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In January 2025, the section on the Committee’s discussion of the evidence in this evidence
review was updated following changes to recommendations that were made by a working
group after Medicines and Healthcare products Regulatory Agency (MHRA) Drug Safety
Updates. The following MHRA updates were considered:

guidance on the use of valproate,

valproate use in people younger than 55 vears,
valproate use in women and girls, and
valproate use in men.

Additionally, the working group also took into account the impact of the MHRA drug safety
update concerning the use of topiramate.
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The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and/or their carer or guardian.
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applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
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Add-on therapy for generalised tonic-clonic
seizures and focal onset seizures

Review question

This evidence report contains information on 2 reviews relating to add-on antiseizure therapies for
generalised tonic-clonic seizures and focal onset seizures (with ot without evolution to bilateral
tonic-clonic seizures).

¢ What add-on antiseizure therapies are effective in the treatment of generalised tonic-clonic
seizures?

¢ What add-on antiseizure therapies are effective in the treatment of focal onset seizures?

Introduction

Focal onset seizures are defined as those that originate within a network limited to one
hemisphere. They may be discretely localised or more widely distributed. Clinical manifestations
will depend on the area of the brain involved in the seizure, and the function it subserves, for
example, seizures from the occipital lobe will have visual manifestations. Focal seizures are also
defined as to whether awareness is retained; if awareness of the event is impaired for any portion
of the seizure, then the seizure is classified as a focal seizure with impaired awareness whereas if
the awareness is retained throughout it is a focal aware seizure. Such seizures may evolve during
the clinical course of the seizure to tonic clonic seizures — these are labelled as focal to bilateral
tonic clonic seizures (previously called secondarily generalised tonic seizures).

Generalized from onset seizures are defined as originating at some point within, and rapidly
engaging, bilaterally distributed networks. Tonic means there is generalised stiffening, and clonic
repetitive jerking. In a generalised tonic clonic seizure there will be no warning, there will be
sudden generalised stiffening of the body followed by repetitive jerking of all limbs. This seizure
type is common amongst many different epilepsy types. The aim of this review is to determine
which add-on antiseizure therapies improve outcomes in people with epilepsy who have focal
onset or generalised tonic-clonic seizures.

Summary of the protocol

See Table 1 for a summary of the Population, Intervention, Comparison and Outcome (PICO)
characteristics of this review.

Table 1: Summary of the protocol (PICO table)

o People with generalised tonic-clonic seizures for which one or
more ASM has failed to respond, or refractory generalised
tonic-clonic seizures with or without other generalised seizure
types (absence, myoclonus)

e People with focal onset epilepsy for which one or more ASM
has failed to respond, or refractory focal epilepsy with or
without other generalised seizure types (absence, myoclonus)

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]
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The search for this review question will not restrict by treatment
type but evidence on the following interventions is likely to be
identified and/or is of most interest.

e Brivaracetam

e Carbamazepine
e Clobazam

¢ Clonazepam

o Eslicarbazepine acetate
o Ethosuximide

o Gabapentin

o Ketogenic diet

e Lacosamide

o Lamotrigine

o Levetiracetam

o Oxcarbazepine

e Perampanel

o Phenobarbitone
e Phenytoin

o Pregabalin

o Sodium valproate
e Topiramate

e Zonisamide

o Placebo

o Any of the interventions outlined above

Critical

Outcomes in the NMA:

e >50% reduction in seizure frequency during treatment or
maintenance period

o Seizure freedom during treatment or maintenance period

Important

Outcomes separate to the NMA:

o Health-related quality of life (only validated scales will be
included)

o Adverse effects as assessed by:

o % of patients with reported side effects (trial defined adverse
and serious adverse effects)

o treatment cessation due to adverse event (dichotomous
outcome only)

o mortality
ASM: antiseizure medication; NMA: network meta-analysis

For further details see the review protocol in appendix A.

Methods and process

This evidence review was developed using the methods and process described in Developing
NICE guidelines: the manual. Methods specific to this review question are described in the review

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]
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protocol in appendix A, the report of the network meta-analysis in appendix M and the methods
supplement (supplementary document 1).

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

Clinical evidence

Included studies

Network meta-analysis (NMA) for 50% reduction in seizure frequency in people with focal
seizures: 99 randomised controlled trials (RCTs) reported across 97 articles involving 27,686
individuals were included in the NMA. Evidence for a total of 26 treatments were identified (25
active ASMs and placebo).

NMA for seizure freedom in people with focal seizures: 72 RCTs involving 20,826 individuals
were included in the NMA. Evidence for 21 active ASMs and placebo were identified.

NMA for 50% reduction in seizure frequency in people with generalised tonic clonic
seizures: 8 RCTs involving 1,218 individuals were included in the NMA. Evidence for 6 active
ASMs and placebo were identified.

NMA for seizure freedom in people with generalised tonic clonic seizures: 8 RCTs involving
1,218 individuals were included in the NMA. Evidence for 6 active ASMs and placebo were

identified.

A full list of included studies are available in appendix M. See also the literature search strategy in

appendix B and study selection flow chart in appendix C.

Excluded studies

Studies not included in this review, with reasons for their exclusion, are provided in appendix K.

Summary of studies included in the evidence review

Summaries of the NMAs that were created for this review are presented in Table 2.

Table 2: Summary of included studies

NMA

NMA for
50%
reduction
in seizure
frequency
in people
with focal
seizures

Population

People with focal onset
epilepsy for which one or
more ASM has failed to
respond, or refractory
focal epilepsy with or
without other
generalised seizure types
(absence, myoclonus)

Number of studies = 99

Number of participants
= 27,686

Comparisons
e Brivaracetam
e Carbamazepine
e Carisbamate
e Cenobamate

¢ Eslicarbazepine
Acetate

¢ Retigabine

e Gabapentin

e Ganaxolone

e Lacosamide

e Lamotrigine

¢ Levetiracetam
e Loreclezole

e Losigamone

e Oxcarbazepine
e Perampanel

Outcomes

¢ >50% reduction in seizure
frequency during treatment or
maintenance period

e Seizure freedom during
treatment or maintenance
period

o Health-related quality of life

e Adverse effects as assessed
by:

o % of patients with reported
side effects (trial defined
adverse and serious adverse
effects)

o treatment cessation due to
adverse event (dichotomous
outcome only)

o mortality

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]
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NMA Population Comparisons Outcomes
e Phenytoin
e Placebo
e Pregabalin
¢ Primidone
¢ Rufinamide
e Selurampanel
(BGG492)
e Sodium valproate
e Tiagabine
e Topiramate
e Vigabatrin
e Zonisamide
NMA for People with focal onset ¢ Brivaracetam ¢ >50% reduction in seizure
seizure  epilepsy forwhichoneor , coichamate frequency during treatment or
e e oot + Conobamate  Martenance perod
with focal focal epillepsy with or * Eslicarbazepine ) tr:;l:;:n[i?— rgg;nt:,r:gﬁce
seizures without other Acetate . period
generalised seizure types ~ © Gabapen.tm ¢ Health-related quality of life
(absence, myoclonus) 3 Lacosa.mllde « Adverse effects as assessed
e Lamotrigine by:
Number of studies =72 e Levetiracetam o % of patients with reported
e Oxcarbazepine side effects (trial defined
Number of participants e« Perampanel adverse and serious adverse
= 20,826 « Placebo effects) .
« Pregabalin o treatment cessat[on due to
adverse event (dichotomous
e Primidone outcome only)
° Retigabine o mortality
¢ Rufinamide
e Selurampanel
(BGG492)
e Sodium valproate
e Tiagabine
e Topiramate
¢ Vigabatrin
e Zonisamide
NMA for People with generalised ¢ Brivaracetam e >50% reduction in seizure
fe(:);/;ction :c’\cl):iiccr-]ccl)?]r;ico ier:g::; 1’-Sol\|;| e Lacosamide frequtency during_trgatment or
in people has failed to respond, or ~ ° Lamotrigine o rsngzlufgirr;izsrirlgurmg
with GTC  refractory generalised o LevEi e treatment or maintenance
seizures tonic-clonic seizures with  ® Perampanel period
& or without other e Placebo e Health-related quality of life
el Bl Toptmale . Aovors ofcts asssesss
g:gs;m in . o % of patients v_vith re_ported
T G :g\?effee :tr?d(gfrligfggfj?/erse
seizures
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=1,218
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NMA Population Comparisons Outcomes

o treatment cessation due to
adverse event (dichotomous
outcome only)

o mortality

ASM: Antiseizure medication; GTC: generalised tonic-clonic; IPD: individual patient data, NMA: network meta-analysis

See appendix M for a full list of included studies

Summary of the evidence

For focal seizures this analysis estimated that loreclezole and carbamazepine were the two ASMs
which had the highest point estimate of relative effectiveness compared to placebo for 50%
reduction in seizure frequency although both these estimates had wide 95% credible intervals.
Cenobamate had the third highest point estimate of relative effectiveness compared to placebo
and had relatively narrow credible intervals. The estimated effectiveness for cenobamate was also
greater than that for lamotrigine, levetiracetam and gabapentin all drugs recommended in the
previous NICE guideline for add-on treatment for focal seizures. Brivaracetam, carbamazepine,
cenobamate, eslicarbazepine acetate lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
perampanel, pregablin, topiramate, vigabatrin and zonisamide were all effective compared to
placebo for 50% reduction in seizure frequency.

For GTC seizures all ASMs identified for the network had estimated relative effectiveness when
compared to placebo with the only estimated difference in the relative effect between 2 active
treatments being levetiracetam showing higher relative effectiveness than lacosamide for 50%
reduction in seizure frequency.

For both focal and GTC seizures the NMAs for estimating seizure freedom showed large
discrepancies between the values and credible intervals estimated and the observed data from the
included RCTs. It was therefore difficult to lend weight to any of the conclusions from this NMA.

The percentage of patients with reported side effects, treatment cessation due to adverse event
and mortality were reported inconsistently across studies and it was difficult to draw conclusions
from them.

Quality assessment of studies included in the evidence review
See appendix F for GRADE tables. See appendix M for assessment of risk of bias for individual
studies.

Economic evidence

Included studies

A systematic review of the economic literature was conducted but no economic studies were
identified which were applicable to this review question.

A single economic search was undertaken for all topics included in the scope of this guideline. See
supplementary material 2 for details.

Excluded studies

Economic studies not included in this review are listed, and reasons for their exclusion are
provided in supplementary material 2.

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]
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Summary of studies included in the economic evidence review

No economic evidence was identified which was applicable to this review question.

Economic model

One economic model was created to answer the review questions for both monotherapy and add-
on therapy. See supplementary material 4. A summary of the model for add-on therapy for both
focal and GTC seizures is presented below.

The economic model was a Markov model based upon the outcomes from the NMAs for this
review question (Appendix M). For focal seizures the model estimated the cost effectiveness of
brivaracetam, eslicarbazepine acetate, gabapentin, lacosamide, lamotrigine, levetiracetam,
oxcarbazepine, perampanel, phenytoin, pregabalin, primidone, sodium valproate, tiagabine,
topiramate, vigabatrin and zonisamide to a comparator of carbamazepine. For GTC seizures
brivaracetam, lacosamide, levetiracetam, perampanel and topiramate were compared to
lamotrigine.

Overview of methods

A decision-analytic model in the form of a Markov model based on the model from the previous
NICE guideline was constructed to evaluate the relative cost effectiveness of the different add-on
therapies. Short term effectiveness data was almost entirely taken from the relevant NMAs with
longer term data coming from UK observational studies. The model cohort was based on a recent
UK RCT. Quality of life was based on an individual’s seizure status but was estimated using the
EQ-5D and UK population preference weights. The perspective of the analysis was that of NHS
and Personal and Social Services (PSS). National UK unit costs were used with a cost year of
2019/2020. All costs and outcomes were discounted at a rate of 3.5% per annum.

Results

Add-on therapy for focal seizures

In the base-case QALYs differ by only 0.03 across all interventions equivalent to 11 days in perfect
health. Assuming a £20,000 per QALY threshold levetiracetam becomes the preferred option.
Without levetiracetam, which is one of the preferred options for monotherapy (and therefore may
not be an option for add-on therapy) topiramate becomes the preferred option under the base-case
assumptions.

From the probabilistic sensitivity analysis carbamazepine is the preferred option at all values of
willingness to pay per QALY up to £100,000. Carbamazepine had the highest point estimate for
‘60% reduction in seizure freedom’ in the economic model with favourable but very wide
confidence intervals. The direct evidence for carbamazepine in the accompanying NMA was based
on two relatively old studies with a high risk of bias. Without carbamazepine no other ASM had
more than a 15% probability of being the preferred option at a threshold of £20,000 per QALY. At
the £20,000 per QALY threshold in the absence of carbamazepine, sodium valproate, gabapentin
and levetiracetam were the preferred options.

Add-on therapy for GTC seizures

Under the base-case assumptions levetiracetam is the most effective intervention and the second
least costly. It is the preferred option when a £20,000 per QALY threshold is assumed. The
probabilistic sensitivity analysis shows at a threshold of £20,000 per QALY topiramate is the
preferred option with a 57% probability of being the cost effective option. This is followed by
perampanel (20.5%), levetiracetam (11.6%) and lacosamide (10.9%). Brivaracetam and
lamotrigine had a zero probability of being the preferred option for all threshold values for a QALY.

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]
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Evidence statements

o There was evidence from the guideline economic analysis comparing the cost effectiveness
of brivaracetam, eslicarbazepine acetate, gabapentin, lacosamide, lamotrigine,
levetiracetam, oxcarbazepine, perampanel, phenytoin, pregabalin, primidone, sodium
valproate, tiagabine, topiramate, vigabatrin and zonisamide to a comparator of
carbamazepine in people with focal epilepsy for which one or more ASM has failed to
respond, or refractory focal epilepsy. The model gave little clear indication of the prefered
option for this patient group although carbamazepine had the highest probability during
probalistic sensitivity analysis. Without carbamazepine no other ASM had more than a 15%
probability of being the preferred option at a threshold of £20,000 per QALY. At the £20,000
per QALY threshold in the absence of carbamazepine, sodium valproate, gabapentin and
levetiracetam were the preferred option. This evidence was directly applicable to the NICE
decision-making context and had potentially serious limitations especially around the
uncertainty of the key clinical evidence to inform the model.

e There was evidence from the guideline economic analysis levetiracetam to be the preferred
option under the base-case assumptions with topiramate to the preffered option during
sensitivity analysis with a probability of being the preferred option of 57% at a £20,000 per
QALY threshold in people with GTC epilepsy for which one or more ASM has failed to
respond, or refractory GTC epilepsy. This is followed by perampanel (20.5%), levetiracetam
(11.6%) and lacosamide (10.9%). Brivaracetam and lamotrigine had a zero probability of
being the preferred option for all threshold values for a QALY. This evidence was directly
applicable to the NICE decision-making context and had potentially serious limitations
especially around the uncertainty of the key clinical evidence to inform the model.

The committee’s discussion of the evidence
Interpreting the evidence

The outcomes that matter most

The outcomes greater than 50% reduction in seizure frequency during treatment or maintenance
period and seizure freedom during treatment or maintenance period were identified as critical
outcomes by the committee. Greater than 50% reduction in seizure frequency is widely reported in
RCTs for the population considered in this review or can be easily calculated from other commonly
reported outcomes. It also represents a change in seizure frequency which would likely improve
quality of life and reduce contact with health services. Seizure freedom is a reasonably rare
outcome in these people but is associated with large improvements in quality of life. Both
outcomes are also recommended by the Commission on Antiepileptic Drugs of the International
League Against Epilepsy (ILAE) as outcome measures for trials of add-on ASMs.

Important outcomes were identified as adverse events (disaggregated by percent of patients with
reported side effects, treatment cessation due to adverse event and mortality) and health related
quality of life, due to the importance both these outcomes have for people with epilepsy.

The quality of the evidence
The quality of the evidence for this review was assessed using GRADE-NMA. The certainty of
outcomes were downgraded based on within-study bias, reporting bias, indirectness, imprecision,
heterogeneity and incoherence (inconsistency).

For the outcome greater than 50% reduction in seizure frequency in focal seizures evidence was
rated from very low to moderate. The main reason for downgrading was the indirectness of the
results giving wide credible intervals. Lower quality ratings were predominantly for the older ASMs

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]
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and for drugs not licensed for this indication. For seizure freedom the quality of the evidence was
rated from low to moderate again predominantly as a result of indirectness.

For the outcome of greater than 50% reduction in seizure frequency for generalised tonic-clonic
seizures the evidence was moderate for all outcomes apart from one which was downgraded to
low for indirectness and with-in study bias. The quality of all outcomes for seizure freedom were
rated as low predominantly as a result of indirectness.

The quality of the evidence for adverse events and quality of life outcomes were not formally
assessed. These outcomes were reported narratively in the systematic review. Quality is likely to
be limited for this evidence for a number of reasons in particular differences in reporting and
definitions of adverse events between different studies, uncertainty around whether events had not
occurred or had not been reported and the use of different scales for quality of life. These
weaknesses are particularly important when making any comparison between ASMs based on
adverse events or quality of life.

Benefits and harms
Add-on therapy for focal seizures

The committee considered the network meta-analysis for add-on therapies for people with focal
epilepsy and used this evidence and their expertise to make recommendations. As over 90% of
trials in this area compare active treatment to placebo it was hoped that a network meta-analysis
would allow active treatments to be compared to other active treatments informing treatment
decisions between them. However, no difference was identified for all of the ASMs which were
effective (versus placebo) for either critical outcome and it was therefore difficult to highlight the
most effective ASMs. The committee therefore based their recommendations largely on the results
of ASMs compared to placebo.

The committee agreed that, prior to starting antiseizure therapy there should be a discussion with
the person, their family and carers, if appropriate, about an individualised antiseizure medication
strategy according to their seizure type, treatment goals and the preferences of the person and
their family or carers as appropriate. Treatment plans should be regularly reassessed, and its
agreement should include a transparent explanation of the epilepsy type, severity and duration of
adverse effects that the person with epilepsy may experience and how should these be managed.
The person, their family and carers, should also be made aware that they should be taking the
least amount of medicines as possible to be effective due to the side effects of being on numerous
medications.

The committee emphasised that, monotherapy should be used in the first instance. When starting
alternative antiseizure medications, the dose of the new antiseizure medication should be slowly
increased, whilst the existing antiseizure medication is tapered off. When starting add-on
antiseizure medications, the additional antiseizure medication should be carefully titrated, in line
with the BNF guidance, adverse events monitored, and there should be a frequent treatment
review.

Carisbamate, ezogabine/retigabine, ganaxolone, loreclezole, losigamine, and surampanel were not
licensed or readily available in the UK at the time of the appraisal so the evidence for these drugs

was not considered. The committee also did not consider the evidence for cenobamate but instead
refered to NICE’s technology appraisal on cenobamate for treating focal onset seizures in epilepsy.

Of the remaining drugs, carbamazepine, lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
topiramate and zonisamide were estimated to be effective within the adjusted network meta-
analysis for a 50% reduction in seizure frequency rate in the reduction of focal seizures when
compared to placebo with relatively narrow credible intervals suggesting certainty around the
estimate. These drugs were therefore recommended first line for add-on treatments for focal
seizures, based on the evidence and the committee’s expertise. In December 2024 MHRA safety
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advice relating to topiramate was highlighted for the use in women of childbearing potential to
ensure that the conditions of the Pregnancy Prevention Programme are fulfilled because of the
risks of the medication to the unborn child.

Brivaracetam, eslicarbazepine, perampanel and pregablin were recommended second line as
these were effective compared to placebo.

Phenobarbital, phenytoin, tiagibine and vigabatrin were recommended as third line add-on
treatment based on the committee’s opinion, they can be effective treatments, whilst
acknowledging their side effect profile of some of these drugs. Vigabatrin was effective compared
to placebo in the NMA but with uncertainty around the estimate. Phenytoin had very wide credible
intervals which and showed no difference to placebo. The credible intervals also passed the line of
no effect for tiagabine. No evidence was identified for phenobarbital but it was recommended
based on the committee’s experience of its effectiveness and that it is currently used in practice.
Sodium valproate had wide 95% credible intervals in the network meta-analysis passing the line of
no effect but taking into accont the Medicines and Healthcare products Regulatory Agency (MHRA)
safety advice on the use of valproate and committee expertise and considering its current use in
practice this drug was also recommended third line.

Add-on therapy for generalised tonic-clonic seizures

For generalised tonic-clonic seizures all ASMs in the NMA had estimated relative effectiveness for
the active treatment compared to placebo for the outcome of greater than 50% reduction in seizure
frequency. Levetiracetam had relative effectiveness compared to lacosamide but there was no
difference between any other active treatment. The committee recommended lacosamide,
lamotrigine, levetiracetam, and topiramate as first line add-on therapies based on the evidence, as
well as clobazam and sodium valproate based on their clinical experience and current use in
practice. It was noted that there is_safety advice by the Medicines and Healthcare products
Regulatory Agency (MHRA) on the use of valproate, valproate use by women and girls and
valproate use by men as well as the MHRA safety update for topiramate. This provides specific
advice and criteria for their usage. In January 2025 the recommendations were amended to take
account of these updated MHRA regulations on the use of sodium valproate and topiramate. In
relation to reproductive risks with sodium valproate, MHRA safety measures in women and girls
able to have children and precautionary advice for boys and men were highlighted to ensure they
are followed, discussed and reviewed. There was also some evidence that levetiracetam and
perampanel were more effective than placebo at achieving seizure freedom, but there was a lot of
uncertainty around these results. The MHRA safety advice related to topiramate was also
highlighted for the use in women of childbearing potential to ensure that the conditions of the
Pregnancy Prevention Programme are fulfilled because of the risks of the medication on the
unborn child.

Given the very wide 95% credible intervals for the evidence around brivaracetam for 50% reduction
in seizure frequency, the committee recommended this drug as second line add-on treatment.
Lacosamide was also included second line rather than first line based on it being less effective
than levetiracetam for 50% reduction in seizure frequency. The committee, based on their
experience and that the ASMs are currently used in practice, also included phenobarbital,
primidone and zonisamide for consideration as second line treatments.

Other considerations

The committee and economic analysis highlighted seizure freedom as an important outcome for
people with focal and GTC seizures and was associated with large increases in quality of life and
reductions in use of other medical resources. Seizure freedom is a reasonably rare event in this
group and consequently, given the small event rates the 95% credible intervals around this
outcome were extremely wide. A number of drugs showed effectiveness compared to placebo but
given these wide credible intervals, for both focal and generalised tonic-clonic seizures, it was
difficult to place confidence in these results.
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Adverse events and quality of life were also considered by the committee for add-on therapy but it
was difficult to place weight on these outcomes given the issues with the quality of the evidence
discussed above.

