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safety, respectively. The odds of AEs and drug efficacy were estimated by two
multilevel logistic models.

Results: A total of 960 patients (52.92% females, median age =43years) met the
inclusion criteria. They mainly suffered from structural epilepsy (52.29%) with
monthly (46.2%) focal seizures (69.58%). Compared with LCM, all the studied
ASMs had a higher dropout risk, statistically significant in the BRV levetiracetam
(LEV)-naive (hazard ratio [HR] =1.97, 95% confidence interval [CI] =1.17-3.29)
and PER groups (HR=1.64, 95% CI=1.06-2.55). Women were at higher risk
of discontinuing ESL (HR=5.33, 95% CI=1.71-16.61), as well as PER-treated
patients with unknown epilepsy etiology versus those with structural etiology
(HR=1.74, 95% CI=1.05-2.88). BRV with prior LEV therapy showed lower odds
of efficacy (odds ratio [OR] = .08, 95% CI = .01-.48) versus LCM, whereas a higher
efficacy was observed in women treated with BRV and LEV-naive (OR=10.32,
95% CI=1.55-68.78) versus men. PER (OR=6.93, 95% CI=3.32-14.44) and BRV
in LEV-naive patients (OR=6.80, 95% CI=2.64-17.52) had a higher chance of
AEs than LCM.

Significance: Comparative evidence from real-world studies may help cli-
nicians to tailor treatments according to patients’ demographic and clinical
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characteristics.

KEYWORDS

1 | INTRODUCTION

Epilepsies are common and heterogeneous neurological dis-
orders, characterized by an enduring predisposition to gener-
ate epileptic seizures," which significantly affect the quality
of life of approximately 70 million people worldwide.>*

Symptomatic pharmacological treatment with antisei-
zure medications (ASMs) by different monotherapies or
combinations remains the mainstay for people with epi-
lepsy (PWE), but there are still unmet needs for both the
treatment-responsive population (facing tolerability and
adherence issues) and treatment-resistant patients (need-
ing better or more targeted efficacy).*

Over the past decades, the number of available ASMs
has progressively increased, and new drugs with either
improved or new mechanisms of action have been mar-
keted.>® Compared with first-generation ASMs, most of
them are characterized by more favorable pharmacoki-
netics and drug interaction profiles. Nevertheless, effi-
cacy profiles do not seem to be improved, and so far, little
has changed in the incidence of drug-resistant epilepsy.’
Furthermore, to optimize and tailor treatments, clinicians
have to choose among ASMs that often have overlapping
indications, and selecting the most appropriate drug for
each patient may be difficult.® Comparative evidence of

brivaracetam, comparative study, eslicarbazepine acetate, lacosamide, perampanel

Key Points

« This study supports the long-term effectiveness
and tolerability of BRV, ESL, LCM, and PER

« LCM had the highest retention rate throughout
the 3-year study period

« Age, sex, and etiology of epilepsy are poten-
tial outcome predictors deserving further
investigation

the effectiveness and safety of each ASM is crucial to
developing treatment guidelines supporting clinical de-
cisions.” The best source of evidence comes from random-
ized controlled trials (RCTs), but it is well recognized that
their results may not accurately reflect the effectiveness
of therapies in real-life settings.'™ Additionally, to be
approved, new ASMs only have to demonstrate reducing
seizure frequency more effectively than placebo, without
undue side effects.'®'? Because regulatory bodies do not
require direct comparisons between ASMs, few head-
to-head RCTs have been conducted'*'*; for some ASMs,
comparative effectiveness trials may not be conducted for
a long time after marketing, and for other ones, they may
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never be conducted at all.'®!! In the absence of head-to-
head RCTs, as an alternative source of comparative evi-
dence both indirect comparisons between ASMs through
network meta-analyses and real-world evidence (RWE)
studies may be used, preferably the latter."!

To date, there are no head-to-head studies performed to
directly compare the efficacy and safety of third-generation
ASMs."> Furthermore, being recently marketed, there is
little information on long-term safety profiles. In this sce-
nario, data from RWE studies can be useful to address the
question of which could be the best (or the most suitable)
ASM for each patient.

Herein, we report the results from COMPARE, a mul-
ticenter, observational, retrospective study aimed at as-
sessing and comparing the retention rate, efficacy, and
tolerability of the third-generation ASMs, approved for
focal epilepsy, brivaracetam (BRV), eslicarbazepine ac-
etate (ESL), lacosamide (LCM), and perampanel (PER)
when used as add-on treatment in PWE.

