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ARTICLE INFO ABSTRACT

Keywords: Epilepsy is one of the most common neurological disorders, affecting approximately 50 million people world-
Carbamazepine wide. Despite a dramatic increase in treatment options over the past 30 years, it still ranks fourth in the world’s
Oxcarbazepine

disease burden. There are now close to 30 antiepileptic drugs (AEDs), with more than two thirds introduced to
the market after carbamazepine (CBZ) and one third after its derivative, oxcarbazepine (OXC). Following the
introduction of these newer AEDs, the role of CBZ and OXC in the therapeutic armamentarium for seizure control
and effective epilepsy management needs to be reviewed. The main guidelines list both CBZ and OXC as first-line
options or second-line alternatives for the treatment of focal-onset epilepsy and primary generalized tonic-clonic
seizures. While evidence suggests that overall AEDs have similar efficacy, some newer AEDs may be better
tolerated than CBZ. In line with this, there have been changes in treatment patterns, with many variations across
different countries. However, CBZ remains among the two or three most prescribed drugs for focal epilepsy in
many countries, and is widely used across Europe, Africa, South America, and Asia, where it represents a good
compromise between cost, availability, and effectiveness. OXC is among the first-choice options for the initial
treatment of focal-onset seizures in several countries, including the US and China, where the oral suspension is
commonly prescribed. This review provides guidance on the optimal use of these two drugs in clinical practice,
including in children, the elderly, and in pregnancy.

Epilepsy guidelines
Real-world effectiveness
Focal onset seizures
Therapeutic strategy

1. Introduction landscape over the past 30 years. In 1990, only the first generation

anti-epileptic drugs (AEDs), namely carbamazepine (CBZ), phenytoin,

Approximately 50 million people worldwide have epilepsy, which
makes it one of the most common neurological diseases globally,
ranking fourth in the world’s disease burden [1,2]. Nearly 80% of people
with epilepsy live in low- and middle-income countries, with a lifetime
prevalence varying from 5.8 per 1000 (developed countries) to 15.4 per
1000 (rural studies in developing countries) [2,3]. A substantial treat-
ment gap remains despite dramatic changes in the epilepsy treatment

phenobarbital, primidone, and valproate, were commonly used for
focal-onset seizures, and secondarily generalized seizures, while etho-
suximide and valproate were used for generalized onset seizures [4].
Currently, close to 30 AEDs are available, with some new generation
AEDs presenting advantages in terms of tolerability, which has led to
changing trends in the choice of the initial AED [5,6].

Nevertheless, given their well-established efficacy and safety

Abbreviations: AED, antiepileptic drug; CBZ, carbamazepine; CBZ-CR, carbamazepine controlled-release formulation; CBZ-IR, carbamazepine immediate-release
formulation; IPD, individual participant data; OXC, oxcarbazepine; RCT, randomized clinical trials; QOL, quality of life; RWE, real-world evidence.
* Corresponding author at: UZ Leuven, Campus Gasthuisberg, Herestraat 49, B - 3000 Leuven, Belgium.

E-mail address: lieven.lagae@uzleuven.be (L. Lagae).

https://doi.org/10.1016/j.seizure.2020.10.018

Received 4 August 2020; Received in revised form 30 September 2020; Accepted 22 October 2020

Available online 14 December 2020

1059-1311/© 2020 Published by Elsevier Ltd on behalf of British Epilepsy Association.

(http://www.elsevier.com/open-access/userlicense/1.0/).

This article is made available under the Elsevier license


mailto:lieven.lagae@uzleuven.be
www.sciencedirect.com/science/journal/10591311
https://www.elsevier.com/locate/seizure
https://doi.org/10.1016/j.seizure.2020.10.018
https://doi.org/10.1016/j.seizure.2020.10.018
https://doi.org/10.1016/j.seizure.2020.10.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.seizure.2020.10.018&domain=pdf
http://www.elsevier.com/open-access/userlicense/1.0/

A. Beydoun et al.

profiles, older AEDs are still widely prescribed. CBZ, with 38 million
patient years exposure, belongs to the WHO model list of essential
medicines, and is still considered the standard of care and the most
prescribed initial treatment for focal epilepsy [7].

Oxcarbazepine (OXC), a structural analogue of CBZ, was developed
in an effort to avoid side effects from CBZ and its active metabolites and
obtain a more suitable patient profile. The objective was to improve the
tolerability and pharmacokinetic profile of the drug while decreasing its
potential for drug-drug interactions [8]. OXC was evaluated in four
head-to-head comparative trials with CBZ, valproate, and phenytoin, in
adults (three trials) and children (one trial vs phenytoin) with newly
diagnosed epilepsy. The results showed a similar efficacy between all
drugs, with OXC better tolerated than CBZ and phenytoin [9,10]. A
Cochrane review also concluded that OXC and CBZ appear to be simi-
larly effective and well tolerated [11] (since the efficacy results are
based on a single study, a potential difference cannot be ruled out). OXC
currently has 8.4 million patient years exposure.

The present review aims to investigate the place of these two agents
in the epilepsy treatment landscape, using current guidelines, the most
recent clinical evidence, and real-world practice, including consider-
ation of geographical variation. We will aim to evaluate and address the
benefit/risk ratio of CBZ and OXC in the treatment of epilepsy following
the emergence of newer treatment options. This review also intends to
provide guidance on the optimal use of these two drugs in clinical
practice, including special populations.

2. Main characteristics and guidelines
2.1. Main characteristics of CBZ and OXC

There are close to 30 AEDs available in the US and a similar number
available in the EU, including more than two thirds which have become
available since the introduction of CBZ in 1963, and one third since the
introduction of OXC in 2000 [12,13]. The timing of the introduction of
CBZ and OXC relative to the introduction of the other first, second and
third generation AEDs is shown in Table 1.

Whilst there is only a small difference in structure between CBZ and
OXC, their mechanisms of action and their metabolic pathways are
substantially different [15,16]. Both drugs are strong sodium channel
blockers, but they modulate different types of calcium channels [10,15,
16]. Furthermore, while CBZ is oxidized by the cytochrome P-450 sys-
tem and is a potent inducer of most of the isozymes of cytochrome
P-450, OXC is rapidly reduced by cytosolic enzymes in the liver to its
10-monohydroxy metabolite (monohydroxy derivative [MHD]). MHD,

Table 1
AEDs available in the EU [13,14].

1% generation 2" generation 3" generation

Approved before Approved from Approved after
1989 1989 2005
1 Phenobarbital 11 Vigabatrin 22 Rufinamide
2 Phenytoin 12 Lamotrigine 23 Stiripentol
3 Primidone 13 Gabapentin 24  Lacosamide
4 Ethosuximide 14  Felbamate 25  Eslicarbazepine*
acetate
5 Sulthiame 15  Topiramate 26  Perampanel
6 Carbamazepine 16  Fosphenytoin 27  Brivaracetam
7 Diazepam 17  Tiagabine 28  Cannabidiol
8 Valproate 18  Oxcarbazepine
9 Clonazepam 19 Levetiracetam
10  Clobazam 20  Pregabalin
21 Zonisamide

* Note that eslicarbazepine, which like oxcarbazepine is a derivative of carba-
mazepine, is not the main focus of this review as it is a 3" generation drug with
limited clinical experience, and the present review aims at reassessing the role of
older drugs in light of the emergence of new treatment options (including
eslicarbazepine).
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which is primarily responsible for the pharmacological effect of OXC, is
subsequently metabolized by conjugation with glucuronic acid in the
liver. As a result, OXC was shown to be a substantially weaker inducer of
hepatic enzymes and is significantly less prone to drug-drug interactions
compared with CBZ [10].

2.2. CBZ and OXC in current guidelines

Guidelines have evolved to reflect the evolution of the AED land-
scape. The main guidelines list CBZ and OXC as first-line options or
second-line alternatives for the treatment of focal onset and primary
generalized tonic-clonic seizures (Table 2).

