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Abstract

Background and objective Patients with focal seizures
recruited into adjunctive antiepileptic drug (AED) trials
have become more refractory and severe over time; con-
currently, placebo responses have increased. To attempt to
account for heterogeneity among trials, propensity-score
weighted patient-level data were used to indirectly com-
pare placebo responses reported in brivaracetam and
levetiracetam trials.

Methods Patient-level data from randomised, placebo-
controlled brivaracetam (recruited 2007-2014) and leve-
tiracetam (1993-1998) trials were pooled. Consistent
inclusion/exclusion criteria were applied and outcomes
were defined consistently. Potentially confounding baseline
characteristics were adjusted for using propensity score
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weighting. Weighting success was assessed using placebo
response.

Results In total, 707 and 473 active drug and 399 and 253
placebo patients comprised the brivaracetam and leve-
tiracetam groups, respectively. Before weighting, several
baseline variables were significantly different between
groups; after weighting, prior vagal nerve stimulation, co-
morbid depression and co-morbid anxiety remained dif-
ferent. Before weighting, median seizure frequency
reduction was 21.7 and 3.9% in the brivaracetam and
levetiracetam placebo arms, respectively; after weighting,
median reduction was 15.0 and 6.0%. The comparison of
non-randomised groups could be biased by unobserved
confounding factors and region of residence. Lifetime AED
history was unavailable in the brivaracetam trials and
excluded from analysis.

Conclusions Placebo responses remained different
between brivaracetam and levetiracetam trials after
propensity score weighting, indicating the presence of
residual confounding factors associated with placebo
response in these trials. It therefore remains problematic to
conduct reliable indirect comparisons of brivaracetam and
levetiracetam given the current evidence base, which may
apply to comparisons between other AED trials.
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Key Points

To attempt to account for heterogeneity among
adjunctive antiepileptic drug (AED) trials conducted
in different eras, propensity score-weighted patient-
level data were used to indirectly compare placebo
arms between brivaracetam and levetiracetam
clinical trials.

After weighting, prior vagal nerve stimulation, co-
morbid depression and co-morbid anxiety assessed at
baseline remained different between groups. Median
seizure frequency reduction changed from 21.7 to
15.0% in the brivaracetam placebo arm and from 3.9
to 6.0% in the levetiracetam placebo arm.

As evidenced by the inability of the propensity score
weighting to successfully mitigate placebo response
differences, the presence of residual confounding
factors associated with placebo response in these
AED trials is likely, and indirect comparisons of
these two AEDs should be made with caution.

1 Introduction

Epilepsy is a neurological disorder characterised by
abnormal spread of cortical nerve activity resulting in
seizures of varying duration and severity [1]. An estimated
50 million people globally are currently affected with
epilepsy [2], including 5.1 million people in the USA (in
2013) [3] and 6 million people in Europe (in 2009) [4].
Approximately half of patients diagnosed with epilepsy are
successfully treated with an initial antiepileptic drug
(AED); the remaining half receive a subsequent AED or
adjunctive therapy to address drug intolerance or break-
through seizures [5]. There are many AEDs available and
several pharmacological targets for seizure control,
including y-aminobutyric acid (GABA) receptors, sodium
channels, and synaptic vesicle protein 2A (SV2A) [6, 7].
Levetiracetam and brivaracetam are two AEDs that
target SV2A to different extents [8]. Levetiracetam is
approved for the treatment of focal (partial-onset), myo-
clonic or tonic-clonic seizures in adults and children; piv-
otal trial enrolment for levetiracetam as adjunctive therapy
took place in the 1990s in the USA and Europe [9]. Bri-
varacetam is a newer, rationally designed selective SV2A
ligand, approximately ten times more potent than leve-
tiracetam. It was recently approved for adjunctive treat-
ment of focal seizures in adults following pivotal clinical
trials enrolling patients in the past 10 years. Given that
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levetiracetam is widely prescribed, and brivaracetam has
recently become available, there is clinical interest in
comparing their respective efficacies.