2 | MATERIALS AND METHODS

The STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) Guidelines'® were followed to re-
port this multicenter observational study, which collected
data from 22 Italian hospitals/epilepsy centers between
January 2018 and October 2021. Adult (age>18years)
outpatients with an established diagnosis of epilepsy ac-
cording to the International League Against Epilepsy clas-
sification,'” who started treatment with one ASM among
BRV, ESL, LCM, and PER as part of routine clinical prac-
tice, at licensed doses and indications, were retrospectively
identified. To make the study cohort more homogenous,
we only included patients starting one of the drugs as an
add-on therapy. Exclusion criteria were status epilepticus
as a reason for administration of one of the studied ASMs,
documented changes in antiseizure therapy (either dose or
type of ASM) during the previous 3 months, history of sub-
stance abuse during the previous 2years, pregnancy and/or
breastfeeding, and psychogenic nonepileptic seizures. The
overall data collection was approved by the ethics commit-
tee of Calabria Region, Italy (protocol number 115/19) and
conducted in accordance with the Declaration of Helsinki
and center-specific institutional requirements. Because
data collection was retrospective and anonymized, written
informed consent was not required.

2.1 | Data collection

Demographics and clinical data collected at baseline in-
cluded age, sex, disease duration, seizure type, epilepsy

etiology, history of febrile seizures and epilepsy surgery,
number of therapeutic attempts before inclusion, concom-
itant ASMs, and seizure frequency. The latter was defined
as the mean monthly seizure frequency in the 3 months
before starting study treatments and classified as daily (>1
seizure per day), weekly (>1 seizure per week), or monthly
(<1 seizure per week). Patient seizure diaries and medical
records of routine follow-up visits were reviewed to col-
lect data on retention, clinical response, and occurrence of
adverse events (AEs) after 6, 12, 24, and 36 months of ther-
apy, according to the different duration of patients’ follow-
up. Data on ASM discontinuation and its causes were also
reported. For patients lost at follow-up, we did not assume
that they could continue at another prescriber.

The principal investigator at each center checked in-
dividual patient data on a regular basis to handle errors
or inconsistencies; a further check of data quality and
completeness was carried out by the national coordinator
group of the study.

2.2 | Outcome measures
The percentage of patients still on therapy (retention rate)
over time was established as primary endpoint, because
retention data represents a global indicator of a drug's
clinical effectiveness recommended by the European
Medicines Agency.'®

Two secondary outcomes were also established to as-
sess and compare the efficacy and safety of the studied
ASMs. The efficacy outcome was evaluated using the
responder status, defined as the responder rate (>50%
reduction in monthly seizure frequency compared with
baseline) plus the seizure-free rate (no seizures since the
last study time point), whereas the percentage of patients
who experienced >1 AE was assumed as safety outcome.
AEs were also detailed and classified using the Medical
Dictionary for Regulatory Activities (version 22.0).

2.3 | Statistical analysis

Gaussian continuous variables were described by mean
and SD. Median and interquartile range were used in case
of skewness. Counts and percentages were used for cat-
egorical variables. Normality distribution of continuous
variables was verified by the Shapiro-Wilk test.

Five treatment subgroups were considered, as patients
treated with BRV were divided into two groups, depend-
ing on whether they were naive to levetiracetam (LEV)
treatment.

Kaplan-Meier curves were used to investigate the
overall between-drug differences in retention time
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(which describes how long the patients remain on
therapy, and as a consequence, the retention rate at a
specific time point), and the best fitting survival model
was used to estimate the role of the following potential
predictors: sex, age, epilepsy etiology, number of previ-
ously used ASMs (two or less, more than two), disease
duration (months from diagnosis), responder status,
and occurrence of AEs. Within-hospital correlation
was accounted by entering a shared frailty term in the
model. Model selection was performed by comparing
the semiparametric Cox model and the most common
(Weibull, exponential, Gompertz) parametric models.
Comparison was carried out by using Akaike informa-
tion criterion and analyzing the Cox-Snell residuals.
The proportional hazards assumption was assessed by
analyzing the Schoenfeld residuals.

The odds of AEs and drug efficacy were estimated by
two multilevel logistic models in which clustering within
patients and within hospitals was accounted. Estimates
were adjusted for the previously listed covariates and
for the follow-up time. Model adequacy was assessed by
investigating Pearson residuals, goodness of fit test, and
specification link test for single-equation models.

Both the survival and the logistic models described
above were also run separately for each drug to compare
how patient characteristics affect retention, responder sta-
tus, and AEs.

The analysis had exploratory and hypothesis-generating
aims. No formal power analysis was performed. Missing
data were treated by listwise deletion. Efficacy and safety
data on patients who dropped out were imputed using the
last observation carried forward.