Results of randomized clinical trials (RCTs) and recently published
network analyses and systematic reviews complement guidelines rec-
ommendations and provide additional guidance towards evidence-
based treatment choice.

3. Efficacy/effectiveness

In epilepsy, effectiveness often refers to the proportion of patients
who remain on the allocated AED for a period of time. This provides a
combined measure of efficacy (seizure control) and tolerability, with the
ultimate goal of epilepsy treatment being lasting freedom from seizures
without adverse effects [26].

3.1. Randomigzed controlled trials and other studies

Although there is evidence of efficacy under controlled research
conditions for newer AEDs, their clinical effectiveness has been poorly
studied [27], and previous RCTs have limitations in informing the
choice between all different AEDs [28]. Several large trials conducted
after 2006 have nevertheless provided some limited information on their
relative efficacy.

The Standard and New Antiepileptic Drugs (SANAD) study was a
non-blinded RCT comparing CBZ, gabapentin, lamotrigine, OXC, and
topiramate in focal epilepsy, conducted in 1721 hospital-based outpa-
tient clinics in the UK [28]. In this study, CBZ was superior to gabapentin
for time to 12-month remission and had a non-significant advantage
over lamotrigine, topiramate, and OXC. However, for time to treatment
failure, lamotrigine was superior to all other AEDs except for OXC.

It is important to note that the oldest head-to-head trials with CBZ (as
is the case for SANAD) used the immediate-release formulation (CBZ-IR)
on a BID schedule. Evidence indicates that CBZ is better tolerated with
the controlled-release formulation (CBZ-CR), as suggested by studies
conducted in the elderly population. For example, in a multicenter study
comparing CBZ-IR with lamotrigine, the latter was significantly better
tolerated than CBZ-IR [29]; however, an identical study comparing
lamotrigine with CBZ-CR did not find any significant difference in
tolerability between the two drugs [30].

More recently, the efficacy and tolerability of a number of the newer
AEDs, including levetiracetam, zonisamide, lacosamide, and eslicarba-
zepine were evaluated in head-to-head trials against CBZ-CR in adults
with newly diagnosed epilepsy [31-34]. No significant differences in
efficacy or tolerability were observed.

Effectiveness, however, should not be the only factor to consider. The
impact on quality of life (QOL) is another important variable, as not all
adverse events (AEs) affecting QOL lead to drug discontinuation. This
was suggested by the results of an open-label, single-arm study of pa-
tients aged >12 years with focal onset seizures, whereby patients who
switched to OXC monotherapy due to lack of efficacy or poor tolerability
on their current AED had significant and clinically relevant improve-
ment in QOL [35].

Recent network meta-analyses and Cochrane Reviews, based on in-
dividual participant data (IPD), presented below shed further light on
how CBZ and OXC compare with other treatments.
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Table 2
Place of CBZ and OXC in current guidelines.

Generalized tonic-
clonic seizures

Year Guidelines Focal-onset seizures

First line:

e Valproate (or
lamotrigine if
valproate unsuitable)
for children, young
people and adults;

e CBZ and OXC may
also be considered
depending on risk of
exacerbating
myoclonic or absence
seizures

First line:

CBZ or lamotrigine for
children, young
people and adults;

o Alternatively OXC,
valproate or
levetiracetam if CBZ
and lamotrigine are
not appropriate

NICE [17,

2012 18]

First line:
e Choice can be
standard AEDs such as
CBZ, phenytoin,
valproic acid,
phenobarbital, and
new AEDs,
lamotrigine,
gabapentin, OXC, or
topiramate
Insufficient evidence
to consider
gabapentin, OXC, or
topiramate instead of
CBZ.

No high-quality studies

exist for 16 AEDs

(including OXC) but:

AAN
2004-2018 [19-21] e OXC extended release
2,400 mg/d is

possibly effective for
treating treatment-
resistant focal epi-
lepsy in adults (class
1)
OXC only drug with
class I evidence for the
treatment of newly
diagnosed focal onset
seizures in children
OXC recommended
for treatment-
resistant focal epi-
lepsy in infants and
children of 1 month to
4 years (add-on
therapy)
CBZ and phenytoin
listed as AEDs with
level A evidence of
efficacy/effectiveness
in adults, in addition
to levetiracetam and
zonisamide
First line:

2013 ILAE [22]

First line:

e Valproate

e Alternatively CBZ
and OXC (for patients
with generalized
tonic-clonic seizures
only), lamotrigine,
levetiracetam and
phenytoin

First line: CBZ e First line: valproate

New AEDs recommended as add-on therapy or for

special groups

CBZ, lamotrigine and
levetiracetam for
adults

OXC for children

2015 CAAE [23]

Japanese
guidelines .
[24,25]

2015

AAN: American Academy of Neurology; AED: antiepileptic drug; CAAE: China
Association Against Epilepsy; ILAE: International League Against Epilepsy; CBZ:
carbamazepine; NICE: National Institute for Health and Clinical Excellence;
OXC: oxcarbazepine.
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3.2. Systematic reviews/network analyses

Several network meta-analyses have recently been published that
provide direct and indirect comparisons for all available AEDs (see
Table 3a for a summary of the results).

Results of one of the largest and most recent network meta-analysis
of IPD published in the Cochrane database of systematic reviews are in
line with NICE guidelines, concluding that CBZ and lamotrigine are
suitable first-line treatment options for individuals with focal onset
seizures [18]. In addition, levetiracetam was listed among the most
suitable alternatives. Generally, most AEDS in the network performed
similarly in terms of seizure control, but older drugs performed worse in
terms of long-term retention compared with the newer drugs, such as
lamotrigine and levetiracetam (Table 3a).

Another large systematic review and network meta-analysis
compared the relative efficacy and tolerability of 17 available AEDs
used as monotherapy for the treatment of epilepsy (analyses done on
focal epilepsy for efficacy, and all types of epilepsy for tolerability) [7].
The tolerability analyses again showed that newer drugs performed
better than the oldest AEDs in terms of treatment withdrawal due to AEs,
with CBZ ranking somewhat in the middle. In the efficacy analyses, CBZ
performed better than the older drugs, primidone and phenobarbital,
which were associated with a lower chance of achieving seizure
freedom, and better than pregabalin in terms of withdrawals due to lack
of therapeutic efficacy. No AED showed a significant improvement in
any efficacy outcomes compared with CBZ, and OXC was listed among
the drugs with the best efficacy profiles.

Taken together, these result indicate that while some new AEDs
appear to be better tolerated than CBZ, none were more effective and
some (primidone, phenobarbital, pregabalin) were less effective than
CBZ based on certain efficacy measures. In several studies, levetiracetam
showed comparable efficacy, and in one analysis, showed lower efficacy
than CBZ in terms of seizure control [7,18].

These overall findings are generally in line with results of pairwise
comparisons based on IPD, as published in a series of Cochrane Reviews
(Table 3b) [36-40].

3.3. Cost-effectiveness

The question of cost-effectiveness does not have a straightforward
answer, as costs cannot be generalized worldwide. In addition, indirect
costs are also an important factor to be taken into account and high
quality cost-effectiveness studies are lacking [27].

A cost-minimization analysis investigated the costs of treatment with
lamotrigine, CBZ, phenytoin, and valproate in 12 European countries,
taking into account each drug’s side-effect and tolerability profiles. In
each country considered, lamotrigine was twofold to threefold more
expensive than the other drugs [43].

A more recent study reviewing the scant health economic data on
CBZ suggested that the use of this drug in epilepsy is cost-effective in
certain contexts [44]. However, evidence from a prospective, random-
ized, controlled trial is lacking and uncertainty persists. In particular,
cost-effectiveness remains to be demonstrated when used in certain
patient subgroups, including the elderly, women of childbearing po-
tential, and patients with learning difficulties. In the developing world,
cheaper options such as phenytoin and phenobarbital should be
considered. Furthermore, the economic effect on long-term side effects
(particularly the potential effects on bone metabolism) drug-drug in-
teractions, and teratogenicity was not incorporated into the analysis.

