressive disease 33 46.5
Concurrent antineoplastic treatments

None 21 29.6

Chemotherapy alone 42 59.2

Radiotherapy alone 1 1.4

Chemotherapy + radiotherapy 7 9.9

#According to a postoperative contrast-enhanced MRI within 72 h

®Sodium channel blocker

A detailed description of seizures separately for low and
high grade gliomas is reported in Supplementary Table 2.

Levetiracetam (84.5%) was the most frequently used con-
comitant AED, while few patients only (35.2%) were on
EIAEDs (Supplementary Table 3).

Sixty patients (84.6%) started lacosamide because of
uncontrolled seizures despite an adequate treatment with one
or more AEDs, while in 11 patients (15.4%) lacosamide was
introduced for adverse effects of the previous AEDs needing
the interruption of therapy.

Fifty-four patients had seizures associated with a stable or
responding tumor on MRI, while 46% had seizures associ-
ated with a progressive disease.

The median lacosamide dose was 200 mg (range
100-400 mg) at 3 and 6 months, and 250 mg (range
100-400 mg) at 9 months.

Efficacy

A seizure reduction >50% from baseline was achieved in
53/71 patients (74.6%, 95% CI 62.9-84.2) at 3 months from
the start of lacosamide, in 50/65 patients (76.9%, 95% CI
64.8-86.5) at 6 months, and in 50/58 patients (86.2%, 95%
CI 74.6-93.8) at 9 months. A seizure freedom was achieved
in 30/71 patients (42.2%, 95% CI 30.6-54.6) at 3 months, in
28/65 (43.1%, 95% CI 30.8-56.0) at 6 months, and in 29/58
(50%, 95% CI 36.6-63.4) at 9 months. When considering
the 58 patients only who completed the 9 months treatment
with lacosamide the seizure reduction > 50% from baseline
was observed in 43/58 patients (74.6%, 95% CI 60.9-84.7)
and in 48/58 (82.7%, 95% CI 70.6-91.4) at 3 and 6 months,
respectively. In the same population the seizure freedom
was observed in 25/58 patients (43.1%, 95% CI 30.2-56.8)
and in 26/58 (44.8%, 95% CI 31.7-58.5) at 3 and 6 months,
respectively.

The best seizure response was observed at 3 months in
44/71(62%) patients, at 6 months in 13/65 (18.3%), and at
9 months in 2/58 (2.8%).

We observed a significant reduction of number of patients
with both daily (from 10 to 1%) and weekly seizures (from
48 to 4%) with a parallel increase in the number of patients
with only monthly seizures (from 42 to 45%) or seizure-free
(half of patients) at 9 months (p <0.001) (Fig. 1).

The best seizure response was obtained between 100
and 150 mg in 7/53 (13.2%) patients, 200-250 mg in 25/53
(47.2%), 300-350 mg in 10/53 (18.9%) and 400 mg in 11/53
(20.7%), with a median of 200 mg. In 15 patients achiev-
ing seizure freedom we were able to reduce the number of
concomitant AEDs, and 1 patient remained on lacosamide
monotherapy.
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Fig. 1 Prevalence of seizure frequency 3 months before and at 3, 6, 9 months after LCM therapy (N =58): significant reduction of number of
patients with both daily and weekly seizures with a parallel increase in the number of patients with monthly seizure or seizure free (p <0.001)

A seizure reduction >50% at 3, 6 and 9 months was
achieved in 34/53 (64.1%), 36/50 (72.0%) and 32/50
(64.0%) of patients who received lacosamide as first add-
on treatment, and in 19/53 (35.9%), 14/50 (28.0%) and
18/50 (36.0%) of patients who received lacosamide as a
later adjunctive therapy. A seizure freedom at 3, 6 and 9
months was achieved in 20/30 (66.7%), 19/28 (67.9%) and
18/29 (62.1%) of patients who received lacosamide as a first-
add on treatment, and in 10/30 (33.3%), 9/28 (32.1%) and
11/29 (37.9%) of patients who received lacosamide as a later
adjunctive treatment.

A seizure reduction >50% at 3, 6 and 9 months was
achieved in 19/53 (35.8%), 18/50 (36.0%), 17/50 (34.0%) of
patients who received a traditional sodium channel blocker
(SCB+), and in 34/53 (64.2%), 32/50 (64.0%) and 33/50
(66.0%) of patients who received a nontraditional sodium
channel blocker (SCB). A seizure freedom at 3, 6 and 9
months was achieved in 11/30 (36.7%), 9/28 (32.1%) and
10/29 (34.5%) of patients receiving SCB + AEDs and in
19/30 (63.3%), 19/28 (67.9%) and 19/29 (65.5%) of patients
receiving SCB-AEDs.