Statistical significance was set at 5%. All statistical
analyses were conducted with the statistical package Stata
16.0.

3 | RESULTS

3.1 | Baseline demographic and clinical
characteristics

Baseline demographic and clinical characteristics of the
overall cohort are summarized in Table 1, which also
shows patients’ stratification by treatment subgroup. All
patients had at least one concomitant ASM, as detailed in
Table S1 (percentages of <1% in the overall cohort were
not reported).

At the cutoff date of October 2021, 960 patients (52.92%
females, median age =43 years) met the inclusion criteria.
Perampanel was the most commonly prescribed ASM
(355, 37%), followed by LCM (263, 27.4%), BRV (242,
25.2%), and ESL (100, 19.4%).

Epilepsia =

One hundred sixty-five patients treated with BRV were
naive to LEV, whereas 77 patients had a history of prior
LEV therapy.

The majority of patients had only focal seizures
(69.58%), 5.21% had only generalized seizures, and for
2.19% onset was unknown; the remaining patients expe-
rienced both seizure types. More than half of the overall
cohort suffered from structural epilepsy (52.29%). At base-
line, the median disease duration was 204 months (Q;-Q;
= 80-372), and seizure frequency was mainly monthly
(46.2%). The overall cohort had a history of a median of 3
(Q1-Q; = 2-4) previous therapeutic attempts. The studied
ASMs were administered concomitantly with a median
number of 2 (Q;-Q; = 1-2) ASMs, mainly LEV (32.8%),
valproic acid (21.6%), and carbamazepine (21.1%).

3.2 | Follow-up data

Treatment duration ranged from 1 to 36 months. Follow-up
visits were on average quarterly during the first year of
treatment and half-yearly thereafter. Of 960 patients, 904
underwent a visit after 6 months of treatment; longer term
follow-up data, at 12, 24, and 36 months, were available
for 718, 562, and 375 patients, respectively.

The median daily dose remained stable over time in
patients treated with BRV who had a history of prior LEV
therapy, as well as in patients who started LCM, whereas
it increased progressively in the remaining treatment sub-
groups (Table S2).

3.3 | Outcome measures

3.3.1 | Retention rate

Overall, 197 patients (20.5%) discontinued treatment,
mainly due to lack of efficacy (121, 61.4%), followed by in-
tolerable AEs (74, 37.6%). Fifty-three (5.5%) patients were
lost to follow-up, and two women (.8%) withdrew from
treatment because they had planned a pregnancy. Patients
lost to follow-up, dropout rates, and related causes in the
overall cohort and stratified per drug are summarized in
Table S3.

According to Kaplan-Meier analysis (Figure 1),
BRV in LEV-naive patients had the lowest retention
and LCM had the highest. An exponential parametric
frailty model was selected using Akaike information
criterion and Cox-Snell residual analysis, as reported
in Table 2. According to the model, the dropout hazard
was doubled in BRV patients naive to LEV (hazard ratio
[HR] =1.97, 95% confidence interval [CI] =1.17-3.29)
and PER showed a 64% increased risk (HR=1.64, 95%
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Brivaracetam LEV naive 163 (12) 151 (13) 120 (15) 100 (6) 93 (5) 70 (3) 47 (0)
Brivaracetam prior LEV . 77 (4) 73 (10) 56 (2) 51 (1) 47 (1) 39 (0) 28 (0)
Eslicarbazepine acetate . 99 (7) 92 (11) 77 (6) 69 (3) 63 (2) 54 (0) 49 (0)
Lacosamide 259 (5) 254 (18) 209 (14) 185 (2) 173 (1) 145 (0) 120 (0)
Perampanel . 351 (17) 334 (42) 256 (28) 202 (4) 186 (7) 153 (1) 131 (0)

FIGURE 1 Retention rates of the studied drugs according to Kaplan-Meier analysis. LEV, levetiracetam.

CI=1.06-2.55) when compared to LCM (reference cat-
egory). As expected, drug efficacy was significantly as-
sociated with a lower dropout hazard (HR = .19, 95%
CI = .13-.27) and the presence of AEs was associated
with a higher risk (HR=2.09, 95% CI=1.50-2.93). Sex,
age, epilepsy etiology, number of previously used ASMs,
and disease duration showed no statistically significant
effect on the overall retention time. The clustering of pa-
tients in the different hospitals/epilepsy centers showed
a significant effect, as demonstrated by the likelihood-
ratio test of the shared frailty (p <.001), and Schoenfeld
residuals-based test (p=.069) assured the proportional-
ity of hazard assumption.