In spite of these uncertainties, the latest NICE guidelines, which
included cost utility analyses of AEDs, concluded that lamotrigine was
the most cost-effective monotherapy, but noted that CBZ may be as cost-
effective [17].
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Table 3a
Summary of meta-analyses results.
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Year Studies included AEDs Tolerability / Time to withdrawal Seizure control
2019 4 head-to-head trials CBZ-CR vs levetiracetam, e No difference in treatment-emergent e Rates of 6- and 12-month seizure freedom were
[41] involving 2856 participants zonisamide, lacosamide, or AEs between CBZ-CR and any of the four similar between CBZ-CR and any of the four
with newly diagnosed eslicarbazepine AEDs tested AEDs tested
focal epilepsy e Lacosamide was associated with lower
discontinuation rate than CBZ-CR
2014 3 trials in 1696 newly CBZ vs leviteracetam e Levetiracetam led to depression more o Rates of seizure freedom were similar between
[42] diagnosed patients or patients frequently than CBZ, while CBZ caused CBZ and levetiracetam
with focal or generalized rash more frequently
epilepsy
Tis i i : Tii 12- ission:
36 trials including IPD for 10 AEDs currently used as tme to withdrawal '(foc.al setzures) ime to month remission:
L . o CBZ performed significantly better than
2017 12,391 participants with focal =~ monotherapy for focal onset 5 : . .
3 . . X . gabapentin and phenobarbitone (high e CBZ performed better than levetiracetam for
[18] onset seizures or generalized seizures or focal to bilateral tonic- . . e . . .
. . . quality evidence) and worse than individuals with partial seizures
tonic clonic seizures clonic seizures . .
levetiracetam and lamotrigine
Sei d d withdrawal due to th ti
Withdrawal due to adverse reactions: X elzu-re freedom and withdrawal due to therapeutic
inefficacy:
e CBZ performed better than the older drugs,
Tolerabili lysis: 43 trial: imid. d phenobarbital, which
? erability ana.ysm 43 trials 17 available AEDs used as e CBZ performed better than prlml. one ar? phenobarbita’, whie Yvere
with 12,886 patients . . associated with a lower chance of patients
2016 . . . monotherapy (analyses done on phenobarbital and primidone R .
Efficacy analysis: 18 studies, . X . . becoming seizure-free, and better than
[7] . . . focal epilepsy for efficacy, and all e Newer AEDs, including clobazam, >
comprising 5951 patients with 8 o . . pregabalin
. types of epilepsy for tolerability) gabapentin, lamotrigine, OXC, . L.
focal epilepsy . . . e Clobazam, levetiracetam, lamotrigine, OXC,
valproate, and vigabatrin had lower risk . . .
of withdrawal vs CBZ sulthiame, topiramate, and valproate, which
had the best efficacy profiles, demonstrated no
evidence of superiority vs CBZ
Table 3b

Results summary of pairwise comparisons based on IPD from series Cochrane Reviews.

Year Studies included AEDs Tolerability / Time to withdrawal Seizure control
2018 3 trials with IPD available for 480 OXCvsphenytoin e Treatment failure due to AEs occurs e OXC may be superior to phenytoin in focal onset
[39] patients with focal onset seizures or significantly later with OXC than with seizures in terms of treatment failure for any reason,
generalized tonic-clonic seizures phenytoin monotherapy (high quality seizure recurrence, and seizure remission (moderate
evidence) quality evidence)
2018 13 trials with IPD available for 836 CBZ vs e CBZ is likely to be a more effective drug than
[36] patients with focal onset or phenobarbitone phenobarbitone in terms of treatment
generalized onset tonic-clonic retention (moderate-quality evidence)
seizures
2018 13 trials with IPD available for 2572  CBZ vs e Treatment failure for any reason related to e CBZ may be associated with earlier remission and later
[40] patients with focal onset or lamotrigine treatment or due to AEs occurs significantly seizure recurrence vs lamotrigine (moderate quality
generalized onset tonic-clonic earlier with CBZ than with lamotrigine evidence)
seizures
2019 12 trials with IPD available for 595  CBZ vs phenytoin e No difference between CBZ and phenytoin in e No difference between CBZ and phenytoin in terms of
[37] patients with focal onset or terms of effectiveness (retention) seizure recurrence and seizure remission (moderate
generalized onset tonic-clonic quality evidence)
seizures
2019 3 trials with IPD were available for CBZ vs e CBZ is less likely to be withdrawn than e 12-month remission achieved earlier with CBZ than
[38] 1151 patients with focal onset topiramate topiramate (moderate quality evidence) topiramate (high quality evidence)

seizures

AED: antiepileptic drug; CBZ: carbamazepine; CBZ-CR: carbamazepine controlled-release formulation; IPD: individual participant data; OXC: oxcarbazepine.

3.4. Real-world evidence

Guideline recommendations and clinical trial outcomes only partly
reflect the place of AEDs in the epilepsy armamentarium. Real-world
evidence studies and geographical variations in the use of AEDs in
clinical practice are an important part of the picture, especially as they
take into account essential factors, such as availability and cost in real-
world settings. The authors of this review identified several studies
conducted in different parts of the world that may help shed light on
various clinical practices across countries. It should, however, be kept in
mind that these examples are not full reflections of the situation in the
countries considered. A summary of the findings is included in Table 4.

3.4.1. Asia

It appears that for initial monotherapy of focal seizures in China,
OXC has become the most prescribed AED in tertiary hospitals [45]. In
rural areas, CBZ is listed among the top two AEDs, although the
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treatment gap in these is large compared with epilepsy centers [46]
(Table 4). In terms of outcomes, there are favorable real-world evidence
efficacy data in China for both CBZ and OXC in focal epilepsy [47-49].
In addition, OXC oral suspension is used in Chinese children for focal
and generalized tonic-clonic seizures with substantial evidence for ef-
ficacy and safety [50,51] (Table 4). However, while OXC is approved in
China for generalized onset tonic-clonic seizures in children it should be
noted that it is not the case in some other countries including the US
[50].

CBZ, a commonly used AED in rural hospitals in India [52], was also
the most frequently used AED in a tertiary referral center in South India
[53] and in Bangladesh [54] (Table 4). This is despite CBZ being a
relatively expensive option in these countries, and it may be explained
by its favorable safety profile versus cheaper alternatives [54] (Table 4).

In part of the Middle East, CBZ appears to be the second most
frequently prescribed drug as a monotherapy in children after valproic
acid, as suggested by a study conducted in Jordan [55] (Table 4).
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Table 4

Geographical variation in AED use and evidence of effectiveness: results of

observational studies.

Region/ Country Study Findings
. e OXC 26% and valproic

11 tertiary .

. acid 39% most commonly

hospitals across R

i . prescribed monotherapy for

China including . . .

. patients with focal seizures

1603 outpatients . .

[45] and generalized seizures,
respectively

3069 southern e CBZ and OXC are among

Chinese outpatients the six most widely used

with epilepsy AEDs along with valproate,

(conducted lamotrigine, topiramate

2003-2015) [65] and levetiracetam

e Only one third (34%) of
patients received

6547 patients in appr.o prfate AE].)

. medication, which

rural western China . .

