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ABSTRACT

Introduction: This study assesses the cost-effectiveness of cenobamate relative to brivaracetam, lacosamide,
eslicarbazepine acetate, and perampanel in the management of focal onset seizures (FOS). The objective is to
determine whether cenobamate offers enhanced therapeutic benefits and economic viability.

Methods: A comprehensive cost-effectiveness analysis was performed using a lifetime horizon model that en-
compassed drug acquisition costs, background therapy, monitoring, and seizure management expenses. The in-
cremental cost-effectiveness ratio (ICER) was calculated to evaluate the quality-adjusted life years (QALYs) gained
from cenobamate compared to its alternatives.

Results: Findings revealed that cenobamate while incurring slightly higher initial acquisition costs, leads to sig-
nificant cost offsets due to reductions in overall seizure management expenses and minimized reliance on sub-
sequent anti-seizure medications (ASMs). Additionally, cenobamate significantly enhances patient quality of life,
demonstrated by superior response rates (seizure reduction >50%) and remission rates (100% seizure reduction)
compared to the analyzed comparators. The cost-effectiveness analysis established that cenobamate is dominant
across all evaluated treatment options, achieving greater QALYs at a lower total cost.

Conclusion: Cenobamate represents a more effective and economically advantageous treatment for patients
with FOS when compared to brivaracetam, lacosamide, eslicarbazepine acetate, and perampanel. Its capacity to
improve seizure control and enhance the quality of life, alongside favorable economic implications, underscores
its position as the preferred therapeutic option in this patient population.

Keywords: Anti-seizure medications, Cenobamate, Cost-effectiveness analysis, Focal onset seizures

Introduction economically developed regions (4). In Europe, it is estimated
that 6 million people have epilepsy, with more than 500,000
affected in Italy (5-8). The incidence rate in Italy is estimated
to be between 33 and 57 cases per 1,000 inhabitants (1,8,9).

Epilepsy is characterized by a predisposition to recurrent,
unprovoked seizures, often accompanied by neurobiological
and cognitive impairments that can have psychosocial con-
sequences (1,10). These repercussions include a significant
need for healthcare, reduced quality of life, and an increased
mortality rate (11). Epilepsy is classified based on the onset
of seizures, which may be focal, generalized, or of unknown
origin (12), with focal onset epilepsy being the most diag-
nosed type (1,13,14).

Epilepsy treatment primarily involves the administration
Received: October 14, 2024 of anti-seizure medications (ASMs); however, seizure control
;\CETP:‘e(:; Aplr.'l 1: &0259 2025 is achieved with the first ASM in only 50% of cases. Moreover,
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Epilepsy is one of the most common neurological disor-
ders, affecting approximately 50 million people worldwide
(1-3). Each year, over 5 million new cases are diagnosed, and
this number is expected to rise due to increasing life expec-
tancy and the growing proportion of individuals surviving
triggering events such as birth injuries, head trauma, brain
infections, and strokes (1).

Incidence rates vary significantly depending on economic
development: from 40 to 60 cases per 100,000 people per
year in high-income countries to 80 to 100 cases in less

This article includes supplementary material (FOS), fail to achieve sufficient seizure control despite the
availability of multiple ASM options (15-17).
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GABAA positive allosteric modulation. Two phase Il studies
have been carried out to assess the safety and efficacy of
cenobamate. C017, the pivotal phase Il study, showed that
cenobamate achieved unprecedented levels of seizure free-
dom after 12 weeks of maintenance treatment [18.7% more
patients on cenobamate were seizure-free than placebo
patients (p < 0.001)] (18). The C013 study showed that 18.4%
more patients were able to achieve seizure freedom than pla-
cebo patients after 6 weeks of maintenance treatment (p =
0.0003) (19).

Drug resistance is defined as the failure to achieve a
complete clinical response despite the use of at least two
well-tolerated ASMs, appropriately selected and adequately
used, with the aim of sustained seizure freedom (20). Drug-
resistant epilepsy (DRE) is associated with a 10- to 15-fold
increased risk of secondary mortality from traumatic injuries,
drowning, suicide, and sudden unexpected death in epilepsy
(SUDEP) (2). It also has a significant impact on the lives of
people with epilepsy and their caregivers due to increased
cognitive deficits, emotional distress, stigmatization, depen-
dence on caregivers, reduced educational and employment
opportunities, and social isolation (22-24). The economic
burden of epilepsy varies considerably depending on disease
severity, time to diagnosis, and, most importantly, treatment
response. In fact, it is estimated that costs can triple in cases
of drug resistance (25,26).

