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Abstract
Purpose Optimal treatment with antiepileptic drugs (AEDs) is an important part of care for brain tumor patients with epileptic seizures. Lamotrigine and lacosamide are both examples of frequently used non-enzyme inducing AEDs with limited
to no drug-drug interactions, reducing the risk of unfavorable side effects. This study aimed to compare the effectiveness of
lamotrigine versus lacosamide.
Methods In this multicenter study we retrospectively analyzed data of patients with diffuse grade 2–4 glioma with epileptic
seizures. All patients received either lamotrigine or lacosamide during the course of their disease after treatment failure
of first-line monotherapy with levetiracetam or valproic acid. Primary outcome was the cumulative incidence of treatment
failure, from initiation of lamotrigine or lacosamide, with death as competing event, for which a competing risk model was
used. Secondary outcomes were uncontrolled seizures after AED initiation and level of toxicity.
Results We included a total of 139 patients of whom 61 (44%) used lamotrigine and 78 (56%) used lacosamide. At 12 months,
there was no statistically significant difference in the cumulative incidence of treatment failure for any reason between
lamotrigine and lacosamide: 38% (95%CI 26–51%) versus 30% (95%CI 20–41%), respectively. The adjusted hazard ratio
for treatment failure of lacosamide compared to lamotrigine was 0.84 (95%CI 0.46–1.56). The cumulative incidences of
treatment failure due to uncontrolled seizures (18% versus 11%) and due to adverse events (17% versus 19%) did not differ
significantly between lamotrigine and lacosamide.
Conclusion Lamotrigine and lacosamide show similar effectiveness in diffuse glioma patients with epilepsy.
Keywords Glioma · Epilepsy · Lamotrigine · Lacosamide · Antiepileptic drug · Treatment failure
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Gliomas are the most common malignant primary brain tumor.
The median overall survival depends on several factors, such
as World Health Organization (WHO) tumor grade, preoperative Karnofsky Performance Status (KPS), age, and extent of
surgical resection [1]. Despite multimodal treatment strategies,
the prognosis still remains poor with a high recurrence rate
[2–4]. Patients may suffer from generic cancer symptoms (e.g.
fatigue and pain), but also from central nervous system specific
symptoms (e.g. mood disorders, focal neurological or cognitive deficits, and seizures). Epileptic seizures are frequently
reported in glioma patients with incidences up to 90%, depending on tumor grade, molecular-genetic subtype and location
[5–7]. Antiepileptic drugs (AEDs) are the mainstay in the
management of seizures, in addition to antitumor treatment
with surgery, radiotherapy, and chemotherapy [8].
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Optimal AED therapy for patients with brain tumorrelated epilepsy (BTRE) is not straightforward, as it may
be complicated by pharmacoresistance, adverse effects and
drug-drug interactions [7, 9]. Although evidence-based recommendations based on high-quality effectiveness studies
are lacking in patients with glioma, there is a general consensus to avoid enzyme-inducing AEDs. Currently, levetiracetam and valproic acid are two of the most frequently
prescribed drugs as first-line treatment of epilepsy in glioma
patients [10–12]. Within 12 months of initiation, 33% and
50% of patients on first-line monotherapy with levetiracetam
or valproic acid, respectively, failed on these drugs due to
uncontrolled seizures, adverse events or for other reasons,
and a second drug needed to be initiated as alternative or
add-on therapy [13]. Although there is no consensus with
regard to the preferred AED if a previous AED has failed,
lamotrigine and lacosamide are regularly considered. Both
are non-enzyme inducing AEDs with limited to no interactions with systemic agents and fewer adverse effects compared to first-generation AEDs, such as carbamazepine, phenobarbital, and phenytoin [9]. Lamotrigine has proven to be
effective in non-BTRE, both as monotherapy and as addon therapy [14–18]. Lacosamide can significantly improve
seizure control and is well tolerated as add-on therapy in
the non-BTRE population too, therefore being frequently
prescribed to patients with glioma [19–21]. Currently, there
are no studies that have compared the effectiveness of lamotrigine versus lacosamide in glioma patients with epilepsy.
In studies on drug effectiveness, treatment failure rates
(or its inverse: retention rates) are an important outcome,
generating a reliable measure for both AED efficacy and
tolerability [22]. An AED treatment is failing if a patient
discontinues the drug, or if another AED is added to the
current AED. The calculation of AED treatment failure rates
in glioma patients is complicated because of their generally
poor prognosis. Many patients die before reaching the outcome of interest (i.e. AED treatment failure), making death
a competing risk in the analysis to calculate treatment failure
rates, that needs to be accounted for [23]. This retrospective
observational cohort study aimed to compare the effectiveness of AED treatment with lamotrigine versus lacosamide
in patients with epilepsy due to a diffuse glioma, by evaluating the treatment failure rates of uncontrolled seizures and
adverse events.