[46] consisted of phenytoin
(15%), CBZ (10%),
phenobarbital (9%), and
valproate (6%)

e First 6 months to 2 years:
patients treated with CBZ

CBZ vs valproate in (.VS valproe}te) w.e re more

. . likely to discontinue
584 patients with

. treatment due to lack of
focal seizures efficacy, but were less likel

followed for 10 years acy, b Y

in a tertia to discontinue due to AEs

. nd . e Long-term treatment: CBZ
epilepsy center in
. appeared to be more

China [47] L .
effective in terms of five-
year remission and clinical

China control vs valproate
e OXC, lamotrigine and
Follow up study topiramate all showf:('i good
. efficacy and tolerability for
focusing on OXC and focal epilepsy, with efficac
A newer AEDs [48] a epriepsy, Y
s maintained for at least one
I year
A OXC in 102 adult e OXC at low to rr{oderate
. doses was effective for the
patients from the R
. .. treatment of Chinese adult
Epilepsy Clinic of . .
. patients with newly
West China diagnosed, previously
Hospital [49 ’
ospital [49] untreated, focal epilepsy

OXC oral

suspension:

° 53,1 Chinese e More than 80% of children

children aged 2-5 . .
. achieving complete seizure
years with focal .
remission
and/or
generalized tonic-
clonic seizures
[50]
e 82%, 7%, and 4% of
e 912 children patients became controlled,
aged 2-16 years significantly improved, and
with focal and/or improved, respectively,
generalized tonic- after 26 weeks of treatment
clonic seizures o The efficacy of OXC was not
[51] affected by seizure types,
age, or gender
e CBZ was the most
frequently used AED,
India 972 patients in South followed by

India [53] diphenylhydantoin,
valproate, and
phenobarbitone

e CBZ (67%) was the most

Hospital-based study frequently prescribed AED,

f low- AEDs i foll b 1
Bangladesh of low-cost s in ollowed by valproate

854 Bangladeshi
people years [54]

(43%), phenobarbital
(17%), and phenytoin
(8%)
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Region/ Country

Study

Findings

Middle
East

mYo®C

Jordan

43 EU
countries

694 pediatric
patients from
specialized clinics
[55]

Survey conducted in
43 European
chapters of the ILAE
[14]

e CBZ was prescribed in 37%
of patients as monotherapy,
followed by valproate in
21% and phenobarbital in
8%

e Newer generation drugs (e.
g. lamotrigine and
topiramate) were used only
as add-on therapy in com-
bination with CBZ or val-
proate in 2% of patients

Outcomes:

o Treatment retention rates

for AED monotherapy

varied between 86% and

91% and were highest for

CBZ, followed by valproate

Reduction of seizure

frequency was highest for

phenytoin (100%) and

phenobarbital (98%),

followed by CBZ (96%) and

valproate (95%)

Phenytoin (64%) was the

most common drug to cause

adverse drug reaction,
while CBZ was the least
likely drug to be associated

with AEs (12%)

Phenobarbital and

phenytoin were the

cheapest of all AEDs (42 I$
and 56 I$/ year
respectively); the cost of

CBZ and valproate were two

times higher and

lamotrigine and topiramate
were six to eight times
higher

Most frequently prescribed

as a monotherapy: Valproic

acid 235 (51%) and CBZ

155 (33%).

The most common

combination in dual

therapy was valproic acid

with CBZ 28 (17%).

Large differences in AED

availability across

European countries,

especially between high-

income countries and the

other countries

None of the newest (3
generation) AEDs were
available in any of the 12
non-high-income countries,
the main reasons including
lack of regulatory approval,
high prices, and reimburse-
ment restrictions

e CBZ was the only drug
available in all 43 countries
studied

Among older AEDs,
phenobarbital, has been
withdrawn in three
countries, and
ethosuximide was not
marketed in 11 countries,
including 3 high-income
countries

Among new AEDs, OXC was
available in 34 countries
and had the greatest
variation in availability,

(continued on next page)
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Table 4 (continued)

Region/ Country Study Findings Region/ Country Study Findings
from 91% in high-income e 49% of respondents taking
countries to 50% in upper- AEDs managed to take their
middle-income countries medication on a regular
and 15% in lower-middle/ basis
low-income countries e OXC was the first treatment
e Most prescribed in 2007: option in newly diagnosed
CBZ (40% of patients); that focal epilepsy in children
percentage decreased to and adults, followed by CBZ
21% in 2014 and valproic acid
e Most prescribed in 2014: e The add-on therapy most
Levetiracetam (36% of Survey including 306 often used with OXC was
Claims data years patients) and CBZ fell into Mexico physicians and valproic acid, but
(2007-2014) of third position (21%) after 21,476 patients [64] phenytoin, phenobarbital
34,422 patients with valproate (26%) and lamotrigine were also
focal epilepsy [58] e In 2014, OXC is in fifth tolerable
position (7%) after e The study concluded that
Germany lamotrigine (20%) OXC was a good option in
o 3™ generation AEDs are Mexican neurologists’
prescribed in a small experience
proportion of patients only e 38% of patients with active
(<6%) epilepsy were inadequately
e Prevalence and prescribing treated, including 19% on
patterns changed with age no medication, with similar
4,115,705 AED e OXC and sultiame were Survey of 54,102 rates across socioeconomic
prescriptions (2009) popular with pediatricians Brazil people in South-East classes
[57] o Elderly patients frequently A Brazil [62] e Urgent need for education
received phenytoin and M in Brazil to inform people
primidone E that epilepsy is a treatable,
e The most common first R as well as a preventable,
monotherapies were CBZ, I condition
valproate, and C e Phenobarbital and CBZ
lamotrigine A were the most common
National register e CBZ dropped from almost Community-based AEDs used individually
40% in 2007 to 24% in Argentina B e Phenobarbital and
(2007-2013) . survey [63] .
Sweden including 27,772 2013 (while valproate phenytoin were the .rnost
. dropped from 23% to 14%, common AEDs used in
patients treated for ..
epilepsy [56] and lamotrigine ' polytherapy .
monotherapy rose slightly e OXC, lamotrigine and
from 18% to almost 21%) levetiracetam are
e The most common second- considered as the drugs of
line monotherapy was choice for initial treatment
levetiracetam of focal seizures
e CBZ and lamotrigine were e Compared with similar
the mﬁ)st fre'quen.tly Survey of 42 surveys conducted in 2001
prescribed flrst-hne drugs physicians and 2005, preffzrence for
Macedonia Survey of for focal éel.zur'es (note that us specialised in the use' o'f levetiracetam and
neurologists [66] Macedonia is listed as y lamotrigine appears to have
. . epilepsy [6] R
upper-middle-income increased, at the expense of
countries in the European that of phenytoin,
survey above mentioned) gabapentin, phenobarbital
e Patients use modern and CBZ
medicine, traditional herbs e CBZ was usually considered
and prayers appropriate or first-line for
interchangeably focal seizures
e A significant proportion of . . ‘ R
Survey of 305 patients do not access AED: antiepileptic drug; CBZ: carbamazepine; OXC: oxcarbazepine.
households having biomedical treatment (37%
Uganda R . R . X
patients with of patients did not receive
epilepsy [59] AEDs during first contact
A care)
- e Drugs prescribed were
phenobarbitone, CBZ and
R . .
I phenytoin with a few other 3.4.2. Europe
c drugs A survey conducted in 43 European ILAE chapters found large dif-
A ¢ 43% indicated that they ferences in AED availability across European countries, especially be-
;e;]iwed no treatment and tween high-income countries and the other countries [14]. CBZ was the
6 received solely some
form of traditional only AED available in each of the 43 countries studied. OXC was
treatment, resulting in a available in 34 of the 43 countries and had the greatest variation in
Survey of 1137
Rwanda treatment gap of 68%

patients [60]

The three most frequently
used AEDS were valproic
acid (44%) and CBZ
(44%), followed by
phenobarbital (33%)
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availability between high and low income countries (Table 4).
Although its prevalence has decreased since 2007, CBZ seems to
remain among the two or three most prescribed drugs for epilepsy in
Eastern and Western Europe, as suggested by studies conducted in
Macedonia, Germany, and Sweden [56-58]. OXC appears to be more
commonly prescribed in the pediatric population [56] (Table 4).