In Italy, the annual healthcare expenditure for epilepsy is
estimated to be €882 million, with approximately €299 mil-
lion attributable to pharmacological treatments alone (27).

Given this scenario, evaluating all available treatment
options in terms of cost-effectiveness becomes essential, not
only for optimal patient management but also for the effi-
cient allocation of available resources. However, in the Italian
context, the economic evaluation of this therapy is still lim-
ited or absent, making it difficult to accurately compare it
with available alternatives. The objective of this study is to fill
this gap by conducting the first cost-effectiveness analysis in
Italy for cenobamate, a new drug prescribed as an adjunctive
therapy for the treatment of FOSs with or without second-
ary generalization in adult patients whose epilepsy remains
insufficiently controlled despite treatment with at least two
other ASMs.

The most recent ASMs approved for FOS over the past
decade, known as “third-generation ASMs” (brivaracetam,
perampanel, lacosamide, and eslicarbazepine acetate),
included treatment-refractory patients in their clinical devel-
opment programs and are currently some of the most widely
prescribed options. This study evaluates the incremental
cost-effectiveness ratio (ICER) associated with cenobamate
compared to these third-generation ASMs available in Italy.

Methods

A cost-effectiveness model already published (28) was
used to assess the efficacy and costs associated with ceno-
bamate, by evaluating treatment response, seizure fre-
quency, mortality, adverse event rates, and treatment
discontinuation rates. The model estimates quality-adjusted
life years (QALYs) and total costs. The analysis was con-
ducted from the perspective of the Italian NHS and adhered
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to methodological guidelines published by the International
Society for Pharmacoeconomics and Outcomes Research
(ISPOR) (29). The population considered included adults with
FOS with or without secondary generalization, whose epi-
lepsy remained uncontrolled despite prior treatment with at
least two ASMs. Baseline demographic characteristics were
aligned with those of the population enrolled in the C017
study (18), a multicentre, double-blind, randomized, place-
bo-controlled phase 2 trial, in subjects with poorly controlled
partial seizures who were on a stable treatment regimen with
a median of three other anti-seizure drugs at study initiation.
Age at baseline was 39.8 years, and the proportion of males
at baseline was 50.6%.

A lifetime horizon (60 years) was considered to cap-
ture the chronic nature of focal epilepsy, with a 28-day
cycle length. Supporting the choice of a lifetime time hori-
zon, time-to-discontinuation data from the C017 open-label
extension (OLE) study (30) shows that approximately 71% of
patients remained on treatment two years after entering the
OLE. Furthermore, around 60% were able to continue treat-
ment after four years. This demonstrates that the treatment
benefit of cenobamate extends over many years as patients
continue to respond to therapy. In addition to the literature
suggesting that a longer time horizon is preferred, the deci-
sion to choose a lifetime horizon as the base case was con-
firmed by clinical expert opinion.

Costs and outcomes were discounted at an annual rate of
3.0%, as recommended by national guidelines (31).

Cenobamate treatment was compared to third-genera-
tion ASMs approved and available in Italy: lacosamide, per-
ampanel, brivaracetam, and eslicarbazepine acetate.

Model Structure

The analysis was conducted using a Markov model. The
model structure, depicted in Figure 1, simulates the possi-
ble transitions of patients between health states based on
their clinical response to treatment. The clinical response
was expressed in terms of the percentage reduction in FOS
frequency over a 28-day period compared to baseline.

In the model, patients entered the “no response” health
state (defined as less than a 50% reduction in seizure fre-
quency; these patients are considered uncontrolled) upon
initiation of adjunctive ASM therapy. During treatment
(with cenobamate or alternative therapy), patients could
respond to therapy, transitioning to health states with higher
utility. Treatment response was assessed based on the rela-
tive reduction in FOS frequency from baseline, in line with
the primary and secondary endpoints of the C017 study (18).
The model’s health states were:

¢ No response (<50% reduction in seizure frequency)
e Moderate response: responder (250% to <75% seizure
reduction)

e High response: responder (275% to <90% seizure
reduction)

e Very high response: responder (290% to <100% seizure
reduction)

e Complete response: seizure-free (100% reduction in
seizures)
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Patient on intervention or comparator therapy
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FIGURE 1 - Markov model
structure.