The relationships between the response to lacosamide in
LGG and HGG and status of the tumor on MRI are reported
in the Supplementary Tables 4 and 5. Notably, a number of
patients with progressive disease had a reduction of seizures
>50%, but none of them became seizure-free.

We next restricted the analysis to those patients, who
either had not received any antineoplastic treatment before
or during the therapy with lacosamide (11/21) or had
received prior radiotherapy and/or chemotherapy with a
minimum interval of 6 months (10/21). All these patients
had received previous surgery more than 1 year before.
Among LGGs a seizure reduction >50% was observed in
11/15 patients at 3 months, 13/15 at 6 months and 12/15 at
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9 months, while among HGGs a seizure reduction > 50%
was observed in 3/6 patients at 3 months, 1/3 patients at 6
months, and 1/2 patients at 9 months. Among LGGs, sei-
zure freedom was achieved in 5/15 patients at 3 months, and
6/15 at 6 and 9 months, while among HGGs seizure freedom
was achieved in 2/6 patients at 3 months, 1/3 at 6 months
and 1/2 at 9 months.

Six HGGs with status epilepticus refractory to either phe-
nytoin or VPA received intravenous lacosamide. Following
a daily dose of 400 mg/day, we observed a clinical and EEG
remission within 24—72 h. Two out of six patients remained
seizure-free at 9 months with a maintenance daily dose of
lacosamide of 400 mg.

Tables 2 and 3 report the relationships between clinical
factors and seizure control at 3 months following lacosa-
mide. Univariate analysis shows that a seizure reduction
>50% was more difficult to reach in older patients (OR 0.45,
95% CI 0.15-1.35), patients with astrocytoma (OR 0.54,
95% CI 0.17-1.74) and those who had a later add-on (OR
0.59, 95% CI 0.20-1.76). However, none of these correla-
tions retained the statistical significance after multivariate
analysis. A daily seizure frequency was a significant predic-
tor of seizure freedom at 3 months both in univariate (OR
0.16, 95% CI 0.04-0.67, p=0.012) and multivariate (OR
0.13,95% CI1 0.03-0.64, p=0.012) analysis.

Tables 4 and 5 report the relationships between clini-
cal factors and seizure control at 3 and 9 months follow-
ing lacosamide in patients who completed the 9 month
treatment (N =58). Again, a daily seizure frequency was
a significant predictor of seizure freedom at 9 months
both in univariate (OR 0.18, 95% CI 0.04-0.77, p=0.021)
and multivariate (OR 0.07, 95% CI 0.01-0.55, p=0.11)
analysis. Moreover, weekly seizures (OR 0.13, 95% CI
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Table 2 Factors predicting
seizure reduction >50% and
seizure freedom at 3 months
after lacosamide (N=71):
univariate analysis

109
Total ~ Seizure reduction >50% at Seizure freedom at 3 months
3 months
N % OR 95%ClI p % OR 95%CI p

Age (years)

<45 38 81.6 1.00 447 1.00

>45 33 66.7 045 0.15-1.35 0.154 394 0.80 0.31-2.07 0.650
Sex

Female 23 78.3  1.00 34.8 1.00

Male 48 729 0.75 0.23-243 0.628 458 1.59 0.57-4.44 0.379
Tumor type

Oligodendroglioma or 27 81.5 1.00 40.7 1.00

oligoastrocytoma

Astrocytoma 44 70.5 054 0.17-1.74 0304 432 1.11 042-292 0.840
Tumor location

Frontal lobe 41 80.5 1.00 41.5 1.00

Temporal lobe 23 69.6 055 0.17-1.80 0.326 435 1.09 0.39-3.05 0.876

Gliomatosis cerebri 7 57.1 032 0.06-1.74 0.189 429 1.06 0.21-535 0.945
Tumor grade

2 26 769 1.00 346 1.00

34 45 733 0.83 0.27-254 0.738 46.7 1.65 0.61-448 0.324
Extent of surgery

No gross total resection 40 72.5 1.00 425 1.00

Gross total resection 31 774 130 0.44-3.87 0.637 419 098 0.38-2.53 0.962
Seizure type

