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A B S T R A C T

Background

Lennox-Gastaut syndrome (LGS) is an age-specific epilepsy syndrome characterised by multiple seizure types. LGS has a characteristic
electroencephalogram, an onset before age eight years, and drug resistance.

This is an updated version of the Cochrane Review published in 2013.

Objectives

To assess the efficacy and tolerability of anti-seizure medications (ASMs) for LGS.

Search methods

We searched the Cochrane Register of Studies (CRS Web) and MEDLINE (Ovid, 1946 to 28 February 2020) on 2 March 2020. CRS Web
includes randomised controlled trials (RCTs) or quasi-RCTs from the Cochrane Central Register of Controlled Trials (CENTRAL); the
Specialised Registers of Cochrane Review Groups, including Cochrane Epilepsy; PubMed; Embase; ClinicalTrials.gov; and the World Health
Organization's International Clinical Trials Registry Platform (ICTRP). We imposed no language restrictions. We contacted pharmaceutical
companies and colleagues in the field to seek any unpublished or ongoing studies.

Selection criteria

We considered RCTs, including cross-over trials, of ASMs for LGS in children and adults. We included studies of ASMs used as either
monotherapy or as add-on (adjunctive) therapy. We excluded studies comparing different doses of the same ASM.

Data collection and analysis

We used standard Cochrane methodological procedures, including independent, dual assessment for risk of bias, and applying the GRADE
approach to rate the evidence certainty for outcomes.

Main results

We found no trials of ASM monotherapy. The review included 11 trials (1277 participants; approximately 11 weeks to 112 weeks follow-up
aVer randomisation) using add-on ASMs for LGS in children, adolescents, and adults.

Two studies compared add-on cannabidiol (two doses) with add-on placebo in children, adolescents, and adults. Insufficient information
was provided for calculation of different response rate proportions in all seizures. We found high-certainty evidence that 82 more people
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per 1000 (confidence interval (CI) 19 more to 350 more) had adverse events (AE) leading to study discontinuation with add-on cannabidiol,
compared to add-on placebo (two studies; 396 participants; risk ratio (RR) 6.62, 95% CI 1.56 to 28.15).

One study compared add-on cinromide with add-on placebo in children and adolescents only. We found very low-certainty evidence that 35
more people per 1000 (CI 123 fewer to 434 more) had 50% or greater average reduction of overall seizures with add-on cinromide compared
to add-on placebo (one study; 56 participants; RR 1.15, 95% CI 0.47 to 2.86). This study did not report participants with AE leading to study
discontinuation.

One study compared add-on clobazam (three doses) with add-on placebo. This study did not report overall seizure cessation or reduction.
We found high-certainty evidence that 106 more people per 1000 (CI 0 more to 538 more) had AE leading to study discontinuation with
add-on clobazam compared to add-on placebo (one study; 238 participants; RR 4.12, 95% CI 1.01 to 16.87).

One study compared add-on felbamate with add-on placebo. No cases of seizure cessation occurred in either regimen during the treatment
phase (one study; 73 participants; low-certainty evidence). There was low-certainty evidence that 53 more people per 1000 (CI 19 fewer
to 716 more) with add-on felbamate were seizure-free during an EEG recording at the end of the treatment phase, compared to add-on
placebo (RR 2.92, 95% CI 0.32 to 26.77). The study did not report overall seizure reduction. We found low-certainty evidence that one fewer
person per 1000 (CI 26 fewer to 388 more) with add-on felbamate had AE leading to study discontinuation compared to add-on placebo
(one study, 73 participants; RR 0.97, 95% CI 0.06 to 14.97).

Two studies compared add-on lamotrigine with add-on placebo. Neither study reported overall seizure cessation. We found high-certainty
evidence that 176 more people per 1000 (CI 30 more to 434 more) had ≥ 50% average seizure reduction with add-on lamotrigine compared
to add-on placebo (one study; 167 participants; RR 2.12, 95% CI 1.19 to 3.76). We found low-certainty evidence that 40 fewer people per
1000 (CI 68 fewer to 64 more) had AE leading to study-discontinuation with add-on lamotrigine compared to add-on placebo (one study;
169 participants; RR 0.49, 95% CI 0.13 to 1.82).

Two studies compared add-on rufinamide with add-on placebo. Neither study reported seizure cessation. We found high-certainty
evidence that 202 more people per 1000 (CI 34 to 567 more) had ≥ 50% average seizure reduction (one study; 138 participants; RR 2.84,
95% CI 1.31 to 6.18). We found low-certainty evidence that 105 more people per 1000 (CI 17 fewer to 967 more) had AE leading to study
discontinuation with add-on rufinamide compared to add-on placebo (one study; 59 participants; RR 4.14, 95% CI 0.49 to 34.86). One
study compared add-on rufinamide with another add-on ASM. This study did not report overall seizure cessation or reduction. We found
low-certainty evidence that three fewer people per 1000 (CI 75 fewer to 715 more) had AE leading to study discontinuation with add-on
rufinamide compared to another add-on ASM (one study; 37 participants; RR 0.96, 95% CI 0.10 to 9.57).

One study compared add-on topiramate with add-on placebo. This study did not report overall seizure cessation. We found low-certainty
evidence for ≥ 75% average seizure reduction with add-on topiramate (one study; 98 participants; Peto odds ratio (Peto OR) 8.22, 99% CI
0.60 to 112.62) and little or no difference to AE leading to study discontinuation compared to add-on placebo; no participants experienced
AE leading to study discontinuation (one study; 98 participants; low-certainty evidence).

Authors' conclusions

RCTs of monotherapy and head-to-head comparison of add-on ASMs are currently lacking. However, we found high-certainty evidence
for overall seizure reduction with add-on lamotrigine and rufinamide, with low-certainty evidence for AE leading to study discontinuation
compared with add-on placebo or another add-on ASM. The evidence for other add-on ASMs for overall seizure cessation or reduction was
low to very low with high- to low-certainty evidence for AE leading to study discontinuation.

Future research should consider outcome reporting of overall seizure reduction (applying automated seizure detection devices), impact
on development, cognition and behaviour; future research should also investigate age-specific efficacy of ASMs and target underlying
aetiologies.

P L A I N   L A N G U A G E   S U M M A R Y

Are anti-seizure medications effective and safe treatments for Lennox-Gastaut syndrome?

Why is this question important?

Lennox-Gastaut syndrome (LGS) is a severe type of epilepsy that mainly affects children. The main symptom in LGS is frequent and multiple
types of seizures. Seizures are caused by sudden and uncontrolled surges of abnormal electrical activity in the brain. The seizures are
difficult to treat with anti-seizure medications (ASMs). Many different ASMs are given to try and stop the seizures. Two or three ASMs are
oVen given at the same time, which is known as polypharmacy. It is unclear which medications are most effective. Most people with LGS
also have learning and behavioural difficulties.

How did we identify and evaluate the evidence?

We searched the medical literature for randomised controlled trials (RCTs) analysing the effects of anti-seizure medications (ASMs) for
treating LGS. We included any RCT that compared ASMs, whether as monotherapy or add-on (adjunctive) therapy, with placebo (pretend

Anti-seizure medications for Lennox-Gastaut syndrome (Review)
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treatment), no treatment or another kind of treatment. We then compared the results of the RCTs we found, and summarised the evidence
from all the studies. We rated our confidence in the 'certainty' of evidence, based on factors such as study methods and sizes, and the
consistency of findings across studies.

Study characteristics

This review included 11 trials (1277 participants, including children, adolescents and adults). The trials lasted between about 11 weeks and
112 weeks aVer randomisation. None of the included trials compared one ASM on its own with another treatment. Two trials compared
add-on cannabidiol regimens (cannabis-based medicine) with add-on placebo regimens (396 children, adolescents and adults ). One trial
compared an add-on cinromide regimen with an add-on placebo regimen (56 children and adolescents only). One trial compared an
add-on clobazam regimen with an add-on placebo regimen (238 participants). One trial compared an add-on felbamate regimen with
an add-on placebo regimen (73 participants). Two trials compared add-on lamotrigine regimens with add-on placebo regimens (186
participants). Two trials compared add-on rufinamide regimens with add-on placebo regimens (197 participants). One trial compared an
add-on rufinamide regimen with another ASM regimen (37 participants). One trial compared an add-on topiramate regimen with an add-
on placebo regimen (98 participants).

Most of the evidence in this review related to people from middle- or high-income countries and, where reported, participants of white
ethnicity.

Results and certainty of the evidence

We found high-certainty evidence that add-on lamotrigine increased the number of participants with at least 50% reduction in the average
number of reported seizures. We also found low-certainty evidence that add-on lamotrigine may have reduced the number of participants
with adverse events leading to study discontinuation when compared to add-on placebo.

We found high-certainty evidence that add-on rufinamide increased the number of participants with at least 50% reduction in the average
number of reported seizures, when compared with add-on placebo. We also found low-certainty evidence that add-on rufinamide may
have little or no difference in effect, compared to add-on placebo or another unspecified ASM, on reduction of the number of participants
with adverse events leading to study discontinuation.

Add-on topiramate may have increased the number of participants with at least 75% reduction in the average number of reported seizures,
and probably made little or no difference to the number of adverse events leading to study discontinuation, when compared to add-on
placebo (low-certainty evidence).

Add-on felbamate (treatment phase) may have made little or no difference in terms of reported seizure freedom and adverse events leading
to study discontinuation when compared to add-on placebo (low-certainty evidence). However, we found that when seizures were recorded
in a research setting, add-on felbamate may have increased seizure freedom compared to add-on placebo (low-certainty evidence).

We remain uncertain whether other add-on drug therapies, including cannabidiol, cinromide and clobazam, reduced all types of seizures
because this outcome was not reported or had very low-certainty evidence. We found high-certainty evidence that add-on cannabidiol
and add-on clobazam increased the number of participants with adverse events leading to study discontinuation, when compared to add-
on placebo. We did not find any evidence for adverse events leading to study discontinuation in the comparison of add-on cinromide with
add-on placebo.

The evidence is current to March 2020.

Anti-seizure medications for Lennox-Gastaut syndrome (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Cannabidiol (10 mg/kg and 20 mg/kg) plus ASMs compared to placebo plus ASMs

Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
Setting: multi-centre, high-income countries
Intervention: cannabidiol (10mg/kg and 20mg/kg) + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with

placebo +

ASMs

Risk with

cannabidiol +

ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments

Number of participants free
from all seizures follow up:
after 14 weeks' treatment
(titration and maintenance)

see comment see comment not estimable see comment see comment No studies measured this outcome. No par-
ticipants were free from drop seizures (one
study; 225 participants) Analysis 1.1

Number of participants
with ≥ 75% reduction in all
seizures

follow-up: after 14 weeks'
treatment (titration and
maintenance)

see comment see comment not estimable see comment see comment No studies measured this outcome. Num-
ber of participants with ≥ 75% reduction in
drop seizures: RR 3.51 (95% CI 1.24 to 9.92)
in favour of the cannabidiol regimen (two
studies; 396 participants) Analysis 1.2.

Number of participants
with ≥ 50% reduction in all
seizures

follow-up: after 14 weeks'
treatment (titration and
maintenance)

see comment see comment not estimable see comment see comment No studies measured this outcome. Num-
ber of participants with ≥ 50% reduction in
drop seizures: RR 2.12 (95% CI 1.48 to 3.03)
in favour of the cannabidiol regimen (two
studies; 396 participants; Analysis 1.3).

Study populationNumber of participants with
adverse events leading to
study discontinuation
follow-up: after 19 weeks

12 per 1000 82 per 1000
(19 to 350)

RR 6.62
(1.56 to 28.15)

396
(2 RCTs)

⊕⊕⊕⊕
HIGH

Intervention in Devinsky 2018 involved two
doses of cannabidiol (10 mg/kg and 20 mg/
kg); 6 of the 7 adverse events leading to
study discontinuation occurred in the high-
er dose group; intervention in Thiele 2018
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also involved the higher dose of cannabidiol
(20 mg/kg).

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

ASM: anti-seizure medication; CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

 
 

Summary of findings 2.   Cinromide plus ASMs compared to placebo plus ASMs

Cinromide + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age1

Setting: USA
Intervention: cinromide + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with

placebo +

ASMs

Risk with cin-

romide + ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments

Study populationNumber of participants free from all seizures
follow-up: after 18 weeks' treatment (titration and
maintenance) 0 per 1000 0 per 1000

(0 to 0)

not estimable 56
(1 RCT)

⊕⊝⊝⊝

VERY LOW2,3

 

Study populationNumber of participants with ≥ 75% reduction in mean
weekly seizures
follow-up: after 18 weeks' treatment (titration and
maintenance)

see comment see comment

Peto OR 9.35
(0.45 to 194.96)

56
(1 RCT)

⊕⊝⊝⊝

VERY LOW2,4

Cinromide +
ASMs: 3/26 par-
ticipants;

placebo + ASMs:
0/30 partici-
pants.

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.

In
fo

rm
e

d
 d

e
cisio

n
s.

B
e

tte
r h

e
a

lth
.

  

C
o

ch
ran

e D
atab

ase o
f S

ystem
atic R

eview
s



A
n

ti-se
izu

re
 m

e
d

ica
tio

n
s fo

r L
e

n
n

o
x

-G
a

sta
u

t sy
n

d
ro

m
e

 (R
e

v
ie

w
)

C
o

p
yrigh

t ©
 2022 T

h
e C

o
ch

ran
e C

o
llab

o
ratio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
iley &

 S
o

n
s, Ltd

.

6

Study population  Number of participants with ≥ 50% reduction in mean
weekly seizures
follow-up: after 18 weeks' treatment (titration and
maintenance)

233 per 1000 268 per 1000
(110 to 667)

RR 1.15
(0.47 to 2.86)

56
(1 RCT)

⊕⊝⊝⊝

VERY LOW2,4

Number of participants with adverse events leading to
study discontinuation

follow-up: after 18 weeks

see comment see comment not estimable see comment see comment No studies
measured this
outcome.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

ASM: anti-seizure medication; CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio; PetoOR: Petoodds ratio.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1The evidence for this comparison included children and adolescents only.
2Downgraded twice for study limitations because there was a high risk of bias from incomplete data (study terminated prematurely).
3Downgraded twice for imprecision because the study was not powered to detect a between-group difference in zero event outcomes.
4Downgraded twice for imprecision because the effect estimate has a very wide confidence interval.
 
 

Summary of findings 3.   Clobazam (low, medium and high doses) plus ASMs compared to placebo plus ASMs

Clobazam (low, medium and high doses) + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
Setting: multi-centre, high-income countries and one middle-income country
Intervention: clobazam (low, medium and high doses) + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with

placebo +

ASMs

Risk with

clobazam +

ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments
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Number of participants free from all
seizures

follow-up: "from the 4-week baseline
period to the 12-week maintenance pe-
riod" (with 3 weeks titration)

see comment see comment not estimable see comment see comment No studies measured this out-
come. Number of participants
free from drop seizures: RR 4.10
(95% CI 1.00 to 16.83) in favour
of the clobazam regimen (1
study; 217 participants) Analy-
sis 3.1.

Number of participants with ≥ 75% re-
duction in all seizures

follow-up: "from the 4-week baseline
period to the 12-week maintenance pe-
riod" (with 3 weeks titration)

see comment see comment not estimable see comment see comment No studies measured this out-
come.

Number of participants with ≥ 50% re-
duction in all seizures

follow-up: "from the 4-week baseline
period to the 12-week maintenance pe-
riod" (with 3 weeks titration)

see comment see comment not estimable see comment see comment No studies measured this out-
come.

Study populationNumber of participants with adverse
events leading to study discontinuation
follow-up: 22 weeks (after baseline,
titration, maintenance and tapering)

34 per 1000 140 per 1000
(34 to 572)

RR 4.12
(1.01 to 16.87)

238
(1 RCT)

⊕⊕⊕⊕
HIGH

Intervention in Ng 2011 in-
volved three doses of clobazam
(low, medium, high) and study
authors state that "A dosage re-
lated trend was observed for
the overall incidence of [ad-
verse events] leading to discon-
tinuation."

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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Summary of findings 4.   Felbamate plus ASMs compared to placebo plus ASMs

Felbamate + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
Setting: USA
Intervention: felbamate + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with

placebo +

ASMs

Risk with fel-

bamate + ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments

Study population  Number of participants free from all seizures
(recorded by closed-circuit television and electroen-
cephalography) -
follow-up: after the treatment phase, which "con-
sisted of a 14-day titration period and a 56-day main-
tenance period"

28 per 1000 81 per 1000
(9 to 744)

RR 2.92
(0.32 to 26.77)

73
(1 RCT)

⊕⊕⊝⊝

LOW1

Study populationNumber of participants free from all seizures
follow-up: after the treatment phase, which "con-
sisted of a 14-day titration period and a 56-day main-
tenance period"

0 per 1000 0 per 1000
(0 to 0)

not estimable 73
(1 RCT)

⊕⊕⊝⊝

LOW2

 

Number of participants with ≥ 75% reduction in all
seizures

follow-up: after the treatment phase, which "con-
sisted of a 14-day titration period and a 56-day main-
tenance period"

see comment see comment not estimable see comment see comment No studies mea-
sured this out-
come.

Number of participants with ≥ 50% reduction in all
seizures

follow-up: after the treatment phase, which "con-
sisted of a 14-day titration period and a 56-day main-
tenance period"

see comment see comment not estimable see comment see comment According to a ret-
rospective analy-
sis "Approximate-
ly 50% of patients
randomised to FBM
obtained at least
a 50% reduction
in seizure frequen-
cy compared with
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about 15% receiv-
ing placebo."

Study populationNumber of participants with adverse events leading
to study discontinuation
follow up: after 14 weeks 28 per 1000 27 per 1000

(2 to 416)

RR 0.97
(0.06 to 14.97)

73
(1 RCT)

⊕⊕⊝⊝

LOW1

 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

ASM: anti-seizure medication; CI: confidence interval;FBM: felbamate; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1Downgraded twice for imprecision because the effect estimate has a very wide confidence interval.
2Downgraded twice for imprecision because the study was not powered to detect a between-group difference in zero event outcomes.
 
 

Summary of findings 5.   Lamotrigine plus ASMs compared to placebo plus ASMs

Lamotrigine + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
Setting: multi-centre
Intervention: lamotrigine + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects* (95%

CI)

Outcomes

Risk with

placebo +

ASMs

Risk with lamot-

rigine + ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments

Number of participants free from all seizures

follow-up: after 16 weeks' treatment

see comment see comment not estimable see comment see comment No studies
measured this
outcome.
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0

Number of participants with ≥ 75% reduction in all
seizures

follow-up: after 16 weeks' treatment

see comment see comment not estimable see comment see comment No studies
measured this
outcome.

Study population  Number of participants with ≥ 50% median reduc-
tion in all seizures
follow-up: after 16 weeks' treatment 157 per 1000 333 per 1000

(187 to 591)

RR 2.12
(1.19 to 3.76)

167
(1 RCT)

⊕⊕⊕⊕
HIGH

Study population  Number of participants with adverse events leading
to study discontinuation
follow-up: after 20 weeks 78 per 1000 38 per 1000

(10 to 142)

RR 0.49
(0.13 to 1.82)

169
(1 RCT)

⊕⊕⊝⊝

LOW1

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

ASM: anti-seizure medication; CI: confidence interval;RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1Downgraded twice because the effect estimate has a very wide confidence interval.
 
 

Summary of findings 6.   Rufinamide plus ASMs compared to placebo plus ASMs

Rufinamide + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
Setting: multi-centre, high-income countries and one middle-income country
Intervention: rufinamide + ASMs
Comparison: placebo + ASMs

Outcomes Anticipated absolute effects*

(95% CI)

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments
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1

Risk with

placebo +

ASMs

Risk with rufi-

namide + ASMs

Number of participants free from all seizures

follow-up: after 84 days/12 weeks' treatment (titration
and maintenance)

see comment see comment not estimable see comment see comment No studies
measured this
outcome.

Number of participants with ≥ 75% reduction in all
seizures

follow-up: after 84 days/12 weeks' treatment (titration
and maintenance)

see comment see comment not estimable see comment see comment No studies
measured this
outcome.

Study population  Number of participants with ≥ 50% reduction in all
seizures
follow-up: after 84 days/12 weeks' treatment (titration
and maintenance)

109 per 1000 311 per 1000
(143 to 676)

RR 2.84
(1.31 to 6.18)

138
(1 RCT)

⊕⊕⊕⊕
HIGH

Number of participants with adverse events leading to
study discontinuation

follow-up: after 12 weeks

33 per 1000 138 per 1000

(16 to 1,000)

RR 4.14 (0.49 to
34.86)

59 (1 RCT) ⊕⊕⊝⊝

LOW1

 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

ASM: anti-seizure medication; CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1Downgraded twice because the effect estimate has a very wide confidence interval.
 
 

Summary of findings 7.   Rufinamide plus ASMs compared to other ASM plus ASMs

Rufinamide + ASMs compared to other ASM + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
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2

Setting: multi-centre, high-income countries
Intervention: rufinamide + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with

placebo +

ASMs

Risk with rufi-

namide + ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments

Number of participants free from all seizures

follow-up: after 106 weeks' treatment (titration and
maintenance)

see comments see comments not estimable see comments see comments No studies
measured this
outcome.

Number of participants with ≥ 75% reduction in all
seizures

follow-up: after 106 weeks' treatment (titration and
maintenance)

see comments see comments not estimable see comments see comments No studies
measured this
outcome.

Number of participants with ≥ 50% reduction in all
seizures

follow-up: after 106 weeks' treatment (titration and
maintenance)

see comments see comments not estimable see comments see comments No studies
measured this
outcome.

Study population  Number of participants with treatment-emergent ad-
verse events leading to study discontinuation
follow-up: after 112 weeks 83 per 1000 80 per 1000

(8 to 798)

RR 0.96
(0.10 to 9.57)

37
(1 RCT)

⊕⊕⊝⊝

LOW1

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

ASM: anti-seizure medication; CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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1Downgraded twice because the effect estimate has a very wide confidence interval.
 
 

Summary of findings 8.   Topiramate plus ASMs compared to placebo plus ASMs

Topiramate + ASMs compared to placebo + ASMs

Patient or population: Lennox-Gastaut syndrome, any age
Setting: multi-centre, USA
Intervention: topiramate + ASMs
Comparison: placebo + ASMs

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with

placebo +

ASMs

Risk with Topi-

ramate+ ASMs

Relative effect

(95% CI)

№ of partici-

pants

(studies)

Certainty of

the evidence

(GRADE)

Comments

Number of participants free from all seizures

follow-up: after 11 weeks' treatment (titration and
maintenance)

see comment see comment not estimable see comment see comment No studies mea-
sured this out-
come.

Study populationNumber of participants with ≥ 75% reduction in all
seizures
follow-up: after 11 weeks' treatment (titration and
maintenance)

see comment see comment

Peto OR 8.22
(0.60 to 112.62)

98
(1 RCT)

⊕⊕⊝⊝

LOW1

Topiramate +
ASMs: 4/48 partici-
pants;

placebo + ASMs:
0/50 participants.

Number of participants with ≥ 50% reduction in all
seizures

follow-up: after 11 weeks' treatment (titration and
maintenance)

see comment see comment not estimable see comment see comment No studies mea-
sured this out-
come.

Study populationNumber of participants with adverse events leading
to study discontinuation
follow-up: after 11 weeks 0 per 1000 0 per 1000

(0 to 0)

not estimable 98
(1 RCT)

⊕⊕⊝⊝

LOW2

 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
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ASM: anti-seizure medication; CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1Downgraded twice because the effect estimate has a very wide confidence interval.
2Downgraded twice because the study was not powered to detect a between-group difference in zero event outcomes.
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B A C K G R O U N D

Description of the condition

This is an updated version of the Cochrane Review published in
2013 (Hancock 2013).

Lennox-Gastaut Syndrome (LGS) is a severe chronic epilepsy
syndrome with onset in early childhood (seizure onset between one
and seven years of age, with a peak age of onset at three to five
years) (ILAE 1989; ILAE 2020). The disorder commonly persists, with
drug-resistant seizures throughout life (Arzimanoglou 2009).

People with LGS oVen have ongoing care needs into adulthood
because of significant comorbidities, including cognitive,
behavioural, and motor impairments. Along with the drug-resistant
seizures, associated severe behavioural and psychiatric disorders
can be particularly challenging to manage clinically, as well as by
the person living with LGS, their families and caregivers. In addition
to the consequences of the underlying aetiology, LGS is regarded
as a developmental and epileptic encephalopathy, a concept that
refers to the adverse and disruptive impact of frequent epileptiform
activity on cerebral activity, even in the absence of clinical seizures.

LGS represents approximately 3% to 5% of all childhood onset
epilepsies. In population-based childhood epilepsy incidence
cohorts, only up to 0.9% of patients are identified with LGS
when epilepsy is diagnosed; other defining characteristics such as
multiple seizure types and electroencephalogram (EEG) features
evolve over time (Berg 1999; Berg 2018; Callenbach 1998; Wirrell
2011). The prevalence of LGS was estimated at 26 per 100,000
in a regional US study (Trevathan 1997). This syndrome presents
with multiple seizure types and in some people, follows initial
presentation with infantile spasms. For three in ten people, LGS
may evolve following the initial presentation in infancy with West
syndrome (infantile spasms) or Ohtahara syndrome (Cross 2017).
However, there are also cases of late-onset LGS with seizure onset
aVer the age of 10 years, in adolescence and adulthood (Smith
2018).

Underlying aetiologies, identified in 60% to 75% of patients
with LGS, are diverse, and include developmental structural
brain abnormalities, chromosomal derangements, monogenetic
conditions, and less frequently, metabolic disorders and acquired
brain insults (e.g. perinatal hypoxic-ischaemic brain injuries,
perinatal CNS infections) (Asadi-Pooya 2018). The diagnosis of
LGS in early childhood can be challenging due to the overlap in
clinical presentation with other epileptic syndromes, especially
epilepsy with myoclonic-atonic seizures’ (Cross 2017; Eschbach
2018; Kaminska 1999).

The occurrence of tonic seizures is mandatory for the diagnosis of
LGS (ILAE 2020). While atypical absence seizures are the second
most characteristic seizure type in LGS, other observed seizure
types also include generalised tonic-clonic, atonic, myoclonic,
myoclonic-atonic, focal seizures, and epileptic spasms (Crespel
2019). The EEG features that form part of the fully evolved electro-
clinical syndrome are slow spike-wave discharges (< 2.5 Hz) and
generalised paroxysmal fast activity in slow wave sleep. Prolonged
periods of obtundation or episodes of non-convulsive status
epilepticus are other common epilepsy manifestations interfering
with cognitive and developmental function. These episodes and
injuries sustained with seizures can have a negative impact on the

quality of life as well as increase mortality risk (Autry 2010; Berg
2018).

Description of the intervention

Eligible interventions included any type of anti-seizure medication
(ASM) as either monotherapy or add-on (adjunctive) therapy.

How the intervention might work

ASMs provide symptomatic treatment with the intent to suppress
seizure generation. To date, there is no evidence that ASMs can
achieve disease modification and prevent the development of
drug-resistant seizures. Cellular targets for ASMs, in general, include
voltage-gated ion channels, receptors enhancing GABA inhibition
or inhibit excitation mediated by glutamate receptors (Rogawski
2016). The anti-seizure effects of cannabidiol are proposed to be
mediated by interaction with diverse molecular targets including
G protein-coupled receptor-55 (GPR55-antagonist), transient
receptor potential vanilloid 1 (TRPV1- activation) channels and
adenosine 2A2 receptors (Alves 2020, Lattanzi 2020). Cinromide

(3 brono-N-ethylcinnamide), an experimental agent, showed its
anti-seizure effect in animal models, through a mechanism of
action that is not well understood (Group for the Evaluation of
Cinromide 1989). Felbamate (FBM) inhibits glycine-enhanced N-
methyl-D-aspartate (NMDA)-induced intracellular calcium currents,
and at high concentrations, potentiates GABA responses and
inhibits excitatory NMDA responses (Shorvon 2010). Clobazam
enhances the inhibitory effects of GABA, binding to benzodiazepine
receptors at the GABAA ligand-gated chloride channel complex and

boosting chloride conductance through GABA-regulated channels
(Trinka 2015, Brigo 2021). Lamotrigine acts as a use-dependent
blocker of voltage-sensitive sodium channels, interacts with the
open-channel conformation of voltage-sensitive sodium channels,
interacts at a specific site of the alpha pore-forming subunit
of voltage-sensitive sodium channels, and inhibits the release
of glutamate (Shorvon 2010). Rufinamide acts as a blocker of
voltage-sensitive sodium channels and prevents sodium channels
from returning to an activated state, thereby preventing the
generation of sustained bursts of high-frequency action potentials
(Shorvon 2010). Topiramate has multiple mechanisms of action:
it enhances GABA-mediated inhibition, inhibits voltage-dependent
sodium channels, enhances potassium channel conduction; it also
inhibits L-type high voltage-activated calcium channels, decreases
glutamate-mediated excitatory neurotransmission, and can inhibit
carbonic anhydrase (Shorvon 2010).

Why it is important to do this review

LGS is complex and one of the most medically refractory epilepsy
syndromes. It impacts on individuals' learning, development and
mental well-being, as well as on the psychosocial and socio-
economic situation of families and caregivers. Furthermore, there
is evidence to suggest that healthcare and medical treatment costs
are higher for people with LGS compared to other types of epilepsy
(Pina-Garza 2017).

O B J E C T I V E S

To assess the efficacy and tolerability of anti-seizure medications
(ASMs) for LGS.

Anti-seizure medications for Lennox-Gastaut syndrome (Review)
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M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised controlled trials (RCTs), including cross-
over trials, of ASMs for LGS.

Types of participants

We included children and adults with a diagnosis of LGS. We did not
apply age restrictions. As an electrochemical syndrome associated
with specific types of epileptic seizures and a characteristic EEG
pattern, the diagnosis of LGS was based on clinical criteria. These
diagnostic criteria included but were not limited to those provided
by the International League Against Epilepsy (ILAE 1989).

Types of interventions

We included any trial that compared ASMs (monotherapy or add-
on therapy) with placebo, no therapy or another therapy. We
excluded trials evaluating ketogenic diet, vagus nerve stimulation
or other non-pharmaceutical treatments (including homeopathy or
acupuncture) unless they were provided as a co-intervention with
ASMs. In this review update, we also excluded studies comparing
different doses of the same drug, which is different to the previous
version of this review, although dose comparisons were not pre-
specified in the methods of the review protocol.

Types of outcome measures

If a study reported usable continuous and dichotomous data for
quantitative reduction in seizures or other outcomes, we would
have reported the dichotomous data as number of participants
with a quantitative reduction in the outcome. We included outcome
measures reported at any time point. If a study reported multiple
time points, we planned to report and meta-analyse the outcome at
the longest follow-up. However, we found that outcomes reported
phases of dose adjustment before and, or aVer dose maintenance;
we retrospectively agreed to prioritise the reporting of results for
the treatment period as described in studies.

Primary outcomes

• Cessation of all seizures (defined as total cessation of all seizure
types within the trial period)

• Quantitative reduction of all seizure types (measured as
the number of all seizures occurring before treatment was
commenced compared with the total number of seizures
occurring at the end of the trial period)

• Adverse events leading to study discontinuation

Secondary outcomes

• Quantitative reduction in the following types of seizures
(measured as the number of seizures occurring before treatment
was commenced compared with the number occurring at the
end of the trial period): absence seizures; tonic seizures; atonic
seizures; drop seizures (defined as any seizure type resulting
in postural loss); myoclonic seizures; tonic-clonic seizures; and
focal onset seizures

• Death (i.e. alive/deceased)

• Any adverse events

Search methods for identification of studies

Electronic searches

Searches were run for the original review in March 2003.
Subsequent searches were run in February 2009, March 2011, April
2012, October 2012, July 2014, October 2016, and September 2018.
For the latest update, we searched the following databases on 2
March 2020. There were no language restrictions.

1. Cochrane Register of Studies (CRS Web), using the search
strategy shown in Appendix 1.

2. MEDLINE (Ovid), 1946 to 28 February 2020, using the search
strategy shown in Appendix 2.

CRS Web includes RCTs or quasi-RCTs from the Cochrane Central
Register of Controlled Trials (CENTRAL); the Specialised Registers
of Cochrane Review Groups, including Cochrane Epilepsy; PubMed;
Embase; ClinicalTrials.gov; and the World Health Organization's
International Clinical Trials Registry Platform (ICTRP).

Searching other resources

One review author (FB) contacted pharmaceutical companies
(Eisai, GW Pharmaceuticals, and UCB Pharma) and colleagues in the
field on 25 November 2020 in an effort to identify unpublished data.

Data collection and analysis

At least two review authors (from among KJ, FB, CE, and SM)
extracted data and resolved any discrepancies by discussion.

Selection of studies

Two review authors (KJ and FB) examined records identified by the
search strategy for studies eligible for inclusion. The review authors
independently confirmed that studies were RCTs of drug treatment
for LGS.

Data extraction and management

At least two review authors (from among KJ, FB, CE, and
SM) independently performed data extraction using a specially
designed data extraction form. FB and KJ checked and entered
data into the Cochrane authoring and statistical soVware, Review
Manager 5 (Review Manager 2020); at least one other review author
(CE or SM) checked the data entry.

For each trial, we sought the following information.

Participants

• Inclusion criteria

• Exclusion criteria

• Total number randomised

• Baseline imbalances

• Withdrawals and exclusions

• Age at onset

• Age at diagnosis

• Age at start of treatment

• Sex

• Race/ethnicity

• Type of seizures

• Seizure frequency during the baseline period

Anti-seizure medications for Lennox-Gastaut syndrome (Review)
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• Number of background drugs

• Co-morbidities

Interventions

• Type of intervention (description, including dose, frequency and
route of administration)

• Number of participants randomised to each intervention

• Duration of baseline period

• Duration of treatment period

• Co-interventions (if any)

• Compliance

Outcome measures

For each outcome reported in the included studies we extracted the
following data:

• Outcome name and definition

• Time point when each outcome was measured

• Time point when each outcome was reported

• Validation of the outcome (yes/no/unclear)

• Imputation of missing data (e.g. assumptions made for
intention-to-treat (ITT) analysis)

• Assumed risk estimate (e.g. baseline or population risk noted in
the Background)

• Statistical power (e.g. power and sample size calculation, level
of power achieved)

Assessment of risk of bias in included studies

At least two review authors (from among KJ, CE, and FB)
independently assessed risk of bias for each of the included
trials using the Cochrane 'Risk of bias' tool (Higgins 2011). We
assessed risk of bias based on sequence generation, concealment
of allocation, methods of blinding, incomplete outcome data,
selective reporting, and other types of bias. For each of these
categories, the review authors judged the domain to be at 'low',
'high', or 'unclear' risk of bias. We resolved any disagreements by
discussion.