VNS: Vagus Nerve Stimulation; ASM: anti-seizure medication

In the model, patients could either continue treatment
with the drug under evaluation or discontinue it due to
lack of response. If treatment with cenobamate or alter-
native therapies was discontinued, patients transitioned to
the “adjunctive subsequent treatment” state, where they
received further combinations of ASMs. If eligible for surgical
procedures, patients could exit the adjunctive subsequent
treatment state and move to either the surgical intervention
(“surgery” health state) or “alternative therapy (VNS; vagus
nerve stimulation)” health states.

Patients in the surgery state remained there for one
cycle before transitioning to the “post-surgery” state, where
they remained for the rest of the simulation. Patients enter-
ing the alternative therapy (VNS) state stayed for one cycle
before moving to the “post-alternative therapy” state for the
remainder of the simulation. Patients not eligible for surgical
procedures stayed in the subsequent ASM treatment state
for the entire simulation horizon. Additionally, patients could
transition to the death state from any other health state in
the model.

Transition probabilities between health states, repre-
sented by the arrows in Figure 1, were determined based on
28-day treatment response data.

Efficacy data

The treatment response to cenobamate was calculated
based on the relative reduction in seizures compared to the
baseline obtained from the C017 study (18). Specifically, the
percentage of persons with epilepsy (PwE) at each response
level was determined using data on seizure frequency
reduction during the maintenance phase. Table 1 shows the
description of each response category and the correspond-
ing percentage of PwWE treated with cenobamate over the
12-week maintenance period.

Transitions between the different rates of response were
generated by observing the movement of patients between
these health states at Visits 3, 5, 7, 8, and 9 of C017 (18). All
patients start from the ‘no response (<50% reduction)’ health

state at baseline. The response rate transition probabilities
for cenobamate and comparator treatments from cycle 6
onwards were extrapolated using the average transition
probabilities over cycles 3-5, which comprised the mainte-
nance period.

The transition matrices applied from baseline to cycle 5
and extrapolation from cycle 6 onwards can be found in the
supplementary material (Table Appendix 1).

A scenario analysis is presented in which, following the
first five cycles derived from the C017 study, data from the
C017 OLE is used to derive response rate transition proba-
bilities over cycles of 84 days. Therefore, after the first five
cycles, the model uses a cycle length of 84 days. There are
22 additional cycles of data from the C017 OLE, as presented
in Table Appendix 2, which are then extrapolated using the
average over all OLE transitions.

Due to the absence of clinical trials directly comparing
cenobamate with other treatment options, a published net-
work meta-analysis (NMA) (32) was used to determine the
efficacy of the alternative ASM treatments. Efficacy outcomes
were 250 % responder rate and seizure freedom during the
maintenance period, which was modeled simultaneously
using a multinomial Bayesian NMA. The analysis found that
cenobamate was more effective than the other medications
in reducing seizures. The NMA provided the relative risks (RR)
of the comparators versus cenobamate. The RR for a 250%
response rate was used to inform the inputs for moderate,
high, and very high response health states as a conservative
assumption. This assumption is cautious because by equating
the high and very high response to the moderate response,
we are effectively making the comparators appear more
similar to cenobamate, thereby overstating their potential
efficacy. This approach ensures a more cautious estimate
of cenobamate’s benefits relative to the comparators. For
complete response, the RR for seizure freedom was applied.
The RR for each alternative relative to cenobamate (Table
Appendix 3) was used to adjust cenobamate’s transition
probabilities, generating transition matrices for the compar-
ative treatments.
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TABLE 1 - PwE distribution by response level [Source: C017 study analysis (18)]

Response Level (Health State) Percentage of PWE (%)

Description

No response 39.85% Uncontrolled epilepsy, less than 50% reduction in seizure rate after additional
treatment.

Moderate response 21.70% 50-75% reduction in seizure rate after adjunctive treatment.

High response 15.60% 75-90% reduction in seizure rate after adjunctive treatment.

Very high response 6.70% 90-100% reduction in seizure rate after adjunctive treatment.

Complete response 16.15% Seizure-free: 100% reduction in seizure rate.