The committee acknowledged the risks associated with sodium valproate if prescribed to women
and girls who are able to have children and, as a result, recommended that other antiseizure
medications should be used as add-on treatment in this population. Nonetheless, the committee
agreed that in some cases, for example, if women have tried other medication and it has not
worked, sodium valproate should be available as an option. The committee agreed that sodium
valproate should only be prescribed after a full and clear discussion with the girl or woman,
ensuring she understands all the potential risks and benefits. If sodium valproate is prescribed,
clinicians must follow MHRA guidance, which includes enrolment in a pregnancy prevention

programme, if appropriate.

Based on their expertise the committee recommended against carbamazepine, gabapentin,
lamotrigine (for myoclonic seizures), oxcarbazepine, phenytoin, pregablin, tiagabine and vigabatrin
for people with co-existing absence or myoclonic seizures, or if juvenile myoclonic epilepsy is
suspected as they may exacerbate absence and myoclonic seizures.

The committee noted that, in line with the BNF, clinicians should be aware of the risks of serious
complications associated with phenytoin for people of Han Chinese or Thai family background, and
carbamazepine and potentially medicines with a similar chemical structure (such as oxcarbazepine
and eslicarbazepine acetate) to people of Han Chinese, Thai, European or Japanese family
background because of the risks of serious complications. In addition, in line with the MHRA, the
committee emphasised that long-term treatment with carbamazepine, phenytoin, primidone and
sodium valproate can cause decreased bone mineral density and increased risk of osteomalacia.
The committee noted that appropriate supplementation should be considered for those at risk.

Cost effectiveness and resource use

A bespoke economic model was created for this review question. The model compared all drugs
for which there was evidence informing the NMAs and that were licensed for this indication. The
model followed the NICE reference case. Similarly to the NMA, the economic model did not
estimate any strong preferred option with no ASM having greater than a 15% probability of being
the preferred option. This was because of wide 95% confidence intervals around the main clinical
inputs to the model and the large cost savings and quality of life associated with seizure freedom.

The majority of the costs were not associated with the ASM prescribed, but with later costs for
changing treatment or being hospitalised following a seizure. There was also limited difference
between the costs of the various treatments. It is therefore likely that of the drugs considered in the
model the most clinically effective would also be the most cost effective.

Other factors the committee took into account

The committee discussed that guidance on the use of cenobamate for focal onset seizures should
be based on NICE'’s technology appraisal on cenobamate for treating focal onset seizures in

epilepsy.

Recommendations supported by this evidence review

This evidence review supports recommendations 5.1.2-5.1.4 & 5.2.4-5.2.67.

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]


https://www.gov.uk/drug-safety-update/valproate-pregnancy-prevention-programme-actions-required-now-from-gps-specialists-and-dispensers
https://www.gov.uk/drug-safety-update/valproate-pregnancy-prevention-programme-actions-required-now-from-gps-specialists-and-dispensers
https://www.nice.org.uk/guidance/ta753
https://www.nice.org.uk/guidance/ta753

FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

References
Studies included in the network meta-analyses
Anhut 1994

Anhut H, Ashman P, Feuerstein TJ, et Al. (1994) Gabapentin (Neurontin) as add-on therapy in
patients with partial seizures: a double-blind, placebo-controlled study. The International
Gabapentin Study Group. Epilepsia 35(4),795-801.

Antinew 2019

Antinew J, Pitrosky B, Knapp L, et Al. (2019) Pregabalin as Adjunctive Treatment for Focal Onset
Seizures in Pediatric Patients: A Randomized Controlled Trial. Journal of Child Neurology
4(5),248-255.

Appleton 1999

Appleton R, Fichtner K, LaMoreaux L, et Al. (1999) Gabapentin as add-on therapy in children with
refractory partial seizures: a 12-week, multicentre, double-blind, placebo-controlled study.
Gabapentin Paediatric Study Group. Epilepsia 40(8),1147-54.

Arroyo 2004

Arroyo S, Anhut H, Kugler AR, et Al. (2004) Pregabalin add-on treatment: a randomized, double-
blind, placebo-controlled, dose-response study in adults with partial seizures. Epilepsia 45(1),20-7.

Barcs 2000

Barcs G, Walker EB, Elger CE, et Al. (2000) Oxcarbazepine placebo-controlled, dose-ranging trial
in refractory partial epilepsy. Epilepsia 41(12),1597-607.

Bauer 2001

Bauer J, Dienel A, Elger CE; Losigamone Study Group. (2001) Losigamone add-on therapy in
partial epilepsy: a placebo-controlled study. Acta Neurologica Scandinavica 103(4),226-30.

Baulac 2010

Baulac M, Leon T, O'Brien TJ, et Al. (2010) A comparison of pregabalin, lamotrigine, and placebo
as adjunctive therapy in patients with refractory partial-onset seizures. Epilepsy Research
91(1),10-9.

Ben-Menachem 2000

Ben-Menachem E and Falter U. (2000) Efficacy and tolerability of levetiracetam 3000 mg/d in
patients with refractory partial seizures: a multicenter, double-blind, responder-selected study
evaluating monotherapy. European Levetiracetam Study Group. Epilepsia 41(10),1276-83.

Ben-Menachem 2007

Ben-Menachem E, Biton V, Jatuzis D, et Al. (2007) Efficacy and safety of oral lacosamide as
adjunctive therapy in adults with partial-onset seizures. Epilepsia 48(7),1308-17.

Ben-Menachem 2010

Ben-Menachem E, Gabbai AA, Hufnagel A, et Al. (2010) Eslicarbazepine acetate as adjunctive
therapy in adult patients with partial epilepsy. Epilepsy Research 89(2-3),278-85.

Berkovic 2007

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Berkovic SF, Knowlton RC, Leroy RF, et Al; Levetiracetam N01057 Study Group. (2007) Placebo-
controlled study of levetiracetam in idiopathic generalized epilepsy. Neurology 30;69(18),1751-60.

Betts 2000

Betts T, Waegemans T, Crawford P. (2000) A multicentre, double-blind, randomized, parallel group
study to evaluate the tolerability and efficacy of two oral doses of levetiracetam, 2000 mg daily and
4000 mg daily, without titration in patients with refractory epilepsy. Seizure 9(2),80-7.

Beydoun 2005

Beydoun A, Uthman BM, Kugler AR, et Al; Pregabalin 1008-009 Study Group. (2005) Safety and
efficacy of two pregabalin regimens for add-on treatment of partial epilepsy. 64(3),475-80.

Biton 1999

Biton V, Montouris GD, Ritter F, et Al. (1999) A randomized, placebo-controlled study of topiramate
in primary generalized tonic-clonic seizures. Topiramate YTC Study Group. Neurology 52(7),1330-
7.

Biton 2005

Biton V, Sackellares JC, Vuong A, et Al. (2005) Double-blind, placebo-controlled study of
lamotrigine in primary generalized tonic-clonic seizures. Neurology 65(11),1737-43.

Biton 2010

Biton V, Di Memmo J, Shukla R, et Al. (2010) Adjunctive lamotrigine XR for primary generalized
tonic-clonic seizures in a randomized, placebo-controlled study. Epilepsy & Behavior 19(3),352-8.

Biton 2011

Biton V, Krauss G, Vasquez-Santana B, et Al. (2011) A randomized, double-blind, placebo-
controlled, parallel-group study of rufinamide as adjunctive therapy for refractory partial-onset
seizures. Epilepsia 52(2),234-42.

Biton 2014

Biton V, Berkovic SF, Abou-Khalil B, et Al. (2014) Brivaracetam as adjunctive treatment for
uncontrolled partial epilepsy in adults: a phase Ill randomized, double-blind, placebo-controlled
trial. Epilepsia 55(1),57-66.

Blum 2006

Blum D, Meador K, Biton V, et Al. (2006) Cognitive effects of lamotrigine compared with topiramate
in patients with epilepsy. Neurology 67(3),400-6.

Brodie 2005

Brodie MJ, Duncan R, Vespignani H, et Al. (2005) Dose-dependent safety and efficacy of
zonisamide: a randomized, double-blind, placebo-controlled study in patients with refractory partial
seizures. Epilepsia 46(1),31-41.

Brodie 2009

Brodie MJ, Rosenfeld WE, Vazquez B, et Al. (2009) Rufinamide for the adjunctive treatment of
partial seizures in adults and adolescents: a randomized placebo-controlled trial. Epilepsia
50(8),1899-909.

Bruni 2000

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Bruni J, Guberman A, Vachon L, et Al. (2000) Vigabatrin as add-on therapy for adult complex
partial seizures: a double-blind, placebo-controlled multicentre study. The Canadian Vigabatrin
Study Group. Seizure 9(3),224-32.

Cereghino 2000

Cereghino JJ, Biton V, Abou-Khalil B, et Al. (2000) Levetiracetam for partial seizures: results of a
double-blind, randomized clinical trial. Neurology 55(2),236-42.

Chung 2010

Chung S, Sperling MR, Biton V, et Al; SP754 Study Group. (2010) Lacosamide as adjunctive
therapy for partial-onset seizures: a randomized controlled trial. Epilepsia 51(6),958-67.

Chung 2014

Chung SS, Fakhoury TA, Hogan RE, et Al; PREVAIL Study Group. (2014) Once-daily USL255 as
adjunctive treatment of partial-onset seizures: randomized phase Il study. Epilepsia 55(7),1077-
87.

Chung 2020

Chung SS, French JA, Kowalski J, et Al. (2020) Randomized phase 2 study of adjunctive
cenobamate in patients with uncontrolled focal seizures. Neurology 94(22),e2311-e2322.

Dean 1999

Dean C, Mosier M, Penry K. (1999) Dose-Response Study of Vigabatrin as add-on therapy in
patients with uncontrolled complex partial seizures. Epilepsia 40(1),74-82.

Elger 2005

Elger CE, Brodie MJ, Anhut H, et Al. (2005) Pregabalin add-on treatment in patients with partial
seizures: a novel evaluation of flexible-dose and fixed-dose treatment in a double-blind, placebo-
controlled study. Epilepsia 46(12),1926-36.

Elger 2007

Elger C, Bialer M, Cramer JA, et Al. (2007) Eslicarbazepine acetate: a double-blind, add-on,
placebo-controlled exploratory trial in adult patients with partial-onset seizures. Epilepsia
48(3),497-504.

Elger 2009

Elger C, Halasz P, Maia J,et Al; BIA-2093-301 Investigators Study Group. (2009) Efficacy and
safety of eslicarbazepine acetate as adjunctive treatment in adults with refractory partial-onset
seizures: a randomized, double-blind, placebo-controlled, parallel-group phase Il study. Epilepsia
50(3),454-63.

Elger 2010

Elger CE, Stefan H, Mann A, et Al. (2010) A 24-week multicenter, randomized, double-blind,
parallel-group, dose-ranging study of rufinamide in adults and adolescents with inadequately
controlled partial seizures. Epilepsy Research 88(2-3),255-63.

Elger 2017

Elger CE, Hong SB, Brandt C, et Al. (2017) BGG492 as an adjunctive treatment in patients with
partial-onset seizures: A 12-week, randomized, double-blind, placebo-controlled, phase Il dose-
titration study with an open-label extension. Epilepsia 58(7),1217-1226.

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Elterman 1999

Elterman RD, Glauser TA, Wyllie E, et Al. (1999) A double-blind, randomized trial of topiramate as
adjunctive therapy for partial-onset seizures in children. Topiramate YP Study Group. Neurology
52(7),1338-44.

Farkas 2019

Farkas V, Steinborn B, Flamini JR, et Al; SP0969 Study Group. (2019) Efficacy and tolerability of
adjunctive lacosamide in pediatric patients with focal seizures. Neurology 93(12),e1212-e1226.

Faught 1996

Faught E, Wilder BJ, Ramsay RE, et Al. (1996) Topiramate placebo-controlled dose-ranging trial in
refractory partial epilepsy using 200-, 400-, and 600-mg daily dosages. Topiramate YD Study
Group. Neurology 46(6),1684-90.

Faught 2001

Faught E, Ayala R, Montouris GG, et Al; Zonisamide 922 Trial Group. (2001) Randomized
controlled trial of zonisamide for the treatment of refractory partial-onset seizures. Neurology
57(10),1774-9.

French 2003

French JA, Kugler AR, Robbins JL, et Al. (2003) Dose-response trial of pregabalin adjunctive
therapy in patients with partial seizures. Neurology 60(10),1631-7.

French 2010

French JA, Costantini C, Brodsky A, et Al; NO1193 Study Group. (2010) Adjunctive brivaracetam
for refractory partial-onset seizures: a randomized, controlled trial. Neurology 75(6),519-25.

French 2011

French JA, Abou-Khalil BW, Leroy RF, et Al; RESTORE 1/Study 301 Investigators. (2011)
Randomized, double-blind, placebo-controlled trial of ezogabine (retigabine) in partial epilepsy.
Neurology 76(18),1555-63.

French 2012

French JA, Krauss GL, Biton V, et Al. (2012) Adjunctive perampanel for refractory partial-onset
seizures: randomized phase Il study 304. Neurology 79(6),589-96.

French 2013

French JA, Krauss GL, Steinhoff BJ, et Al. (2013) Evaluation of adjunctive perampanel in patients
with refractory partial-onset seizures: results of randomized global phase Il study 305. Epilepsia
54(1),117-25.

French 2014

French JA, Baroldi P, Brittain ST, et Al; PROSPER Investigators Study Group. (2014) Efficacy and
safety of extended-release oxcarbazepine (Oxtellar XR™) as adjunctive therapy in patients with
refractory partial-onset seizures: a randomized controlled trial. Acta Neurologica Scandinavica
129(3),143-53.

French 2014

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

French J, Brandt C, Friedman D, et Al. (2014) Adjunctive use of controlled-release pregabalin in
adults with treatment-resistant partial seizures: a double-blind, randomized, placebo-controlled
trial. Epilepsia 55(8),1220-8.

French 2015

French JA, Krauss GL, Wechsler RT, et Al. (2015) Perampanel for tonic-clonic seizures in
idiopathic generalized epilepsy A randomized trial. Neurology 85(11),950-7.

French 2016

French J, Glue P, Friedman D, et Al. (2016) Adjunctive pregabalin vs gabapentin for focal seizures:
Interpretation of comparative outcomes. Neurology 87(12),1242-9.

Fritz 2005

Fritz N, Glogau S, Hoffmann J, et Al. (2005) Efficacy and cognitive side effects of tiagabine and
topiramate in patients with epilepsy. Epilepsy & Behavior 6(3),373-81.

Fujiwara 2019

Fujiwara T, Teshima R, Sugiyama |, et Al. (2019) Oxcarbazepine adjunctive therapy for partial
seizures in Japanese pediatric patients: a randomized double-blind placebo-controlled study and
open-label extension study. Epilepsy & Seizure (11)1, 30-45.

Gil-Nagel 2009

Gil-Nagel A, Lopes-Lima J, Almeida L, et Al; BIA-2093-303 Investigators Study Group.
(2009)Efficacy and safety of 800 and 1200 mg eslicarbazepine acetate as adjunctive treatment in
adults with refractory partial-onset seizures. Acta Neurologica Scandinavica 120(5),281-7.

Glauser 2000

Glauser TA, Nigro M, Sachdeo R, et Al. (2000) Adjunctive therapy with oxcarbazepine in children
with partial seizures. The Oxcarbazepine Pediatric Study Group. Neurology 54(12),2237-44.

Glauser 2006

Glauser TA, Ayala R, Elterman RD, et Al; N159 Study Group. (2006) Double-blind placebo-
controlled trial of adjunctive levetiracetam in pediatric partial seizures. Neurology 66(11),1654-60.

Grunewald 1994

Grunewald RA, Thompson PJ, Corcoran R, et Al. (1994) Effects of vigabatrin on partial seizures
and cognitive function. Journal of Neurology, Neurosurgery and Psychiatry 57(9),1057-63.

Guberman 2002

Guberman A, Neto W, Gassmann-Mayer C; EPAJ-119 Study Group. (2002) Low-dose topiramate
in adults with treatment-resistant partial-onset seizures. Acta Neurologica Scandinavica
106(4),183-9.

Halasz 2009

Halasz P, Kalvidinen R, Mazurkiewicz-Beldzinska M, et Al; SP755 Study Group. (2009) Adjunctive
lacosamide for partial-onset seizures: Efficacy and safety results from a randomized controlled
trial. Epilepsia 50(3),443-53.

Halford 2011

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Halford JJ, Ben-Menachem E, Kwan P, et Al. (2011) A randomized, double-blind, placebo-
controlled study of the efficacy, safety, and tolerability of adjunctive carisbamate treatment in
patients with partial-onset seizures. Epilepsia 52(4),816-25.

Hong 2016

Hong Z, Inoue Y, Liao W, et Al; EPO008 Study Group. (2016) Efficacy and safety of adjunctive
lacosamide for the treatment of partial-onset seizures in Chinese and Japanese adults: A
randomized, double-blind, placebo-controlled study. Epilepsy Research 127:267-275.

Inoue 2015

Inoue Y, Yagi K, lkeda A, Sasagawa M, et Al; Japan Levetiracetam N01221 Study Group. (2015)
Efficacy and tolerability of levetiracetam as adjunctive therapy in Japanese patients with
uncontrolled partial-onset seizures. Psychiatry and Clinical Neurosciences 69(10),640-8.

Jozwiak 2018

Jozwiak S, Veggiotti P, Moreira J, et Al. (2018) Effects of adjunctive eslicarbazepine acetate on
neurocognitive functioning in children with refractory focal-onset seizures. Epilepsy & Behavior
81,1-11.

Kalviainen 1998

Kalvidinen R, Brodie MJ, Duncan J, et Al. (1998) A double-blind, placebo-controlled trial of
tiagabine given three-times daily as add-on therapy for refractory partial seizures. Northern
European Tiagabine Study Group. Epilepsy Research 30(1),31-40.

Kerr 2005

Kerr MP, Baker GA, Brodie MJ. (2005) A randomized, double-blind, placebo-controlled trial of
topiramate in adults with epilepsy and intellectual disability: impact on seizures, severity, and
quality of life. Epilepsy & Behavior 7(3),472-80.

Kirkham 2020

Kirkham F, Auvin S, Moreira J, et Al. (2020) Efficacy and safety of eslicarbazepine acetate as
adjunctive therapy for refractory focal-onset seizures in children: A double-blind, randomized,
placebo-controlled, parallel-group, multicenter, phase-Ill clinical trial. Epilepsy & Behavior
105:106962.

Klein 2015

Klein P, Schiemann J, Sperling MR, et Al. (2015) A randomized, double-blind, placebo-controlled,
multicenter, parallel-group study to evaluate the efficacy and safety of adjunctive brivaracetam in
adult patients with uncontrolled partial-onset seizures. Epilepsia 56(12),1890-8.

Krauss 2012

Krauss GL, Bar M, Biton V, et Al. (2012) Tolerability and safety of perampanel: two randomized
dose-escalation studies. Acta Neurologica Scandinavica 125(1),8-15.

Krauss 2012

Krauss GL, Serratosa JM, Villanueva V, et Al. (2012) Randomized phase Ill study 306: adjunctive
perampanel for refractory partial-onset seizures. Neurology 78(18),1408-15.

Krauss 2020

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Krauss GL, Klein P, Brandt C, et Al. (2020) Safety and efficacy of adjunctive cenobamate
(YKP3089) in patients with uncontrolled focal seizures: a multicentre, double-blind, randomised,
placebo-controlled, dose-response trial. The Lancet Neurology 19(1),38-48.

Kwan 2014

Kwan P, Trinka E, Van Paesschen W, et Al. (2014) Adjunctive brivaracetam for uncontrolled focal
and generalized epilepsies: results of a phase lll, double-blind, randomized, placebo-controlled,
flexible-dose trial. Epilepsia 55(1),38-46.

Labiner 2009

Labiner DM, Ettinger AB, Fakhoury TA, et Al. (2009) Effects of lamotrigine compared with
levetiracetam on anger, hostility, and total mood in patients with partial epilepsy. Epilepsia
50(3),434-42.

Lee 1999

Topiramate in medically intractable partial epilepsies: double-blind placebo-controlled randomized
parallel group trial. (1999) Korean Topiramate Study Group. Epilepsia 40(12),1767-74.

Lee 2009

Lee Bl, Yi S, Hong SB, Kim MK, et Al. (2009) Pregabalin add-on therapy using a flexible, optimized
dose schedule in refractory partial epilepsies: a double-blind, randomized, placebo-controlled,
multicenter trial. Epilepsia 50(3),464-74.

Lee 2019

Lee SK, Lee SA, Kim DW, Loesch C, et Al; N0O1353 study group. (2019) A randomized, open-label,
multicenter comparative trial of levetiracetam and topiramate as adjunctive treatment for patients
with focal epilepsy in Korea. Epilepsy & Behavior 97:67-74.

Levisohn 2009

Levisohn PM, Mintz M, Hunter SJ, et Al; NO1103 Levetiracetam Study Group. (2009)
Neurocognitive effects of adjunctive levetiracetam in children with partial-onset seizures: a
randomized, double-blind, placebo-controlled, noninferiority trial. Epilepsia 50(11),2377-89.

Lim 2016

Lim KS, Lotay N, White R, et Al. (2016) Efficacy and safety of retigabine/ezogabine as adjunctive
therapy in adult Asian patients with drug-resistant partial-onset seizures: A randomized, placebo-
controlled Phase lll study. Epilepsy & Behavior 61:224-230.

Lu 2011

LuY, Xiao Z, Yu W, et Al. (2011) Efficacy and safety of adjunctive zonisamide in adult patients with
refractory partial-onset epilepsy: a randomized, double-blind, placebo-controlled trial. Clinical Drug
Investigation 31(4),221-9.

Matsuo 1993

Matsuo F, Bergen D, Faught E, et Al. (1993) Placebo-controlled study of the efficacy and safety of
lamotrigine in patients with partial seizures. U.S. Lamotrigine Protocol 0.5 Clinical Trial Group.
Neurology 43(11),2284-91.

Nishida 2018

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Nishida T, Lee SK, Inoue Y, et Al. (2018) Adjunctive perampanel in partial-onset seizures: Asia-
Pacific, randomized phase lll study. Acta Neurologica Scandinavica 137(4),392-399.

Palhagen 2001

Palhagen S, Canger R, Henriksen O, et Al. (2001) Rufinamide: a double-blind, placebo-controlled
proof of principle trial in patients with epilepsy. Epilepsy Research 43(2),115-24.

Peltola 2009

Peltola J, Coetzee C, Jiménez F, et Al; Levetiracetam XR N01235 Study Group. (2009) Once-daily
extended-release levetiracetam as adjunctive treatment of partial-onset seizures in patients with
epilepsy: a double-blind, randomized, placebo-controlled trial. Epilepsia 50(3),406-14.