Measures of treatment effect

We analysed dichotomous data with a risk ratio (RR) and a 95%
confidence interval (CI) or using the Peto odds ratio (Peto OR) and a
99% CI if there were less than 1% events. We analysed continuous
data using the mean difference (MD) with a 95% CI where we found
data provided as means and standard deviations (SDs).

Unit of analysis issues

For any unit of analysis issues, we planned to deal with them using
the guidance in the Cochrane Handbook for Systematic Reviews of

Interventions (Higgins 2020). We planned to analyse randomised
cross-over studies in meta-analyses, using the results from paired
analyses of the first period only to account for carry-over effect with
sequential intervention (Higgins 2020).

For studies in which different doses of the same drug were reported
separately, we combined these data into a single treatment group
to avoid a duplicative error with multiple-armed trials.

Dealing with missing data

For this review update, one review author (FB) attempted to contact
the study authors of Arzimanoglou 2019 to obtain missing outcome
data.

Assessment of heterogeneity

We assessed heterogeneity by visually inspecting forest plots, and
by using the Chi2 test and I2 statistic as follows: 0% to 40% might not
be important, 30% to 60% may represent moderate heterogeneity,
50% to 90% may represent substantial heterogeneity, and 75% to
100% indicates considerable heterogeneity (Deeks 2020).

Assessment of reporting biases

We would have used a funnel plot to explore small-study biases in
an outcome if data from sufficient studies (10 or more) had been
pooled in a single meta-analysis.

Data synthesis

We used a random-effects model on the basis that drug trials
assessed different but related intervention effects.

Subgroup analysis and investigation of heterogeneity

We found insufficient evidence to perform subgroup analysis for
dosage, timing, and length of treatment.

Sensitivity analysis

No sensitivity analyses were pre-specified or undertaken.

Summary of findings and assessment of the certainty of the

evidence

For this review update, we created 'Summary of findings' tables and
used the GRADE approach to evaluate the certainty of the evidence
(Schünemann 2020).

We included the following outcomes:

1. Number of participants free from all seizures.

2. Number of participants with ≥ 75% reduction in all seizures.

3. Number of participants with ≥ 50% reduction in all seizures.

4. Number of participants with adverse events leading to study
discontinuation.

Two review authors (from among KJ, FB, and CE) used the GRADE
approach to judge the certainty of evidence for outcomes based on
five criteria (risk of bias, inconsistency, indirectness, imprecision,
and publication bias) (Schunemann 2011). If we had serious
concerns regarding one of the five criteria, we downgraded the
evidence from 'high quality' by one level; if we had very serious
concerns, we downgraded the evidence by two levels. We resolved
any discrepancies through discussion and reported our rationale
for downgrading evidence in the 'Summary of findings' table
footnotes.

We used GRADEpro GDT soVware (GRADEpro GDT 2015) to record
our judgements and to create the 'Summary of findings' tables for
each comparison included in the review.

Anti-seizure medications for Lennox-Gastaut syndrome (Review)
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R E S U L T S

Description of studies

Results of the search

See Figure 1.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
We identified 40 studies, of which 11 met our inclusion criteria
(1277 randomised participants). Four studies were published since
the previous version of this review; see Characteristics of included
studies. We excluded eight studies in total. We excluded two studies
from the current review because they compared different doses of
the same ASM (Conry 2009; Inanaga 1989), and three other studies
were judged not to be RCTs (Oletsky 1996; Perry 2019; Vigevano
1994). We also excluded three studies that were excluded in a
previous version of this review because the outcome data were
not reported in a usable way (Battaglia 1991; Vajda 1985 ; Vassella
1978); see Characteristics of excluded studies.

We identified eight ongoing studies from ClinicalTrials.gov and
the World Health Organization International Clinical Trials Registry
Platform (CTRI/2010/091/001449; NCT00004776; NCT01370486;
NCT02318537; NCT03355209; NCT03650452; NCT03808935;
Wechsler 2017); see Characteristics of ongoing studies. Of these
eight trials, one trial of adjunctive rufinamide versus lamotrigine
was terminated, and another trial of adjunctive cannabidiol versus
placebo had its sponsorship withdrawn. Other adjunctive drug
therapies under investigation included topiramate, melatonin,
fenfluramine hydrochloride and TAK-935 versus placebo.

On 25 November 2020, one review author (FB) contacted
pharmaceutical companies (Eisai, GW Pharmaceuticals, and UCB
Pharma), and colleagues in the field to obtain information on any
additional unpublished data. They identified no unpublished data
relating to this review. On 4 December 2020, one review author (FB)
also contacted the principal investigators of Arzimanoglou 2019 to
obtain information on missing data, and the principal investigators
of NCT01370486 to obtain information on study completion. We
received no response by the time of review completion.

Despite its completion, we listed Ohtahara 2008 in Studies awaiting
classification because we were unable to obtain a translation from
the Japanese language into English.

Included studies

See Characteristics of included studies.

Two studies published protocols that we considered as part
of the evidence synthesis (Devinsky 2018; Thiele 2018). Of the
11 included studies, 10 were randomised and double-blinded,
placebo-controlled trials (Arzimanoglou 2019; Devinsky 2018;
Felbamate Study Group 1993; Glauser 2008; Group for the
Evaluation of Cinromide 1989; Motte 1997; Ng 2011; Ohtsuka 2014;
Sachdeo 1999; Thiele 2018) and one was a randomised and double-
blinded, cross-over, placebo-controlled trial (Eriksson 1998).

Two studies involved children and adolescents only, with ages
ranging from one year to 18 years, (Arzimanoglou 2019; Group
for the Evaluation of Cinromide 1989) and eight studies involved
children, adolescents and adults, with ages ranging from over one
year to 55 years (Devinsky 2018; Felbamate Study Group 1993;
Glauser 2008; Motte 1997; Ng 2011; Ohtsuka 2014; Sachdeo 1999;
Thiele 2018). Another study of children, adolescents and young
adults with refractory generalised epilepsy included a subgroup of
participants with LGS who were all aged under 18 years (Eriksson
1998).

In ten studies, diagnosis of LGS was reported according to clinical
and EEG criteria or the classification of the International League
Against Epilepsy (ILAE 1989); (Arzimanoglou 2019; Devinsky 2018;
Eriksson 1998; Felbamate Study Group 1993; Glauser 2008; Group
for the Evaluation of Cinromide 1989; Ng 2011; Ohtsuka 2014;
Sachdeo 1999; Thiele 2018). For one other study, the diagnosis was
agreed by an international expert panel of child neurologists (Motte
1997). There was limited reporting of co-morbidities in the study
population but as many as 40% of participants from one study were
reported to have underlying causes, such as tuberous sclerosis
and cerebral palsy, cerebral dysgenesis, encephalitis and bacterial
meningitis (Ohtsuka 2014).

The drug treatment regimens of the included RCTs were as
follows: cannabidiol and ASMs (Devinsky 2018; Thiele 2018);
cinromide and ASMs (Group for the Evaluation of Cinromide 1989);
clobazam and ASMs (Ng 2011); felbamate and ASMs (Felbamate
Study Group 1993); lamotrigine and ASMs (Eriksson 1998;
Motte 1997); rufinamide and ASMs (Arzimanoglou 2019; Glauser
2008, and Ohtsuka 2014); and topiramate and ASMs (Sachdeo
1999). Aside from ASMs, the two most recent studies of add-
on cannabidiol reported non-pharmacological co-interventions
including vagus nerve stimulation and ketogenic diet in a subset of
participants (Devinsky 2018; Thiele 2018). All studies included a pre-
randomisation, baseline period of four to eight weeks. The follow-
up aVer randomisation ranged from approximately 11 weeks to 112
weeks, including variable duration of titration and maintenance
periods, with or without tapering, and safety follow-up.

In three studies, the primary outcome for treatment efficacy was
overall seizure reduction, which was the main focus of the current
review (Eriksson 1998; Felbamate Study Group 1993; Group for
the Evaluation of Cinromide 1989). Two studies included primary
efficacy outcomes for overall seizure reduction and reduction
in drop attacks or tonic-atonic seizures (Glauser 2008; Sachdeo
1999). Four later studies had a primary efficacy outcome that
focused on drop seizure or tonic-atonic seizure reduction (Devinsky
2018; Ng 2011; Ohtsuka 2014; Thiele 2018). The primary efficacy

Anti-seizure medications for Lennox-Gastaut syndrome (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20



Cochrane
Library

Trusted evidence.

Informed decisions.

Better health.

 

 

Cochrane Database of Systematic Reviews

outcome was major motor seizures in one study (Motte 1997) and
behavioural outcomes in another study (Arzimanoglou 2019).

Arzimanoglou 2019

Arzimanoglou 2019 was conducted in 19 centres across Canada,
France, Greece, Italy, Poland, and the United States. It involved
37 randomised children (aged one year to less than four years)
with inadequately controlled LGS. The participants had LGS with
seizures uncontrolled by a fixed dose of one to three concomitant
ASMs for a minimum of four weeks before randomisation. The
study included an eight-week pre-randomisation phase (screening
period and baseline visit), followed by a 106-week randomised
phase (including titration and maintenance). Participants were
randomised to receive add-on rufinamide (target maintenance
dose: 45 mg/kg/day in two divided doses, given as oral suspension)
or any other ASM chosen by the investigator and added to the
existing regimen of one to three ASMs. Baseline characteristics were
similar in the trial groups although the 'Any other ASM' group had a
higher proportion of males. The categories for ethnicity (Hispanic/
Latino; non-Hispanic/Latino) differed from those reported in the 6-
month dataset (White; Black or African-American). Collectively, the
baseline characteristics indicated mostly non-Hispanic participants
(more than 75%) and a majority of white participants (more than
70%) in the study.

Devinsky 2018

Devinsky 2018 was conducted at 30 participating centres (20 in the
United States, 5 in Spain, 3 in the United Kingdom, and 2 in France).
It involved 225 randomised children and adults (aged 2 to 55 years).
They took between one and four ASMs and had at least two drop
seizures each week during the baseline period. Participants were
randomised to receive add-on cannabidiol at a dose of either 20
mg/kg/day or 10 mg/kg/day or matching add-on placebo. The trial
included a 4-week baseline period, a 14-week treatment period (2
weeks of dose escalation, followed by a maintenance phase of 12
weeks), a tapering period of up to 10 days, and a 4-week safety
follow-up period aVer discontinuation of cannabidiol or placebo.
Baseline characteristics were similar in the trial groups although
a slightly higher proportion of the placebo group also received
vagus nerve stimulation as a concomitant intervention (28%) as
compared with the 10 and 20mg cannabidiol groups (21% each).
The majority of study participants were of white ethnicity (more
than 88%).

Eriksson 1998

Eriksson 1998 was conducted in Finland. The study initially
involved 30 children (aged over two years), adolescents and two
young adults with refractory generalised epilepsy. Twenty of the
participants in the open phase had LGS, and all were aged under 18
years. Diagnostic criteria for LGS were based on the classification of
the International League Against Epilepsy (ILAE 1989). All included
participants experienced more than two seizures per month at
baseline. The trial consisted of six phases. There was first an eight-
week baseline phase during which each child was observed on pre-
study medication, followed by an open phase, during which an
attempt was made to find the optimal lamotrigine dose for each
child. At the end of the open phase, children had been categorised
as responders if they showed any improvement (in alertness,
behaviour, motor skills, or seizures). The 'responders' (17/27 (13
with LGS); three excluded because of incomplete seizure diaries)
were subsequently entered in a double-blind phase of 12-week

periods during which, for each child, add-on lamotrigine and
placebo tablets were administered in random order. The treatment
periods were separated by a three-week washout phase. This study
did not report participants' ethnicity and other characteristics for
baseline comparison of treatment groups.

Felbamate Study Group 1993

Felbamate Study Group 1993 involved 73 randomised children and
adults (aged 4 years to 36 years) and was conducted in the USA.
Included participants had a history of multiple types of seizures
and a minimum of 90 atonic seizures or atypical absence seizures
per month during an eight-week pre-study phase; they took no
more than two ASMs at baseline. The trial consisted of a 28-day
baseline period followed by a 14-day titration phase and a 56-day
maintenance period. The initial dose of add-on felbamate was 15
mg/kg/day, increased to 30 mg/kg aVer seven days and to either
14 mg/kg/day or 3600 mg/day (whichever was lower) aVer 14 days.
Baseline characteristics were similar in the trial groups. The study
largely involved people of white ethnicity (more than 89%).

Glauser 2008

Glauser 2008 was conducted at 36 sites in nine countries (Belgium,
Brazil, Germany, Hungary, Italy, Norway, Poland, Spain, and the
United States). It involved 138 randomised children and adults
(aged four years to 37 years). Study participants had a history
of multiple seizure types, including atypical absence seizures
and drop attacks, and a minimum of 90 seizures in the month
prior to trial entry. At baseline, included participants took a
fixed-dose regimen of one to three concomitant ASMs. The trial
consisted of a 28-day baseline period at the end of which, patients
continuing to meet the study criteria entered an 84-day double-
blind treatment phase of either add-on rufinamide or add-on
placebo. This phase consisted of a 14-day titration period followed
by a 70-day maintenance period. Doses were titrated according to
a recommended schedule based on body weight, up to a maximum
dose of 45 mg/kg/day.

Baseline characteristics of the two treatment groups were similar,
including mostly male participants and with comparable usage of
concomitant ASMs. However, a higher proportion of the add-on
placebo group was under 12 years of age, and a higher proportion of
the add-on rufinamide group was over 17 years of age. Both groups
largely involved participants of white ethnicity.

Group for the Evaluation of Cinromide 1989

Group for the Evaluation of Cinromide 1989 involved 56 randomised
children and adolescents (aged two years to 18 years) and was
conducted in the USA. Included participants had seizures for at
least six months prior to study entry. At baseline, no individual
was receiving more than three marketed antiepileptic drugs and
none had previous exposure to cinromide. The trial consisted
of a six-week baseline period, following which participants were
randomised to receive either add-on cinromide or add-on placebo
for a period of 18 weeks. Study medication was initiated at 20 to 40
mg/kg/day, divided into four equal doses. Further increases (to a
total daily maximum of 83 to 109 mg/kg) were prescribed at weekly
visits if each prior dose was tolerated and seizures continued.
Baseline characteristics were comparable between groups, with
the majority of study participants being of white ethnicity (more
than 92%).
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Motte 1997

Motte 1997 was conducted at 43 unspecified sites. The study
involved 169 randomised children and young adults (aged three
years to 25 years). Included participants experienced more than one
type of predominantly generalised seizure for at least one year, and
they had seizures at least every other day. They took up to three
ASMs at baseline. The trial consisted of a four-week baseline period
during which all recipients received add-on placebo. Participants
were then randomised to receive either add-on lamotrigine or
add-on placebo for a 16-week treatment period. Participants
were assigned to one of four dosing regimens according to
concomitant valproate use and body weight based on paediatric
dosing recommendations at that time. The characteristics of the
two groups were similar at baseline although the lamotrigine group
had a higher proportion of male participants. Both groups largely
involved participants of white ethnicity (more than 90%).

Ng 2011

Ng 2011 was conducted at 51 sites in the United States, India,
Europe, and Australia. It involved 238 randomised children and
adults (aged 2 years to 54 years). They received one to three ASMs
with stable dosages for at least 30 days before screening, and they
experienced at least two drop seizures per week during the four-
week baseline period. Included participants were randomised to
add-on placebo or one of three doses of add-on clobazam (0.25,
0.5, and 1.0 mg/kg/day), up to a maximum dosage of 40 mg/day.
Treatment included a three-week titration phase and a 12-week
maintenance phase followed by two to three weeks tapering or
continuation in an open-label extension. Baseline characteristics
were comparable between groups, although the medium-dose
clobazam group had a lower mean baseline average weekly drop
seizure rate (58.8; SD 119.6) compared with the low-dose group
(98.3; SD 198.5), high-dose group (94.9; SD 152.2), and placebo
group (95.6; SD 168.2). Most study participants in each group were
of white ethnicity (57% to 71%).

We included a post-hoc analysis of Ng 2011 as a subsidiary
paper (Paolicchi 2015). This post-hoc analysis aimed to determine
potential drug-related effects on four behaviour domains of
the Child Behaviour Checklist (CBCL): aggressive behaviour,
anxious/depressed, attention problems, and somatic complaints
(Achenbach 1991).

Ohtsuka 2014

Ohtsuka 2014 included 59 randomised children and adults (aged
between 4 years and 30 years), and was conducted in Japan.
Included participants experienced at least 90 seizures during the 28
days before the baseline period. They took one to three background
ASMs at baseline. The participants were randomised to either
add-on rufinamide (doses titrated according to a predetermined
schedule based on body weight, with the target dose maintained
during the maintenance period) or add-on placebo. This study
consisted of four phases: a four-week baseline, a two-week
titration, a 10-week maintenance, and either a follow-up visit or
entry into an open-label extension. Baseline characteristics were
comparable between groups although there was a relatively higher
concomitant use of lamotrigine in the placebo group and relatively
higher concomitant use of clobazam in the rufinamide group.
Participants' ethnicity was not reported in this study.

Sachdeo 1999

Sachdeo 1999 was conducted at 12 centres in the USA. The study
included 98 randomised children and young adults (aged over one
year to under 30 years). Included participants experienced seizure
types including drop attacks and atypical absence seizures; they
had a frequency of at least 60 seizures during the month prior to
the baseline phase, while being maintained on one or two standard
ASMs. The trial consisted of a baseline phase of four weeks and
an 11-week treatment phase that included three weeks titration
and eight weeks maintenance. The participants were titrated up
to a dose of 6 mg/kg/day or their maximal tolerated dosage of
either add-on topiramate or add-on placebo over the first three
weeks of the treatment period. Of note, concomitant treatment
with felbamate was prohibited part way through the study, due to
adverse effects. Baseline characteristics were comparable between
groups, although there was a slightly higher proportion of males in
the topiramate group. Both groups largely involved participants of
white ethnicity (more than 80%).

Thiele 2018

Thiele 2018 was conducted at 24 clinical sites in the USA (17
sites), the Netherlands (one site), and Poland (six sites). It included
171 children and adults (aged two years to 45 years). The study
participants experienced more than one type of generalised
seizure, including drop seizures, for at least six months. At baseline,
they took one to four ASMs, and had at least two drop seizures
per week during the four-week baseline period. Participants
were randomised to add-on cannabidiol 20 mg/kg (given as oral
solution) or matching add-on placebo solution administered orally
in two equally divided doses. The study duration was 14 weeks,
which included two weeks of dose escalation (starting at a daily
dose of 2.5 mg/kg, followed by a maintenance period of 12 weeks),
a tapering period of up to 10 days, and a four-week safety follow-up
period. Baseline characteristics were comparable between groups,
although the placebo group had a higher proportion of participants
on a ketogenic diet as a concomitant intervention (12% versus 5%).
Both groups largely involved participants of white ethnicity (more
than 87%).

Excluded studies

See Characteristics of excluded studies.

We excluded eight studies from the search results for this
updated review. We excluded two previously included studies
that compared different doses of the same ASM (Conry 2009 and
Inanaga 1989). Three studies were judged not to be randomised
trials (Oletsky 1996; Perry 2019; Vigevano 1994). We also considered
studies excluded from the previous version of this review, and
agreed on the exclusion of three further studies. We excluded these
studies because incomplete reporting for participants with LGS
meant that the data were not usable (Battaglia 1991; Vajda 1985 ;
Vassella 1978). We did not attempt to contact authors for additional
data from these studies, which were published between 29 and
42 years ago. We included one previously excluded study as a
subsidiary publication relating to the Felbamate Study Group 1993.

Risk of bias in included studies

We have reported 'Risk of bias' assessments for each study in
Characteristics of included studies. Figure 2 summarises the review
authors' 'Risk of bias' assessments. Only two included studies of
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add-on cannabidiol had published protocols (Devinsky 2018; Thiele
2018). Based on the available information, we identified a high
risk of selective reporting bias in five of the 11 RCTs (Devinsky
2018; Eriksson 1998; Felbamate Study Group 1993; Group for
the Evaluation of Cinromide 1989; Thiele 2018), three of which
were included in the previous version of the review (Eriksson
1998; Felbamate Study Group 1993; Group for the Evaluation of
Cinromide 1989). In three of the 11 RCTs, we identified a high risk

of bias associated with incomplete outcome data (Arzimanoglou
2019; Eriksson 1998; Group for the Evaluation of Cinromide 1989),
two of which were included in the previous version of this review
(Eriksson 1998; Group for the Evaluation of Cinromide 1989); the
more recent study had a relatively long follow up of two years
(Arzimanoglou 2019). We identified a high risk of bias due to the
exclusion of 'non-responders' in the initial open phase of one study
(Eriksson 1998).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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For outcomes included in the 'Summary of findings' tables,
we assessed risk of bias at the outcome level. However, we
downgraded outcomes for study limitations in one comparison that
was stopped prematurely and judged to have a very serious risk of
bias due to a combination of selective reporting and incomplete
data (Group for the Evaluation of Cinromide 1989).

Allocation

We assessed all eleven included studies to have a low risk of
selection bias associated with random sequence generation. In
terms of allocation concealment, we judged six of the eleven
included studies to have a low risk of selection bias and five studies
as having an unclear risk of selection bias.

Blinding

We judged two of the eleven included studies to have a low risk of
performance bias and detection bias, and nine studies to have an
unclear risk of performance bias and detection bias.

Incomplete outcome data

We judged five of the eleven included studies to have a low risk
of attrition bias, three studies as having an unclear risk and three
studies as having a high risk of attrition bias.

Selective reporting

We judged six of the eleven included studies to have a low risk of
reporting bias and five as having a high risk of reporting bias.

Other potential sources of bias

We did not identify any other potential sources of bias in the eleven
included studies.

Effects of interventions

See: Summary of findings 1 Cannabidiol (10 mg/kg and 20 mg/
kg) plus ASMs compared to placebo plus ASMs; Summary of

findings 2 Cinromide plus ASMs compared to placebo plus ASMs;
Summary of findings 3 Clobazam (low, medium and high doses)
plus ASMs compared to placebo plus ASMs; Summary of findings

4 Felbamate plus ASMs compared to placebo plus ASMs; Summary

of findings 5 Lamotrigine plus ASMs compared to placebo plus
ASMs; Summary of findings 6 Rufinamide plus ASMs compared
to placebo plus ASMs; Summary of findings 7 Rufinamide plus
ASMs compared to other ASM plus ASMs; Summary of findings 8

Topiramate plus ASMs compared to placebo plus ASMs

See: Summary of findings 1; Summary of findings 2; Summary of
findings 3; Summary of findings 4; Summary of findings 5; Summary
of findings 6; Summary of findings 7; and Summary of findings 8.

Cannabidiol (10 mg/kg and 20 mg/kg) plus ASMs versus

placebo plus ASMs

Two studies contributed data for this comparison (Devinsky 2018;
Thiele 2018).

Devinsky 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/
day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

In Devinsky 2018, "A total of 13 patients (6%) discontinued either
cannabidiol (11 patients) or placebo (2 patients); in 7 of the
11 patients who discontinued cannabidiol, the treatment was

discontinued because of adverse events." In Thiele 2018, "14
patients in the cannabidiol group and one in the placebo group
(9%) withdrew from the trial; in nine (60%) of these patients,
adverse events were the primary reason for study discontinuation."

Number of participants free from drop seizures during the

treatment phase

No participants were free from drop seizures (one study; 225
participants; Analysis 1.1).

Number of participants with ≥ 75% reduction in drop seizures

during the treatment phase

The RR was 3.51 (95% CI 1.24 to 9.92) in favour of the cannabidiol
regimen (two studies; 396 participants; Analysis 1.2).

Number of participants with ≥ 50% reduction in drop seizures

during the treatment phase

The RR was 2.12 (95% CI 1.48 to 3.03) in favour of the cannabidiol
regimen (two studies; 396 participants; Analysis 1.3).

Number of participants with ≥ 25% reduction in drop seizures

during the treatment phase

The RR was 1.45 (95% CI 1.19 to 1.78) in favour of the cannabidiol
regimen (two studies; 396 participants; Analysis 1.4).

Number of participants with > 0% to < 25% reduction in drop

seizures during the treatment phase

The RR was 1.58 (95% CI 0.85 to 2.93) in favour of the cannabidiol
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 225 participants; Analysis
1.5).

Number of participants with > 0% to < 25% increase in drop

seizures during the treatment phase

The RR was 1.40 (95% CI 0.66 to 3.00) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 225 participants; Analysis
1.6).

Number of participants with > 25% increase in drop seizures

during the treatment phase

The RR was 0.71 (95% CI 0.33 to 1.53) in favour of the cannabidiol
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 225 participants; Analysis
1.7).

Number of participants with improvement in the patient and

caregiver Global Impression of Care scale

The RR was 1.52 (95% CI 1.22 to 1.89) in favour of the cannabidiol
regimen (two studies; 392 participants; Analysis 1.8).

Number of participants free from drop seizures during the

maintenance phase

The Peto OR was 7.76 (99% CI 0.75 to 79.85) in favour of the
cannabidiol regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 170 participants;
Analysis 1.9).
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Number of participants with ≥ 75% reduction in drop seizures

during the maintenance phase

The RR was 2.86 (95% CI 1.28 to 6.40) in favour of the cannabidiol
regimen (one study; 170 participants; Analysis 1.10).

Number of participants with ≥ 50% reduction in drop seizures

during the maintenance phase

The RR was 1.95 (95% CI 1.25 to 3.05) in favour of the cannabidiol
regimen (one study; 170 participants; Analysis 1.11).

Number of participants with ≥ 25% reduction in drop seizures

during the maintenance phase

The RR was 1.35 (95% CI 1.02 to 1.78) in favour of the cannabidiol
regimen (one study; 170 participants; Analysis 1.12).

Number of participants with adverse events

The RR was 1.24 (95% CI 1.11 to 1.38) in favour of the placebo
regimen (two studies; 396 participants; Analysis 1.13).

Number of participants with treatment-related adverse events

The RR was 1.81 (95% CI 1.29 to 2.54) in favour of the placebo
regimen (one study; 171 participants; Analysis 1.14).

Number of participants with serious adverse events

The RR was 4.94 (95% CI 1.76 to 13.85) in favour of the placebo
regimen (one study; 171 participants; Analysis 1.15).

Number of participants with adverse events leading to dose

reduction

The RR was 5.93 (95% CI 0.73 to 48.22) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 171 participants; Analysis
1.16).

Number of participants with adverse events leading to study

discontinuation

The RR was 6.62 (95% CI 1.56 to 28.15) in favour of the placebo
regimen (two studies; 396 participants; Analysis 1.17). We assessed
the certainty of the evidence for this outcome to be high (Summary
of findings 1).

Death

The Peto OR was 7.30 (99% CI 0.04 to 1261.58) in favour of the
placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 171 participants;
Analysis 1.18).

Cinromide plus ASMs versus placebo plus ASMs

One study contributed data for this comparison (Group for
the Evaluation of Cinromide 1989). This study was terminated
prematurely "when it was clear to the sponsor that cinromide was
not effective"; only efficacy data collected before study interruption
were included in the analysis. This study also reported changes
in adjuvant ASM dosage following adverse events for 62% of the
cinromide group and 27% of the placebo group.

Number of participants free from all seizures

No participants were free from seizures (one study; 56 participants;
Analysis 2.1). We downgraded the certainty of evidence for this
outcome twice for study limitations because there was a high risk
of bias for incomplete data and twice for imprecision because the
study was not powered to detect a between-group difference in
zero event outcomes. Our certainty in the evidence for this outcome
was very low (Summary of findings 2).

Number of participants with ≥ 75% reduction in mean weekly

seizures

The Peto OR was 9.35 (99% CI 0.45 to 194.96) in favour of the
cinromide regime, but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.2). We downgraded the certainty of evidence for this
outcome twice for study limitations because there was a high risk
of bias for incomplete data and twice for imprecision because the
effect estimate has a very wide CI. Our certainty in the evidence for
this outcome was very low (Summary of findings 2).

Number of participants with ≥ 50% reduction in mean weekly

seizures

The RR was 1.15 (95% CI 0.47 to 2.86) in favour of the cinromide
regime, but the CI included the possibility of an effect favouring
either treatment regimen (one study; 56 participants; Analysis
2.3). We downgraded the certainty of evidence for this outcome
twice for study limitations because there was a high risk of bias
for incomplete data and twice for imprecision because the effect
estimate has a very wide CI. Our certainty in the evidence for this
outcome was very low (Summary of findings 2).

Number of participants with ≥ 25% reduction in mean weekly

seizures

The RR was 1.07 (95% CI (95% CI 0.59 to 1.91) in favour of the
cinromide regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.4).

Number of participants with ≥ 0% to < 25% reduction in mean

weekly seizures

The RR was 1.15 (95% CI 0.42 to 3.14) in favour of the cinromide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 56 participants; Analysis 2.5).

Number of participants with ≥ 0% to < 25% increase in mean

weekly seizures

The RR was 0.87 (95% CI 0.21 to 3.52) in favour of the cinromide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 56 participants; Analysis 2.6).

Number of participants with > 25% increase in mean weekly

seizures

The RR was 0.82 (95% CI 0.30 to 2.29) in favour of the cinromide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 56 participants; Analysis 2.7).
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Number of participants with improvement in global evaluation

(at week 12, 18 and 24)

Week 12: the RR was 0.99 (95% CI 0.56 to 1.74) in favour of the
placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.8).

Week 18: the RR was 0.80 (95% CI 0.41 to 1.56) in favour of the
placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.8).

Week 24: the RR was 1.28 (95% CI 0.62 to 2.66) in favour of the
cinromide regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.8).

Number of participants with no change in global evaluation (at

week 12, 18 and 24)

Weeks 12 and 18: the RR was 0.91 (0.50 to 1.64) in favour of the
cinromide regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.9).

Week 24: the RR was 1.03 (95% CI 0.46 to 2.27) in favour of the
placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.9).

Number of participants with worsening in global evaluation (at

week 12, 18 and 24)

Week 12: the RR was 3.46 (95% CI 0.38 to 31.28) in favour of the
placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.10).

Week 18: the RR was 4.62 (95% CI 0.55 to 38.74) in favour of the
placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.10).

Week 24: the Peto OR was 9.09 (99% CI 0.17 to 475.60) in favour of
the placebo regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 56 participants;
Analysis 2.11).

Death

No deaths were reported in the study.

Clobazam plus ASMs versus placebo plus ASMs

One study contributed data for this comparison (Ng 2011).
According to study authors, "the most common reasons for
discontinuing the study were lack of efficacy for placebo-treated
patients and adverse events for clobazam-treated patients." In the
placebo group, 30.5% of participants discontinued the study. Ten
participants discontinued treatment due to lack of efficacy, four
due to the request of the participant, parent or caregiver, two
due to side effects, and two participants were lost to follow up.
With clobazam, 13.8% of participants discontinued from the low-
dose group, 27.4% discontinued from the medium-dose group,
and 30.5% discontinued from the high-dose group. Twenty-four

participants treated with add-on clobazam discontinued due
to side effects, five discontinued due to lack of efficacy, five
discontinued due to the request of the participant, parent or
caregiver, five discontinued for other reasons such as protocol
violations; and four participants were lost to follow up.

A post-hoc study investigated aggression-related adverse events
that occurred aVer the first dose of study drug and within 30 days
aVer the last dose of study drug and found no difference between
clobazam and placebo (RR 1.89, 95% CI 0.69 to 5.19). Among
the 23 participants randomised to rufinamide who experienced
aggression-related adverse events, five had a history of aggression
or behavioural problems. Among the four participants randomised
to placebo who experienced aggression-related adverse events,
one person had a history of aggression or behavioural problems.

Number of participants free from drop seizures

The RR was 4.10 (95% CI 1.00 to 16.83) in favour of the clobazam
regimen (one study; 217 participants; Analysis 3.1).

Number of participants with ≥ 75% reduction in drop seizures

(from baseline to maintenance phase in average weekly rate)

The RR was 4.04 (95% CI 1.85 to 8.79) in favour of the clobazam
regimen (one study; 217 participants; Analysis 3.2).

Number of participants with ≥ 50% reduction in drop seizures

(from baseline to maintenance phase in average weekly rate)

The RR was 1.88 (95% CI 1.26 to 2.81) in favour of the clobazam
regimen (one study; 217 participants; Analysis 3.3).

Number of participants with ≥ 25% reduction in drop seizures

(from baseline to maintenance phase in average weekly rate)

The RR was 1.54 (95% CI 1.17 to 2.03) in favour of the clobazam
regimen (one study; 217 participants; Analysis 3.4).

Number of participants with adverse events

The RR was 1.17 (95% CI.097 to 2.03) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 238 participants; Analysis
3.5).

Number of participants with adverse events leading to dose

reduction

The RR was 9.23 (95% CI 1.28 to 66.37) in favour of the placebo
regimen (one study; 238 participants; Analysis 3.6).

Number of participants with aggression-related adverse events

The RR was 1.89 (95% CI 0.69 to 5.19) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 194 participants; Analysis
3.7).

Number of participants with serious adverse events

The RR was 2.31 (95% CI 0.54 to 9.86) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 238 participants; Analysis
3.8).
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Number of participants with adverse events leading to study

discontinuation

The RR was 4.12 (95% CI 1.01 to 16.87) in favour of the placebo
regimen (one study; 238 participants; Analysis 3.9). We assessed the
certainty of the evidence for this outcome to be high (Summary of
findings 3).

Death

There were no deaths in this study (one study; 238 participants;
Analysis 3.10).