When the effect of patient characteristics was inves-
tigated considering the drugs individually, age did not
appear as a significant predictor of retention time. Only
in patients treated with LCM, a 3% reduction in hazard
of dropout was associated with increasing age of 1year
(HR = .97, 95% CI = .94-.99). Regarding sex-related dif-
ferences, female patients were found to be at higher risk
of abandoning ESL (HR =5.33, 95% CI=1.71-16.61) and
when treated with BRV, without prior LEV use, they
showed an almost statistically significant increased risk
of dropout (HR=1.86, 95% CI=1.00-3.46). Interestingly,

PER-treated patients with unknown epilepsy etiology
showed a higher dropout risk (HR=1.74, 95% CI=1.05-
2.88) than those with structural etiology (reference cate-
gory). Occurrence of AEs more than doubled the risk of
discontinuation in patients treated with PER (HR =2.39,
95% CI=1.48-3.87) and LCM (HR=2.82, 95% CI=1.15-
6.92), whereas the responder status significantly pro-
tected against dropout regardless of the drug, with the
higher hazard reduction observed in the patients treated
with LCM (HR = .08, 95% CI = .03-.23). Finally, the dis-
ease duration and the number of ASMs taken previously
were not associated with the discontinuation of any of
the drugs under examination.

3.3.2 | Efficacy

LCM showed the highest rate of responder status after
6months of treatment (64.3%) and maintained percent-
ages of ~60% over time; 1year after starting therapy, the
proportion of responder plus seizure-free patients with
ESL was the largest reported throughout the study (67.1%),
but this percentage markedly reduced thereafter. The re-
sponder plus seizure-free rates with PER increased up to
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ROBERTI ET AL.

66.7% after 2years of treatment. Finally, the responder
status of patients treated with BRV and naive to LEV rose
from 41.8% (at 6 months) to 61.6% (36 months), whereas
that of BRV patients previously treated with LEV was the
lowest observed in the whole cohort, reaching 50% only
after 3years of treatment (Figures 2, S1, and S2).

In the overall logistic model (Table 3), BRV with prior
LEV therapy showed lower odds of efficacy (odds ratio
[OR] = .08, 95% CI = .01-.48) when compared with LCM
(reference category). Perampanel (OR =.52,95% CI = .17-
1.64), ESL (OR = .45, 95% CI = .09-2.12), and BRV in LEV-
naive patients (OR = .41, 95% CI = .10-1.62) also appeared
less effective than LCM, although the difference was not
statistically significant. Furthermore, patients who had
taken more than two other ASMs in the past had a lower
probability of drug efficacy (OR = .05, 95% CI = .02-.12).
Conversely, increased efficacy was observed with increas-
ing follow-up duration (OR=1.02, 95% CI=1.00-1.04).

When the effect of patients’ characteristics was as-
sessed by stratifying the analysis for each drug (Table 3),

6 months

804

Percentage of patients

24 months

80

60+

Percentage of patients
3
o
L

FIGURE 2 Responder and seizure-

free rates at each study time point. BRV, 0-
brivaracetam; ESL, eslicarbazepine
acetate; LCM, lacosamide; LEV, \\@

levetiracetam; PER, perampanel.

Epilepsia =

patients who were previously treated with more than two
ASMs had a lower probability of efficacy in the ESL (OR
=.03, 95% CI = .003-.36), LCM (OR = .05, 95% CI = .01-
.31), PER (OR = .06, 95% CI = .01-.39), and BRV-LEV-
naive (OR = .06, 95% CI = .01-.60) groups. In contrast,
the difference was not statistically significant in the BRV
group with a previous history of LEV therapy (OR = .08,
95% CI = .003-1.99).

A higher efficacy at longer follow-up time points was
statistically significant only in patients treated with PER
(OR=1.03, 95% CI=1.00-1.06). Finally, a higher efficacy
was shown in women treated with BRV and naive to LEV
(OR=10.32,95% CI=1.55-68.78) when compared with men.

3.3.3 | Safety

In the entire cohort, 189 of 960 (19.7%) patients experi-
enced at least one AE; in detail, 92 of 355 (25.9%) were
treated with PER, 40 of 263 (15.2%) with LCM, 28 of 165
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“ LEpilepsia

(16.7%) with BRV and without prior LEV, 18 0of 100 (18.0%)
with ESL, and 11 of 77 (14.3%) with BRV and prior LEV.
Seventy-four of 189 (39.2%) discontinued treatment due
to AEs that were not tolerable. However, there were no
serious AEs. The overall number of AEs reported through-
out the study period was 372 (see Table 4), and consisted
mainly of dizziness (17.7%), irritability (17.7%), and som-
nolence (14.2%).