There are currently no published head-to-head trials of
brivaracetam versus levetiracetam comparing efficacy. In
the absence of head-to-head trials, indirect comparisons are
frequently used to generate comparative efficacy evidence
between AEDs [10-14], most often using the Bucher
method [15-19], although the suitability of this approach
has some caveats. In many cases, indirect comparisons do
not take into account differences in baseline trial or patient
characteristics, and assume that all arms within a clinical
trial are comparable. However, indirect comparisons
should address potential heterogeneity among trials, a
particular concern in the case of adjunctive AED clinical
trials. One marker of heterogeneity is placebo response
rate, which has increased over time in adjunctive AED
trials [20]. Reported rates of placebo-treated patients with a
>50% reduction in focal seizure frequency from baseline
(responders) have ranged from 9.9 to 39.0% [21, 22].

There are many potential explanations for this hetero-
geneity, including the expansion of adjunctive AED trials
to more diverse geographic regions, evolving or hetero-
geneous trial design and analysis, and the availability of a
wider range of AEDs. Patients in recent trials of AEDs
tried and failed to respond to more AEDs than patients in
trials conducted in the 1990s, which may indicate that
patients enrolled in recent trials are more refractory, or may
simply reflect the greater number of available AEDs in
recent years. Additionally, there may be differences in
clinical characteristics of patients, such as burden of co-
morbidities or epilepsy aetiology and severity. These dif-
ferences in placebo response undermine the validity of
indirect comparisons of adjunctive AED trials.

Attempts have been made to overcome cross-trial
heterogeneity in baseline patient characteristics by con-
ducting matching-adjusted indirect comparisons (MAIC)
[23-25]. MAIC methods use individual patient data to
adjust for observed baseline characteristics, applying a
propensity score-based model to weight patients so the
populations are comparable between trials. In this way,
trial outcomes can be compared across balanced popula-
tions. Differences in outcomes in weighted placebo arms
may indicate residual confounding not accounted for by
propensity score weighting.

At present, it is unclear if indirect comparison methods,
and MAIC methods in particular, are suitable for accurately
generating comparative efficacy evidence of the adjunctive
use of brivaracetam versus levetiracetam. Thus, the
objective of this study was to determine whether it is
possible to successfully adjust for differences in baseline
characteristics to mitigate placebo arm response differ-
ences in levetiracetam (recruited during 1993—-1998) and
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brivaracetam (recruited during 2007-2014) trials using a
MAIC study design.

2 Methods
2.1 Trial Selection

This analysis included phase III clinical trials of oral
levetiracetam or brivaracetam as adjunctive therapy
enrolling patients with focal epilepsy and focal seizure
frequency of four or more (averaged over 28 days)
uncontrolled on one to three concomitant AEDs. Patient
data were retrieved from previously published clinical
studies; thus, no institutional review was required.

2.1.1 Study Identification

To identify non-UCB Pharma-conducted adjunctive leve-
tiracetam trials, a previous systematic literature review was
used [databases searched included Ovid MEDLINE
(1946-1 August 2012), Ovid EMBASE (1974-31 July
2012), Ovid PsycINFO (1806-week of 5 July 2012),
OvidEconLit (1961-June 2012), Health Economic Evalu-
ation Database (HEED; to 1 August 2012), Cochrane
Controlled Trials Register (to 1 August 2012)] [26]. To
cover the most recent years, a new systematic literature
review of double-blind, placebo-controlled (non-UCB
Pharma) trials of oral adjunctive therapy with levetiracetam
for focal seizures was performed in October 2013
[PRISMA; Electronic Supplementary Material (ESM)
Online Resource 1]. The review assessed studies published
in 2012/2013 from MEDLINE, EMBASE, Psyclnfo,
Cochrane Library and ClinicalTrials.gov. Non-UCB
Pharma levetiracetam trial investigators were contacted to
request individual patient data, without response. Only
trials conducted by the manufacturer were available for
brivaracetam at the time of this analysis, thus all data were
supplied without the need for a systematic review of pub-
lished literature. As such, the manufacturer (UCB Pharma)
supplied all data for levetiracetam and brivaracetam.