Felbamate plus ASMs versus placebo plus ASMs

One study contributed data for this comparison (Felbamate Study
Group 1993). One participant had treatment stopped because of
somnolence and ataxia in the felbamate group and one because
of pancreatitis in the placebo group. According to retrospective
analysis, "Approximately 50% of patients randomised to FBM
obtained at least a 50% reduction in seizure frequency compared
with about 15% receiving placebo" (Jensen 1994).

Number of participants free from all seizures (recorded by

closed-circuit television and electroencephalography)

Treatment phase: the RR was 2.92 (95% CI 0.32 to 26.77) in
favour of the felbamate regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study;
73 participants; Analysis 4.1). We downgraded the certainty of
evidence for this outcome twice for imprecision (from high to low)
because the effect estimate has a very wide CI (Summary of findings
4).

Maintenance phase: the RR was 5.84 (95% CI 0.74 to 46.11) in
favour of the felbamate regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study; 73
participants; Analysis 4.1).

Number of participants free from all seizures

Treatment phase: No participants were free from seizures (one
study; 73 participants; Analysis 4.2). We downgraded the certainty
of the evidence twice for imprecision (from high to low) because
the study was not powered to detect a between-group difference in
zero event outcomes (Summary of findings 4).

Maintenance phase: the RR was 3.89 (95% CI 0.46 to 33.17) in
favour of the felbamate regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study; 73
participants; Analysis 4.3).

Number of participants free from atonic seizures

Treatment phase: the Peto OR was 6.43 (99% CI 0.30 to 137.10) in
favour of the felbamate regime, but the CI included the possibility
of an effect favouring either treatment regimen (one study; 50
participants; Analysis 4.4).

Maintenance phase: the Peto OR was 6.99 (99% CI 0.62 to 78.73) in
favour of the felbamate regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study; 50
participants; Analysis 4.4).

Number of participants free from tonic-clonic seizures

Treatment phase: the RR was 1.63 (95% CI 0.17 to 15.99) in
favour of the felbamate regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study; 29
participants; Analysis 4.5.

Maintenance phase: the RR was 5.69 (95% CI 0.80 to 40.51) in
favour of the felbamate regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study; 29
participants; Analysis 4.5).

Number of participants with severe side effects

The RR was 2.59 (95% CI 0.75 to 9.01) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 73 participants; Analysis 4.6).

Number of participants with adverse events leading to study

discontinuation

The RR was 0.97 (95% CI 0.06 to 14.97) in favour of the felbamate
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 73 participants; Analysis 4.7).
We downgraded the certainty of evidence for this outcome twice
for imprecision (from high to low) because the effect estimate has
a very wide CI (Summary of findings 4).

Death

No deaths were reported in the study.

Lamotrigine plus ASMs versus placebo plus ASMs

Two studies assessed this comparison (Eriksson 1998; Motte 1997)
but only one contributed usable data for this review (Motte 1997).

Eriksson 1998 excluded "non-responders" involved in an initial
open phase of treatment from participating in the randomised
study. The study also incompletely reported efficacy and
tolerability outcomes for the subgroup of participants with LGS.
The study reported that seven of the 20 children with LGS
responded to treatment with > 50% seizure reduction, three
children with > 75% seizure reduction, and two children became
seizure free. However, individual data were only reported for 13
children with LGS, and no data were provided for the baseline
number of seizures prior to crossover. In terms of adverse events,
the study only reported data for the overall study population with
refractory generalised epilepsy.

In this study, seven out of 13 children with LGS entered into
the double-blind phase of the trial showed improvement in
the lamotrigine phase compared with the placebo phase, with
one child showing a 100% reduction in their seizures. Three
participants on lamotrigine had treatment withdrawn (23%), one
had deterioration of seizure control, the other two developed
a rash. Seven participants receiving placebo had treatment
withdrawn (54%), six because of deterioration in seizure control
and one other developed a rash.

In Motte 1997, 12% of participants discontinued from the study.
"Seven patients in the lamotrigine group stopped treatment early,
four because of protocol violations and three because of adverse
events. Fourteen patients in the placebo group did not complete
the study: seven had adverse events, three had protocol violations,
two had a deterioration in the control of seizures, one failed to
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return for follow-up, and the parents of one patient withdrew their
consent."

Number of participants with ≥ 50% median reduction in all

seizures

The RR was 2.12 (95% CI 1.19 to 3.76) in favour of the lamotrigine
regimen (one study; 167 participants; Analysis 5.1). We assessed the
certainty of the evidence for this outcome to be high (Summary of
findings 5).

Number of participants with > 25% to < 50% median reduction in

all seizures

The RR was 1.41 (95% CI 0.80 to 2.47) in favour of the lamotrigine
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 167 participants; Analysis
5.2).

Number of participants with either 0 to ≤ 25% median reduction

or an increase in all seizures

The RR was 0.61 (95% CI 0.45 to 0.83) in favour of the lamotrigine
regimen (one study; 167 participants; Analysis 5.3).

Number of participants with ≥ 50% median reduction in drop

attacks

The RR was 1.66 (95% CI 1.02 to 2.70) in favour of the lamotrigine
regimen (one study; 164 participants; Analysis 5.4).

Number of participants with > 25% to < 50% median reduction in

drop attacks

The RR was 1.61 (95% CI 0.87 to 2.99) in favour of the lamotrigine
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 164 participants; Analysis
5.5).

Number of participants in with either ≤ 25% median reduction or

an increase in drop attacks

The RR was 0.60 (95% CI 0.43 to 0.85) in favour of the lamotrigine
regimen (one study; 164 participants; Analysis 5.6).

Number of participants with ≥ 50% median reduction in tonic-

clonic seizures

The RR was 2.13 (95% CI 1.21 to 3.75) in favour of the lamotrigine
regimen (one study; 124 participants; Analysis 5.7.

Number of participants with > 25% to < 50% median reduction in

tonic-clonic seizures

The RR was 0.91 (95% CI 0.33 to 2.57) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 124 participants; Analysis 5.8.

Number of participants with either 0 to ≤ 25% median reduction

or an increase in tonic-clonic seizures

The RR was 0.68 (95% CI 0.49 to 0.93) in favour of the lamotrigine
regimen (one study; 124 participants; Analysis 5.9).

Number of participants with adverse events leading to study

discontinuation

The RR was 0.49 (95% CI 0.13 to 1.82) in favour of the lamotrigine
regimen but the CI included the possibility of an effect favouring

either treatment regimen (one study; 169 participants; Analysis
5.10). We downgraded the certainty of evidence for this outcome
twice for imprecision because the effect estimate has a very wide CI.
Our certainty in the evidence for this outcome was low (Summary
of findings 5).

Death

No deaths were reported in the study.

Rufinamide plus ASMs versus placebo plus ASMs

Two studies contributed data for this comparison (Glauser 2008;
Ohtsuka 2014). In Glauser 2008, 15 participants (11%) discontinued
from the study. "Ten patients in the rufinamide group discontinued
therapy during the double-blind phase because of adverse events
(n = 6), unsatisfactory therapeutic effect (n = 3), or withdrawal of
consent (n = 1). Five patients in the placebo group did not complete
the study because of protocol violations (n = 2), unsatisfactory
therapeutic effect (n = 1), administrative problems (n = 1), or
withdrawal of consent (n = 1)."

In Ohtsuka 2014, "One patient assigned to the rufinamide group
was excluded from the efficacy analysis due to inappropriate
diagnosis."

Number of participants with ≥ 50% reduction in all seizures

The RR was 2.84 (95% CI 1.31 to 6.18) in favour of the rufinamide
regimen (one study; 138 participants; Analysis 6.1). We assessed the
certainty of the evidence for this outcome to be high (Summary of
findings 6).

Number of participants with ≥ 75% reduction in tonic-atonic

seizures

The RR was 10.71 (95% CI 1.46 to 78.39) in favour of the rufinamide
regimen (one study; 58 participants; Analysis 6.2).

Number of participants with ≥ 50% reduction in tonic-atonic

seizures

The RR was 2.70 (95% CI 1.52 to 4.81) in favour of the rufinamide
regimen (two studies; 191 participants; Analysis 6.3).

Number of participants with ≥ 25% reduction in tonic-atonic

seizures

The RR was 1.88 (95% CI 0.93 to 3.77) in favour of the rufinamide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 58 participants; Analysis 6.4).

Number of participants 'unchanged' (< 25% reduction in tonic-

atonic seizures)

The RR was 1.38 (95% CI 0.59 to 3.20) in favour of the rufinamide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 58 participants; Analysis 6.5).

Number of participants with increased tonic-atonic seizures

The RR was 0.36 (95% CI 0.15 to 0.85) in favour of the rufinamide
regimen (one study; 58 participants; Analysis 6.6).
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Number of participants with improvement in seizure severity

rating

The RR was 1.74 (95% CI 1.13 to 2.68) in favour of the rufinamide
regimen (one study; 135 participants; Analysis 6.7).

Number of participants with adverse events

The RR was 1.13 (95% CI 0.86 to 1.50) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (two studies; 197 participants; Analysis
6.8).

Number of participants with adverse events suspected to be

treatment-related

The RR was 1.27 (95% CI 0.90 to 1.79) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 138 participants; Analysis
6.9).

Number of participants with serious adverse events

The RR was 0.86 (95% CI 0.13 to 5.97) in favour of the rufinamide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 138 participants; Analysis
6.10).

Number of participants with adverse events leading to study

discontinuation

In Ohtsuka 2014, four of 29 participants in the rufinamide group
did not complete the study due to adverse events, and 1 of 30
participants in the placebo group discontinued due to an adverse
event. It is unclear if a participant with an inappropriate diagnosis
was one of the few withdrawals experiencing adverse events. RR
4.14 (CI 0.49 to 34.86) in favour of the placebo regimen but the
CI included the possibility of an effect favouring either treatment
regimen (one study; 59 participants; Analysis 6.11). We downgraded
the certainty of evidence for this outcome twice for imprecision
because the effect estimate has a very wide CI. Our certainty in the
evidence for this outcome was low (Summary of findings 6).

Death

No deaths were reported in the study.

Rufinamide plus ASMs versus other ASM plus ASMs

One study contributed data for this comparison (Arzimanoglou
2019). Ten of 25 people (40%) in the rufinamide group discontinued
treatment, primarily due to adverse events (n = 3), patient choice
(n = 2), inadequate therapeutic effect (n = 2), or withdrawal of
consent (n = 3). Eight of 12 people (67%) in the 'Any other ASM'
group discontinued treatment, primarily due to loss to follow-up (n
= 1), patient choice (n = 1), inadequate therapeutic effect (n = 1),
withdrawal of consent (n = 4) or other reason (n = 1).

Number of participants with treatment-emergent adverse

events

The RR was 1.06 (95% CI 0.79 to 1.41) in favour of the other ASM
regime, but the CI included the possibility of an effect favouring
either treatment regimen (one study; 37 participants; Analysis 7.1).

Number of participants with severe treatment-emergent

adverse events

The RR was 0.96 (95% CI 0.20 to 4.53) in favour of the rufinamide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 37 participants; Analysis 7.2).

Number of participants with serious treatment-emergent

adverse events

The RR was 0.96 (95% CI 0.42 to 2.19) in favour of the rufinamide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 37 participants; Analysis 7.3).

Number of participants with treatment-emergent adverse

events leading to study-drug dose adjustment

Reduction: the Peto OR was 5.91 (99% CI 0.61 to 57.64) in favour of
the other ASM regime, but the CI included the possibility of an effect
favouring either treatment regimen (one study; 37 participants).

Interruption: the Peto OR was 0.04 (99% CI 0.00 to 2.17) in favour
of the rufinamide regimen but the CI included the possibility
of an effect favouring either treatment regimen (one study; 37
participants; Analysis 7.4).

Number of participants with treatment-emergent adverse

events leading to study discontinuation

The RR was 0.96 (95% CI 0.10 to 9.57) in favour of the rufinamide
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 37 participants; Analysis 7.5).
We downgraded the certainty of evidence for this outcome twice
for imprecision (from high to low) because the effect estimate has
a very wide CI (Summary of findings 7).

Death

The Peto OR was 4.39 (99% CI 0.02 to 1077.58) in favour of the
other ASM regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 37 participants;
Analysis 7.6).

Child Behaviour Checklist Questionnaire

The MD was 2.60 points (95% CI -10.30 to 15.50) in favour of the
other ASM regime, but the CI included the possibility of an effect
favouring either treatment regimen (one study; 19 participants;
Analysis 7.7).

Topiramate + ASMs versus placebo + ASMs

One study contributed data for this comparison (Sachdeo 1999). Of
the randomised participants, only one person was withdrawn (due
to patient choice), from the topiramate group.

Number of participants with ≥ 75% reduction in all seizures

The Peto OR was 8.22 (99% CI 0.60 to 112.62) in favour of the
topiramate regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 98 participants;
Analysis 8.1). We downgraded the certainty of evidence for this
outcome twice for imprecision (from high to low) because the effect
estimate has a very wide CI (Summary of findings 8).
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Number of participants free from major seizures (drop attacks

and tonic-clonic seizures)

The RR was 4.08 (95% CI 1.46 to 11.39) in favour of the topiramate
regimen (one study; 96 participants; Analysis 8.2).

Number of participants with ≥ 75% reduction in major seizures

(drop attacks and tonic-clonic seizures)

The RR was 4.35 (95% CI 0.97 to 19.42) in favour of the topiramate
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 96 participants; Analysis 8.3).

Number of participants with ≥ 50% reduction in major seizures

(drop attacks and tonic-clonic seizures)

The RR was 4.08 (95% CI 1.46 to 11.39) in favour of the topiramate
regimen (one study; 96 participants; Analysis 8.4).

Number of participants free from drop attacks

The Peto OR was 8.06 (99% CI 0.05 to 1398.41) in favour of the
topiramate regimen but the CI included the possibility of an effect
favouring either treatment regimen (one study; 96 participants;
Analysis 8.5.

Number of participants with ≥ 75% reduction in drop attacks

The RR was 2.84 (95% CI 0.80 to 10.06) in favour of the topiramate
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 95 participants; Analysis 8.6).

Number of participants with ≥ 50% reduction in drop attacks

The RR was 1.98 (95% CI 0.87 to 4.52) in favour of the topiramate
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 95 participants; Analysis 8.7).

Number of participants free from drop attacks during the

maintenance phase

The RR was 1.33 (95% CI 0.38 to 4.66) in favour of the topiramate
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 95 participants; Analysis 8.8).

Number of participants with severe adverse events

The RR was 2.29 (95% CI 0.86 to 6.11) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 98 participants; Analysis 8.9).

Number of participants with adverse events leading to dose

reduction or temporary discontinuation

The RR was 3.13 (95% CI 0.90 to 10.85) in favour of the placebo
regimen but the CI included the possibility of an effect favouring
either treatment regimen (one study; 98 participants; Analysis
8.10).

Number of participants with adverse events leading to study

discontinuation

No adverse events led to study discontinuation (one study; 98
participants; Analysis 8.11). We downgraded the certainty of the
evidence twice for imprecision (from high to low) because the study
was not powered to detect a between-group difference in zero
event outcomes (Summary of findings 8).

Death

No deaths were reported in the study.

D I S C U S S I O N

LGS is a complex and severe developmental and epileptic
encephalopathy that manifests as multiple seizure types, which
oVen evolve over time. Drop seizures (typically tonic, atonic
or myoclonic-atonic), is the characteristic seizure type. It is a
syndrome that is difficult to treat, with many people receiving
combination therapy (polypharmacy) but frequently without
achieving seizure-freedom. The aim of this review was to assess
the efficacy and tolerability of anti-seizure medications in the
treatment of LGS.

LGS is thought to account for up to 5% of all childhood
epilepsies,yet we found only 11 RCTs for the pharmaceutical
treatment of this syndrome. There are several possible
explanations for this lack of evidence. LGS is primarily a syndrome
of childhood; long-term prognosis is expected to be poor with
regard to the cognitive outcome, but seizures tend to become
less troublesome into adulthood (Ferlazzo 2010; Vignoli 2017).
Preferably, drug treatments would be evaluated earlier in the
course of the condition, closer to seizure onset. There has
traditionally been reluctance to set up trials in the paediatric age
group as it is both difficult and expensive, and continues to be
so, despite the early exclusivity clause set out by EU Regulations
(European Union 2006). Due to the low incidence of LGS (two
cases per 100,000 children), a multicentre collaborative study
design to enrol the numbers of individuals is required for sufficient
power with consensus on the selection of individuals (diagnostic
criteria), drug therapy, and outcome measures (Arzimanoglou
2009). Investigation of adjunctive and especially monotherapy ASM
regimens is difficult because LGS characteristics usually evolve over
time, including multiple seizure types and typical EEG appearances.
As such, many individuals will have already received several ASMs
at diagnosis. The natural history of the syndrome shows that the
frequency and type of seizures oVen fluctuate over time, which
means the observed improvement or deterioration might not be an
effect of the study intervention. Most challenging is the adequate
observation and reporting of seizure types with more subtle
clinical manifestations, such as atypical absence and myoclonic
seizures. This variation may account for the heterogeneous seizure
outcome measures applied across the studies included in this
review. Some more recent RCTs use pragmatic 'seizure definitions',
such as drop seizures with motor manifestations resulting in loss
of posture (Devinsky 2018; Ng 2011; Thiele 2018); this approach
might be more quantifiable and have more clinical impact. Studies
included in this review have applied different seizure outcome
measures, with more recent studies focusing on drop seizures,
a seizure type that is measurable and is expected to have the
most negative clinical impact. Observation and recording of the
different seizure types, in particular, those with more subtle clinical
manifestations, such as atypical absence and myoclonic seizures, is
challenging for carers of participating patients. This factor may be
one reason for the variation in seizure outcome measures applied
across studies in this review. Furthermore, LGS is an aetiologically
heterogeneous condition, and the different aetiologies of LGS
could affect the effectiveness outcomes of the different ASMs.
For example, selected patients with an underlying monogenetic
disorder such as a SCN2A mutation (resulting in gain or loss of
sodium channel function) and LGS phenotype and may respond
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differently to sodium channel-blocking ASMs (Brunklaus 2020;
Wolff 2017).

We found only one trial that included behaviour as a primary
outcome domain, even though behaviour and cognition are
frequently cited by families as being the most difficult features of
the syndrome to accept and manage. The primary focus of most
trials of ASMs is on seizure control and it is expected that other
types of medications would be indicated for modifying cognitive
and behavioural function rather than ASMs.

Recent clinical practice guidelines have recommended the use of
some ASMs for the treatment of LGS. The 2004 guidelines of the
American Academy of Neurology and American Epilepsy Society
for pharmacological management of treatment-resistant epilepsy
(French 2004) found felbamate, lamotrigine, and topiramate to be
effective ASMs in treating LGS. The 2018 update of these guidelines
(Kanner 2018) listed also rufinamide as an established treatment,
reporting that clobazam should be considered to decrease seizure
frequency. According to the 2012 National Institute for Health and
Care Excellence (NICE) guidelines (NICE 2012), add-on ASMs that
may be considered for children, young people and adults with
LGS are rufinamide and topiramate; if they are ineffective or not
tolerated, felbamate can be offered. Carbamazepine, gabapentin,
oxcarbazepine, pregabalin, tiagabine or vigabatrin should be
avoided. According to a 2019 NICE technology appraisal guidance
(NICE 2019), cannabidiol with clobazam is recommended as an
option for patients aged two years and older with LGS, if their drop
seizures are not controlled aVer 2 or more ASMS, and provided that
"the frequency of drop seizures is checked every 6 months, and
cannabidiol is stopped if the frequency has not fallen by at least
30% compared with the 6 months before starting treatment."

Summary of main results

We found that the evidence for drug treatment of LGS related
specifically to the use of anti-seizure medications. Some of the
included studies involved the treatment of children only, and
others involved both children and adults with LGS. All 11 included
trials (1277 participants) used ASMs as add-on therapy and had
variable periods of dose adjustment and maintenance; we found
no trials of ASMs used as monotherapy and no head-to-head
comparisons of specific add-on drugs. We identified one trial
registry record for a study that planned to compare add-on
rufinamide with lamotrigine but the study was reported to have
been terminated because those supporting the study did not want
to proceed with marketing the product.

Three included RCTs reported outcomes for both overall seizure
reduction and adverse events leading to study discontinuation. We
found high-certainty evidence that add-on lamotrigine increased
the number of participants with at least 50% reduction in the
average number of reported seizures and low-certainty evidence
that add-on lamotrigine may have reduced the number of
participants with adverse events leading to study discontinuation
when compared to add-on placebo. We also found high-certainty
evidence that add-on rufinamide increased the number of
participants with at least 50% reduction in the average number of
reported seizures when compared with add-on placebo and low-
certainty evidence that add-on rufinamide may have made little or
no difference compared to add-on placebo or another unspecified
ASM in terms of reducing the number of participants with adverse
events leading to study discontinuation. Add-on topiramate may

have increased the number of participants with at least 75%
reduction in the average number of reported seizures, and probably
made little or no difference to the number of adverse events leading
to study discontinuation when compared to add-on placebo (low-
certainty evidence). Add-on felbamate (treatment phase) may
have made little or no difference in terms of complete seizure
freedom and adverse events leading to study discontinuation when
compared to add-on placebo (low certainty evidence). However,
we found that when seizures were recorded under EEG monitoring,
add-on felbamate may have increased seizure freedom compared
to add-on placebo. We remain uncertain whether other add-on
drug therapies, including cannabidiol, cinromide and clobazam,
reduced all types of seizures because this outcome was not
reported or had very low-certainty evidence. Despite therapeutic
potential for reducing drop seizures, we found high-certainty
evidence that add-on cannabidiol and add-on clobazam increased
the number of participants with adverse events leading to study
discontinuation compared to add-on placebo. We did not find any
evidence for adverse events leading to study discontinuation in the
comparison of add-on cinromide with add-on placebo.

There were insufficient data to perform subgroup analysis for the
pre-specified variables, dosage, timing, and length of treatment.
Most of the evidence included in this review related to people
from middle- or high-income countries and, where reported,
participants of white ethnicity.

Overall completeness and applicability of evidence

We excluded three studies on the basis that data were not usable.
However, we did not attempt to obtain additional data from the
authors because the studies were published more than 25 years
ago. We acknowledge this as a limitation of the review. In addition,
we listed one potentially relevant study as awaiting classification in
the absence of a translation into English. We also acknowledge this
as a limitation of the review.

All included trials used ASMs as add-on therapy. Hence, the data on
the treatment of LGS from RCTs refer to ASMs given as adjunctive
treatments. The earliest trial of an add-on therapy, cinromide, is
not currently used in clinical practice and evidence relates only to
patients up to the age of 18 years. We found limited reporting of
outcomes for cognition and behaviour. We also found that some
of the more recent studies focused on drop seizure reduction as
a primary outcome. Our 'Summary of findings' tables focused
on overall seizure cessation, reduction and adverse events in
accordance with the previous version of this review and because
multiple types of seizures are reported in LGS.

Quality of the evidence

For outcomes included in the Summary of Findings table, we found
the certainty of evidence to be of moderate- to very low-certainty.
We primarily downgraded outcomes because the evidence was not
powered to detect a between-group difference (study limitations).
We also downgraded outcomes due to imprecise estimates with
wide or very wide CIs. In addition, we downgraded outcomes from
one study that was judged to have a very serious risk of bias due
to attrition and selective reporting (Group for the Evaluation of
Cinromide 1989).
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Potential biases in the review process

We made every effort to identify all RCTs on the use of ASMs for
LGS through a comprehensive search of the literature, and it is
unlikely that we failed to identify large relevant studies. However,
despite our efforts, there remains the possibility that we have
missed small studies published in the less accessible literature. We
also contacted drug companies and experts in the field to obtain
information on ongoing trials or unpublished results. Finally, we
contacted authors of one included study, published in 2019, to
obtain information on missing data, and we contacted trialists to
determine the completion of another study. We acknowledge a
potential bias in our review process because we did not attempt to
contact all study authors for additional data. Unavoidably, some of
the authors of this review were familiar with most of the included
trials before updating this review. However, data extraction was
undertaken blind to the results of the prior version of the review.

Agreements and disagreements with other studies or

reviews

We identified a narrative review of drug therapies for LGS that
concluded a lack of evidence of the efficacy of any one drug over
another. The review reported that drug therapies are difficult to
compare even in RCTs, and suggested that non-medical therapies
may be considered aVer the failure of two to three drugs (Borrelli
2019). We found some evidence in favour of the use of add-on
lamotrigine compared with add-on placebo in terms of both overall
reduction in average reported seizures and adverse events leading
to study discontinuation. However, we also found a lack of RCTs
assessing the therapeutic potential of monotherapy and head-to-
head comparison of specific add-on ASMs. It is beyond the scope of
this review to make recommendations on the use of non-medical
therapies for LGS.

We identified several reviews of individual add-on ASMs for the
treatment of LGS. In 2018, a meta-analysis of add-on cannabidiol
versus add-on placebo was performed, based on two studies
included in this review (Devinsky 2018 and Thiele 2018). In addition
to the assessment of different types of seizures, this meta-analysis
also included data for all seizure frequency. The review authors
reported that "rates of > 50% reduction of all seizures were
also higher among patients randomised to the active drug rather
than placebo (37.2% vs 21.2%; RR 1.76 (95% CI 1.07-2.88); P =
0.025)" (Lattanzi 2018). However, we did not find outcome data
reported for greater than 50% reduction in all seizures in Devinsky
2018 or Thiele 2018; these data were not included in our analysis of
the evidence.

Previously, an indirect comparison was undertaken of add-on
felbamate, lamotrigine, topiramate, rufinamide and clobazam
(Cramer 2013). Although the authors found some evidence in
favour of add-on clobazam, they acknowledged several limitations
including overlapping 95% CIs, omission of adverse event
outcomes and studies oVen using dose ranges rather than a specific
dosage. The authors of this analysis were also employed by the
manufacturer of clobazam. We did not identify publication bias in
the included studies in this review but we did find that some study
investigators declared financial interests in their study sponsor.

In 2010, one study evaluated the cost effectiveness of rufinamide
in the treatment of LGS. Based on data from the UK, this study
concluded that, for managing drop seizures, "if society is willing

to pay an additional £250 or more for a 1% increase in patients
achieving at least a 50% reduction in seizure frequency over 3 years,
rufinamide has more than an 80% probability of being cost effective
compared with either lamotrigine or topiramate" (Benedict 2010).
We did not assess cost-effectiveness in this review, but recognise a
need for up-to-date modelling to help inform decision-making.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is currently a lack of randomised controlled trial (RCT)
evidence on the optimal monotherapy for Lennox-Gastaut
syndrome (LGS). However, we found high-certainty evidence for
reduction in average reported seizures with add-on lamotrigine
and rufinamide, and low-certainty evidence that these treatments
may have reduced or made little or no difference to the number of
participants with adverse events leading to study discontinuation,
when compared with add-on placebo or another add-on ASM,
respectively. We found very little information on the effects
of treatment on development, cognition and behaviour, and
incomplete reporting for overall seizure reduction and adverse
events leading to study discontinuation across most RCTs of add-
on anti-seizure medications (ASMs).

Implications for research

There is a need for high-quality RCTs to establish the optimal
ASM monotherapy for LGS and optimal add-on treatment through
head-to-head comparison of add-on ASMs. We also think more
research is necessary across ethnically and geographically diverse
populations; outcome reporting needs to include overall seizure
cessation and reduction (e.g. recorded under observation if
reporting is too difficult), and the impact on developmental
progress, cognition, and behaviour. We think future research
will need to consider economic evaluation of the different drug
treatments for LGS. We also think further studies could explore the
efficacy of ASMs within different age groups and aetiologies of LGS.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Multicentre, randomised, open-label, Phase III study designed to evaluate the safety, tolerability, phar-
macokinetics (PK), and behavioural effects of adjunctive rufinamide in paediatric patients (1 to < 4
years of age) with inadequately controlled seizures associated with LGS.

Duration of participation:"106-week treatment period, including an initial 2-week titration phase and
a 104-week maintenance phase." This was preceded by 1-8 weeks screening and baseline, and followed
by 2 weeks tapering and a final visit 4 weeks later at 116 weeks.

Participants Duration of participation (from recruitment to last follow-up):"Eligible patients were 1 to < 4 years
of age with a clinical diagnosis of LGS, which might have included presence of a slow background EEG
rhythm, slow spike-wave pattern (< 3 Hz), and/or the presence of polyspikes."

Inclusion criteria:

• Aged 1 to less than 4 years old;

• Clinical diagnosis of LGS, which might include the presence of a slow background EEG rhythm, slow
spikes-waves pattern (< 3 Hz), polyspikes (care should be taken to not include benign myoclonic epilep-
sy of infancy, atypical benign partial epilepsy [pseudo-Lennox syndrome], or continuous spike-waves of
slow sleep);

• Fixed and documented doses of 1-3 concomitant regionally approved ASMs for a minimum of 4 weeks
prior to randomisation with an inadequate response to treatment;

• Consistent seizure documentation (i.e. no uncertainty of the presence of seizures) during the pre-ran-
domisation phase;

• Written informed consent provided by parent(s)/legal representative(s);

• Ability to comply with all aspects of the protocol.

Exclusion criteria:

• Familial short QT syndrome;
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• Prior treatment with rufinamide within 30 days of baseline visit or discontinuation of rufinamide
treatment due to safety issues related to rufinamide;

• Evidence of clinically significant disease (e.g. cardiac, respiratory, gastrointestinal, renal disease) that
in the opinion of the investigator(s) could affect the patient’s safety or study conduct;

• Hypersensitivity to rufinamide and/or triazole, or any of the excipients;

• Any history of or concomitant medical condition that, in the opinion of the investigator, would com-
promise the patient’s ability to safely complete the study;

• Scheduled surgery during the projected course of the study.

Total number randomised: 37

Baseline imbalances:

"The 2 treatment groups were generally well-balanced for age, weight, and height."

However, as with the interim 6-month data published separately, table 1 suggests a higher proportion
of males were in the ‘Any other ASM’ group. The categories for ethnicity are also different to those re-
ported in the 6-month dataset (Arzimanoglou 2015)

Withdrawals and exclusions:

10 of 25 people (40%) in the rufinamide group discontinued and 8 of 12 people (67%) in the 'Any other
ASM' group discontinued.

Age at onset:

Mean, months (SD): rufinamide group 28.3 (10); 'Any other ASM' group 29.8 (9.9)

Median, months (min-max): rufinamide group 28 (12-46); 'Any other ASM' group 30.5 (13-47).

Age at diagnosis:

Mean (SD) time since diagnosis was 19.9 (9.9) months in the rufinamide group and 23.0 (9.5) in the 'Any
other ASM' group.

Age at start of treatment: Not reported.

Sex: M:F (%): rufinamide group 14:11 (56:44); 'Any other ASM' group 10:2 (83.3: 16.7).

Race/ethnicity: Hispanic/Latino: Non-Hispanic or Latino: rufinamide group 5:20 (20:80); 'Any other
ASM' group 3:9 (25:75).

Type of seizures:

Partial (%): rufinamide group 15 (60); 'Any other ASM' group 7 (58.3);

Absence (%): rufinamide group 5 (20); 'Any other ASM' group 4 (33.3);

Atypical absence (%): rufinamide group 12 (48); 'Any other ASM' group 6 (50);

Myoclonic (%): rufinamide group 15 (60); 'Any other ASM' group 10 (83.3);

Clonic %): rufinamide group 6 (24); 'Any other ASM' group 4 (33.3);

Tonic-atonic (%): rufinamide group 15 (60); 'Any other ASM' group 8 (66.7);

Primary generalised tonic-clonic (%): rufinamide group 6 (24); 'Any other ASM' group 3 (25);

Other: rufinamide group 9 (36); 'Any other ASM' group 1 (8.3);

Seizure frequency during the baseline period: not reported.

Number of background drugs:
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"Patients were receiving stable doses of 1-3 concomitant ASMs for a minimum of 4 weeks prior to ran-
domisation with an inadequate response, and had consistent seizure documents with no uncertainty
of the presence of seizures during the pre-randomisation phase… Among patients in the Safety Analy-
sis Set, 8.1% were taking 1 ASM at baseline, 37.8% were taking 2 ASMs, 45.9% were taking 3 ASMs, 2.7%
were taking 4 ASMs, and 5.4% were taking 5 ASMs. At baseline, the most common concomitant ASMs
(≥ 20% in either treatment group) were valproic acid, levetiracetam, topiramate, diazepam, vigabatrin,
clobazam, and lamotrigine (Table 2). The add-on ASMs selected by investigators at randomisation for
the 'Any other ASM' group were lamotrigine (41.7%), clobazam and topiramate (16.7% each), and phe-
nobarbital, valproic acid, and zonisamide."

Severity of illness: Not reported.

Comorbidities: Not reported.

Interventions Group name: rufinamide

Number randomised to group:25

Description:

"…add-on therapy with rufinamide oral suspension."

"The 40 mg/ml oral suspension of rufinamide used in this study has been shown to be bioequivalent to
the 400-mg oral tablet formulation previously used in Study 022… Titration of rufinamide began at a
10 mg/kg/day dose. The dose was increased by 10 mg/kg/day every 3 days to 40 mg/kg/day, at which
point the dose was increased by 5mg/kg/day to a target maintenance dose of 45 mg/kg/day, given in
2 equally divided doses. If tolerability issues arose, titration could occur more slowly and/or conclude
at a lower maintenance dose. Once the maintenance dose of rufinamide was reached, further dose ad-
justments were permitted according to the investigator's discretion."

Duration of baseline period:

Screening and baseline phases lasted 1-8 weeks in total.

Duration of treatment period:"106-week treatment period, including an initial 2-week titration phase
and a 104-week maintenance phase."

Co-interventions:"Among patients in the Safety Analysis Set, 8.1% were taking 1 ASM at baseline,
37.8% were taking 2 ASMs, 45.9% were taking 3 ASMs, 2.7% were taking 4 ASMs, and 5.4% were taking
5 ASMs. At baseline, the most common concomitant ASMs (≥ 20% in either treatment group) were val-
proic acid, levetiracetam, topiramate, diazepam, vigabatrin, clobazam, and lamotrigine."

Compliance: "Overall, 18 patients discontinued from the study (rufinamide: n = 10 [40%]; any other
ASM: n = 8 [67%])."

Rufinamide group: 15/25 (60%) completed.