When the five drugs were compared for safety
(Table 5), PER (OR=6.93, 95% CI=3.32-14.44) and
BRV in LEV-naive patients (OR=6.80, 95% CI=2.64—
17.52) showed a higher chance of AEs than LCM (ref-
erence category). Conversely, in patients treated with
ESL (OR=1.47, 95% CI = .52-4.12) and BRV with prior
LEV (OR = .89, 95% CI = .30-2.59), no statistically sig-
nificant differences emerged. A higher frequency of
AEs was observed with increasing age (OR=1.03, 95%
CI=1.01-1.05). Interestingly, with increasing follow-up
duration, the probability of AEs decreased (OR = .96,
95% CI = .94-.97).

When the five groups were analyzed separately,
older patients showed a higher risk of AEs when
treated with ESL (OR=1.21, 95% CI=1.05-1.39), LCM
(OR=1.09, 95% CI=1.03-1.14), and with BRV without
previous LEV therapy (OR=1.06, 95% CI=1.01-1.12).
Contrariwise, a reduced chance of AE occurrence was
associated with longer follow-up duration in patients
treated with PER (OR = .97, 95% CI = .94-1.00), ESL
(OR =.70, 95% CI = .54-.91), and LCM (OR = .95, 95%
CI = .91-.99), and with increasing months since epi-
lepsy diagnosis in the ESL (OR = .98, 95% CI = .97-
1.00) and in the BRV with prior LEV (OR = .97, 95% CI
= .94-1.00) groups. The effect of the disease duration
was opposite in the BRV group naive to LEV (OR=1.01,
95% CI=1.00-1.01).

Among patients treated with ESL (OR=23.44,
95% CI=1.19-462.91) and with LCM (OR=7.90, 95%
CI=1.41-44.25), those who were treated with more
than two previous ASMs were significantly more at risk
of AEs. Moreover, female subjects treated with BRV
and LEV-naive had a higher risk of AEs (OR=5.36, 95%
CI=1.23-23.36). Finally, compared with patients suffer-
ing from structural epilepsy, those with unknown etiology
treated with BRV and naive to LEV had a lower chance of
AEs (OR = .13, 95% CI = .03-.62), whereas those treated
with ESL reported AEs more frequently (OR=77.68, 95%
CI=2.93-2062.34).

4 | DISCUSSION

This multicenter, retrospective study provides real-
world data on the effectiveness and safety of four among

the newest ASMs in PWE. Our cohort consisted of 960
adult patients from 22 Italian centers, mainly refractory
to pharmacological treatment. After the start of one of
the studied ASMs as part of routine clinical practice,
patients showed high retention rates, albeit with in-
creasing differences over time. At 1 year of follow-up,
all the ASMs had retention rates of at least 75%, in line
with previous real-life studies."®** The only exception
was LCM, whose retention rate was >80%, as already
reported by a retrospective, early add-on study,”* but
maintained through the study period. The retention
rate of the remaining ASMs progressively reduced; as a
consequence, the gap between the percentages shown
by the survival curves after 3years of follow-up ranged
from >80% (LCM) to >50% (BRV in patients naive to
LEV). Consistently, an overall retention rate of 50.8%
was observed in long-term follow-up data on patients
treated with BRV in clinical practice.?®

Compared with LCM, all the studied ASMs had a
higher risk of treatment withdrawal, statistically signifi-
cant in the BRV LEV-naive and PER groups, which also
were associated with the highest odds of AE occurrence.
Furthermore, patients treated with LCM had higher odds
of achieving responder status, although statistical sig-
nificance was reached only in comparison with the BRV
group with a history of prior LEV therapy.

Responder status and AE occurrence significantly
affected the hazard of dropout in the overall logistic
model (albeit in opposite directions), highlighting how
the decision to continue a therapy is the result of a com-
plex benefit-risk balance. In this light, retention rates
are confirmed as good indicators of clinical efficacy,
tolerability, safety, and adherence over a specified time
frame.**

Age and sex emerged as potential predictors of treat-
ment discontinuation in the per drug stratified analysis,
suggesting a reduced risk with increasing age in pa-
tients taking LCM, whereas female sex might predict an
increased risk of discontinuing ESL. Limited data exist
on the use of LCM in elderly patients®; single-center,
real-life experiences showed a favorable tolerability pro-
file.”**” However, elderly patients may be at increased
risk of cardiac disorders and falls, and the special warn-
ings for cardiac rhythm and conduction problems, as
well as for dizziness, reported by the LCM summary
of product characteristics (SmPC), should be kept in
mind. Women treated with ESL had a five times greater
dropout risk compared with men, and a similar (but not
statistically significant) trend was observed in women
naive to LEV who were taking BRV. It is noteworthy that
in the logistic models assessing the effects of patients’
characteristics for each drug, female patients treated
with BRV and naive to LEV also were 10 times more
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ROBERTI ET AL.