A. Beydoun et al.

3.4.3. Africa

In many African countries, access is a key factor determining AED
use. Multiplicity of health providers, reliance on traditional herbs and
prayers, and no clear guidance as to who provides the primary care in
epilepsy further limit the use of AEDs in these countries, where the
treatment gap (defined as the number of people with active epilepsy not
on treatment or on inadequate treatment) may be very significant
(Table 4). Findings from two African-based studies indicate that CBZ,
valproate, phenobarbital and phenytoin rank among the most prescribed
drugs [59,60].

Overall the findings suggest that there is room for greater private
sector engagement in providing AEDs for refill, improving patient ac-
cess, and decreasing patient financial burden associated with traveling
[59,60]. They also highlight the continued effort required from the
government to close the treatment gap through education and ensuring
availability of classic AEDs, including CBZ, but also phenobarbital,
phenytoin, and valproate in central pharmacies.

3.4.4. South America

A systematic review of the epilepsy treatment gap in developing
countries in 2009 suggested that it was larger in Asia (64%) and Latin
America (55%) compared with Africa (49%) [61]. The treatment gap in
Brazil [62] and AED use in Argentina [63] and in Mexico [64] are shown
in Table 4. The Argentinean survey indicated that CBZ and phenobar-
bital were the two most prescribed AEDs as monotherapy in 2007 in
Argentina while the Mexican study concluded that OXC was a good
first-choice option for newly diagnosed focal epilepsy, according to the
experience of Mexican neurologists.

3.4.5. US

A recent survey of 42 US physicians specialized in epilepsy consid-
ered OXC, along with lamotrigine and levetiracetam, as a drug of choice
for initial treatment of focal seizures [6]. While the survey highlighted a
decrease in the preference for the use of CBZ since 2001 and 2005, CBZ
was usually considered appropriate or first-line for focal onset seizures
[6] (Table 4)

Overall, the real-world-evidence data indicate that although dis-
parities exist in terms of clinical management of epilepsy and drug
availability, CBZ remains one of the most frequently prescribed AEDs,
balancing effectiveness, availability, and cost. Across Asia, Africa, and
South America, but in Europe also (although its prevalence there is
decreasing), CBZ still plays an important role, remaining among the top
two or three AEDs used in many countries. OXC is commonly used for
focal epilepsy in China and is among the first-choice options in other
countries, including the US, for initial treatment of focal onset seizures;
the oral suspension formulation is commonly prescribed in children.
Increasing the availability of classic AEDs, including CBZ, in some
developing countries is still needed to close the treatment gap.

4. Pharmacokinetic profile and treatment optimization

Reducing the burden of epilepsy through treatment with CBZ or
OXC, whenever these options are the most appropriate, necessitates
following evidence-based treatment recommendations and guidelines to
optimize efficacy and minimize side effects [67]. CBZ is available in
multiple dosage forms including tablets (IR 100, 200 and 400 mg and CR
200 and 400mg), chewable tablets (100mg), oral suspension
(100 mg/5 ml) and suppositories (125 and 250 mg). OXC is available as
tablets (150, 300 and 600 mg) and oral suspension (60 mg/mL). The
pharmacokinetic parameters and serum reference ranges of the two
drugs are provided in Table 5.

CBZ: carbamazepine; MHD: 10-monohydroxy derivative; OXC:
oxcarbazepine. {Patients on chronic therapy after autoinduction has
completed—values are much longer after a single dose. *All values refer
to the active metabolite MHD. *There are clinical settings where
monitoring of epoxide-CBZ, in addition to CBZ, is warranted,
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particularly when a co-medication occurs with an inhibitor of epoxide-
CBZ metabolism. When CBZ-CR tablets are administered singly and
repeatedly, they yield about 25% lower peak concentrations of active
substance in plasma than the conventional tablets; the peaks are
attained within 24 h. The CBZ-CR tablets provide a statistically signifi-
cant decreased fluctuation index, but not a significant decreased Cmin at
steady state. The fluctuation of the plasma concentrations with a twice-
daily dosage regimen is low. The bioavailability of CBZ-CR tablets is
about 15% lower than that of the other oral dosage forms [52,68,69].

4.1. CBZ

CBZ is a powerful inducer of hepatic enzymes (including both hetero
and auto-induction) and is extensively metabolized in the liver (pri-
marily by CYP3A4), causing numerous clinically relevant drug-drug
interactions [52] (Table 5). Auto-induction, in particular, results in
nonlinear, time-dependent kinetics, with CBZ metabolism becoming
more efficient as the duration of treatment increases; the steady-state
concentration of CBZ is reduced by as much as 50% after 3 weeks of
drug administration. As a result, during the introduction of CBZ, dose
increases do not correlate with corresponding increases in the plasma
levels and half-life of CBZ decreases with long-term use and polytherapy.

Not only does CBZ dose correlate poorly with blood levels, but also
using the same dose, blood levels vary depending on gender, race, or age
(e.g., women, children, or patients of African extraction often need
higher doses than Caucasian men to reach similar blood concentrations).
Following dosing recommendations and monitoring drug levels is thus
critical to minimize drug interactions as well as early intolerance and
subsequent reduced efficacy due to auto-induction (see Table 6 for
recommendations on treatment optimization including management of
side effects, such as rash and hyponatremia).

These recommendations include low initial dose and slow titration,
as well as routine therapeutic drug monitoring (TDM) of CBZ to adjust
the dose based on drug concentrations (using plasma reference range,
Table 5) in order to optimize clinical outcome [13,52]. TDM also helps
to ensure compliance and to establish which level is suitable for a pa-
tient. However, in the experience of the authors of the present report,
many centers only clinically follow patients and perform TDM in cases of
specific indications rather than routinely (e.g. development of side ef-
fects or seizure occurrence).

4.1.1. Genotyping

It is now recognized that some of the potential side effects of CBZ
may be avoided through targeted genotyping. The HLA-B*1502 allele,
which occurs with varying frequency among Asians (e.g. 10-20% Chi-
nese in Hong Kong), is associated with a dramatically increased risk of
CBZ-induced potentially life-threatening cutaneous reactions, such as
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN)
(from 1 to 6 per 10000 in Caucasian users to 10 times higher in some
Asian countries) [70-72]. Other alleles, including HLA-A*3101 and
HLA-B*1511, have been linked with cutaneous reactions, and CBZ

Table 5
Pharmacokinetic parameters and serum reference ranges of CBZ and OXC.
AED Metabolic Time Plasma Half- Pharmaco- Plasma
pathway to protein life logically reference
steady  binding  (hours) active range
state (%) metabolites
(days)
CBZ CYP450 2-471 75 8-20 epoxide- 4-12mg/
CBZ* L(17-51p
mol/L)
OXC'  Cytosolic 2-3 40 8-15 MHD 3-35mg/
enzymes L (12-139
glucuronic p mol/L)
acid
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Table 6

Recommendations for treatment optimization with CBZ or OXC.
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CBZ
[13,20,52,81]

OXC
[9,10,16,20,78,79]

Dosing
recommendations

Drug interactions

TDM

Rash

Hyponatremia

Hormonal
contraception

Genotyping

Unless the CBZ-CR formulation is used, a twice or thrice a day dosing
regimen is necessary

Low initial dose and slow titration: 100 mg/day starting dose with 100 mg
increments at weekly intervals (more likely to succeed than starting at
200 mg/day, as in many trials) up to 600 mg/day

Children: start 5-10 mg/kg/day up to 20 mg/kg/day

Enhances its own metabolism (auto-induction)

CYP3A4 inducers/inhibitors decrease/increase CBZ levels

Decrease levels of drugs metabolized by CYP3A4 including many commonly
used medications such as warfarin, oral contraceptives, calcium channel
antagonists, and chemotherapeutic agents, etc.