Methods
Study population and procedures
The study population consisted of adult patients who were
diagnosed with a histologically confirmed supratentorial WHO grade 2–4 glioma according to the WHO 2016
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guidelines and had undergone surgical biopsy or (re)resection in Haaglanden Medical Center, Erasmus MC Cancer
Institute or Amsterdam University Medical Centers between
Jan 1st, 2004 and Jan 1st, 2018. All patients were diagnosed
with BTRE and received first-line monotherapy treatment
with levetiracetam or valproic acid. For the current study,
patients who were prescribed lamotrigine or lacosamide
during the course of their disease, whether in combination with one or multiple AEDs, or as monotherapy, were
eligible. The institutional review boards of all institutions
approved the study. Glioma patients without epilepsy who
were prescribed prophylactic anticonvulsant treatment and
patients with an unknown start date of the AED treatment
were excluded from analysis.
Sociodemographic and clinical data of included patients
were extracted retrospectively. In this study, baseline refers
to the starting date of AED therapy with lamotrigine or
lacosamide. We collected age and sex, KPS, date of radiological diagnosis, molecular and histological parameters,
tumor grade, radiologic progressive disease before baseline
and during follow-up, tumor location, extent of resection,
and information on antitumor treatment (i.e. starting date of
radio- and/or chemotherapy and type of chemotherapeutic
agent). Also, information on seizure type (focal or focal to
bilateral tonic–clonic), as well as the start and end date(s)
of prescribed AED(s), dosages and, if applicable, reason for
AED treatment failure were registered. In case of treatment
failure due to adverse events (AEs), type and grade of the
AEs were extracted, as well as whether the AEs improved
after changing the AED treatment. The toxicity, i.e. grades
of AEs, was based on the Common Terminology Criteria for
Adverse Events (CTCAE) [24]. In case a patient switched
from lamotrigine to lacosamide or vice versa, only data on
the first initiated AED until treatment failure was collected.
Since lamotrigine and lacosamide have an equal defined
daily dose (DDD), i.e. both 0.3 g according to the WHOindex [25], we did no calculate a separate AED load to compare dosages between both AEDs. Dosages were compared
to evaluate optimal seizure control in both groups. The protocol was approved by the medical ethics committee of each
institution and consent of patients was obtained according to
the institution’s policy.

Outcomes
The primary outcome in this study was treatment failure
rate, which reflects the effectiveness of AED treatment by
encompassing both AED efficacy and tolerability [18, 23].
The main reasons for treatment failure are uncontrolled seizures or intolerable AEs. Treatment failure due to uncontrolled seizures is defined as any change (i.e. discontinuation of lamotrigine or lacosamide, or addition of another
AED) in AED management. Intolerable AEs are defined as

Journal of Neuro-Oncology (2021) 154:73–81

treatment related events that resulted in discontinuation of
lamotrigine or lacosamide, therefore regarding those cases
as treatment failures. Secondary outcomes were: (1) uncontrolled seizures after initiation of lamotrigine or lacosamide,
reflecting efficacy, and (2) grade of toxicity, reflecting tolerability. Whether AEs improved or not after discontinuation
of lamotrigine or lacosamide was used in order to validate
the causality between the treatment failure and AEs. The
maximum follow-up was 36 months. Post-drop-out information (i.e. date of death) was used if available in case patients
were lost due to progressive disease. If patients were lost to
follow-up ≤ 3 months before death, they were considered to
have continued the current AED until the date the patient
deceased. The following reasons were not considered treatment failure: any dose adjustments of the evaluated AED,
addition of an AED taken only if necessary, addition of an
AED with a different indication than epileptic seizures, temporary perioperative AED prophylaxis, replacement with a
non-oral AED in the end-of-life phase due to swallowing
difficulties, or poor adherence less than one week.