TABLE 4 Number of treatment emergent adverse events reported throughout the study period.”*

Overall, Brivaracetam Brivaracetam Eslicarbazepine  Lacosamide, = Perampanel,

Adverse event N=372 LEV-naive, n=54 prior LEV,n=28 acetate, n=21 n=102 n=167
Dizziness 66(17.7)  3(5.6) 2(7.1) 6 (28.6) 17 (16.7) 38(22.8)
Irritability 66 (17.7)  11(20.4) 7(25) 0 7 (6.9) 41 (24.6)
Somnolence 53(14.2)  11(20.4) 4(14.3) 3(14.3) 14 (13.7) 21(12.6)
Agitation 27(7.3) 7 (13.0) 5(17.9) 0 6(5.9) 9(5.4)
Aggression 23(6.2) 3(5.6) 4(14.3) 1(4.8) 4(3.9) 11 (6.6)
Headache 18 (4.8) 0 0 1(4.8) 6(5.9) 11 (6.6)
Fatigue 17 (4.6) 4(7.4) 0 0 6(5.9) 7(4.2)
Depression 11 (3.0) 3(5.6) 0 0 5(4.9) 3(1.8)
Memory impairment 7(1.9) 1(1.9) 1(3.6) 1(4.8) 3(2.9) 1(.6)
Psychomotor 7(1.9) 0 1(3.6) 0 3(2.9) 3(1.8)

retardation
Tremor 7(1.9) 3(5.6) 0 0 3(2.9) 1(.6)
Gastrointestinal 7(1.9) 0 0 1(4.8) 4(3.9) 2(1.2)

disorders
Insomnia 6(1.6) 1(1.9) 0 0 3(2.9) 2(1.2)
Anxiety 5(1.3) 2(3.7) 0 2(9.5) 1(1.0) 0
Disturbance in 5(1.3) 0 0 1 3(2.9) 1(.6)

attention
Confusional state 5(1.3) 2(3.7) 1(3.6) 0 0 2(1.2)
Nausea 5(1.3) 1(1.9) 0 0 3(2.9) 1(.6)
Weight increased 5(1.3) 1(1.9) 0 1(4.8) 3(2.9) 0
Weight decreased 5(1.3) 1(1.9) 2(7.1) 0 2(2.0) 0

Note: Data are presented as n (%).
Abbreviation: LEV, levetiracetam.

*Percentages < 1% in the overall cohort were not reported.

likely to respond to treatment and five times more likely
to experience AEs than males. The relatively higher
chance of treatment response than AE occurrence al-
lows us to speculate about a potential greater impact of
tolerability profile on the risk of withdrawing treatment
for women taking BRV and LEV-naive, but not for those
taking ESL. According to this hypothesis, female indi-
viduals with newly diagnosed epilepsy had higher rates
of intolerable AEs than males in a large, longitudinal
cohort study.28 Moreover, both ESL and BRV have no
sex-related pharmacokinetic differences that might ex-
plain different tolerability profiles. In general, there are
few known sex-related differences in pharmacokinet-
ics or in response to ASMs.” Recently, a retrospective
population-based cohort study reported lower effective-
ness of LEV in women compared with men, pointing out
the existence of well-known, innate, sex-related differ-
ences in comorbidity patterns (and related, concomitant
therapies).*

In the comparisons for efficacy, patients treated with
BRV and previously with LEV had the lowest likelihood
of being responders, but they also were the only ones to

show a lower (albeit not statistically significant) risk of AE
occurrence than the LCM group. Of note, the BRV group
with a history of prior LEV therapy showed responder
plus seizure-free rates higher than those reported in a
pooled analysis of BRV RCTs (up to 50% in our cohort vs.
up to 39.5%),> in line with real-life experiences.'**** In
these studies, contrasting results were observed about the
impact of the previous use of LEV on efficacy outcome.

A longer follow-up duration was associated with in-
creased efficacy in the overall logistic model and in pa-
tients treated with PER in the stratified analysis. These
data could be explained by a progressive optimization of
ASM therapeutic doses, or by the selection of a respond-
ers' population over time.

Moreover, the number of previous therapeutic at-
tempts significantly affected the efficacy outcome, and
it is well known that the chance of controlling seizures
with subsequent treatments decreases after each failed
intervention.**

In the safety analysis, PER and BRV in LEV-naive pa-
tients showed a more than six times greater risk of AE
occurrence compared with LCM. In contrast, BRV was
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ROBERTI ET AL.