Partial simple 61 77.1 1.00 42.6 1.00

Partial complex 57.1 039 0.08-1.99 0261 28.6 054 0.10-2.99 048

Secondary generalized 3 66.7 0.59 0.05-7.07 0.587 66.7 2.69 0.23-31.3 0.429
Seizure duration before LCM

<1 year 35 77.1  1.00 45.7 1.00

> 1 year 36 722 077 0.26-2.26 0.634 389 0.76 0.29-1.94 0.561
Seizure frequency

Monthly 32 719 1.00 59.4  1.00

Weekly 23 87.0 2.61 0.62-11.0 0.191 348 0.36 0.12-1.11 0.075

Daily 16 625 0.65 0.18-2.33 0510 18.8 0.16 0.04-0.67 0.012
Timing of LCM add-on

First add-on 46 78.3 1.00 50.0 1.00

Later add-on 25 68.0 0.59 0.20-1.76 0.345 280 039 0.14-1.11 0.08
Tumor status on MRI

Response/stable disease 38 763 1.00 474  1.00

Progressive disease 33 727 0.83 0.28-241 0.729 364 0.63 0.24-1.65 0.35
Concurrent antineoplastic treatment

No 21 714 1.00 233  1.00

Yes 50 76.0 127 040-399 0.686 767 1.70 0.59-4.94 0.326

0.02-0.65, p=0.013) and age >45 years (OR 0.11, 95%
CI10.02-0.63, p=0.013) resulted significant predictors of
seizure freedom at 9 months in the multivariate model.

Safety

Overall, lacosamide was well tolerated and most patients
(87.3%) did not report any toxicity. We observed dizziness in
4 patients (5.7%, CTCAE grade III) leading to a discontinu-
ation of the drug in 2, nausea/vomiting in 1 patient (1.4%,
CTCAE grade II), fatigue in 1 patient (1.4%, CTCAE grade
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Table 3 Factors predicting
seizure reduction (>50%) and

Seizure reduction (>50%) at 3 months

Seizure freedom at 3 months

seizure freedom at 3 months OR 95% CI p OR 95% CI p
after lacosamide (N="71):
multivariate analysis Age (years)
<45 1.00 1.00
>45 0.47 0.13-1.67 0.243 0.49 0.15-1.63 0.245
Sex
Female 1.00 1.00
Male 0.82 0.20-3.33 0.782 1.28 0.38-4.34 0.691
Tumor location
Frontal lobe 1.00 1.00
Temporal lobe 0.73 0.18-2.88 0.648 1.25 0.34-4.55 0.740
Gliomatosis cerebri 0.28 0.04-2.07 0.212 0.62 0.10-3.97 0.615
Tumor grade
2 1.00 1.00
34 1.00 0.23-4.32 0.999 1.84 0.49-6.94 0.363
Seizure duration before LCM
<1 year 1.00 1.00
> 1 year 0.96 0.29-3.21 0.944 0.99 0.33-3.03 0.991
Seizure frequency
Monthly 1.00 1.00
Weekly 2.50 0.53-11.8 0.247 0.37 0.11-1.28 0.117
Daily 0.49 0.12-1.98 0.319 0.13 0.03-0.64 0.012
Timing of LCM add-on
First add-on 1.00 1.00
Later add-on 0.58 0.18-1.88 0.362 0.41 0.13-1.30 0.130

I) and palpitations in 1 patient (1.4%, CTCAE grade II). In
two patients (2.8%) a discontinuation of the drug was nec-
essary after 6 months due to a further increase of seizures
or withdrawal of informed consent. We did not observe any
difference in terms of tolerability between patients in whom
lacosamide was added either to EIAEDs or non-EIAEDs,
patients with HGG or LGG or patients on antineoplastic
treatment or off-treatment.

Discussion

The management of seizures in patients with gliomas is chal-
lenging, as the choice of the most appropriate AED medica-
tion must take into account several aspects, including age,
type of seizures, activity of the tumor and the potential inter-
actions with chemotherapeutics and steroids [5, 18]. Moreo-
ver, the evaluation of the efficacy of AEDs must consider
the use of antineoplastic treatments (surgery, radiotherapy,
chemotherapy, targeted agents), that can favorably impact
the seizure burden, thus being a sort of confounding factor
[19]. Aside from a general agreement to prefer non-EIAEDs
over EIAEDs, the choice of an AED is commonly based on
the physician’s preference due to lack of firm-data from clin-
ical studies. The most frequently used AED is levetiracetam,
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based on a good efficacy versus toxicity profile, leading to a
seizure reduction > 50% and a seizure freedom in 65-100%
and 20-77% of patients, respectively, when used in add-
on, and seizure freedom in 76-91% of patients when used
in monotherapy [10]. Valproic acid, sometimes used for a
potential concomitant antineoplastic efficacy as well, yields
a seizure freedom around 60% in add-on, and 30.4-77.8%
in monotherapy [10, 20].

