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Abstract

Background: The indication for the antiepileptic drug (AER)xbsamide (LCM) was
recently extended to include children from the abfur. Real-life data on the use and
serum concentrations of LCM in children and adaess are limited. The purpose of this
study was to investigate the use of LCM in thiggrdtgroup in relation to age, co-
medication, dose, serum concentrations and durafitneatment, and to examine

pharmacokinetic variability.

Methods: Children and adolescents (<18 years) who had seamtentrations of LCM
measured from January 2012 to June 2018 were petrtgely identified from the
therapeutic drug monitoring (TDM) databases at matonal epilepsy centers in Norway and

Denmark. Clinical data were collected from requdesns and medical records.

Results Data from 124 patients were included, 61 girld68s. Weight was available for 76
patients. Median age was 15 years (range 2-17 yekse of LCM 300 mg/day (76-600
mg/day) and serum concentration 18 pmol/L (5-13®im [4.5 mg/L (1.3-34.5 mg/L)].
Pharmacokinetic variability was demonstrated astmeentration/(dose/kg) ratio ranged

from 1.3 to 9.4 (umol/L)/(mg/kg) and was affectgdage. Polytherapy with 1-3 other AEDs
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was noted in 107 patients (86%). Treatment wasmaed beyond 1 year in 71% (n=45) of
the 63 patients where such information was avaladohd all of these 45 patients had serum
concentrations within the defined reference raiie. 1-year retention rate was higher in

patients not concomitantly using other sodium clefiblocking drugs (82% vs 56%).

Conclusion The study demonstrates pharmacokinetic varigbiitand between age groups,
which indicates usefulness of TDM. More than twiod$ of patients continued treatment

beyond one year, suggesting reasonable effectisenes

Keywords: Antiepileptic drugs (AED), lacosamide (LCM), theeapic drug monitoring

(TDM), children, pharmacokinetic variability

Introduction

Epilepsy is a common neurological disease in cardwith antiepileptic drugs (AEDs) being
the primary treatment option. Children taking AERgquire particularly close follow-up, as
changes in physiology and development affects paeokinetic and pharmacodynamic
processes. Thus, effect and tolerability can vagwicantly between patients and within
patients over time. All AEDs have pharmacokineticiability, and the variability at any age
can be considerable, due to factors such as dteaotions, genetic variability and co-
morbidities®™ In recent years, a number of new AEDs have beaora#able, and many are

used in children.

Lacosamide (LCM) is indicated as monotherapy andrative therapy for the treatment of
focal onset seizures with or without secondary g@ization in adults, adolescents and
children from 4 years of age with epilepsifter initial approval by the European Medicines
Agency as add-on in patients 16 years or oldef0B2the indication was extended to

include monotherapy in late 2016, and children edrg in 2017.LCM exerts its effect by



selectively enhancing the slow inactivation of agk-gated sodium channels, in contrast to

most other sodium channel-blocking AEDs that affast inactivatior(.®

The National Center for Epilepsy (SSE), Oslo UnsitgrHospital, Norway and the Danish
Epilepsy Center, Dianalund, Denmark provide cargédients suffering from difficult-to-
treat epilepsies. A number of these patients atdreh, some with rare epilepsy syndromes.
The laboratories at these two hospitals analyasseoncentrations of antiepileptic drugs
(AEDS) in blood samples from inpatients, as welpasents in other hospitals, institutions
and general practice around the country. The neéereange for serum concentrations of
LCM used in Norway is 10-40 umol/L (3-10 mgAind a recently study has confirmed that
efficacy is likely to be obtained within this ranpeadults'® A similar reference range of 9-

35 umol/L is used in Denmark.

As clinical trials are performed on carefully séégtpopulations and follow the patients for a
limited period of time, it is important to documegal life use of drugs after marketitfg:
Such data regarding the use of LCM in children adolescents are limited. The purpose of
this study was to investigate the use of LCM irldrein and adolescents in relation to age,
co-medication, dose, serum concentrations andidarat treatment, and to examine real life

pharmacokinetic variability in this population.