TABLE 5 Safety outcome (adverse event occurrence): Comparative and per drug estimates.

Epilepsia

Brivaracetam Brivaracetam prior Eslicarbazepine
LEV-naive LEV acetate Lacosamide Perampanel
6.93 (3.32-
6.80 (2.64-17.52), .89 (.30-2.59), 1.47 (.52-4.12),  Reference 14.44),
Comparative estimates p <.001*** p=.826 p=.466 category p <.001%**
Age 1.03 (1.01-1.05),  1.06 (1.01-1.12), 2.01 (.88-4.61), 1.21 (1.05-1.39),  1.09(1.03-1.14), .99 (.96-1.02),
p=.001** p=.023* p=.099 p=.009%* p=.001** p=.547
Female sex .65 (.35-1.23), 5.36(1.23-23.36),  62.24 (.01-472353.8), 4.61 (47-44.91),  3.76(.69-20.61), .39 (.12-1.21),
p=.186 p=.025* p=.365 p=.188 p=.127 p=.102
Disease 1998 (.996-.999),  1.01 (1.00-1.01), .97 (.94-1.00), .98 (.97-1.00), .99 (.99-1.00),  1.00 (.99-1.00),
duration p=.035* p=.001** p=.041* p=.010* p=.141 p=.887
Number of 1.24(.65-2.38), .96 (.18-4.99), 1.79% 10 (.001- 23.44 (1.19- 7.90 (1.41- .30 (.09-1.06),
previous p=.517 p=.959 2.60x10%%), 462.91), 44.25), p=.061
ASMs>2 p=.096 p=.038* p=.019*
Follow-up .96 (.94-.97), .97 (.92-1.02), 81 (.63-1.03), 70 (.54-.91), .95 (.91-.99), .97 (.94-1.00),
duration P <.001%*** p=.275 p=.091 p=.007** p=.018* p=.037*
Cause of epilepsy”
Unknown .64 (.35-1.17), .13 (.03-.62), 3.06x 1071 77.68 (2.93— 48(.12-1.93), .92 (.40-2.12),
etiology p=.148 p=.010* (1.69%x107%- 2062.34), p=.302 p=.845
55.38), p=.093 p=.009**
Other 3.62(1.42-9.21), .0001 (1.07 x 107°- 87 (.0001-13068.12), 4.19 (.06-304.87), 2.19(.22-22.12), 3013034
etiologies® p=.007** .01), p <.001*** p=.978 p=.513 p=.507 (1.52x107%-
5.97x10%),
p=.703

Note: Results are reported as odds ratio (95% confidence interval), p-value. Bold font indicates statistical significance.

Abbreviations: ASM, antiseizure medication; LEV, levetiracetam.
Cause of epilepsy reference category: structural etiology.
°Other etiologies: genetic, immune, infectious. *p < .05, **p < .01, **p < .001.

the best tolerated option in an indirect comparison of
data from the pivotal RCTs of the four studied ASMs.*
Likewise, in a subsequent network metanalysis that
also included data on the newer ASM cenobamate, BRV
and LCM seemed to have the best tolerability profile,
whereas cenobamate resulted as the most effective drug.
In detail, BRV and LCM were associated with a lower
percentage of patients experiencing AEs than ESL, and
PER was associated with a higher risk of AEs than BRV.”’
Therefore, the higher risk of AEs in patients treated with
PER over the other comparators is in line with literature
findings, but the percentages of AE occurrence in our
cohort (25.9%) were lower than those reported in RCTs
(up to 86.8%)** and in a pooled analysis of data from
real-world studies (49.9%).>° Furthermore, the AEs ex-
perienced with PER were tolerated in approximately two
thirds of the patients, and the good tolerability profile is
supported by the high retention rates shown in real-life
settings.40

A higher frequency of AEs was observed with increas-
ing age. In elderly patients, the presence of a large num-
ber of comorbidities and the subsequent polytherapy may
reduce adherence to treatments and increase the risk of

drug-drug interactions and AEs.*"*** Additionally, ASM
tolerability may be significantly affected by frailty (which
represents the most problematic expression of aging“),
as suggested by a statistically and clinically significant as-
sociation between the increases in the Edmonton Frailty
Score and those in the Liverpool Adverse Events Profile in
older PWE.*

In the overall logistic model and in the ESL, LCM, and
PER groups, longer follow-up was associated with a re-
duced risk of AE occurrence. All the AEs reported were
mild or moderate in severity. They were mainly related to
the central nervous system and the gastrointestinal sys-
tem and did not differ from those reported as common in
the SmPCs and in the literature.'**"*° It is well known
that AEs due to ASMs mostly appear during initiation and
early treatment and some of them tend to regress spon-
taneously thereafter. Therefore, a reduction in AE oc-
currence at increasing follow-up duration was expected.
Additionally, it may be hypothesized that patients who
experienced improvements in epileptic symptoms may
have been more prone to tolerate AEs and progressively
reduced their reporting to the clinician. Likewise, patients
with longer disease duration may have tried a greater
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number of ASMs and have more experience with potential
AFEs, underreporting them.