2.1.2 Inclusion and Exclusion Criteria

Included trials were required to have patient-level data
available, a treatment duration of at least 12 weeks, and
include approved doses for the treatments (levetiracetam
1000-3000 mg/day; brivaracetam 50-200 mg/day) with a
titration period permitted. In cases where otherwise eligible
studies included arms with unapproved doses, those arms
were excluded. Trials studying non-oral or extended-re-
lease formulations or monotherapy levetiracetam/bri-
varacetam, and dosages outside of the approved dosage

range (or flexible dosing for brivaracetam), were excluded.
In addition, trials of non-human subjects, healthy patients,
patients with other forms of epilepsy (e.g. generalised),
patients aged <16 years or treatment-naive patients were
excluded. Brivaracetam is not currently approved in Asia;
thus, studies conducted exclusively in Asia were excluded.

2.1.3 Outcomes

Included trials were required to report the following effi-
cacy outcomes at 12 weeks from baseline: median per-
centage reduction in focal seizure frequency from baseline
to the treatment period; and percentage achieving a >50%
reduction in focal seizure frequency (responder rate) during
the treatment period.

2.2 Patient Selection

The potential sample consisted of adult patients enrolled in
one of the six randomised, double-blind, phase III efficacy
and safety studies that met the selection criteria (bri-
varacetam trials: NO1252/NCT00490035 [27], NO1253/
NCT00464269 [28] and NO1358/NCTO01261325 [29];
levetiracetam trials: NO51 [30], N132 [31] and N138 [32]).
Consistent enrolment criteria were applied across popula-
tions for the current analysis (Table 1).

This study included patients in the intent-to-treat (ITT)
populations, i.e. those who were randomised and received
at least one dose of the study medication, as reported in the
original trials. Common criteria for patient inclusion were
as follows: (1) aged 16-65 years; (2) well-characterised
focal epilepsy, with or without secondary generalization;
(3) uncontrolled focal seizures while on a stable dose of
one to three concomitant AEDs; (4) randomised to treat-
ment with placebo or approved brivaracetam/levetiracetam
dosages; and (5) four or more focal seizures averaged over
28 days during the baseline period.

Common criteria for patient exclusion were as follows:
(1) a diagnosis of primary generalised epilepsy; (2) seizure
clusters prior to study entry or during the baseline period;
or (3) taking medications that influenced the central ner-
vous system. In addition, patients with status epilepticus in
the 12 months prior to randomisation (or at any time in trial
NO51 [30]) were excluded, and patients receiving con-
comitant levetiracetam were excluded from brivaracetam
trials NO1252 [27] and NO1253 [28].

2.3 Study Design and Outcomes
The populations for analysis were pooled across trials by
drug. Patient characteristics were assessed during the

baseline period. For levetiracetam trials N132 [31] and
N138 [32], the baseline period was defined as the 8 weeks
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prior to randomisation, which created an 8-week baseline
period consistent with the other four trials. AED history
was not analysed, as it was assessed over different time
horizons across the trials. The treatment period was defined
as the 12 weeks after randomisation. Efficacy outcomes in
the placebo-treated patients were assessed from randomi-
sation to Week 12 of the treatment period (which, for
levetiracetam trials, included a titration period). Leve-
tiracetam trial N132 [31] did not have a Week 12 visit;
therefore, the average of the assessments for Weeks 10—14
was used in place of these data. Efficacy outcomes inclu-
ded median percentage reduction from baseline in focal
seizure frequency (averaged over 28 days), and >50%
responder rate (defined as the percentage of patients who
achieved >50% reduction in focal seizure frequency from
baseline to the first 12 weeks of the treatment period).

2.4 Statistical Analyses

Baseline characteristics were compared using chi-squared
tests for binary variables and ¢ tests for continuous vari-
ables. Propensity score weighting was used to adjust for
potentially confounding baseline characteristics between
the brivaracetam and levetiracetam trial populations not
accounted for by use of consistent inclusion/exclusion
criteria and assessment of outcomes over the same time
period. The propensity for enrolment in the brivaracetam
versus levetiracetam trials was estimated using a multi-
variate logistic regression model, where baseline charac-
teristics were independent variables. Several propensity
score models were evaluated for model fit (e.g. defining
variables as continuous versus categorical, such as the
current number of AEDs, and including anxiety and
depression in the models) and the model with the best fit
was selected. Model fit (i.e. calibration) was assessed using
the Hosmer-Lemeshow goodness-of-fit test [33]; overlap
in the propensity score distributions was also assessed to
avoid extrapolation. Patients were weighted by their
inverse propensity score. Following weighting, brivarac-
etam/levetiracetam population balance was assessed by
comparing baseline characteristics between the weighted
populations. The Hosmer-Lemeshow goodness-of-fit test,
assessment of overlap in brivaracetam and levetiracetam
propensity scores, and a comparison of differences of post-
weighting baseline characteristics were used to assess
weighting success.