Discontinuation Rate and Subsequent Treatment

During the simulation, PWE could discontinue treatment
due to a lack of response. In the registrational study, 68.6% of
PwWE remained on treatment after two years; this percentage
was derived from an aggregated analysis of studies C017 (18),
C017 OLE (30), and C021 (33). The proportion of PWE continu-
ing treatment beyond the registrational studies’ duration was
extrapolated based on Kaplan-Meier curves from the C017,
C017 OLE, and C021 studies. According to the clinical opinion
of experts, given the advantage that cenobamate has regard-
ing freedom of seizure compared to other second-line ASM,
the parametric distribution most suitable to reflect the dura-
tion of treatment of cenobamate in a clinical environment is
expected to be flat compared to other distributions. The gen-
eralized gamma was found to be the most appropriate curve
for estimating treatment interruption, taking into account the
flat distribution, lower Akaike information criterion (AIC), and
Bayesian information criterion (BIC) values and consistency
with the duration of treatment observed in studies C017,
C017 OLE, and C021 (~69% patient retention after two years).
Discontinuation rates were used to estimate transition prob-
abilities per cycle to the “Next ASM Treatment” health state.
The discontinuation rates for cenobamate’s alternatives were
derived by generating naive hazard ratio (HR) values based
on published literature (34-38).

Additionally, PWE who did not respond to cenobamate
or an alternative ASM transitioned to either the “Next ASM
Treatment” health state or surgical procedures (surgery
and VNS). The therapeutic effectiveness in the “Next ASM
Treatment” health state and in those associated with surgi-
cal procedures was derived from literature data, expressed
as the odds ratio for lack of response compared to the previ-
ous treatment line. Specifically, for the next ASM treatment’s
effectiveness, data were extrapolated from the Chen study
(2018) (15), which reported an OR [95% CI] of 1.73 [1.56;
1.91] for the likelihood of non-response after uncontrolled
epilepsy with the previous ASM.

Regarding surgical procedures, based on clinical expert
evaluations, it was estimated that, annually, 2.0% and 2.7%
of PWE in the “Next ASM Treatment” health state annu-
ally transitioned to the “Surgery” and “VNS” health states,
respectively. The percentages of PWE experiencing a 50-100%
seizure reduction or complete seizure freedom (100% reduc-
tion) after surgical procedures were derived from the follow-
ing studies:

© 2025 The Authors. Published by AboutScience - www.aboutscience.eu

e After surgery, from the Picot et al. (2016) study (39), the
rates were 5.2% and 69.0%, respectively.

e After VNS, from the Hamilton et al. (2018) study (40), the
rates were 59.0% and 6.0%, respectively.

The mortality probabilities following surgical intervention
(0.86% per cycle) or VNS (0.97% per cycle) were sourced from
Sperling et al. (2016) (41) and Granbichler et al. (2015) (42).

Mortality

General mortality rates were derived from the 2022
Italian population data, stratified by age and gender (43).
Additionally, the model accounted for the increased mor-
tality risk associated with seizures, measured through HR
from the Trinka et al. (2013) study (44), which differentiated
between seizure-free PWE (HR = 1.6) and those not free from
seizures (HR = 2.4).

Cost parameters

In line with the adopted analytical perspective, sev-
eral cost components were identified and quantified: drug
acquisition costs, background therapy, administration costs,
monitoring costs, subsequent ASM treatments, seizure man-
agement, and adverse event management costs.

The drug acquisition costs were calculated consider-
ing different dosages during the titration and maintenance
phases. For cenobamate, the total titration phase cost of
€444.50 was based on ex-factory prices (45) after statutory
reductions, with dosages obtained by SmPC (summary of
product characteristics) [46]. PWE were assumed to initiate
treatment with cenobamate at a dose of 12.5 mg per day,
escalating every two weeks to a target dose of 200 mg per
day. The average daily cost during the maintenance phase
for cenobamate was calculated using the defined daily dose
of 200 mg per day (47) for each 28-day cycle. The titration
and maintenance schedules for alternative treatments were
obtained by SmPC (48-51), and ex-factory prices after reduc-
tions were used for all treatments (45). Brivaracetam did not
require a titration phase. Table 2 summarizes acquisition
costs for titration and maintenance cycles across the treat-
ments included in the analysis.

Drug consumption was adjusted based on the 96.6%
compliance rate observed in the C017 study [18], which was
applied to all comparators during both titration and mainte-
nance phases.
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For background therapy, it was assumed that all PwWE
entering the model received it. The usage frequency of each
treatment in the background therapy was based on market
analysis assumptions. The total cost for a 28-day cycle of
background therapy was estimated using ex-factory prices
(45) and dosage compositions (47). This resulted in an esti-
mated background therapy cost of €22.99 per cycle (detailed
calculations can be found in Table Appendix 4).