Any other ASM group: 4/12 (33%) completed.

Control group name: Any other ASM group

Number randomised to group: 12

Description:

"Any other approved ASM of the investigator's choice for a 106-week treatment period, including an ini-
tial 2-week titration phase and a 104-week maintenance phase"

"The administration of other ASMs was undertaken according to the investigator's usual practice by al-
lowing the investigator to add any other approved add-on ASM of their choice."

"Among patients in the Safety Analysis Set, 8.1% were taking 1 ASM at baseline, 37.8% were taking 2
ASMs, 45.9% were taking 3 ASMs, 2.7% were taking 4 ASMs, and 5.4% were taking 5 ASMs. At baseline,
the most common concomitant ASMs (≥ 20% in either treatment group) were valproic acid, levetirac-
etam, topiramate, diazepam, vigabatrin, clobazam, and lamotrigine. The add-on ASMs selected by in-
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vestigators at randomisation for the any-other-ASM group were lamotrigine (41.7%), clobazam and
topiramate (16.7% each), and phenobarbital, valproic acid, and zonisamide (8.3% each)."

Duration of baseline period:Screening and baseline phases lasted 1-8 weeks in total

Duration of treatment period:"106-week treatment period, including an initial 2-week titration phase
and a 104-week maintenance phase."

Compliance:"Overall, 18 patients discontinued from the study (rufinamide: n = 10 [40%]; any other
ASM: n = 8 [67%])."

Rufinamide group: 15/25 (60%) completed.

Any other AED group: 4/12 (33%) completed.

Outcomes Outcome 1: All treatment-emergent adverse events

Time points measured:

"An adverse event (AE) was considered treatment-emergent if the AE was: (a) absent at baseline and
emerged during treatment; (b) present at baseline but stopped before treatment and re-emerged dur-
ing treatment; or (c) continuous from baseline but became more severe during treatment relative to its
pretreatment state."

Unit of measurement: Unclear. The definition does not suggest outcome by person although the re-
sults table includes % data that suggest outcome reporting by person.

Imputation of missing data: Not applicable.

Assumed risk estimate:Not reported.

Statistical power:"The final Study 303 protocol used a sample size of 75 patients (50 randomised to ru-
finamide and 25 to any other ASM), to provide 84% power to detect a mean difference of approximately
23 (standard deviation [SD] ¼ 25) in CBCL scores between children with documented psychopathologi-
cal issues and those without. However, due to the difficulties in enrolling patients in this age group, the
sample size was reduced to 37 patients (25 randomised to rufinamide and 12 to any other ASM) during
the interim analysis. A sample size of 37 patients provided 72% power. Overall, a total of 24 patients re-
ceiving rufinamide and 9 patients receiving any other ASM had CBCL assessments at various times by
the end of the study. A sample size of 24 patients had 70% power to detect events with a frequency of
5% and over 90% power to detect events with a frequency of 10%."

Outcome 2: Serious treatment-emergent adverse events

Time points measured:See above.

Outcome 3: Child Behaviour Checklist (CBLC) questionnaire

Time points measured:"In Study 303, the primary efficacy endpoint was the CBCL Total Problems score
at the end of the 2-year treatment period. Change from baseline in CBCL subscores was also assessed
as an exploratory endpoint."

Time points reported: "The mean and mean change from baseline in CBCL Total Problems scores…
(based on the means across Weeks 24, 56, 88, and 106)."

Outcome definition:"The CBCL is a 99-item questionnaire, completed by the patient's parent or
guardian, that rates 8 problem areas: emotionally reactive, anxious/depressed, somatic complaints,
withdrawn, sleep problems, attention problems, aggressive behavior, and other problems; and addi-
tionally produces 3 summary scores: Internalizing, Externalizing, and Total Problems. The Total Prob-
lems score is the sum of all problem areas plus 1 additional item and higher scores indicate more prob-
lems."

Is outcome validated?Unclear: "A more sensitive behavior scale may be required to assess behavior in
this patient population in future studies."
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Notes Study funding sources:The study was funded by Eisai Inc. and all authors were actively or previously
working with Eisai Inc.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "patients were randomized"

"Patients were assigned to treatment groups (rufinamide or any other ASM)
using a computer-generated random allocation sequence."

Allocation concealment
(selection bias)

Low risk "Patients were assigned to treatment groups (rufinamide or any other ASM)
using a computer-generated random allocation sequence, which was ap-
proved and locked by an independent statistician. Randomization and dose
dispensing at each visit was performed centrally by an Interactive Voice Re-
sponse System."

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported.

Incomplete outcome data
(attrition bias)
All outcomes

High risk There was a high rate of discontinuation from both arms of this study: rufi-
namide: n = 10 [40%]; any other ASM: n = 8 [67%] yet the Abstract concludes
"Long-term (2 years) adjunctive rufinamide was well tolerated in pediatric pa-
tients with LGS."

Selective reporting (re-
porting bias)

Low risk None identified.

Other bias Low risk None identified.
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Study characteristics

Methods Multicentre, randomised, double-blind, placebo-controlled trial to assess the efficacy and safety of two
doses of cannabidiol, as compared with placebo, added to a regimen of conventional anti-seizure med-
ication to treat drop seizures in patients with the Lennox–Gastaut syndrome.

Parallel RCT

"…2:2:1:1 ratio, to receive cannabidiol at a dose of either 20 mg per kilogram of body weight per day
(the 20-mg cannabidiol group) or 10 mg per kilogram per day (the 10-mg cannabidiol group) or match-
ing placebo."

Duration of treatment: "Patients were followed for up to 24 weeks. The trial comprised a 4-week base-
line period, a 14-week treatment period (2 weeks of dose escalation, followed by 12 weeks of stable
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dosing [maintenance phase]), a tapering period of up to 10 days, and a 4-week safety follow-up period
after discontinuation of cannabidiol or placebo."

Participants Population description:"Patients with Lennox–Gastaut syndrome were eligible for inclusion in the tri-
al if they were between 2 and 55 years of age; had an electroencephalogram that showed a pattern
of slow (< 3.0 Hz) spike-and-wave complexes, which is characteristic of the disorder; and had at least
two types of generalised seizures, including drop seizures, for at least 6 months. A drop seizure was de-
fined as an epileptic seizure (atonic, tonic, or tonic–clonic) involving the entire body, trunk, or head
that leads or could lead to a fall, injury, or slumping in a chair."

Inclusion criteria:

See above population description. Also, "Eligible patients were taking between one and four
antiepileptic drugs and had at least two drop seizures each week during the baseline period. All med-
ication doses and non-pharmacologic interventions for epilepsy (including ketogenic diet and vagus
nerve stimulation) had to be stable in the 4 weeks before screening and throughout the trial."

Exclusion criteria:

"unstable medical conditions during the 4 weeks before screening, a history of alcohol or substance
abuse, use of recreational or medicinal cannabis in the previous 3 months, use of corticotropins in the
previous 6 months, or current use of felbamate for less than 1 year."

Total number randomised: 225

Baseline imbalances:

"Baseline characteristics were similar in the trial groups"

It is noted that a slightly higher proportion of the placebo group also received vagus nerve stimula-
tion as a concomitant intervention (28%) as compared with the 10 and 20 mg cannabidiol groups (21%
each).

Withdrawals and exclusions:

"A total of 13 patients (6%) discontinued either cannabidiol (11 patients) or placebo (2 patients); in 7
of the 11 patients who discontinued cannabidiol, the treatment was discontinued because of adverse
events."

Age at onset:Age, mean (SD): placebo group, 15.3 (9.3); 10-mg cannabidiol group, 15.4 (9.5); 20-mg
cannabidiol group, 16 (10.8).

Age at diagnosis:Not reported.

Age at start of treatment:Not reported.

Sex: Males (%): placebo group, 44 (58); 10-mg cannabidiol group, 40 (55); 20-mg cannabidiol group, 45
(59).

Race/ethnicity:

White (%): placebo group, 69 (90.8); 10-mg cannabidiol group, 62 (84.9); 20-mg cannabidiol group, 67
(88.2).

Other (Includes Black/African American, Asian, and ‘Other’ (verbatim terms included Biracial, Hispan-
ic, Indian, and Latino-Hispanic)) (%): placebo group, 7 (9.2); 10-mg cannabidiol group, 11 (15.1); 20-mg
cannabidiol group, 9 (11.8).

Type of seizures:

Drop seizures; Total seizures; Non-drop seizures;

Seizure frequency during the baseline period;

Median number of seizures during the 28-day baseline period (interquartile range):
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Drop seizures: placebo group, 80.3 (47.8 to 148); 10 mg cannabidiol, 86.9 (40.6 to 190); 20-mg cannabid-
iol, 85.5 (38.3 to 161.5)

Total seizures (all types combined): placebo group, 180.6 (90.4 to 431.3); 10-mg cannabidiol, 165 (81.3
to 359); 20-mg cannabidiol, 174.3 (82.7 to 392.4)

Non-drop seizures: placebo group, 78 (22 to 216); 10-mg cannabidiol, 95.7 (14 to 280); 20-mg cannabidi-
ol, 93.7 (22.2 to 278.4)

Number of background drugs:

Median number of previous antiepileptic drugs (range):

Placebo group, 6 (1-22)

10-mg cannabidiol, 6 (0-21)

20-mg cannabidiol, 6 (1-18)

Severity of illness:Not reported

Comorbidities: Not reported

Interventions Intervention group 1: 20-mg cannabidiol

Number randomised to group:76

Description:

"…to receive cannabidiol at a dose of either 20 mg per kilogram of body weight per day… The active
treatment was a plant-derived pharmaceutical formulation of purified cannabidiol oral solution (100
mg per milliliter). Cannabidiol and the matching placebo solution (excipients alone) were provided in
identical 100-ml amber glass bottles. The cannabidiol or placebo was administered orally twice daily in
equally divided doses starting at 2.5 mg per kilogram per day and increasing by 2.5 to 5.0 mg per kilo-
gram every other day until the target dose was reached."

Duration of baseline period:28 days; "Patients began a 4-week baseline period after screening"

Duration of treatment period:14 weeks; "The trial comprised…a 14-week treatment period (2 weeks of
dose escalation, followed by 12 weeks of stable dosing [maintenance phase]), a tapering period of up
to 10 days, and a 4-week safety follow-up period after discontinuation of cannabidiol or placebo"

Co-interventions:

Vagus nerve stimulation; Ketogenic diet; "medication doses and non-pharmacologic interventions for
epilepsy (including ketogenic diet and vagus nerve stimulation) had to be stable in the 4 weeks before
screening and throughout the trial."

Intervention group 2: 10-mg cannabidiol

Number randomised to group:73

Description:

"…to receive cannabidiol at a dose of…10 mg per kilogram per day…The active treatment was a
plant-derived pharmaceutical formulation of purified cannabidiol oral solution (100 mg per milliliter).
Cannabidiol and the matching placebo solution (excipients alone) were provided in identical 100-ml
amber glass bottles. The cannabidiol or placebo was administered orally twice daily in equally divided
doses starting at 2.5 mg per kilogram per day and increasing by 2.5 to 5.0 mg per kilogram every other
day until the target dose was reached."

Duration of baseline period:28 days; "Patients began a 4-week baseline period after screening"
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Duration of treatment period:14 weeks; "The trial comprised…a 14-week treatment period (2 weeks of
dose escalation, followed by 12 weeks of stable dosing [maintenance phase]), a tapering period of up
to 10 days, and a 4-week safety follow-up period after discontinuation of cannabidiol or placebo"

Control group: Placebo

Description:

"…matching placebo administered at a volume equivalent to that for either the 20-mg cannabidiol
dose or the 10-mg dose. The active treatment was a plant-derived pharmaceutical formulation of pu-
rified cannabidiol oral solution (100 mg per milliliter). Cannabidiol and the matching placebo solution
(excipients alone) were provided in identical 100-ml amber glass bottles. The cannabidiol or placebo
was administered orally twice daily in equally divided doses starting at 2.5 mg per kilogram per day
and increasing by 2.5 to 5.0 mg per kilogram every other day until the target dose was reached."

"Placebo oral solution contains the excipients sesame oil and anhydrous ethanol with added sweeten-
er (sucralose) and strawberry flavoring"

Duration of baseline period:28 days; "Patients began a 4-week baseline period after screening"

Duration of treatment period:14 weeks; "The trial comprised…a 14-week treatment period (2 weeks of
dose escalation, followed by 12 weeks of stable dosing [maintenance phase]), a tapering period of up
to 10 days, and a 4-week safety follow-up period after discontinuation of cannabidiol or placebo."

Outcomes Outcome 1: percentage change from baseline in the frequency of drop seizures (average per 28

days) during the treatment period

Time points measured:Average per 28 days during the treatment period – 14 weeks

Time points reported:Across the duration of the treatment period

Outcome definition:"Patients or their caregivers were trained to record, using an interactive voice-re-
sponse system, the number and type of seizures, including drop seizures, that occurred each day. They
also recorded in paper diaries cannabidiol or placebo use, use of concomitant medications, and ad-
verse events that occurred during the treatment and follow-up periods."

Imputation of missing data:"Sensitivity analyses were performed for the primary and key secondary
outcomes, including one in which missing data from the days that were not reported in the interactive
response system were imputed as the highest number of seizures for each patient according to the last
observation carried forward, the next observation carried backward, and the mean number of daily
seizures during the treatment period (calculated from non missing data)"

For the primary outcome, "The results of the sensitivity analyses, including those performed to account
for missing data, were consistent with the results of the primary analysis"

Statistical power:"On the basis of previously reported placebo effects on seizure rates in other trials in-
volving patients with the Lennox–Gastaut syndrome and allowing for a slightly greater placebo effect
because of a higher expectation of effect with cannabidiol than with other agents, we assumed that the
patients assigned to receive placebo would have a mean 18% reduction from baseline in drop-seizure
frequency and that patients assigned to receive cannabidiol would have a mean 50% reduction. We cal-
culated that 50 patients per trial group would provide 80% power to detect a 32 percentage-point dif-
ference between the cannabidiol group and the placebo group at a two-tailed significance level of 5%.
Because of the rapid recruitment after notification of pending closure of recruitment, more patients
underwent randomisation than originally planned."

Outcome 2: "percentage of patients who had at least a 50% reduction from baseline in drop-

seizure frequency"

Time points measured:Not pre-specified in methods; "over the 12-week, double-blind maintenance
period" (as reported in protocol).

Time points reported:Across the duration of the treatment period.
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Outcome definition:"Patients or their caregivers were trained to record, using an interactive voice-re-
sponse system, the number and type of seizures, including drop seizures, that occurred each day. They
also recorded in paper diaries cannabidiol or placebo use, use of concomitant medications, and ad-
verse events that occurred during the treatment and follow-up periods."

Imputation of missing data:"Sensitivity analyses were performed for the primary and key secondary
outcomes, including one in which missing data from the days that were not reported in the interactive
response system were imputed as the highest number of seizures for each patient according to the last
observation carried forward, the next observation carried backward, and the mean number of daily
seizures during the treatment period (calculated from non missing data)"

"The direction of these findings was consistent in the sensitivity analyses"

Outcome 3: "the percentage change from baseline in the frequency of all types of seizures (total

seizures)"

Time points measured:Not pre-specified in methods; Average per week and "during the Weeks 1–4, 5–
8, and 9–12" for the outcome relating to drop seizures (as reported in protocol)

Time points reported:"per 28 days during the treatment period"

Outcome definition:"Patients or their caregivers were trained to record, using an interactive voice-re-
sponse system, the number and type of seizures, including drop seizures, that occurred each day. They
also recorded in paper diaries cannabidiol or placebo use, use of concomitant medications, and ad-
verse events that occurred during the treatment and follow-up periods."

Imputation of missing data:"Sensitivity analyses were performed for the primary and key secondary
outcomes, including one in which missing data from the days that were not reported in the interactive
response system were imputed as the highest number of seizures for each patient according to the last
observation carried forward, the next observation carried backward, and the mean number of daily
seizures during the treatment period (calculated from non missing data)"

"The direction of these findings was consistent in the sensitivity analyses."

Outcome 4: "the Patient or Caregiver Global Impression of Change from baseline in overall condi-

tion"

Time points measured:From baseline and "the last visit."

Time points reported: Change from baseline to the last visit.

Outcome definition:"…assessed on a 7-point scale that included three categories of improvement
(slightly improved, much improved, or very much improved), three categories of worsening (slightly
worse, much worse, or very much worse), and an option of 'no change'."

Outcome 5: Adverse events

‘adverse events’ were not specifically identified as an outcome measure in the methods of the full re-
port.

Time points measured:Not specified in methods or results of full report.

Time points reported: Not specified in the full report.

Outcome definition:"Any new unfavorable/unintended signs/symptoms (including abnormal laborato-
ry findings), or diagnosis or worsening of a pre-existing condition, which is present following screening
(Visit 1) and the post treatment, safety follow-up visit (Visit 10), which may or may not be considered to
be related to the IMP. Any event that is the result of a study procedure must be recorded as an AE." (as
reported in the protocol).

Notes Study funding sources:"Supported by GW Pharmaceuticals"

Conflicts of interest:All completed disclosure forms by authors identified relevant conflicts of interest
outside of the submitted work.

Devinsky 2018  (Continued)

Anti-seizure medications for Lennox-Gastaut syndrome (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

49



Cochrane
Library

Trusted evidence.

Informed decisions.

Better health.

 

 

Cochrane Database of Systematic Reviews

Other: Inclusion and exclusion criteria in the full report are not fully consistent with those reported in
the protocol.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "A computer-generated block randomisation schedule, with block sizes of six,
was produced by an independent statistician and held at a central location."

Allocation concealment
(selection bias)

Low risk "An interactive voice-response or Web-based response system was used
to randomly assign the patients, in a 2:2:1:1 ratio, to receive cannabidiol
at a dose of either 20 mg per kilogram of body weight per day (the 20-mg
cannabidiol group) or 10 mg per kilogram per day (the 10-mg cannabidiol
group) or matching placebo administered at a volume equivalent to that for ei-
ther the 20-mg cannabidiol dose or the 10-mg dose (the placebo group)."

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk The abstract and introduction refer to double blinding and the methods refer
to a "matching placebo" but provide no further information on blinding.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk The abstract and introduction refer to double blinding and the methods refer
to a "matching placebo" but provide no further information on blinding.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk The abstract and introduction refer to double blinding and the methods refer
to a "matching placebo" but provide no further information on blinding.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk "For patients who withdrew from the trial, data up to the time of withdrawal
were included in the outcome analyses, and no imputation for missing data
was performed."

The number of dropouts (13/225) was relatively low overall although the pro-
portion was slightly higher from the cannabidiol groups (11/49) than placebo
(2/76).

Selective reporting (re-
porting bias)

High risk A number of secondary outcomes referred to in the methods and protocol
were reported in the full report as using descriptive statistics only but analyses
are available in the supplementary paper.

"The type 1 error was not controlled in the analysis of the other secondary out-
comes. Therefore, only descriptive statistics and 95% confidence are present-
ed in Table S3 in the Supplementary Appendix."

Other bias Low risk None identified.
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Study characteristics

Methods Cross-over RCT with lamotrigine (LTG) in children and young adults with intractable generalised epilep-
sy.

Baseline: 8 weeks

Open phase: 2-12 months

Eriksson 1998 
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Washout: 3 weeks

Period 1: 12 weeks

Washout: 3 weeks

Period 2: 12 weeks

Total: 46 to 86 weeks

Participants Population description:"All children and adolescents older than 2 years with refractory or intractable
generalized epilepsy referred to the Department of Child Neurology, Karolinska Hospital, were eligible
for the trial if they had more than two seizures per month."

Inclusion criteria:"All children and adolescents older than 2 years with refractory or intractable gener-
alized epilepsy referred to the Department of Child Neurology, Karolinska Hospital, were eligible for the
trial if they had more than two seizures per month. 'Refractory' was defined as 'not seizure free' despite
consecutive treatment attempts with at least three conventional ASMs in therapeutic doses giving ade-
quate recommended high plasma concentrations verified by therapeutic drug monitoring (TDM). 'Gen-
eralized' was defined according to the ILAE’s classification and required a scalp EEG showing general-
ized or multifocal epileptiform activity."

Exclusion criteria: "the presence of liver, renal, or progressive neurologic disease, or the diagnosis of
focal epilepsy."

Total number randomised:17 with refractory generalised epilepsy (based on Table 1, 13/17 had LGS).

Baseline imbalances: Not reported.

Withdrawals and exclusions:"Three children were excluded from the analyses because of incomplete
seizure diaries (patients 11, 28, and 30). One child was withdrawn during the double-blind phase for
family reasons (patient 21), and the family of another (patient 14) refused to carry through because the
child became seizure free after the first phase of the double-blind period. Both children had received
LTG."

Age at onset: Mean: 9.3 (SD 3.9)

Age at diagnosis:Not reported.

Age at start of treatment: Not reported.

Sex: Not reported.

Race/ethnicity: Not reported.

Type of seizures:

Data reported individually at baseline, pre-randomisation. Across participants with LGS, seizure types
included:

Tonic-atonic seizures (n = 20/20)

Myoclonic seizures (n = 20/20)

Atypical absences (n = 20/20)

Tonic-clonic seizures (n = 13/20)

Other seizure types (n = 2/20)

Seizure frequency during the baseline period: Median = 96 (range 27 to 315)

Number of background drugs:Data reported individually: 1-3 drugs in the patients with LGS

Comorbidities: Not reported.
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Interventions Group: Lamotrigine

Number randomised to group:N = 17 with refractory generalised epilepsy (based on Table 1, 13/17 had
LGS).

Description:

"During the open phase, LTG was added to the current treatment, starting with 1 mg/kg/day divided in-
to two daily doses and increased by 1 mg/kg/day every 2 weeks until a clinical response or side effects
were observed. However, for children taking sodium valproate (VPA) and no enzyme-inducing ASM, the
initial dose of LTG was < 0.5m g/kg/day, and the dose increments were 0.5 mg/kg/day at intervals as de-
scribed. LTG was administered either as 12.5-mg capsules or as 25- or 50-mg tablets supplied by Well-
come. The optimal LTG dose (i.e. the dose that produced the best clinical response for individual pa-
tients, was determined after a mean period of 5 months (range, 2-12 months). At the end of the open
phase, each child was classified as a responder or a nonresponder. Children with a ≥ 50% reduction in
seizure frequency or reduction in the severity of seizures or both, or definite improvements in behavior
or motor skills or both, were classified as responders and went on to the double-blind phase"

"Double-blind phase: two 12-week periods during which the previously determined individual dose of
LTG for each child and identical placebo tablets were administered in random order."

Washout phase: "The treatment periods were separated by a 3-week washout phase."

Duration of baseline period:8 weeks

Duration of treatment period:12 weeks

Co-interventions: Existing antiepileptic medications (AEDs)

Compliance:Not reported.

Group name: placebo

Number randomised to group:N = 17 with refractory generalised epilepsy (based on Table 1, 13/17 had
LGS).

Description:See above.

"During the course of the study, the patients were evaluated every 2 weeks during a 1-day visit to our
clinic for children with epilepsy. The evaluation was based on an interview of the parents and, if possi-
ble, the child, a 4-h observation of the child by a trained nurse, and a physical examination. Each child’s
condition was classified as improved, unchanged, or deteriorated. The LTG dose was increased dur-
ing the open phase if the child was classified as improved or unchanged, but not seizure free. The dose
was reduced if the child’s overall clinical status showed deterioration. The overall clinical status was as-
sessed by the same investigator (A-S.E.) at all follow-up visits. At entry into the study, each child’s usual
ASMs were in steady state and were kept constant throughout the study and within the pre study range,
as measured by plasma drug levels."

Duration of baseline period:8 weeks

Duration of treatment period:12 weeks

Co-interventions:Existing antiepileptic medications (ASMs).

Compliance:Not reported.

Outcomes Outcome 1: Percentage reduction in average monthly seizure frequency

Time points measured:Appears to be the duration of the treatment phase but it is unclear if the base-
line is the washout period.

Time points reported:Appears to be the duration of the treatment phase but it is unclear if the baseline
is the washout period.
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Outcome definition: Not reported but it is noted that atypical absences and myoclonic events were ex-
cluded from outcome assessments.

Is outcome/tool validated? Unclear

Imputation of missing data: No ITT reported.

Assumed risk estimate: Not reported.

Power: Not reported; small sample size but cross-over study.

Outcome 2: Severity of seizures

Imputation of missing data: Not reported.

Time points reported:Not reported.

Outcome definition: Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data:Not reported.

Assumed risk estimate:Not reported.

Power: Not reported.

Outcome 3: Functional status of the patients

Time points measured: Not reported.

Time points reported:Not reported.

Outcome definition: Not reported.

Is outcome/tool validated? Unclear

Imputation of missing data: Not reported.

Assumed risk estimate: Not reported.

Power:Not reported.

Outcome 4: Frequency of adverse events

Time points measured:Appears to be the duration of the treatment phase.

Time points reported:Appears to be the duration of the treatment phase.

Is outcome/tool validated?Not applicable.

Imputation of missing data: No ITT analysis reported.

Assumed risk estimate: Not reported.

Power: Not reported.

Notes Study funding sources:This study was supported by grants from the Barnavård Society, the Mar-
garethahemmet Foundation, and Wellcome Sweden AB.

Possible conflict of interests:Not reported.

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk Described as "random" and having a "randomisation code."

Allocation concealment
(selection bias)

Unclear risk Concealment of allocation unclear (not reported).

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Although the study is described as "double blind" and "identical placebo
tablets were administered," there is no clarification of who was blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Although the study is described as "double blind" and "identical placebo
tablets were administered," there is no clarification of who was blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Although the study is described as "double blind" and "identical placebo
tablets were administered," there is no clarification of who was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

High risk "Non-responders" in the open phase were not included in the RCT; individual
data presented incompletely for participants with LGS.

Selective reporting (re-
porting bias)

High risk Some outcomes reported in the Methods were not reported in the results for
the RCT.

Other bias Low risk None identified.

Eriksson 1998  (Continued)

 
 

Study characteristics

Methods Parallel RCT aimed to evaluate the efficacy and safety of felbamate in patients with Lennox-Gastaut
syndrome.

Duration of participation: Eight-week pre-study screening phase then a 28-day baseline (during which
participants received their usual antiepileptic therapies) followed by 70 days with additional felbamate
or placebo.

Participants Population description:Patients with the Lennox-Gastaut syndrome - a severe epileptic encephalopa-
thy characterised by the onset of multiple types of seizures during childhood.

Inclusion criteria: "a history of multiple types of seizures and a minimum of 90 atonic seizures (seizures
characterised by a sufficient change in posture to cause a fall from the sitting or standing position) or
atypical absence seizures per month during an eight-week pre study screening phase, were taking no
more than two antiepileptic drugs, had no evidence of progressive central nervous system lesions on
magnetic resonance imaging or computed tomography, weighed at least 11.3kg, and had a slow spike-
wave complex (≤2.5 Hz) on electroencephalography."

Exclusion criteria:"Female patients were excluded if they were pregnant or were not using adequate
contraception. Patients with a history of identifiable progressive neurologic disorders, anoxic episodes
within the past year, poor compliance with past antiepileptic therapy, recent drug or alcohol abuse, a
major medical illness, or previous suicide attempts were excluded. Patients who had recently received
corticotropin, were following ketogenic diets, or had inadequate supervision by parents (or guardians)
were also excluded."

Total number randomised:73

Felbamate Study Group 1993 
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Baseline imbalances:

"The felbamate and placebo groups were comparable with respect to demographic and pretreatment
characteristics."

It is noted from Table 1 that both groups largely involved white participants (> 89%).

Withdrawals and exclusions: "One patient in the felbamate group withdrew from the trial…because of
somnolence and ataxia, and one patient in the placebo group withdrew from the trial…because of pan-
creatitis."

Age at onset:

Mean age, years at baseline (range)

Felbamate: 12 (4-24)

Placebo: 14 (4-36)

Age at diagnosis: Not reported.

Age at start if treatment: Not reported.

Sex:

Felbamate (M:F): 27:10

Placebo (M:F): 24:12

Race/ethnicity:

Felbamate: White – 33; Black - 2; Other - 2

Placebo: White – 33; Black – 1; Other - 2

Type of seizures:Atonic, Total and Tonic-clonic recorded in the baseline demographics.

Seizure frequency during the baseline period:

Felbamate atonic: 370

Placebo atonic: 228

Felbamate Total: 1617

Placebo Total: 716

Felbamate tonic-clonic: 9

Placebo tonic-clonic: 6

Number of background drugs:

Reported across the patient lifetime.

No more than two antiepileptic drugs at baseline according to the trial eligibility criteria.

Comorbidities: Not reported.

Interventions Group: Felbamate

Number randomised to group:37

Description:"The treatment phase consisted of a 14-day titration period and a 56-day maintenance pe-
riod. The initial dose of felbamate was 15 mg per kilogram of body weight per day; the daily dose was
increased to 30 mg per kilogram after 7 days and to the maximal dose after 14 days. The maximal dose
was either 45 mg per kilogram per day or 3600 mg per day, whichever represented the lower dose. Dur-
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ing the maintenance period (study days 43 to 98), the patients continued to receive the maximal tol-
erated dose of the study drug…Felbamate (200 mg) and placebo were prepared in identical-appear-
ing capsules. The doses of felbamate were established on the basis of body weight and were given four
times daily."

Duration of baseline period: "a 28-day base-line phase."

Duration of treatment period: 70 days

Co-interventions:Usual antiepileptic medications.

Group: Placebo

Number randomised to group:36

Description: "The treatment phase consisted of a 14-day titration period and a 56-day maintenance pe-
riod…Felbamate (200 mg) and placebo were prepared in identical-appearing capsules…To maintain
the double-blind conditions, the number of capsules taken by patients in the placebo group at each
dosage level was based on body weight."

Duration of baseline period:"a 28-day base-line phase."

Duration of treatment period:70 days

Co-interventions: Usual antiepileptic medications.

Outcomes Outcome 1: Frequency of seizures during periods of video monitoring

Time points measured:"study days 42, 49, 70, and 98"

Time points reported:Not reported.

Outcome definition:Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data: "All patients were included in the efficacy analyses."

Assumed risk estimate: Not applicable.

Power: Not reported.

Outcome 2: "patient’s status"

Time points measured:Not reported.

Time points reported:Not reported.

Outcome definition: Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data: "All patients were included in the efficacy analyses."

Assumed risk estimate:Not applicable.

Power: Not reported.

Outcome 3: Parental counts of total seizures

Time points measured:Not reported.

Time points reported: Not reported.

Outcome definition:Not reported.

Is outcome/tool validated? Unclear
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Imputation of missing data:"All patients were included in the efficacy analyses."

Assumed risk estimate:Not applicable.

Power: Not reported.

Outcome 4: Parental counts of generalised tonic-clonic seizures

Time points measured: Not reported.

Time points reported: Not reported.

Outcome definition: Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data: "All patients were included in the efficacy analyses."

Assumed risk estimate: Not applicable.

Power:Not reported.

Outcome 5: Adverse symptoms

Time points measured:Not reported.

Time points reported: Not reported.

Outcome definition: Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data: "All patients were included in the efficacy analyses."

Assumed risk estimate: Not applicable.

Power: Not reported.

Notes Study funding sources:Supported by a grant from Wallace Laboratories, Division of Carter-Wallace,
Inc., Cranbury, N.J., and a grant (M01-RR-00865) from the Public Health Service.

Possible conflicts of interest:At least one author in the study group was from the grant provider, Wal-
lace Laboratories.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The patients were then randomly assigned in blocks of two to receive ei-
ther felbamate or placebo by a separate computer-generated randomisation
schedule at each study center."

Allocation concealment
(selection bias)

Low risk "computer-generated randomisation schedule"

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Though the trial is described as "double-blind," it is unclear who was blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Though the trial is described as "double-blind," it is unclear who was blinded.
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Though the trial is described as "double-blind," it is unclear who was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Although only one person from each group was reported to have withdrawn
during the study and a total of 73 people were studied for treatment efficacy, it
is not specified how many people were randomised in total.

Selective reporting (re-
porting bias)

High risk Incomplete reporting on one of the study’s primary outcomes specified in the
methods – patient status. Reporting also appears to be inconsistent between
methods and results for other outcomes.

Other bias Low risk None identified.

Felbamate Study Group 1993  (Continued)

 
 

Study characteristics

Methods Parallel RCT aimed to evaluate the efficacy and tolerability of rufinamide adjunctive therapy in patients
with Lennox–Gastaut syndrome.

Duration of participation: "This study consisted of a 28-day baseline period followed by an 84-day,
double-blind, placebo-controlled, parallel-group treatment period."

Participants Population description:"Patients diagnosed with Lennox–Gastaut syndrome based on the Internation-
al League Against Epilepsy classification."

Inclusion criteria: "Patients 4 to 30 years of age were eligible if they had a history of multiple seizure
types, which had to include atypical absence seizures and drop attacks (i.e. tonic–atonic or astatic
seizures); a minimum of 90 seizures in the month before the 28-day baseline period; an EEG within 6
months of study entry demonstrating a pattern of slow spike-and-wave complexes (< 2.5 Hz); a weight
of at least 18 kg; a fixed-dose regimen of one to three concomitant antiepileptic drugs during the base-
line period; and a CT scan or MRI study confirming the absence of a progressive lesion."

Exclusion criteria: "Patients were ineligible if they were receiving more than three antiepileptic drugs;
were pregnant or not using adequate contraception; had a correctable etiology of their seizures (active
infection, neoplasm, metabolic disturbance); had a history of generalized tonic– clonic status epilepti-
cus within 30 days before baseline; or had a history of any clinically significant non neurologic medical
condition."

Total number randomised:138 (reported also as 139)

Baseline imbalances:

"The baseline characteristics of the two treatment groups were similar, with a preponderance of
males… The two treatment groups had a comparable distribution of concomitant antiepileptic drugs
with valproic acid, lamotrigine, and topiramate the most frequently used."

On review of Table 2, the demographics suggest that 10% more of the placebo group were under 12
years of age compared with the rufinamide group, and just over 10% more of the placebo group were
aged 17 years or over compared with the rufinamide group.

Both groups largely involved white participants. In terms of concomitant ASMs used by > 10% of pa-
tients, Table 2 suggests just over 10% lower use of lamotrigine in the placebo group as compared with
the rufinamide group.