Material and Methods
STUDY MATERIAL

Children and adolescents (<18 years) who had seamtentrations of LCM measured from
January 2012 to June 2018 were retrospectivelytifcehfrom the therapeutic drug
monitoring (TDM) databases at the National CenteEHpilepsy (SSE), Oslo University

Hospital Oslo, Norway and the Danish Epilepsy Ceriigadelfia, Denmark. Inclusion



criteria were at least one serum concentration oreasent and available information on
dose. Measurements below the measuring range weleded. There is a strong tradition in
Scandinavia to use TDM as part of management aératwith epilepsy, and the most
common reason for requesting serum concentrati@sanmements are routine follow-up,
dosage adjustments, unsatisfactory seizure coatilbbdverse effects. In both Norway and
Denmark, standard procedure is to perform TDM angas drawn drug fasting in the
morning at assumed steady-state, and both labasfmmovide information to requesting
physicians about this. If it was noted on the retjd@m that the sample was not taken under
such conditions, it was excluded from the studytal@a gender, weight, and concomitantly
used drugs were collected. Additional clinical daten medical records were available for
some of the patients. To avoid introducing biasnfroultiple samples from individual
patients, the most recent measurement with comgigtewas used when more than one

result was available.
The study was approved by the local and regiomat®tommittees.

The number of children/adolescents being presciilé&d in the period was retrieved from
national prescription databasés; which contain comparable informatidhData on

population were retrieved from national agenciessfatistics.’®
DRUG ANALYSIS

The analyses were routine measurements by validaétidods at the Section for Clinical
Pharmacology, The National Center for EpilepsyoQshiversity Hospital and The Danish
Epilepsy Center, Filadelfia, as measured by HPLCdod UHPLC-MS/MS. Until 2018, a
HPLC-UV method was in use in Norway, with a measginange of 10-250 pmol/L based on
Greenway et al’ Analyses were performed on an Ultimate 3000 HFADiBnex, with a

125x3 mm, 3 pm Hypersil BDS C-18 column. In 2018 HHPLC-MS/MS method was



introduced. These analyses were performed on ad&r&iD HPLC/Endura MD mass
spectrometer, using the Antiepileptic Drugs ClinB1da®M Platform Kit System (MS9000,
MS9200) from Recipe (Munich, Germarfy)The lower limit of the measuring range reduced
to 3 umol/L. A complete validation was performedthwo bias towards higher or lower
results with the new methodology. At the Danishlé&sy Center, LCM was analyzed using
an in-house LC-MS/MS method applying a Waters AgguPLC in connection with a TQ
mass detector. Separation was accomplished on 8EH8olumn (Ethylene Bridge Hybrid,
C18 1.7 um 2.1 x 100 mm), and quantified at a nmeaguange of 2-100 umol/L, using an
in-house calibrator. In both laboratories the md¢hare validated and subject to monthly,

international proficiency testing.
CALCULATIONS

Serum concentrations, doses, concentration/do$d (@tios and C/(D/kg) ratios were
calculated as means with standard deviation (SDjexians with minimum-maximum range

to express variability.

The conversion factor for LCM from pmol/L to mgi4 0.25 (i.e., 1 pmol/L = 0.25 mg/L), as
the molecular weight of LCM is 250 g/mol. Conveysehe conversion factor from mg/L to

umol/L is 3.99.

When examining the effect of comedication on C/@ @A D/kg) ratios, patients were
grouped according to concomitantly used AEDs: A)yeme-inducing AEDs (carbamazepine,
phenytoin and/or phenobarbitaf)?* B) valproate and C) reference group, including all

patients not included in group A or B.

When comparing data from patients using additisodium channel blocking AEDs or not,
the following were considered sodium channel blogklemotrigine, carbamazepine,

oxcarbazepine, eslicarbazepine, phenytoin, zoni@eamd rufinamidé*#



When examining the effect of age on pharmacokiagtie patients were divided into three

groups: <6, 6-12 and 13-17 years of age.
STATISTICAL ANALYSES

For statistical analyses IBM SPSS Statistics vergi® (IBM, Armonk, NY, USA) was used.
For small sample sizes without normal distributioomparisons were performed by the non-
parametric Mann-Whitney rank sum test or the Kris§kallis test in case of multiple
comparisons, with pairwise comparisons with post pairwise Mann-Whitney rank sum test
and Bonferroni correction. For normally distributéata or large samples (>30), Students’
two-sided t-test with unequal variance was usezhtoulate significant pair-wise differences

and ANOVA with post hoc Tukey was used for multipemparisons.

When comparing categorical variables, the Peardorsquare test was used, alternatively
the Fisher’s exact test (2-sided) when <80% ofctilks in the table had expected frequency

>b.

P-values of <0.05 were considered statisticallpificant for all analyses.