Administration costs were excluded since all treatment
options were orally administered, and thus, administration
costs were assumed to be €0.

Monitoring costs were included, differentiated between
drug-related monitoring and disease follow-up. For drug
monitoring, a distinction was made between the titration
and maintenance phases. It was assumed that prescrip-
tions were made during outpatient epilepsy visits, set at 3
for cenobamate and for perampanel and 2 for lacosamide
and eslicarbazepine acetate. Additionally, during titration,
an electrocardiogram (ECG) was assumed for lacosamide, in
line with its SPC (49). During the maintenance phase, PWE
were assumed to visit their general practitioner (GP) four
times per year. The cost of epilepsy outpatient visits (€16.20
- Code 89.01.C) and ECG monitoring (€11.60 — Code 89.52)
were sourced from the June 23, 2023, tariff decree (52). The
cost of a GP visit of €76 was evaluated considering the esti-
mated average hourly cost through the 2021 annual state
account (53) and assuming the duration of the visit of one
hour. Table 2 presents drug-related monitoring costs for each
therapy.

Disease follow-up costs were assumed to correlate with
the seizure frequency reduction achieved through treatment.
Based on expert opinion, the number of neurology visits over
four weeks was identified for each response category. The
cost of a neurology visit was derived from the June 23, 2023,
tariff decree (52). Table 2 summarizes total follow-up costs
for a 4-week cycle, broken down by response category.

TABLE 2 - Estimated costs used in the economic model

Cost-effectiveness of cenobamate in the treatment of focal epilepsy

PWE in the “Next ASM Treatment” health state were
assumed to receive one of the alternative treatments. The
total cost per cycle for the subsequent ASM treatment was
expressed as a weighted average of the treatment costs
based on the market share distribution expected with ceno-
bamate’s introduction, as shown in Table 2. The total acqui-
sition cost of subsequent ASM therapy was added to the
background therapy cost, resulting in an overall estimate of
€91.79 per cycle for subsequent treatments.

Regarding surgical procedures, the unit costs for surgery
and VNS were obtained from the national tariff schedule for
hospital services (54) weighted by the number of hospital
discharges (55) and were €12,556 (average tariff for DRG 001
and DRG 002) and €3,531 (average tariff for DRG 007 and
008), respectively.

In addition, the model considered seizure management
costs, categorized by seizure type and estimated by consid-
ering healthcare resources used. Resource consumption was
divided based on seizure type (focal onset aware seizures,
focal onset impaired awareness seizures, and focal to bilat-
eral tonic-clonic seizures). Through expert consultation, the
proportion of seizures requiring medical assistance was iden-
tified. Additionally, the percentage of patients experiencing
seizures who utilized healthcare resources was determined,
distinguishing between those who accessed healthcare ser-
vices and those who required further care, as well as the
percentage of patients experiencing seizures that resulted
in hospitalization (Table Appendix 5). The total costs were
€12.04 for focal onset aware seizures, €40.12 for focal onset
impaired awareness seizures, and €202.60 for focal to bilat-
eral tonic-clonic seizures.

Finally, the analysis included adverse event management
costs. For individuals treated with cenobamate, study C021
(33) was used to determine the frequency of adverse events
during the titration phase, while data from study C017 (18)
were used for the maintenance phase. The adverse event

Treatment Acquisition Cost Cenobamate Lacosamide Perampanel Brivaracetam Eslicarbazepine acetate
Titration Duration (days) 84 21 56 - 21

Cost for Titration Duration (€) €444.50 €24.58 €216.07 - €69.18

Cost per maintenance cycle €148.18 €49.19 €108.03 €108.16 €92.24

(28 days)

Monitoring costs relatedto ~ Cenobamate Lacosamide Perampanel Brivaracetam Eslicarbazepine acetate
drug administration

Total per cycle - titration €16.20 €44.00 €24.30 - €32.40

phase (€)

Total per cycle - maintenance £€23.30 €23.30 €23.30 €23.30 €23.30

phase (€)

Cost of disease follow-up No Response Moderate Response High Response Very high Response Complete Response
Total per cycle (€) €13.93 €8.10 €1.13 €1.13 €1.13
Subsequent treatments Cenobamate Lacosamide Perampanel Brivacetam Eslicarbazepine acetate
Distribution of subsequent 5.57% 69.58% 8.04% 13.15% 3.67%

treatments (%)
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frequencies obtained from the studies were then adjusted to
reflect the model’s cycle length (56). The adverse event fre-
quencies for cenobamate’s comparators were calculated by
applying the relative odds ratios for each treatment derived
from an NMA (32). Additionally, the analysis considered
adverse events associated with subsequent ASM treatments
or surgery. For subsequent ASM treatments, treatment-emer-
gent adverse event (TEAE) rates were assumed to be the
same as those for cenobamate during the titration period,
while adverse events for PwE undergoing surgery or VNS
were sourced from the studies by Hader et al. (2013) (57)
and Panebianco et al. (2015) (58) respectively. The proba-
bility of experiencing adverse events is summarized in Table
Appendix 6.

