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ARTICLE INFO ABSTRACT

Keywords: Modern pharmacotherapy for epilepsy consists of orderly, sequential drug trials, in which antiepileptic drugs
Monotherapy (AEDs) are chosen under the concept of individual patient-oriented (or - tailored) pharmacotherapy. Although
Polytherapy monotherapy has been established as the preferred mode of AEDs therapy in both newly diagnosed and drug

Maximally tolerable dose (MTD)
Total drug load (TDL)
Sequential pharmacotherapy

resistant epilepsies, there are still lack of evidence to favor either monotherapy or polytherapy in epilepsy, which
has generated continuing controversies on the preferred mode of pharmacotherapy. However, each mode of
pharmacotherapy may have both advantages and disadvantages, which are different and variable related to
individual case scenario.

We conducted a brief comparative overview between monotherapy and polytherapy to provide clues for
earlier employment of polytherapy in each steps of sequential drug trials. Previous claims about the advantages
of monotherapy over polytherapy are not supported but gradually losing its ground by the introduction of a large
number of drugs carrying pharmacological advantages for combination therapy. Current evidence stresses the
importance of combining drugs having synergistic interactions for better outcome of polytherapy, which has not
been considered in previous clinical investigations comparing monotherapy and polytherapy. It is likely that a
significant improvement in the outcome of current AEDs therapy is feasible by earlier employment of poly-
therapy as well as identification of combination drug regimens carrying synergistic interactions. At present,
lamotrigine(LTG) and valproate(VPA) combination regimen is the only well documented synergistic regimen,
but there are a long-list of candidate regimens requiring future trials in appropriate designs.

1. Introduction epilepsy (Glauser et al., 2010). Benzodiazepine derivatives are broad-

spectrum AEDs being used in both FS and GS, however, they are con-

Since the introduction of Bromide in 1857, numerous compounds
have been marketed for pharmacotherapy of epilepsy but many of them
were withdrawn due to either unacceptable adverse effects (AEs) or
insufficient efficacy (Shorvon, 2009a, 2009b). A few drugs including
phenytoin (PHT), phenobarbital (PB), carbamazepine (CBZ) and
valproate (VPA), have remained in the market for their continuous use
and underwent comparative monotherapy trials in patients with newly
diagnosed epilepsy, which have promoted CBZ and PHT as first-line
drugs for focal seizures (FS) and VPA as the broad-spectrum drug being
effective for both generalized seizures (GS) and FS (Mattson et al.,
1985,1992; Heller et al., 1995; de Silva et al., 1996). Ethosuximide
(ESM) was introduced in 1958 and still the choice of drug in absence

sidered second-line drugs being useful in adjunctive therapy, which
may be related to their sedating side effects and potential tachyphylaxis
(Callaghan and Goggin, 1988; Specht et al., 1989; Canadian Clobazam
Cooperative Group, 1991). Since introduction of CBZ and VPA in late
1960’s, which were major drugs during the era of conventional drug,
there was a long hibernation period in the new drug development for
epilepsy until the marketing approval of vigabatrin (VGB) in UK and
zonisamide (ZNS) in Japan in 1989 (Sander et al., 1990; Yagi and Seino,
1992), which opened the “Era of New AEDs” (Allen, 1995). Seventeen
new drugs have been introduced to the market until now and we have
at least 25 AEDs, including both conventional and new AEDs, to use in
our practice, which is completely a different environment for
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pharmacotherapy of epilepsy from the era of conventional AEDs
(Santulli et al., 2016; Shih et al., 2017).