Pina-Garza 2009

Pifa-Garza JE, Nordli DR Jr, et Al; Levetiracetam N01009 Study Group. (2009) Adjunctive
levetiracetam in infants and young children with refractory partial-onset seizures. Epilepsia
50(5),1141-9.

Porter 2007

Porter RJ, Partiot A, Sachdeo R, et Al; 205 Study Group. (2007) Randomized, multicenter, dose-
ranging trial of retigabine for partial-onset seizures. Neurology 68(15),1197-204.

Privitera 1996

Privitera M, Fincham R, Penry J, et Al. (1996) Topiramate placebo-controlled dose-ranging trial in
refractory partial epilepsy using 600-, 800-, and 1,000-mg daily dosages. Topiramate YE Study
Group. Neurology 46(6),1678-83.

Rentmeester 1991

Rentmeester T, Janssen A, Hulsman J, et Al. (1991) A double-blind, placebo-controlled evaluation
of the efficacy and safety of loreclezole as add-on therapy in patients with uncontrolled partial
seizures. Epilepsy Research 9(1),59-64.

Sachdeo 1997

Sachdeo RC, Leroy RF, Krauss GL, et Al. (1997) Tiagabine therapy for complex partial seizures. A
dose-frequency study. The Tiagabine Study Group. Archives of neurology 54(5),595-601.

Sackellares 2004

Sackellares JC, Ramsay RE, Wilder BJ, et Al. (2004) Randomized, controlled clinical trial of
zonisamide as adjunctive treatment for refractory partial seizures. Epilepsia 45(6),610-7.

Sharief 1996

Sharief M, Viteri C, Ben-Menachem E, et Al. (1996) Double-blind, placebo-controlled study of
topiramate in patients with refractory partial epilepsy. Epilepsy Research 25(3),217-24.

Shorvon 2000

Shorvon SD, Léwenthal A, Janz D, et Al. (2000) Multicenter double-blind, randomized, placebo-
controlled trial of levetiracetam as add-on therapy in patients with refractory partial seizures.
European Levetiracetam Study Group. Epilepsia 41(9),1179-86.

Sivenius 1991

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Sivenius J, Kalvidinen R, Ylinen A, et Al. (1991) Double-blind study of Gabapentin in the treatment
of partial seizures. Epilepsia 32(4),539-42.

Sperling 2010

Sperling MR, Greenspan A, Cramer JA, et Al. (2010) Carisbamate as adjunctive treatment of
partial onset seizures in adults in two randomized, placebo-controlled trials. Epilepsia 51(3),333-
43.

Sperling 2015

Sperling MR, Abou-Khalil B, Harvey J, et Al; 304 Study Team. (2015)Eslicarbazepine acetate as
adjunctive therapy in patients with uncontrolled partial-onset seizures: Results of a phase I,
double-blind, randomized, placebo-controlled trial. Epilepsia 56(2),244-53.

Sperling 2017

Sperling MR, Klein P, Tsai J. (2017) Randomized, double-blind, placebo-controlled phase 2 study
of ganaxolone as add-on therapy in adults with uncontrolled partial-onset seizures. Epilepsia
58(4),558-564.

Sun 2009

Sun MZ, Deckers CL, Liu YX, et Al. (2009) Comparison of add-on valproate and primidone in
carbamazepine-unresponsive patients with partial epilepsy. Seizure 18(2),90-3.

Tsai 2006

Tsai JJ, Yen DJ, Hsih MS, Cet Al. (2006) Efficacy and safety of levetiracetam (up to 2000 mg/day)
in Taiwanese patients with refractory partial seizures: a multicenter, randomized, double-blind,
placebo-controlled study. Epilepsia 47(1),72-81.

UK Gabapentin Study Group 1990
Gabapentin in partial epilepsy. (1990) UK Gabapentin Study Group. Lancet 335(8698),1114-7.
Uthman 1998

Uthman BM, Rowan AJ, Ahmann PA, et Al. (1998) Tiagabine for complex partial seizures: a
randomized, add-on, dose-response trial. Archives of neurology 55(1),56-62.

Van Paesschen 2013

Van Paesschen W, Hirsch E, Johnson M, et Al. (2013) Efficacy and tolerability of adjunctive
brivaracetam in adults with uncontrolled partial-onset seizures: a phase llb, randomized, controlled
trial. Epilepsia 54(1),89-97.

Vossler 2020

Vossler DG, Knake S, O'Brien TJ, et Al; SP0982 trial investigators. (2020)Efficacy and safety of
adjunctive lacosamide in the treatment of primary generalised tonic-clonic seizures: a double-blind,
randomised, placebo-controlled trial. Journal of Neurology, Neurosurgery and Psychiatry
91(10),1067-1075.

Willmore 1996

Willmore LJ, Shu V, Wallin B. (1996) Efficacy and safety of add-on divalproex sodium in the
treatment of complex partial seizures. The M88-194 Study Group. Neurology 46(1),49-53.

Wu 2009

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Wu XY, Hong Z, Wu X, et Al. (2009) Multicenter double-blind, randomized, placebo-controlled trial
of levetiracetam as add-on therapy in Chinese patients with refractory partial-onset seizures.
Epilepsia 50(3),398-405.

Wu 2018

Wu L, Yagi K, Hong Z, et Al. (2018) Adjunctive levetiracetam in the treatment of Chinese and
Japanese adults with generalized tonic-clonic seizures: A double-blind, randomized, placebo-
controlled trial. Epilepsia Open 3(4),474-484.

Xiao 2009

Xiao Z, Li JM, Wang XF, et Al. (2009) Efficacy and safety of levetiracetam (3,000 mg/Day) as an
adjunctive therapy in Chinese patients with refractory partial seizures. European Neurology
61(4),233-9.

Yamauchi 2006

Yamauchi T, Kaneko S, Yagi K, et Al. (2006) Treatment of partial seizures with gabapentin:
double-blind, placebo-controlled, parallel-group study. Psychiatry and Clinical Neurosciences
60(4),507-15.

Zaccara 2014

Zaccara G, Almas M, Pitman V, et Al. (2014) Efficacy and safety of pregabalin versus
levetiracetam as adjunctive therapy in patients with partial seizures: a randomized, double-blind,
noninferiority trial. Epilepsia 55(7),1048-57.

Zhang 2011

Zhang L, Huang J, Zhuang JH, et Al. (2011) Topiramate as an adjunctive treatment for refractory
partial epilepsy in the elderly. Journal of International Medical Research 39(2),408-15.

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL

Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Appendix A — Review protocol

Review protocol for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset seizures?

Field

PROSPERQO registration
number

Review title

Review question

Objective

Searches

Content
CRD42020176581

Pharmacological management (monotherapy or add-on therapy) of epileptic seizures and epilepsy syndromes

3.1 What antiseizure therapies (add-on) are effective in the treatment of generalised tonic clonic seizures?
3.2 What antiseizure therapies (add-on) are effective in the treatment of focal onset seizures?

To compare the effectiveness of antiseizure therapies used as add on therapy in children and adults with focal onset seizures
or generalised tonic clonic seizures.

This review will determine the effectiveness of antiseizure therapies given as add-ons (combination therapy). A separate
review is being conducted for monotherapy treatment in these populations

The following databases will be searched:

e CDSR

e CENTRAL

e DARE

e HTA

o MEDLINE & MEDLINE In-Process and Other Non-Indexed Citations
e Embase

e EMCare

Searches will be restricted by:
e Date: no date limit
¢ English language studies
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Field

Condition or domain being
studied
Population

Intervention

Content
e Human studies
¢ RCT and systematic review study design filter

The searches will be re-run 6 weeks before final submission of the review and further studies retrieved for inclusion.

The full search strategies for MEDLINE database will be published in the final review.
Epilepsy

Inclusion:

e Children, young people and adults with generalised tonic-clonic seizures with or without other generalised seizure types
(absence, myoclonus) that have failed to respond to one or more AEDs, or refractory generalised tonic-clonic seizures with
or without other generalised seizure types (absence, myoclonus)

o Children, young people and adults with focal onset epilepsy that have failed to respond to one or more AEDs, or refractory
focal epilepsy with or without other generalised seizure types (absence, myoclonus)

Exclusion:
e Newborn babies (under 28 days) with acute symptomatic seizures

All AEDs (including combinations of) aimed at treating and managing epilepsy in the above patient group, will be considered by
the NMA.

The search for this review question will not restrict by treatment type but evidence on the following interventions is likely to be
identified and/or is of most interest.

¢ Brivaracetam

e Carbamazepine
e Clobazam

e Clonazepam

¢ Eslicarbazepine acetate
o Ethosuximide

e Gabapentin

o Ketogenic diet
¢ Lacosamide

o Lamotrigine

o L evetiracetam
e Oxcarbazepine
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Field Content
e Perampanel
¢ Phenobarbitone
e Phenytoin
e Placebo
e Pregabalin
e Sodium valproate
e Topiramate
e Zonisamide

Interventions which are not AEDs or combination interventions which include a component which is not an AED will only be
considered in the NMA if they act as connectors of the interventions of interest in the network. Such interventions will be
included in the NMA but will not form part of the decision problem when making recommendations. Trial arms with differing
drug dose will be pooled together in the analysis as dose comparisons are outside of the scope of this review.

A network diagram for all outcomes of interest will be constructed to explore whether all interventions are connected to the
network. If more than one network is formed, then separate NMAs will be conducted for each network, as long as the network
contains at least 3 interventions that are part of the decision problem. If pairs of interventions are not connected to a network,
they will be analysed in pairwise meta-analysis.

We assume that any individual that meets all inclusion criteria is, in principle, equally likely to be randomised to any of the
interventions in the synthesis comparator set. For AEDs with teratogenic risk (i.e. sodium valproate) studies may exclude
women of child bearing age even though this violates the ‘randomised to all’ assumption. For our outcomes we do not believe
this relaxing of the assumption will influence the results and thus such studies are not excluded from the NMA. This however is
explored during sensitivity analysis as discussed in section 16.

Comparator e Any of the above

Types of study to be Included study designs:

included o Systematic reviews/meta-analyses of randomised controlled trials (RCTs)
e RCTs

e RCTs will be included if they have at least one randomised pairwise comparison between two AEDs. RCTs will also be
included if they include comparisons (whether AEDs or not) that act as connectors of interventions of interest in the network

Excluded study designs:

e Quasi-randomised or non-randomised controlled trials
o Case-control studies

e Cohort studies
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Field Content
¢ Cross-sectional studies
o Epidemiological reviews or reviews on associations
¢ Non-comparative studies

Note: For further details, see the algorithm in appendix H, Developing NICE guidelines: the manual.
Other exclusion criteria Studies with a mixed population (i.e. including people with epilepsy and others with a condition different to epilepsy) will be
excluded, unless subgroup analysis for epilepsy has been reported
Conference abstracts will be excluded because these do not typically provide sufficient information to fully assess risk of bias
Context Recommendations will apply to those receiving care in any healthcare setting (e.g. community, primary care, secondary care,
tertiary care).
Primary outcomes (critical Outcomes in the NMA:
outcomes)  >50% reduction in seizure frequency during treatment or maintenance period

o Seizure freedom during treatment or maintenance period

Outcomes separate to the NMA:

o Health-related quality of life (only validated scales will be included)

o Adverse effects as assessed by:

* % of patients with reported side effects (trial defined adverse and serious adverse effects)
¢ Treatment cessation due to adverse event (dichotomous outcome only)

o Mortality

Secondary outcomes e None

(important outcomes)

Data extraction (selection  All references identified by the searches and from other sources will be uploaded into STAR and de-duplicated. Dual weeding

and coding) and study selection will be undertaken for this question; any discrepancies above 10% of the dual weeded resources will be
resolved through discussion between the first and second reviewers or by reference to a third person. The full text of potentially
eligible studies will be retrieved and will be assessed in line with the criteria outlined above. A standardised form will be used to
extract data from studies (see Developing NICE guidelines: the manual section 6.4). All data extraction will be quality assured
by a senior reviewer.

Draft excluded studies and evidence tables will be circulated to the Topic Group for their comments. Resolution of disputes will
be by discussion between the senior reviewer, Topic Advisor and Chair.

Risk of bias (quality) Quality assessment of individual studies will be performed using the following checklists:
assessment ¢ ROBIS tool for systematic reviews
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Field

Strategy for data
synthesis

Content

e Cochrane RoB tool v.2 for RCTs
The quality assessment will be performed by one reviewer and this will be quality assessed by a senior reviewer.

Method of analysis

Network meta-analysis (NMAs) will be used to synthesise the selected outcomes for all eligible interventions that are
connected to one or more networks of at least 3 interventions.

It has been hypothesised that placebo response rates in RCTs relevant to this review have changed over time which may
impact on the suitability of pooling all placebo interventions together. As we anticipate the majority of evidence for this review
to come from placebo controlled trials we will investigate if this is likely to be the case and if so to control for it in our NMA. This
will be investigated by firstly comparing placebo responders to non-responders to estimate an overall placebo response rate for
all outcomes using the placebo arms of the identified studies and estimating a pooled placebo response rate using a random
effects meta-analytical model. A Spearman’s rank correlation coefficient will be calculated to identify and assess any changes
in placebo or drug response rates overtime (“placebo drift’) or any correlation between placebo outcomes and baseline seizure
frequency. This will be done for all outcomes included in the NMA. If “placebo drift” or correlation between placebo outcomes
and baseline characteristics is identified then this will be adjusted for in the NMA using meta-regression following NICE DSU
technical support document 3: heterogeneity: subgroups, meta-regression, bias and bias-adjustment. The goodness of fit of
the NMA with and without this adjustment will be explored as discussed below.

NMA will be conducted within a Bayesian framework using Markov Chain Monte Carlo simulation techniques implemented in
WinBUGS Non-informative priors will be initially used, but if the data are sparse or there are convergence problems, then we
will use evidence-based priors for the between studies standard deviation). To test whether prior estimates have an impact on
the results, two chains with different initial values will be run simultaneously for each analysis. Convergence will be assessed
by visually inspecting the mixing of the two chains in the history plots and the Brooks Gelman-Rubin diagram in WinBUGS.

For the synthesis of the two outcomes (a binomial likelihood and logit link model will be used. The output of this analysis will be
expressed as log-odds ratios (LORs) with 95% credible intervals (95% Crl) between all pairs of interventions assessed.

We will also evaluate the ranking of each treatment and 95% Crl in each analysis, where a rank of 1 indicates best treatment.

The goodness of fit of each model will be tested by comparing the posterior mean of the residual deviance, which measures
the magnitude of the differences between the observed data and the model predictions of the data, with the number of data
points in the model. Smaller values of the residual deviance are preferred, and in a well-fitting model the posterior mean
residual deviance should be close to the number of data points in the analysis (each study arm contributes one data point).
Models will also be compared using the deviance information criterion (DIC), a measure of model fit that is equal to the sum of
the posterior mean deviance and the effective number of parameters, thus penalising model fit for model complexity; lower
values are preferred and typically differences of at least 3 points are considered meaningful). The posterior median between-
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Field Content
study standard deviation, which measures the heterogeneity of treatment effects estimated by trials within contrasts, will also
be used to compare models.

Inconsistency between direct and indirect evidence will be explored by comparing the fit of a model assuming consistency with
a model which allowed for inconsistency (also known as an unrelated mean effects model). Deviance plots, in which the
posterior mean deviance of the individual data points in the inconsistency model are plotted against their posterior mean
deviance in the consistency model, will be inspected in order to identify studies which may have contributed to loops of
evidence where inconsistency may be present. If these analyses identify potential inconsistency, further checks will be
conducted using a node-split approach using the gemtc package in R. This method permits the direct and indirect evidence
contributing to an estimate of a relative effect to be split and compared.

If we find evidence of inconsistency, studies contributing to loops of evidence where there may be inconsistency will be
checked for data accuracy and assessment of study inclusion will be revisited against inclusion/exclusion criteria. Baseline
characteristics will be checked to identify any differences in effect modifiers across studies in loops identified as potentially
inconsistent. Analyses will be repeated if corrections in the data extraction or study inclusion are made. If an important effect
modifier is identified, then this may be explored in subgroup analyses if sufficient evidence is available. However, if evidence of
inconsistency is still present following data corrections, revisiting inclusion criteria, exploring effect modification, no further
studies will be excluded from the analysis, as their results cannot be considered as less valid than those of other studies solely
because of the inconsistency findings. The presence of inconsistency in the NMA will be highlighted and results will be
interpreted accordingly.

A number of sensitivity analyses will also be performed (in addition to the subgroup analyses) which will restrict the inclusion
criteria for studies in the NMA to see if this changes the results or conclusions:

Studies with a high or unclear risk of bias will be excluded from the network.
Studies which excluded women of childbearing aged due to teratogenic risk will be excluded from the network

For adverse events a non-comparative summary of those reported in the identified trials will be presented. Given we are
expecting a large number of comparisons and variable reporting of this outcome comparative synthesis of evidence would be
difficult and not helpful.

For quality of life again we expect variance in reporting of this outcome using different time points and quality of life scales as
well as a large number of comparisons. Again a non-comparative summary will be given.

Analysis of sub-groups If sufficient data is available, separate networks and analysis will be conducted on:
e Previous treatment

e Those with treatment resistant epilepsy (defined as “failure of two tolerated, appropriately chosen and used antiepileptic drug
schedules”)

32
Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in

the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL

Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Field

Type and method of
review

Language

Country

Anticipated or actual start
date

Anticipated completion
date

Named contact

Review team members
Funding sources/sponsor

Conflicts of interest

Content
e Those with generalised tonic-clonic seizures (RQ 3.1)
e Those with focal onset seizures (RQ 3.2)

Intervention

O Diagnostic

O Prognostic

O Qualitative

O Epidemiologic

O Service Delivery

O Other (please specify)
English

England

1 May 2020

7 January 2021

5a. Named contact
National Guideline Alliance

5b. Named contact e-mail
Epilepsies@nice.org.uk.

5c. Organisational affiliation of the review
National Institute for Health and Care Excellence (NICE) and National Guideline Alliance

NGA technical team

This systematic review is being completed by the National Guideline Alliance, which is funded by NICE and hosted by the
Royal College of Obstetricians and Gynaecologists. NICE funds the National Guideline Alliance to develop guidelines for those
working in the NHS, public health, and social care in England.

All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence review team
and expert witnesses) must declare any potential conflicts of interest in line with NICE's code of practice for declaring and
dealing with conflicts of interest. Any relevant interests, or changes to interests, will also be declared publicly at the start of
each guideline committee meeting. Before each meeting, any potential conflicts of interest will be considered by the guideline
committee Chair and a senior member of the development team. Any decisions to exclude a person from all or part of a
meeting will be documented. Any changes to a member's declaration of interests will be recorded in the minutes of the
meeting. Declarations of interests will be published with the final guideline.
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Field Content

Collaborators Development of this systematic review will be overseen by an advisory committee who will use the review to inform the
development of evidence-based recommendations in line with section 3 of Developing NICE guidelines: the manual. Members
of the guideline committee are available on the NICE website: https://www.nice.org.uk/guidance/indevelopment/gid-ng10112

Other registration details Not applicable

URL for published https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=176581
protocol
Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These include standard approaches such as:

notifying registered stakeholders of publication
publicising the guideline through NICE's newsletter and alerts
issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social media channels, and
publicising the guideline within NICE.
Keywords Generalised tonic clonic seizures
Focal onset seizures?
Details of existing review Not applicable
of same topic by same

authors
Current review status Ongoing
O Completed but not published
O Completed and published
O Completed, published and being updated
O Discontinued
Additional information Not applicable

Details of final publication ~ www.nice.org.uk
AEDs: anti-epileptic drugs; CDSR: Cochrane Database of Systematic Reviews; CENTRAL: Cochrane Central Register of Controlled Trials; DARE: The Database of Abstracts
of Reviews of Effects; Development and Evaluation; HTA: Health Technology Assessment; NICE: National Institute for Health and Care Excellence; NICE DSU: NICE Decision
Support Unit; NMA: network meta-analysis; RCT: Randomised Controlled Trial; RoB: Risk of Bias; ROBIS: risk of bias in systematic reviews
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Appendix B — Literature search strategies

Literature search strategies for review question: What (add-on) antiseizure
therapies are effective in the treatment of generalised tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

Clinical

Database(s): EMCare, MEDLINE and Embase (Multifile) — OVID

EMCare 1995 to February 03, 2021; Embase ClassictEmbase 1947 to 2021 February 03;
Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and
Daily 2021 February 03, 2021

Date of last search: 03 February 2021

Muiltifile database codes: emcr=EMCare; emczd=Embase Classic+tEmbase; ppez= MEDLINE(R) and
Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily

# searches
1 exp epilepsy/ use ppez, emczd, emcr or (epilep* or seizure* or convuls®).ti,ab.
2 epilepsy, tonic-clonic/ use ppez or epilepsy, generalized/ use ppez or generalized epilepsy/ use emczd,

emcr or grand mal epilepsy/ use emczd, emcr or (((clonic or grand mal or tonic or (tonic adj3 clonic))
adj2 (attack* or contraction* or convuls® or seizure*)) or gtcs or (generali* adj (contraction* or convuls*
or insult or seizure*))).ti,ab.

3 exp epilepsies, partial/ use ppez or exp focal epilepsy/ use emczd, emcr or ((focal or focal onset or local
or partial or simple partial) adj3 (epileps™ or seizure*)).ti,ab.

4 or/1-3

5 brivaracetam/ use emczd, emcr or (brivaracetam or brivlera or nubriveo or rikelta).ti,ab.

6 carbamazepine/ use emczd, emcr or exp carbamazepine/ use ppez or carbamazepin®.sh. or
(amizepine or carbamazepin® or carbazepin or epitol or finlepsin or neurotol or tegretol).ti,ab.

7 clobazam/ use emczd, emcr or clobazam/ use ppez or (chlorepin or chlorepine or clobazam or
clobazepam or clorepin or frisium or noiafren or onfi or urbadan or urbanil or urbanyl).ti,ab.

8 clonazepam/ use emczd, emcr or clonazepam/ use ppez or (aklonil or antelepsin or clonazepam or

clonex or clonopam or clonopin or clonotril or coquan or iktorivil or kenoket or klonazepam or klonopin
or kriadex or landsen or lonazep or paxam or povanil or ravotril or rivatril or rivotril).ti,ab.

9 exp eslicarbazepine/ use emczd, emcr or (eslicarbazepin* or aptiom or zebinix).ti,ab.

10 ethosuximide/ use emczd, emcr or ethosuximide/ use ppez or (emeside or ethosuccimid* or
ethosuccinimid* or ethosuximide or ethylmethylsuccimide or ethylsuximide or ethymal or etosuximida or
mesentol or pemal or petimid or petinimid* or petnidan or pyknolepsin or pyknolepsinum or ronton or
simatin or succinutin or sucsilep or suksilep or suxilep or suximal or suxinutin or zarondan or
zarontin).ti,ab.