Perform TDM routinely if possible, or 14 days after equilibration and in case
of interactions with other drugs, doubt on compliance or unexplained side
effects

The “therapeutic range” derived from the relationships among plasma level,
seizure control, and emergence of side effects, is often set between 4 and
12mg/L

Setting a plasma level target on both CBZ and its metabolite, epoxide-CBZ,
may help to achieve an optimum therapeutic response [123]

Drug concentration may be measured in saliva instead of blood, with the
advantage of easier collection and access to levels of the free, non-protein-
bound compound, which is the form entering the brain (saliva monitoring is
widely practiced in the US) [13]

Major AE that leads to CBZ discontinuation

Wide range of frequency (2.3%-19%)

A low initial CBZ dose and slow titration have been shown to substantially
reduce the likelihood of rash [81]

Similarly to CBZ, a slower introduction is preferable (e.g. 150 mg on Day
one, then 300 mg daily, and increased by 300 mg weekly) both for
monotherapy and adjuvant therapy

The recommended dose of OXC as monotherapy for adults with epilepsy
is 600-1,200 mg orally per day but may be higher in patients with
refractory seizures and in those requiring combination therapy
Children: start 10-20 up to 45 mg/kg/day

Owing to individual variations in CBZ enzyme auto-induction, overnight
switching (using CBZ/OXC ratio of 1/1.5) is advised only for patients on
CBZ < 800 mg daily; otherwise, slower switching over a period of 2-4
weeks is recommended to minimize side effects

Modest, dose-dependent induction of CYP 3A4 may reduce effectiveness
of oral contraceptives.

Inhibition of CYP2C19 may result in increases in phenytoin plasma
concentrations

Plasma range for monitoring of MHD: 3-35 mg/L
As per CBZ, MHD is secreted into saliva, which may be used for TDM in
place of blood [13]

Hyponatremia may develop with both CBZ or OXC, but is more frequent with OXC [26]

Sodium monitoring recommended in case of concomitant administration of sodium depleting drug or renal disease [76]

It is often asymptomatic, but may be more frequent than suggested by clinical studies, especially in the elderly [26] — one fourth of patients taking CBZ and
almost half of those taking OXC in a recent RWE study (hyponatremia was severe in 7% and 22% of patients, respectively) [80]

In a population-based study, CBZ use was associated with a higher risk of hospitalization with hyponatremia within 30 days of drug initiation in people older

than 65 years [82]

To prevent this, the EpiPGX Consortium recommend a low threshold of suspicion, and to routinely check sodium levels in people taking either of these drugs
Children are also at risk of developing electrolyte disturbances, and the level of sodium, at least, should also be measured in the pediatric population [83]
In any case, if symptoms of hyponatremia, such as headache, general malaise, gait disturbance, and somnolence, are suspected, the serum sodium level

should be measured [84]
Mild hyponatremia can be treated with fluid restriction

In case of severe hyponatremia, the introduction of an alternative AED with the gradual withdrawal of CBZ/OXC is recommended

Due to its inducing effect, CBZ at common dosage decreases levels of
contraceptive steroids, which has been shown to increase breakthrough
bleeding and permit ovulation if low dose of oral contraceptives are used
[85]

The Dutch Pharmacogenetics Working Group (DPWG) recommend avoiding
the use of CBZ and selecting an alternative, if possible, for individuals
positive for HLA-B*1502, HLA-A*3101, and HLA-B*1511 [71]

In the US, genotyping is recommended prior to commencing CBZ treatment
in patients with susceptible ancestry, with supportive evidence of its cost-
effectiveness [73]

Chinese guidelines recommend testing all patients who are ethnically
Chinese [70]

OXC may also reduce the effectiveness of hormonal contraception [10,
78]

AED: antiepileptic drug; CBZ: carbamazepine; MHD: monohydroxy derivative; OXC: oxcarbazepine; RWE, real world evidence.

dosing guidelines based on HLA genotype have been published by
different groups (Table 6).

In particular, the presence of HLA-A*3101 allele in European descent
and Japanese populations may increase the risk for CBZ-induced cuta-
neous reactions (mostly less severe) from 5.0% in general population to
26.0% among subjects of Northern European ancestry, whereas its
absence may reduce the risk from 5.0%-3.8% [72].

However, HLA typing is expensive and labor-intensive. Despite
guideline recommendations and proven cost-effectiveness [73], in the
experience of the authors of this review, the rate of genotyping is ‘low’,
including in children. In China, no routine testing is currently performed
(partly due to examination fees and patient compliance); however,
awareness is increasing, especially among Chinese pediatricians, and
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tests are suggested to most patients in epilepsy centers, especially in
tertiary hospitals. Determining genetic variants in individual patients
could prove invaluable by allowing drug selection and dosing according
to genotype [13].

4.2. OXC

Many patients are successfully managed using OXC based on the
Prescribing Information-recommended titration schedule [9,16].
Evolving clinical experience however suggests a number of additional
treatment recommendations (Table 6). Recommendations on switching
to OXC follow the results of the multicentre Italian PRIMO study [74].
While that it is not advisable to switch a patient with focal epilepsy
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stabilized on CBZ, switching to OXC in case of poor tolerability or scant
clinical efficacy of CBZ was well tolerated in the vast majority of patients
(87% still on OXC after one year). Retention rate was similar regardless
of the reason of the switch (insufficient clinical efficacy or poor tolera-
bility) suggesting that OXC can play a role in both scenarios, although it
should be noted that significantly more patients needed combination
therapy when switched due to poor efficacy. The CBZ/OXC ratio of
1/1.5 appears to be close to the optimal for the switch from CBZ to OXC,
at least for patients treated with CBZ monotherapy.

As with other AEDs, including CBZ, TDM is a valuable adjunct in
individualizing OXC treatment due to large individual differences in
dose to plasma concentration relationship. Since OXC is rapidly trans-
formed to its metabolite MHD, it is now routine practice to monitor only
MHD concentration [13].

In terms of AEs, there is a higher risk of hyponatremia with OXC
compared with CBZ [26]. For both drugs the overall incidence varies
greatly depending on the population studied and definition of hypona-
tremia (from 33% to 73% for OXC vs 5%-40% for CBZ) [75]. More
recent studies of clinical trial data and experience reported rates of
OXC-induced hyponatremia (serum sodium <135mmol/l) of around
25% [76] and 30% (vs 13% for CBZ-induced hyponatremia) [77], and
3% for severe hyponatremia (serum sodium <125mmol/l) [76].
Although hyponatremia is usually asymptomatic, routine serum sodium
monitoring is recommended if relevant risk factors exist, including renal
disease, or sodium-depleting comedications [9,10,16,76,78,79]. It
should also be noted that the authors of a recent real-world evidence
study, including the EpiPGX Consortium [80] found a higher risk than
previously reported. Specific recommendations on the management of
hyponatremia are included in Table 6.

Although, as mentioned above, drug interactions are less frequent
with OXC compared with CBZ, OXC may reduce the effectiveness of
hormonal contraception [10,78].

5. Specific populations

All existing guidelines emphasize the need to consider individual
patient characteristics when selecting an AED, including childbearing
potential, age, and comorbidities.

5.1. Pediatric

The epilepsies of childhood are a heterogeneous group of disorders
that include several different types of seizure with different causes,
treatments, and outcomes [86].

5.1.1. CBZ

The NICE guidelines recommend CBZ or lamotrigine as first-line
treatment in children and young people with newly diagnosed focal
onset seizures, with a recommendation to use the controlled-release
formulation if CBZ is used [86], In fact, an estimated 80% of children
with epilepsy have seizure types or epilepsies that are potentially
responsive to CBZ, including focal and generalized tonic-clonic seizures
[87], resulting in CBZ being still heavily utilized for the treatment of
epilepsy in children (Djordjevic, Jankovic et al. 2017). When treating
children, we should however keep in mind that CBZ can aggravate some
seizure types, especially absences (more common in children than in
adults), myoclonic seizures, and tonic seizures, and it is contraindicated
in Dravet syndrome. In addition, major considerations should be given
to age-related pharmacokinetic differences and drug interactions [87].
On average, children have higher clearance rates of CBZ, shorter
half-lives, and higher ratios of epoxide-CBZ to CBZ than adults. More-
over, children with severe epilepsy are more likely to require
multiple-drug therapy, which can lead to complex drug interactions
causing intermittent side effects.