The impact of new AEDs on epilepsy management has been sig-
nificant to change the paradigm of pharmacotherapy as follows. Firstly,
new drugs underwent rigorous randomized controlled clinical trials
(RCTs) as add-on therapy in patients with drug resistant epilepsy (DRE)
and then, after a few years of successful performance as adjunctive
drugs for patients with DRE, they underwent RCTs of initial mono-
therapy in patients with newly diagnosed FS and generalized tonic-
clonic seizures (GTCS) for approval as first-line drugs (Kwan and
Brodie, 2003; Perucca, 2012). Also, new AEDs underwent a variety of
postmarketing clinical trials aiming at further evaluation of their long-
term outcomes as well as expansion of clinical indications beyond the
limit of defined indications at the time of marketing approval (Sander,
2005; Zaccara et al., 2006). These clinical development programs of
new AEDs have firmly established the practice of “Evidence-based-
Medicine (EBM)” in pharmacotherapy of epilepsy by providing ex-
tensive database of different hierarchies of evidence (Jenicek, 2006).
Most new AEDs have been subjected to a systemic review and meta-
analysis, which were adopted to the “Clinical Practice Guidelines”,
which were published by many authoritative institutions (French et al.,
2004a, 2004b; Payakachat et al., 2006; Nunes et al., 2012). Secondly,
new AEDs are characterized by better pharmacokinetic profiles in-
cluding less drug interactions, diverse mechanisms of action (MOA),
and better tolerability profiles, which are important advantages for
polytherapy (Perucca, 1996). Widely available new AEDs and their
EBM data from RCTs of add-on therapy encouraged physicians to
practice polytherapy including new AEDs in the regimen for patients
who failed to monotherapy, which has slowly revived polytherapy in
real world practice (Deckers, 2002; French and Faught, 2009; Brigo
et al., 2013). Thirdly, diversities of new AEDs in terms of MOA, adverse
effects (AEs) and therapeutic profiles including their efficacy in various
non-epileptic conditions, in conjunction with a rapid progress in a
broad spectrum of clinical epileptology have precipitated the paradigm
shift of pharmacotherapy, from “Disease (seizure types and epilepsy
syndromes)-oriented Pharmacotherapy” to “Patient-oriented (or -tai-
lored) Pharmacotherapy” (Perucca, 2003). The choice of appropriate
drugs has been exercised on the basis of multi-dimensional assessment
of epilepsy, candidate AEDs, and individual patient’s conditions in-
cluding demographic and physiological conditions, comorbidities, and
psychosocial environment (Fig. 1). The concept of patient-oriented
pharmacotherapy expanded the goal of pharmacotherapy also from “no
seizure and no side effects” to “free of burden from physical, psycho-
logical and social consequences of epilepsy” (Kerr, 2012)

However, despite major advances in pharmacotherapy and clinical
epileptology over past 3 decades, there have been still continuing
controversies about the optimal mode of therapy. This review is aiming
at the proper positioning of polytherapy in serial steps of pharma-
cotherapy by careful analysis of currently available evidence

2. Principles of antiepileptic drug therapy

The pathway of epilepsy management starts with an accurate di-
agnosis of epilepsy, seizure types, and epilepsy syndromes, which is
followed by administration of systemic drug trials and appropriate di-
agnostic and therapeutic modalities at each step of treatment pathway
(Fig. 2). Because AEDs therapy is complicated by unpredictability of
efficacy and AEs, variable optimal doses to individual patient, and
prolonged, sometimes life-long therapy, AED trials should be conducted
in an orderly fashion consisting of initial monotherapy of first drug and
following sequential trials of second, third and next drugs along with
careful assessment of the patient’s response at each step of pharma-
cotherapy (Mohanraj and Brodie, 2006). As the number of new AEDs
increases and enormous amount of evidence accumulates, optimal
pharmacotherapy has become more demanding to caring physicians
(Santulli et al., 2016; Perucca and Tomson, 2011), who is aiming at
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choosing the best drug for their patients throughout the whole process
of pharmacotherapy, from the initial treatment to the multiple steps of
sequential drug trials. Another important issue is to select the mode of
pharmacotherapy, “Monotherapy vs. Polytherapy”, for optimal out-
come of chosen drugs at each step of sequential drug trials, which has
been the subject for never ending debates, primarily due to lack of
evidence and great diversities in patients’ response to different drug
regimens (Lammers et al., 1995; Kwan and Brodie, 2006; St. Louis,
2009; Barker-Haliski et al., 2014). Apparently, the adoption of optimal
mode of therapy is affected by multiple factors including clinical
characteristics of individual patient and should be harmonized with
given practice environment to achieve the best clinical outcome, im-
plying a flexible approach. Dogma of monotherapy, which was estab-
lished in the era of conventional AEDs may need some modification and
compromise to harmonize with changing concepts of pharmacotherapy
in the era of New AEDs, which may help adopt new waves to the real
world practice.