11 gabapentin/ use emczd, emcr or gabapentin/ use ppez or gabapentin*.sh. or (apogabapentin or
convalis or dineurin or gabalept or gabaliquid or geriasan or gabapentin* or gabatin or gantin or gralise
or kaptin or keneil or neurontin or neurotonin or novogabapentin or nupentin).ti,ab.

12 (diet, carbohydrate-restricted/ or exp dietary fats/ or glycemic index/ or diet, ketogenic/ or exp
triglycerides/) use ppez or (fat intake/ or glycemic index/ or ketogenic diet/ or exp low carbohydrate diet/
or exp triacylglycerol/) use emczd, emcr

13 ((adequate adj3 protein*) or atkin* or keto* or kd* or (carbohydrate* adj5 (restrict* or low* or reduc*)) or
((glycemic or glycaemic) adj5 (index or treat* or modulat®)) or (high fat* adj5 (diet* or plan* or treat*)) or
keto or ketogenic or ketogenous or ketotic or low carb* or Ichf or low glyc* index treatment* or Igit or
(medium chain adj (tryglyceride* or triglyceride*)) or mct*).ti,ab.

14 lacosamide/ use emczd, emcr or lacosamide/ use ppez or (erlosamide or harkoseride or lacosamide or
vimpat).ti,ab.

15 lamotrigine/ use emczd, emcr, ppez or (crisomet or labileno or lamepil or lamictal or lamictin or lamiktal
or lamitor* or amitrin* or lamodex or lamogine or lamotrin* or lamotrigin® or lamotrix or neurium).ti,ab.

16 levetiracetam/ use emczd, emcr,ppez or (elepsia or keppra or kopodex or levetiracetam* or matever or

spritam).ti,ab.
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17 oxcarbazepine/ use emczd, emcr or oxcarbazepine/ use ppez or oxcarbazepin®.sh. or (apydan or
carbamazepine or oxcarbazepin®* or oxocarbazepine or oxrate or oxtellar or timox or trileptal or
trileptin).ti,ab.

18 perampanel/ use emczd, emcr or (fycompa or perampanel).ti,ab.

19 phenobarbital/ use emczd, emcr or exp phenobarbital/ use ppez or (adonal or aephenal or agrypnal or
alepsal or amylofene or andral or aparoxal or aphenylbarbit or aphenyletten or atrofen or austrominal or
barbapil or barbellen or barbenyl or barbilettae or barbilixir or barbinal or barbiphen or barbiphenyl or
barbivis or barbonal or barbonalett or barbophen or bardorm or bartol or bialminal or calmetten or
calminal or carbronal or cardenal or cemalonal or codibarbital or coronaletta or cratecil or damoral or
dezibarbitur or dormina or dormiral or dromural or ensobarb or ensodorm or epanal or epidorm or epilol
or episedal or epsylone or eskabarb or etilfen or euneryl or fenbital or fenemal or fenobarbital or
fenolbarbital or fenosed or fenylettae or gardenal* or gardepanyl or glysoletten or haplopan or haplos or
helional or hennoletten or hypnaletten or hypno tablinetten or hypnogen fragner or hypnolone or hypno-
tablinetten or hypnotal or hypnotalon or hysteps or hysteps or lefebar or leonal or leonal leo or lephebar
or lepinal or lethyl or linasen or liquital or lixophen or lubergal or lubrokal or lumesettes or lumesyn or
luminal or luminale or luminaletas or luminalette or luminaletten or luminalettes or luminalum or
lumofridetten or luphenil or luramin or menobarb or molinal or monosodium salt or neurobarb or
nirvonal or noptil or nova pheno or nunol or parkotal or pharmetten or phen bar or phenaemal or
phenemal or phenethylbarbital sodium or phenobal or phenobarb or phenobarbital or phenobarbitol or
phenobarbiton or phenobarbitone or phenobarbitural or phenobarbyl or phenonyl or phenotal or
phenoturic or phenoyl or phenyl ethyl barbituric acid or phenylbarbital or phenylethyl barbituric acid or
phenylethylbarbituric acid or phenylethylmalonyl urea or phenylethylmalonylurea or phenyletten or
phenyral or polcominal or promptonal or seda tablinen or sedabar or sedicat or sedizorin or sedlyn or
sedofen or sedonal or sedonettes or seneval or sevenal or sombutol mcclung or somnolens or
somnoletten or somnosan or somonal or spasepilin or starifen or starilettae or stental or teolaxin or
theolaxin or triabarb or tridezibarbitur or uni-feno or versomnal or wakobital or zadoletten or
zadonal).ti,ab.

20 phenytoin/ use emczd, emcr or phenytoin/ use ppez or (alepsin or aleviatin or antilepsin or antisacer or
auranile or cansoin or causoin or citrull?Zamon or comital or comitoina or convul or cumatil or danten or
dantinal or dantoin* or denyl or fifenilhidantoin* or di hydan or difenin or difetoin or differenin or dihycon
or difhydan* or dihydan or di-hydan or dilabid or dilantin* or di lan or dintoin or dintoina or diphantoin* or
diphedal or diphedan or di-phen or di phetine or diphenat or diphenin* or diph?ntoin or diphentyn or
diphenyl?hydantoin or diphenylan or diphenyldantoin or diphenylhydantoin* or diphenylhydatanoin* or
diphenytoin or ditoin* or ditomed or ekko or elepsindon or enkelfel or epamin or epanutin or epasmir or
epifenyl or epilantin or epinat or orepdantoin* or epelin or ephihydan or epilan or epilantin or epised or
eptal or eptoin or felantin or fenantoin or fenatoin or fenidantoin or fenitoin* or fentoin or fenylepsin or
fenytoin* or hidan or hindatal or hidanil or hidantal or hidantomin or hydant?in or hydantilo or hidantina
or hydant?l or hydant?inal or h?dantoina* or hydantol or ictalis or idantoil or idantoin or
iphenylhydantoin or kessodanten or labopal or lehydan or lepitoin or lepsin or mesantoin or minetoin or
neosidantoina or novantoina or novophenytoin or omhidantoina or oxylan or phanantin or phanatine or
phenat?ine or phenhydan or phenhydane or phenilep or phent?toin or phenybin or phenydan or
phenydantin or phenytek or phenytex or phen?toin* or pyoredol or ritmenal or saceril or sanepil or
silantin or sinergina or sodantoin or sodant?on or solant?in or solantyl or sylantoic or tacosal or
thilophenyl or toin or vasilcon or zentronal or zentropil).ti,ab.

21 placebo®.ti,ab,sh. or double-blind method/ use ppez or double blind procedure/ use emczd, emcr
22 pregabalin/ use emczd, emcr, ppez or (lyrica or pregabalin).ti,ab.
23 valproic acid/ use emczd, emcr,ppez or (convulsofin or delepsine or depacon* or depaken* or depakin®

or depakote or depalept or deprakine or di n propylacetate or di n propylacetate sodium or di n
propylacetic acid or diplexil or dipropyl acetate or dipropyl acetic acid or dipropylacetate or
dipropylacetate sodium or dipropylacetatic acid or dipropylacetic acid or diprosin or divalproex or epilam
or epilex or epilim chrono or epilim chronosphere or epilim enteric or epilim or episenta or epival cr or
ergenyl or ergenyl chrono or ergenyl chronosphere or ergenyl retard or ergenyl or espa valept or
everiden or goilim or hexaquin or labazene or leptilan or leptilanil or micropakine or mylproin or myproic
acid or n dipropylacetic acid or orfil or orfiril or orlept or petilin or propylisopropylacetic acid or propymal
or semisodium valproate or sodium 2 propylpentanoate or sodium 2 propylvalerate or sodium di n
propyl acetate or sodium di n propylacetate or sodium dipropyl acetate or sodium dipropylacetate or
sodium n dipropylacetate or stavzor or valberg pr or valcote or valepil or valeptol or valerin or valhel pr
or valoin or valpakine or valparin or valporal or valprax or valpro or valproate or valprodura or valproic
acid or valprosid or valprotek or valsup or vupral).ti,ab.

24 topiramate/ use emczd, emcr,ppez or (epitomax or topamax or topiramate or acomicil or ecuram or
epiramat or epitomax or epitoram or erravia or etopro or fagodol or jadix or lusitrax or maritop or oritop
or piraleps or pirantal or pirepil or qudexy or ramas or sincronil or talopam or tiramat or topaben or
topamac or topamax or topepsil or topibrain or topilek or topimark or topimax or topiramat* or
topiramato or topiratore or topit or toramat or torlepta or trokendi).ti,ab.

25 zonisamide/ use emczd, emcr or zonisamide/ use ppez or (excegran or excemid or zonegran or
zonisamid*).ti,ab.
26 or/5-25
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27 clinical trials as topic.sh. or (controlled clinical trial or pragmatic clinical trial or randomized controlled
trial).pt. or (placebo or randomi#ed or randomly).ab. or trial.ti.

28 27 use ppez

29 (controlled clinical trial or pragmatic clinical trial or randomized controlled trial).pt. or drug therapy.fs. or
(groups or placebo or randomi#ed or randomly or trial).ab.

30 29 use ppez

31 crossover procedure/ or double blind procedure/ or randomized controlled trial/ or single blind
procedure/ or (assign* or allocat* or crossover™ or cross over* or ((doubl* or singl*) adj blind*) or
factorial* or placebo* or random* or volunteer®).ti,ab.

32 31 use emczd, emcr

33 or/28,30,32

34 meta-analysis/

35 meta-analysis as topic/ or systematic reviews as topic/

36 "systematic review"/

37 meta-analysis/

38 (meta analy* or metanaly* or metaanaly*).ti,ab.

39 ((systematic or evidence) adj2 (review” or overview®)).ti,ab.

40 ((systematic* or evidence*) adj2 (review* or overview*)).ti,ab.

41 (reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.

42 (search strategy or search criteria or systematic search or study selection or data extraction).ab.

43 (search* adj4 literature).ab.

44 (Medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or psycinfo or cinahl or
science citation index or bids or cancerlit).ab.

45 cochrane.jw.

46 ((pool* or combined) adj2 (data or trials or studies or results)).ab.

47 (or/34-35,38,40-46) use ppez

48 (or/36-39,41-46) use emczd, emcr
49 or/47-48

50 or/33,49

51 4 and 26 and 50

52 limit 51 to english language

53 ((letter.pt. or letter/ or note.pt. or editorial.pt. or case report/ or case study/ or (letter or comment*).ti.)
not (randomized controlled trial/ or random*.ti,ab.)) or ((animal/ not human/) or nonhuman/ or exp
animal experiment/ or exp experimental animal/ or animal model/ or exp rodent/ or (rat or rats or
mouse or mice).ti.)

54 53 use emez

55 ((letter/ or editorial/ or news/ or exp historical article/ or anecdotes as topic/ or comment/ or case report/
or (letter or comment*).ti.) not (randomized controlled trial/ or random®*.ti,ab.)) or ((animals not
humans).sh. or exp animals, laboratory/ or exp animal experimentation/ or exp models, animal/ or exp
rodentia/ or (rat or rats or mouse or mice).ti.)

56 55 use mesz
57 54 or 56
58 52 not 57

Database(s): Cochrane Library

Cochrane Database of Systematic Reviews, Issue 2 of 12, February 2021; Cochrane Central
Register of Controlled Trials, Issue 2 of 12, February 2021

Date of last search 03 February 2021

searches

mesh descriptor: [epilepsy] explode all trees

(epilep* or seizure* or convuls*):ti,ab.

mesh descriptor: [epilepsy, tonic-clonic] this term only

mesh descriptor: [epilepsy, generalized] this term only

(((clonic or “grand mal” or tonic or (tonic near/3 clonic)) near/2 (attack® or contraction* or convuls* or
seizure*)) or gtcs or (generali* next (contraction® or convuls* or insult or seizure*))):ti,ab.

mesh descriptor: [epilepsies, partial] explode all trees

((focal or “focal onset” or local or partial or “simple partial”) adj3 (epileps* or seizure*)):ti,ab,kw
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8 {or #1-#7}

9 ((brivaracetam or brivlera or nubriveo or rikelta)):ti,ab,kw

10 mesh descriptor: [carbamazepine] explode all trees

11 ((amizepine or carbamazepin* or carbazepin or epitol or finlepsin or neurotol or tegretol)):ti,ab,kw

12 mesh descriptor: [clobazam] explode all trees

13 ((chlorepin or chlorepine or clobazam or clobazepam or clorepin or frisium or noiafren or onfi or
urbadan or urbanil or urbanyl)):ti,ab,kw

14 mesh descriptor: [clonazepam] this term only

15 ((aklonil or antelepsin or clonazepam or clonex or clonopam or clonopin or clonotril or coquan or iktorivil

or kenoket or klonazepam or klonopin or kriadex or landsen or lonazep or paxam or povanil or ravotril
or rivatril or rivotril)):ti,ab,kw

16 ((eslicarbazepin* or aptiom or zebinix)):ti,ab,kw
17 mesh descriptor: [ethosuximide] this term only
18 ((emeside or ethosuccimid* or ethosuccinimid* or ethosuximide or ethylmethylsuccimide or

ethylsuximide or ethymal or etosuximida or mesentol or pemal or petimid or petinimid* or petnidan or
pyknolepsin or pyknolepsinum or ronton or simatin or succinutin or sucsilep or suksilep or suxilep or
suximal or suxinutin or zarondan or zarontin)):ti,ab,kw

19 mesh descriptor: [vigabatrin] this term only

20 (("4 vinyl 4 aminobutyric acid" or "4 vinylaminobutyric acid" or "4 vinylgaba" or "gamma vinyl 4
aminobutyric acid" or "gamma vinyl gaba" or "gamma vinyl gamma aminobutyric acid" or "gamma
vinylgaba" or "n vinyl 4 aminobutyric acid" or "n vinyl gaba" or "n vinyl gamma aminobutyric acid" or
vigadrone or sabril or sabrilex or vigabatrin or "gamma vinyl gaba" or "gamma vinyl gamma
aminobutyric acid")):ti,ab,kw (word variations have been searched)

21 mesh descriptor: [diet, carbohydrate-restricted] this term only

22 mesh descriptor: [dietary fats] explode all trees

23 mesh descriptor: [glycemic index] explode all trees

24 mesh descriptor: [diet, ketogenic] this term only

25 mesh descriptor: [triglycerides] explode all trees

26 (((adequate near/3 protein*) or atkin* or keto* or kd or (carbohydrate* near/5 (restrict* or low* or

reduc*)) or ((glycemic or glycaemic) near/5 (index or treat* or modulat*)) or (“high fat*” near/5 (diet* or
plan* or treat*)) or keto or ketogenic or ketogenous or ketotic or “low carb*” or Ichf or “low glyc* index
treatment™” or Igit or (“medium chain” near/ (tryglyceride* or triglyceride*)) or mct*)):ti,ab,kw

27 mesh descriptor: [lacosamide] this term only

28 ((erlosamide or harkoseride or lacosamide or vimpat)):ti,ab,kw

29 mesh descriptor: [lamotrigine] this term only

30 ((crisomet or labileno or lamepil or lamictal or lamictin or lamiktal or lamodex or lamogine or lamotrigin*
or lamotrix or neurium)):ti,ab,kw

31 mesh descriptor: [levetiracetam] this term only

32 ((elepsia or keppra or kopodex or levetiracetam* or matever or spritam)):ti,ab,kw

33 mesh descriptor: [oxcarbazepine] this term only

34 ((apydan or carbamazepine or oxcarbazepin* or oxocarbazepine or oxrate or oxtellar or timox or

trileptal or trileptin)):ti,ab,kw

35 ((fycompa or perampanel)):ti,ab,kw

36 mesh descriptor: [phenobarbital] explode all trees

37 ((adonal or aephenal or agrypnal or alepsal or amylofene or andral or aparoxal or aphenylbarbit or
aphenyletten or atrofen or austrominal or barbapil or barbellen or barbenyl or barbilettae or barbilixir or
barbinal or barbiphen or barbiphenyl or barbivis or barbonal or barbonalett or barbophen or bardorm or
bartol or bialminal or calmetten or calminal or carbronal or cardenal or cemalonal or codibarbital or
coronaletta or cratecil or damoral or dezibarbitur or dormina or dormiral or dromural or ensobarb or
ensodorm or epanal or epidorm or epilol or episedal or epsylone or eskabarb or etilfen or euneryl or
fenbital or fenemal or fenobarbital or fenolbarbital or fenosed or fenylettae or gardenal* or gardepanyl
or glysoletten or haplopan or haplos or helional or hennoletten or hypnaletten or “hypno tablinetten” or
“hypnogen fragner” or hypnolone or hypno-tablinetten or hypnotal or hypnotalon or hysteps or hysteps
or lefebar or leonal or lephebar or lepinal or lethyl or linasen or liquital or lixophen or lubergal or lubrokal
or lumesettes or lumesyn or luminal or luminale or luminaletas or luminalette or luminaletten or
luminalettes or luminalum or lumofridetten or luphenil or luramin or menobarb or molinal or
“monosodium salt” or neurobarb or nirvonal or noptil or “hova pheno” or nunol or parkotal or pharmetten
or “phen bar” or phenaemal or phenemal or “phenethylbarbital sodium” or phenobal or phenobarb or
phenobarbital or phenobarbitol or phenobarbiton or phenobarbitone or phenobarbitural or phenobarbyl
or phenonyl or phenotal or phenoturic or phenoyl or “phenyl ethyl barbituric acid” or phenylbarbital or
“phenylethyl barbituric acid” or “phenylethylbarbituric acid” or “phenylethylmalonyl urea” or
phenylethylmalonylurea or phenyletten or phenyral or polcominal or promptonal or “seda tablinen” or
sedabar or sedicat or sedizorin or sedlyn or sedofen or sedonal or sedonettes or seneval or sevenal or
“sombutol mcclung” or somnolens or somnoletten or somnosan or somonal or spasepilin or starifen or
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starilettae or stental or teolaxin or theolaxin or triabarb or tridezibarbitur or uni-feno or versomnal or
wakobital or zadoletten or zadonal)):ti,ab,kw

38 mesh descriptor: [phenytoin] this term only

39 ((alepsin or aleviatin or antilepsin or antisacer or cansoin or citrullamon or comital or cumatil or danten
or dantoin or denyl or “di hydan” or difenin or difetoin or differenin or difhydan or dihydan or dilantin or
dilantin or dintoin or dintoina or diphantoin* or diphedal or diphedan or “di-phen” or diphenin* or
diphentoin or “diphenyl hydantoin” or diphenylan or diphenyldantoin or diphenylhydantoin* or
diphenytoin or ditoin or ditomed or ekko or epamin or epanutin or epelin or epilan or epilantin or eptal or
eptoin or felantin or fenantoin or fenatoin or fenidantoin or fenitoin or fenytoin* or hidanil or hidantal or
hydantin or hydantinal or hydantoinal or hydantol or idantoin or lehydan or lepitoin or minetoin or
neosidantoina or phenhydan or phenhydane or phenilep or phentytoin or phenybin or phenydan or
phenydantin or phenytek or phenytex or phenytoin* or pyoredol or sanepil or sodantoin or sodanton or
solantoin or solantyl or tacosal or vasilcon or zentropil)):ti,ab,kw

40 mesh descriptor: [placebox] this term only

41 mesh descriptor: [double-blind method] this term only

42 placebo®.:ti,ab,kw.

43 mesh descriptor: [pregabalin] this term only

44 ((lyrica or pregabalin)):ti,ab,kw

45 mesh descriptor: [valproic acid] this term only

46 ((convulsofin or delepsine or depacon* or depaken* or depakin® or depakote or depalept or deprakine

or “di n propylacetate” or “di n propylacetate sodium” or “di n propylacetic acid” or diplexil or “dipropyl
acetate” or “dipropyl acetic acid” or dipropylacetate or “dipropylacetate sodium” or “dipropylacetatic
acid” or “dipropylacetic acid” or diprosin or divalproex or epilam or epilex or “epilim chrono” or “epilim
chromosphere” or “epilim enteric” or epilim or episenta or “epival cr” or ergenyl or “espa valept” or
everiden or goilim or hexaquin or labazene or leptilan or leptilanil or micropakine or mylproin or
“myproic acid” or “n dipropylacetic acid” or orfil or orfiril or orlept or petilin or “propylisopropylacetic acid”
or propymal or “semisodium valproate” or “sodium 2 propylpentanoate” or “sodium 2 propylvalerate” or
“sodium di n propyl acetate” or “sodium di n propylacetate” or “sodium dipropyl acetate” or “sodium
dipropylacetate” or “sodium n dipropylacetate” or stavzor or “valberg pr” or valcote or valepil or valeptol
or valerin or “valhel pr” or valoin or valpakine or valparin or valporal or valprax or valpro or valproate or
valprodura or “valproic acid” or valprosid or valprotek or valsup or vupral)):ti,ab,kw

47 mesh descriptor: [topiramate] this term only

48 ((epitomax or topamax or topiramate or acomicil or ecuram or epiramat or epitomax or epitoram or
erravia or etopro or fagodol or jadix or lusitrax or maritop or oritop or piraleps or pirantal or pirepil or
qudexy or ramas or sincronil or talopam or tiramat or topaben or topamac or topamax or topepsil or
topibrain or topilek or topimark or topimax or topiramat* or topiramato or topiratore or topit or toramat or
torlepta or trokendi)):ti,ab,kw

49 mesh descriptor: [zonisamide] this term only

50 ((excegran or excemid or zonegran or zonisamid*)):ti,ab,kw

51 {or #9-#50}

52 #8 and #51

Database(s): DARE; HTA database - CRD
Date of last search: 03 February 2021

searches

mesh descriptor epilepsy explode all trees

mesh descriptor epilepsy, tonic-clonic this term only

mesh descriptor epilepsy, generalized this term only

mesh descriptor epilepsies, partial explode all trees

(epilep* or seizure* or convuls®):ti,ab.

(((clonic or “grand mal” or tonic or (tonic near3 clonic)) near2 (attack® or contraction* or convuls* or
seizure™®)) or gtcs or (generali* next (contraction® or convuls* or insult or seizure*)))

((focal or “focal onset” or local or partial or “simple partial’) near2 (epileps* or seizure*))

#1 or #2 or #3 or #4 or #5 or #6 or #7

OO WN -~
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Economic

Database(s): MEDLINE & Embase (Multifile) - OVID

Embase ClassictEmbase 1947 to 2021 March 31; Ovid MEDLINE(R) and Epub Ahead of
Print, In-Process & Other Non-Indexed Citations and Daily 1946 to March 31, 2021

Date of last search: 31 March 2021
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Muiltifile database codes: emczd=Embase Classic+tEmbase; ppez= MEDLINE(R) and Epub Ahead of
Print, In-Process & Other Non-Indexed Citations and Daily

searches

exp epilepsy/ or exp seizure/ or "seizure, epilepsy and convulsion"/

1 use emczd

exp epilepsy/ or seizures/ or seizures, febrile/ or exp status epilepticus/

3 use ppez

(epilep* or seizure* or convuls*).ti,ab. or (continous spike wave of slow sleep or infant* spasm®*).ti,ab.

o b WDN - %

(seizure and absence).sh. use emczd, emcr or seizures/ use ppez or ((absence adj2 (convulsion* or
seizure™®)) or ((typical or atypical) adj absenc*) or petit mal* or pyknolepsy or typical absence*).ti,ab.