Two retrospective studies only are available on the effi-
cacy of lacosamide in brain tumors [13, 14]. The study by
Maschio et al. [13] was a small case series of 14 patients with
gliomas with a median duration of follow-up of 5.4 months:
35.7% of patients had a seizure reduction >50 and 42.9%
additional patients were seizure-free. The larger retrospec-
tive study of Saria et al. [14] included 70 patients of whom
65 with gliomas with a median follow-up of 6.2 months.
Overall, 54% of patients reported a decrease >50% of sei-
zure frequency. However, neither seizure freedom nor the
relationships with tumor status and antineoplastic treatments
were evaluated. In our study we observed a seizure reduction
>50% in 74.6, 76 and 86.2% of patients and a seizure free-
dom in 42.2, 43 and 50% at 3, 6 and 9 months. The values
at 9 months appear slightly higher than those reported by
the two aforementioned studies, and are in line with studies
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Table 4 Factors predicting

seizure freedom at 3 and Total  Seizure freedom at 3 months Seizure freedom at 9 months
9 months in patients who N % OR 95%CI p % OR  95%CI P
completed the 9 months
treatment with lacosamide Age (years)
(N'=58): univariate analysis <45 33 454  1.00 60.6 1.00
>45 25 40.0 0.80 0.28-2.29 0.678 36.0 0.37 0.12-1.07 0.066
Sex
Female 19 31.6 1.00 36.8 1.00
Male 39 48.7 2.06 0.65-6.52 0.220 564 222 0.72-6.85 0.166
Tumor type
Oligodendroglioma or 26 423 1.00 423 1.00
oligoastrocytoma
Astrocytoma 32 438 1.06 0.37-3.02 0912 563 1.75 0.62-4.99 0.293
Tumor location
Frontal lobe 35 429 1.00 457 1.00
Temporal lobe 18 444 107 033-335 0912 61.0 1.87 0.59-594 0.291
Gliomatosis cerebri 5 40.0 0.89 0.13-6.00 0.904 400 0.79 0.12-534 0.810
Tumor grade
2 24 37.5 1.00 45.8  1.00
34 34 471 148 0.51-430 0470 529 133 047-3.79 0.594
Extent of surgery
No gross total resection 31 41.9 1.00 51.6 1.00
Gross total resection 27 444 1.11 0.39-3.14 0.847 482 0.87 031-2.44 0.594
Seizure type
Partial simple 52 442 1.00 519 1.00
Partial complex 5 40.0 0.84 0.13-546 0.856 40.0 0.62 0.09-4.01 0.613
Secondary generalized 1 0.0 - - 0.0 - - -
Seizure duration before LCM
<1 year 29 48.3  1.00 48.3  1.00
> 1 year 29 379 065 023-1.86 0427 51.7 1.15 041-322 0.793
Seizure frequency
Monthly 27 59.3  1.00 74.1 1.00
Weekly 19 36.8 040 0.12-1.34 0.138 263 0.13 0.03-0.48 0.002
Daily 12 16.7 1.14 0.03-0.75 0.025 333 0.18 0.04-0.77 0.021
Timing of LCM add-on
First add-on 39 48.7 1.00 53.8  1.00
Later add-on 19 316 049 0.15-1.54 0.220 42.1 0.62 0.21-1.89 0.403
Tumor status on MRI
Response/stable disease 35 48.6  1.00 514 1.00
Progressive disease 23 348 056 0.19-1.67 0.302 478 0.87 0.30-2.48 0.788
Concurrent antineoplastic treatment
No 16 20.0 1.00 24.1  1.00
Yes 42 80.0 2.00 0.59-6.76 0.265 724 141 044451 0558

on lacosamide in non neoplastic patients with partial-onset
seizures [11, 12].

The proportion of patients achieving both a seizure reduc-
tion >50% and seizure freedom increased from the 3-month
interim visit to the final visit at 9 months. About 60% of
patients displayed the maximum seizure control with rela-
tively low doses (100-250 mg), while 21% of patients only
needed doses up to 400 mg.