2.1. Era of monotherapy

Early phase of modern pharmacotherapy was predominated by
Bromide, however, it was seldom used alone but combined with many
other drugs considered being effective in epilepsy (Shorvon, 2009a). A
survey of patients with epilepsy from 15 medical centers in Europe in
early 1970s revealed that a patient was taking three AEDs in average,
reflecting polytherapy as the prevailing mode of pharmacotherapy
(Guelaen et al., 1975). The application of blood level measurement of
AEDs in clinical practice at 1960’s introduced the concept of ther-
apeutic level of AEDs and established the clinical importance of phar-
macokinetic drug interactions, which have provided the theoretical
basis of Monotherapy (Shorvon, 2009b). Reynolds et al. (1976) re-
ported that a major proportion of patients who were not adequately
controlled had lower blood levels of PHT and the escalation of PHT
doses up to the therapeutic level has markedly improved seizure con-
trol. Thus the use of adequate dose of a single drug was considered
more useful than prescribing multiple drugs together, which was sup-
ported by a series of clinical investigations (Shorvon and Reynolds,
1979; Reynolds et al., 1981; Schmidt, 1982, 1983). Schmidt and Richter
(1986) also found that the conversion of polytherapy to monotherapy in
patients with refractory epilepsy unresponsive to polytherapy resulted
in a significant improvement of either seizure control or side effects in
34 of 59 patients to conclude that alternative monotherapy is effective
and preferred to polytherapy even in patients with DREs. The concept
that most patients with epilepsy do not require polytherapy has gained
a global recognition to promote monotherapy as the standard mode of
AEDs therapy despite lack of any head to head RCTs comparing
monotherapy with polytherapy. Therefore, a series of monotherapy
trials of first drug, second, third, and next drugs has become a pre-
vailing algorithm of sequential pharmacotherapy in epilepsy.

Initial monotherapy of first drug starts with a lowest dose, which is
gradually escalated up to the initial target dose (ITD) for maintenance
and assessment of patients’ response. If seizures recurred, its dosage is
further escalated to the moderate dose and then until the patient be-
come seizure free or develops side effects, which is called monotherapy
of maximally tolerable dose (MTD). If the first drug monotherapy failed
to achieve satisfactory seizure control at MTD, a second drug is in-
troduced in a similar manner of “start low and slow escalation”, while
the first drug is gradually tapered off to achieve the substitution
monotherapy of second drug. If second drug monotherapy failed again,
it satisfies the ILAE definition of DRE and the etiology of DRE must be
re-assessed; a progressive lesion must be excluded and non-compliance
or other causes of pseudo-refractory epilepsy should be ruled out.
Video-EEG recording and advanced neuroimaging studies may be in-
dicated in patients requiring a diagnostic precision (Fig. 2). If the pa-
tient has a surgically remediable epilepsy syndrome (SRES), referral for
a timely surgery should be discussed with the patient. If the patient
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PHT, CBZ: partial seizures
VPA: generalized seizures
ESM: absence seizures
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EEG and other clinical features

does not have a SRES and truly drug-resistant, further drug trials are the
mainstay of further management, either in substitution monotherapy or
combination therapy (Shorvon, 2000; Kwan and Sperling, 2009; St.
Louis et al., 2009). If the third drug monotherapy failed again, most
epileptologists may expect a poor outcome from further monotherapy
trials to undergo polytherapy (Bourgeois, 2000a,b; Shih et al., 2017).
Difficulties associated with substitution monotherapies after the failure
of first drug monotherapy are often encountered during the process of
withdrawing the failed drug in relation to the introduction of newly
chosen drug. The speed and duration of drug withdrawal, dose esca-
lation of the newly introducing drug, and risk assessment or measures
to avoid seizure worsening related to drug switch are not clearly de-
fined but largely depend on skills and experiences of caring physicians.
In fact, previous studies have shown that a proportion of patients who
were transferred from combination therapy to substitution mono-
therapy showed decreased efficacy resulting in higher rate of seizure
recurrences (Brodie and Yuen, 1997; Brodie and Mumford et al., 1999),
which requires a caution in the conversion to substitution mono-
therapy. If the failed drug was not effective and carried a low risk of
withdrawal seizures, a schedule of simultaneous tapering of the failed
drug along with the introduction of newly chosen drug may be un-
dertaken (Fig. 3A). If the scenario was different, the failed drug is at
least partially effective and carries high risk of withdrawal seizures and
the patient is risk-averse, the tapering of the first drug is postponed
until the second drug is reached at its ITD (Fig. 3B). Apparently, the
major concept of serial trials of substitution monotherapy is to avoid
the risk of polytherapy to achieve the advantages of monotherapy, thus
simultaneous administration of two drugs over extended period was
generally not recommended for the risk of drug interactions and
emergence of side effects related to higher total drug load [TDL = PDD/
DDD: ratio of prescribed daily dose (PDD) to defined daily dose (DDD)
of AEDs by WHO guideline].