Withdrawals and exclusions: "Ten patients in the rufinamide group discontinued therapy during the
double-blind phase because of adverse events (n = 6), unsatisfactory therapeutic effect (n = 3), or with-
drawal of consent (n = 1). Five patients in the placebo group did not complete the study because of

Glauser 2008 
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protocol violations (n = 2), unsatisfactory therapeutic effect (n = 1), administrative problems (n = 1), or
withdrawal of consent (n = 1)."

Age at onset:

Age, median years (range)

Rufinamide: 13 (4-35)

Placebo: 10.5 (4-37)

Age at diagnosis: Not reported.

Age at start of treatment: Not reported.

Sex:n (%)

Rufinamide: male, 46 (62.2); female, 28 (37.8)

Placebo: male, 40 (62.5); female, 24 (37.5)

Race/ethnicity:n (%)

Rufinamide: White, 62 (83.8); Black, 6 (8.1); Other, 6 (8.1)

Placebo: White, 53 (82.8); Black, 4 (6.3); Other, 7 (10.9)

Type of seizures:Includes absence and atypical absence seizure, tonic seizures, atonic seizures, my-
oclonic seizures, tonic-clonic seizures and partial seizures.

Seizure frequency during the baseline period:

Baseline Rufinamide median frequency (range): 290.0 (48.0–53,760.0)

Baseline Placebo median frequency (range): 205.0 (21.0–109,714.0)

Number of background drugs: Not reported – Table 2 only reports concomitant ASMs used by > 10% of
patients.

Comorbidities:Not reported.

Interventions Group name: Rufinamide

Number randomised to group:74

Description:

"At the end of the 28-day baseline period, patients continuing to meet the study criteria entered the 84-
day double-blind treatment phase. This phase consisted of a 14-day titration period followed by a 70-
day maintenance period."

"Rufinamide was supplied as 100-, 200-, and 400-mg tablets with corresponding matching placebo
tablets. Doses were titrated according to a recommended schedule based on weight up to a maximum
dose of approximately 45 mg/kg per day (table 1). The dose of medication at the end of the titration pe-
riod (day 14) was the dose that the patient was to receive during the entire maintenance period."

Duration of baseline period:28 days

Duration of treatment period:84 days

Co-interventions: 1-3 other antiepileptic drugs.

Compliance: Not reported.

Group name: Placebo

Number randomised to group: 64
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Description:

"At the end of the 28-day baseline period, patients continuing to meet the study criteria entered the 84-
day double-blind treatment phase. This phase consisted of a 14-day titration period followed by a 70-
day maintenance period."

"Rufinamide was supplied as 100-, 200-, and 400-mg tablets with corresponding matching placebo
tablets. Doses were titrated according to a recommended schedule based on weight up to a maximum
dose of approximately 45 mg/kg per day (table 1). The dose of medication at the end of the titration pe-
riod (day 14) was the dose that the patient was to receive during the entire maintenance period."

Duration of baseline period:28 days

Duration of treatment period:84 days

Co-interventions: 1-3 other antiepileptic drugs.

Compliance: Not reported.

Outcomes Outcome 1: Percent change in total seizure frequency

Time points measured:"per 28 days in the double-blind phase relative to the baseline phase."

Time points reported:Per 28 days relative to baseline.

Outcome definition:Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data: "All efficacy analyses were based on the intent-to-treat population con-
sisting of all randomised patients who received double-blind study drug."

Assumed risk estimate:Not applicable.

Power:"The study’s sample size was determined assuming that adjunctive rufinamide therapy would
result in a reduction in seizure frequency 22.5% greater than that of placebo adjunctive therapy. With
approximately 64 randomised patients per treatment group, the study had a statistical power of 91.3%
at a two-sided significance level of 0.025 to detect this difference."

Outcome 2: Percent change in tonic–atonic (i.e. the sum of tonic and atonic) seizure frequency

Time points measured:"per 28 days in the double-blind phase relative to the baseline phase."

Time points reported:per 28 days relative to baseline.

Outcome definition:Not reported.

Is outcome/tool validated?Unclear

Imputation of missing data: "All efficacy analyses were based on the intent-to-treat population con-
sisting of all randomised patients who received double-blind study drug."

Assumed risk estimate:Not applicable.

Power: See outcome 1.

Outcome 3: Seizure severity rating from the global evaluation of the patient’s condition

Time points measured:Not reported.

Time points reported: At the end of the double-blind phase.

Is outcome/tool validated? Unclear

Imputation of missing data:"All efficacy analyses were based on the intent-to-treat population consist-
ing of all randomised patients who received double-blind study drug."
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Assumed risk estimate: Not applicable.

Power:See outcome 1.

Outcome 4: Response to treatment – percentage of patients with ≥ 50% reduction in seizure fre-

quency

Time points measured:During the double-blind phase relative to baseline.

Time points reported: Per 28 days relative to baseline.

Outcome definition: Not reported.

Is outcome/tool validated? Unclear

Imputation of missing data:"All efficacy analyses were based on the intent-to-treat population consist-
ing of all randomised patients who received double-blind study drug."

Assumed risk estimate: Not applicable.

Power: See outcome 1.

Outcome 5: Percentage change in seizure frequency for each seizure subtype other than ton-

ic–atonic seizures

Time points measured: "per 28 days in the double-blind phase relative to the baseline phase."

Time points reported: "per 28 days in the double-blind phase relative to the baseline phase."

Outcome definition: Not reported.

Is outcome/tool validated? Unclear

Imputation of missing data:"All efficacy analyses were based on the intent-to-treat population consist-
ing of all randomised patients who received double-blind study drug."

Assumed risk estimate: Not applicable.

Power: See outcome 1.

Outcome 6: Parental/guardian global evaluation of seizure severity and the patient’s condition

Time points measured:The end of the double-blind phase.

Time points reported:At the end of the double-blind phase.

Outcome definition:Global evaluation was "composed of alertness, interaction with environment, dai-
ly activity performance, responsiveness to verbal requests, and seizure severity."

Is outcome/tool validated? Unclear

Imputation of missing data:"All efficacy analyses were based on the intent-to-treat population consist-
ing of all randomised patients who received double-blind study drug."

Assumed risk estimate: Not applicable.

Power: See outcome 1.

Outcome 7: Adverse events (incidence; incidence of serious adverse events; drug-related adverse

events; withdrawal from the study because of adverse events; adverse events reported by 10% or

more of patients in either group)

Time points measured:Not reported

Time points reported:Not reported

Outcome definition: Adverse events reported in multiple ways in the results section.
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Is outcome/tool validated? Unclear

Imputation of missing data:"All efficacy analyses were based on the intent-to-treat population consist-
ing of all randomised patients who received double-blind study drug."

Assumed risk estimate: Not applicable.

Power: See outcome 1.

Notes Study funding sources:Sponsored by Eisai Pharmaceutical and conducted by Novartis Pharmaceutical.

Possible conflict of interests:Study investigators declared receipt of personal compensation (honorari-
um) and grants from the study sponsor.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Eligible patients were randomly assigned in blocks of four to receive either ru-
finamide or matching placebo in addition to their standard antiepileptic drug
regimens. Patients were randomised at the country/center level and were as-
signed sequential numbers at each site during the first visit."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Trial described as "double-blind" but it is unclear who was blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Trial described as "double-blind" but it is unclear who was blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Trial described as "double-blind" but it is unclear who was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Seizure severity rating reported incompletely but ITT analysis reported and
there was a comparable rate of withdrawal: 14% from the rufinamide group
and 8% from placebo.

Selective reporting (re-
porting bias)

Low risk None identified.

Other bias Low risk None identified.
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Study characteristics

Methods Parallel RCT aimed to investigate efficacy of adjunctive cinromide in patients with Lennox-Gastaut syn-
drome.

Duration of participation: 24 weeks.

Participants Population description:See inclusion criteria.

Group for the Evaluation of Cinromide 1989 
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Inclusion criteria:

"1. History of multiple seizure types with seizure onset during the 1st decade, at least 40 clinically
recognisable atonic, myoclonic, tonic and/or absence seizures every 2 weeks during the 6 weeks before
the study entry, those presenting with absence seizures had at least a history of atonic, tonic, or my-
oclonic seizures. Other seizure types may have been present, but patients with predominantly partial
seizures were not accepted.

2. Predominantly generalised (definitely bilateral), slow (1-2.5 hertz), spike – and – wave discharges
were demonstrated on EEG recorded during the 3 months before study entry ; additional abnormalities
were noted, patients whose spike-and-wave discharges were typically secondary to discharges from a
single focus were not accepted.

3. Patients aged 2-18 years.

4. A patients must have had seizures for at least 6 months and could be receiving no more than 3 mar-
keted antiepileptic drugs (acceptable plasma levels must have been measured at least twice during the
4 months before the study entry).

5. Parents or guardians, will give informed consent for patient participation problem ahead to demon-
strate the ability to Minister medication as instructed and to maintain satisfactory seizure counts as re-
quired by the study protocol.

Exclusion criteria:

1. History of tonic or tonic-clonic status epilepticus within the previous 6 months or history of pro-
longed (> 1hr) episodes of non Conti friable seizure activity of any type more than once every 2 weeks
during the previous 3 months.

2. An anoxic episode requiring resuscitation during the previous year.

3. A progressive CNS lesion or progressive have Patrick, cardiovascular, her mother to poetic, renal,
pulmonary, gastrointestinal, ophthalmologic or endocrine disease.

4. A predisposing condition which might interfere with absorption, distribution are excretion of drugs.

5. Severe side effects from pre study medications.

6. An antiepileptic drug added 2 or removed from their medication regimen within the previous 4
weeks (3 months in the case of valproate) or a change since the most recent pre study plasma level
measurements, or if they had been maintained on the ketogenic diet within the previous 2 weeks or
treated with ACTH or corticosteroid within the previous 4 weeks.

7. Previous exposure to cinromide or,

8. Such severe retardation or other impairment that safety and efficacy evaluation would have been
particularly unreliable or difficult to perform."

Total number randomised: 56

Baseline imbalances: None identified.

Age at onset:Not reported.

Age at diagnosis:Not reported.

Age at start of treatment: Mean (SD), years

Cinromide: 7.38 (3.65); Placebo 7.93 (4.87)

Sex: 34 male, 22 female

Race/ethnicity: (number of participants)

Cinromide: White (24); Black (1); Other (1)
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Placebo: White (28); Black (1); Other (0)

Type of seizures:All seizure types

Seizure frequency during the baseline period: (number of participants)

Cinromide: one (1), two (9), three (9), four or more (7)

Placebo: one (4), two (12), three (10), four or more (4)

Number of background drugs:(number of participants)

Cinromide: one (3), two (9), three (14)

Placebo: one (5), two (13), three (12)

Comorbidities:Not reported.

Interventions Group: Cinromide

Number randomised to group:26

Description:Study medication (cinromide or placebo) was initiated at 20 to 40 milligram/kg/day, di-
vided into 4 equal doses. Further increase in (to a total daily maximum of 83 - 109 milligram/kg) were
prescribed at weekly visits according to fix dosing schedule, if each prior dose was well tolerated and
seizures continued. The objective was to achieve an optimal dose during the 1st 6 treatment weeks and
maintain this dose during at least 12 treatment weeks.

Doses and regimens of prior antiepileptic drugs were not to be altered during baseline. Doses of these
drugs could be changed during treatment periods if plasma drug concentration exceeded specified lim-
its above and below baseline means.

Additional antiepileptic medication was permitted on an acute (≤24 h) basis for treatment of status
epilepticus without necessarily this qualifying a patient from further study.

Duration of baseline period: 6 weeks

Duration of treatment period:18 weeks

Co-interventions: Not reported.

Compliance:Not reported.

Group: Placebo

Number randomised to group:30

Description:Not reported.

Duration of baseline period: 6 weeks

Duration of treatment period:18 weeks

Co-interventions:Not reported.

Compliance: Not reported.

Outcomes Outcome 1: mean weekly seizure frequency (for total seizures and by seizure type)

Time points measured:At baseline and during treatment phase.

Time points reported: At baseline and during treatment phase.

Outcome definition:See above.

Is outcome/tool validated?Unclear
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Imputation of missing data:No intention to treat or modified intention to treat analyses applied.

Assumed risk estimate:Not reported.

Power:Not reported.

Outcome 2: Global evaluation

Time points measured:After 6, 12 and 18 treatment weeks compared with previous 6 weeks during
baseline.

Time points reported:After 6, 12 and 18 treatment weeks compared with previous 6 weeks during base-
line.

Outcome definition:'relevant clinical factors including seizure frequency and severity, signs and symp-
toms, our general function ability describing patients as mildly, moderately or severely improved/dete-
riorated'.

Is outcome/tool validated? Unclear

Imputation of missing data:No intention to treat or modified intention to treat analyses applied.

Assumed risk estimate:Not reported.

Power: Not reported.

Notes Study funding sources:Not reported.

Possible conflicts of interest:Not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "assigned randomly"

Allocation concealment
(selection bias)

Unclear risk Unclear concealment of allocation (not reported).

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk "Double-blind" but unclear who was blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk "Double-blind" but unclear who was blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk "Double-blind" but unclear who was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 73 patients entered the study and 17 patients had incomplete outcome data
because of premature termination. Outcomes only reported for the remaining
56 patients (76% of initially enrolled patients).

Selective reporting (re-
porting bias)

High risk Study terminated prematurely when it was clear to the sponsor that cinromide
was not effective; only efficacy data collected before study interruption were
included in the analysis.
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Other bias Low risk None identified.
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Study characteristics

Methods Parallel RCT aimed to evaluate lamotrigine in patients with the Lennox–Gastaut syndrome.

Duration of participation:4 week baseline period followed by 16 week treatment period.

Participants Population description:Children and young adults fulfilling diagnostic criteria for the Lennox-Gastaut
syndrome.

Inclusion criteria:"The diagnostic criteria for the Lennox–Gastaut syndrome in this study were agreed
on by an international expert panel of child neurologists. Patients 3 to 25 years of age were eligible if
they had had more than one type of predominantly generalized seizure, including tonic–clonic seizures
and drop attacks (atonic, tonic, or major myoclonic), for at least one year; they were younger than 11
years at the onset of epilepsy; they had seizures at least every other day or with a similar average fre-
quency; and they had intellectual impairment or a clinical impression of intellectual deterioration (on
the basis of results of developmental assessments or IQ tests) and a recent electroencephalogram
demonstrating an abnormal background and a pattern of slow spike-and-wave complexes (< 2.5 Hz). If
focal abnormalities occurred during electroencephalography, they occurred concurrently with a slow
spike-and-wave pattern and were not considered by the investigator to be the most important elec-
troencephalographic abnormality."

Exclusion criteria: "Patients were ineligible if they had a progressive neurodegenerative disorder, they
were receiving more than three antiepileptic drugs, or they weighed less than 15 kg and were taking
valproate."

Total no. randomised:169

Baseline imbalances:

"The characteristics of the two groups were similar, although the lamotrigine group had a higher pro-
portion of male subjects (P = 0.02)."

Both groups had a high majority (> 90%) of participants who were white.

Withdrawals and exclusions:"Seven patients in the lamotrigine group stopped treatment early, four
because of protocol violations and three because of adverse events. Fourteen patients in the placebo
group did not complete the study: seven had adverse events, three had protocol violations, two had
a deterioration in the control of seizures, one failed to return for follow-up, and the parents of one pa-
tient withdrew their consent."

Age at onset:

Age at baseline, mean years ±SD

Lamotrigine: 9.6 ± 5.2

Placebo: 10.9 ± 5.9

Age at diagnosis:Not reported.

Age at start of treatment:Not reported.

Sex:Male sex, n (%)

Lamotrigine: 54 (68)

Placebo: 45 (50)

Motte 1997 
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Females, n (%)

Lamotrigine: 25 (32)

Placebo: 45 (50)

Race/ethnicity:

White, n (%)

Lamotrigine: 74 (94)

Placebo: 84 (93)

Black, n (%)

Lamotrigine: 3 (4)

Placebo: 3 (3)

Other, n (%)

Lamotrigine: 2 (3)

Placebo: 3 (3)

Type of seizures:Baseline - All major seizures; All drop attacks; All tonic-clonic seizures; Atypical ab-
sence seizures.

Seizure frequency during the baseline period:

Baseline - All major seizures, seizures/week (range)

Lamotrigine: 16.4 (3.1 to 249.4)

Placebo: 13.5 (1.5 to 592.8)

Number of background drugs: Concomitant treatment with valproate specified in table 3, page 4.
However, it was an exclusion criterion for participants to take more than three antiepileptic drugs.

Comorbidities:Not reported. "Approximately 40 percent of the patients in each group had a history of
infantile spasms, and approximately 25 percent of each group had a history of status epilepticus."

Interventions Group: Lamotrigine

Number randomised to group:79

Description:"During a four-week single-blind baseline period (the physician investigators were not
blinded), all patients received placebo. Their eligibility for the study was confirmed, and their standard
antiepileptic-drug regimens were continued. Eligible patients were then randomly assigned in a dou-
ble-blind fashion to receive either lamotrigine or placebo. The randomization was not stratified accord-
ing to site or country. Because of the ability of valproate to inhibit the clearance of lamotrigine and in-
crease plasma lamotrigine concentrations, patients were assigned to one of four dosing regimens ac-
cording to concomitant valproate use and body weight (≤25 kg or >25 kg)(Table 1). The 16-week treat-
ment period comprised a 6-week period in which the dose of active drug or placebo was increased, 2
weeks in which the dose was fixed, and an additional 8 weeks during which the fixed dose could be in-
creased during week 8 or 12 to no more than the maximal allowable daily dose if seizures were still oc-
curring (100 to 200 mg for patients concomitantly receiving valproate and 300 to 400 mg for patients
who were not receiving valproate) (Table 1). At the end of the treatment period, the study drug was
gradually discontinued in a double-blind manner by reducing the dose to 50 percent for two weeks and
then to 25 percent for a further two weeks. The study drug was also discontinued gradually in patients
who stopped treatment prematurely."

Duration of baseline period:4 weeks
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Duration of treatment period:16 weeks

Co-interventions: "patients’ standard anti-seizure medications regimens."

Compliance:"Of the 179 patients who entered the 4-week placebo base-line period, 10 were not en-
rolled in the subsequent 16-week treatment phase."

Unclear – some participants were ruled out before the treatment phase due to a lack of compliance
with the study procedures. These individuals were not included in the number of people randomised.
Subsequently, some participants were also excluded due to protocol violations.

Group: Placebo

No. randomised to group:90

Description: See above.

Duration of baseline period:4 weeks

Duration of treatment period:16 weeks

Co-interventions:"patients’ standard antiepileptic-drug regimens."

Compliance: See above.

Outcomes Outcome 1: Number of all major motor seizures

Time points measured:"in daily diaries throughout the base-line and treatment period."

Time points reported: "from base line during treatment weeks 1 through 16.'

Outcome definition: "drop attacks and tonic-clonic seizures."

Is outcome/tool validated?Unclear

Imputation of missing data: Interpreted as per protocol not ITT analysis.

Assumed risk estimate:Not reported.

Power: Not reported.

Outcome 2: Adverse events

Time points measured:"Clinicians obtained information on the occurrence of adverse events…from
the patients’ parents or guardians during clinic visits during treatment weeks 2, 4, 8, 12, 16, and 20."

Time points reported:"from base line during treatment weeks 1 through 16."

Outcome definition: "defined as any undesirable effects, irrespective of the relation to the administra-
tion of the study drug."

Is outcome/tool validated? Unclear

Imputation of missing data:Interpreted as per protocol not ITT analysis. "All safety analyses were
based on the 169 patients who received at least one dose of study drug and had analyzable data."

Assumed risk estimate:Not reported.

Power:Not reported.

Notes Study funding sources:"Funded by Glaxo Wellcome"

Possible conflicts of interest: Not reported.

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Eligible patients were then randomly assigned..."

Allocation concealment
(selection bias)

Unclear risk Concealment of allocation unclear (not reported).

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Although the trial is reported to be "double-blind," it is not specified who is
blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Although the trial is reported to be "double-blind," it is not specified who is
blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Although the trial is reported to be "double-blind," it is not specified who is
blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk None identified.

Selective reporting (re-
porting bias)

Low risk None identified.

Other bias Low risk None identified.

Motte 1997  (Continued)

 
 

Study characteristics

Methods RCT, aimed to evaluate efficacy and safety of clobazam, a 1,5-benzodiazepine, as adjunctive therapy for
Lennox-Gastaut syndrome (LGS).

Duration of participation:"Study consisted of 4-week baseline, 3-week titration, and 12-week mainte-
nance phases, followed by a 2- or 3-week taper or continuation in an open-label extension.'

Participants Population description:"Patients aged 2–60 years weighing ≥12.5 kg were eligible to participate in the
CONTAIN trial if they had onset of LGS before 11 years of age. A clinical diagnosis of LGS was evidenced
by ≥ 1 type of generalized seizure (including drop seizures) for ≥ 6 months and a previous EEG report
documenting generalized, slow spike-and-wave (< 2.5 Hz) patterns." Study inclusion and exclusion cri-
teria are provided in a separate, online appendix on the Neurology website at www.neurology.org

Total number randomised:238

Baseline imbalances:

Table 1 appears to show a comparatively lower mean baseline average weekly drop seizure rate in the
medium dose of clobazam group (58.8; SD 119.6) as compared with low (98.3; SD 198.5) and high dose
groups (94.9; SD 152.2) and placebo group (95.6; SD 168.2).

"Demographics and baseline characteristics were comparable between groups (table 1) and were simi-
lar between the safety and mITT populations. Mean age was 12.4 years (range, 2–54 years), and the ma-
jority (60.5%) were male."

Ng 2011 
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Withdrawals and exclusions:

"At the time of the [protocol] amendment, 81 patients had enrolled. Of these, 29 (36%) discontinued,
26 before the amendment went into effect and 3 after…" Following the amendment, 157 patients en-
rolled, of which 32 (20%) discontinued."

"The most common reasons for discontinuing the study were lack of efficacy for placebo-treated pa-
tients and adverse events (AEs) for clobazam-treated patients. All 238 randomised patients were in-
cluded in the safety population. The mITT population excluded 21 patients who did not have 1 daily
seizure measurement during the maintenance period. Thus, efficacy analyses included 217 patients (57
for placebo and 53, 58, and 49 for the low-, medium-, and high-dosage clobazam groups)."

Premature discontinuation from placebo group: n = 18 (30.5%). Reasons included lack of efficacy (10),
patient/parent/caregiver request (4), AE (2), loss to follow-up (2);

Premature discontinuation from low-dose clobazam: n = 8 (13.8%). Reasons included AE (4) , loss to fol-
low-up (2), protocol violation (1), lack of efficacy (1);

Premature discontinuation from medium-dose clobazam: n = 17 (27.4%). Reasons included AE (8), lack
of efficacy (4), patient/parent/caregiver request (2), protocol violation (2), termination of study or with-
drawal of patient by study sponsor (1);

Premature discontinuation from high-dose clobazam: n = 18 (30.5%). Reasons included AE (12), pa-
tient/parent/caregiver request (3), loss to follow-up (2), other (1).

Age at onset:Not reported.

Age at diagnosis: Not reported.

Age at start of treatment:

Age, mean (SD) at baseline, years

Placebo: 13 (9.2)

Low-dose clobazam: 10.9 (7.2)

Medium-dose clobazam: 14.1 (10.4)

High-dose clobazam: 11.7 (8.5

Sex:

Male, n (%)

Placebo: 38 (64.4)

Low-dose clobazam: 36 (62.1)

Medium-dose clobazam: 36 (58.1)

High-dose clobazam: 34 (57.6)

Race/ethnicity:

Race, n (%)

Placebo: White 42 (71.2); Asian 13 (22); Black 3 (5.1); Other 1 (1.7)

Low-dose clobazam: White 33 (56.9); Asian 16 (27.6); Black 8 (13.8); Other 1 (1.7)

Medium-dose clobazam: White 35 (56.5); Asian 16 (25.8); Black 9 (14.5); Other 2 (3.2)

High-dose clobazam: White 37 (62.7); Asian 16 (27.1); Black 5 (8.5); Other 1 (1.7)

Type of seizures:Not reported.

Ng 2011  (Continued)
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Seizure frequency during the baseline period: Not reported.

Number of background drugs: Not reported. "Approximately 50% of all patients were receiving con-
comitant valproic acid, valproate semisodium, or valproate sodium."

Severity of illness:Not reported.

Comorbidities: Not reported.

Other relevant sociodemographics: Not reported.

Interventions Intervention group 1: Clobazam (low - 0.25 mg/kg/day; medium - 0.5 mg/kg/day; high - 1.0 mg/kg/

day)

Number randomised to group:Total n = 179 (58 + 62 +59)

Description:1) placebo 2) low-dosage clobazam: target of 0.25 mg/kg/day (maximum, 10 mg/day)
3) medium-dosage clobazam: target of 0.5 mg/kg/day (maximum, 20 mg/day) or 4) high dosage
clobazam: target of 1.0 mg/kg/day (maximum, 40 mg/day).' Clobazam 5-mg tablets and matching
placebo tablets were supplied. During titration, clobazam 5 mg/day or 10 mg/day or placebo (in divid-
ed doses) was initiated, and dosage was increased per schedule every 7 days until the assigned tar-
get dosage was attained. At any time beginning with week 1 during titration, investigators could de-
crease daily dosages by a single tablet (placebo or clobazam 5 mg/day) if patients developed any signs
or symptoms representing difficulty tolerating study drug.'

Duration of baseline period: 4 weeks baseline.

Duration of treatment period: "3-week titration, and 12-week maintenance periods, followed by ei-
ther continuation in an open-label study or a 2- or 3-week taper period, depending on weight, with a
follow-up visit 1 week after last dose."

Co-interventions: At baseline, "Approximately 50% of all patients were receiving concomitant valproic
acid, valproate semisodium, or valproate sodium."

Compliance:Not reported.

Group name: Placebo

Number randomised to group:59

Description: "…matching placebo tablets were supplied. During titration... placebo (in divided doses)
was initiated, and dosage was increased per schedule every 7 days until the assigned target dosage
was attained. At any time beginning with week 1 during titration, investigators could decrease daily
dosages by a single tablet (placebo or clobazam 5 mg/day) if patients developed any signs or symp-
toms representing difficulty tolerating study drug."

Duration of baseline period:4 weeks baseline

Duration of treatment period:"3-week titration, and 12-week maintenance periods, followed by either
continuation in an open-label study or a 2- or 3-week taper period, depending on weight, with a fol-
low-up visit 1 week after last dose."

Co-interventions: At baseline, "Approximately 50% of all patients were receiving concomitant valproic
acid, valproate semisodium, or valproate sodium."

Compliance:Not reported.

Outcomes Outcome 1: Percentage decrease in average weekly rate of drop seizures

Time points measured:"from the 4-week baseline period to the 12-week maintenance period."

Time points reported: "from baseline to maintenance period."

Outcome definition:"Drop seizures were recorded by patients’ parents/caregivers in daily seizure di-
aries. Drop seizure was defined as a drop attack or spell involving the entire body, trunk, or head that

Ng 2011  (Continued)
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led to a fall, injury, slumping in a chair, or the patient’s head hitting a surface or that could have led
to a fall or injury, depending on the patient’s position at the time of the attack or spell. Drop seizures
were recorded as a single seizure (occurring ≥15 minutes before and after the next seizure) or cluster of
seizures (≥ 2 drop seizures with < 5 minutes between any 2 consecutive seizures). For clusters, an exact
number of drop seizures or a seizure range (10–20 drop seizures or >20 drop seizures) could have been
recorded."

Is outcome/tool validated?Unclear

Imputation of missing data:"The mITT population excluded 21 patients who did not have ≥ 1 daily
seizure measurement during the maintenance period. Thus, efficacy analyses included 217 patients (57
for placebo and 53, 58, and 49 for the low-, medium-, and high-dosage clobazam groups)."

Assumed risk estimate:Not reported.

Statistical power: "This study was not designed nor powered to evaluate the effect of clobazam on non
drop seizures. Although most patients had a history of non drop seizures, patients were not required to
have had a minimum number of non drop seizures during the baseline period to be randomised. As a
result, the sample size for non drop seizure analysis was smaller than for drop seizure analysis."

Outcome 2: "Percentage decrease in average weekly rate of non drop seizures (classified accord-

ing to International League Against Epilepsy guidelines)"

Time points measured:"from baseline to maintenance period."

Time points reported: Baseline to maintenance period.

Outcome definition: "Of note, tonic clonic seizures that did not result in drop attacks were counted as
non drop seizures."

Is outcome/tool validated?Unclear

Imputation of missing data: See above .

Assumed risk estimate: Not reported.

Power:See above

Outcome 3: Total seizures (drop and non-drop)

Time points measured:See above.

Time points reported:See above.

Outcome definition:See above.

Is outcome/tool validated? See above.

Imputation of missing data:See above.

Assumed risk estimate: See above.

Power:See above.

Outcome 4: Responder rates

Time points measured: "from baseline to maintenance period."

Time point reported: "from baseline to maintenance period."

Outcome definition:Percentages with ≥ 25%, ≥ 50%, ≥ 75%, and 100% decreases in drop seizures.

Is outcome/tool validated?Unclear

Imputation of missing data:See above.
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Assumed risk estimate:Not reported.

Power:See above.

Outcome 5: "physicians’ and caregivers’ global evaluations of the patients’ overall changes in

symptoms over time"

Time points measured:Not reported.

Time points reported: "from baseline to week 15/end of treatment."

Outcome definition:"using a 7-point Likert scale, with 1 = very much improved and 7 = very much
worse."

Is outcome/tool validated?Unclear

Imputation of missing data: See above.

Assumed risk estimate:Not reported.

Power:See above.

Outcome 6: Adverse events

Time points measured:Not reported.

Time points reported:Not reported.

Outcome definition:Not reported.

Imputation of missing data: Not applicable. "All 238 randomised patients were included in the safety
population."

Assumed risk estimate: Not reported.

Power:See above.

Notes Study funding sources:"This study was funded by Lundbeck Inc. (Deerfield, IL). Manuscript prepara-
tion, including editing and formatting the manuscript, incorporating author comments, preparing ta-
bles and figures, and coordinating submission requirements, was provided by Robin L. Stromberg, PhD,
of JK Associates, Inc. (Conshohocken, PA), and Michael A. Nissen, ELS, of Lundbeck Inc. This support
was funded by Lundbeck."

Possible conflicts of interest:Study investigators declared receipt of financial support from the study
sponsor and several contributors were employed by Lundbeck or had a consultant or advisory role
with the sponsor.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "patients were stratified by weight (12.5 kg to ≤ 30 kg, > 30 kg) randomly as-
signed (through central randomization via interactive voice response sys-
tem)."

Allocation concealment
(selection bias)

Low risk Central randomisation via interactive voice response system.

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk Double blinded trial but it is unclear who was blinded.
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Double blinded trial but it is unclear who was blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Double blinded trial but it is unclear who was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk There was a high rate of premature discontinuation from the placebo group,
moderate and high-dose clobazam groups."

Selective reporting (re-
porting bias)

Low risk None identified.

Other bias Low risk None identified.

Ng 2011  (Continued)

 
 

Study characteristics

Methods Randomised, double-blind, placebo-controlled trial to evaluate the efficacy, safety, and pharmacoki-
netics of rufinamide as an adjunctive therapy for patients with LGS.

Parallel RCT

Duration of participation: "This study consisted of the following four periods: a 4-week baseline, a 2-
week titration, a 10-week maintenance, and either a follow-up visit or entry into an open-label exten-
sion."

Participants Population description:"Eligible patients were aged 4-30 years, weighing 15 kg or more. LGS was diag-
nosed based on a history of tonic and/or atonic seizures and atypical absence seizures and slow spike-
and-wave complex patterns on EEG within 6 months before the baseline period."

Inclusion criteria:"The patients should have experienced at least 90 seizures during the 28 days before
the baseline period."

Exclusion criteria:"Patients were excluded from the study if they experienced tonic—clonic status
epilepticus during the baseline period. Patients were also excluded if they had other clinically severe
diseases or electrocardiographic/laboratory abnormalities."

Total number randomised: 59

Baseline imbalances:"Patients in both groups had similar demographic and baseline characteristics";
no imbalances identified although there appeared to be relatively higher concomitant use of lamotrig-
ine in the placebo group and relatively higher concomitant use of clobazam in the rufinamide group.

Withdrawals and exclusions:"One patient assigned to the rufinamide group was excluded from the ef-
ficacy analysis due to inappropriate diagnosis."

Age at onset:Mean age (SD), year

Rufinamide: 16 (7.1)

Placebo: 13.9 (6.1)

Age at diagnosis:Mean time since LGS diagnosis (SD), year
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Rufinamide: 10.5 (7.1)

Placebo: 9.3 (5.8)

Age at start of treatment: Not reported.

Sex:Male, (%)

Rufinamide: 17/28 (60.7)

Placebo: 19 (63.3)

Race/ethnicity:Not reported.

Type of seizures:

Multiple seizure types

Rufinamide: 19 (67.9)

Placebo: 24 (80)

Tonic-atonic seizure only

Rufinamide: 9 (32.1)

Placebo: 6 (20)

Seizure frequency during the baseline period:Median (range) per 28 days

Rufinamide: 253 (95.4 to 22,499.4)

Placebo: 296.7 (63 to 5759.7)

Number of background drugs:n (%)

One concomitant ASM

Rufinamide: 2 (7.1)

Placebo: 1 (3.3)

Two concomitant ASMs

Rufinamide: 3 (10.7)

Placebo: 9 (30)

Three concomitant ASMs

Rufinamide: 23 (82.1)

Placebo: 20 (66.7)

Severity of illness: Not reported.

Comorbidities:"Approximately 40% of patients had underlying causes: for example, tuberous sclerosis
and cerebral palsy in five patients each; cerebral dysgenesis, encephalitis and bacterial meningitis in
three patients each."

Underlying causes:n (%)

Rufinamide: 12 (42.9)

Placebo: 13 (43.3)

Transition from West syndrome, n (%)

Ohtsuka 2014  (Continued)

Anti-seizure medications for Lennox-Gastaut syndrome (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

75



Cochrane
Library

Trusted evidence.

Informed decisions.

Better health.