Results
DEMOGRAPHIC DATA

Data from 124 patients, 61 girls and 63 boys, vieckided in the study; 71 from Norway
and 53 from Denmark. Patient characteristics amnensarized in table 1. Information on
clinical indication for the use of LCM was availabh 81 cases; most patients were noted to
have focal or multifocal epilepsies. Other indioas are listed in Table 1. LCM was used in

monotherapy in 17 patients, while the other pasi@isied 1-3 concomitant AEDs (Table 1).



SERUM CONCENTRATIONS AND PHARMACOKINETIC VARIABILIT Y
Doses and corresponding serum concentration measuate are shown in Figure 1A and B.

117 patients (94%) had serum concentrations bet@e#humol/L (2-10 mg/L), i.e. within
the recommended reference range for one or bothtices. The serum concentration was
below 25 umol/L (6 mg/L) (the mid-value of the nefiece range) in 87 patients. The C/D
ratio varied almost 8-fold between patients (0.03Qmol/L/mg), whereas the C/(D/kg)
ratio varied 7-fold [1.3-9.4 (umol/L)/(mg/kg), n=){6There were no significant differences
in age distribution, doses, serum concentratiorG/@/kg) ratios between the patients from

Norway and Denmark.

There was a statistically significant differencehe ratio between age groups, with the
C/(D/kg)-ratio being higher in the oldest age gréli®-17 years, n=44) compared both to the
middle (6-12 years, n=29) and the youngest agefob years, n=3) (Figure 2). There was

no statistically significant difference in C/(D/kggtio between girls (h=38) and boys (n=38).

Patients weighing <50 kg (n=31) were prescribedthénigloses per kg (6.4 mg/kg) than those
weighing 50 kg or more (n=45) (4.8 mg/kg) (p=0.00B)patients weighing < 50 kg

C/(D/kg) ratio varied 4.5-fold, and in patients gleing 50 kg or more, 4.1-fold.
CONCOMITANT MEDICATION

LCM was used in combination with 20 different AERsd the most commonly used
concomitant drugs were clobazam (n=28), levetieangin=28), valproate (n=26),
lamotrigine (n=16) and topiramate (n=14). The nundfgatients using other AEDSs is

shown in Figure 3.



Complete data (including weight) was only availdole3 patients using enzyme-inducing
AEDs, and no statistically significant differenceG/(D/kg) compared to the reference group
(n=55) was demonstrated. There was no statistisailyificant difference in C/(D/kg) ratios

between patients using valproate (n=18) and trexreate group (n=55).
DURATION OF TREATMENT

Data on start and discontinuation of therapy waslale for 63 patients. In 27 of these
patients, treatment was still ongoing at the tirheegiew, and all of these had used LCM for
more than 1 year. 18 patients had discontinuedithg after less than 1 year, resulting in a
one-year retention rate of 71% (45 of 63 patier@$)the 36 patients who had discontinued
the drug at the time of assessment, median durafiaee was 365 days (range 30-1247

days).

The one-year retention rate in patients concomytarsing other sodium channel blocking
AEDs was 56% (14 of 25 patients), in contrast %831 of 38 patients) among those not

using such drugs (p=0.028).

There was no statistically significant differenneserum concentrations between patients

using and not using other sodium channel blocki&dpA.

Patients who discontinued treatment within thd fressar had lower serum concentrations than
those who continued treatment past the first yga0.037) (Figure 1C). Most of the patients
(14 of 18) who discontinued treatment had serunteotration in the lower part (< 20

pmol/L (<5 mg/L)) of the reference range. Furtherepohree patients had serum
concentrations outside both reference rangessfi@.or <9 umol/L (>10 or <2 mg/L)], one
above and two below. None of the 45 patients ingtioeip that continued treatment for more

than one year had a serum concentration outsidedhge.