Seizure reduction >50% and seizure freedom were
greater when lacosamide was added early in the treatment
(i.e. after 1 prior AED only) compared to a later add-on. This
observation is consistent with recent observational studies
using lacosamide in a non-neoplastic epilepsy population
[21-23]. Seizure reduction >50% and seizure freedom
were greater in patients treated with a lacosamide SCB(—)
combination compared to patients treated with lacosamide

@ Springer



112

J Neurooncol (2018) 136:105-114

Table 5 Factors predicting
seizure freedom at 3 and

Seizure freedom at 3 months

Seizure freedom at 9 months

9 months in patients who OR 95% CI p OR 95% CI p
completed the 9 months
treatment with lacosamide Age (years)
(N'=58): multivariate analysis <45 1.00 1.00
>45 0.50 0.13-1.98 0.323 0.11 0.02-0.63 0.013
Sex
Female 1.00 1.00
Male 1.99 0.49-8.03 0.333 2.89 0.55-15.2 0.211
Tumor location
Frontal lobe 1.00 1.00
Temporal lobe 1.53 0.35-6.73 0.575 4.96 0.71-34.7 0.106
Gliomatosis cerebri 0.62 0.06-5.97 0.680 0.61 0.05-7.54 0.701
Tumor grade
2 1.00 1.00
34 0.88 0.18-4.28 0.878 1.75 0.31-10.0 0.552
Seizure duration before LCM
<1 year 1.00 1.00
> 1 year 0.83 0.22-3.16 0.789 1.58 0.35-7.13 0.552
Seizure frequency
Monthly 1.00 1.00
Weekly 0.48 0.12-1.86 0.290 0.13 0.02-0.65 0.013
Daily 0.10 0.01-0.65 0.016 0.07 0.01-0.55 0.011
Timing of LCM add-on
First add-on 1.00 1.00
Later add-on 0.45 0.12-1.66 0.232 0.62 0.15-2.55 0.506
Concurrent antineoplastic treatment
No 1.00 1.00
Yes 4.07 0.72-22.9 0.112 3.81 0.51-28.8 0.193

SCB(+) combination. This finding is similar to that observed
in the LACO-EXP retrospective study [21], while in the non-
interventional VITOBA study [22] seizure control did not
differ between the two combinations. One could speculate
that the lower efficacy of lacosamide in the SCB(+) group in
our study is related to an interactions between EIADs, such
as carbamazepine, oxcarbazepine or phenytoin, and chemo-
therapeutics and steroids, that weakened the efficacy of the
antiepileptic regimen.

AED resistance is generally considered proportional to
tumor grade [24, 25]. However, in this study both low and
high grade glioma patients displayed a high seizure control
following lacosamide.

Interestingly, some patients with progressive disease on
MRI displayed a seizure reduction; however, we cannot
rule out that this could be attributed at least in part to an
increase in steroid medication more than a positive effect
of lacosamide.

Antineoplastic treatments may favorably impact the fre-
quency of seizures in gliomas [26-30], and this could have
occurred in some patients of our series. Nonetheless, a pro-
portion of patients, who never received or were off-treatment
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while on lacosamide, displayed a seizure control, that may
be attributed to lacosamide alone.

Our study confirms that intravenous lacosamide is active
and safe in managing patients with refractory status epilep-
ticus [31, 32].

Most of the clinical factors that have been analyzed for
a potential association with seizure control were not sta-
tistically significant in multivariate analyses, and this can
be due, at least in part, to the relatively small sample size.
Older age (>45 years) was associated with a better chance
of seizure freedom at 9 months, and a similar age effect has
been reported in the VITOBA study [22]. As in the general
population of patients with partial onset seizures [33, 34]
lacosamide in this cohort of gliomas was well tolerated and
we did not observe adverse events due to an interaction with
antineoplastic treatments.

This study has several limitations. First, it lacks a con-
trol population, and the sample size is relatively small, Sec-
ond, the patient population is quite heterogeneous in term
of tumor types, location and treatments, thus rendering the
conclusions from the different comparisons less reliable.
However, to our knowledge, this is the first observational
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study analyzing in a population of patients with gliomas and
medically intractable seizures the patterns of response to
lacosamide as add-on treatment and the clinicopathological
factors potentially associated with seizure response. Overall,
lacosamide, when added to any baseline AEDs, is effective
in obtaining a high seizure reduction and seizure freedom.
This study reports some novel findings, i.e. that the efficacy
of the drug is higher in older patients and when employed
as first add-on, and may be independent of the tumor status
and response to antineoplastic treatments.
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