7 (atonic seizure or tonic seizure).sh. use emczd, emcr or exp seizures/ use ppez or ((drop or akinetic or
atonic or tonic) adj2 (attack* or epileps* or seizure* or convulsion®)).ti,ab. or brief seizure.ti,ab. or (tonic
adj3 atonic adj3 (attack™ or epileps™ or seizure™* or convulsion®)).ti,ab.

8 exp benign childhood epilepsy/ use emczd, emcr or epilepsy, rolandic/ use ppez or (bcects or bects or
brec or benign epilepsy or (benign adj2 (childhood or neonatal or pediatric or paediatric) adj2 epileps*)
or (benign adj2 (childhood or neonatal or pediatric or paediatric) adj2 (convulsion* or epileps* or
seizure* or spasm®)) or (benign adj3 (convulsion* or epileps*) adj2 centrotemporal adj2 spike*) or cects
or ((centralopathic or centrotemporal or temporal-central focal) adj (convulsion* or epileps* or seizure*))
or ((osylvian or postrolandic or roland*) adj2 (convulsion* or epileps* or seizure* or spasm®))).ti,ab.

9 exp generalized epilepsy/ use emczd, emcr or exp epilepsy, generalized/ use ppez

10 (((akinetic or atonic or central or diffuse or general or generali?ed or idiopathic or tonic) adj3 (epilep* or
seizure*)) or ((childhood absence or juvenile absence or myoclonic or myoclonia or myoclonic astatic or
myoclonus or gtcs) adj2 epilep*) or (epilepsy adj2 eyelid myoclonia) or (ige adj2 phantom absenc*) or
impulsive petit mal or (janz adj3 (epilep* or petit mal)) or jeavons syndrome* or ((janz or lafora or lafora
body or lundborg or unverricht) adj2 (disease or syndrome)) or ((jme or jmes) and epilep*) or perioral
myoclon*).ti,ab.

11 infantile spasm/ use emczd, emcr or spasms, infantile/ use ppez or (((early or infantile) adj2 myoclonic
adj2 encephalopath*) or ((early or infantile) adj2 epileptic adj2 encephalopath*) or epileptic spasm* or
((flexor or infantile or neonatal) adj2 (seizure* or spasm*)) or generali?ed flexion epileps* or
hypsarrhythmia* or ((jacknife or jack nife or lightening or nodding or salaam) adj (attack* or convulsion*
or seizure* or spasm®)) or massive myoclonia or minor motor epilepsy or propulsive petit mal or spasm
in*1 flexion or spasmus nutans or west syndrome®).ti,ab.

12 landau kleffner syndrome/ use emczd, emcr, ppez or (dravet or lennox gastaut or Igs or (landau adj2
kleffner) or smei).ti,ab.
13 lennox gastaut syndrome/ use emczd, emcr or lennox gastaut syndrome/ use ppez or generalized

epilepsy/ use emczd, emcr or epileptic syndromes/ use ppez
14 (child* epileptic encephalopath* or gastaut or lennox or Igs).ti,ab.

15 myoclonus seizure/ use emczd, emcr or seizures/ use ppez or ((myoclon* adj2 (absence* or epileps* or
seizure* or jerk* or progressive familial epilep* or spasm* or convulsion*)) or ((lafora or unverricht) adj2
disease) or muscle jerk).ti,ab.

16 myoclonic astatic epilepsy/ use emczd, emcr or exp epilepsies, myoclonic/ use ppez or ((myoclonic adj2
(astatic or atonic)) or (myoclonic adj3 (seizure* or spasm®)) or doose* syndrome or mae or generali?ed
idiopathic epilepsy).ti,ab. or ((absence or astatic or atonic or tonic or tonic clonic) adj2 (seizure* or
spasm*)).ti,ab.

17 exp epilepsies, partial/ use ppez or exp focal epilepsy/ use emczd, emcr or ((focal or focal onset or local
or partial or simple partial) adj3 (epileps™ or seizure®)).ti,ab.

18 severe myoclonic epilepsy in infancy/ use emczd, emcr or exp epilepsies, myoclonic/ use ppez

19 (dravet*1 or (intractable childhood epilepsy adj2 (generalised tonic clonic or gtc)) or icegtc* or (severe
adj2 (myoclonic or polymorphic) adj2 epilepsy adj2 infancy) or smeb or smei).ti,ab.

20 epilepsy, tonic-clonic/ use ppez or epilepsy, generalized/ use ppez or generalized epilepsy/ use emczd,
emcr or grand mal epilepsy/ use emczd, emcr or (((clonic or grand mal or tonic or (tonic adj3 clonic))
adj2 (attack™* or contraction* or convuls* or seizure*)) or gtcs or (generali* adj (contraction* or convuls*
or insult or seizure*))).ti,ab.

21 or/2,4-20

22 exp budgets/ or exp "costs and cost analysis"/ or exp economics, hospital/ or exp economics, medical/
or economics, nursing/ or economics, pharmaceutical/ or economics/ or exp "fees and charges"/ or
value of life/

23 22 use ppez

24 budget/ or exp economic evaluation/ or exp fee/ or funding/ or health economics/ or exp health care
cost/

25 24 use emczd
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# searches

26 budget*.ti,ab.

27 cost™ ti.

28 economic* or pharmaco economic* or pharmacoeconomic*).ti.

(
29 (price* or pricing*).ti,ab.

30 (cost* adj2 (effective™ or utilit* or benefit* or minimi* or unit* or estimat™* or variable*)).ab.
31 (financ* or fee or fees).ti,ab.

32 (value adj2 (money or monetary)).ti,ab.

33 or/23,25-32

34 21 and 33

25 limit 34 to engish language

Database(s): NHS Economic Evaluation Database (NHS EED), HTA database — CRD

Date of last search: 31 March 2021

searches

mesh descriptor epilepsy explode all trees

mesh descriptor seizures this term only

mesh descriptor seizures, febrile this term only

mesh descriptor status epilepticus explode all trees

(epilep* or seizure* or convuls*) or (“continous spike wave of slow sleep” or “infant* spasm*”)

((absence near2 (convulsion* or seizure*)) or ((typical or atypical) next absenc*) or “petit mal*” or

pyknolepsy or “typical absence*”)

mesh descriptor seizures explode all trees

((drop or akinetic or atonic or tonic) near2 (attack* or epileps* or seizure* or convulsion*)) or “brief

seizure” or (tonic near3 atonic near3 (attack* or epileps* or seizure* or convulsion*))

9 mesh descriptor epilepsy, rolandic this term only

10  (bcects or bects or brec or “benign epilepsy” or (benign near2 (childhood or neonatal or pediatric or
paediatric) near2 epileps*) or (benign near2 (childhood or neonatal or pediatric or paediatric) near2
(convulsion* or epileps* or seizure* or spasm*)) or (benign near3 (convulsion* or epileps*) near2
centrotemporal near2 spike*) or cects or ((centralopathic or centrotemporal or “temporal-central focal”)
near (convulsion* or epileps* or seizure*)) or ((osylvian or postrolandic or roland*) near2 (convulsion* or
epileps* or seizure* or spasm®)))

11 mesh descriptor epilepsy, generalized this term only

12  (((akinetic or atonic or central or diffuse or general or generali?ed or idiopathic or tonic) near3 (epilep* or
seizure*)) or ((“childhood absence” or “juvenile absence” or myoclonic or myoclonia or “myoclonic astatic”
or myoclonus or gtcs) near2 epilep*) or (epilepsy near2 “eyelid myoclonia”) or (ige near2 phantom
absenc?®) or “impulsive petit mal” or (janz near3 (epilep* or “petit mal”)) or “jeavons syndrome*” or ((janz
or lafora or “lafora body” or lundborg or unverricht) near2 (disease or syndrome)) or ((jme or jmes) and
epilep*) or “perioral myoclon™”)

13  mesh descriptor spasms, infantile this term only

14 (((early or infantile) near2 myoclonic near2 encephalopath*) or ((early or infantile) near2 epileptic near2
encephalopath*) or “epileptic spasm*” or ((flexor or infantile or neonatal) near2 (seizure* or spasm*)) or
“generali?ed flexion epileps*” or hypsarrhythmia* or ((jacknife or “jack nife” or lightening or nodding or
salaam) next (attack® or convulsion* or seizure* or spasm*)) or “massive myoclonia” or “minor motor
epilepsy” or “propulsive petit mal“or “spasm in* flexion” or “spasmus nutans” or “west syndrome*”)

15 mesh descriptor landau kleffner syndrome this term only

16 (dravet or “lennox gastaut” or Igs or (landau near2 kleffner) or smei)

17  mesh descriptor lennox gastaut syndrome this term only

18 mesh descriptor epileptic syndromes this term only

19  (“child* epileptic encephalopath*’ or gastaut or lennox or Igs)

20 ((myoclon* near2 (absence* or epileps* or seizure* or jerk* or “progressive familial epilep
convulsion®)) or ((lafora or unverricht) near2 disease) or “muscle jerk”)

21 mesh descriptor epilepsies, myoclonic explode all trees

22  ((myoclonic near2 (astatic or atonic)) or (myoclonic near3 (seizure* or spasm*)) or “doose* syndrome” or
mae or “generali?ed idiopathic epilepsy”) or ((absence or astatic or atonic or tonic or “tonic clonic”) near2
(seizure™ or spasm®))

23 mesh descriptor epilepsies, partial explode all trees

24  ((focal or “focal onset” or local or partial or “simple partial”) near3 (epileps* or seizure*))

25 mesh descriptor epilepsies, myoclonic this term only

26 (dravet*1 or (“intractable childhood epilepsy” near2 (“generalised tonic clonic” or gtc)) or icegtc* or
(severe near2 (myoclonic or polymorphic) near2 epilepsy near2 infancy) or smeb or smei)

27 mesh descriptor epilepsy, tonic-clonic this term only

28 mesh descriptor epilepsy, generalized this term only

29  (((clonic or “grand mal” or tonic or (tonic near3 clonic)) near2 (attack™ or contraction* or convuls* or
seizure®)) or gtcs or (generali* next (contraction* or convuls™ or insult or seizure*)))
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# searches
30 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17
or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29
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Appendix C — Clinical evidence study selection
Study selection for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

Titles and abstracts
identified, N= 18,066

( Y4 )

Full copies retrieved
and assessed for
eligibility, N= 448

Excluded, N= 17,618

(not relevant population, design, intervention,
comparison, outcomes, language)

. VAN J

4 )

RCTs included in review

N= 109 from 106 publications®
. Generalised tonic-clonic

NMA: n=8
° Focal onset NMA 50% Publications excluded from
reduction seizure frequency: review, N=342

n=99 (73 eligible for placebo
response MA)

Focal onset NMA seizure
freedom: n=72 (41 eligible for

\ placebo response MA) / \ /

MA: meta-analysis; NMA: network Meta-analysis; RCT: randomised controlled trial
tstudy (Kwan 2014) reported outcomes in a disaggregated form for both focal and generalised tonic-clonic
seizures
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Appendix D — Clinical evidence tables
Evidence tables for review questions:
What (add-on) antiseizure therapies are effective in the treatment of generalised tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset seizures?

Table 3: Clinical evidence table for the focal seizures network meta-analyses

Study Intervention Control Number trial participant 50% reduction in Seizure Freedom
seizure frequency
Intervention Control Intervention Control Intervention Control
Klein 2015 Brivaracetam Placebo 505 263 192 56 23
Biton 2014 Brivaracetam Placebo 301 99 77 16 6
Kwan 2014 Brivaracetam Placebo 323 108 98 18 5
Ryvlin 2014 Brivaracetam Placebo 298 100 90 20 6
Van Paesschen 2013 Brivaracetam Placebo 105 52 35 9 8
French 2010 Brivaracetam Placebo 154 54 68 9 12
Halford 2011 Carisbamate Placebo 362 185 116 48 19
Sperling (Study1) 2010 Carisbamate Placebo 379 186 86 39 NR
Sperling (Study2) 2010 Carisbamate Placebo 373 188 110 33 NR
Chung 2020 Cenobamate Placebo 113 108 63 23 32
Krauss 2020 Cenobamate Placebo 329 102 157 26 35
Kirkham 2020 Eslicarbazepine Acetate  Placebo 134 129 41 40 NR
Jozwiak 2018 Eslicarbazepine Acetate Placebo 83 40 42 10 18
44
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Sperling 2015
Ben-Menachem 2010
Elger 2009

Gil-Nagel 2009
French 2016
Yamauchi 2006
Appleton 1999
Anhut 1994

Sivenius 1991

UK Gabapentin Study
Group 1990

Sperling 2017
Farkas 2019

Hong 2016

Chung 2010

Halasz 2009
Ben-Menachem 2007
Baulac 2010

Labiner 2009
Naritoku 2007
Blum 2006
Matsuo 1993
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Eslicarbazepine Acetate
Eslicarbazepine Acetate
Eslicarbazepine Acetate
Eslicarbazepine Acetate
Gabapentin
Gabapentin
Gabapentin
Gabapentin
Gabapentin

Gabapentin

Ganaxolone
Lacosamide
Lacosamide
Lacosamide
Lacosamide
Lacosamide

Lamotrigine

Lamotrigine
Lamotrigine
Lamotrigine

Lamotrigine

Placebo
Placebo
Placebo
Placebo
Pregabalin
Placebo
Placebo
Placebo
Placebo

Placebo

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Pregabalin
Placebo
Levetiracetam
Placebo
Topiramate

Placebo
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427
295
300
165
242
127
119
163

27

61

98
171
363
301
322
321
141

132
121

96
143

224
100
102
87
242
82
128
109
18
66

49
172
184
104
163

97
152
141
136
122

96

73

153
92
98
58

140
20
24
36

14

26

90
158
117
120
120

34

NR
61
NR
33

51
13
20
19
134

21
10

56
36
19
41
21
54
30

NR
31

NR
12

45

13
14

NR

NR

NR
NR
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Lee 2019

Inoue 2015
Zaccara 2014
Levisohn 2009
Peltola 2009
Pina-Garza 2009
Wu 2009

Xiao 2009

Zhou 2008
Glauser 2006
Tsai 2006
Ben-Menachem 2000
Betts 2000
Cereghino 2000
Shorvon 2000
Rentmeester 1991
Bauer 2001
Fujiwara 2019
French 2014
Barcs 2000
Glauser 2000
Nishida 2018
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Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Levetiracetam
Loreclezole
Losigamone
Oxcarbazepine
Oxcarbazepine
Oxcarbazepine
Oxcarbazepine

Perampanel

Topiramate
Placebo
Pregabalin
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Placebo
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177
281
255
64
79
60
103
28
14
101
47
181
80
199
212
32
99
48
245
521
138
531

166
70
254
34
79
56
103
28
14
97
47
105
39
95
112
30
104
51
121
173
129
176

120
59
139
40
34
25
57
13

45
20
76
21
70
53

22
11
94
205
57
181

112

130
14
23
10
26
11

19

18

10
11

15

34
22
28
34

46

NR
NR
NR
20
61

20

NR
NR
NR
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French 2013
French 2012
Krauss 2012

Krauss (study 206) 2012
Krauss (study 208) 2012

Antinew 2019
French 2014
Lee 2009

Beydoun 2005

Elger 2005
Arroyo 2004
French 2003
Sun 2009

Lim 2016
French 2011
Brodie 2010
Porter 2007
Biton 2011
Elger 2010
Brodie 2009

Palhagen 2001
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Perampanel
Perampanel
Perampanel
Perampanel
Perampanel
Pregabalin
Pregabalin
Pregabalin
Pregabalin
Pregabalin
Pregabalin
Pregabalin

Primidone

Retigabine
Retigabine
Retigabine
Retigabine
Rufinamide
Rufinamide
Rufinamide

Rufinamide

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Sodium
Valproate

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Placebo

250
266
521
102

38
201
215
119
215
268
191
355

68

50
153
359
301
176
514
156

25

136
121
184
51
10
94
110
59
98
73
97
100
68

25
152
179

96
181
133
157

25

84
98
145
31
15
69
88
55
98
101
54
121
23

14
68
131
88
52
60
44

14
35

27
31
15
25
12
29

47

19
NR
NR
NR
NR

17

NR

NR
11

12

NR
NR

NR

NR
NR
NR
NR

NR
NR
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Elger 2017

Willmore 1996
Fritz 2005
CramerA 2001
CramerB 2001
Kalviainen 1998
Uthman 1998
Sachdeo 1997
Chung 2014
Zhang 2011
Kerr 2005
Guberman 2002
Elterman 1999
Lee 1999
Faught 1996
Privitera 1996
Sharief 1996
Bruni 2000
Dean 1999
Grunewald 1994
Lu 2011

Brodie 2005
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Selurampanel
(BGG492)

Sodium Valproate
Tiagabine
Tiagabine
Tiagabine
Tiagabine
Tiagabine
Tiagabine
Topiramate
Topiramate
Topiramate
Topiramate
Topiramate
Topiramate
Topiramate
Topiramate
Topiramate
Vigabatrin
Vigabatrin
Vigabatrin
Zonisamide

Zonisamide

Placebo

Placebo
Topiramate
Phenytoin
Carbamazepine
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Placebo
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68

74
21
105
67
77
206
211
124
46
37
171
41
91
136
143
23
58
129
22
53
231

25

63
20
101
76
77
91
107
125
40
35
92
45
86
45
47
24
53
45
23
51
120

19

28

23
14
11
38
54
47
22
11
75
16
45
54
58

28
55

29
88

12

28
33

NR
NR
NR
NR
NR

NR
NR

NR
NR

NR
NR
NR
NR
NR

NR
NR

NR
NR
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Sackellares 2004 Zonisamide Placebo 78 74 21 12 NR

Faught 2001 Zonisamide Placebo 118 85 41 16 6
NR: not reported

Table 4: Clinical evidence tables for the generalised tonic-clonic seizure network meta-analyses

Study Intervention Control Number trial 50% reduction in Seizure Freedom
participant seizure frequency

Interventio Control Interventio Control Interventio Control

n n n
Kwan(2014) Brivaracetam Placebo 36 13 16 2 2
Vossler(2020) Lacosamide Placebo 121 121 82 63 43 26
Biton(2010) Lamotrigine Placebo 76 77 57 32 15
Biton(2005) Lamotrigine Placebo 58 59 37 23 12
Wu(2018) Levetiracetam Placebo 126 125 9N 31 32
Berkovic(2007) Levetiracetam Placebo 80 84 54 37 13
French(2015) Perampanel Placebo 81 81 52 32 26
Biton(1999) Topiramate Placebo 41 39 18 7 2

For a full discussion of the clinical evidence see appendix M.
49
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Appendix E — Forest plots

Forest plots for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised tonic-clonic

seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset seizures?

The below forest plots are for the network meta-analysis which was considered by the committee to provide
the best fit for the identified evidence. Full forest plots are available in appendix M.

Figure 1: Forest plot of effect estimates and 95% credible intervals for 50% reduction in seizure
frequency compared to placebo in focal seizures in the adjusted NMA

Loreclezole
Carbamazepine
Cenobamate
Vigabatrin
Topiramate
Levetiracetam
Lacosamide
Oxcarbazepine
Phenytoin
Ezogabine/retigabine
Zonisamide
Sodium valproate
Pregabalin
Lamotrigine
Eslicarbazepine Acetate
Brivaracetam
Ganaxolone
Perampanel
Tiagabine
Gabapentin
Selurampanel (BGG492)
Rufinamide
Carisbamate
Losigamone
Primidone

"”[""““1”1“”\\‘

Effect (95% Cl)

8.36 (0.57, 1001.00)
419 (1.62, 11.34)
3.77 (2.43, 6.00)
2.92 (1.58, 5.45)
2.27 (1.73,3.01)
2.23 (1.80,2.77)
2.07 (1.61,2.68)
2.03 (1.45,2.83)
1.97 (0.78, 4.83)
1.91(1.33, 2.75)
1.89 (1.29, 2.75)
1.86 (0.82, 4.65)
1.72(1.39, 2.14)
1.58 (1.09, 2.28)
155 (1.20, 2.02)
1.54 (1.16, 2.03)
1.47 (0.52, 4.28)
1.46 (1.11, 1.94)
1.42(0.81, 2.49)
1.40 (0.96, 1.96)
1.31(0.41, 5.26)
1.16 (0.77, 1.71)
1.12(0.83, 1.53)
0.98 (0.44, 2.19)
0.89 (0.30, 2.91)
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Figure 2: Forest plot of effect estimates and 95% credible intervals for 50% reduction in seizure
frequency compared to placebo in GTC seizures fixed effects NMA

Effect (95% Cl)

Brivaracetam ——> 5.10(1.08, 41.10)
Levetiracetam —_— 5.08 (3.36, 7.77)
Topiramate ———> 3.71(1.36, 11.15)
Lamotrigine —— 3.53(2.14,5.91)
Perampanel —_—— 2.93 (1.55, 5.62)
Lacosamide —— 1.94 (1.15, 3.31)
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Appendix F — GRADE tables

GRADE tables for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

No assessments using GRADE were done for outcomes included in this review. For
discussion of the strength of outcomes from the network meta-analyses please see
appendix M.
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Appendix G — Economic evidence study selection
Economic evidence study selection for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

No economic evidence was identified which was applicable to this review question.
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Appendix H — Economic evidence tables

No evidence was identified which was applicable to this review question.
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Appendix | - Economic evidence profiles

No economic evidence was identified which was applicable to this review question.
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Appendix J — Economic analysis
Economic evidence analysis for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

One economic model was created to answer the review questions for both monotherapy and
add-on therapy. See supplementary material 4.
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Appendix K — Excluded studies
Excluded studies for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

Absence seizures: ethosuximide versus valproic  No outcomes of interest
acid versus lamotrigine, Archives of Disease in
Childhood, 95, 5994011, 2010

Adjunctive eslicarbazepine acetate: a pooled Systematic review/meta-analysis of randomised

analysis of three phase Il trials, Epilepsy & controlled trials (RCTs), no relevant data could

Behavior, 72, 2017 be extracted for inclusion. References checked
for inclusion

Comparative Clinical Trial of Gabapentin and Article in Korean

Sodium Valproate as Add-on Therapy in
Refractory Partial Epilepsies: open Randomized
Multicenter Trial, Journal of korean epilepsy
society, 4, 194111126, 2000

Tolerability of adjunctive eslicarbazepine acetate Systematic review/meta-analysis of randomised

according to concomitant lamotrigine or controlled trials (RCTs), no relevant data could
carbamazepine use: a subgroup analysis of be extracted for inclusion. References checked
three phase lll trials in adults with focal (partial-  for inclusion

onset) seizures, Epilepsy Research, 147, 2018

Abou-Khalil, B., Rogin, J. B., Biraben, A., Conference abstract

Andrea Galimberti, C., Kowacs, P., Hong, S. B.,
Blum, D., Nunes, T., Da Silva, P. S., Grinnell, T.,
et al.,, Eslicarbazepine acetate as adjunctive
therapy in patients with refractory partialonset
seizures: safety results of a 12-week
randomized placebo-controlled study <after the
author list please add: >, on behalf of the 304
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2014
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2020
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Appendix L — Research recommendations
Research recommendations for review questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

No research recommendations were made for this review question.
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Appendix M — Network Meta-analysis full methods, results
and discussion

Network Meta-analysis full methods, results and discussion for review review
questions:

What (add-on) antiseizure therapies are effective in the treatment of generalised
tonic-clonic seizures?