PRESCRIPTIONS OF LCM IN CHILDREN AND ADOLESCENCE IN NORWAY

AND DENMARK

According to nationwide databases covering the wipolpulation in both countries, 47-84
Norwegian and 75-94 Danish outpatients younger Bfayears of age were prescribed LCM
per year between 2012 and 2017 (Danish data omljaée until 2016Y**° The number of
inhabitants < 20 years in the two countries is lsimiL,262,730 in Norway and 1,310,918 in

Denmark in January 2017

The majority of patients using LCM were 15-19 yeals(Figure 4), which is also reflected

in the age distribution in the current study popala

Discussion

This study describes the use of LCM in a large dampchildren and adolescents in two
Scandinavian countries. Pharmacokinetic variabiliag demonstrated by variability in
C/(D/kg)-ratios and was affected by age. The daselsresulting serum concentrations used
are low or moderate for many of the patients, &eddrug is used in combination with
numerous other AEDs. More than two thirds of paseontinued treatment beyond one
year,; and retention rates was higher in those siogwther sodium channel blocking AEDs

compared to those who did.
SERUM CONCENTRATIONS AND PHARMACOKINETIC VARIABILIT Y

The observed pharmacokinetic variability in childend adolescents was 7-fold between
patients, which is less than previously found as@dbage groups, including adults and
elderly?®#* A possible explanation is that a number of diseaseising altered organ function

occur only in older age groups. There may also thegree of selection bias; many of the
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younger patients had their therapy initiated befeglatory approval, and clinicians may be

more conservative with off-label use in patientghwegignificant comorbidities.

The observed lower C/(D/kg) ratio in younger congplato older children and adolescents is
in line with previous findingé’ It is plausible that it reflects an increased @eae of LCM,

considering the age-related changes in physiolbgugh childhood:**

We did not find a significant difference in C/(DJkgatio between males and females, in line

with previous findings??**°

In contrast to other studies, no significant eflgfotnzyme inducing AEDs on the
pharmacokinetics of LCM was observed, probablytdube small number of patients in this
group. Valproate did not affect the C/(D/kg) ratifoLCM, in line with the other

studies.®?#>%°
DURATION OF TREATMENT

In post marketing studies, measurement of retemtites or time to withdrawal is considered
to provide relevant clinical information, as itasneasure of effectiveness, a composite of
both efficacy and tolerabilit§/ We found that 71% of patients continued LCM forrenthan
one year, comparable to 65% observed by Rueggdfef study of LCM in patients <21
years of age found that the probability of remagnom LCM without addition of another
therapy was 45% at 12 montiid\either of these studies included serum concéaitrat

measurements of LCM.

In our study all patients who continued treatmesydmnd one year had serum concentrations
within the combined reference ranges for both coes{9-40 pmol/L (2-10 mg/L)]. This is
in line with results from adults showing that mpatients with good clinical effect had serum

concentrations within the reference range.
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We noted that most of the patients who discontif@i before 1 year had serum
concentrations below or in the lower end of therefice range, and overall their serum
concentrations were lower than in those who coetinmeatment past one year. The present
study does not include data on reason for discoatian, which did not allow consideration
of whether insufficient drug exposure led to digowmation due to unsatisfactory effect, or
whether these patients suffer from adverse effgdi®v serum concentrations, not permitting

the dose to be increased.

Studies on adults have suggested that tolerabilihyCM is affected by concomitant use of
sodium channel blocking drud$3but results regarding children are conflictiig® Most
studies on the subject only include “traditionallison channel blockers”; oxcarbazepine,
carbamazepine, phenytoin and lamotrigine. Basemi@rhanisms of action, we considered it
reasonable to also include rufinamide, eslicarbiazegnd zonisamid&:>*We demonstrated

a significant correlation with concomitant use oe@mr more of these seven drugs and
discontinuing LCM treatment within one year, sudmgsdecreased tolerability with such

combinations.

PRESCRIPTIONS OF LCM IN CHILDREN AND ADOLESCENCE IN NORWAY

AND DENMARK

There has been an increased preference towardgnsiver AEDs in children and
adolescents during the last decade, based on hattatand population-based evaluations in
Norway>** The finding that most patients included in oudstare in the older age groups
is in line with data from the national prescriptid@tabases. This is not surprising,
considering that until recently the drug was appobanly for patients 16 years or older. The
presented data from the Norwegian prescriptiontbdeta show that more patients aged 5-14
years were prescribed LCM in 2017 compared to ptesvyears. As the drug received EU
approval for pediatric use in September 2017 thislmer could be expected to increase