Unit costs for adverse event management were derived
from the June 23, 2023, tariff decree (52). Since the severity
of the adverse events was unknown, the unit cost of each
adverse event was assumed to be the cost of a specialist visit.

Utility values

In the model, utility values depended on the patient’s
health state. The utility values were derived through a map-
ping study based on the Short-Form Six-Dimension (SF-6D)
measure (59). Within the mapping study, three key variables
were included: seizure frequency in the past 28 days, sei-
zure freedom in the past 28 days, and experience of a focal
to bilateral tonic-clonic in the past 8 weeks (seizure sever-
ity). Four mapping models were explored, but the ordinary
least squares (OLS) model was the best-performing regres-
sion model with the lower-scoring AIC and BIC values. All
participants in the various treatment protocols in the C017
study (18) were included in the mapping analysis and catego-
rized according to their health state in relation to treatment
response. Averages of the SF-6D utility values were gener-
ated from the outputs of the mapping study.

Utility values for subsequent ASM treatments, surgery,
and VNS were calculated as a weighted average of utility val-
ues related to response rates, considering the distribution of
individuals across different treatment response levels.

Disutility values associated with adverse events during
the titration and maintenance phases, as well as with sub-
sequent ASM treatments, were obtained from a multivariate
analysis conducted in the study by Kinderen (2016) (60). The
durations of disutility were assumed based on the transitory
nature of treatment-related adverse events. The utility val-
ues, disutilities, and their respective durations included in
the model are summarized in Table 3.

Uncertainty

Deterministic and probabilistic sensitivity analyses were per-
formed to explore the level of uncertainty in the model results.

The one-way sensitivity analysis (OWSA) varied each
parameter individually between the upper and lower bounds
of confidence intervals within pre-specified probabilistic dis-
tributions assigned to each parameter. Where the standard
error was unavailable to calculate upper and lower confi-
dence intervals, this was assumed to be +20% of the mean
value. A tornado diagram was developed to illustrate the
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level of uncertainty considering the incremental net mone-
tary benefit (NMB) based on the upper and lower bounds.
Probabilistic sensitivity analysis (PSA) assigned distribu-
tions to the model parameters and ran 1,000 simulations to
further explore parameter uncertainty.
The following distributions were used for the relevant
parameters:

e Beta distributions were used for the clinical probabilities,
resource use, and health state utilities.

e Gamma distributions were used for costs and seizure
frequency.

Mean incremental results are recorded and illustrated
through an incremental cost-effectiveness plane (ICEP). A
cost-effectiveness acceptability curve (CEAC) was also plotted.

Results

Based on the total costs and outcome values (QALYs)
generated by the model over the lifetime horizon, the incre-
mental values of cenobamate compared to the evaluated
comparators were estimated, and the ICER was calculated.

The results are presented in Table 4. Over a lifetime hori-
zon (60 years), treatment with cenobamate yielded a QALY
value of 7.54 and total costs of €151,794.72 per patient.
Compared to the evaluated comparators, cenobamate
resulted in lower overall costs and higher QALYs, thus demon-
strating dominance over all the analyzed ASM treatments.

Table 5 shows the details of the estimate of the costs con-
sidered in the model for each treatment considered in the
analysis. Despite a higher cost of acquisition and administra-
tion of the treatment, cenobamate is associated with lower
total costs than comparators, thanks to the reduction in costs
related to the subsequent treatments used and, above all, to
crisis management.

The results obtained by including in the analysis the data
of the OLE of the trial are shown in table Appendices 7 and 8.

Sensitivity analysis

The OWSA results are shown in the tornado diagram
(Fig. 2). Compared to each of the third-generation ASMs
included in the analysis, the utility value for non-respond-
ers was found to have the most significant impact on the
cost-effectiveness results.