Pharmacokinetics and pharmacodynamics of CBZ in children also
depend on genetic and environmental factors; dosing regimens should
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take these into account to ensure safe and effective use of CBZ in this
population [88]. Evidence also emphasizes the importance of HLA
typing for prediction of adverse drug reactions to CBZ in children.

Genetic factors also play a part in some early onset epilepsies, in
which CBZ has an increasingly important role. Benign familial neonatal
epilepsy (BFNE) is a rare genetic condition, which typically presents
with recurrent clusters of seizures or status epilepticus in the first days of
life leading to prolonged hospitalization. The benefits of using CBZ in
such settings is supported by results from a study of 19 infants with
BFNE, which showed that seizures promptly respond to low-dose oral
CBZ. Early diagnosis and treatment with oral CBZ was associated with
dramatically shortened hospitalization with no observed side effects
[89]. Similar observations were published for genetic epilepsies asso-
ciated with SCN2A and SNC8A mutations [90,91].

5.1.2. OXC

OXC is approved for use as adjunctive therapy in the treatment of
partial onset seizures in children aged >4 years in the US and Canada,
and as monotherapy or adjunctive therapy in the treatment of partial
onset seizures in children aged >6 years in the EU, Central and Latin
America, and the majority of Asia [92].

OXC is in fact the only AED with Class I evidence for efficacy/
effectiveness as initial monotherapy for focal-onset seizures in children
[93]. In addition, it has Class I efficacy/effectiveness evidence as
adjunctive therapy for the treatment of pediatric partial-onset seizures,
along with gabapentin, lamotrigine, levetiracetam, oxcarbazepine, and
topiramate.

As is the case with CBZ, children aged <8 years have increased
clearance rates of OXC (by approximately 30%-40%) compared with
older patients, and may therefore require higher OXC doses to achieve
effective seizure control (Bang and Goa 2004). A pharmacokinetic
simulation indicates that for most pediatric patients, a dosing regimen of
20-30 mg/kg/d BID may be sufficient to reach the therapeutic range of
OXC metabolite [94]. However, in very young children (1 month to <4
years), a study evaluating the efficacy, safety, and pharmacokinetics of
OXC as adjunctive therapy found that high-dose OXC was significantly
more effective than low-dose OXC in controlling focal onset seizures
(Pina-Garza, Espinoza et al. 2005).

5.2. Pregnancy

Women with epilepsy (WWE) have a risk of bearing children with
congenital malformations that is approximately twice that of the general
population. Almost every AED has been associated with such risk [95].
CBZ and OXC, like many other AEDS, cross the placenta, with equivalent
maternal blood and cord blood levels [95-97].

Although several observational studies have confirmed lower rates of
major congenital malformations with use of CBZ during pregnancy
compared with valproate [98,99] (Perucca and Tomson 2011), CBZ, like
valproate, has been associated specifically with the development of
neural tube defects (NTDs), especially spina bifida [95]. Even with folate
supplementation, women taking CBZ or valproate during pregnancy
should avail themselves of prenatal diagnostic ultrasonography to detect
NTD in the fetus. Based on the UK/Ireland epilepsy and pregnancy
register, the overall major congenital malformations (MCMs) rates seen
with exposure to CBZ and lamotrigine were not that different from
background, particularly when taken in doses of less than 400 mg/day
and 1000 mg/day, respectively [99]. However, there seems to be a dose
related effect, which is steeper for CBZ than for lamotrigine. CBZ has
been associated with a 2% risk when given at <500 mg daily, 3% at
500-1000 mg and 5% at >1000 mg [99]. In a recent Cochrane review of
50 studies, CBZ (as well as topimarate and valproate) was associated
with higher rates of MCMs than levetiracetam and lamotrigine [100].
The same review did not identify any increased risk for MCMs for OXC.
These results are in line with findings from a prospective cohort study of
the EURAP registry which found that the risks of MCMs associated with
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OXC (3%), as well as with lamotrigine (2.9%) and levetiracetam (2.8%),
were within the range reported in the literature for offsprings unexposed
to AEDs [101]. The rate of MCMs observed in this study for CBZ was
5-5% and was 10-3% for valproate. Thus, overall, epilepsy and preg-
nancy registers are consolidating data, pointing to the use of lamo-
trigine, levetiracetam, OXC, and/or CBZ (lower dose) as those AEDs with
the lowest risk of MCM [102].

In addition to congenital malformation, exposure with AEDs during
pregnancy has been associated with effects on cognitive functioning in
children [103] and increased behavioral difficulties [104] compared
with unexposed children. These, however, were mainly observed with
valproate exposure which showed significant differences on social and
attention problems and symptoms of ADHD [104] compared with
lamotrigine-, levetiracetam-, and CBZ-exposed children. A prospective
observational study of 311 children also showed that the IQ at age 6
years was significantly lower after exposure to valproate than to CBZ,
lamotrigine, or phenytoin [105]. Children exposed to CBZ were not
found by the majority of studies to have poorer early development,
although there is a lack of evidence regarding specific cognitive skills
later in childhood and adolescence [103].

A higher proportion of conduct disorder were found in valproate and
levetiracetam-exposed children, and a higher proportion of children
exposed to lamotrigine in utero had clinical symptoms of autistic
behavior [104]. In this study CBZ-exposed children did not show higher
proportions of clinical behavioral problems.

In a review of contemporary published evidence-based guidelines
[106], the avoidance of valproate and older AED during pregnancy re-
mains the main focus. Avoidance of valproate and AED polytherapy is
recommended during the first trimester to prevent MCM and throughout
pregnancy to avoid reduced cognitive outcomes. Avoidance of
phenytoin and phenobarbital during pregnancy may also be considered
to prevent reduced cognitive outcomes.

Prescription pattern of AEDs during pregnancy have changed in line
with the evolving evidence and guidelines. In Spain, for instance, there
is increased use of levetiracetam, slight increased use of lamotrigine and
OXC, and diminishing use of older agents, including phenytoin,
phenobarbital, and CBZ [107]. In a recent worldwide survey of 642
participants in 81 countries, the most common first agents prescribed for
young women with focal epilepsy were lamotrigine and levetiracetam,
both of which appear to be relatively safe in pregnancy [108].

The same survey, however, pointed out differences in treatment of
epilepsy in pregnancy across the world, with the choice of first-line
agent varying by the economic development status of the respondent’s
country [108]. Respondents from countries with developing economies
were significantly more likely to prescribe CBZ and less likely to pre-
scribe levetiracetam or lamotrigine. According to the authors, this
probably reflects limited availability and prohibitive pricing of newer
AEDs in the developing world, rather than better efficacy or safety of the
newer AEDs.

Apart from the cost, there is a potential advantage of CBZ compared
with lamotrigine in pregnancy, as it generally requires less frequent drug
monitoring. While lamotrigine is known to have greatly increased
clearance in pregnancy, CBZ clearance is not substantially affected,
making it a relatively safe and cost-effective treatment option for
pregnant women with focal epilepsy syndromes [108,109]. Similarly to
lamotrigine, OXC shows an increase in clearance during pregnancy
(both AEDs being metabolized primarily by glucuronidation), with a
peak in the second trimester to 1.63-fold baseline, and increased values
persisting in the third trimester [110]. Therefore, early monitoring and
dose adjustment is recommended for MHD to avoid increased seizure
frequency [13,110].

