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Abstract

Objective: This retrospective study addresses the cost-effectiveness of add-on therapy with lamotrigine in clinical practice.
Methods: Two years’ observational data of 165 patients were used. Seizure frequency, adverse effects and direct medical costs
were recorded for the year before and the year after the start of lamotrigine add-on therapy. Therapy effectiveness was measured
by: (1) reduction in seizure frequency and (2) retention time. The incremental cost-effectiveness ratio expressed the direct medical
cost per patient treated effectively with lamotrigine.

Results: The cost of medication wag492 (95% Cl:€399-583) higher after the start of lamotrigine therapy. The extra cost of
lamotrigine therapy€622) was partly offset by a reduction of the cost of co-medicatio@&130; 95% Cl:—€210 to—€50).

Overall, the total medical cost was453 higher in the first year of lamotrigine therapy than in the year before the start of
lamotrigine. Lamotrigine was effective in 47% of all the patients, making the resultant incremental cost-effectiveneg@beatio

per year.

Discussion: Add-ontherapy of lamotrigine for patients with uncontrolled epilepsy offers improved health outcomes. Lamotrigine
therapy is associated with increased c&st%3) and an annual incremental cost-effectiveness ra#®6f. These data, together
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with utility data published in the literature, support the notion that lamotrigine should be considered as an add-on therapy in for
patients with refractory epilepsy.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction frequency during the year after start of LTG treatment
with the seizure frequency and costs in the year before
Antiepileptic drugs (AEDs) have traditionally been LTG was started.
the cornerstone of clinical epilepsy management.
Approximately 30% of epilepsy patients respond
poorly to the conventional AEDs, either because of a 2, Methods
lack of efficacy or because of intolerable side effects.
New AEDs have broadened the treatment options of 2.7 Setting and data collection
patients with uncontrolled epilepsy, and possibly a
larger proportion of patients may be rendered seizure  The cost-effectiveness analysis was performed
free with the help of these drugacoby et al. (1998)  alongside a detailed observational study on the effec-
found that cost of illness for patients with refractory tiveness of LTG Knoester et al., 2003aThe study
epilepsy was up to eight times more than for those population consisted of 165 adult patientsl@ years)
with controlled epilepsyvan Hout et al. (1997@lso  who received add-on LTG therapy because of uncon-
found that higher seizure frequencies are associatedtrolled epilepsy and/or intolerable adverse effects on
with higher cost of illness as well as with reduced conventional AEDs or vigabatrin. These were patients
quality of life. Estimates of the direct medical costs ynder the care of neurologists in different medical cen-
of refractory epilepsy found in medical literature vary tres: 32 general hospitals, 3 academic hospitals and 2
roughly from €850 to €4250 per year Griffiths et tertiary epilepsy centres.
al., 1999; Kotsopoulos et al., 2001, 2003; Murray et Data of LTG users were recorded retrospectively
al., 1996; van Hout et al., 19971t is as yet unclear  from their medical records. Data were collected for
whether the new AEDs, with their higher acquisition the period of one year before (yeaﬂ_) and one year
costs than the conventional AEDs, may actually reduce after (year +1) the day of start of LTG treatment in a
other direct medical costs (outpatient visits, hospital mirror-image design. Recorded data covered the fol-
admissions, diagnostic investigations and cetera) or Jowing domains:
indirect costs (care for family during disease exacer-
bation, productivity and cetera). e Demographics: age and gender.
Because of the tension between budget constraintse Epilepsy characteristics: epilepsy type and duration
and the growing treatment possibilities, health eco-  of epilepsy.
nomic evaluations are becoming more importantin the e Reason for initiation of LTG therapy.
field of epilepsy. However, it is questionable whether e Seizure frequency in yearl and in year +1.
the effectiveness and cost-effectiveness of a drug ase Tolerability: alladverse effects registeredin the med-
established in clinical trials is similar to its effective- ical chart for year-1 and year +1.
ness and cost-effectiveness in clinical practice, as thesee Use of resource items during the study period was
trials are carried out according to strict protocols and  directly recorded in a specifically designed database.
in selected patient populations. The effectiveness and Recorded items included hospital services (out-
cost-effectiveness therefore also needs to be assessed patient department visits, emergency room visits
in observational studie®(ack, 1996. and hospital admissions), diagnostic investigations
In this retrospective multicenter study, the cost-  (radiology, EEG and laboratory) and antiepilep-
effectiveness of lamotrigine add-on therapy was estab- tic medication as specified ifable 1 Type and
lished. This was done by comparing costs and seizure dosage of medication used, as well as date of drug
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Table 1
Unit costs in 2004€)
Cost item Cost measure Unit cost) Source of unit cost
Hospital services
Outpatient
Outpatient consult Per visit 62.1 Guideline price
Telephonic consult Per call 31.1 Guideline price
Inpatient
Hospital visit Per admission day 316.1 Guideline price
Intensive care visit Per admission day 1294 Guideline price