What (add-on) antiseizure therapies are effective in the treatment of focal onset
seizures?

Objective

To estimate the relative effectiveness and summarise adverse events for ASMs for treating
or managing focal seizures and generalised tonic-clonic seizures.

Methods

Study selection

Literature search

The literature search strategies for these review questions are presented in appendix B. The
following databases were searched for randomised controlled trial (RCT) evidence on
antiseizure therapies for focal seizures and generalised tonic-clonic (GTC) seizures.

e Cochrane Central Register of Controlled Trials (CENTRAL)
e Cochrane Database of Systematic Reviews (CDSR)

e Embase

e MEDLINE

References from any identified systematic reviews were explored to identify any references
not picked-up by the literature search.

Evidence was searched for up until the 3rd February 2021. No lower date limit was selected.
Only studies reported in the English language were eligible for inclusion in the review. The
literature search strategy was deliberately composed so as not to limit the results by type of
ASM so any published RCT of ASM would be identified and be eligible for inclusion in the
review.

Population

Network meta-analyses (NMAs) were conducted for 2 different populations: people with focal
seizures and people with GTC seizures. RCTs, which involved children, young people or
adults (or combinations of), were eligible for inclusion in the review and NMAs. Only new
born babies (under 28 days old) with acute symptomatic seizures were excluded from the
review based on age. RCTs of people with focal seizures and GTC seizures with or without
other generalised seizure types (absence, myoclonus, and etcetera) were eligible for
inclusion in the review and NMA. Add-on therapy was defined for this review as antiseizure
therapy prescribed to people that have failed to respond to one or more ASM or had
refractory epilepsy.
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Interventions

The protocols for the NMAs did not explicitly include or exclude any specific type of ASM. All
ASMs (and combinations of) aimed at treating or managing epileptic seizure in the above
population were eligible for inclusion. Non-pharmacological interventions (or combinations of
pharmacological and non-pharmacological) were eligible for the review and NMAs if they
provided indirect evidence (that is, as a common comparator to two antiseizure medications)
for the network. Such interventions were included in the NMA but did not form part of the
decision problem when making recommendations. This includes placebo, which is the
predominant comparator intervention in RCTs of add-on ASMs.

Trial arms with differing dosage of the same drug will be pooled together in the analysis as
dose comparisons are outside of the scope of this review and guideline. The committee also
highlighted that dosage was often fluid with dosage up or down titrated based on the impact
on seizure frequency and the associated adverse events.

Outcome measures

Two primary outcomes of interest were identified for the review, which were considered likely
to form a connected network and be reported sufficiently, similarly across different trials so
as not to break the assumption of homogeneity across pooled interventions. RCTs were
included in the NMA if they reported either or both outcome measures. These two outcome
measures were:

o >50% reduction in seizure frequency during treatment or maintenance period
o Seizure freedom during treatment or maintenance period

Two other outcomes of interest were identified, but it was considered that these would be
reported too heterogeneously to make pooling or direct comparison between interventions
useless and would not be reported in a sufficient number of studies to form a network. These
outcome measures were:

o Health-related quality of life
e Adverse events

These outcomes were only collected for studies which reported one of primary outcomes
above. Given the issues identified above, especially heterogeneity about how such
outcomes are collected and reported, these two outcomes were presented in a non-
comparative summary.

Data, where reported, was collected and presented for adverse events for the following

ways:

e The percentage of trial participants who reported adverse events or serious adverse
events as defined by the trial

e The percentage of trial participants who ceased treatment as a result of adverse events

e The number of deaths reported regardless of cause

Other exclusion criteria

RCTs with a cross-over design, where all trial participants received all treatments of interest
consecutively were excluded from the NMAs. Cross-over designs are associated with a
higher proportion of drop-outs, unblinding whilst patients crossed into other treatment and
the potential for carry-over effects. Such designs are no longer recommended for clinical
trials in epilepsy (Nevitt 2017).

Studies with a mixed population (that is, including people with epilepsy and others with a
condition different to epilepsy) were excluded from the review unless subgroup analysis for
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those with epilepsy was reported or was able to be calculated from the published evidence.
For mixed populations of people with focal onset and GTC seizures, where the individual
seizure types were not reported separately, the study was included in the focal onset NMAs
but not the GTC NMA. It was considered by the committee that the majority of participants in
such studies would have focal onset seizures given this is the most prevalent seizure type.

Data Extraction

10% of the literature identified for this topic was dual weeded by 2 independent reviewers for
potentially relevant studies. Any discrepancies were resolved by discussion between the 2
reviewers and where necessary with a third reviewer. Following discussion, the final 90% of
literature was weeded by a sole reviewer. The full text of potentially relevant studies were
retrieved and assessed for inclusion in the NMA based on the criteria listed above. All
outcome measures plus other potentially relevant information was dual extracted by the 2
reviewers who performed the weeding. Data was extracted into an Excel spreadsheet
following the Data extraction for complex meta-analysis (DECIMAL) guidance (Pedder
2016). Any discrepancies between reviewers in extraction were resolved through discussion
with referral to a third reviewer where necessary.

Placebo response rate was also calculated from the extracted data for both primary
outcomes where possible so placebo response rate could be adjusted for in the analyses if
appropriate. Data for the 2 primary outcomes was collected in count form both for trial
participants and for a positive outcome. The denominator in the NMA was the total number
of people randomised to the treatment. Missing data was treated as a negative result (that is,
a reduction in seizure frequency of 50% or seizure freedom had not been achieved). This
was considered the most conservative assumption. It was also considered that people who
did not make it to the final follow-up were more likely to have had a negative experience with
the medication either through adverse events or lack of effectiveness in controlling seizures.
Where the studies did not report the total number randomised other figures were used for
example ‘per protocol’. Where multiple other total numbers were reported by a study the
largest value was used for the analyses. All data was analysed under intention-to-treat
principles.

‘Median seizure frequency at baseline over 28-days’ was also extracted for all studies so
baseline placebo response rate could be adjusted for in the analyses. Where baseline
seizure frequency was reported ‘over one month’ this was assumed to be 28 days unless the
published paper stated otherwise. Where baseline response rate was reported over shorter
or longer periods these were adjusted to a 28-day period assuming perfect correlation (that
is,frequency over a 7-day period would be multiplied by 4).

Risk of bias

The risk of bias for individual studies was assessed using version 2 of the Cochrane risk-of-
bias tool for randomized trials (RoB 2) (Higgins 2019). RoB 2 assesses the risk of bias of
individual studies based on 5 domains covering the randomisation process, deviation from
intended interventions, missing outcomes, measurement of data and reported results to give
an overall risk of bias of either ‘high risk of bias’, ‘some concerns’ or ‘low risk of bias’.
Assessment of the risk of bias was only performed for the 2 primary outcomes for which
NMAs were performed. Given that both seizure frequency and seizure freedom would be
calculated from the same collected trial data a combined assessment was undertaken for
both as it was considered very unlikely that there would be any difference in risk of bias
between the two.

Adjusting for placebo response rate

It has been hypothesised that the placebo response rate has changed overtime, so called
‘placebo drift’, which could potentially bias results for or against newer drugs (Guekht 2010).
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The baseline response for placebo has most likely changed both through an improvement in
the management of epilepsy unrelated to inclusion in the trial and through tougher selection
criteria for inclusion in clinical trials.

The aim of this was to estimate any correlation between placebo response rate (measured
as a positive outcome on either of the primary outcomes) and response for ASM and identify
any statistically significant correlation indicating ‘placebo drift’. It also investigated whether
the response rate for placebo had, and in which direction, changed overtime by looking for a
correlation between study publication date (used as a proxy for trial start date) and placebo
response rate. Correlation was estimated by first calculating a pooled response rate in the
control arm for all placebo controlled trials identified. A Spearman rank correlation coefficient
was then calculated to identify and assess any correlation between placebo response rate
and relative effectiveness of interventions using odds ratios. The Spearman rank correlation
was then calculated to identify the direction of any placebo drift overtime. Similar
investigation was also undertaken using metaregression with placebo response rate and
year of publication used as covariates to see if they would be significant coefficients (p-value
less than 0.05) in estimating relative effectiveness. For the above analyses active ASMs
were all pooled together into one comparator of active treatment. This analysis was
performed in Stata 13 statistical software (Statacorp 2013). Metaregression was undertaken
using the Stata command Metan (Harris 2008).

The above analyses were also undertaken for baseline seizure frequency over 28 days at
baseline as this was also hypothesised to be correlated with the relative effectiveness
outcomes. To allow for consistency between the 2 analyses, studies were not included in
either if they did not report a median baseline seizure frequency either because they only
reported a mean or this was not reported in any form at baseline.

To further investigate and control for any potential ‘placebo drift’, placebo response was
controlled for in further network meta-analyses for the 2 primary outcomes to see if these
provided a better model fit for data. Whilst adjusting for any potential differences in placebo
response, it may also adjust for multiple known and unknown differences between the
studies included in the NMAs (Cameron 2019). Better model fit for the adjusted model would
suggest the possibility of placebo drift.

Unadjusted and baseline response adjusted NMAs

Four NMAs were created in total for the primary outcomes and unadjusted and placebo
response adjusted NMA for both focal and GTC seizures.

All NMAs for focal seizures were random effects models. It was not considered appropriate
to run alternate fixed effects models for these analyses given it was unlikely that the ‘true
effect’ size is exactly the same for all studies given the large number identified, wide time
range and preformed hypotheses of placebo drift. Previous NMAs for evidence on focal
seizures, which were likely to include a large number of identical studies to those included in
this analysis, concluded that random effects models provided a better goodness of fit
compared to fixed effects (Bodalia 2013, Charokopou 2019, Hu 2018, Hu 2020, Zhao 2017).
It was also anticipated that a large number of RCTs would be identified for this population
with focal seizures. It was decided therefore that performing such analyses would not be
useful for decision making.

For GTC seizures it was anticipated that the evidence would be much less than that of focal
seizures random and fixed effect models were compared to estimate which provided the
best fit for the data. The most appropriate model was decided using the same criteria as for
the adjusted and unadjusted models as described below.

The NMAs were created to estimate the odds ratio for the two primary outcomes compared
to all other ASMs. Predominantly throughout this report the odds ratio for the effectiveness of
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any ASM is compared to placebo as this is the most commonly used comparator for such
drug trials.

For these NMAs the data for each trial is comprised of a binomial likelihood:
Tjre~Bin (pji, njx)

where pjy, is the probability of the relevant primary outcome in trial j under treatment k, 7j, is
the number of people experiencing the event in trial j under treatment k, and n;;, is the total
number of people at risk of the event in trial j under treatment k.

Since the parameters of interest, p;,, are probabilities and therefore can only take values
between 0 and 1, a transformation (link function) was used that mapped these probabilities
into a continuous measure between minus and plus infinity. Since this was a binomial
likelihood the logit link function was used. The probabilities of positive outcome p;; were
modelled on the logit scale as:

logit(pix) = u; + diz X 1y
where

o {1 if u is true
W =1y
0 otherwise

In the fixed effects model the between-trial heterogeneity o2 was set to 0 which was
equivalent to assuming homogeneity of the underlying true treatment effects.

The analysis was undertaken following Bayesian statistical principles.

For the adjusted models additional code was added to adjust for baseline response, through
meta-regression, as outlined by NICE TSU technical report 3 (Dias 2016). To establish if the
adjusted models were a better fit for data information including the deviance information
criteria, the posterior residual deviance and the size of the 95% credible intervals were
compared between the adjusted and unadjusted models in line with TSU technical report 3.

NMAs were undertaken in WinBUGS 14 (Lunn 2000) using code adapted from Dias 2016.
All WinBUGS code is reported in additional information A.

For the analyses a 100,000 ‘burn-in simulations were run to allow convergence in the
models. Following that 60,000 simulations were run to estimate the outputs for the analysis.
To assess whether the model had good convergence the history and kernel density plots
were checked.

Network meta-analyses also have to respect the assumption of consistency that is that the
indirect and direct estimates of any treatment effect do not contradict each other.
Inconsistency was assessed by comparing the results from the direct estimates to those of
indirect estimates. Results were highlighted as inconsistent if the point estimate from the
direct estimate did not fit within the 95% credible intervals of the indirect estimates.

Sensitivity analyses

As per the protocol for this review the following sensitivity analyses, which further restrict the

inclusion criteria for this review, would be carried out for the two primary outcomes if

sufficient networks could be formed (defined as including >75% of the treatments identified

in the primary analysis):

o Studies which excluded women of childbearing aged due to teratogenic risk were
excluded from the network
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In addition to the above the following NMAs for sub-groups were created if sufficient
networks could be formed:

e By previous treatment

¢ Those with treatment resistant epilepsy (defined as “failure of two tolerated, appropriately
chosen and used antiepileptic drug schedules”)

Furthermore, if evidence of inconsistency in the network was identified (as discussed
above), studies contributing to this were checked for data accuracy and assessment of study
inclusion. Baseline characteristics will be checked to identify any differences in effect
modifiers across studies. Analyses will be repeated if corrections in the data extraction or
study inclusion are made. If an important effect modifier is identified, then this may be
explored in subgroup analyses if sufficient evidence is available. However, if evidence of
inconsistency is still present following data corrections, revisiting inclusion criteria and
exploring effect modification, no further studies will be excluded from the analysis, as their
results cannot be considered as less valid than those of other studies solely because of the
inconsistency findings. The presence of inconsistency in the NMA will be highlighted and
results will be interpreted accordingly.

Presentation of results

For all primary outcomes odds ratio (including 95% credible intervals) were presented
between the active treatment and placebo unless otherwise stated. Odds ratios were sorted
by the point estimate of the odds-ratio with higher odds ratios (indicating higher
effectiveness) being presented first in any tables or forest plots. This ordering needs to be
interpreted with caution given the potential for large credible intervals around some
estimates indicating great uncertainty. Given the large number of interventions and the
opinion of the committee that more than 1 drug was likely to be recommended for treatment
of seizures in these populations, probabilities of treatments being optimal (being the most
effective treatment) were not presented in this report as they were not considered helpful to
decision making.

Registration of systematic review

The above systematic review and network meta-analysis protocol were registered with
PROSPERO registration number: CRD42020176581
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Results
Results of literature search

From the search of the relevant databases 18,066 potentially eligible studies were identified
of which 448 were retrieved for full text review. Systematic reviews were also checked for
potentially eligible studies but did not yield any that were not identified by the database
search. Five studies were excluded because they reported duplicate trials or the trial
population was a sub-set of one already identified. Overall 109 RCTs were identified
reported across 106 journal articles. One study reported outcomes disaggregated by focal
and GTC seizures and was treated as two separate RCTs for the purposes of the PRISMA
flowchart. More detail of which analyses studies are presented in appendix D. For the
PRISMA diagram of study selection see appendix C.

Risk of bias

The assessment of risk of bias are presented in additional information B. Across all studies
43 were judged to have a ‘low risk of bias’, 41 ‘some concerns’ and 26 had a ‘high risk of
bias’. The reason for downgrading was consistently high across all the domains (ranging
from 20 to 41 studies downgraded per domain) apart from domain 5, concerned with
selective reporting of outcomes, for which only 5 studies scored less than ‘low risk’.

Placebo response rate

A total of 73 trials eligible for inclusion in the focal seizure NMA were also eligible for
conducting a meta-analysis of placebo response for the outcome 50% reduction in seizure
frequency and 41 trials for seizure freedom involving 25824 and 13579 trial participants,
respectively. The same analyses for GTC seizures were not undertaken given the paucity of
evidence identified.

Placebo response rates for 50% reduction in seizure frequency varied from 0 (not presented
in forest plot) and 41% (Figure 3) and 1-9% for seizure freedom (Figure 4). There was
significant heterogeneity for this outcome between studies for 50% reduction in seizure
frequency (Cochran’s Q test of homogeneity had a p-value <0.001) but this was not the case
for seizure freedom (Cochran’s Q test of homogeneity had a p-value=0.30). The random
effects meta-analysis estimated a pooled placebo response rate of 16% (95%CI 15%-17%).
Random effects metaregression did find a positive relationship between a later year of
publication and increased placebo response (regression coefficient=0.0049, p=0.005)
suggesting a 0.5 percentage point (95%Crl 0.2-0.8) increase in placebo response rate per
year if a linear relationship is assumed. No relationship was identified between median
baseline seizure frequency and placebo response rate (p=0.053) with a coefficient of -
0.00483 or 0.48% reduction in response rate for each seizure at baseline. Spearman rank
coefficient however suggested a correlation for baseline median seizure frequency and
placebo response rate (Spearman’s q =-0.2918, P = 0.0184) but not year of publication
(Spearman’s g =0.2372, P = 0.06)

For seizure freedom the pooled placebo response rate was 1% (95% Cl 1%-2%) a
significant result above zero despite only 4 of the 41 eligible trials showing a response rate
significantly above zero. Metaregression found no relationship between publication year
(p=0.591) or baseline median response (p=0.704) on placebo response. This was supported
by Spearman rank coefficients with the hypothesis test of no correlation both having p-
values of 0.571 and 0.170 respectively. The forest plots of all trials included the above
analyses with their estimated placebo response rate and 95% confidence intervals are
presented in Figure 3 and Figure 4.
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Figure 3: Forest plot of placebo response rate for reduction of 50% focal seizures
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Figure 4: Forest plot of placebo response rate for reduction of seizure freedom in
focal seizures
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Data and network plot of unadjusted and adjusted network meta-analysis for 50%
reduction in seizure frequency for focal seizures

The network plot for 50% reduction in seizure frequency in people with focal seizures is
presented in Figure 5. As with all network plots in this report larger nodes indicate more
people randomised to those ASMs and wider arms indicate greater number of trials with that
direct comparison. Where there are no arms linking specific ASMs then no direct evidence
was identified in the literature search. The network plot for the 99 studies reported across 97
articles were identified as reporting the 50% reduction in seizure frequency outcome
involving 27,686 individuals. Evidence for a total of 26 treatments were identified (25 active
ASMs and placebo) with 8,873 people were randomised to placebo (32.0%) with 25,284
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(91.3%) being part of a placebo controlled trial where participants in at least one arm
received placebo.

Figure 5: Network plot for 50% reduction in seizure frequency in people with focal
seizures
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Figure 6 presents the network plot for the same analysis with placebo removed. Where trials
with greater than 2 arms have two active treatments compared to placebo, the arm linking
the active treatments is included. This diagram is for illustrative purposes only (to show the
direct comparisons between active treatments in the analysis and it is not a separate
analysis). Direct comparisons between active treatments makes up less than 10% of all the
evidence in the NMA.
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Figure 6: Network plot 50% reduction in seizure frequency in people with focal
seizures placebo removed
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Full list of included studies and the trial data are presented in additional information C

Data and network plot of unadjusted and adjusted network meta-analysis for seizure
freedom in focal seizures

The network plot for the 72 studies involving 20,826 people were identified as reporting the
seizure freedom outcome. Evidence for a total of 21 active ASMs and placebo was
identified. All studies which compared an active ASM to another active ASM were included in
both NMAs and therefore the illustrative network plot of direct evidence between active
ASMs is identical to that for 50% reduction in seizure frequency (Figure 6). Overall 70 of the
72 trials identified were also included in the 50% seizure reduction in focal seizures NMA
discussed above with only 2 studies unique to this NMA. 6600 (31.7%) people were
randomised to placebo with 19,605 (94.1%) being part of a placebo controlled trial.

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Figure 7: Network diagram seizure freedom in people with focal seizures
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Data and network plot of network meta-analysis for 50% reduction in seizure frequency
and seizure freedom in generalised tonic-clonic seizures

Eight studies were identified for both 50% reduction in seizure frequency and seizure
freedom. The studies in both NMAs are identical and involve the same people resulting in an
identical network plot for both (Figure 8). Evidence for 6 active ASMs and placebo was
identified. All evidence was for active drugs compared to placebo and no direct evidence
was identified between two active treatments. The network has 1218 people, 599 of which

were randomised to placebo (49.2%).
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Figure 8: Network diagram for 50% reduction in seizure frequency and seizure
freedom in people with generalised tonic-clonic seizures
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Outcomes for unadjusted and adjusted network meta-analysis for 50% reduction in
seizure frequency for focal seizures

The median estimate of the comparative effectiveness and the 95% credible intervals for all
ASMs in the unadjusted and adjusted NMA are presented in Table 5. All effectiveness
estimates are presented as odds ratios compared to placebo. The table is sorted by median
estimate of comparative effectiveness for the placebo response adjusted NMA. Loreclezole
has the highest median estimate of comparative effectiveness (although with an extremely
large range between the 95% credible intervals) in both NMAs. Carbamazepine has the
second highest estimate odds ratio although again with large 95% credible intervals,
although neither cross the value 1 where the drug has no effect compared to placebo.
Carbamazepine, cenobamate, vigabatrin, topiramate, levetiracetam, lacosamide,
oxcarbazepine, retigabine, zonisamide, pregablin, lamotrigine, eslicarbazepine acetate,
brivaracetam and perampanel had 95% credible intervals which did not pass the line of no
effect in both NMAs. For all drugs where the 95% credible intervals did not cross 1 in the
adjusted NMA the same was true for the unadjusted NMA. For loreclezole, tiagabine,
rufinamide, losigamone and gabapentin for which 95% credible intervals did not cross 1 in
the unadjusted NMA the same was not true for the adjusted NMA. Forest plots for the
adjusted NMA are presented in Appendix E. Median estimates of comparative effectiveness
are lower for all drugs in the adjusted NMA compared to the unadjusted NMA other than
cenobamate.