Statistics
Sociodemographic and clinical characteristics between
patients in the initial cohort [13] and those included in this
study (i.e. using lamotrigine or lacosamide) were compared
by using chi-square test for categorical variables and t-test
for continuous variables. In case of violation of the normality assumption a non-parametric test was used for the
continuous variables. Kaplan–Meier curves were used to calculate time to events of interest. To estimate the cumulative
incidence of treatment failure due to uncontrolled seizures
or AEs, a competing risk model with two competing risks,
treatment failure and death, was used [26]. To assess the difference between cumulative incidences the Gray’s test was
used [27]. For secondary outcomes, treatment failure was
further divided into four competing risks: treatment failure
due to uncontrolled seizures, due to AEs, due to other reasons (encompassing withdrawal due to remission of seizures
and unknown reasons), or death. Then, the cumulative incidence for each event was estimated. To estimate the effect
of prognostic factors on the two competing events treatment
failure and death, cause specific Cox proportional hazard
models were estimated. The proportional hazards assumption was checked by looking at the Schoenfeld residuals,
nonlinearity by Martingale residuals, and influential observations by deviance residuals. The following potential confounding variables were considered: age (≤ 40 year versus > 40 year), sex, KPS (≥ 70 versus < 70), tumor grade
[low grade (WHO grade 2) versus high grade (WHO grade
3–4)], IDH-mutation status, surgical resection (i.e. partial or
gross total resection versus biopsy only), prior radiotherapy,
prior chemotherapy, tumor involvement in temporal or in
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frontal lobe, history of psychiatric disorder (i.e. depression,
anxiety, or psychotic disorder), and seizure type (i.e. focal
or focal to bilateral tonic–clonic). Statistical analyses were
performed using statistical package SPSS version 26.0. All
analysis concerning competing risk were performed in R,
an open software environment. To estimate the cumulative
incidence, the library cmprsk was used [26]. P-values < 0.05
were considered statistically significant.

Results
Patient characteristics
Population characteristics are described in Table 1. In total,
139 patients were eligible of whom 61 (44%) were prescribed lamotrigine and 78 (56%) lacosamide. Patients on
lacosamide compared to lamotrigine were more often male
[69% (54/78) versus 44% (27/61), respectively, p = 0.003],
and received more often radiotherapy [74% (58/78) versus
49% (30/61), p = 0.002] and systemic therapy [65% (51/78)
versus 38% (23/61), p = 0.001]. Also, more patients in
the lacosamide group had tumor involvement in the temporal lobe [63% (49/78) versus 46% (28/61), p = 0.046].
After a maximum of 36 months follow-up, in total, 35%
(49/139) patients had died: 25% (15/61) in the lamotrigine
group, compared to 44% (34/78) in the lacosamide group
(p = 0.067). The median time from date of diagnosis to initiation of lamotrigine or lacosamide was 16 months (IQR = 35)
and 21 months (IQR = 47), respectively (p = 0.268). Of the
patients on lamotrigine, 41% (25/61) had developed progressive disease before starting lamotrigine, while this was 58%
(45/78) in patients on lacosamide (p = 0.051). Within the
three months before the start of lamotrigine or lacosamide,
this difference was 16% (10/61) versus 35% (27/78), respectively (p = 0.016).
Baseline sociodemographic and clinical characteristics of
patients included in this study were compared to the baseline
of patients who were not prescribed lamotrigine or lacosamide (n = 1296). Patients in the current study were significantly younger, had a higher KPS, and more often had a
lower WHO grade (see Supplemental S1), reflecting that this
is a selected population with more difficult to treat seizures.

AED treatment
Patients used either levetiracetam or valproic acid as a firstline AED, and significantly more patients in the lamotrigine
group were initially prescribed valproic acid (56%, 34/61)
compared to patients in the lacosamide group (33%, 26/78),
p = 0.008. Number of failures on other AEDs before switching to either lamotrigine or lacosamide was comparable with
a median of 2 (IQR = 1 and 2, respectively) in both groups.
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Table 1  Study characteristics
Lamotrigine n = 61

Lacosamide n = 78

Total cohort n = 139

p-value

27 (44%)

54 (69%)

81 (58%)

0.003

≤ 40 year

21 (34%)

18 (23%)