Diagnostic procedures
Imaging procedures

CT scan Per procedure 160.3 CVZ tariff

EEG Per procedure 87.7 CVZ tariff

EEG, 24h Per procedure 740.7 CVZ tariff

MRI scan Per procedure 2119 CVZ tariff
Laboratory procedures

Clinical chemistry Per procedure 5.5-15.2 CVZ tariff

Drug monitoring Per procedure 12.8-21.5 CVZ tariff

Medicatior?

Carbamazepine (1000 mg) Per month 10.20 CVZ tariff
Phenytoin (300 mg) Per month 2.3 CVZ tariff
Vigabatrin (2000 mg) Per month 80.2 CVZ tariff
Valproate (1500 mg) Per month 17.2 CVZ tariff
Lamotrigine (300 mg) Per month 110.6 CVZ tariff

a Monthly total cost for daily defined dose based on most frequently used oral dosage form (only the most frequently used AEDs in this study
are listed). CVZ: Dutch Health Care Insurance Board.

changes and reason for drug changes were recordedNovember 2004—4&: US$ 1.3). Non-parametric boot-
Resources related to patient and family sector (e.g. strap analysis was used to analyse differences in costs
transportation and paid care) or to other sectors (e.g. between year1 and year +1. Healthcare costs have
time loss from work/usual activity) could not be col- a right skewed distribution and normal distribution

lected from the medical charts. assumptions are not valid. Non-parametric bootstrap
analysis can be used to provide accurate estimates of
2.2 Cost valuation the uncertainty of the ICER. The bootstrap method esti-

mates the sampling distribution of a statistic through a

In the analysis, epilepsy related direct medical costs |arge number of simulations, based on sampling with
were calculated by multiplying resource items of each "eplacement from the original data. Confidence can
patient with unit costs for those items. The assignment then be constructed using this empirical estimate of
of unit costs to the various elements of epilepsy care the sampling distributiorBriggs etal., 199y For this
is based on guideline prices for economic evaluation Study, 1000 bootstrap replications were generated with
in Dutch health careQostenbrink et al., 2002, 2008a the same size as the or!glnal data. Confidence limits
When no guideline price for an item was available, tar- Were obtained by selecting the 2.5th and 97.5th per-
iffs were used as shadow prices and in our study this centiles of the bootstrapped replications.
applied to drug cost, laboratory tests and imaging pro-
ceduresTable ). All prices were updated to the rate  2.3. Effectiveness
of inflation by the Consumer Price Index (Statistics
Netherlandshttp://www.cbs.njto 2004 and expressed In this mirror-image analysis, patients served as
in Euro (€; exchange rate for currency conversion in their own control group in the LTG effectiveness
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assessment. Criteria for effectiveness during the

first year of treatment depended on the reason for

initiation:

1. If LTG had been prescribed for inadequate seizure
control with other AEDs: LTG therapy was con-
sidered effective if a reduction in mean seizure
frequency of at least 50% in year +1 compared
to the mean seizure frequency in yeadl was
established and LTG use continued for a full 12
months in year +1 without the addition of another
AED.

other AEDs: LTG therapy was considered effective
if there had been no clinically relevant increase in

mean seizure frequency in year +1 compared to the

seizure frequency inyearl (defined as a maximum
increase of less than 50%) and LTG use continued
for 12 months in year +1 without the addition of
another AED.
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3. Results
3.1. Demographics

The study population of 165 patients included 93
women, the mean age at start of LTG therapy was 45
years {fable 9. The mean duration of epilepsy before
start of LTG was 18 years. In most cases (81%), LTG
was started after previous use of two or more other
AEDs. The reasons to start with LTG were insufficient
seizure control (68%) and AED intolerance (32%). In
the first group, adverse effects were a concurrent prob-

. IfLTG was prescribed because of adverse effects of lem in 13% (of the total patient group).