Major AEDs in the era of conventional AEDs are either broad hepatic
enzyme inducers or inhibitors, thus their combinations are liable to
complex drug interactions interfering with the maintenance of adequate
blood levels, precipitating emergence of various side effects affecting

PEESSS Pharmacokinetic and
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Fig. 1. Patient- oriented (or -tailored)
Choice of Antiepileptic Drugs(AEDs).
Concept for the choice of antiepileptic
drugs(AEDs) have changed from the
“disease-oriented” in the past to the
“Patient-oriented” choice of drugs in
the era of new AEDs, which requires
comprehensive assessment of (1)
Disease factors (diagnosis of seizure
types and epilepsy syndromes, severity
and frequencies, etc.), (2) Drugs
(pharmacokinetic and pharmacody-
namic profiles, EBM data, adverse ef-
fects and tolerability, etc.), and (3)
Patients’ condition (age, sex, job, phy-
siological condition, intelligence, co-
morbidities, concomitant drugs, etc.)
Choosing the AED best fitting to these
multi-dimensional assessment is the
standard practice.

CBZ; carbamazepine, ESM; ethosux-
imide, PHT; phenytoin, VPA; valproate,
BW; body weight, EBM; evidence-based
medicine, EEG; electroencephalography,
GE: generalized epilepsy, JME; juvenile
myoclonic epilepsy, LGS; Lennox-
Gastaut syndrome, LRE: localization-re-
lated epilepsy, QOL; quality of life.

pharmacodynamic profiles
EBM & clinical experiences

patients’ quality of life (QOL) and compliance, and difficulties in the
assessment of patients’ response to individual drug (Perucca, 1996).
MOA:s of conventional drugs are limited in scope and often overlapping,
thus they are difficult to expect any synergistic interactions from their
combination but higher risks of additive neurotoxicities. Also, they
have a narrow spectrum of therapeutic index, which carry a high risk of
neurotoxicities from a higher TDL, a frequent companion of poly-
therapy (Lammers et al., 1995). With only a few number of AEDs being
available, it was also considered important to accurately assess the
patient’s responses to individual drugs to maintain a lifelong drug
treatment (Deckers et al., 2003). In the era of conventional AEDs, most
epileptologists fully agreed with the adoption of monotherapy as the
best chosen mode of pharmacotherapy and monotherapy has become
the dogma of pharmacotherapy in epilepsy over past decades and still it
is (Reynolds et al., 1976; Shih et al., 2017).

2.2. Revival of polytherapy

With introduction of 17 new AEDs to the market, we have at least 25
AEDs available to our practice, which is a completely different practice
environment from the era of conventional drug consisting of only 3 to 4
major AEDs and a few second-line drugs (Santulli et al., 2016). Com-
pared to conventional AEDs, which were introduced to the market after
their demonstration of efficacy in only a few clinical series, new AEDs
underwent rigorous preclinical and clinical trials under a highly orga-
nized drug development program. If conventional drugs had been used
in both monotherapy and polytherapy from the time of introduction,
new drugs were initially indicated as adjunctive therapy in patients
with DREs, who were already taking one or more AEDs in full doses.
Therefore, introduction of new AEDs was directly linked with the re-
vival of polytherapy, which has become a major mode of pharma-
cotherapy in patients with DREs (Luciano and Shorvon, 2007; French
and Faught, 2009; Canevini et al., 2010). New AEDs, if they performed
satisfactorily as adjunctive drugs in real world practice for a few years,
underwent RCTs of monotherapy to be promoted as first-line drugs in
focal seizures and GTCS with some of them becoming the drug of choice
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Diagnosis of Epilepsy, Seizure types, and Epilepsy syndrome

initial monotherapy

27 drug therapy
(mono- vs duo-)

remission rate
(50%)

Remission rate
(10%-20%)

Diagnostic Reevaluation
VEEG, advanced NI, etc.

Not-Epilepsy

Surgically not-remediable
epilepsy syndrome

, quadraple-

Other alternative therapy
VNS, DBS, RNS, ketogenic diet, etc.

Fig. 2. Pathways of Epilepsy Management.