39 (28%)

> 40 year

40 (66%)

60 (77%)

100 (72%)

61 (100%)

71 (91%)

132 (95%)

Gender, male, no. (%)
Age group, no. (%)

0.139

KPS, no. (%)
≥ 70
< 70
Unknown

0.056
0 (0%)

5 (6%)

5 (5%)

0 (0%)

2 (3%)

2 (1%)

31 (51%)

31 (40%)

62 (45%)

WHO diagnosis, no. (%)
Grade 2

0.138

Diffuse astrocytoma NOS

12 (20%)

5 (6%)

17 (12%)

Diffuse astrocytoma IDH-mutant

5 (8%)

12 (15%)

17 (12%)

Oligodendroglioma NOS

7 (12%)

5 (6%)

12 (9%)

Oligodendroglioma IDH-mutant 1p/e19q codeletion

7 (12%)

7 (9%)

14 (10%)

Oligoastrocytoma NOS
Grade 3

0 (0%)

2 (3%)

2 (1%)

13 (21%)

11 (14%)

24 (17%)

Anaplastic astrocytoma NOS

4 (7%)

3 (4%)

7 (5%)

Anaplastic astrocytoma IDH-mutant

3 (5%)

2 (3%)

5 (4%)

Anaplastic oligodendroglioma NOS

4 (7%)

3 (4%)

7 (5%)

Anaplastic oligodendroglioma IDH-mutant 1p/19q codeletion

2 (3%)

2 (3%)

4 (3%)

Anaplastic oligoastrocytoma NOS
Grade 4

0 (0%)

1 (1%)

1 (1%)

17 (28%)

36 (46%)

53 (38%)

Diffuse astrocytoma wildtype

2 (3%)

2 (3%)

4 (3%)

Anaplastic astrocytoma wildtype

0 (0%)

4 (5%)

4 (3%)

Glioblastoma NOS

10 (16%)

12 (15%)

22 (16%)

Glioblastoma wildtype

5 (8%)

16 (21%)

21 (15%)

0 (0%)

2 (3%)

2 (1%)

Surgical resection, yes, no. (%)

Glioblastoma IDH-mutant

49 (80%)

57 (73%)

106 (76%)

0.461

Radiotherapy, yes, no. (%)

30 (49%)

58 (74%)

88 (63%)

0.002

Systemic therapy, yes, no. (%)

23 (38%)

51 (65%)

74 (53%)

0.001

Systemic therapy detailed, no. (%)
TMZ (+ additional agents)

18 (78%)

38 (75%)

56 (76%)

PCV (+ additional agents)

3 (13%)

6 (12%)

9 (12%)

TMZ + PCV

1 (4%)

7 (14%)

8 (11%)

Other

1 (4%)

0 (0%)

1 (1%)

PD before lamotrigine/lacosamide initiation, yes, no. (%)

25 (41%)

45 (58%)

70 (50%)

0.051

PD during lamotrigine/lacosamide, yes, no. (%)

28 (46%)

37 (47%)

65 (47%)

0.857

Number of treatment failures before lamotrigine/lacosamide initiation,
median (IQR)

2 (1)

2 (2)

2 (2)

0.243

16.1 (35.3)

20.6 (47.4)

17.7 (39.6)

0.315

15.3 (41.5)

12.5 (22.5)

14.0 (29.5)

0.253

12.1 (26.4)

13.1 (20.0)

12.4 (19.8)

0.785

27 (44%)

52 (67%)

79 (57%)

Median time to lamotrigine/lacosamide, months (IQR)a
Median time to radiotherapy, months (IQR)3

Median time to systemic therapy, months (IQR)3
First-line AED monotherapy started, no. (%)
Levetiracetam
Valproic acid

0.008
34 (56%)

26 (33%)

60 (43%)

Lamotrigine/lacosamide combined with another AED, yes, no. (%)

40 (66%)

55 (71%)

95 (68%)

0.534

Tumor in temporal lobe, yes, no. (%)

28 (46%)

49 (63%)

77 (55%)

0.046

Tumor in frontal lobe, yes, no. (%)

40 (66%)

59 (76%)

99 (71%)

0.193

Focal

24 (39%)

27 (35%)

51 (37%)

36 (59%)

48 (62%)

84 (60%)

Unknown

1 (2%)

3 (4%)