3.2. Effectiveness

In the total group of patients, LTG was effective
in 78 of 165 patients (47%Knoester et al., 2005a
Effectiveness of LTG therapy was 40.2% in the group
receiving LTG because of insufficient seizure control

on other AEDs. In this group, 14% of patients became

This outcome endpoint encompasses the efficacy seizure free. In the AED intolerance group, LTG was
endpoint used in randomised clinical trials of AEDs effective in 62.3% of patients. In this group, 14 patients
(seizure reduction of at least 50%) and the effective- (26%) were seizure free before the addition of LTG and
ness endpoint used in observational studies (retention13 patients (25%) remained so after its addition.
time). The Student's-test was used to analyse differ-
ences in effectiveness. 3.3. Costs

Direct medical costs were1266 in year—1 and
€1719 in year +1, a significant difference a#453
(95% Cl.€21-885;Table 3. Costs for hospital ser-
vices or diagnostic procedures were similar for year
+1 compared to year1. Costs for medication were
significantly higher in year +1 compared to yeat,
the cost difference wags492 (95% CIl.€399-583).
The extra costs of LTG therapg 622) were partly off-
set by a reduction of costs of co-medication in year +1
(—€130; 95% Cl:—€210t0€50). The costs for carba-
mazepine, oxcarbazepine, valproic acid and vigabatrin
were significantly lower in year +1 compared to year
The health outcomes and resource utilisation were —1 and contributed most to the reduction in costs for
recorded for the two-year period and analysed by co-medication in year +1. Direct medical costs in year
intention-to-treat. Healthcare costs have a right skewed +1 of patients treated effectively with LTG were not
distribution and normal distribution assumptions are significantly different compared to yeatl (cost differ-
not valid. Non-parametric bootstrap analysis was used ences84; 95% Cl.—€215 to€383;Fig. 1). The inten-
to estimate the uncertainty of the ICER by defining sive care costs in yearl were caused by one patient
the 2.5th and 97.5th percentiles of a 1000 bootstrappedbeing admitted to intensive care for 15 days. Despite the
replications Briggs, 2004. relatively small number of patients, a significant cost

2.4. Cost-effectiveness analysis

The prespecified incremental cost-effectiveness
ratio (ICER) was used to calculate the direct medi-
cal costs per patient effectively treated with LTG. The
ICER is calculated as follows:

(mean annual cost per patigp). 1
—(meanannual cost per patigp)._1
(% effectively treated patientgl,,
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Table 2
Demographic and clinical baseline characteristics per indication group
Seizure control AED intolerance Total
All patients 112 53 165
Male 53 (47.3) 19 (35.8) 72 (43.6)
Femalé 59 (52.7) 34 (64.2) 93 (56.4)
Age (years) 44.314.9 455+ 15.3 44,9+ 15.0
Hospital typé
General hospital 53 (57.0) 40 (43.0) 93 (56.4)
Academic hospital 17 (68.0) 8 (32.0) 25(15.1)
Tertiary epilepsy centre 42 (89.4) 5(10.6) 47 (28.5)
Epilepsy type
Partial 100 (89.3) 47 (88.7) 147 (89.1)
Generalised 12 (10.7) 5(9.4) 17 (10.3)
Unclassified 1(1.9) 1(0.6)
Duration of epilepsy (years) 20.4+£15.9 12.6:12.4 17.9£15.3
Baseline monthly seizure frequericy 44+6.4 0.5+1.4 3.2+5.7
Number of previous AED's
One 19 (17.0) 13 (24.5) 32(19.4)
Two 21(18.8) 16 (30.2) 37 (22.4)
Three 23 (20.5) 10 (18.9) 33(20.0)
Four or more 49 (43.8) 14 (26.4) 63 (38.2)
Concurrent AEDs
Carbamazepirie 58 (51.8) 16 (30.2) 74 (44.8)
Phenytoin 17 (15.2) 7(13.2) 24 (14.5)
Sodium valproate 56 (50.0) 19 (35.8) 75 (45.5)
Vigabatrin 23 (20.5) 13 (24.5) 36 (21.8)