Means with standard deviations (SDs), and medians and
percentages with 95% confidence intervals (ClIs) were
reported. Medians were compared using quantile regres-
sions; significance was denoted at p < 0.05. Statistical
analyses were conducted in STATA® 13 (StataCorp LP,
College Station, TX, USA) software.

3 Results

The analysis included 1832 patients, composed of 707 and
473 active drug and 399 and 253 placebo in adjunctive
brivaracetam and levetiracetam trials, respectively
(Table 1) [27-32]. Among the levetiracetam trials, 35.1%
of patients were located in North America, 46.4% in
Western Europe and 18.5% in Eastern Europe (ESM
Online Resource 2). Among the brivaracetam trials, 29.1%
of patients were in North America, 27.4% in Western
Europe, 23.7% in Eastern Europe, 13.2% in Asia and 6.4%
in another region (‘Other’).

Prior to weighting, brivaracetam and levetiracetam trial
patients had several significantly different baseline char-
acteristics, including demographics (age, race, region and
height), seizure type and frequency [focal seizures secon-
darily generalised (Type IC seizures) and median number
of focal seizures/28 days], epilepsy history (the age at
onset of first seizures and vagal nerve stimulation), number
of concomitant AEDs (one/two AEDs), co-morbid anxiety,
co-morbid depression and aetiology (Tables 2, 3). Specif-
ically, a smaller proportion of brivaracetam trial patients
were Caucasian than levetiracetam trial patients (73 vs.
95%, respectively; p < 0.01), brivaracetam trial patients
had more concomitant AEDs on average [1.80 (SD 0.49)
vs. 1.56 (0.56); p < 0.01], and more brivaracetam patients
received vagal nerve stimulation (6 vs. 0%; p < 0.01;
Table 2). Fewer levetiracetam than brivaracetam trial
patients had co-morbid anxiety (2 vs. 8%, respectively) or
co-morbid depression (7 vs. 14%; both p < 0.01) or evi-
dence of a structural lesion (31 vs. 36%; p < 0.05) at
baseline (Table 2). A lower proportion of brivaracetam
than levetiracetam trial patients had Type IB seizures at
baseline (82 vs. 91%, respectively; p < 0.01), but a higher
proportion had Type IA (38 vs. 33%) and IC (30 vs. 26%;
both p < 0.05; Table 3). In addition, mean baseline Type
IC seizure frequency/28 days were greater for brivaracetam
than for levetiracetam trial patients [1.46 (SD 3.95) vs. 1.01
(35.55), respectively], as was median baseline focal seizure
frequency/28 days [9.59 (range 5.82-22.30) vs. 9.64
(6.43-19.31); both p < 0.01; Table 3]. Before weighting,
median percentage reduction from baseline in focal seizure
frequency was 21.7% (95% CI 14.8-28.7) for brivaracetam
and 3.9% (2.7 to 10.5) for levetiracetam trial placebo arm
patients (Fig. 1), and >50% responder rates were 22.0%
(16.7-28.4) and 9.5% (6.4-13.9), respectively (both
p < 0.001; Fig. 2).

The baseline characteristics included in the propensity
score model are indicated using a superscripted letter ‘a’ in
Tables 2 and 3. These included demographics (age, weight,
height, race, sex, region), epilepsy history [duration of
epilepsy (years), age at seizure onset], number of
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Table 2 Patient demographics and baseline characteristics before and after weighting (pooled active and placebo arms)