4 (3%)

Seizure type, no
Focal to bilateral tonic-clonicb
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Table 1  (continued)
IQR interquartile range; No. number of patients; PD progressive disease; SD standard deviation; KPS Karnofsky Performance Status; WHO World
Health Organization; TMZ temozolomide; PCV Procarbazine, lomustine and vincristine
a

b

Calculated from date of radiological diagnosis
Patients had either solely focal to bilateral tonic–clonic seizures or both focal and focal to bilateral tonic–clonic seizures

Treatment failure rate
The cumulative incidence of treatment failure for any reason showed no significant difference between lamotrigine
and lacosamide: 38% (95%CI 26–51%) versus 30% (95%CI
20–41%) (Fig. 1 and Table 2). AED treatment was not
independently associated with treatment failure in multivariable analyses: hazard ratio of 0.84 (95%CI 0.46–1.56)
(see Table 3). There was also no association between AED
treatment and death during follow-up with an adjusted
hazard ratio of 1.63 (95%CI 0.51–5.26) (see Table 4).
Fig. 1  Treatment failure rates for any reason (bold lines) and death:
lamotrigine versus lacosamide

Most patients used lamotrigine or lacosamide in combination
with another AED instead of monotherapy: 66% and 71%,
respectively (p = 0.534). Of these combinations, the combination with levetiracetam was most common in both groups
(33% and 49% for lamotrigine and lacosamide respectively).
Median total daily dosage of lamotrigine versus lacosamide
at the moment of treatment failure due to uncontrolled seizures was 200 mg (IQR = 200) versus 250 mg (IQR = 250),
p = 0.548. When AED treatment failed due to intolerable
AEs, median dosages were 100 mg (IQR = 81) for lamotrigine versus 200 mg (IQR = 100) for lacosamide, p = 0.131.

Level of efficacy
Having uncontrolled seizures was the main reason for
patients to show AED treatment failure: 25% (15/61) of
patients in the lamotrigine group versus 13% (10/78) of
patients in the lacosamide group during the 36-month
follow-up period. The cumulative incidence of treatment
failure due to uncontrolled seizures at 12 months was 18%
(95%CI 9–29%) for lamotrigine and 11% (95%CI 5–20%)
for lacosamide. Supplemental S2 shows the cumulative
incidence for specific treatment failure reasons and death;
details can be found in Supplemental S3.

Table 2  Cumulative incidence functions for treatment for any reason and death
Time in months

0

No. at risk
Lamotrigine, no
61
Lacosamide, no
78
No. censored
Lamotrigine, no
0
Lacosamide, no
0
Event treatment failure for any reason
CIF (95%CI), lamotrigine
2 (0–8)
CIF (95%CI), lacosamide
0 (NA)
Event death
CIF (95%CI), lamotrigine
0 (NA)
CIF (95%CI), lacosamide
0 (NA)

3

6

12

24

36

45
52

39
44

30
27

23
14

0
0

4
4

6
6

6
8

8
15

27
28

20 (11–31)
17 (10–26)

27 (17–39)
18 (11–28)

38 (26–51)
30 (20–41)

46 (32–59)
32 (21–43)

55 (40–68)
35 (23–47)

0 (NA)
12 (6–20)

0 (NA)
19 (11–28)

6 (1–14)
29 (19–40)

7 (2–17)
38 (26–50)

7 (2–17)
38 (26–50)

p-value

0.072

< 0.001

CI confidence interval; CIF cumulative incidence function; NA not available; No. number of patients
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Table 3  Cause specific hazard
ratios along with their 95%CI
for time to treatment failure
for any reason (univariate
and multivariable analysis): a
competing risk model with 2
events: failure and death
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Parametera

AED treatment
Age
Gender
Tumor grade
Surgical resection
Radiotherapy
Chemotherapy
Progressive disease

Treatment failure for any reason

Lamotrigine (ref.)
Lacosamide
≤ 40 year (ref.)
> 40 year
Male (ref.)
Female
Low grade (ref.)
High grade
No (incl. biopsy) (ref.)
Yes
No (ref.)
Yes
No (ref.)
Yes
No (ref.)
Yes, > 3 months
Yes, ≤ 3 months

uHR (95%CI)

p-value

aHR (95%CI)

p-value

0.79 (0.46–1.35)