Values are number of patients with percentages in parentheses, or mean values with standard deviations’ @yitioml).
t Statistically significant differencegp & 0.05) between the two indication groups.

difference compared to yearl was seen in patients
with a lack of effectiveness from LTG (cost differ-
ence€803; 95% Cl:€278-1329); this was related to
relatively high costs of hospital services (mean costs the year—1 period. The ICER therefore can be calcu-
€1017) and medicationg026) for these patients in

year +1, as shown iRig. 1

2,500 €

year -1 year +1
ineffective

group

year +1

effective group

Omedication
mdiagnostics
W hospital services

Fig. 1. Impact of treatment outcome on costs.

3.4. Cost-effectiveness analysis
By definition, patients were not treated effectively in

lated as follows:€1719— €1266.3)/(0.47-0) €£954.

So, per patient 453 extra was needed to increase effec-
tiveness of epilepsy treatment by 47%, indicating an
investment 0E€954 per successfully treated patient. In
Fig. 2, the distribution of bootstrap replicates is dis-
played graphically in a cost-effectiveness plane. Over-
all, 6% of the bootstrap replicates were found in the
guadrant that indicated that LTG therapy is more effec-
tive at lower costs, while 94% of replicates indicated
that LTG therapy is more effective but against higher
costs. The ICER for patients that started LTG because
of insufficient seizure control was849, and the ICER

for patients that started LTG because of adverse effects
on other AED(s) wag€1094.
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Table 3
The mean healthcare costs per patient and year in 2094 (
Year before LTG Year with LTG Difference 95% ClI
Hospital services
Outpatient 247.6 256.5 8.9 —12.5t030.2
Outpatient consult 233.5 235.8 2.3 —-17.1t021.9
Telephonic consult 14.2 20.7 6.5 0.4-12.6
Inpatient 481.6 449.7 -31.9 —445.0t0 381.2
Hospital visit 358.8 449.7 90.9 —284.7 to 466.6
Intensive care visit 122.8 0 —-122.8 —297.91t052.2
Subtotal 729.3 706.2 -23.1 —438.7 t0 392.6
Diagnostic procedures
Imaging procedures 97.6 80.3 -17.3 —71.7t037.0
CT scan 20.3 8.1 -12.2 —20.0to—4.4
EEG 53.2 65.6 12.3 —39.4t0 64.0
MRI scan 24.1 6.7 -17.4 —26.6t0—8.3
Laboratory procedures 42.5 44.0 15 —7.1t010.2
Clinical chemistry 25.1 25.8 0.7 —-5.2t06.6
Drug monitoring 17.4 18.2 0.8 —-3.3t05.0
Subtotal 140.1 124.3 —15.8 —71.0t0 39.4
Medication
AED co-medication 396.9 266.8 —130.1 —210.2 t0—49.9
Lamotrigine 0 621.7 621.7 573.0-670.3
Subtotal 396.9 888.5 491.6 399.9-583.3
Total 1266.3 1719.0 452.7 20.9-884.6
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Fig. 2. Bootstrap replicates of incremental cost-effectiveness ratio. One thousand bootstrap replicates of ICER showing the joint distribution
of costs and health outcomes in the cost-effectiveness plane. Qrattie the difference in effectiveness between year +1 and-y&aon the
y-axis the difference in average annual costs.
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4. Discussion effectiveness analysis. Quantitative thresholds for cost
per quality adjusted life year gained have been pro-
posed upon review of economic evaluatiobaypacis
etal., 1992; Drummond et al., 199Tf cost per QALY