The results of the PSA are presented in Figure 3, which
shows the cost-effectiveness plane and CEAC for each com-
parator. The majority of iterations shown in the cost-effec-
tiveness plane lie in the southeast quadrant, demonstrating
the cost-effectiveness of cenobamate. Also, the CEAC illus-
trates the probability of cenobamate being cost-effective at
various willingness-to-pay thresholds.

Discussion

The increasing availability of treatment options for
patients with DRE and the rising costs associated with these
treatments highlight the importance of conducting detailed
economic evaluations in this field (61). These evaluations are
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TABLE 3 - Utility and disutility values

Health state Value (N) Duration (days) Utility Value Source
Utility
No response 0.50 28.00
Moderate response 0.57 28.00
High response 0.61 28.00 [60]
Very high response 0.61 28.00
Complete response 0.65 28.00
VNS 0.50 28.00 Assumed equals no response
Post-VNS 0.56 28.00 Calculated
Surgery 0.50 28.00 Assumed equals no response
Post- Surgery 0.61 28.00 Calculated
Subsequent ASM treatment 0.55 28.00 Calculated
Disuftility

Related to adverse events, for the titration and maintenance phase -0.06 28.00

61
Related to adverse events, for subsequent ASM treatment -0.06 28.00 (61]
Related to voice alteration -0.16 182.63
Related to cough, dyspnea -0.16 365.25
Related to pain -0.05 365.25 (721, [73]
Related to paresthesia -0.01 273.94
Related to infection -0.11 182.63
Related to neurological complications -0.20 182.63
Related to infection -0.11 91.31
Related to aseptic meningitis -0.20 91.31
Related to deep vein thrombosis/pulmonary embolus -0.22 91.31

P /o i [74], 175), [76), [77]

Related to intracranial hematoma -0.25 91.31
Related to pneumonia -0.64 91.31
Related to CSF leakage -0.28 91.31
Related to hydrocephalus -0.28 91.31

TABLE 4 - Cost-effectiveness analysis results

Total costs Total QALYs Incremental costs Incremental QALYs ICER
Cenobamate 151,794.72 € 7.54
Lacosamide 167,751.43 € 6.91 —-15,956.71 € 0.63 Dominant
Perampanel 174,221.54 € 6.85 —22,426.82 £ 0.68 Dominant
Brivaracetam 177,385.43 € 6.82 -25,590.71 € 0.71 Dominant
Eslicarbazepine acetate 184,492.60 € 6.58 -32,697.88 € 0.95 Dominant

TABLE 5 - Results by cost category

Cost item Cenobamate Brivaracetam Lacosamide Eslicarbazepine acetate = Perampanel
Treatment cost 23,755.22 € 13,136.54 € 6,556.97 € 14,932.63 € 11,336.97 €
Cost of subsequent ASM treatments 9,160.18 € 11,539.44 € 12,152.05 € 9,668.11 € 12,413.58 €
Monitoring costs associated with 5,102.53 € 4,656.00 € 4,563.42 € 5,002.47 € 4,497.12 €
administration

Follow-up cost 2,091.83 € 2,637.26 € 2,581.69 € 2,739.44 € 2,601.92 €
Seizure management cost 110,600.42 € 144,736.70 € 141,251.65 € 151,045.08 € 142,588.62 €
Adverse event management costs 1,084.54 € 679.49 € 645.65 € 1,104.86 € 783.34 €
Total 151,794.72 € 177,385.43 € 167,751.43 € 184,492.60 € 174,221.54 €

A © 2025 The Authors. Global & Regional Health Technology Assessment - ISSN 2283-5733 - www.aboutscience.eu/grhta
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FIGURE 2 - Tornado diagram.
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essential to determine the economic sustainability of new
drugs and therapies, ensure the efficient use of healthcare
resources, and guarantee that patients receive the best pos-
sible care without placing excessive burdens on healthcare
systems. Analyzing the cost-effectiveness of various treat-
ments can help policymakers make more informed decisions
and optimize the allocation of public and private funds for
epilepsy management.

Previous studies have demonstrated the clinical benefits
of cenobamate compared to other third-generation ASMs,
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showing how it leads to reduced healthcare resource utiliza-
tion, particularly in terms of fewer specialist visits and emer-
gency department admissions (32,61,62).