0.384

0.84 (0.46–1.56)

0.587

1.34 (0.75–2.40)

0.318

1.50 (0.79–2.88)

0.219

1.48 (0.87–2.53)

0.151

1.38 (0.78–2.41)

0.266

1.53 (0.89–2.63)

0.126

1.45 (0.75–2.78)

0.268

0.99 (0.54–1.79)

0.968

1.08 (0.56–2.10)

0.812

0.95 (0.55–1.63)

0.838

0.91 (0.41–2.02)

0.817

0.94 (0.54–1.61)

0.808

0.89 (0.41–1.96)

0.776

1.94 (1.06–3.53)
1.03 (0.50–2.12)

0.031
0.930

0.88 (0.42–1.86)
0.79 (0.38–1.65)

0.745
0.793

AED Antiepileptic drug; aHR adjusted hazard ratio; CI confidence interval; uHR unadjusted hazard ratio

a

Seizure type, tumor involvement in the frontal lobe and isocitrate dehydrogenase (IDH)-mutation were
stratified because total number of events was 54, resulting in a maximum number of ten parameters

Table 4  Cause specific hazard
ratios along with their 95%CI
for death during follow-up
(univariate and multivariable
analysis): a competing risk
model with 2 events: death and
failure

Parametera

AED treatmentb
Age
Tumor grade
Progressive disease

Death during follow-up

Lamotrigine (ref.)
Lacosamide
≤ 40 year (ref.)
> 40 year
Low grade (ref.)
High grade
No (ref.)
Yes, > 3 months
Yes, ≤ 3 months

uHR (95%CI)

p-value

aHR (95%CI)

p-value

1.76 (0.60–5.11)

0.301

1.63 (0.51–5.26)

0.410

0.97 (0.29–3.27)

0.956

0.98 (0.21–4.68)

0.982

1.22 (0.49–3.03)

0.676

1.15 (0.33–3.99)

0.824

1.26 (0.44–3.64)
1.62 (0.56–4.69)

0.669
0.373

1.19 (0.38–3.71)
1.30 (0.37–4.58)

0.770
0.687

AED Antiepileptic drug; aHR adjusted hazard ratio; CI confidence interval; KPS Karnofsky Performance
Score; uHR unadjusted hazard ratio; ? Unknown; a Improvement after discontinuation of the current therapy
with lamotrigine or lacosamide; CTCAE Common Terminology Criteria for Adverse Events; No. Number
of patients
a

b

Parameters were selected based on clinical significance
AED treatment did not hold Schoenfeld residuals

Level of toxicity
A total of 25 patients experienced treatment failure due to
one (n = 18), two (n = 4), three (n = 1) or four (n = 2) AEs,
encompassing 37 AEs reported in total within 36 months of
follow-up. In the lamotrigine group, 18 AEs in 11 patients
were observed which led to treatment failure, which was
19 AEs in 14 patients on lacosamide. Of all reported AEs,
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agitation (5/37), depression (4/37) and headache (3/37) were
reported most often. Of the patients with agitation, 3/5 were
on lamotrigine, as were 1/4 patients with depression and 1/3
patients with headache on lamotrigine. In both groups, most
of the AEs occurred within the first three months (Supplemental S2). The cumulative incidences of treatment failure
due to AEs at 12 months were 17% (95%CI 9–28%) and 19%
(95%CI 11–29) for lamotrigine and lacosamide, respectively.
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Of all reported AEs, grade 3 or 4 counted for 17% (3/18)
in the lamotrigine group, whereas no (0/19) grade 3 or 4
AEs were reported in the lacosamide group (p = 0.264).
Improvement of AEs after discontinuation of lamotrigine
or lacosamide occurred in 72% of all grade AEs (13/18)
in the lamotrigine group, compared to 53% (10/19) in the
lacosamide group (p = 0.083) (Supplemental S4 for detailed
information on AEs).