Finally, etiology-related differences in tolerability
emerged in the per drug analyses, suggesting that un-
known etiology might be associated with a better tolerabil-
ity profile in patients treated with BRV and naive to LEV,
but it was also a predictor of AE occurrence in patients
treated with ESL. Despite the difference in the probability
of AE occurrence, epilepsy type does not seem to affect the
risk of withdrawal owing to AEs.*®

Among the major strengths of our study are the real-
life setting, which allows data collection in daily clinical
practice scenarios nonreplicable by RCTs (also adding
information on groups of patients usually excluded by
clinical trials), and the analysis method. Generally, RWE
studies do not perform adjustments for baseline differ-
ences between comparator groups and provide only
nominal comparative evidence for ASM treatments."
Furthermore, results from indirect comparisons be-
tween studies should be interpreted with caution, owing
to differences in the studied populations, in the choice
of the outcome measured, and in the outcome defini-
tion. In this study, different treatment groups were com-
pared using the same outcome definition; we also tried
to overcome the selection bias, accounting for cluster
differences in the studied population. We did not per-
form an adjustment for a propensity score of treatment,
but there were no a priori assumptions justifying this
practice.

Additionally, the large sample size allowed us to per-
form explorative subgroup analyses, which suggested
further investigation on the following findings: (1) the
reduced risk of treatment discontinuation as the patients'
age increased in the LCM group; (2) sex-related differ-
ences in the hazard of dropout in the ESL group, and in
treatment response and AE occurrence risk in the LEV-
naive BRV group; and (3) etiology-related differences in
the likelihood of AE occurrence according to the type of
ASM.

The foremost limitations of the study are due to the
retrospective design, the recruitment of patients at dif-
ferent times, and the use of an outcome measure (i.e.,
the >50% reduction in baseline seizure frequency), which
should be overcome. Self-reported seizure counting may
be an unreliable measure,*® which also lacks important
information on the impact of treatments on patients'
quality of life (e.g., it does not explain why some non-
responders and/or patients with AEs do not discontinue
therapy). In this light, assessing at least the changes in
seizure frequency by seizure type could be more infor-
mative, but this was not possible. Regarding this latter
point, as in RCTs, we cannot exclude diagnostic mistakes,
which may also be suspected by the high percentage in

this sample of patients with both focal and generalized
seizures. However, when analyzing patients with only
focal seizures, the results of the study do not change (see
Figure S3). This being a real-world study, any mistake
will correctly influence patient outcomes better repre-
senting clinical practice than in RCTs. Along this line,
a similar consideration may be applied to ASM titration
and maximum dose used. In the real-world setting, both
will be optimized for each patient and therefore would
account as a key factor determining the outcome. Clearly,
any mistake would influence the outcomes, although the
results obtained here indicate that all drugs had a high
retention rate and on average the doses used were in line
with the current clinical use. Furthermore, there being
many missing data on the doses of concomitant ASMs
did not allow us to evaluate the effect of cotreatments
and drug-drug interactions on outcome measures or the
impact of the studied ASMs on patients’ total drug load.
Finally, in our study, we did not exclude patients naive
to every ASM under examination; therefore, a single pa-
tient might have failed one of the others before receiving
the ASM considered in the analysis.

In conclusion, our data support the long-term effec-
tiveness and tolerability of the four third-generation
ASMs in a large cohort of PWE in a real-life setting.
Patients treated with LCM showed the highest retention
rate throughout the analysis time. Compared with LCM,
BRV with prior LEV use was associated with a lower like-
lihood of achieving seizure response, whereas PER and
BRV without prior LEV use was associated with a higher
probability of AE occurrence. Moreover, the number of
previous therapeutic attempts and the follow-up duration
significantly affected the efficacy outcome; age, disease
duration, follow-up duration, and epilepsy etiology were
found to be risk predictors of AE occurrence. The inclu-
sion of the newest ASMs in the comparative assessment is
mandatory, as well as further investigations on subgroup
analysis results regarding differences per age, sex, and eti-
ology of epilepsy. A deeper understanding of how some
demographic and clinical characteristics may affect drugs’
safety and efficacy profile could help clinicians to identify
the most appropriate drug for each patient, taking another
step toward precision medicine.
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