The 95% credible intervals for all ASMs in the adjusted NMA were narrower than for the
unadjusted with the exception of cenobamate. The unadjusted model reported a deviance
information criterion (DIC) statistic of 1301.93 compared to 1273.75 for the adjusted model.
The posterior mean of the residual deviance is also lower for the adjusted NMA compared to
the unadjusted NMA (199.7 compared to 196.3).
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A matrix of comparative effectiveness estimates of all possible pairings of ASMs in the
adjusted model for 50% reduction in seizure frequency are presented in additional
information C. When comparing active treatments to other active treatments cenobamate
shows relative effectiveness compared to a large number of other drugs in the network
including lamotrigine, levetiracetam and perampanel. Levetiracetam also has an estimated
greater relative effectiveness than perampanel. Gabapentin which was recommended for the
pharmacological treatment of focal seizures in the previous NICE guidance has an estimated
relative effectiveness compared to placebo where the 95% credible intervals pass the line of
no effect. It is also estimated that levetiracetam, cenobamate, oxcarbazepine, vigabatrin and
topiramate were more effective than gabapentin.

Table 5: Estimated odds ratios of comparative effectiveness for the unadjusted and
adjusted network meta-analyses for 50% reduction in seizure frequency for
focal seizures

Antiseizure medication Unadjusted NMA OR (95% Crl) Adjusted NMA OR (95% Crl)

Loreclezole 30.08(1.71-13360) 8.36(0.57-1001)

Carbamazepine

9.76(2.91-32.94)

4.19(1.62-11.34)

Cenobamate 2.30(1.23-4.29) 3.77(2.43-6.00)
Vigabatrin 4.38(2.14-9.22) 2.92(1.58-5.45)
Topiramate 3.54(2.54-5.03) 2.27(1.73-3.01)

Levetiracetam

3.10(2.37-4.09)

2.23(1.80-2.77)

Lacosamide 2.42(1.64-3.55) 2.07(1.61-2.68)
Oxcarbazepine 2.91(1.81-4.74) 2.03(1.45-2.83)
Phenytoin 4.47(1.42-14.11) 1.97(0.78-4.83)
Ezogabine/retigabine 3.13(1.93-5.18) 1.91(1.33-2.75)
Zonisamide 2.43(1.47-4.02) 1.89(1.29-2.75)
Sodium valproate 2.64(0.92-7.86) 1.86(0.82-4.65)
Pregabalin 2.41(1.8-3.26) 1.72(1.39-2.14)
Lamotrigine 1.74(1.04-2.92) 1.58(1.09-2.28)

Eslicarbazepine Acetate

1.96(1.35-2.87)

1.55(1.2-2.02)

Brivaracetam 2.26(1.55-3.33) 1.54(1.16-2.03)
Ganaxolone 2.71(0.83-9.74) 1.47(0.52-4.28)
Perampanel 2.03(1.38-2.99) 1.46(1.11-1.94)
Tiagabine 3.26(1.76-6.17) 1.42(0.81-2.49)
Gabapentin 2.28(1.46-3.58) 1.4(0.96-1.96)

Selurampanel (BGG492)

Rufinamide
Carisbamate
Losigamone
Primidone

2.17(0.56-10.31)
2.04(1.24-3.42)
1.44(0.89-2.33)
1.72(0.62-4.85)
1.26(0.29-5.59)

1.31(0.41-5.26)
1.16(0.77-1.71)
1.12(0.83-1.53)
0.98(0.44-2.19)
0.89(0.30-2.91)

Outcomes for unadjusted and adjusted network meta-analysis for seizure freedom for
focal seizures

Table 6 presents the unadjusted and adjusted NMAs for seizure freedom. The 95% credible
intervals for the estimates of relative effectiveness are, in general. wider for this analysis
than for the 50% reduction in seizure frequency outcome. Cenobamate had the highest
estimated comparative effectiveness in the adjusted NMA and levetiracetam had the highest
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in the unadjusted and second highest in the adjusted. However 95% credible intervals were
wide for both drugs. The 2 ASMs with the narrowest 95% credible intervals lamotrigine and
pregabalin did not demonstrate effectiveness for this outcome (the 95% credible intervals
passed the line of no effect) in either NMA although the intervals were still relatively wide. All
median estimates of comparative effectiveness were lower in the adjusted NMA compared to
the unadjusted apart from for cenobamate and lamotrigine. Levetiracetam, brivaracetam,
retigabine, oxcarbazepine, topiramate, perampanel, lacosamide and eslicarbazepine all had
credible intervals for seizure freedom which did not cross the line of no effect in both NMAs
with cenobamate doing the same in only the unadjusted NMA.

95% credible intervals are narrower in the adjusted NMA for all ASMs, apart from
cenobamate, compared to the unadjusted NMA. The DIC statistic (651.73 versus 656.40)
and posterior mean of the residual deviance (139.8 versus 150.3 on 71 data points) is higher
for the adjusted NMA compared to the unadjusted NMA.

Table 6: Estimated odds ratios of comparative effectiveness for the unadjusted and
adjusted network meta-analyses for seizure freedom for focal seizures

Unadjusted NMA OR (95%

Antiseizure medication Crl) Adjusted NMA OR (95% Crl)

Cenobamate
Levetiracetam
Brivaracetam
Ezogabine/retigabine
Sodium valproate
Oxcarbazepine
Vigabatrin

Topiramate

Perampanel
Lacosamide

Primidone
Eslicarbazepine Acetate
Gabapentin
Carisbamate

Pregabalin

Lamotrigine
Selurampanel (BGG492)
Zonisamide

Tiagabine

Rufinamide

4.06(0.92-20.96)

10.19(5.01-22.59)
9.85(2.63-50.63)

9.53(1.45-111.5)

7.98(0.47-373)

7.07(1.72-33.54
6.42(0.84-78.36
5.63(2.07-17.72
5.49(1.46-25.25
4.76(1.54-19.37
4.34(0.12-324.4
4.05(1.31-13.7)
4.5(0.22-202.6)
2.73(0.31-26.7)
2.46(0.82-7.65)
1.73(0.61-5.00)
2.08(0.11-93.76
2.41(0.52-12.27
2.05(0.04-69.26
2.21(0.21-26.15

~— O~ ~— ~— ~— ~—

~— ~— ~— ~—

12.62(1.01-453.1)
8.84(4.65-17.14)
6.75(1.89-31.17)
6.15(1.02-61.76)
5.76(0.37-236.2)
5.29(1.36-21.82)
5.03(0.71-54.1)
4.88(1.95-13.36)
4.45(1.57-13.78)
3.85(1.34-13.81)
3.14(0.11-185.6)
3.12(1.03-10.04)
2.92(0.18-114.9)
2.07(0.28-16.08)
2.02(0.70-5.62)
1.88(0.88-4.04)
1.85(0.12-79.15)
1.8(0.42-8.12)
1.75(0.03-48.42)
1.68(0.19-16.07)

Outcomes for network meta-analysis for 50% reduction in seizure frequency and seizure
freedom for generalised tonic-clonic seizures

Table 7 presents the results of the fixed effects NMA for 50% reduction in seizure frequency
and seizure freedom in people with GTC seizures. The random effects meta-analysis
estimated very wide 95% credible intervals and provided a very poor fit for the data points as
predicted given the paucity of evidence identified.

For all ASMs in the fixed effects NMA the 95% credible intervals did not cross 1 suggesting
they are more effective than placebo for 50% reduction in seizure frequency. For seizure
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freedom the same was true of levetiracetam, perampanel and lacosamide although 95%
credible intervals were often wide with the exception of lacosamide. The fixed effects model
had a posterior mean of residual deviance of 21.22 from 8 data points and a DIC statistic of
107.5 for 50% reduction in seizure freedom and 16.04 and 87.14 respectively for seizure
freedom.

Table 7: Estimated odds ratios of comparative effectiveness for meta-analyses for
50% reduction in seizure frequency and seizure freedom for generalised
tonic-clonic seizures- fixed effects network meta-analysis

Brivaracetam 5.10(1.08-41.1) 2.62(0.11-1327)
Levetiracetam 5.08(3.36-7.77) 12.24(5.1-37.1)
Topiramate 3.71(1.36-11.15) 7.14(0.31-3455)
Lamotrigine 3.53(2.14-5.91) 1.79(0.92-3.54)
Perampanel 2.93(1.55-5.62) 3.44(1.56-8.11)
Lacosamide 1.94(1.16-3.31) 2.03(1.15-3.63)

Forest plots of the estimates for 50% reduction in seizure frequency are shown in appendix
E. The matrix showing odds ratios for all possible comparisons of ASMs are presented in
additional information C. The only identified ASM with effectiveness when compared to
another active treatment was levetiracetam which was more effective than lacosamide.

Sensitivity analyses

No sufficient networks (defined as including >75% of the treatments identified in the primary
analysis) for any of the planned analyses were identified. Therefore, none of the planned
sensitivity analyses were carried out.

Summary analysis of adverse events

A summary of adverse events are presented in additional information D.
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Discussion

For focal seizures this analysis estimated that loreclezole and carbamazepine had the
highest point estimate of relative effectiveness compared to placebo for 50% reduction in
seizure frequency however both these estimates had wide 95% credible intervals. All the
evidence for loreclezole came from one older study (published in 1991) which was rated as
having a ‘some concern’ with risk of bias when using the Cochrane ROB v2 tool. Loreclezole
was also the only study in the focal seizure NMA to report zero events in an arm for 50%
reduction in seizure frequency outcome. Similarly, for carbamazepine all evidence was from
one older study with a high risk of bias as rated for all domains. It is difficult therefore to have
great confidence in these estimates. Neither study provided indirect evidence for other ASMs
in the network and therefore the inclusion or exclusion of these two studies would not have a
significant impact on results or conclusions of the NMAs. Cenobamate was third highest
point estimate of relative effectiveness compared to placebo and had relatively narrow
credible intervals. All evidence was based on two studies published in 2020 rated as having
a low risk of bias. The estimated effectiveness for cenobamate was also greater than that for
lamotrigine, levetiracetam and gabapentin all drugs recommended in the previous NICE
guideline for add-on treatment for focal seizures. Brivaracetam, carbamazepine,
cenobamate, eslicarbazepine acetate, lacosamide, lamotrigine, levetiracetam,
oxcarbazepine, perampanel, pregablin, retigabine,vigabatrin and zonisamide were all
effective compared to placebo for a 50% reduction in seizure frequency.

For GTC seizures all ASMs identified for the network had estimated relative effectiveness
when compared to placebo with the only estimated relative effect between 2 active
treatments being levetiracetam showing higher relative effectiveness than lacosamide.

For all analyses the NMAs for estimating seizure freedom did not provide a great fit for the
data and it was difficult to lend weight to any of the conclusions. Even those estimates with
95% credible intervals that did not pass the line of no effect were very wide. Even though
seizure freedom is often seen as a strong predictor of higher quality of life it was reasonably
rare in people receiving add-on treatment. Studies often explicitly stated, even when this
outcome was considered, that the numbers did not give it sufficient statistical power to
consider this outcome given it is particularly rare especially in the placebo group (pooled
seizure freedom rate of 1%) with 21 studies having zero events in the placebo arm and 2
studies reporting zero events in either arm of the trial.

This is the first meta-analysis to identify a ‘placebo drift’ where the response rate for placebo
has changed overtime for 50% reduction in seizure frequency. This was supported by the
Spearman rank coefficient test, meta-regression and the improved fit of the adjusted model
in the NMA. Guekht 2010 had previously investigated this in people with focal seizures but
found no statistically significant correlation although from a smaller sample of 27 studies
involving 5,662 randomised individuals. The median effectiveness of ASMs also differed
between the unadjusted and adjusted NMAs with adjusting for placebo response generally
favouring newer drugs such as cenobamate. This was particularly true when comparing
active treatments to each other as is an often listed benefits of network meta-analysis.
Future meta-analyses and network meta-analyses in treatment and management of focal
seizures should ensure that potential ‘placebo drift’ is explored and adjusted for.

Previous published NMAs have been identified for this patient group although they were
exclusively in patients with focal seizures. No previously published network meta-analysis for
GTC seizures was identified. All NMAs had tighter inclusion criteria than this analysis mostly
in terms of drugs included and patient group and none adjusted for placebo response
(Badolta 2013, Charokopou 2019, Hu 2018, Hu 2020, Zhao 2017). All studies showed
effectiveness for some ASMs compared to placebo which were largely in line with estimates
from this analysis. All studies found little evidence of effectiveness between active
treatments. This analysis did identify some difference in relative effectiveness between
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active treatments, although a large number of these were in comparisons to cenobamate
which was not included in any of the identified published NMAs. For the analysis in this
report and those previously published NMAs the maijority of the evidence came from indirect
comparators through placebo with the authors the previously published studies analyses
recommending that head-to-head trials between active treatments would be beneficial in
estimating relative effectiveness.

The impact of publication bias on the results was not investigated for either focal or GTC
seizures. The results of these analyses may have been impacted by publication bias, for
example where results had not been published because they were unfavourable to the
active treatment. None of the trials in the analyses were funded from public sources.
Charokopou 2019 in their NMA attempted to investigate publication bias in active ASMs with
greater than 10 published trials using Egger’s test and funnel plot in line with the Cochrane
handbook. However, they found no evidence of publication bias for 50% reduction in seizure
frequency or seizure freedom outcomes identical to the primary outcomes used in this
analysis. This analysis also only attempted to find published evidence with records in
publicly available databases. No attempt was made to identify unpublished data for example
through looking through clinical trial databases. Clinical trials with independent funders may
be beneficial in investigating the effectiveness of ASMs. It was unlikely given the paucity of
evidence that publication bias could have been adequately explored for GTC seizures and
no previous evidence was identified on the topic.

These NMAs pooled all arms of drugs regardless of dosage. It was decided to do this as
dosage was often fluid being titrated upwards or downwards based upon tolerability and
adverse events. Most RCTs also allowed for the physician in charge of treatment for the
person to use their own clinical judgement in deciding dosage even if this was against
protocol. Given the large potential for cross-over between dosage arms, and to better reflect
clinical practice, dosages were not disaggregated in the analysis. Previous studies have
excluded RCTs or arms of RCTs if dosages were outside the approved range for
prescribing. For identical reasons for pooling dosages such trials or arms were not excluded.

All ASMs were included in the NMAs to maximise the evidence around placebo and potential
indirect evidence of relative effectiveness regardless of whether they were licensed for use
in this patient group in England. The entirety of the results have been presented here but
consideration needs to be given to licensing considerations when recommending ASMs
alongside the effectiveness and safety data, the accompanying cost effectiveness model and
other available evidence not covered by the scope of this review.

The model suggests that comparative synthesis of evidence on ASMs should consider a
potential ‘placebo drift’ when analysing data and interpreting results. This analysis found
good evidence for the effectiveness of cenobamate compared to placebo and a number of
prescribed ASMs in terms of achieving a 50% reduction in seizure frequency. There was
limited evidence for the GTC group but it appeared a number of ASMs could be effective in
achieving a 50% reduction in seizure frequency. There was very limited evidence on seizure
freedom and it was difficult to make any strong conclusions from any of the NMAs. Large
trials are needed to better investigate this outcome, although recruiting such numbers may
prove difficult. Direct comparative trials between active treatments with independent funders
would be useful in confirming the most effective treatments for managing seizure frequency.
Evidence on adverse events, tolerability, deaths and health related quality of life were
reported inconsistently or not at all between different trials and therefore comparing between
different ASMs for these outcomes was difficult. These outcomes are important to people
with epilepsy and better evidence on these outcomes would aid in decision making around
the ‘best’ ASM for focal and GTC seizures.
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Additional Information A: WinBUGS code

Unadjusted model (focal seizures- both primary outcomes, random effects model

GTC seizures- both primary outcomes)

# Binomial likelihood, logit link

# Random effect model, multi-arm trials
model{

for(i in 1:ns){

wli,1]<-0
arm

delta[i,1] <- 0
muli] ~ dnorm(0,.0001)
for (k in 1:na[i]) {
r{i,k] ~ dbin(p[i,k],n[i,k])
logit(p[i,k]) <- mul[i] + deltali,k]
rhat[i,k] <- p[i,k] * n[i,k]
dev[i,k] <- 2 * (r[i,k] * (log(ri,k])-log(rhat[i,k]))

# *** PROGRAM STARTS
# LOOP THROUGH STUDIES

# adjustment for multi-arm trials is zero for control

# treatment effect is zero for control arm
# vague priors for all trial baselines
# LOOP THROUGH ARMS
# binomial likelihood
# model for linear predictor
# expected value of the numerators

#Deviance contribution

+ (n[i,k]-r[i,k]) * (log(n[i,k]-r[i,K]) - log(n[i,k]-rhatfi,k])))

}
resdevl[i] <- sum(dev[i,1:nali]])
for (k in 2:na[i]) {
delta[i,k] ~ dnorm(md[i,k],taud[i,k])

md[i,k] <- d[t[i,k]] - d[t[i,1]] + sw[i,k]
correction)

taud[i,k] <- tau *2*(k-1)/k
correction)

wli,k] <- (delta[i,k] - d[t[i,k]] + d[t[i, 11])
swi,K] <- sum(wfi,1:k-1])/(k-1)
}
}

totresdev <- sum(resdev[])

di1]<-0

for (kin 2:nt) {d[k] ~ dnorm(0,.0001)}
sd ~ dunif(0,2)

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in

# summed residual deviance contribution for this trial

#LOOP THROUGH ARMS

# trial-specific LOR distributions

# mean of LOR distributions (with multi-arm

# precision of LOR distributions (with multi-arm

# adjustment for multi-arm RCTs

# cumulative adjustment for multi-arm trials

#Total Residual Deviance
# treatment effect is zero for reference treatment

# vague priors for treatment effects
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tau <- pow(sd,-2)

# pairwise ORs and LORs for all possible pair-wise comparisons
for (cin 1:(nt-1)) { for (kin (c+1):nt) {

or[c,k] <- exp(d[K] - d[c])

lor[c,k] <- (d[k]-d[c])

}

# ranking
for (k in 1:nt) {

rk[k] <- nt+1-rank(d[],k) # assumes events are “good”

# rk[k] <- rank(d[],k) # assumes events are “bad”

best[k] <- equals(rk[k],1) #calculate probability that treat k is best
} # ** PROGRAM ENDS

Adjusted model (focal seizures- both primary outcomes)

# Binomial likelihood, logit link

# Random effects model for multi-arm trials

model{ # *** PROGRAM STARTS
for(i in 1:ns){ # LOOP THROUGH STUDIES
w[i,1] <-0 # adjustment for multi-arm trials is zero for control arm
deltali,1] <- 0 # treatment effect is zero for control arm
muli] ~ dnorm(0,.0001) # vague priors for all trial baselines
for (k in 1:na[i]) { # LOOP THROUGH ARMS
rli,k] ~ dbin(p[i,k],n[i,k]) # binomial likelihood

# model for linear predictor
logit(p[i,k]) <- mul[i] + delta[i,k]
+ (betalt[i,k]]-beta[t[i,1]]) * (x[i]-mx)
rhat[i,k] <- p[i,k] * n[i,k] # expected value of the numerators
#Deviance contribution
devl[i,k] <- 2 * (r[i,k] * (log(rfi,k])-log(rhat][i,k]))
+ (n[i,k]-rfi,k]) * (log(n[i,k]-r[i,k]) - log(n[i,k]-rhat[i,k]))) }

# summed residual deviance contribution for this trial
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resdev[i] <- sum(devl[i,1:na[i]])
for (k in 2:nali]) { # LOOP THROUGH ARMS
# trial-specific LOR distributions
deltali,k] ~ dnorm(md[i,k],taud[i,k])
# mean of LOR distributions (with multi-arm trial correction)
# covariate effect relative to treat in arm 1
md[i,k] <- d[t[i,k]] - d[t[i,1]] + swl[i,k]
# precision of LOR distributions (with multi-arm trial correction)
taud[i,k] <- tau *2*(k-1)/k
# adjustment for multi-arm RCTs
w[i,k] <- (delta[i,k] - d[t[i,k]] + d[t[i,11])
# cumulative adjustment for multi-arm trials

swli,k] <- sum(w[i,1:k-1])/(k-1)

}
}
totresdev <- sum(resdevl]) # Total Residual Deviance
d[1]<-0 # treatment effect is zero for reference treatment
beta[1] <- 0 # covariate effect is zero for reference treatment

# vague priors for treatment effects
for (k in 2:nt){
d[k] ~ dnorm(0,.0001)

beta[k] <- B # common covariate effect

}
B ~ dnorm(0,.0001) # vague prior for covariate effect
sd ~ dunif(0,5) # vague prior for between-trial SD
tau <- pow(sd,-2) # between-trial precision = (1/between-trial variance)

# treatment effect when covariate = z[j] (un-centring treatment effects)
for (k in 1:nt){
for (j in 1:nz) { dz[j,k] <- d[K] - (beta[k]-beta[1])*(mx-z[]]) }
}
# pairwise ORs and LORs for all possible pair-wise comparisons, if nt>2
for (cin 1:(nt-1)) {
for (kin (c+1):nt) {

# at mean value of covariate
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or[c,k] <- exp(d[K] - d[c])
lor[c,k] <- (d[k]-d[c])
# at covariate=z[j]
for (jin 1:nz) {
orz[j,c,k] <- exp(dz[j,k] - dz[j,c])
lorz[j,c,k] <- (dz[j,k]-dz[j,c])
}

} # *** PROGRAM ENDS

Fixed effects model GTC seizures- both primary outcomes

# Binomial likelihood, logit link, MTC

# Fixed effect model

model{ # *** PROGRAM STARTS
for(i in 1:ns){ # LOOP THROUGH STUDIES
mul[i] ~ dnorm(0,.0001) # vague priors for all trial baselines
for (k in 1:na[i]) { # LOOP THROUGH ARMS
r[i,k] ~ dbin(p[i,k],n[i,k]) # binomial likelihood
logit(pli,k]) <- mul[i] + d[t[i,k]]-d[t[i, 1]] # model for linear predictor
rhat[i,k] <- p[i,k] * n[i,k] # expected value of the numerators
dev[i,k] <- 2 * (r[i,k] * (log(r[i,k])-log(rhat[i,k])) #Deviance contribution

+ (n[i,K]-rfi.,k]) * (log(n[i,k]-r[i,k]) - log(nl[i,k]-rhat[i,k])))

}
resdev[i] <- sum(dev[i,1:na[il]) # summed residual deviance contribution for this trial
}
totresdev <- sum(resdev]]) #Total Residual Deviance
d[1]<-0 # treatment effect is zero for reference treatment
for (k in 2:nt) {d[k] ~ dnorm(0,.0001) } # vague priors for treatment effects