This observational study determined the cost-
effectiveness of LTG treatment with patients as their
own controls. In the first year of LTG treatment, an are under the threshold of aba20,000, itis accepted
overall effectiveness rate of 47% was found. LTG treat- that strong evidence exists for adoption of the new ther-
ment was associated with extra annual direct medical apy. The available data form the medical records did not
costs 0f€452.8 on average. The largest cost difference allow us to measure QALY'Messorietal. (1998)sed
was found in drug costs, as the extra costs for LTG atime trade-off method to value health states of patients
(€622) were only partly offset by a reduction in costs with epilepsy. Using this data, a patient treated effec-
for other AEDs (-€130; 21% reduction). It has been tively (i.e. 50% reduction in seizure frequency) gained
argued that despite the high acquisition costs, LTG may at least anincrease in utility of 0.1Borbes et al. (2003)
offer financial savings because of its fewer side effects used the EuroQol-5D Health State instrument, and they
and increased tolerabilit@Chadwick, 1998; Heaney et found for a 50% reduction in seizure frequency a mean
al., 1998. We could not confirm overall savings for gain in health could reasonably be valued as 0.17 util-
the total cohort. For patients that were treated effec- ity extra. Assuming that an utility of 0.15 may indeed
tively with LTG there was no significant cost difference be gained by effective add-on therapy, together with
between year +1 and yearl, as savings in hospi- the extra costs of treatment with LTG e#52.8 found
tal services {€350) offset most of the rise in drug in this study, would result in an incremental cost utility
costs €452). In patients where LTG was not effec- ratio well belowe20,000. This supports the notion that
tive, financial savings were absent in year +1 and a lamotrigine should be considered as an add-on therapy
significant cost difference compared to yeat was inpatients with refractory epilepsy.
found. The observational design used in this study has both

The direct medical costs found in this study fell strong points and weaknesses. A strong point of the
within the aforementioned range @850-4250 per  design is that utilisation data from clinical practice are
year for patients with uncontrolled epilepsgriffiths collected and analysed; health economic data based on
etal., 1999; Kotsopoulos et al., 2001, 2003; Murray et clinical trials reflect cost of the protocol rather than how
al., 1996; van Hout et al., 1997This study showed individual patients are doin@Xostenbrink etal., 2004
that the ICER associated with the add-on use of LTG In an earlier study, we demonstrated that the baseline
was €954 per year. The economic question, based characteristics of our cohort differs from those reported
on the cost-effectiveness analysis, is whets®54 from clinical trials, with respect to age, concurrent use
annually for an extra patient treated effectively is of specific AEDs, and length of follow-ugKpoester et
good value for money. Previous studies regarding the al., 2004. This may be explained by the use of lamot-
cost-effectiveness of add-on LTG were based on deci- rigine in a broader population of epilepsy patients com-

sion analytic modelsHughes and Cockerell, 1996;
Markowitz et al., 1998; Messori et al., 1998; O’'Neill et
al., 1995. Their validity was questioned as their input

pared to patients included in add-on LTG regulatory
trials, including patients with less severe epilepsy. A
majority of patients in our cohort had chronic epilepsy

depended on extrapolation of trial data and estimations and had used three or more AEDs without becoming

of expert panelseaney and Begley, 20D2

seizure free (and thus resemble patients in regulatory

Health economic decisions are often based on trials), but about 40% of our cohort had previously only
cost—utility analyses rather than cost-effectiveness used one or two AEDs. Furthermore, about 30% of
analyses. The utility is a measurement of the patient’s our cohort started with lamotrigine because of intol-
global functioning and one of the instruments used to erable side effects on their previous treatment, such

measure utility is the quality adjusted life year (QALY)
method. In a cost—utility analysis using QALY’s, one
determines the cost of improving utility by one QALY.
The advantage of a cost-utility analysis is that its

as the development of visual field defects while using
vigabatrin, rather than because of inadequate seizure
control. The observational design furthermore enabled
us to continue the collection of data from patients

results are more universal than a disease-specific costthat were not treated effectively with LTG for the full
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