Before weighting

After weighting

Pooled BRV Pooled LEV Pooled BRV Pooled LEV
(n = 1106) (n = 726) (n = 1106) (n = 726)
Patient demographic/baseline characteristic
Age® (years) [mean (SD)] 38.7 (12.9) 36.8" (11.2) 37.8 (13.0) 38.2 (11.5)
Weight” (kg) [mean (SD)] 74.1 (18.5) 73.4 (16.0) 73.9 (18.1) 75.1 (17.7)
Height* (cm) [mean (SD)] 167.5 (9.5) 169.4™ (10.1) 168.0 (9.8) 168.2 (9.7)
Male* (%) 49 52 49 46
Caucasian® (%) 73 95™ 81 79
Region® (%)
North America 29 35" 34 39
Other 71 65" 66 61
History of epilepsy
Duration of epilepsy® (years) [mean 22.7 (13.3) 22.8 (12.0) 22.5 (13.2) 21.6 (12.4)
(SD)]
Age at onset of first seizures” [mean 16.4 (13.5) 14.4™ (11.8) 15.8 (13.1) 17.0 (13.2)
(SD)]
Percent of life with epilepsy [mean (SD)] 59.0 (28.0) 61.5 (26.5) 59.6 (27.9) 57.0 (27.7)
Vagal nerve stimulation (%) 6 0 6 0
Patients with 1 to >3 concomitant AEDs* (%)
1 24 47" 33 31
2 72 50" 63 66
3 4 3 3 3
>3 0 0 0 0
Number of concomitant AEDs [mean 1.80 (0.49) 1.56™" (0.56) 1.71 (0.53) 1.73 (0.52)
(SD)]
Co-morbidities (%)
Anxiety disorders 8 2™ 10 1
Depressive disorders 14 7 16 8"
Aetiology® (%)
Potential structural lesion” 36 317 34 35

AED antiepileptic drug, BRV brivaracetam, LEV levetiracetam, SD standard deviation

* p <0.05, ** p < 0.01 for pooled BRV and pooled LEV
? Variables included in the weighting

® Potential structural lesions were identified post hoc based on aetiology entered in case report forms

concomitant AEDs, presence of a potential structural
lesion, type of baseline seizures and median baseline focal
seizure frequency/28 days. Co-morbid depression and co-
morbid anxiety were not included in the model to improve
the fit. The model demonstrated good fit with no evidence
of poor calibration, based on the non-significant result from
the Hosmer-Lemeshow goodness-of-fit test (p = 0.20).
After weighting, patient demographics and baseline
characteristics and baseline seizure profiles (Table 3)
appeared similar for pooled brivaracetam and levetiracetam
trial populations, with the exception of vagal nerve stim-
ulation (6 vs. 0%, respectively; p < 0.01), co-morbid
depression and co-morbid anxiety. However, the median
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percentage reduction in focal seizure frequency in placebo-
treated patients from brivaracetam and levetiracetam trials
remained different after weighting [15% (95% CI
10.2-19.8) vs. 6.0% (1.7-10.4); p < 0.05], with placebo
response 2.5 times higher among patients in brivaracetam
versus levetiracetam trials compared with 5.6 times higher
before weighting (Fig. 1). After weighting, the difference
in >50% responder rates in placebo-treated patients from
brivaracetam and levetiracetam trials was somewhat
reduced [16.3% (95% CI 11.1-23.4) vs. 12.3% (5.7-24.4);
p = 0.56], with placebo response 1.3 times higher in bri-
varacetam versus levetiracetam trials, compared with 2.3
times higher before weighting (Fig. 2).
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Table 3 Patient baseline seizure profile before and after weighting (pooled active and placebo arms)

Before weighting

After weighting

Pooled BRV Pooled LEV Pooled BRV Pooled LEV
(n = 1106) (n = 726) (n = 1106) (n = 726)
Baseline seizures by type” (%)
Simple partial seizures (IA) 38 38 42
Complex partial seizures (IB) 82 ** 85 85
Partial seizures secondarily generalises 30 ) 29 30

a0
Baseline seizure frequency/28 days by type [mean (SD)]
11.33 (41.96)
12.93 (31.51)
1.46 (3.95)

Simple partial seizures (IA)
Complex partial seizures (IB)

Partial seizures secondarily generalises
Ic

Baseline focal (partial-onset) seizure frequency/28 days
Mean (SD) 25.73 (54.25)
Median [Q1, Q3]* 9.59 [5.82, 22.30]

24.89 (58.49)
9.64™ [6.43, 19.31]