# pairwise ORs and LORs for all possible pair-wise comparisons

for (cin 1:(nt-1)) { for (kin (c+1):nt){
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orfc,k] <- exp(d[k] - d[c])
lor[c,k] <- (d[k]-d[c])
}

# ranking
for (k in 1:nt) {

rk[k] <- nt+1-rank(d[],k) # assumes events are “good”

# rk[k] <- rank(d[],k) # assumes events are “bad”

best[k] <- equals(rk[k],1) #calculate probability that treat k is best
}
} # *** PROGRAM ENDS
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Additional Information B: Assessment of risk of bias for
included studies

Table 8:Risk of bias assessment for studies included in the network meta-analyses

Anhut 1994
Antinew 2019
Appleton 1999
Arroyo 2004
Barcs 2000
Bauer 2001
Baulac 2010
Ben-Menachem 2000
Ben-Menachem 2007
Ben-Menachem 2010
Berkovic 2007
Betts 2000
Beydoun 2005
Biton 1999
Biton 2005
Biton 2010
Biton 2011
Biton 2014
Blum 2006
Brodie 2005
Brodie 2009
Brodie 2010
Bruni 2000
Cereghino 2000
Chung 2010
Chung 2014
Chung 2020
CramerA 2001
CramerB 2001
Dean 1999
Elger 2005
Elger 2009
Elger 2010

Domain 2
Risk of
Domain1 bias due
Risk of to Domain4 Domain 5
bias deviation Risk of Risk of
arising s from bias in bias in
from the the Domain3 measure selection
randomis intended Missing ment of of the Overall
ation interventi outcome the reported risk of

process ons data outcome result bias
some  Some  [LoW U some  [ESWIEE some
Some  Some [Low "N some [Low " FiGHNNNN
Some Some Low  [High
Some

Some Some Some Some

Some  Some  Some  Some [iow ] IGRINNN

Some Some Some

Epilepsies in children, young people and adults: evidence reviews for antiseizure add-on therapy in
the treatment of GTC and focal onset seizures FINAL [April 2022]



FINAL
Evidence review for Add-on therapy for generalised tonic-clonic seizures and focal onset seizures

Domain 2
Risk of
Domain1 bias due
Risk of to Domain4 Domain 5
bias deviation Risk of Risk of
arising s from bias in bias in
from the the Domain 3 measure selection
randomis intended Missing ment of of the Overall
ation interventi outcome the reported risk of
process ons data outcome result bias

Elger 2017 Some _— Some
Elterman 1999 Flow! ] Flow T flow =] some
Low

Farkas 2019 Some Some
Faught 1996
Faught 2001
French 2003
French 2010
French 2011
French 2012
French 2013
French 2014
French 2014
French 2015
French 2016
Fritz 2005
Fujiwara 2019
Gil-Nagel 2009
Glauser 2000
Glauser 2006
Grunewald 1994
Guberman 2002
Halasz 2009
Halford 2011
Hong 2016
Inoue 2015
Jozwiak 2018
Kalviainen 1998
Kerr 2005
Kirkham 2020
Klein 2015
Krauss (study 206) 2012
Krauss (study 208) 2012
Krauss 2012
Krauss 2020
Kwan 2014
Labiner 2009
Lee 1999
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Domain 2
Risk of
Domain1 bias due
Risk of to Domain4 Domain 5
bias deviation Risk of Risk of
arising s from bias in bias in
from the the Domain 3 measure selection
randomis intended Missing ment of of the Overall
ation interventi outcome the reported risk of
process ons data outcome result bias
Lee 2009
Lee 2019
Levisohn 2009
Lim 2016
Lu 2011

Matsuo 1993
Naritoku 2007
Nishida 2018
Palhagen 2001
Peltola 2009
Piha-Garza 2009
Porter 2007
Privitera 1996
Rentmeester 1991
Ryvlin 2014
Sachdeo 1997
Sackellares 2004
Sharief 1996
Shorvon 2000
Sivenius 1991
Sperling (Study1) 2010
Sperling (Study2) 2010
Sperling 2015
Sperling 2017
Sun 2009

Tsai 2006

UK Gabepentin Study
Group 1990

Uthman 1998

Van Paesschen 2013
Vossler 2020
Willmore 1996

Wu 2009

Wu 2018

Xiao 2009

Yamauchi 2006
Zaccara 2014
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Domain 2
Risk of
Domain1 bias due
Risk of to Domain4 Domain 5
bias deviation Risk of Risk of
arising s from bias in bias in
from the the Domain 3 measure selection
randomis intended Missing ment of of the Overall
ation interventi outcome the reported risk of
process ons data outcome result bias

Zhang 2011 Some Some _ Some _—
Zhou 2008 _ Some _ Some _ Some
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Additional Information C: Relative effect matrices

Table 9:Relative effect matrix for 50% reduction in seizure frequency in focal seizures adjusted network meta-analysis

Placebo

Eslicarb Eslicarb

azepine 1.55(1.2, azepine

Acetate 2.02) Acetate

Retigabi 1.91(1.33 1.23(0.8, Retigabi

ne 2.75) 1.88) ne

Gabapen 1.4(0.96, 0.9(0.58, 0.73(0.44 Gabapen

tin 1.F96) 1.35) 1.15) tin

Lacosam  2.07(1.61 1.34(0.94 1.09(0.71 1.49(0.99 Lacosam

ide ,2.68) 1.92) 11.68) 12.33) ide

Lamotrig 1.58(1.09 1.02(0.64 0.83(0.49 1.13(0.7, 0.76(0.48 Lamotrig

ine 2.28) 11.58) 11.38) 1.86) 1.47) ine

Levetirac ~ 2.23(1.8, 1.44(1.03 1.17(0.78 1.6(1.1,2. 1.08(0.78 1.42(0.94 Levetirac

etam 2.77) ,1.98) 1.74) 41) ,1.48) 2.16) etam

Oxcarba 2.03(1.45 1.31(0.86 1.06(0.66 1.46(0.91 0.98(0.65 1.29(0.79 0.91(0.62 Oxcarba

zepine ,2.83) 1.97) A7) 12.36) ,1.48) 2.11) 11.34) zepine

Perampa 1.46(1.11 0.95(0.65 0.77(05, 1.05(0.7, 0.71(0.49 0.93(0.59 0.66(0.47 0.72(0.48 Perampa

nel 11.94) 1.37) 1.19) 1.64) ,1.02) 1.47) 0.91) A1) nel

Brivarac 1.54(1.16 0.99(0.69 0.8(0.53, 1.1(0.73, 0.74(0.51 0.97(0.62 0.69(0.49 0.76(0.5, 1.05(0.72 Brivarac

etam 2.03) 1.43) 1.25) 1.72) ,1.07) ,1.55) ,0.96) 1.15) 11.53) etam

Pregabal 1.72(1.39 1.11(0.8, 0.9(0.61, 1.23(0.9, 0.83(0.6, 1.09(0.74 0.77(0.6, 0.85(0.58 1.17(0.84 1.12(0.81 Pregabal

in 2.14) 1.54) 1.36) 1.79) 1.15) 11.64) 1.01) 1.26) 1.64) \1.57) in

Rufinami 1.16(0.77 0.75(0.47 0.6(0.36, 0.83(0.51 0.56(0.35 0.73(0.43 0.52(0.34 0.57(0.35 0.79(0.5, 0.75(0.48 0.67(0.44 Rufinami

de A.71) 1.18) 1) 11.38) 0.88) 11.25) 0.78) ,0.92) 1.24) 1.47) 11.02) de

Seluram Seluram

panel panel

(BGGA492 1.31(041 0.85(0.26 0.68(0.21 0.95(0.28 063(0.2, 0.82(0.25 0.58(0.18 0.65(0.19 0.89(0.27 0.85(0.26 0.76(0.23 1.13(0.34 (BGG492

) 5.26) 3.44) 12.93) 13.98) 26) 3.49) 2.4) 12.68) 3.71) 3.5) 3.1) A.74) )

Sodium Sodium

valproat 1.86(0.82 1.2(0.51, 0.97(0.4, 1.33(0.56 0.9(0.38, 1.18(0.49 0.83(0.36 0.92(0.38 1.27(0.54 1.21(0.52 1.08(0.46 1.62(0.66 1.42(0.28 valproat

e 4.65) 3.07) 257) 13.54) 233) 3.15) 2.14) 12.39) 3.25) 3.09) 2.71) 4.28) 6.24) e

Tiagabin 1.42(0.81 0.93(05, 0.75(0.4, 1.03(0.53 0.69(0.36 0.91(0.47 0.64(0.34 0.71(0.37 0.98(0.52 0.93(0.53 0.83(0.47 1.24(0.64 1.08(0.25 0.77(0.27 Tiagabin

e 2.49) 1.68) 1.42) 1.93) 11.26) 1.75) ,1.16) 1.33) A.77) 1.67) ,1.45) 2.38) 3.97) .2.08) e

Topiram 227(1.73 1.47(1.02 1.19(0.78 1.63(1.09 1.1(0.77, 1.43(0.94 1.02(0.75 1.12(0.74 1.55(1.07 1.48(1.03 1.32(0.96 1.96(1.28 1.75(0.42 1.23(0.47 1.59(0.9, Topiram

ate 3.01) 12.12) 1.84) ,2.53) 1.6) 2.3) 11.39) A7) ,2.28) ,2.15) ,1.84) 3.12) 5.66) .2.88) 2.95) ate

Zonisami 1.89(1.29 1.22(0.78 1(0.59,1. 1.36(0.83 0.91(0.58 1.2(0.71, 0.85(0.55 0.93(0.57 1.28(0.82 1.24(0.78 11(0.71, 1.63(0.97 1.44(0.35 1.02(0.38 1.31(0.69 0.83(0.52 Zonisami

de 2.75) A1.91) 62) 12.26) ,1.43) 2.03) 11.28) 1.54) 2.02) ,1.95) 1.66) 2.79) 4.88) 2.48) 12.58) 1.28) de

Primidon 0.89(0.3, 057(0.19 0.46(0.15 0.64(0.21 0.43(0.14 057(0.18 0.4(0.13, 0.44(0.14 061(02, 0.58(0.19 052(0.17 0.77(0.25 0.67(0.12 0.48(0.22 0.62(0.18 0.39(0.13 0.47(0.15 Primidon
e 291) 1.91) 11.58) 2.22) ,1.43) ,1.96) 1.32) 1.48) 2.03) 11.92) A1.7) ,2.68) 3.61) 1.02) 2.25) ,1.31) ,1.61) e
Carisba 1.12(0.83 0.73(0.49 0.59(0.37 0.81(0.52 0.54(0.36 0.71(0.45 0.5(0.35, 0.55(0.35 0.77(051 0.73(0.49 0.65(0.45 0.97(0.6, 0.85(0.21 0.6(0.23, 0.79(0.42 0.49(0.33 0.59(0.37 1.26(0.37 Carisba
mate 11.53) 1.07) ,0.93) 1.3) ,0.81) 1.15) 0.72) ,0.86) 1.15) 1.1) ,0.94) 1.58) .2.83) 1.44) 1.44) 0.73) ,0.96) 3.89) mate
Cenoba 3.77(2.43 2.44(1.44 1.97(1.09 2.71(1.53 1.81(1.09 2.39(1.35 1.7(1.01, 1.87(1.06 2.58(1.49 2.45(1.43 2.19(1.32 3.27(1.74 2.9(0.65, 2.03(0.73 2.65(1.21 1.66(0.95 2(1.1,3.6 4.29(1.19 3.36(1.94 Cenoba
mate ) 4.17) ,3.62) 5) ,3.08) 4.37) 2.83) ,3.29) ,4.48) 4.33) ,3.68) 6.13) 10.21) 5.21) 5.6) 2.89) 6) 113.83) 5.91) mate
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Vigabatri
n

Loreclez
ole

Losigam
one

Phenytoi
n

Carbama
zepine

Ganaxol
one

2.92(1.58
15.45)

8.36(0.57
,1001)

0.98(0.44
2.19)
1.97(0.78
4.83)
4.19(1.62
11.34)

147(052
4.28)

1.88(0.98
3.67)

5.4(0.37,
631.2)

0.64(0.28
1.48)
1.27(0.48
3.18)

27(1.01,
7.52)

0.95(0.33
2.8)

1.54(0.75
3.11)

4.37(0.29
519.9)
052(0.22
A.21)
1.04(0.39
12.66)

2.19(0.81
6.35)

0.77(0.27
12.34)

2.1(1.05,
435)

6.12(0.4,
738.9)

0.71(031
11.69)

1.42(0.52
13.66)
3.03(1.09

,8.59)

1.06(0.36
3.16)

1.41(0.73
2.76)

4.04(0.26
485.1)
047(0.21
1.11)
0.95(0.35
2.36)

2.02(0.74
5.59)

0.71(0.25
2.13)

1.85(0.91
3.86)

5.39(0.35
620.8)
0.62(0.27
,1.5)
1.26(0.46
3.24)

267(0.98
7.71)

0.93(0.32
2.89)

1.31(0.69
2.54)

3.73(0.26
444.8)
0.44(0.19
,0.99)
0.89(0.33
2.47)
1.89(0.71

5.15)

0.66(0.24
,1.98)

1.43(0.73
12.93)

4.12(0.27
485.1)
0.48(0.21
1.14)
0.97(0.36
12.49)
2.07(0.75
5.87)

0.73(0.25
2.19)

1.98(1.04
,3.95)

5.69(0.39
672.4)

0.67(0.29
1.54)

1.34(0.5,
3.4)

2.86(1.03
,7.98)

1.01(0.35
12.99)

1.91(0.99
3.74)

5.43(0.38
641.7)
0.64(0.28
,1.46)
1.29(0.51
3.18)

2.72(1.05
17.49)

0.96(0.33
2.87)

1.7(0.89,
3.24)

4.88(0.33
570.9)
057(0.25
11.29)
1.14(0.45
2.81)

2.43(0.93
6.66)

0.85(0.3,
252)

252(1.25
15.24)

7.21(0.48
827.3)
0.85(0.36
,1.99)
1.71(0.63
4.42)
3.63(1.27

,10.28)

1.27(0.43
3.9)

2.25(0.48
8.16)

6.3(0.34,
705.6)

0.75(0.15
3.01)
1.48(0.3,

6.51)

3.14(0.62
14.91)

1.12(0.21
5.23)

1.57(0.54
4.41)

4.46(0.27
551.2)

0.53(0.16
11.65)

1.05(0.28
3.51)

2.22(0.62
8.24)

0.78(02,
3.03)

2.03(0.91
ATT)

5.73(0.37
1701.7)
0.68(0.27
A.77)
1.38(0.67
2.74)
2.92(1.34
,6.65)

0.32

1.02(
3.44)

1.28(0.66
2.51)
3.62(0.25
445.6)
0.43(0.19
)
0.87(0.33
2.1)
1.85(0.68
\5)

0.65(0.23
.1.91)

1.53(0.78
3.23)

4.43(03,
525.5)

0.52(0.22
1.25)

1.04(0.38
2.67)
2.22(0.79

6.5)

0.77(0.26
2.36)

3.27(0.91
,11.66)

9.5(0.49,
1116)

1.1(0.27,
4.25)

2.23(0.49
8.92)

4.71(1.09
,21.06)

1.66(0.34
7.59)

2.6(1.33,
5.17)

7.46(0.52
,859.3)
0.87(0.38
12.09)
1.75(0.68
4.44)
3.71(1.38

,10.47)

1.31(0.45
13.95)

0.78(0.35
11.69)

2.22(0.14
,264.6)
0.26(0.1,
0.66)
0.52(0.18
11.46)
1.11(0.37

3.42)

0.39(0.12
1.27)

Vigabatri
n
2.86(0.18
,350.4)
0.34(0.12
,0.9)
0.68(0.22
1.94)

1.43(0.46
4.64)

0.5(0.15,
1.72)

Loreclez
ole

0.11(0,1.
97)
0.23(0.3.
97)

051(0.9.
04)

0.17(0,3.
18)

Losigam
one

2.03(0.57
6.47)
4.26(1.24

,14.8)

1.51(0.4,
5.41)

Phenytoi
n

2.13(0.78
6.35)

0.75(0.19
3.14)

The matrix shows the estimated relative effect size for all possible pairings of anti-seizure drugs reported as an odds ratio with their 95% credible interval in brackets. The vertical
column should be considered as the intervention with odds ratios greater than one favouring that treatment. Text in bold highlight a comparison where the credible intervals do not
cross one.
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Table 10: Relative effect matrix for 50% reduction in seizure frequency in generalised tonic-clonic seizures fixed effects network meta-
analysis

Placebo
Brivaracetam 5.1(1.08,41.1) Brivaracetam
Lamotrigine 3.53(2.14,5.91) 0.69(0.08,3.56) Lamotrigine
Levetiracetam 5.08(3.36,7.77) 0.99(0.12,4.99) 1.44(0.74,2.78) Levetiracetam
Perampanel 2.93(1.55,5.62) 0.57(0.06,3.09) 0.83(0.37,1.89) 0.58(0.27,1.26) Perampanel
Topiramate 3.71(1.36,11.15) 0.72(0.07,4.92) 1.05(0.34,3.52) 0.73(0.25,2.36) 1.27(0.38,4.48) Topiramate
Lacosamide 1.94(1.16,3.31)  0.38(0.04,1.96) 0.55(0.27,1.15) 0.38(0.2,0.75) 0.66(0.29,1.52) 0.52(0.16,1.63)
The matrix shows the estimated relative effect size for all possible pairings of anti-seizure drugs reported as an odds ratio with their 95% credible interval in brackets. The vertical

column should be considered as the intervention with odds ratios greater than one favouring that treatment. Text in bold highlight a comparison where the credible intervals do not
Cross one.
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Table 11: Summary of adverse events identified in studies included in the network meta-analyses

Number experiencing adverse Number withdrew during study Number of
Total Number events during study period % period due to adverse events % deaths %

Brivaracetam 633 274 43.3% 85 13.4% 2 0.32%
Carbamazepine 1094 413 37.7% 164 15.0% 0 0.00%
Carisbamate 68 0 0.0% 7 10.3% 0 0.00%
Cenobamate 863 547 63.4% 204 23.6% 3 0.35%
Eslicarbazepine 1686 888 52.7% 102 6.0% 4 0.24%
Acetate

Gabapentin 1114 279 25.0% 49 4.4% 0 0.00%
Ganaxolone 209 114 54.7% 24 11.5% 0 0.00%
Lacosamide 442 340 76.9% 53 12.0% 0 0.00%
Lamotrigine 1404 941 67.0% 197 14.0% 3 0.21%
Levetiracetam 739 399 54.0% 48 6.5% 1 0.14%
Loreclezole 68 46 67.6% 8 11.8% 0 0.00%
Losigamone 142 0 0.0% 1 0.7% 0 0.00%
Oxcarbazepine 98 82 83.7% 7 7.1% 0 0.00%
Perampanel 1478 648 43.8% 142 9.6% 0 0.00%
Phenytoin 687 73 10.6% 67 9.8% 0 0.00%
Placebo 480 215 448% 62 12.9% 0 0.00%
Pregabalin 2017 1472 73.0% 138 6.8% 0 0.00%
Primidone 2212 1313 59.3% 245 11.1% 2 0.09%
Retigabine 76 0 0.0% 0 0.0% 0 0.00%
Rufinamide 32 0 0.0% 0 0.0% 0 0.00%
Selurampanel 99 59 59.6% 11 11.1% 0 0.00%
(BGG492)

Sodium valproate 952 784 82.4% 161 16.9% 5 0.53%
Tiagabine 1708 1304 76.4% 159 9.3% 2 0.12%
Topiramate 101 0 0.0% 0 0.0% 0 0.00%
Vigabatrin 871 697 80.0% 103 11.8% 2 0.23%
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Zonisamide 8873 4293 48.4% 467 5.3% 0.18%

Additional Information D: Adverse event outcomes

Table 12: Number of adverse events during study period for focal seizures

Brivaracetam 1404 67.0% 14.0% 3 0.21%
Carbamazepine 101 NR NR NR NR 0 0.00%
Carisbamate 2212 1313 59.3% 245 11.1% 2 0.09%
Cenobamate 76 NR NR NR NR 0 0.00%
Eslicarbazepine 633 274 43.3% 85 13.4% 2 0.32%
Acetate

Gabapentin 68 NR NR 7 103% O 0.00%
Ganaxolone 871 697 80.0% 103 11.8% 2 0.23%
Lacosamide 863 547 63.4% 204 23.6% 3 0.35%
Lamotrigine 1686 888 52.7% 102 6.0% 4 0.24%
Levetiracetam 1114 279 25.0% 49 4.4% 0 0.00%
Loreclezole 99 59 59.6% 11 11.1% O 0.00%
Losigamone 952 784 824% 161 16.9% 5 0.53%
Oxcarbazepine 209 114 54.7% 24 115% 0 0.00%
Perampanel 442 340 76.9% 53 12.0% O 0.00%
Phenytoin 1708 1304 76.4% 159 9.3% 2 0.12%
Placebo 8873 4293 48.4% 467 5.3% 16 0.18%
Pregabalin 739 399 54.0% 48 6.5% 1 0.14%
Primidone 2017 1472 73.0% 138 6.8% 0 0.00%
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Retigabine 1094 413 37.7% 15.0% 0.00%
Rufinamide 68 46 67.6% 8 118% O 0.00%
Selurampanel 142 NR 0.0% 1 0.7% 0 0.00%
(BGG492)

Sodium 98 82 83.7% 7 7.1% 0 0.00%
valproate

Tiagabine 1478 648 43.8% 142 9.6% 0 0.00%
Topiramate 687 73 10.6% 67 9.8% 0 0.00%
Vigabatrin 32 NR NR NR NR 0 0.00%
Zonisamide 480 215 448% 62 129% O 0.00%

NR: Not reported for any trial
1 These are total deaths reported. It was often unclear in studies whether deaths had not occurred or if they had not been reported especially where this outcome was in the study
protocol. Therefore, ‘not reported’ was treated as zero deaths.

Table 13: Number of adverse events during study period for GTC seizures

Brivaracetam 66.0% 13.9% 1 2.78%
Lacosamide 121 96 79.3% 5 4.1% 0 0.00%
Lamotrigine 134 54 40.1% 20 149% O 0.00%
Levetiracetam 206 130 63.0% 15 7.3% 0 0.00%
Perampanel 81 67 82.7% 48 59.3% O 0.00%
Placebo 599 261 43.5% 41 6.8% 3 0.50%
Topiramate 41 NR NR 5 122% 0 0.00%

NR: Not reported for any trial
1 These are total deaths reported. It was often unclear in studies whether deaths had not occurred or if they had not been reported especially where this outcome was in the study
protocol. Therefore, ‘not reported’ was treated as zero deat
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