 

 

Cochrane Database of Systematic Reviews

Rufinamide: 15 (53.6)

Placebo: 15 (50)

Interventions Intervention group 1: Rufinamide

Number randomised to group:29

Description:"Rufinamide was supplied as 100- and 200-mg tablets…Doses were titrated according to
a predetermined schedule based on body weight (Table 1). The corresponding target dose was main-
tained during the maintenance period. One-step dose reduction was allowed only when investigators
judged it necessary due to safety concerns. A rescue treatment (e.g. intravenous injection or rectal sup-
pository of diazepam) was permitted for transient seizure aggravation including status epilepticus.
One to three ASMs were allowed to be administered concomitantly, but they had to remain unchanged
throughout the trial."

Duration of baseline period:4-week baseline.

Duration of treatment period:"…a 2-week titration, a 10-week maintenance, and either a follow-up
visit or entry into an open-label extension…"

Co-interventions:1-3 concomitant ASMs.

"Transient seizure aggravations were observed in 13 (22.0%) of the 59 patients [eight (27.6%) in the ru-
finamide group and five (16.7%) in the placebo group]. All events required rescue medication, and all
medications actually used were diazepam suppositories."

Control group: Placebo

Number randomised to group: 30

Description:See above.

Duration of baseline period:4-week baseline.

Duration of treatment period:"…a 2-week titration, a 10-week maintenance, and either a follow-up
visit or entry into an open-label extension…"

Co-interventions:1-3 concomitant ASMs; see above.

Outcomes Outcome 1: Percent change in the frequency of tonic-atonic seizures per 28 days

Time points measured:See below.

Time points reported: See below.

Outcome definition:"Percent change in seizure frequency was defined as [(D − B)/B] × 100, where D and
B were the seizure frequencies per 28 days in the double-blind period and the baseline period, respec-
tively. The double-blind period included the titration and the maintenance periods."

Imputation of missing data:"One patient assigned to the rufinamide group was excluded from the effi-
cacy analysis due to inappropriate diagnosis."

Statistical power:"…As the result of this simulation, a sample size of 23 patients in each group was
considered sufficient for a >80% power to detect a significant difference in per-cent change in the ton-
ic—atonic seizure frequency between the rufinamide group and the placebo group. Considering the
possibility of early discontinuations, we set the target number of patients to 50 in total."

Outcome 2: Percent change in total seizure frequency

Outcome definition:See above.

Imputation of missing data: See above.

Outcome 3: 50% responder rate for the tonic-atonic seizure frequency
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Outcome definition: See above.

Imputation of missing data:See above.

Outcome 4: "percent change in the frequency of seizures other than tonic-atonic seizures"

Outcome definition: See above.

Imputation of missing data:See above.

Outcome 5: "clinical global impression of the patient’s condition"

Time points measured:"At Day 84"

Time points reported:Not reported.

Outcome definition: "clinical global impression of the patient’s condition, including seizure status, was
evaluated by investigators at Day 84 using a 7-point scale (markedly improved, improved, slightly im-
proved, unchanged, slightly worsened, worsened, and markedly worsened)."

Imputation of missing data:See above.

Outcome 6: Number of patients who experienced adverse events

Time points measured:Not reported.

Time points reported: Not reported.

Outcome definition:Not reported.

Imputation of missing data:See above.

Four of the included 29 people in the rufinamide group did not complete the study due to adverse
events, and 1 of 39 included people in the placebo group discontinued due to an adverse event. How-
ever, one of the 29 participants in the rufinamide group was identified as having an inappropriate di-
agnosis and it is unclear whether this participant was one of the four who discontinued due to adverse
events.

Notes Study funding sources:"Eisai Co., Ltd. (Tokyo, Japan) was solely responsible for the design and conduct
of the study as well as the collection, management, and analysis of the data. This study was also sup-
ported by grant from Japanese government which was specifically aimed to resolve "Drug Lag" prob-
lem in Japan."

Possible conflicts of interest:The first author served as a consultant for the study sponsor and another
was an employee.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "a multicenter, randomised, double-blind, placebo-controlled trial."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk "we conducted a randomised, double-blind, placebo-controlled trial" but no
detail is provided on who was blinded.

Blinding of participants
and personnel (perfor-
mance bias)

Unclear risk "We conducted a randomised, double-blind, placebo-controlled trial" but no
detail is provided on who was blinded.
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk "We conducted a randomised, double-blind, placebo-controlled trial" but no
detail is provided on who was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk "One patient assigned to the rufinamide group was excluded from the efficacy
analysis due to inappropriate diagnosis" – although the omission of one per-
son’s data may be a low risk of bias judgement, this exclusion only refers to the
efficacy data and not the safety data.

Also, the methods section reports that 4 of 29 people discontinued from rufi-
namide, and 1 person from placebo but they appear to be included in analyses
without a description of assumptions for ITT analysis.

Selective reporting (re-
porting bias)

Low risk None identified.

Other bias Low risk None identified.

Ohtsuka 2014  (Continued)

 
 

Study characteristics

Methods Parallalel RCT aimed to evaluate the safety and efficacy of topiramate as adjunctive therapy for
Lennox–Gastaut syndrome.

Duration of participation:"The study was composed of a baseline phase of 4 weeks and an 11-week
double-blind treatment phase (a 3-week dose titration period followed by an 8-week maintenance pe-
riod)."

Participants Population description: "Lennox–Gastaut syndrome is a severe childhood epilepsy syndrome charac-
terized by multiple seizure types and a specific abnormal EEG pattern. Mental retardation or regression
is common, but may not always be present at the onset of the disease. The typical EEG pattern consists
of generalized, slow spike-and-wave discharges often accompanied by other multifocal abnormalities.
Although a number of seizure types can occur, those most commonly associated with this syndrome
are tonic, atonic, and absence seizures. Because it is difficult at times for parents to differentiate ton-
ic from atonic seizures, these types of seizures are combined in drug studies and called drop attacks.
Lennox–Gastaut syndrome typically develops between 1 and 8 years of age, although its greatest fre-
quency of initial onset occurs before 5 years of age. The long-term prognosis of Lennox–Gastaut syn-
drome is frequently poor, with deteriorating mental function and persistently high rates of seizures."

Inclusion criteria: "Male and female patients older than 1 year but younger than 30 years and weigh-
ing at least 11.5 kg were eligible for this study. Female subjects had to be either premenarchal or prac-
ticing an acceptable method of birth control. Eligible patients had to have a prior EEG tracing showing
a slow spike-and-wave pattern and seizure types including drop attacks (i.e. tonic-atonic seizures) and
either a history of or active atypical absence seizures. Other seizure types could include tonic-clonic,
myoclonic, and partial-onset seizures. Seizures were classified according to the International Classifica-
tion of Epilepsies and Epileptic Seizures. Patients were required to have at least 60 seizures (of all eligi-
ble types) during the month before entering the baseline phase while being maintained on one or two
standard AEDs."

Exclusion criteria:"Patients were excluded from study participation if they had a history of recent sig-
nificant cardiovascular, respiratory, hepatic, renal, gastrointestinal, or hematologic illness, or malig-
nancy; seizures due to progressive disease; documented status epilepticus within 3 months of baseline;
drug or alcohol abuse; a psychiatric or mood disorder requiring medication or electroconvulsant thera-
py within 6 months of baseline; poor compliance with therapy; anoxic episodes requiring resuscitation
within 1 year before the study; or nephrolithiasis. Additional exclusion criteria included treatment with
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an experimental drug or use of an experimental device within 60 days of baseline; use of acetazolamide
or zonisamide within 60 days of baseline; treatment with a ketogenic diet or adrenocorticotropic hor-
mone within 6 months before the study; use of benzodiazepines on more than an occasional basis (un-
less used as a concomitant AED); presence of clinically significant EKG abnormalities; or history of an
inability to take medication or maintain a seizure calendar, independently or with assistance. By proto-
col amendment, after approximately 50% of the patients had been enrolled, felbamate was prohibited
because of its association with aplastic anemia."

Total number randomised: 98

Baseline imbalances:"The topiramate and placebo treatment groups were comparable both demo-
graphically and in terms of seizure and medication history." There appeared to be a slightly higher pro-
portion of males in the topiramate group.

Both groups largely involved white participants (>80%)

Withdrawals and exclusions: Of the randomised participants, only one person was withdrawn due to
patient choice, from the topiramate group.

Age at onset:Baseline mean age, years (SD)

Topiramate: 11.2 (6.2)

Placebo: 11.2 (7.7)

Age at diagnosis:Not reported.

Age at start of treatment: Not reported.

Sex: Male/Female

Topiramate: 28/20

Placebo: 25/25

Race/ethnicity:

Topiramate: White, 39; African American, 4; Other, 5

Placebo: White, 46; African American, 3; Other, 1

Type of seizures:Drop attacks (tonic-atonic seizures), Major seizures (drop attacks and tonic-clonic
seizures), All types of seizures.

Seizure frequency during the baseline period:All types of seizures, n (range).

Topiramate: 267 (13 to 3795)

Number of background drugs:

One - 19

Two - 27

Three – 2

Placebo:

One – 20

Two – 29

Three - 1

Comorbidities: Not reported but exclusion criteria specified some co-morbidities.
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Interventions Group: Topiramate

Number randomised to group:48

Description:

"The study was composed of a baseline phase of 4 weeks and an 11-week double-blind treatment
phase (a 3-week dose titration period followed by an 8-week maintenance period)."

"During the 4-week baseline period, patients received a constant dose of one or two AEDs. Patients
who qualified for entry into the double-blind treatment period were randomised at each center to re-
ceive either topiramate or matching placebo tablets while maintaining their background dose(s) of
AEDs.

The titration period was divided into three 1-week intervals. During the first week, study drug dosage
was approximately 1 mg/kg/d administered twice daily in equal doses. Dosage was increased to ap-
proximately 3 mg/kg/d during the second week and to a target dose of 6 mg/kg/d during the third
week. If the patient did not tolerate the titration schedule, the rate of titration was either maintained or
reduced at the discretion of the investigator. Patients were then followed for an 8-week maintenance
period on 6 mg/kg/d or their maximal tolerated dosage. Dosages could be reduced to whatever level
was appropriate in terms of adverse events at any time during the trial. Rechallenges were permitted if
dosages of study drug were temporarily discontinued."

Duration of baseline period:4 weeks

Duration of treatment period:11 weeks, including titration and maintenance periods.

Co-interventions:Background dose(s) of ASMs but with a number of exclusion criteria for study partici-
pation. Note that felbamate was prohibited part way through the study due to adverse effects.

Compliance: Only one participant was withdrawn – patient choice.

Group: Placebo

Number randomised to group:50

Description:

"The study was composed of a baseline phase of 4 weeks and an 11-week double-blind treatment
phase (a 3-week dose titration period followed by an 8-week maintenance period)."

"During the 4-week baseline period, patients received a constant dose of one or two ASMs. Patients
who qualified for entry into the double-blind treatment period were randomised at each center to re-
ceive either topiramate or matching placebo tablets while maintaining their background dose(s) of
AEDs.

The titration period was divided into three 1-week intervals. During the first week, study drug dosage
was approximately 1 mg/kg/d administered twice daily in equal doses. Dosage was increased to ap-
proximately 3 mg/kg/d during the second week and to a target dose of 6 mg/kg/d during the third
week. If the patient did not tolerate the titration schedule, the rate of titration was either maintained or
reduced at the discretion of the investigator. Patients were then followed for an 8-week maintenance
period on 6 mg/kg/d or their maximal tolerated dosage. Dosages could be reduced to whatever level
was appropriate in terms of adverse events at any time during the trial. Rechallenges were permitted if
dosages of study drug were temporarily discontinued."

Duration of baseline period: 4 weeks

Duration of treatment period:11 weeks, including titration and maintenance periods.

Co-interventions: Background dose(s) of ASMs but with a number of exclusion criteria for study partici-
pation. Note that felbamate was prohibited part way through the study due to adverse effects.

Compliance:No participant was withdrawn.
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Outcomes Outcome 1: Percentage reduction in the average (median) monthly (28-day) seizure rate for all

seizure types

Time points measured:Monthly throughout the double-blind phase from baseline.

Time points reported: From baseline during the double-blind phase.

Outcome definition: See above.

Is outcome/tool validated? Unclear

Imputation of missing data:Not applicable.

Assumed risk estimate: Not reported.

Power: "A sample size of 40 patients per treatment group was determined based on the detection of
a 30% difference between groups in percentage reduction from baseline in seizure rates. The calcula-
tion of sample size assumed a type I error level of 5%, a power of 80%, and an SD of 70%. As the study
population approached 80, investigators were notified to stop enrolment. At that time, a number of pa-
tients had been screened for study entry, and it was decided that it would not be ethical to deny entry
to these patients. Thus, the actual sample size exceeded the planned sample size."

Outcome 2: Percentage reduction in drop attacks (tonic-atonic seizures)

Time points measured:Monthly throughout the double-blind phase from baseline.

Time points reported: From baseline during the double-blind phase.

Is outcome/tool validated? Unclear

Imputation of missing data: Not applicable.

Assumed risk estimate:Not reported.

Power: See above.

Outcome 3: Percentage reduction in the average (median) monthly (28-day) rate of major

seizures (drop seizures and tonic-clonic seizures)

Time points measured:Monthly throughout the double-blind phase from baseline.

Time points reported:From baseline during the double-blind phase.

Outcome definition: See above.

Is outcome/tool validated? Unclear

Imputation of missing data: Not applicable.

Assumed risk estimate:Not reported.

Power: See above.

Outcome 4: Percentage of treatment responders, defined as a ≥ 50%, ≥ 75% or 100% reduction

from baseline for drop attacks, major seizures and all seizures

Time points measured:Monthly throughout the double-blind phase from baseline.

Time points reported: From baseline during the double-blind phase.

Outcome definition: See above.

Is outcome/tool validated? Unclear

Imputation of missing data: Not applicable.
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Assumed risk estimate:Not reported.

Power: See above.

Outcome 5: Parental global evaluation of seizure severity

Time points measured: "relative to baseline was rated at the final double-blind visit."

Time points reported:"during the double-blind phase relative to baseline."

Outcome definition: "Parental global evaluation of seizure severity improvement relative to baseline
was rated…using a seven-point scale, as either very much improved, much improved, minimally im-
proved, no change, minimally worse, much worse, or very much worse."

Is outcome/tool validated? Unclear

Imputation of missing data: Not applicable.

Assumed risk estimate:Not reported.

Power: See above.

Outcome 6: Parental global evaluation of mental status

Time points measured: "relative to baseline was recorded at the final visit of the double-blind treat-
ment phase."

Time points reported:"As evaluated by parents or guardians at the end of the double-blind treatment."

Outcome definition:"On a seven-point scale, the patient’s improvement in level of alertness, level of
interaction with the environment, ability (or the caregiver’s ability) to perform activities of daily living,
and responsiveness to verbal requests were recorded as either very much improved, much improved,
minimally improved, no change, minimally worse, much worse, or very much worse."

Is outcome/tool validated? Unclear

Imputation of missing data: Not applicable.

Assumed risk estimate:Not reported.

Power: See above.

Outcome 7: Adverse events / Treatment-emergent adverse events

Time points measured:"Adverse events were reported at each study visit."

Time points reported: Not reported.

Outcome definition: "Treatment-emergent adverse events, defined as those events that occurred for
the first time or worsened after treatment, were summarized by treatment group."

Is outcome/tool validated? Unclear

Imputation of missing data: Not applicable.

Assumed risk estimate:Not reported.

Power: See above.

Notes Study funding sources:"Funded by the R.W. Johnson Pharmaceutical Research Institute and PHS grant
no. M01-RR00865."

Possible conflicts of interest:Author(s) based at the above Institute.

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "randomised."

Allocation concealment
(selection bias)

Low risk "Allocation was by random permuted blocks of four and was stratified by cen-
ter."

Blinding (performance
bias and detection bias)
All outcomes

Low risk "During the double-blind phase, investigators, patients, study monitors, and
observers remained blinded to codes."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk "During the double-blind phase, investigators, patients, study monitors, and
observers remained blinded to codes."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk "During the double-blind phase, investigators, patients, study monitors, and
observers remained blinded to codes."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Only one person was withdrawn of 98 randomised participants.

Selective reporting (re-
porting bias)

Low risk None identified.

Other bias Low risk None identified.
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Study characteristics

Methods The GWPCARE4 study was designed to assess the efficacy and safety of cannabidiol compared with
placebo as add-on therapy to existing antiepileptic drugs for the treatment of seizures associated with
Lennox-Gastaut syndrome in children and adults."

Parallel RCT

Duration of participation:"All patients received treatment for 14 weeks, which included 2 weeks of
dose escalation (starting at a daily dose of 2·5 mg/kg, followed by 12 weeks of stable dosing [mainte-
nance]), a tapering period of up to 10 days, and a 4-week safety follow-up period (appendix)."

Participants Population description:"Eligible patients were aged between 2 and 55 years, with a clinical diagno-
sis of Lennox-Gastaut syndrome (including documented history of slow [< 3·0 Hz] spike-and-wave
electroencephalograms), and evidence of more than one type of generalised seizure, including drop
seizures, for at least 6 months. The definition of Lennox-Gastaut syndrome chosen for this trial was the
same as has been used in other multicentre trials."

Inclusion criteria:"Eligible patients were aged between 2 and 55 years, with a clinical diagnosis of
Lennox-Gastaut syndrome (including documented history of slow [< 3·0 Hz] spike-and-wave electroen-
cephalograms), and evidence of more than one type of generalised seizure, including drop seizures,
for at least 6 months. The definition of Lennox-Gastaut syndrome chosen for this trial was the same
as has been used in other multicentre trials. Patients who were refractory (i.e. inadequately managed
on at least two antiepileptic drugs, inclusive of previous and current treatments), were taking one to
four antiepileptic drugs, and had at least two drop seizures per week during the 4-week baseline period
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were eligible. Patients in whom all medications and interventions for epilepsy (including ketogenic diet
and vagus nerve stimulation) were stable for 4 weeks before screening were included."

Exclusion criteria:"Patients who had a clinically significant unstable illness (other than epilepsy) in the
4 weeks before screening or randomisation, had a history of alcohol or substance misuse, were recre-
ational or medicinal cannabis users, had taken corticotrophins in the previous 6 months, or who had
been taking felbamate for less than 1 year before screening were excluded. Patients with a positive
urine tetrahydrocannabinol screen at the beginning of the study, and female patients who were preg-
nant, lactating, or planning pregnancy during or within 3 months of completing the trial were also ineli-
gible."

Total number randomised:171

Baseline imbalances:"Patient demographics and baseline characteristics were similar across the two
treatment groups (table 1)."

No imbalances identified in table 1 but the placebo group had a higher proportion of participants on a
ketogenic diet as a concomitant intervention (12% versus 5%).

Withdrawals and exclusions:"14 patients in the cannabidiol group and one in the placebo group with-
drew from the trial; in nine (60%) of these patients, adverse events were the primary reason for study
discontinuation."

Age at onset:Mean age, years (SD)

Cannabidiol: 15.5 (8.7)

Placebo: 15.3 (9.8)

Age, years (range)

Cannabidiol: 14.2 (2.7 to 39)

Placebo: 13.3 (2.8 to 45.1)

Age at diagnosis:Not reported.

Age at start of treatment:Not reported.

Sex:Male: Female (%)

Cannabidiol: 45:41 (52:48)

Placebo: 43:42 (51:49)

Race/ethnicity:White (%)

Cannabidiol: 75 (87)

Placebo: 79 (93)

Other *(%)

Cannabidiol: 11 (13)

Placebo: 6 (7)

*"Includes patients who identified as black or African American, Asian, Hispanic, Latino, and Arabian"

Type of seizures:Monthly frequency of drop seizures, total seizures and non-drop seizures reported at
baseline.

Seizure frequency during the baseline period:

Drop seizures, median (IQR)
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Cannabidiol: 71.4 (27 to 156)

Placebo: 74.7 (47.3 to 144)

Total seizures, median (IQR)

Cannabidiol: 144.6 (72 to 385.7)

Placebo: 176.7 (68.6 to 359.5)

Non-drop seizures, median (IQR)

Cannabidiol: 94 (19.8 to 311)

Placebo: 85 (20.5 to 220)

Number of background drugs:

Previous ASMs per patient, median (range)

Cannabidiol: 6 (1-18)

Placebo: 6 (0-28)

Concomitant AEDs per patient, median (range)

Cannabidiol: 3 (1-5)

Placebo: 3 (1-4)

Severity of illness: Not reported.

Comorbidities: Not reported.

Interventions Intervention group 1: Add-on cannabidiol

Number randomised to group:86

Description:"Patients received 20 mg/kg of a pharmaceutical formulation of purified cannabidiol (100
mg/mL, GW Pharmaceuticals (Cambridge, UK) in oral solution daily, or matching placebo solution.
Cannabidiol or placebo was administered orally in two equally divided doses (morning and evening)
for 14 weeks. The 20 mg/kg dose of cannabidiol was approved by an independent data safety monitor-
ing committee (DSMC), who reviewed data from a dose-ranging safety and pharmacokinetic evalua-
tion22 of three doses of cannabidiol (5, 10, and 20 mg/kg daily) in Dravet syndrome and identified 20
mg/kg per day as a safe dose without unacceptable side-effects."

"All patients received treatment for 14 weeks, which included 2 weeks of dose escalation (starting at a
daily dose of 2·5 mg/kg, followed by 12 weeks of stable dosing [maintenance]), a tapering period of up
to 10 days, and a 4-week safety follow-up period (appendix)."

Duration of baseline period:"4-week baseline period"/ "4-week screening period."

Duration of treatment period:"All patients received treatment for 14 weeks."

Co-interventions:Ketogenic diet in 5% of cannabidiol group and 12% of placebo group;

Vagus nerve stimulation 30% of cannabidiol group and 29% of placebo group;

Concomitant ASMs (including clobazam, valproate, lamotrigine, levetiracetam and rufinamide)

Supplementary appendix details concomitant ASMs in table S3 but the list excludes rescue medica-
tions.

Control group: Placebo

Number randomised to group:85
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Description:See above.

Duration of baseline period:"4-week baseline period"/ "4-week screening period."

Duration of treatment period:"All patients received treatment for 14 weeks."

Co-interventions:See above.

Outcomes Outcome 1: "the percentage change in monthly frequency of drop seizures from baseline"

Note that the protocol in the Supplementary appendix specifies this as a "mean" percentage change
although the statistical analysis of the full report refers to a "median" which is understood to be "Be-
cause the seizure data had a non-normal distribution."

Time points measured:"measured during the 14-week treatment period."

Time points reported: "over the 14-week treatment period."

Outcome definition:"1 month was defined as 28 days. A drop seizure was defined as an attack or spell
(atonic, tonic, or tonic-clonic) involving the entire body, trunk, or head that led or could have led to a
fall, injury, slumping in a chair, or hitting the patient’s head on a surface. The functional definition of
drop seizure used in this trial was reviewed and approved by the US Food and Drug Administration, the
European Medicines Agency, and an independent committee of experts from the Epilepsy Study Con-
sortium, and was similar to that used in a previous clobazam trial.9 All seizure types or descriptions giv-
en by each patient were confirmed by the Epilepsy Study Consortium."

Imputation of missing data:"The primary endpoint was analysed in the intention-to-treat analysis
dataset, which included all randomly assigned patients who received at least one dose of cannabidiol
or placebo and had post-baseline efficacy data…Analyses using the per-protocol analysis set were ad-
ditionally performed for the primary and key secondary endpoints only."

Statistical power: 'Thus, a sample size of 100 patients (50 per group) was calculated to provide 80%
power with a two-tailed significance level of 0·05."

Outcome 2: "the proportion of patients in each treatment group that achieved a reduction of 50%

or more in monthly frequency of drop seizures"

Time points measured:Assumed to be the same as for Outcome 1, over the 14-week treatment period.

Time points reported:During the treatment period.

Outcome definition:See Outcome 1 for definition of drop seizures; one month defined as 28 days.

Imputation of missing data:"Secondary endpoints were also analysed in the intention-to-treat
dataset, apart from seizure reduction during the maintenance period and patient or caregiver GIC,
which were analysed in all patients who had post-baseline efficacy data for those endpoints. Analyses
using the per-protocol analysis set were additionally performed for the primary and key secondary end-
points only."

Outcome 3: "percentage change in total seizure frequency from baseline during the treatment pe-

riod (i.e. sum of all individual seizure subtypes reported)"

Time points measured:Assumed to be the same as for Outcome 1, over the 14-week treatment period.

Time points reported: Over the 14-week period.

Outcome definition:See Outcome 1 for definition of drop seizures; one month defined as 28 days.

Outcome 4: "change from baseline in patient and caregiver global impression of change (GIC)"

Time points measured:"at the end of treatment."

Time points reported:"At their last visit to the clinic…compared with baseline."

Outcome definition: Not reported in the full report.

Thiele 2018  (Continued)
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See Supplementary appendix: "The S/CGICSD, as appropriate, comprises a question to be rated on a
three-point scale for each seizure subtype…

The markers are: Average duration of seizures has decreased; Average duration of seizures has stayed
the same; Average duration of seizures has increased. The patient or their caregiver will be asked to
assess the average duration of the patient’s seizures at Visit 2 (i.e. prior to commencement of IMP) as
a memory aid for subsequent visits. If the main caregiver is not available at the appropriate visit then
this information can be captured over the telephone, ideally on the day of the visit or otherwise within
three days."

Imputation of missing data:See above.

Outcome 5: "Responder analysis (i.e. the proportion of patients who achieved a ≥ 25%, ≥ 50%, ≥
75%, or 100% reduction in drop seizures from baseline)"

Time points measured:Assumed to be the same as for Outcome 1, over the 14-week treatment period.

Time points reported: "…during the treatment period (A) and the maintenance period alone (B)."

Outcome definition: See Outcome 1 for definition of drop seizures.

Imputation of missing data:See Outcome 2 for details of ITT and per protocol analysis.

Outcome 6: "percentage change in the frequency of non-drop, convulsive (tonic-clonic, tonic,

clonic, or atonic seizures), non-convulsive (myoclonic, countable focal, other focal, or absence

seizures), and individual seizure types"

Time points measured: Assumed to be the same as for Outcome 1, over the 14-week treatment period.

Time points reported: During the 14-week treatment period and during the 12-week maintenance peri-
od alone.

Outcome definition: Not reported.

Imputation of missing data: See Outcome 2 for details of ITT and per protocol analysis.

Outcome 7: "the proportion of patients with adverse events"

Time points measured:Assumed to be the same as for Outcome 1, over the 14-week treatment period.

Time points reported:Not reported.

Outcome definition:"measured by the investigators using standard severity measures (i.e. mild, mod-
erate, or severe)."

Imputation of missing data: "The safety analyses included all randomised patients who received at
least one dose of the study drug."

Outcome 8: "Columbia Suicide Severity Rating Scale (C-SSRS) scores"

Time points measured: Not reported.

Time points reported:Not reported.

Outcome definition:Not defined in the full report.

See the Supplementary appendix, protocol: "The definitions of behavioral suicidal events used in this
scale are based on those used in the Columbia Suicide History Form. Questions are asked on suicidal
behavior, suicidal ideation and intensity of ideation. At screening (Visit 1), questions will be in relation
to lifetime experiences (Baseline). Questioning at all subsequent visits will be in relation to the last as-
sessment (Since Last Visit). The C-SSRS will be used for patients 19 years of age and above. The C-SSRS
Children’s will be used for patients six to 18 years of age. The C-SSRS is to be administered by the in-
vestigator or his/her qualified designee at every visit as indicated in the Schedule of Assessments (AP-
PENDIX 1); "qualified designee" is defined as physician, osteopath, nurse practitioner, clinical psy-
chologist or physician’s assistant, who is licensed and has completed the C-SSRS training within the

Thiele 2018  (Continued)
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last two years. The survey should be completed by the same assessor, where possible, throughout the
study. Assessments will be conducted only if patients are of an appropriate age (six years of age and
older) and capable of understanding and answering the questions, in the investigator’s opinion."

Imputation of missing data:"The safety analyses included all randomised patients who received at
least one dose of the study drug."

Outcome 9: "frequency of episodes of status epilepticus"

Time points measured: Assumed to be the same as for Outcome 1, over the 14-week treatment period.

Time points reported: Not reported.

Outcome definition: Not defined.

Imputation of missing data:"The safety analyses included all randomised patients who received at
least one dose of the study drug."

Notes Study funding sources:"This study was funded by GW Pharmaceuticals (Cambridge, UK). Greenwich
Biosciences (US subsidiary of GW Pharmaceuticals) also provided financial support for medical writ-
ing."

Possible conflicts of interest:

Study investigators declared receipt of grants from the study sponsor, employment by the study spon-
sor and ownership of shares or stock options with the study sponsor.

Other:It is noted that the inclusion and exclusion criteria in the full report are not fully consistent with
those reported in the protocol.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "We did a randomised, double-blind, placebo-controlled, phase 3 trial…At vis-
it 1, each patient was assigned a unique number via an interactive voice re-
sponse system (IVRS) and then at visit 2 the IVRS was used to randomly assign
eligible participants to treatment in a 1:1 ratio. The randomisation schedule
was produced by an independent statistician, and was stratified by age group."

Allocation concealment
(selection bias)

Low risk The randomisation schedule was produced by an independent statistician.

Blinding (performance
bias and detection bias)
All outcomes

Low risk "We did a randomised, double-blind, placebo-controlled, phase 3 trial…Both
cannabidiol and placebo were provided in identical 100 mL amber glass bot-
tles and could not be distinguished visually. GW Pharmaceuticals manufac-
tured and supplied the study drug. All patients, caregivers, investigators, and
individuals assessing data were masked to group assignment."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk "We did a randomised, double-blind, placebo-controlled, phase 3 trial… Both
cannabidiol and placebo were provided in identical 100 mL amber glass bot-
tles and could not be distinguished visually. GW Pharmaceuticals manufac-
tured and supplied the study drug. All patients, caregivers, investigators, and
individuals assessing data were masked to group assignment."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk "We did a randomised, double-blind, placebo-controlled, phase 3 trial… Both
cannabidiol and placebo were provided in identical 100 mL amber glass bot-
tles and could not be distinguished visually. GW Pharmaceuticals manufac-
tured and supplied the study drug. All patients, caregivers, investigators, and
individuals assessing data were masked to group assignment."
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk The statistical analysis clearly outlined ITT and per protocol approaches for
the outcomes. "All 15 patients who withdrew early from the trial were exclud-
ed from the per-protocol analysis set (used in sensitivity analyses)."

Selective reporting (re-
porting bias)

High risk "Analyses for the other secondary endpoints are presented in the appendix,
with the exception of the Cannabis Withdrawal Scale, number of hospital ad-
missions, and cognitive function, for which insufficient data was collected."

Other bias Low risk None identified.

Thiele 2018  (Continued)

AED: antiepileptic drug; ASM: anti-seizure medication; EEG: electroencephalogram; ITT: Intention-to-treat; LGS: Lennox-Gastaut syndrome;
RCT: randomised controlled trial.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Battaglia 1991 Identified for exclusion in the previous version of this review and agreed for exclusion in the review
update. This cross-over study included a subset of participants with Lennox-Gastaut syndrome but
the data were not usable because individual case data were reported incompletely. Review authors
did not attempt to seek additional data from this study, which was published over 29 years ago.

Conry 2009 Excluded from this review update because it compared different doses of the same ASM.

Inanaga 1989 Excluded from this review update because it compared different doses of the same ASM.

Oletsky 1996 Excluded from this review update because it was not a randomised trial.

Perry 2019 Excluded from this review update because it was not a randomised controlled trial.

Vajda 1985 Identified for exclusion in the previous version of this review and agreed for exclusion in the review
update. This study abstract reported a subset of participants with LGS but with no results provided
separately for them. Review authors did not attempt to seek additional data from this study, which
was published over 35 years ago.

Vassella 1978 Identified for exclusion in the previous version of this review and agreed for exclusion in the review
update. The abstract for this cross-over study does not report results separately for the two periods
of the study. Previous review authors were able to access a translation (from German into English)
of the full article but data were not usable because the reporting of results was unclear. Review au-
thors did not attempt to seek additional data from this study, which was published over 42 years
ago.

Vigevano 1994 Full text unobtainable but judged not to be a RCT based on the abstract.

ASM: anti-seizure medication; LGS: Lennox-Gastaut syndrome; RCT: randomised controlled trial.
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods RCT

Participants 63 participants in subgroup with Lennox-Gastaut syndrome

Interventions Lamotrigine vs zonisamide

Ohtahara 2008 
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Outcomes Reduction in drop attacks and all seizure types

Notes No English translation available

Ohtahara 2008  (Continued)

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name A Comparative, randomised, Open label, Multicentric, Prospective Clinical Study to Evaluate the

Efficacy, Safety and Tolerability of Rufinamide Tablet Vs. Lamotrigine (Adjunctive Therapy) in the

treatment of seizures associated with Lennox-Gastaut syndrome.

Methods RCT

Participants People with Lennox-Gastaut syndrome

Interventions Adjunctive rufinamide versus adjunctive lamotrigine

Outcomes Seizure frequency; global assessment of efficacy and tolerability; improvement in signs and symp-
toms of headache, dizziness, fatigue, nausea, sleepiness

Starting date Not applicable

Contact information Dr Shailesh Singh, Vice President Medical & Regulatory Affairs. Email: shailesh.singh@ajantaphar-
ma.com

Notes Study terminated.

"It was decided by Ajanta Management that they would not be keen to proceed with marketing of
this

product. Thus the proposed Clinical Trial was not initiated."