In summary, lower doses may be considered when using CBZ in
pregnancy to minimize the risks of MCM with the advantage of less
frequent monitoring; conversely, OXC requires more frequent dose
monitoring but is listed among the safest drugs in terms of MCM.
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5.3. Elderly patients

The incidence of new-onset epilepsy is higher among the elderly than
in any other age group [111]. In spite of this, there is relative scarcity of
randomized-controlled trials involving older and newer AEDs in the
geriatric population [112].

The elderly population is characterized by altered physiology,
decline in organ function, altered plasma protein binding and pharma-
codynamics, as well as the presence of comorbidities and polypharmacy.
All of these factors increase the chances of drug interactions, thereby
making elderly patients with seizure disorder a challenging group to
treat, and CBZ with its enzyme-inducing properties not the ideal drug in
such a population [112].

A systematic review and network meta-analysis of AEDs in the
elderly showed no significant difference in efficacy across treatments,
but CBZ had a poor tolerability profile, leading to higher withdrawal
rates compared with levetiracetam and valproate [113]. OXC, with its
low potential for enzyme induction, appears to be safe to use in elderly
patients with evidence indicating that its tolerability in this age group is
similar to that of younger adult patients [111,114].

In spite of this, CBZ is still widely use in the elderly. This is (or was)
the case in the UK according to a 2003 survey [115]. In a more recent
Irish survey of 736 older adults with intellectual disabilities, the most
prescribed drugs were valproic acid (48.7%) and CBZ (46.3%), followed
by lamotrigine (27.8%) [116]. Recommendations in terms of careful
CBZ dosing and serum monitoring is thus especially valuable in this
population [115].

Optimal use of CBZ in the elderly is dependent on a full under-
standing of the age-related alterations in pharmacokinetics and phar-
macodynamics. Because of considerably lower metabolism rates, older
patients require lower CBZ doses to achieve serum concentrations
similar to younger adults [115]. A lower starting dose and careful
titration according to response are recommended, and lower mainte-
nance doses may be required on average to achieve optimal clinical
effects. In case of bone health concerns, endocrine dysfunction, choles-
terol, hyponatremia (higher in OXC than in CBZ) an alternative (e.g.
lamotrigine, levetiracetam) should be considered [26].

5.4. Comorbidities

While the main goal of epilepsy treatment is to achieve seizure-
freedom, another important aspect to consider is the management of
comorbidities including neurological, psychiatric and cognitive comor-
bidities [117]. About one third to one half of patients with epilepsy also
suffer from some type of psychiatric and/or neurological comorbidity
[117]. The most common are mood disorders, anxiety disorders, and
migraine, but stroke, dementia, or autistic spectrum disorder are com-
mon too. Psychiatric/neurological comorbidities are a greater determi-
nant of QoL than seizure frequency in those with refractory epilepsy
[102]. These comorbidities can cause or be caused by the onset of the
seizure disorder, and may be influenced by AED treatment. Both AED
treatment and treatment of comorbidities must be selected on the basis
of the therapeutic or iatrogenic effects they may have with respect to the
concomitant disorders.

Most AEDs are now tested for their prophylactic and analgesic effects
in different types of migraine and neuropathic pain; OXC and CBZ have
been shown to have some analgesic value in neuralgic pain [117]. In
addition, CBZ and OXC have psychiatric benefits, acting as mood sta-
bilizer, and anti-depressant and anti-manic therapies. Both drugs can
therefore be considered in patients with a current or prior history of
mood disorder [117]. However, it should be kept in mind that AEDs with
enzyme-inducing properties, including CBZ and high dose OXC, can
accelerate the clearance of some psychotropic drugs and limit their ef-
ficacy. Conversely, several psychotropic drugs (e.g. selective serotonin
reuptake inhibitors [SSRI] antidepressants fluoxetine, fluvoxamine and
paroxetine, some of the first-generation [haloperidol and loxapine] and
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second-generation [risperidone, quetiapine] antipsychotic drugs) can
inhibit the clearance of some enzyme-inducing AEDs, including CBZ,
and should be avoided [102,117]. Moreover, SSRIs have been linked to
osteopenia and osteoporosis, and SSRIs and serotonin-norepinephrine
reuptake Inhibitor (SNRIs) can facilitate the development of hypona-
tremia, which should also be considered when prescribing CBZ or OXC
concomitantly [117].

AEDs with enzyme-inducing properties can also worsen neurological
comorbidities. Discontinuation of CBZ has been showed to result in a
notable reduction of LDL cholesterol and other lipid parameters, sug-
gesting that enzyme-inducing AEDs including CBZ may increase the risk
of cardiovascular and cerebrovascular disease [117]. Even OXC
(>900 mg day) have been associated with potential atherogenic effect
according to one study. However, it should be noted that some AEDs
without enzyme-inducing properties have also been associated with
such effect, and a history of epilepsy has been linked to an increased risk
of stroke [117].

Most AED taken at high dose have been associated with cognitive
disturbances, and psychiatric or behavioral side effects. In a study part of
the Columbia and Yale AED Database Project comparing each AED to
lamotrigine, CBZ was found to have a significantly lower rate of psy-
chiatric and behavioral side effects [118]. The cognitive and behavioral
long-term effects of AEDs have also been the focus of a recent review
[119], confirming the benefits of CBZ-CR over lamotrigine in terms of
behavioral effects, although lamotrigine may have a more favorable
effect on cognitive function. The same review indicated that OXC
monotherapy appears to have no adverse effect on cognition and would
rather act as a stimulant leading to increased performance on focused
attention task. These encouraging results should however be considered
with caution and need to be replicated including a wider range of
cognitive measures [120,121].

6. Summary and conclusion

Epilepsy is a heterogeneous clinical condition, with expanding
treatment options. While the choice of treatment should consider the
efficacy and safety profile of the AED for the individual seizure type,
treatment decisions should also be individualized based on patient
characteristics including age, sex, childbearing potential, genotype,
comorbidities, and concomitant medications [26,122]. Compared with
first generation drugs, some newer AEDs may have similar efficacy, but
more favorable tolerability profiles. Treatment patterns have undergone
minor changes with some decrease in CBZ use observed in the US and
some European countries. However, solid evidence and long-term
experience have established the effectiveness of CBZ and OXC, which
has measured up to all the newer AEDs, and both drugs remain impor-
tant options in the clinical management of epilepsy.

According to the recommendations of evidence-based guidelines,
CBZ/OXC are first-line options or second-line alternatives for the
treatment of focal onset and generalized tonic-clonic seizures. In addi-
tion, strong evidence supports the use of OXC as initial monotherapy for
focal-onset seizures in children, while CBZ has been increasingly used
across various early epilepsy phenotypes.

No drug is appropriate in all settings and populations, as access and
cost play an important role in clinical decision making in many parts of
the world. However, in many contexts, CBZ represents a good compro-
mise between cost, availability, efficacy, and tolerability — older drugs
being cheaper but not as well tolerated, while newer expensive drugs
may not be available or affordable.

In addition, both CBZ and OXC may present some advantages in
people with neuropathic pain or those at risk of psychiatric disorders,
including mood and behavior disturbances. However, particular atten-
tion should be given to the well-known enzyme-inducing effects when
administered concomitantly with other drugs including psychotropic
medications, or in people with cardiovascular disease.

The enzyme-inducing effect of CBZ can be mitigated in patients at
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risk by using a low initial dose and slow titration, which also reduces the
likelihood of rash. Although the OXC-inducing effect is much lower, low
starting dose, slow titration, and slow switching from CBZ are also
recommended to optimize clinical outcomes. Increased awareness about
the importance and cost-effectiveness of HLA typing to identify patients
at risk for more serious skin AEs with CBZ should be encouraged. TDM is
also important, and valuable for both CBZ and OXC, with recent evi-
dence pointing towards the benefits of monitoring not only CBZ but also
its metabolite to optimize therapeutic efficacy. In settings where cost
and resource may be an issue, more guidance and support are needed to
help implement TDM and HLA tests more routinely in clinical practice.
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