8.90 (43.06) 10.35 (39.00) 10.82 (47.70)
14.92 (35.55) 12.95 (30.12) 12.88 (30.94)
1.01™ 3.27) 1.26 (3.57) 1.05 (3.17)

24.57 (51.64)
9.88 [6.05, 21.00]

24.81 (58.84)
9.78 [5.81, 19.50]

BRYV brivaracetam, LEV levetiracetam, Q1/Q3 first/third quartile, SD standard deviation

*p < 0.05, ¥ p < 0.01 for pooled BRV and pooled LEV

* Variables included in the weighting

40 M BRYV trials, placebo- W LEV trials, placebo-
“:’ treated patients treated patients
% w
by
8 S 304
£
68 201
0T
So
S o
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=5 10
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]
3_ S 21.7% 3.9% 15.0% 6.0%
c o 0
© N
T £
7]
=

-10 -

Before weighting After weighting

Fig. 1 Median percentage reduction from baseline in focal seizure
frequency/28 days in placebo-treated patients, for brivaracetam and
levetiracetam trials. Error bars represent 95% confidence intervals.
BRYV brivaracetam, LEV levetiracetam

4 Discussion

This study tested the possibility of using the MAIC method
to compare the efficacy of adjunctive brivaracetam and
levetiracetam across clinical trials. We compared placebo-
treated brivaracetam and levetiracetam trial arms following
propensity score weighting used to generate comparable
patient groups at baseline. The results of the MAIC showed
that weighting mitigated only approximately half the dif-
ference in placebo response between brivaracetam and
levetiracetam trial patients. After adjustment, median

40 7 W BRYV trials, placebo-

treated patients

W LEV trials, placebo-
treated patients

30 1

% responder rate (%)

>50

10 A

22.0% 9.5% 16.3% 12.3%

Before weighting After weighting

Fig. 2 >50% responder rates in placebo-treated patients enrolled in
brivaracetam and levetiracetam trials. Error bars represent 95%
confidence intervals. BRV brivaracetam, LEV levetiracetam

percentage reduction in seizure frequency and >50%
responder rates in the placebo arm for brivaracetam
remained 2.5 and 1.3 times higher, respectively, than for
levetiracetam. Thus, the MAIC methodology did not suc-
cessfully balance placebo response across these adjunctive
trials, bringing into question the validity of using indirect
comparisons to assess AED efficacy using trials from dif-
ferent eras, especially when no attempt is made to adjust
for heterogeneity.

These conclusions are consistent with those of prior
indirect comparisons of adjunctive AED trial data applying
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similar techniques. A study by Rheims et al. [20] evaluated
63 randomised clinical trials (RCTs) of 20 adjunctive
AEDs and reported that both AED and placebo responder
rates have increased over the years, doubling between 1989
and 2009. The trend remained significant only for placebo
responders after linear regression, and was associated with
a non-significant trend of lowered active arm response.
Rheims et al. [20] hypothesised that differing or changing
patient characteristics over time may contribute to this
parallel increase in response. Similar trends have been
noted for RCTs of bipolar mania [34], major depression
[35, 36] and schizophrenia [37]. Conversely, a 2010 ran-
dom effects meta-analysis of 27 adjunctive AED trials
reported a non-significant response rate increase over time
(p = 0.064), and found no significant correlation of pla-
cebo response rate with active arm response rate or base-
line median seizure frequency [38].

While increasing response rates to placebo have been
observed in recent adjunctive AED RCTs in adults with
epilepsy, compared to prior eras [38], there exists a wide
variation in placebo responder rates even between trials
close in time. RCTs of AEDs for refractory focal seizures
published in 2008-2010 had rates that varied from 9.9 to
39% [21, 22]. Additionally, greater treatment arm respon-
der rates have been noted in trials with longer evaluation
periods [20].