CTRI/2010/091/001449 

 
 

Study name Phase III randomised, Double-Blind, Placebo-Controlled Study of Oral Topiramate for Lennox-Gas-
taut Syndrome

Methods RCT

Participants People with Lennox-Gastaut syndrome

Interventions Topiramate versus placebo - no further details reported

Outcomes No details reported

Starting date November 1993

Contact information Not reported

Notes Recruitment completed

NCT00004776 
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Study name Melatonin Versus Placebo in the Lennox-Gastaut Syndrome: Neurophysiological and Neuropsycho-
logical Effects

Methods Randomised, placebo-controlled crossover trial

Participants People with Lennox-Gastaut syndrome

Interventions Melatonin versus placebo

Outcomes Diminution of at least 50% of the nocturnal interictal discharges and tonic seizures with the mela-
tonin treatment; augmentation of at least 15% of the amount of deep slow sleep with the mela-
tonin treatment

Starting date August 2011

Contact information Dr Giovanni B. Foletti. Principal Investigator. Telephone ++ 41 21 821 46 46. Email: NCT01370486,
25/10, Melatonin Versus Placebo in the Lennox-Gastaut Syndrome: Neurophysiological and Neu-
ropsychological Effects" type="EXTERNAL">giovanni.foletti@ilavigny.ch

Notes Recruitment status unknown

NCT01370486 

 
 

Study name Cannabidiol Oral Solution as an Adjunctive Therapy for Treatment of Participants With Inadequate-
ly Controlled Lennox-Gastaut Syndrome

Methods RCT

Participants People with inadequately controlled Lennox-Gastaut syndrome

Interventions Adjunctive cannabidiol versus placebo

Outcomes Percent change from baseline in the frequency of motor seizures involving the trunk or extremi-
ties [tonic, atonic, generalized tonic-clonic (GTC), focal seizures with motor components (FSMC)] ;
Percent change from baseline in severity of motor seizures involving the trunk or extremities (ton-
ic, clonic, GTC, FSMC); Percent change from baseline in frequency of all seizure activity indepen-
dent of seizure type; Percent change from baseline in the severity of all seizure activity indepen-
dent of seizure type; Percent change from baseline in the duration of all seizure activity indepen-
dent of seizure type; Change from baseline in parent(s)/caregiver(s) Clinical Global Impressions of
Improvement (CGI-I); Change from baseline in Investigator CGI-I ; Change from baseline in paren-
t(s)/caregiver(s) Clinical Global Impressions of Severity (CGI-S); Change from baseline in Investiga-
tor CGI-S

Starting date Not applicable

Contact information Not reported

Notes 'Withdrawn (Sponsor elected not to continue with study)'.

NCT02318537 
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Study name A Study to Investigate the Efficacy and Safety of ZX008 (Fenfluramine Hydrochloride) as an Adjunc-
tive Therapy in Children and Adults With Lennox-Gastaut Syndrome

Methods This is a multicenter, double-blind, parallel-group, placebo controlled study to evaluate the effect
of adjunctive ZX008 (Fenfluramine Hydrochloride) for the treatment of uncontrolled seizures in
children and adults with LGS.

Participants It will include patients with LGS aged between 2 and 35 years, receiving at least 1 concomitant ASM
and up to 4 concomitant antiepileptic treatments.

Interventions Subjects will be randomised to receive 1 of 2 doses of ZX008 (0.2 mg/kg/day or 0.8 mg/kg/day giv-
en as oral solution) or placebo. In the subsequent open-Label phase ZX008 is supplied as an oral
solution.

Outcomes The main outcome will be the change from baseline in frequency of seizures that result in drops in
subjects receiving ZX008 compared to placebo [Time Frame: Up to 20 weeks maintenance and ta-
per period]. Secondary outcome will be safety and tolerability.

Starting date 27 November 2017

Contact information  

Notes Contact: ZX008 Clinical Trials Information Desk

NCT03355209 

 
 

Study name A Phase 2, Multicenter, randomised, Double-blind, Placebo-controlled Study to Evaluate the Effica-
cy, Safety, and Tolerability of TAK-935 (OV935) as an Adjunctive Therapy in Pediatric Patients With
Developmental and/or Epileptic Encephalopathies (ELEKTRA)

Methods This randomised, double-blind study will assess the effects of TAK-935 (OV935), compared to place-
bo, on efficacy, safety, and tolerability in paediatric patients with Dravet syndrome or LGS.

Participants Pediatric patients with Dravet syndrome or LGS.

Interventions The study will consist of a screening Period and Treatment Period (8-week Dose Optimization Peri-
od and 12-week Maintenance Period). The overall time to patients in this study is approximately 30
weeks. This randomised trial will be followed by an open-label extension study.

Outcomes Following outcomes will be evaluated: (1) percent change from baseline in frequency of all seizures
(convulsive and drop) per 28 days in patients receiving TAK-935 (OV935) as compared to place-
bo during the Maintenance Period; (2) percent change from baseline in all seizures (convulsive
and drop) in patients receiving TAK-935 (OV935) as compared to placebo during Treatment Period
[Time Frame: up to 20 weeks]; (3) percent change from baseline in frequency of convulsive seizures
in Dravet patients and drop seizures in Lennox Gastaut syndrome (LGS) patients, respectively, re-
ceiving TAK-935 (OV935) as compared to placebo during Maintenance Period [Time Frame: up to 12
weeks]; (4) percentage of patients receiving TAK-935 (OV935) as compared to placebo in the Dravet
Syndrome Stratum and LGS Stratum, respectively, considered treatment responders throughout
Maintenance Period [Time Frame: up to 12 weeks]; (5) Change in Clinician's and Caregiver's Clinical
Global Impression of Severity and Change (CGI-S/C) [Time Frame: up to 20 weeks]; and (6) Correla-
tion of TAK-935 concentration and plasma 24S-hydroxycholesterol (24HC) levels [Time Frame: up to
20 weeks].

Starting date 8 August 2018

NCT03650452 
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Contact information TakedaOvid Therapeutics Inc.

Notes This multi-centre trial will be conducted worldwide and will enrol approximately 126 patients.

NCT03650452  (Continued)

 
 

Study name Cannabis Extract in Refractory Epilepsy Study (CERES)

Methods Phase III, double-blind, randomised, placebo-controlled, parallel-group trial, followed by an open
phase aimed at evaluating the efficacy and safety of adjunctive cannabidiol for the treatment of
patients with LGS and other epileptic syndromes.

Participants It will included adult patients (18 years of age and older) with drug-resistant epilepsy, including pa-
tients with Dravet and LGS, and patients with frequent convulsive seizures.

Interventions Patients will be randomised to receive cannabidiol at a maximum total daily dose of approximately
300 mg versus placebo.

Outcomes Following outcomes will be assessed: Frequency of seizures; side effects; blood levels of ASMs,
CBD, THC, and liver enzymes; impact on cognition and quality of life; genetics.

Starting date January 10, 2019

Contact information The Epilepsy Research Program of the Ontario Brain Institute

Notes It is estimated that a total of 80 participants (40 assigned to treatment and 40 to control group) will
be recruited.

NCT03808935 

 
 

Study name Study of Perampanel as Adjunctive Treatment for Inadequately Controlled Seizures Associated
With Lennox-Gastaut Syndrome

Methods Ongoing multicentre, double-blind, randomised, placebo-controlled trial of adjunctive perampan-
el in LGS patients >=2 years of age with inadequately controlled seizures.

Participants It will include patients aged between 2 and 11 years, with at least 2 drop seizures during baseline
and currently being treated with stable doses of 1-3 antiepileptic drugs.

Interventions Patients will receive perampanel 2-8 mg/day in a single daily dose. The study will include a Core
Phase (Pre-randomisation screening and Baseline [4-8 weeks]; Randomisation [6-week Titration;
12-week Maintenance; 4-week Follow-up]) and Open-Label Extension Phase (52-week Conver-
sion/Maintenance; 4-week Follow-up).

Outcomes The primary endpoint is change in drop seizure (tonic, atonic, myoclonic) frequency per 28 days:
other outcomes include reductions in total and non-drop seizures per 28 days, safety and peram-
panel pharmacokinetics; quality of life, long-term efficacy and resource utilisation.

Starting date 13 December 2016

Contact information Contact: Eisai Medical Information

Wechsler 2017 
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Notes It is estimated that approximately 142 patients will be randomised to receive adjunctive peram-
panel or placebo.

Wechsler 2017  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

1.1 Number of participants free from drop
seizures during the treatment phase

1 225 Peto Odds Ratio (Peto,
Fixed, 99% CI)

Not estimable

1.2 Number of participants with ≥ 75% reduc-
tion in drop seizures during the treatment
phase

2 396 Risk Ratio (M-H, Ran-
dom, 95% CI)

3.51 [1.24, 9.92]

1.3 Number of participants with ≥ 50% reduc-
tion in drop seizures during the treatment
phase

2 396 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.12 [1.48, 3.03]

1.4 Number of participants with ≥ 25 % re-
duction in drop seizures during the treatment
phase

2 396 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.45 [1.19, 1.78]

1.5 Number of participants with > 0% to <
25% reduction in drop seizures during the
treatment phase

1 225 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.58 [0.85, 2.93]

1.6 Number of participants with > 0% to <
25% increase in drop seizures during the
treatment phase

1 225 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.40 [0.66, 3.00]

1.7 Number of participants with > 25 % in-
crease in drop seizures during the treatment
phase

1 225 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.71 [0.33, 1.53]

1.8 Number of participants with improvement
in the patient and caregiver Global Impres-
sion of Care scale

2 392 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.52 [1.22, 1.89]

1.9 Number of participants free from drop
seizures during the maintenance phase

1 170 Peto Odds Ratio (Peto,
Fixed, 99% CI)

7.76 [0.75, 79.85]

1.10 Number of participants with ≥ 75% re-
duction in drop seizures during the mainte-
nance phase

1 170 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.86 [1.28, 6.40]

1.11 Number of participants with ≥ 50% re-
duction in drop seizures during the mainte-
nance phase

1 170 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.95 [1.25, 3.05]
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Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

1.12 Number of participants with ≥ 25 % re-
duction in drop seizures during the mainte-
nance phase

1 170 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.35 [1.02, 1.78]

1.13 Number of participants with adverse
events

2 396 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.24 [1.11, 1.38]

1.14 Number of participants with treat-
ment-related adverse events

1 171 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.81 [1.29, 2.54]

1.15 Number of participants with serious ad-
verse events

1 171 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.94 [1.76, 13.85]

1.16 Number of participants with adverse
events leading to dose reduction

1 171 Risk Ratio (M-H, Ran-
dom, 95% CI)

5.93 [0.73, 48.22]

1.17 Number of participants with adverse
events leading to study discontinuation

2 396 Risk Ratio (M-H, Ran-
dom, 95% CI)

6.62 [1.56, 28.15]

1.18 Death 1 171 Peto Odds Ratio (Peto,
Fixed, 99% CI)

7.30 [0.04,
1261.58]

 
 

Analysis 1.1.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo +

ASMs, Outcome 1: Number of participants free from drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018 (1)

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Cannabidiol
Events

0

0

Total

149

149

Placebo
Events

0

0

Total

76

76

Weight
Peto Odds Ratio

Peto, Fixed, 99% CI

Not estimable

Not estimable

Peto Odds Ratio
Peto, Fixed, 99% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.
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Analysis 1.2.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 2: Number of participants with ≥ 75% reduction in drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018
Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.26; Chi² = 1.75, df = 1 (P = 0.19); I² = 43%
Test for overall effect: Z = 2.37 (P = 0.02)
Test for subgroup differences: Not applicable

Cannabidiol
Events

27
17

44

Total

149
86

235

Placebo
Events

2
7

9

Total

76
85

161

Weight

36.1%
63.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

6.89 [1.68 , 28.19]
2.40 [1.05 , 5.49]

3.51 [1.24 , 9.92]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.3.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 3: Number of participants with ≥ 50% reduction in drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018
Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.76, df = 1 (P = 0.38); I² = 0%
Test for overall effect: Z = 4.12 (P < 0.0001)
Test for subgroup differences: Not applicable

Cannabidiol
Events

56
38

94

Total

149
86

235

Placebo
Events

11
20

31

Total

76
85

161

Weight

37.3%
62.7%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.60 [1.45 , 4.66]
1.88 [1.20 , 2.95]

2.12 [1.48 , 3.03]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.4.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 4: Number of participants with ≥ 25 % reduction in drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018
Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 3.60 (P = 0.0003)
Test for subgroup differences: Not applicable

Cannabidiol
Events

93
55

148

Total

149
86

235

Placebo
Events

33
37

70

Total

76
85

161

Weight

50.7%
49.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.44 [1.08 , 1.91]
1.47 [1.10 , 1.96]

1.45 [1.19 , 1.78]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.
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Analysis 1.5.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs, Outcome

5: Number of participants with > 0% to < 25% reduction in drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.44 (P = 0.15)
Test for subgroup differences: Not applicable

Cannabidiol
Events

34

34

Total

149

149

Placebo
Events

11

11

Total

76

76

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.58 [0.85 , 2.93]

1.58 [0.85 , 2.93]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.6.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs, Outcome

6: Number of participants with > 0% to < 25% increase in drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.87 (P = 0.38)
Test for subgroup differences: Not applicable

Cannabidiol
Events

22

22

Total

149

149

Placebo
Events

8

8

Total

76

76

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.40 [0.66 , 3.00]

1.40 [0.66 , 3.00]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.7.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 7: Number of participants with > 25 % increase in drop seizures during the treatment phase

Study or Subgroup

Devinsky 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.86 (P = 0.39)
Test for subgroup differences: Not applicable

Cannabidiol
Events

14

14

Total

149

149

Placebo
Events

10

10

Total

76

76

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.71 [0.33 , 1.53]

0.71 [0.33 , 1.53]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.
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Analysis 1.8.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs, Outcome

8: Number of participants with improvement in the patient and caregiver Global Impression of Care scale

Study or Subgroup

Devinsky 2018
Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.78, df = 1 (P = 0.38); I² = 0%
Test for overall effect: Z = 3.70 (P = 0.0002)
Test for subgroup differences: Not applicable

Cannabidiol
Events

91
49

140

Total

148
84

232

Placebo
Events

33
29

62

Total

75
85

160

Weight

59.6%
40.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.40 [1.05 , 1.86]
1.71 [1.21 , 2.42]

1.52 [1.22 , 1.89]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.9.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo +

ASMs, Outcome 9: Number of participants free from drop seizures during the maintenance phase

Study or Subgroup

Thiele 2018 (1)

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.26 (P = 0.02)
Test for subgroup differences: Not applicable

Cannabidiol
Events

5

5

Total

85

85

Placebo
Events

0

0

Total

85

85

Weight

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

7.76 [0.75 , 79.85]

7.76 [0.75 , 79.85]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.002 0.1 1 10 500
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.10.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 10: Number of participants with ≥ 75% reduction in drop seizures during the maintenance phase

Study or Subgroup

Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.55 (P = 0.01)
Test for subgroup differences: Not applicable

Cannabidiol
Events

20

20

Total

85

85

Placebo
Events

7

7

Total

85

85

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.86 [1.28 , 6.40]

2.86 [1.28 , 6.40]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.
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Analysis 1.11.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 11: Number of participants with ≥ 50% reduction in drop seizures during the maintenance phase

Study or Subgroup

Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.93 (P = 0.003)
Test for subgroup differences: Not applicable

Cannabidiol
Events

39

39

Total

85

85

Placebo
Events

20

20

Total

85

85

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.95 [1.25 , 3.05]

1.95 [1.25 , 3.05]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.12.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo + ASMs,

Outcome 12: Number of participants with ≥ 25 % reduction in drop seizures during the maintenance phase

Study or Subgroup

Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.12 (P = 0.03)
Test for subgroup differences: Not applicable

Cannabidiol
Events

54

54

Total

85

85

Placebo
Events

40

40

Total

85

85

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.35 [1.02 , 1.78]

1.35 [1.02 , 1.78]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cannabidiol

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.13.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs

versus placebo + ASMs, Outcome 13: Number of participants with adverse events

Study or Subgroup

Devinsky 2018
Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.96); I² = 0%
Test for overall effect: Z = 3.75 (P = 0.0002)
Test for subgroup differences: Not applicable

Cannabidiol
Events

133
74

207

Total

149
86

235

Placebo
Events

55
59

114

Total

76
85

161

Weight

54.8%
45.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.23 [1.06 , 1.43]
1.24 [1.05 , 1.46]

1.24 [1.11 , 1.38]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.
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Analysis 1.14.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo

+ ASMs, Outcome 14: Number of participants with treatment-related adverse events

Study or Subgroup

Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.42 (P = 0.0006)
Test for subgroup differences: Not applicable

Cannabidiol
Events

53

53

Total

86

86

Placebo
Events

29

29

Total

85

85

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.81 [1.29 , 2.54]

1.81 [1.29 , 2.54]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.15.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus

placebo + ASMs, Outcome 15: Number of participants with serious adverse events

Study or Subgroup

Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.04 (P = 0.002)
Test for subgroup differences: Not applicable

Cannabidiol
Events

20

20

Total

86

86

Placebo
Events

4

4

Total

85

85

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.94 [1.76 , 13.85]

4.94 [1.76 , 13.85]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.16.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo

+ ASMs, Outcome 16: Number of participants with adverse events leading to dose reduction

Study or Subgroup

Thiele 2018 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.66 (P = 0.10)
Test for subgroup differences: Not applicable

Cannabidiol
Events

6

6

Total

86

86

Placebo
Events

1

1

Total

85

85

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

5.93 [0.73 , 48.22]

5.93 [0.73 , 48.22]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.
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Analysis 1.17.   Comparison 1: Cannabidiol (10 mg/kg and 20 mg/kg) + ASMs versus placebo +

ASMs, Outcome 17: Number of participants with adverse events leading to study discontinuation

Study or Subgroup

Devinsky 2018 (1)
Thiele 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.67, df = 1 (P = 0.41); I² = 0%
Test for overall effect: Z = 2.56 (P = 0.01)
Test for subgroup differences: Not applicable

Cannabidiol
Events

7
12

19

Total

149
86

235

Placebo
Events

1
1

2

Total

76
85

161

Weight

48.6%
51.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

3.57 [0.45 , 28.49]
11.86 [1.58 , 89.22]

6.62 [1.56 , 28.15]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Analysis 1.18.   Comparison 1: Cannabidiol (10 mg/kg and 20

mg/kg) + ASMs versus placebo + ASMs, Outcome 18: Death

Study or Subgroup

Thiele 2018 (1)

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.99 (P = 0.32)
Test for subgroup differences: Not applicable

Cannabidiol
Events

1

1

Total

86

86

Placebo
Events

0

0

Total

85

85

Weight

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

7.30 [0.04 , 1261.58]

7.30 [0.04 , 1261.58]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.001 0.1 1 10 1000
Favours cannabidiol Favours placebo

Footnotes
(1) Devinski 2018 evaluated cannabidiol 10 mg/kg/day and 20 mg/kg/day, whereas Thiele 2018 evaluated only 20 mg/kg/day.

 
 

Comparison 2.   Cinromide + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

2.1 Number of participants free from
all seizures

1 56 Peto Odds Ratio (Peto, Fixed,
99% CI)

Not estimable

2.2 Number of participants with
≥ 75% reduction in mean weekly
seizures

1 56 Peto Odds Ratio (Peto, Fixed,
99% CI)

9.35 [0.45, 194.96]

2.3 Number of participants with
≥ 50% reduction in mean weekly
seizures

1 56 Risk Ratio (M-H, Random,
95% CI)

1.15 [0.47, 2.86]

2.4 Number of participants with
≥ 25% reduction in mean weekly
seizures

1 56 Risk Ratio (M-H, Random,
95% CI)

1.07 [0.59, 1.91]
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Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

2.5 Number of participants with ≥ 0%
to < 25% reduction in mean weekly
seizures

1 56 Risk Ratio (M-H, Random,
95% CI)

1.15 [0.42, 3.14]

2.6 Number of participants with ≥ 0%
to < 25% increase in mean weekly
seizures

1 56 Risk Ratio (M-H, Random,
95% CI)

0.87 [0.21, 3.52]

2.7 Number of participants with
> 25% increase in mean weekly
seizures

1 56 Risk Ratio (M-H, Random,
95% CI)

0.82 [0.30, 2.29]

2.8 Number of participants with im-
provement in global evaluation

1   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

2.8.1 Week 12 1 56 Risk Ratio (M-H, Random,
95% CI)

0.99 [0.56, 1.74]

2.8.2 Week 18 1 56 Risk Ratio (M-H, Random,
95% CI)

0.80 [0.41, 1.56]

2.8.3 Week 24 1 56 Risk Ratio (M-H, Random,
95% CI)

1.28 [0.62, 2.66]

2.9 Number of participants with no
change in global evaluation

1   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

2.9.1 Week 12 1 56 Risk Ratio (M-H, Random,
95% CI)

0.91 [0.50, 1.64]

2.9.2 Week 18 1 56 Risk Ratio (M-H, Random,
95% CI)

0.91 [0.50, 1.64]

2.9.3 Week 24 1 56 Risk Ratio (M-H, Random,
95% CI)

1.03 [0.46, 2.27]

2.10 Number of participants with
worsening in global evaluation

1   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

2.10.1 Week 12 1 56 Risk Ratio (M-H, Random,
95% CI)

3.46 [0.38, 31.28]

2.10.2 Week 18 1 56 Risk Ratio (M-H, Random,
95% CI)

4.62 [0.55, 38.74]

2.11 Number of participants with
worsening in global evaluation -
Week 24

1 56 Odds Ratio (M-H, Fixed, 99%
CI)

9.09 [0.17, 475.60]
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Analysis 2.1.   Comparison 2: Cinromide + ASMs versus placebo +

ASMs, Outcome 1: Number of participants free from all seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Cinromide
Events

0

0

Total

26

26

Placebo
Events

0

0

Total

30

30

Weight
Peto Odds Ratio

Peto, Fixed, 99% CI

Not estimable

Not estimable

Peto Odds Ratio
Peto, Fixed, 99% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cinromide

 
 

Analysis 2.2.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

2: Number of participants with ≥ 75% reduction in mean weekly seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.90 (P = 0.06)
Test for subgroup differences: Not applicable

Cinromide
Events

3

3

Total

26

26

Placebo
Events

0

0

Total

30

30

Weight

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

9.35 [0.45 , 194.96]

9.35 [0.45 , 194.96]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.002 0.1 1 10 500
Favours placebo Favours cinromide

 
 

Analysis 2.3.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

3: Number of participants with ≥ 50% reduction in mean weekly seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.31 (P = 0.76)
Test for subgroup differences: Not applicable

Cinromide
Events

7

7

Total

26

26

Placebo
Events

7

7

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.15 [0.47 , 2.86]

1.15 [0.47 , 2.86]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cinromide

 
 

Analysis 2.4.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

4: Number of participants with ≥ 25% reduction in mean weekly seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.21 (P = 0.83)
Test for subgroup differences: Not applicable

Cinromide
Events

12

12

Total

26

26

Placebo
Events

13

13

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.07 [0.59 , 1.91]

1.07 [0.59 , 1.91]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cinromide
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Analysis 2.5.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

5: Number of participants with ≥ 0% to < 25% reduction in mean weekly seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.28 (P = 0.78)
Test for subgroup differences: Not applicable

Cinromide
Events

6

6

Total

26

26

Placebo
Events

6

6

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.15 [0.42 , 3.14]

1.15 [0.42 , 3.14]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cinromide

 
 

Analysis 2.6.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

6: Number of participants with ≥ 0% to < 25% increase in mean weekly seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)
Test for subgroup differences: Not applicable

Cinromide
Events

3

3

Total

26

26

Placebo
Events

4

4

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.87 [0.21 , 3.52]

0.87 [0.21 , 3.52]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cinromide Favours placebo

 
 

Analysis 2.7.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

7: Number of participants with > 25% increase in mean weekly seizures

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)
Test for subgroup differences: Not applicable

Cinromide
Events

5

5

Total

26

26

Placebo
Events

7

7

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.82 [0.30 , 2.29]

0.82 [0.30 , 2.29]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cinromide Favours placebo
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Analysis 2.8.   Comparison 2: Cinromide + ASMs versus placebo + ASMs,

Outcome 8: Number of participants with improvement in global evaluation

Study or Subgroup

2.8.1 Week 12
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.04 (P = 0.97)

2.8.2 Week 18
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)

2.8.3 Week 24
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.67 (P = 0.51)

Test for subgroup differences: Chi² = 0.88, df = 2 (P = 0.65), I² = 0%

Cinromide
Events

12

12

9

9

10

10

Total

26
26

26
26

26
26

Placebo
Events

14

14

13

13

9

9

Total

30
30

30
30

30
30

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Risk Ratio
M-H, Random, 95% CI

0.99 [0.56 , 1.74]
0.99 [0.56 , 1.74]

0.80 [0.41 , 1.56]
0.80 [0.41 , 1.56]

1.28 [0.62 , 2.66]
1.28 [0.62 , 2.66]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours cinromide

 
 

Analysis 2.9.   Comparison 2: Cinromide + ASMs versus placebo + ASMs,

Outcome 9: Number of participants with no change in global evaluation

Study or Subgroup

2.9.1 Week 12
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.33 (P = 0.74)

2.9.2 Week 18
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.33 (P = 0.74)

2.9.3 Week 24
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.06 (P = 0.95)

Test for subgroup differences: Chi² = 0.07, df = 2 (P = 0.96), I² = 0%

Cinromide
Events

11

11

11

11

8

8

Total

26
26

26
26

26
26

Placebo
Events

14

14

14

14

9

9

Total

30
30

30
30

30
30

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Risk Ratio
M-H, Random, 95% CI

0.91 [0.50 , 1.64]
0.91 [0.50 , 1.64]

0.91 [0.50 , 1.64]
0.91 [0.50 , 1.64]

1.03 [0.46 , 2.27]
1.03 [0.46 , 2.27]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours cinromide Favours placebo
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Analysis 2.10.   Comparison 2: Cinromide + ASMs versus placebo + ASMs,

Outcome 10: Number of participants with worsening in global evaluation

Study or Subgroup

2.10.1 Week 12
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.11 (P = 0.27)

2.10.2 Week 18
Group for the Evaluation of Cinromide 1989
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.41 (P = 0.16)

Test for subgroup differences: Chi² = 0.03, df = 1 (P = 0.85), I² = 0%

Cinromide
Events

3

3

4

4

Total

26
26

26
26

Placebo
Events

1

1

1

1

Total

30
30

30
30

Weight

100.0%
100.0%

100.0%
100.0%

Risk Ratio
M-H, Random, 95% CI

3.46 [0.38 , 31.28]
3.46 [0.38 , 31.28]

4.62 [0.55 , 38.74]
4.62 [0.55 , 38.74]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours cinromide Favours placebo

 
 

Analysis 2.11.   Comparison 2: Cinromide + ASMs versus placebo + ASMs, Outcome

11: Number of participants with worsening in global evaluation - Week 24

Study or Subgroup

Group for the Evaluation of Cinromide 1989

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.44 (P = 0.15)
Test for subgroup differences: Not applicable

Cinromide
Events

3

3

Total

26

26

Placebo
Events

0

0

Total

30

30

Weight

100.0%

100.0%

Odds Ratio
M-H, Fixed, 99% CI

9.09 [0.17 , 475.60]

9.09 [0.17 , 475.60]

Odds Ratio
M-H, Fixed, 99% CI

0.002 0.1 1 10 500
Favours cinromide Favours placebo

 
 

Comparison 3.   Clobazam (low, medium and high doses) + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

3.1 Number of participants free from drop
seizures

1 217 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.10 [1.00, 16.83]

3.2 Number of participants with ≥ 75 % re-
duction in drop seizures (from baseline to
maintenance phase in average weekly rate)

1 217 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.04 [1.85, 8.79]

3.3 Number of participants with ≥ 50 % re-
duction in drop seizures (from baseline to
maintenance phase in average weekly rate)

1 217 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.88 [1.26, 2.81]

3.4 Number of participants with ≥ 25 % re-
duction in drop seizures (from baseline to
maintenance phase in average weekly rate)

1 217 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.54 [1.17, 2.03]

3.5 Number of participants with adverse
events

1 238 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.17 [0.97, 1.42]
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Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

3.6 Number of participants with adverse
events leading to dose reduction

1 238 Risk Ratio (M-H, Ran-
dom, 95% CI)

9.23 [1.28, 66.37]

3.7 Number of participants with aggres-
sion-related adverse events

1 194 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.89 [0.69, 5.19]

3.8 Number of participants with serious ad-
verse events

1 238 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.31 [0.54, 9.86]

3.9 Number of participants with adverse
events leading to study discontinuation

1 238 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.12 [1.01, 16.87]

3.10 Death 1 238 Peto Odds Ratio (Peto,
Fixed, 99% CI)

Not estimable

 
 

Analysis 3.1.   Comparison 3: Clobazam (low, medium and high doses) + ASMs

versus placebo + ASMs, Outcome 1: Number of participants free from drop seizures

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.96 (P = 0.05)
Test for subgroup differences: Not applicable

Clobazam
Events

23

23

Total

160

160

Placebo
Events

2

2

Total

57

57

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.10 [1.00 , 16.83]

4.10 [1.00 , 16.83]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours placebo Favours clobazam

 
 

Analysis 3.2.   Comparison 3: Clobazam (low, medium and high doses) + ASMs

versus placebo + ASMs, Outcome 2: Number of participants with ≥ 75 % reduction

in drop seizures (from baseline to maintenance phase in average weekly rate)

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.52 (P = 0.0004)
Test for subgroup differences: Not applicable

Clobazam
Events

68

68

Total

160

160

Placebo
Events

6

6

Total

57

57

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.04 [1.85 , 8.79]

4.04 [1.85 , 8.79]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours clobazam
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Analysis 3.3.   Comparison 3: Clobazam (low, medium and high doses) + ASMs

versus placebo + ASMs, Outcome 3: Number of participants with ≥ 50 % reduction

in drop seizures (from baseline to maintenance phase in average weekly rate)

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.07 (P = 0.002)
Test for subgroup differences: Not applicable

Clobazam
Events

95

95

Total

160

160

Placebo
Events

18

18

Total

57

57

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.88 [1.26 , 2.81]

1.88 [1.26 , 2.81]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours clobazam

 
 

Analysis 3.4.   Comparison 3: Clobazam (low, medium and high doses) + ASMs

versus placebo + ASMs, Outcome 4: Number of participants with ≥ 25 % reduction

in drop seizures (from baseline to maintenance phase in average weekly rate)

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.04 (P = 0.002)
Test for subgroup differences: Not applicable

Clobazam
Events

121

121

Total

160

160

Placebo
Events

28

28

Total

57

57

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.54 [1.17 , 2.03]

1.54 [1.17 , 2.03]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours clobazam

 
 

Analysis 3.5.   Comparison 3: Clobazam (low, medium and high doses) + ASMs

versus placebo + ASMs, Outcome 5: Number of participants with adverse events

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.61 (P = 0.11)
Test for subgroup differences: Not applicable

Clobazam
Events

142

142

Total

179

179

Placebo
Events

40

40

Total

59

59

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.17 [0.97 , 1.42]

1.17 [0.97 , 1.42]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours clobazam Favours placebo
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Analysis 3.6.   Comparison 3: Clobazam (low, medium and high doses) + ASMs versus placebo

+ ASMs, Outcome 6: Number of participants with adverse events leading to dose reduction

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.21 (P = 0.03)
Test for subgroup differences: Not applicable

Clobazam
Events

28

28

Total

179

179

Placebo
Events

1

1

Total

59

59

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

9.23 [1.28 , 66.37]

9.23 [1.28 , 66.37]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours clobazam Favours placebo

 
 

Analysis 3.7.   Comparison 3: Clobazam (low, medium and high doses) + ASMs versus

placebo + ASMs, Outcome 7: Number of participants with aggression-related adverse events

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.22)
Test for subgroup differences: Not applicable

Clobazam
Events

23

23

Total

146

146

Placebo
Events

4

4

Total

48

48

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.89 [0.69 , 5.19]

1.89 [0.69 , 5.19]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours clobazam Favours placebo

 
 

Analysis 3.8.   Comparison 3: Clobazam (low, medium and high doses) + ASMs versus

placebo + ASMs, Outcome 8: Number of participants with serious adverse events

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.13 (P = 0.26)
Test for subgroup differences: Not applicable

Clobazam
Events

14

14

Total

179

179

Placebo
Events

2

2

Total

59

59

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.31 [0.54 , 9.86]

2.31 [0.54 , 9.86]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours clobazam Favours placebo
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Analysis 3.9.   Comparison 3: Clobazam (low, medium and high doses) + ASMs versus placebo +

ASMs, Outcome 9: Number of participants with adverse events leading to study discontinuation

Study or Subgroup

Ng 2011

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.97 (P = 0.05)
Test for subgroup differences: Not applicable

Clobazam
Events

25

25

Total

179

179

Placebo
Events

2

2

Total

59

59

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.12 [1.01 , 16.87]

4.12 [1.01 , 16.87]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours clobazam Favours placebo

 
 

Analysis 3.10.   Comparison 3: Clobazam (low, medium and

high doses) + ASMs versus placebo + ASMs, Outcome 10: Death

Study or Subgroup

Ng 2011

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Clobazam
Events

0

0

Total

179

179

Placebo
Events

0

0

Total

59

59

Weight
Peto Odds Ratio

Peto, Fixed, 99% CI

Not estimable

Not estimable

Peto Odds Ratio
Peto, Fixed, 99% CI

0.1 0.2 0.5 1 2 5 10
Favours clobazam Favours placebo

 
 

Comparison 4.   Felbamate + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

4.1 Number of participants free from
all seizures (recorded by closed-
circuit television and electroen-
cephalography)

1   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

4.1.1 Treatment phase 1 73 Risk Ratio (M-H, Random,
95% CI)

2.92 [0.32, 26.77]

4.1.2 Maintenance phase 1 73 Risk Ratio (M-H, Random,
95% CI)

5.84 [0.74, 46.11]

4.2 Number of participants free from
all seizures - Treatment phase

1 73 Odds Ratio (M-H, Fixed, 99%
CI)

Not estimable

4.3 Number of participants free from
all seizures - Maintenance phase

1 73 Risk Ratio (M-H, Random,
95% CI)

3.89 [0.46, 33.17]

4.3.1 Maintenance phase 1 73 Risk Ratio (M-H, Random,
95% CI)

3.89 [0.46, 33.17]

4.4 Number of participants free from
atonic seizures

1   Peto Odds Ratio (Peto, Fixed,
99% CI)

Subtotals only
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Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

4.4.1 Treatment phase 1 50 Peto Odds Ratio (Peto, Fixed,
99% CI)

6.43 [0.30, 137.10]

4.4.2 Maintenance phase 1 50 Peto Odds Ratio (Peto, Fixed,
99% CI)

6.99 [0.62, 78.73]