Discussion
So far, no studies have compared the effectiveness of lamotrigine versus lacosamide in glioma patients with epilepsy.
We show that lamotrigine and lacosamide are equally effective. The cumulative incidence of treatment failure for any
reason was 30% and 38% for lacosamide and lamotrigine,
respectively, and multivariable analysis did not show an
independent association between AED treatment and treatment failure. Comparable results were found for secondary
outcomes of treatment failure due to uncontrolled seizures
and level of toxicity, showing no significant differences
between the AEDs.
Lamotrigine and lacosamide, a second and third generation AED, respectively, previously showed to be effective
and well tolerated in patients with non-BTRE. Lamotrigine
had improved efficacy over frequently used second-line
AEDs like carbamazepine for time to treatment failure for
any reason [15, 16, 28, 29]. Lacosamide demonstrated relatively high effectiveness as add-on therapy in BTRE, with
6-month retention rates up to 86% [19–21, 30, 31]. The anticonvulsive action mechanism of lamotrigine, a voltage-gated
sodium channel blocker, is due to the inhibition of glutamate
excitotoxicity [32]. It is metabolized primarily by glucuronidation and it has a half-life of approximately 30 hours,
although this is shortened to 14 hours in the concomitant use
of enzyme-inducing AEDs like carbamazepine and phenytoin, or may be prolonged, depending on the dosages, in the
combination with valproic acid, a glucuronidation inhibitor
[33]. This interaction should be taken into account when
prescribing lamotrigine to a patient who concomitantly
uses valproic acid. Lacosamide acts as a slow inactivator of
voltage-gated sodium channels and has a half-life of approximately 13 hours with a low potential for drug-drug interactions [32]. Our data set suggests that these two AEDs are
regularly used in clinical practice after levetiracetam and/or
valproic acid failed as first-line AED treatment, which corresponds to international recommendations [11, 34].
In our study, cumulative incidence rates for death were
significantly higher in the lacosamide group compared
to the lamotrigine group (i.e. 29 versus 6%). This difference might reflect a bias towards a worse prognosis at
baseline for patients on lacosamide compared to those
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on lamotrigine. This is supported by the fact that more
patients on lacosamide had progressive disease both before
and after initiation of the AED and more frequently had
received radio- and/or chemotherapy, compared to patients
on lamotrigine. Overrepresentation of patients with a lowgrade glioma in the lamotrigine group might also be a
result of the fact that lamotrigine is a much older AED
regimen, leading to a relative accumulation of patients
with a favorable survival being treated with lamotrigine
compared to lacosamide. Additionally, lamotrigine needs
a careful titration in several weeks before effective dosages can be reached. In patients with high-grade gliomas
in whom time is often limited, physicians may be inclined
to prefer lacosamide above lamotrigine to ensure a rapid
initiation of AED treatment. Moreover, no association
between AED treatment and death was observed in the
competing risk model for death during follow-up. Together
with the lack of evidence for possible drug-related death in
patients who used lacosamide [35–37], it seems implausible lacosamide has an effect on overall survival.
This study has some limitations. First of all, its retrospective nature together with the relatively small sample size hampers the conclusions that can be drawn since
recall and report bias cannot be excluded as well as residual confounding. Secondly, due to their poor prognosis
and stage of disease at baseline many glioma patients were
lost to follow-up or deceased, resulting in only 30 patients
at risk in the lamotrigine group and 27 in the lacosamide
group at 12 months. Thirdly, two-thirds of the patients in
this study were on polytherapy with either lamotrigine or
lacosamide, reflecting the heterogeneity of the population.
In addition, due to the small sample sizes we considered
subgroup analyses to be inappropriate. Future studies
will likely have a similar bias given the wide range of
AEDs available for patients with epilepsy. Creating sufficiently large sample sizes for adequate comparisons of two
AEDs would require enormous data sets. Nevertheless, we
believe the ratio between mono- and polytherapy in our
study is a realistic reflection of today’s clinical practice.
Fourthly, the relatively small sample sizes in this study
have also resulted in the inability to calculate cause specific hazard ratios for the secondary outcomes.
In conclusion, this retrospective observational cohort
study showed no significant difference in terms of effectiveness between lamotrigine and lacosamide when used
after failure on first-line AEDs. Treatment failure rates due
to uncontrolled seizures and due to intolerable AEs were
similar between the two groups. Therefore, lamotrigine
and lacosamide seem to be comparable in terms of efficacy
and tolerability in glioma patients with epilepsy who have
failed on first-line AEDs. Future prospective randomized
controlled trials should focus on providing further evidence
for the best AED treatment strategy in patients with BTRE,
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not only regarding effectiveness but also on health-related
quality of life and psychiatric symptoms.
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