Many potential explanations exist for heterogeneity
across adjunctive AED trials, including chance, more
reliable AED intake in later years [39], regression to the
mean or the natural history of epilepsy [40], observer bias,
length of the trial and >12-week versus <12-week follow-
up periods (longer are more likely to confirm extended
efficacy), or the geographic location of trial [41-43]. In
addition to general patient bias and/or desire to remain in
the trial, patients in poorer countries may have further
incentive to stay in the trial or report improvements to
receive care [44]. Similarly, receiving a higher level of care
or a reduction in stress during the trial may influence
patients’ seizure susceptibility [45]. Trial populations have
also changed. Patients in more recent trials have exhibited
higher refractoriness and severity of epilepsy at baseline,
and poorer AED responses are associated with high seizure
frequency and a longer duration of epilepsy [46]. Patients
have more concomitant and lifetime AEDs in recent years,
and the heterogeneity of concomitant AEDs in older versus
more recent trials has been noted [47, 48]. The availability
of AEDs has expanded over time, providing more treat-
ment choice. Thus, newer-generation AEDs have less
chance to show efficacy than older AEDs as they may be
given to drug-resistant patients who have already failed to
respond or lost response to prior AED therapies [49].

Additionally, the characteristics of trials have evolved.
Seizure diaries, a type of patient-reported outcome, have
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transitioned from paper to electronic format [50]. Studies
performed in the 1990s were often conducted at fewer but
more experienced, resource-intensive centres [S51]. A lower
level of recruitment in more recent trials, perhaps due to
more approved therapies and lowered likelihood of trying a
new therapy, may also affect responder rates. Rates of
response may also depend on the ways they are calculated
and over what length of time (e.g. seizure frequency
compared to baseline could be assessed during the main-
tenance or entire treatment period). For patients in placebo,
but not active treatment, arms, responder rates tend to be
higher during the maintenance versus the entire treatment
period [20]. Variation exists on whether ITT basis versus
last observation carried forward [52] is used, although ITT
is preferred by the European Medicines Agency for epi-
lepsy [53]. Furthermore, as the definitions of co-morbidi-
ties or epilepsy aetiology evolve, matching on these
characteristics (in indirect comparisons) becomes more
difficult. Epilepsy is a heterogeneous disorder, which is
reflected in treatment response in clinical trials [54]. The
classification of epilepsy aetiology (and syndromes and
seizure types) is continually evolving under the guidelines
of the International League Against Epilepsy [55].

Other than being separated by 10 years, several addi-
tional important differences existed among trials in the
current analysis. First, historical AED use was assessed
over different time horizons in the brivaracetam and
levetiracetam trials and thus was excluded as a variable in
the propensity score model. Second, there were differing
titration periods: the levetiracetam trials included a titration
period, whereas the brivaracetam trials did not; this is
consistent with their respective labelling. Third, the per-
mitted concomitant use of AEDs varied across trials, which
may impact the efficacy results. Specifically, levetiracetam
trials N132 [31] and NO51 [30], and all three brivaracetam
trials, permitted patients to use one to two concomitant
AEDs, but levetiracetam trial N138 [32] permitted patients
to use only one concomitant AED. On average, levetirac-
etam patients were using fewer concomitant AEDs than
brivaracetam patients. The most commonly used con-
comitant AEDs differed across the trials; common AEDs in
the brivaracetam trials included topiramate, oxcarbazepine
and zonisamide. Conversely, common AEDs in the leve-
tiracetam trials included gabapentin, vigabatrin and prim-
idone. Fourth, the patients in the brivaracetam trials had
alternate epilepsy treatments available, such as vagal nerve
stimulation and epilepsy surgery, which were not as fre-
quently used during the 1990s (levetiracetam trials period).
This is reflected in the current finding that 6% of patients in
brivaracetam trials versus 0% in levetiracetam trials had
received vagal nerve stimulation. Sixth, the studies relied
on self-reporting of seizures, and patient diaries have also
changed over time [50]. Although the present analysis
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adjusted for many of these factors, residual confounding
was still a significant issue, impacting the ability to
effectively compare AED efficacy trials.