12



further in 2018. The number of children and ada@ess (<20 years of age) who were
prescribed LCM was somewhat higher in Denmark thasiorway, especially early in the
studied period, which could be due to differencegeatment tradition or strategy in the two

countries.
METHODOLOGICAL CONSIDERATIONS

Our study examines a large (n=124) group of childned adolescents and combines data
from serum concentration measurements with clinidakmation and prescription trends.
Some important limitations need to be considerdw dstablished practice for TDM in
Norway and Denmark is a standardized sampling tdneg fasting before the morning dose
at steady-state, but it cannot be assured thatsti@mplied with at all times. Poor adherence
cannot be controlled for in a retrospective andiradistic setting, and clinical data was not
available for all patients. Even though there strang tradition for utilizing TDM in epilepsy
treatment in both Norway and Denmark, some patiemisCM therapy may not have had
serum concentrations measured. Discontinuationréeh@asurement may result in

overestimation of retention rates.
Conclusions

This study from two national epilepsy centers iar8tnavia provides a detailed description
of the experience using LCM in children and adaess by combining TDM, clinical and
prescription data. Pharmacokinetic variability mddetween age groups is demonstrated,
indicating the usefulness of TDM. More than twadkiof patients continued treatment
beyond one year suggesting reasonable effectiveaedsll of these patients had serum
concentrations within the reference range. One-ggtantion rates were even higher among

patients not concomitantly using other sodium cletiblocking AEDs.
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Figure legends

Figure 1 Doses and serum concentrations of lacosamheiin children and adolescence (<

18 years of age) based on therapeutic drug moniterg data in Norway and Denmark

A) Doses (mg) and serum concentrations (umol/Ulaodsamide (n=124). One patient using
600 mg lacosamide per day, with a serum conceoirati 138 pumol/L is not included in the

figure.

B) Doses (mg/kg) and serum concentrations (umalfllaicosamide in patients where weight

was available (n=76).

C) Daily doses and serum concentrations of lacadami patients who did (crosses, n=45) or
did not (dots, n=18) continue therapy for more thdmmonths for patients where information

on duration of treatment was available.

The combined reference range in Norway (10-40 phaid Denmark (9-39 pmol/L) of 9-
40 umol/L is indicated with dotted lines. The corsien factor for lacosamide from pmol/L

to mg/Lis 0.25 (i.e., 1 umol/L = 0.25 mg/L)

Figure 2 — C/(D/kg) ratio in different age groups.

The differences between the oldest and the middlebatween the oldest and the youngest

age groups are statistically significant after Bwrdni correction. (*p=0.003 **p=0.006)
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Figure 3 Concomitantly used antiepileptic drugs.

Number of patients using the indicated drug in coadon with lacosamide. Some patients

use multiple drugs.

Figure 4 — Number of patients <20 years of age bajmprescribed lacosamide in Norway

and Denmark

The number of patients in different age groups derescribed lacosamide in Norway and
Denmark. For the Norwegian data results are gigerbawhen less than five patients in a

group is prescribed the drug. For illustration msgs this value has been set to 2.
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Table 1 Demographic and TDM findingsin children and adolescence using lacosamide,

n=124

Gender, n (%)

Boys 63 (51)
Girls 61 (49)
Age, years, median (range) 15 (2-17)

Dose, mg
Mean (SD) 283 (114)

Median (range)

300 (50-600)

Dose, mg/kg (n=76) *

Mean (SD) 5.5(2.2)

Median (range) 5.1(2.4-14.8)
Serum concentration, umol/L**

Mean (SD) 21.3(13.6)

Median (range) 18 (5-138)

C/D-ratio, pmol/L/mg

Mean (SD)

0.079 (0.033)

Median (range)

0.073 (0.030-0.230)

C/(D/kg)-ratio, (umol/L)/(mg/kg), (n=76) *

Mean (SD)

3.99 (1.66)

Median (range)

3.86 (1.26-9.39)

Clinical indication (n=81) ***, n

Focal or multifocal epilepsies 71
Generalized epilepsies 2
Lennox Gastaut Syndrome 5
Epileptic encephalopathy, unknown etiology 1
Autosomal dominant nocturnal frontal lobe epilepsy |1
Undetermined epilepsy syndrome 1
Concomitant AEDs in use, n (%)
Monotherapy 17 (14)
1 additional AED 58 (47)
2 additional AEDs 40 (32)
3 additional AEDs 9(7)

TDM: therapeutic drug monitoring, C/D: concentrafibose, AED: antiepileptic drug

*Number of included patients where weight was aldé

**Mean serum concentration was 5.3 mg/L and medi&mg/L. The conversion factor for

lacosamide from pmol/L to mg/L is 0.25 (i.e., 1 dhae 0.25 mg/L)
**Number of included patients where clinical inditon was noted
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