Cenobamate’s efficacy has been studied and proven
across all types of focal seizures, including bilateral ton-
ic-clonic seizures, which are associated with an increased risk
of morbidity and mortality (63,64). This results in a reduced
need for medical care, hospitalization, and pharmacological
treatments, as well as a lower social and psychological bur-
den for patients and their caregivers.
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This study also revealed that reducing and controlling sei-
zures leads to a lower total cost for cenobamate compared
to the alternative treatments due to the reduction in other
cost components contributing to the overall expenditure per
patient. Cenobamate was associated with a per-patient cost
of €151,794.72, compared to €167,751.43 for lacosamide,
€174,221.54 for perampanel, €177,385.43 for brivaracetam
and €184,492.60 for eslicarbazepine acetate, making it domi-
nant over all the alternatives considered.

Specifically, cenobamate was associated with lower costs
related to seizure management, totaling €110,600.42, com-
pared to €144,736.70 for brivaracetam, €141,251.65 for
lacosamide, €142,588.62 for perampanel and €151,045.08
for eslicarbazepine acetate.

The relationship between the clinical and economic
benefits of cenobamate compared to third-generation
ASMs has been analyzed in other studies, which highlighted
the incremental benefit of cenobamate over these ASMs
(28,65-68).

Notably, the study by Villanueva et al. (68) found that
cenobamate had the lowest values at all doses for both the
250% response rate and seizure freedom compared to the
alternatives. In terms of costs per 250% response rate, ceno-
bamate was associated with the lowest values at the defined
daily dose (DDD), while lacosamide and eslicarbazepine ace-
tate had the lowest values at their minimum and maximum
doses, respectively.

In our study, treatment with cenobamate was associated
with 7.54 QALYs and total costs of €151,794.72 per patient,
consistent with the findings of Laskier et al. (28), where ceno-
bamate was dominant over all comparators, with the lowest
cost and the highest QALY gain compared to other third-gen-
eration ASM therapies. Compared to the cited study, which
estimated the cost-effectiveness of cenobamate in the UK
context, the sources used for efficacy data were the same
except for RR and odds ratios used to estimate the effective-
ness and incidence of adverse events for the comparators.

Moreover, the use of cenobamate has been shown to
have positive effects on the quality of life, an area that is sig-
nificantly compromised in people with epilepsy (68). Studies
examining this aspect have reported a marked improvement
in QoL resulting from the use of cenobamate (69,70).

In this study, cenobamate’s total QALYs were 7.54, com-
pared to 6.91 for lacosamide, 6.85 for perampanel, 6.82 for
brivaracetam, and 6.58 for eslicarbazepine acetate.

Cenobamate emerges as a particularly advantageous ther-
apy, not only for reducing the number of seizures and associ-
ated burden but also for lowering overall management costs,
proving to be dominant compared to alternative therapies.

However, the study’s results should be interpreted in the
context of certain limitations. One limitation is the lack of
published data on alternative treatments and resource use,
with most data obtained through input from clinical experts.
Also, a potential limitation is that the extrapolation of long-
term treatment discontinuation is based on a generalized
gamma parametric distribution, which, despite being sup-
ported by clinical opinion and statistical criteria, may not
fully capture real-world treatment persistence. A further
limitation concerns the estimated cost of adverse events,
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which may be underestimated since the cost of a specialist
visit has been assumed for all events. However, as the degree
of adverse events is not known, this approach was found to
be the most conservative in order to provide an estimate of
the cost associated with adverse events. Another limitation
is the absence of head-to-head comparative data between
the considered therapeutic alternatives. In this regard, indi-
rect comparisons were necessary using a NMA. Despite the
uncertainty surrounding the long-term efficacy and safety of
cenobamate and its comparators, due to the lack of direct
comparative studies, NMA offers the opportunity to synthe-
size evidence from clinical trials and compare treatments
that have not been directly assessed in single studies.

Finally, with the aim of conducting a direct comparison
between cenobamate and the most innovative and widely
used therapies in clinical practice, older-generation ASMs
were excluded from the analysis.

Conclusion

The cost-effectiveness analysis demonstrated that ceno-
bamate is a more effective therapeutic alternative than brivarac-
etam, lacosamide, eslicarbazepine acetate, and perampanel for
the treatment of FOS. Despite a slight increase in acquisition
costs, treatment with cenobamate generates significant cost
offsets and improves the quality of life due to better seizure
control and increased quality-adjusted life expectancy. The
improvement in quality of life is reflected in higher response
rates (seizure reduction >50%) and remission rates (patients
achieving 100% seizure reduction) compared to the analyzed
alternatives. The cost-effectiveness analysis shows that ceno-
bamate is dominant over all the alternatives evaluated.
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