In addition to the above differences, the trials were con-
ducted among different regions: the levetiracetam trials were
primarily conducted in the USA and Western Europe whereas
the brivaracetam trials had a more global distribution. Given
the poor overlap, the categories used for region in the
propensity score model were ‘North America’ and ‘Other’. In
order to improve regional overlap between the brivaracetam
and levetiracetam study pools and assure relevance of the
results to clinical practice, studies conducted exclusively in
Asia, where brivaracetam is currently not registered, were
excluded. This led to the exclusion of three levetiracetam
studies for which patient-level data were available: Tsai et al.
[56], recruited in 2000-2002, where placebo showed a median
percentage reduction in seizure frequency of 15.6% (n = 47);
Wu et al. [57], recruited 2004—2005, where placebo showed a
median percentage reduction in seizure frequency of 13.7%
(n = 100); and Inoue et al. [58], recruited 2005-2007, where
placebo showed a median percent reduction in seizure fre-
quency of 12.5% (n = 70). Regional differences in placebo
response have been reported in adjunctive trials of other
AEDs, such as in a phase III study of perampanel by French
et al. [43]. In that study, patients from Latin America were
observed to have a significant treatment-by-region interaction
and necessitated exclusion from the final analysis of efficacy
[43].

Indirect comparisons are commonly used to compare
drug efficacy, and the method used in the current analysis
(MAIC) is a commonly used approach [23-25]. However,
the myriad of both between- and within-trial heterogeneity
issues outlined here may lead to a predictability gap
between AED efficacy in adjunctive trials and AED
effectiveness in clinical practice [59]. Therefore, questions
have been raised about the suitability and generalisability
of indirect comparisons of adjunctive AED clinical trials to
support comparative claims in clinical, guideline and
reimbursement decision-making, undue reliance on which
may “inappropriately limit” patients’ choices based on the
overall average effect on the measured outcomes [54]. As
an example, vigabatrin was reported to be a comparatively
safe and efficacious drug in a network meta-analysis [19], a
finding that would be “[unacceptable] as such by experi-
enced epilepsy clinicians” [49].

The current results indicate a failure of this type of indirect
comparison to properly mitigate placebo response differences
in brivaracetam and levetiracetam trials, suggesting that
indirect comparison methodology may be inappropriate
because the populations are not comparable. Thus, indirect
comparisons of the efficacy of adjunctive brivaracetam and
levetiracetam should be interpreted with caution. Recent
attempts to compare efficacy and tolerability of brivaracetam

and levetiracetam that have found no significant differences in
efficacy [60] may be limited by reliance on placebo anchors
and use of clinical trial as opposed to patient-level data. Given
the findings of the current study, indirect comparisons based
on placebo anchors will not accurately reflect differences in
treatment effects between brivaracetam and levetiracetam,
and studies based on published trials (as opposed to patient
data) may introduce confusion originating from differences
across trials such as differing inclusion and exclusion criteria,
baseline characteristics and assessed outcomes.

5 Limitations

The findings of this study should be interpreted in light of
several limitations. First, propensity score weighting can
only adjust for observed patient baseline characteristics;
there is still potential for residual confounding due to
unobserved differences, which is a main finding of this
work. Only head-to-head randomised trials can avoid this
limitation. Second, the levetiracetam trials included a
titration period, consistent with levetiracetam labelling,
whereas the brivaracetam trials did not. To mimic real-
world clinical decision-making during the first 12 weeks of
treatment, this analysis included the titration period in the
evaluation period for levetiracetam outcomes. Fourth, the
average of the assessments for Weeks 10-14 was used for
levetiracetam trial N132 [31], which may not accurately
reflect the first 12 weeks of treatment. However, differ-
ences are not expected to be substantial. Finally, a small
number of trials (six) met the study selection criteria and
were included in the analysis; thus, the conclusions of this
study apply to this subset of included brivaracetam and
levetiracetam trials. Extrapolation to other trial populations
should be made with caution.

6 Conclusion

This study showed that placebo arm differences in adjunctive
brivaracetam and levetiracetam epilepsy drug trials indicate
the presence of unobserved confounding factors associated
with placebo response. These differences suggest that placebo
arms from different epilepsy trials, particularly those con-
ducted in different eras, should not be assumed to represent
‘common comparator arms’, as required for network meta-
analyses or other anchor-based indirect comparisons. There-
fore, it remains problematic to conduct indirect compar-
isons—whether adjusted, unadjusted or anchor-based—
between brivaracetam and levetiracetam using available trial
data. These findings may also apply to clinical trials of other
AEDs. Approaches should be developed to better account for
the heterogeneous nature of epilepsy and the need for

A\ Adis



908

E. Swallow et al.

individualised patient care in order to have greater value in
healthcare decision-making, particularly when comparing
older and newer treatments.
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