4.5 Number of participants free from
tonic-clonic seizures

1   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

4.5.1 Treatment phase 1 29 Risk Ratio (M-H, Random,
95% CI)

1.62 [0.17, 15.99]

4.5.2 Maintenance phase 1 29 Risk Ratio (M-H, Random,
95% CI)

5.69 [0.80, 40.51]

4.6 Number of participants with se-
vere side effects

1 73 Risk Ratio (M-H, Random,
95% CI)

2.59 [0.75, 9.01]

4.7 Number of participants with ad-
verse events leading to study discon-
tinuation

1 73 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.06, 14.97]

 
 

Analysis 4.1.   Comparison 4: Felbamate + ASMs versus placebo + ASMs, Outcome 1: Number of

participants free from all seizures (recorded by closed-circuit television and electroencephalography)

Study or Subgroup

4.1.1 Treatment phase
Felbamate Study Group 1993
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)

4.1.2 Maintenance phase
Felbamate Study Group 1993
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.67 (P = 0.09)

Felbamate
Events

3

3

6

6

Total

37
37

37
37

Placebo
Events

1

1

1

1

Total

36
36

36
36

Weight

100.0%
100.0%

100.0%
100.0%

Risk Ratio
M-H, Random, 95% CI

2.92 [0.32 , 26.77]
2.92 [0.32 , 26.77]

5.84 [0.74 , 46.11]
5.84 [0.74 , 46.11]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours placebo Favours felbamate
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Analysis 4.2.   Comparison 4: Felbamate + ASMs versus placebo + ASMs,

Outcome 2: Number of participants free from all seizures - Treatment phase

Study or Subgroup

Felbamate Study Group 1993

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Felbamate
Events

0

0

Total

37

37

Placebo
Events

0

0

Total

36

36

Weight
Odds Ratio

M-H, Fixed, 99% CI

Not estimable

Not estimable

Odds Ratio
M-H, Fixed, 99% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours felbamate

 
 

Analysis 4.3.   Comparison 4: Felbamate + ASMs versus placebo + ASMs,

Outcome 3: Number of participants free from all seizures - Maintenance phase

Study or Subgroup

4.3.1 Maintenance phase
Felbamate Study Group 1993
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.21)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.21)
Test for subgroup differences: Not applicable

Felbamate
Events

4

4

4

Total

37
37

37

Placebo
Events

1

1

1

Total

36
36

36

Weight

100.0%
100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

3.89 [0.46 , 33.17]
3.89 [0.46 , 33.17]

3.89 [0.46 , 33.17]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours placebo Favours felbamate

 
 

Analysis 4.4.   Comparison 4: Felbamate + ASMs versus placebo +

ASMs, Outcome 4: Number of participants free from atonic seizures

Study or Subgroup

4.4.1 Treatment phase
Felbamate Study Group 1993
Subtotal (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.57 (P = 0.12)

4.4.2 Maintenance phase
Felbamate Study Group 1993
Subtotal (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)

Felbamate
Events

3

3

5

5

Total

28
28

28
28

Placebo
Events

0

0

0

0

Total

22
22

22
22

Weight

100.0%
100.0%

100.0%
100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

6.43 [0.30 , 137.10]
6.43 [0.30 , 137.10]

6.99 [0.62 , 78.73]
6.99 [0.62 , 78.73]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.01 0.1 1 10 100
Favours placebo Favours felbamate
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Analysis 4.5.   Comparison 4: Felbamate + ASMs versus placebo + ASMs,

Outcome 5: Number of participants free from tonic-clonic seizures

Study or Subgroup

4.5.1 Treatment phase
Felbamate Study Group 1993
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.42 (P = 0.68)

4.5.2 Maintenance phase
Felbamate Study Group 1993
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.74 (P = 0.08)

Felbamate
Events

2

2

7

7

Total

16
16

16
16

Placebo
Events

1

1

1

1

Total

13
13

13
13

Weight

100.0%
100.0%

100.0%
100.0%

Risk Ratio
M-H, Random, 95% CI

1.63 [0.17 , 15.99]
1.63 [0.17 , 15.99]

5.69 [0.80 , 40.51]
5.69 [0.80 , 40.51]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours placebo Favours felbamate

 
 

Analysis 4.6.   Comparison 4: Felbamate + ASMs versus placebo +

ASMs, Outcome 6: Number of participants with severe side effects

Study or Subgroup

Felbamate Study Group 1993

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.50 (P = 0.13)
Test for subgroup differences: Not applicable

Felbamate
Events

8

8

Total

37

37

Placebo
Events

3

3

Total

36

36

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.59 [0.75 , 9.01]

2.59 [0.75 , 9.01]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours felbamate Favours placebo

 
 

Analysis 4.7.   Comparison 4: Felbamate + ASMs versus placebo + ASMs, Outcome

7: Number of participants with adverse events leading to study discontinuation

Study or Subgroup

Felbamate Study Group 1993

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.02 (P = 0.98)
Test for subgroup differences: Not applicable

Felbamate
Events

1

1

Total

37

37

Placebo
Events

1

1

Total

36

36

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.97 [0.06 , 14.97]

0.97 [0.06 , 14.97]

Risk Ratio
M-H, Fixed, 95% CI

0.05 0.2 1 5 20
Favours felbamate Favours placebo
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Comparison 5.   Lamotrigine + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

5.1 Number of participants with ≥ 50% median
reduction in all seizures

1 167 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.12 [1.19, 3.76]

5.2 Number of participants with > 25% to < 50%
median reduction in all seizures

1 167 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.41 [0.80, 2.47]

5.3 Number of participants with either 0 to ≤
25% median reduction or an increase in all
seizures

1 167 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.61 [0.45, 0.83]

5.4 Number of participants with ≥ 50% median
reduction in drop attacks

1 164 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.66 [1.02, 2.70]

5.5 Number of participants with > 25% to < 50%
median reduction in drop attacks

1 164 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.61 [0.87, 2.99]

5.6 Number of participants with either ≤ 25%
median reduction or an increase in the number
of drop attacks

1 164 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.60 [0.43, 0.85]

5.7 Number of participants with ≥ 50% median
reduction in tonic-clonic seizures

1 124 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.13 [1.21, 3.75]

5.8 Number of participants with > 25% to < 50%
median reduction in tonic-clonic seizures

1 124 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.91 [0.33, 2.57]

5.9 Number of participants with 0 to ≤ 25% me-
dian reduction or an increase in the number of
tonic-clonic seizures

1 124 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.68 [0.49, 0.93]

5.10 Number of participants with adverse
events leading to study discontinuation

1 169 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.49 [0.13, 1.82]

 
 

Analysis 5.1.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs,

Outcome 1: Number of participants with ≥ 50% median reduction in all seizures

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.56 (P = 0.01)
Test for subgroup differences: Not applicable

Lamotrigine
Events

26

26

Total

78

78

Placebo
Events

14

14

Total

89

89

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.12 [1.19 , 3.76]

2.12 [1.19 , 3.76]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours lamotrigine
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Analysis 5.2.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome

2: Number of participants with > 25% to < 50% median reduction in all seizures

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Not applicable

Lamotrigine
Events

21

21

Total

78

78

Placebo
Events

17

17

Total

89

89

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.41 [0.80 , 2.47]

1.41 [0.80 , 2.47]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours lamotrigine

 
 

Analysis 5.3.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome 3:

Number of participants with either 0 to ≤ 25% median reduction or an increase in all seizures

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.10 (P = 0.002)
Test for subgroup differences: Not applicable

Lamotrigine
Events

31

31

Total

78

78

Placebo
Events

58

58

Total

89

89

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.61 [0.45 , 0.83]

0.61 [0.45 , 0.83]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours lamotrigine Favours placebo

 
 

Analysis 5.4.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs,

Outcome 4: Number of participants with ≥ 50% median reduction in drop attacks

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.05 (P = 0.04)
Test for subgroup differences: Not applicable

Lamotrigine
Events

28

28

Total

75

75

Placebo
Events

20

20

Total

89

89

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.66 [1.02 , 2.70]

1.66 [1.02 , 2.70]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours lamotrigine
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Analysis 5.5.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome

5: Number of participants with > 25% to < 50% median reduction in drop attacks

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.51 (P = 0.13)
Test for subgroup differences: Not applicable

Lamotrigine
Events

19

19

Total

75

75

Placebo
Events

14

14

Total

89

89

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.61 [0.87 , 2.99]

1.61 [0.87 , 2.99]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours lamotrigine

 
 

Analysis 5.6.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome 6: Number of

participants with either ≤ 25% median reduction or an increase in the number of drop attacks

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.94 (P = 0.003)
Test for subgroup differences: Not applicable

Lamotrigine
Events

28

28

Total

75

75

Placebo
Events

55

55

Total

89

89

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.60 [0.43 , 0.85]

0.60 [0.43 , 0.85]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours lamotrigine Favours placebo

 
 

Analysis 5.7.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome

7: Number of participants with ≥ 50% median reduction in tonic-clonic seizures

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.63 (P = 0.009)
Test for subgroup differences: Not applicable

Lamotrigine
Events

26

26

Total

60

60

Placebo
Events

13

13

Total

64

64

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.13 [1.21 , 3.75]

2.13 [1.21 , 3.75]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours lamotrigine
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Analysis 5.8.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome 8:

Number of participants with > 25% to < 50% median reduction in tonic-clonic seizures

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.17 (P = 0.86)
Test for subgroup differences: Not applicable

Lamotrigine
Events

6

6

Total

60

60

Placebo
Events

7

7

Total

64

64

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.91 [0.33 , 2.57]

0.91 [0.33 , 2.57]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours lamotrigine

 
 

Analysis 5.9.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome 9: Number of

participants with 0 to ≤ 25% median reduction or an increase in the number of tonic-clonic seizures

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.40 (P = 0.02)
Test for subgroup differences: Not applicable

Lamotrigine
Events

28

28

Total

60

60

Placebo
Events

44

44

Total

64

64

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.68 [0.49 , 0.93]

0.68 [0.49 , 0.93]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours lamotrigine Favours placebo

 
 

Analysis 5.10.   Comparison 5: Lamotrigine + ASMs versus placebo + ASMs, Outcome

10: Number of participants with adverse events leading to study discontinuation

Study or Subgroup

Motte 1997

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.29)
Test for subgroup differences: Not applicable

Lamotrigine + AEDs
Events

3

3

Total

79

79

Placebo + AEDs
Events

7

7

Total

90

90

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.49 [0.13 , 1.82]

0.49 [0.13 , 1.82]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours lamotrigine Favours placebo

 
 

Comparison 6.   Rufinamide + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

6.1 Number of participants with ≥ 50% re-
duction in all seizures

1 138 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.84 [1.31, 6.18]

6.2 Number of participants with ≥ 75 % re-
duction in tonic-atonic seizures

1 58 Risk Ratio (M-H, Ran-
dom, 95% CI)

10.71 [1.46,
78.39]
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Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

6.3 Number of participants with ≥ 50% re-
duction in tonic-atonic seizures

2 191 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.70 [1.52, 4.81]

6.4 Number of participants with ≥ 25% re-
duction in tonic-atonic seizures

1 58 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.88 [0.93, 3.77]

6.5 Number of participants 'unchanged' (<
25% reduction in tonic-atonic seizures)

1 58 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.38 [0.59, 3.20]

6.6 Number of participants with increased
tonic-atonic seizures

1 58 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.36 [0.15, 0.85]

6.7 Number of participants with improve-
ment in seizure severity rating

1 135 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.74 [1.13, 2.68]

6.8 Number of participants with adverse
events

2 197 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.13 [0.86, 1.50]

6.9 Number of participants with adverse
events suspected to be treatment-related

1 138 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.27 [0.90, 1.79]

6.10 Number of participants with serious ad-
verse events

1 138 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.86 [0.13, 5.97]

6.11 Number of participants with adverse
events leading to study discontinuation

1 59 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.14 [0.49, 34.86]

 
 

Analysis 6.1.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs,

Outcome 1: Number of participants with ≥ 50% reduction in all seizures

Study or Subgroup

Glauser 2008

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.63 (P = 0.008)
Test for subgroup differences: Not applicable

Rufinamide
Events

23

23

Total

74

74

Placebo
Events

7

7

Total

64

64

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.84 [1.31 , 6.18]

2.84 [1.31 , 6.18]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours rufinamide
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Analysis 6.2.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs, Outcome

2: Number of participants with ≥ 75 % reduction in tonic-atonic seizures

Study or Subgroup

Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.34 (P = 0.02)
Test for subgroup differences: Not applicable

Rufinamide
Events

10

10

Total

28

28

Placebo
Events

1

1

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

10.71 [1.46 , 78.39]

10.71 [1.46 , 78.39]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours placebo Favours rufinamide

 
 

Analysis 6.3.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs,

Outcome 3: Number of participants with ≥ 50% reduction in tonic-atonic seizures

Study or Subgroup

Glauser 2008
Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.22, df = 1 (P = 0.64); I² = 0%
Test for overall effect: Z = 3.38 (P = 0.0007)
Test for subgroup differences: Not applicable

Rufinamide
Events

31
7

38

Total

73
28

101

Placebo
Events

10
2

12

Total

60
30

90

Weight

84.9%
15.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.55 [1.36 , 4.76]
3.75 [0.85 , 16.55]

2.70 [1.52 , 4.81]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours rufinamide

 
 

Analysis 6.4.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs,

Outcome 4: Number of participants with ≥ 25% reduction in tonic-atonic seizures

Study or Subgroup

Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.76 (P = 0.08)
Test for subgroup differences: Not applicable

Rufinamide
Events

14

14

Total

28

28

Placebo
Events

8

8

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.88 [0.93 , 3.77]

1.88 [0.93 , 3.77]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours rufinamide
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Analysis 6.5.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs, Outcome

5: Number of participants 'unchanged' (< 25% reduction in tonic-atonic seizures)

Study or Subgroup

Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.74 (P = 0.46)
Test for subgroup differences: Not applicable

Rufinamide
Events

9

9

Total

28

28

Placebo
Events

7

7

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.38 [0.59 , 3.20]

1.38 [0.59 , 3.20]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours rufinamide

 
 

Analysis 6.6.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs,

Outcome 6: Number of participants with increased tonic-atonic seizures

Study or Subgroup

Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.32 (P = 0.02)
Test for subgroup differences: Not applicable

Rufinamide
Events

5

5

Total

28

28

Placebo
Events

15

15

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.36 [0.15 , 0.85]

0.36 [0.15 , 0.85]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours placebo

 
 

Analysis 6.7.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs,

Outcome 7: Number of participants with improvement in seizure severity rating

Study or Subgroup

Glauser 2008

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.53 (P = 0.01)
Test for subgroup differences: Not applicable

Rufinamide
Events

39

39

Total

73

73

Placebo
Events

19

19

Total

62

62

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.74 [1.13 , 2.68]

1.74 [1.13 , 2.68]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours rufinamide
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Analysis 6.8.   Comparison 6: Rufinamide + ASMs versus placebo

+ ASMs, Outcome 8: Number of participants with adverse events

Study or Subgroup

Glauser 2008
Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.03; Chi² = 3.50, df = 1 (P = 0.06); I² = 71%
Test for overall effect: Z = 0.87 (P = 0.38)
Test for subgroup differences: Not applicable

Rufinamide
Events

60
27

87

Total

74
29

103

Placebo
Events

52
21

73

Total

64
30

94

Weight

56.1%
43.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.00 [0.85 , 1.17]
1.33 [1.03 , 1.72]

1.13 [0.86 , 1.50]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours placebo

 
 

Analysis 6.9.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs, Outcome

9: Number of participants with adverse events suspected to be treatment-related

Study or Subgroup

Glauser 2008

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.34 (P = 0.18)
Test for subgroup differences: Not applicable

Rufinamide
Events

41

41

Total

74

74

Placebo
Events

28

28

Total

64

64

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.27 [0.90 , 1.79]

1.27 [0.90 , 1.79]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours placebo

 
 

Analysis 6.10.   Comparison 6: Rufinamide + ASMs versus placebo +

ASMs, Outcome 10: Number of participants with serious adverse events

Study or Subgroup

Glauser 2008

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.15 (P = 0.88)
Test for subgroup differences: Not applicable

Rufinamide
Events

2

2

Total

74

74

Placebo
Events

2

2

Total

64

64

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.86 [0.13 , 5.97]

0.86 [0.13 , 5.97]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours rufinamide Favours placebo
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Analysis 6.11.   Comparison 6: Rufinamide + ASMs versus placebo + ASMs, Outcome

11: Number of participants with adverse events leading to study discontinuation

Study or Subgroup

Ohtsuka 2014

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.31 (P = 0.19)
Test for subgroup differences: Not applicable

Rufinamide + ASMs
Events

4

4

Total

29

29

Placebo + ASMs
Events

1

1

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.14 [0.49 , 34.86]

4.14 [0.49 , 34.86]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Rufinamide + ASMs Placebo + ASMs

 
 

Comparison 7.   Rufinamide + ASMs versus other ASM + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

7.1 Number of participants with treat-
ment-emergent adverse events

1 37 Risk Ratio (M-H, Random,
95% CI)

1.06 [0.79, 1.41]

7.2 Number of participants with severe
treatment-emergent adverse events

1 37 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.20, 4.53]

7.3 Number of participants with serious
treatment-emergent adverse events

1 37 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.42, 2.19]

7.4 Number of participants with treat-
ment-emergent adverse events leading
to study-drug dose adjustment

1   Peto Odds Ratio (Peto,
Fixed, 99% CI)

Subtotals only

7.4.1 Reduction 1 37 Peto Odds Ratio (Peto,
Fixed, 99% CI)

5.91 [0.61, 57.64]

7.4.2 Interruption 1 37 Peto Odds Ratio (Peto,
Fixed, 99% CI)

0.04 [0.00, 2.17]

7.5 Number of participants with treat-
ment-emergent adverse events leading
to study discontinuation

1 37 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.10, 9.57]

7.6 Death 1 37 Peto Odds Ratio (Peto,
Fixed, 99% CI)

4.39 [0.02,
1077.58]

7.7 Child Behaviour Checklist Question-
naire

1 19 Mean Difference (IV, Ran-
dom, 95% CI)

2.60 [-10.30,
15.50]
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Analysis 7.1.   Comparison 7: Rufinamide + ASMs versus other ASM + ASMs,

Outcome 1: Number of participants with treatment-emergent adverse events

Study or Subgroup

Arzimanoglou 2019

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)
Test for subgroup differences: Not applicable

Rufinamide
Events

22

22

Total

25

25

Other AED
Events

10

10

Total

12

12

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.06 [0.79 , 1.41]

1.06 [0.79 , 1.41]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours other ASM

 
 

Analysis 7.2.   Comparison 7: Rufinamide + ASMs versus other ASM + ASMs, Outcome

2: Number of participants with severe treatment-emergent adverse events

Study or Subgroup

Arzimanoglou 2019

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Not applicable

Rufinamide
Events

4

4

Total

25

25

Other ASM
Events

2

2

Total

12

12

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.20 , 4.53]

0.96 [0.20 , 4.53]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours other ASM

 
 

Analysis 7.3.   Comparison 7: Rufinamide + ASMs versus other ASM + ASMs, Outcome

3: Number of participants with serious treatment-emergent adverse events

Study or Subgroup

Arzimanoglou 2019

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable

Rufinamide
Events

10

10

Total

25

25

Placebo
Events

5

5

Total

12

12

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.42 , 2.19]

0.96 [0.42 , 2.19]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours other ASM
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Analysis 7.4.   Comparison 7: Rufinamide + ASMs versus other ASM + ASMs, Outcome 4: Number

of participants with treatment-emergent adverse events leading to study-drug dose adjustment

Study or Subgroup

7.4.1 Reduction
Arzimanoglou 2019
Subtotal (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.01 (P = 0.04)

7.4.2 Interruption
Arzimanoglou 2019
Subtotal (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)

Rufinamide
Events

7

7

0

0

Total

25
25

25
25

Other AED
Events

0

0

2

2

Total

12
12

12
12

Weight

100.0%
100.0%

100.0%
100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

5.91 [0.61 , 57.64]
5.91 [0.61 , 57.64]

0.04 [0.00 , 2.17]
0.04 [0.00 , 2.17]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.001 0.1 1 10 1000
Favours rufinamide Favours other ASM

 
 

Analysis 7.5.   Comparison 7: Rufinamide + ASMs versus other ASM + ASMs, Outcome 5: Number

of participants with treatment-emergent adverse events leading to study discontinuation

Study or Subgroup

Arzimanoglou 2019

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.97)
Test for subgroup differences: Not applicable

Rufinamide
Events

2

2

Total

25

25

Other AED
Events

1

1

Total

12

12

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.10 , 9.57]

0.96 [0.10 , 9.57]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours rufinamide Favours other ASM

 
 

Analysis 7.6.   Comparison 7: Rufinamide + ASMs versus other ASM + ASMs, Outcome 6: Death

Study or Subgroup

Arzimanoglou 2019

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable

Rufinamide
Events

1

1

Total

25

25

Other ASM
Events

0

0

Total

12

12

Weight

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

4.39 [0.02 , 1077.58]

4.39 [0.02 , 1077.58]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.001 0.1 1 10 1000
Favours rufinamide Favours other ASM
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Analysis 7.7.   Comparison 7: Rufinamide + ASMs versus other

ASM + ASMs, Outcome 7: Child Behaviour Checklist Questionnaire

Study or Subgroup

Arzimanoglou 2019

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.40 (P = 0.69)
Test for subgroup differences: Not applicable

Rufinamide
Mean

56.3

SD

10.4571

Total

15

15

Other ASM
Mean

53.7

SD

12

Total

4

4

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

2.60 [-10.30 , 15.50]

2.60 [-10.30 , 15.50]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours rufinamide Favours other ASM

 
 

Comparison 8.   Topiramate + ASMs versus placebo + ASMs

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

8.1 Number of participants with ≥75% reduc-
tion in all seizures

1 98 Peto Odds Ratio (Peto,
Fixed, 99% CI)

8.22 [0.60,
112.62]

8.2 Number of participants free from ma-
jor seizures (drop attacks and tonic-clonic
seizures)

1 96 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.08 [1.46, 11.39]

8.3 Number of participants with ≥ 75% reduc-
tion in major seizures (drop attacks and ton-
ic-clonic seizures)

1 96 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.35 [0.97, 19.42]

8.4 Number of participants with ≥ 50% reduc-
tion in major seizures (drop attacks and ton-
ic-clonic seizures)

1 96 Risk Ratio (M-H, Ran-
dom, 95% CI)

4.08 [1.46, 11.39]

8.5 Number of participants free from drop at-
tacks

1 96 Peto Odds Ratio (Peto,
Fixed, 99% CI)

8.06 [0.05,
1398.41]

8.6 Number of participants with ≥ 75% reduc-
tion in drop attacks

1 95 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.84 [0.80, 10.06]

8.7 Number of participants with ≥ 50% reduc-
tion in drop attacks

1 95 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.98 [0.87, 4.52]

8.8 Number of participants free from drop at-
tacks during the maintenance phase

1 95 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.33 [0.38, 4.66]

8.9 Number of participants with severe ad-
verse events

1 98 Risk Ratio (M-H, Ran-
dom, 95% CI)

2.29 [0.86, 6.11]

8.10 Number of participants with adverse
events leading to dose reduction or tempo-
rary discontinuation

1 98 Risk Ratio (M-H, Ran-
dom, 95% CI)

3.12 [0.90, 10.85]

8.11 Number of participants with adverse
events leading to study discontinuation

1 98 Peto Odds Ratio (Peto,
Fixed, 99% CI)

Not estimable
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Analysis 8.1.   Comparison 8: Topiramate + ASMs versus placebo + ASMs,

Outcome 1: Number of participants with ≥75% reduction in all seizures

Study or Subgroup

Sachdeo 1999

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)
Test for subgroup differences: Not applicable

Topiramate
Events

4

4

Total

48

48

Placebo
Events

0

0

Total

50

50

Weight

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

8.22 [0.60 , 112.62]

8.22 [0.60 , 112.62]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.002 0.1 1 10 500
Favours placebo Favours topiramate

 
 

Analysis 8.2.   Comparison 8: Topiramate + ASMs versus placebo + ASMs, Outcome 2:

Number of participants free from major seizures (drop attacks and tonic-clonic seizures)

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.68 (P = 0.007)
Test for subgroup differences: Not applicable

Topiramate
Events

15

15

Total

46

46

Placebo
Events

4

4

Total

50

50

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.08 [1.46 , 11.39]

4.08 [1.46 , 11.39]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours placebo Favours topiramate

 
 

Analysis 8.3.   Comparison 8: Topiramate + ASMs versus placebo + ASMs, Outcome 3: Number

of participants with ≥ 75% reduction in major seizures (drop attacks and tonic-clonic seizures)

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.92 (P = 0.05)
Test for subgroup differences: Not applicable

Topiramate
Events

8

8

Total

46

46

Placebo
Events

2

2

Total

50

50

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.35 [0.97 , 19.42]

4.35 [0.97 , 19.42]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours placebo Favours topiramate
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Analysis 8.4.   Comparison 8: Topiramate + ASMs versus placebo + ASMs, Outcome 4: Number

of participants with ≥ 50% reduction in major seizures (drop attacks and tonic-clonic seizures)

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.68 (P = 0.007)
Test for subgroup differences: Not applicable

Topiramate
Events

15

15

Total

46

46

Placebo
Events

4

4

Total

50

50

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.08 [1.46 , 11.39]

4.08 [1.46 , 11.39]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours topiramate

 
 

Analysis 8.5.   Comparison 8: Topiramate + ASMs versus placebo +

ASMs, Outcome 5: Number of participants free from drop attacks

Study or Subgroup

Sachdeo 1999

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)
Test for subgroup differences: Not applicable

Topiramate
Events

1

1

Total

46

46

Placebo
Events

0

0

Total

50

50

Weight

100.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 99% CI

8.06 [0.05 , 1398.41]

8.06 [0.05 , 1398.41]

Peto Odds Ratio
Peto, Fixed, 99% CI

0.001 0.1 1 10 1000
Favours placebo Favours topiramate

 
 

Analysis 8.6.   Comparison 8: Topiramate + ASMs versus placebo + ASMs,

Outcome 6: Number of participants with ≥ 75% reduction in drop attacks

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.62 (P = 0.11)
Test for subgroup differences: Not applicable

Topiramate
Events

8

8

Total

46

46

Placebo
Events

3

3

Total

49

49

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.84 [0.80 , 10.06]

2.84 [0.80 , 10.06]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours topiramate
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Analysis 8.7.   Comparison 8: Topiramate + ASMs versus placebo + ASMs,

Outcome 7: Number of participants with ≥ 50% reduction in drop attacks

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.62 (P = 0.11)
Test for subgroup differences: Not applicable

Topiramate
Events

13

13

Total

46

46

Placebo
Events

7

7

Total

49

49

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.98 [0.87 , 4.52]

1.98 [0.87 , 4.52]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours topiramate

 
 

Analysis 8.8.   Comparison 8: Topiramate + ASMs versus placebo + ASMs, Outcome

8: Number of participants free from drop attacks during the maintenance phase

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Not applicable

Topiramate
Events

5

5

Total

46

46

Placebo
Events

4

4

Total

49

49

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.33 [0.38 , 4.66]

1.33 [0.38 , 4.66]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours placebo Favours topiramate

 
 

Analysis 8.9.   Comparison 8: Topiramate + ASMs versus placebo +

ASMs, Outcome 9: Number of participants with severe adverse events

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.66 (P = 0.10)
Test for subgroup differences: Not applicable

Topiramate
Events

11

11

Total

48

48

Placebo
Events

5

5

Total

50

50

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.29 [0.86 , 6.11]

2.29 [0.86 , 6.11]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours topiramate Favours placebo
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Analysis 8.10.   Comparison 8: Topiramate + ASMs versus placebo + ASMs, Outcome 10: Number

of participants with adverse events leading to dose reduction or temporary discontinuation

Study or Subgroup

Sachdeo 1999

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.79 (P = 0.07)
Test for subgroup differences: Not applicable

Topiramate
Events

9

9

Total

48

48

Placebo
Events

3

3

Total

50

50

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

3.13 [0.90 , 10.85]

3.13 [0.90 , 10.85]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours topiramate Favours placebo

 
 

Analysis 8.11.   Comparison 8: Topiramate + ASMs versus placebo + ASMs, Outcome

11: Number of participants with adverse events leading to study discontinuation

Study or Subgroup

Sachdeo 1999

Total (99% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Topiramate
Events

0

0

Total

48

48

Placebo
Events

0

0

Total

50

50

Weight
Peto Odds Ratio

Peto, Fixed, 99% CI

Not estimable

Not estimable

Peto Odds Ratio
Peto, Fixed, 99% CI

0.1 0.2 0.5 1 2 5 10
Favours topiramate Favours placebo

 

 

A P P E N D I C E S

Appendix 1. CRS Web search strategy

#1 MESH DESCRIPTOR Lennox Gastaut Syndrome EXPLODE ALL AND CENTRAL:TARGET

#2 (Lennox Gastaut):AB,KW,MC,MH,TI AND CENTRAL:TARGET

#3 #1 OR #2

Appendix 2. MEDLINE search strategy

The following search strategy includes a modification of the Cochrane Highly Sensitive Search Strategy for identifying randomised trials
(Lefebvre 2020).

1. exp Lennox Gastaut Syndrome/ or Lennox Gastaut.tw.

2. (randomised controlled trial or controlled clinical trial or pragmatic clinical trial).pt. or (randomi?ed or placebo or randomly).ab.

3. clinical trials as topic.sh.

4. trial.ti.

5. 2 or 3 or 4

6. exp animals/ not humans.sh.

7. 5 not 6

8. 1 and 7
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9. remove duplicates from 8

W H A T ' S   N E W

 

Date Event Description

7 September 2022 Amended Slight amendments made to text in response to feedback

 

H I S T O R Y

Protocol first published: Issue 4, 2001
Review first published: Issue 3, 2003

 

Date Event Description

2 March 2020 New citation required and conclusions
have changed

Overall the conclusions have expanded since the last version of
this review. Conclusions are unchanged for the anti-seizure med-
ications that were included in the previous version of the review;
however the review now includes a few other drugs which were
not previously included.

2 March 2020 New search has been performed Searches updated 2 March 2020; two new studies have been in-
cluded.

18 October 2012 New citation required but conclusions
have not changed

Three new studies have been included (Conry 2009; Ng 2011;
Glauser 2009). Conclusions remain unchanged.

18 October 2012 New search has been performed Searches updated 18 October 2012.

 

C O N T R I B U T I O N S   O F   A U T H O R S

FB: initial screening; data extraction; risk of bias assessment; data entry and analysis; GRADE assessment; draVing and revision of review
update.

KJ: initial screening; data extraction; risk of bias assessment; data entry and analysis; GRADE assessment and creation of Summary of
findings tables; draVing and revision of review update.

CE: data extraction; risk of bias assessment, draVing and revision of review update.

SM: data extraction; risk of bias assessment, draVing and revision of review update.

D E C L A R A T I O N S   O F   I N T E R E S T

FB: Francesco Brigo received travel support and accommodation by Lusofarmaco to attend the annual Congress of the Italian Chapter of
ILAE; he received fees for speaking from Lusofarmaco.

KJ: is employed as a NIHR Network Support Fellow for the Cochrane Mental Health and Neuroscience Network and Cochrane Acute and
Emergency Care Network.

CE: none known.

SM: received travel support and accommodation by Eisai to attend the 2018 American Epilepsy Society Annual Meeting.
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S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support provided

External sources

• National Institute for Health and Care Research, UK

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Compared to the review protocol and the previous version of this review, we rewrote the introduction section to provide a more updated
background on the topic based on recent advances in the literature. Furthermore, we modified the methods sections to meet the current
Methodological Expectations of Cochrane Intervention Reviews (MECIR) standards, as follows:

1. We differentiated between primary and secondary outcomes. Among primary outcomes, we analysed adverse events leading to study
discontinuation. We specified how we dealt with studies reporting both median quantitative reduction and the number of participants
with a quantitative reduction in an outcome. We also specified that we included outcome measures reported at any time point, and
if a study reported multiple time points, we planned to prioritise reporting and meta-analysis of the outcome at the longest follow-
up. However, we found that outcomes reported phases of dose adjustment before and, or aVer dose maintenance; we retrospectively
agreed to prioritise the reporting of results for the treatment period as described in studies.

2. We specified in more detail which data we planned to extract, through dual processes, and by whom.

3. Two authors independently assessed risk of bias for each of the included trials using the Cochrane 'Risk of bias' tool (Higgins 2011).

4. We used the GRADE approach to evaluate the certainty of evidence for the selected primary outcomes (Schünemann 2020). We
presented the certainty of evidence for primary outcomes in 'Summary of findings' tables.

5. We excluded studies comparing different doses of the same ASM. As such, we excluded Conry 2009 and Inanaga 1989, which were
included in the previous version of the review although the methods did not pre-specify dose comparisons.Ohtahara 2008

6. We removed two previously included tables: 'Methodological quality of included studies' and 'Participant characteristics'; we provided
relevant data in the Included studies tables.

7. We updated information on the methods used as a measurement of treatment effect for continuous variables, including use of Peto OR
where there was < 1% events and we also provided rationale for using a random-effect model in data synthesis.

8. We updated the Unit of analysis issues and revised the 'Assessment of reporting biases' section.

9. We updated the 'Subgroup and sensitivity analysis', specifying that we did not consider comparisons between doses of the same ASM.

10.We updated the 'Summarising and interpreting results' section.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Age of Onset;  Anticonvulsants  [administration & dosage]  [adverse effects];  Cannabidiol  [administration & dosage]  [adverse effects];
  Cinnamates  [administration & dosage]  [adverse effects];  Clobazam  [administration & dosage];  Electroencephalography;  Felbamate
 [administration & dosage];  Lamotrigine  [administration & dosage];  Lennox Gastaut Syndrome  [*drug therapy];  Placebos  [therapeutic
use];  Randomized Controlled Trials as Topic;  Topiramate  [administration & dosage];  Triazoles  [administration & dosage];  Wakefulness
 [physiology]

MeSH check words

Adolescent; Adult; Child; Child, Preschool; Humans; Middle Aged; Young Adult
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