Epilepsy management starts with the accurate diagnosis of seizure types and epilepsy syndromes. Initial monotherapy is the standard mode of treatment resulting in
50% of prolonged seizure freedom. If initial monotherapy failed to control seizures, physicians choose a second drug for either substitution monotherapy or
duotherapy with seizure free rate (SFR) of 10%-20% (or 30%-40% of patients undergoing second drug therapy), thus about 60%-70% of patients may achieve
seizure freedom by first two drug trials. Failure to adequate trials of first two drugs satisfy the ILAE criteria of drug resistant epilepsies (DREs) and physicians need to
re-evaluate the diagnostic precision of epilepsy to exclude the possibility of pseudo DREs and/or identify the cause of drug resistance, etiology of epilepsy, or
progressive lesions. If patients were confirmed to have DREs and belong to surgically remediable epilepsy syndromes (SRES), earlier referral to epilepsy surgery may
carry higher benefit-risk ratio compared continuing drug trials. If patients do not have SRES, systematic trials of 3rd, and next drug trials in various combination
therapy may be required with 30% of SFR being reported. If 5th to 6th drug trials failed to control seizures, alternative therapy including VNS, DBS, or ketogenic diet
therapy, or resective surgery may be considered.

Pseudo DREs include (1) wrong diagnosis (seizure types and epilepsy syndromes, non-epileptic seizures including psychogenic non-epileptic seizures, syncope,
movement disorders, panic attacks or other paroxysmal symptoms), (2) wrong treatment include using wrong AEDs, which are not first-line drugs for seizure types or
epilepsy syndromes or aggravating comorbidities, or wrong doses, either too low or high doses), and (3) Patient’s faults may include poor drug adherence, main-
tenance of wrong life style, etc.

DBS; deep brain stimulation, DRE; drug-resistant epilepsy, EEG; electroencephalography, Hx; history taking, MRI; magnetic resonance imaging of brain, NI; neu-

roimaging PE/NE: physical and neurological examination, RNS; responsive neurostimulation, VEEG: video-EEG recording, VNS; vagal nerve stimulation.

in several specific epilepsy syndromes (Kwan and Brodie, 2003;
Perucca, 2012). (Fig. 4). New AEDs passing through the rigorous drug
developmental program were found to have better tolerability with
higher therapeutic index, diverse MOAs, better pharmacokinetic pro-
files including no or less drug interactions, and less serious systemic
side effects, which are desirable pharmacological profiles for poly-
therapy (Kwan and Brodie, 2006; Patsalos, 2013). However, extensive
head to head trials of new drugs to conventional drugs in initial
monotherapy for patients with newly diagnosed epilepsy failed to de-
monstrate any superiority of new AEDs to conventional drugs in effi-
cacy but some advantages in tolerability, thus the impact of new AEDs
on the seizure control was often not considered significant despite so
intense investment devoted to the clinical development programs of
new AEDs (Schmidt, 2002; Kwan and Brodie, 2003; Brodie et al., 2012;
Stephen et al., 2012).

As the number of new drugs have increased linearly, the number of
potential combination regimens increases exponentially. With 25 AEDs
available to use, physicians are facing about three hundred potential
duotherapy regimens and thousands of triple drug combination

regimens, which are too many for conducting serial trials of each dif-
ferent drug regimens in a given patient. Therefore, among these large
number of potential drug regimens, “How to choose the most desirable
combination regimen?” has become an important practical issue. Kwan
and Brodie (2000b), from a small scale observational study of patients
who failed to the first drug monotherapy, found that the combination of
a drug having sodium channel blocking effects and a drug having
multiple MOAs were more effective than other combinations, which has
complied with this important clinical question. All drug regimens are
probably not same in either efficacy or tolerability but carrying dif-
ferent pharmacological interactions based upon their pharmacokinetic
profiles and MOAs, thus choosing the right combination regimen for a
given patient, has become an important issue for optimal pharma-
cotherapy, which has raised the concept of “Rational Polytherapy (St.
Louis, 2009; French and Faught, 2009; Brodie and Sills, 2011)
Rational Polytherapy is a hypothesis not evidence-based but driven
by theoretical considerations from preclinical experiments and clinical
observations. It is focused at producing desirable pharmacodynamic
drug interactions of AEDs by combining drugs having different MOAs
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{ risk of drug overdose & drug interactions
shorter time for assessment of drug B

1 risk of Sz worse d/t withdrawal effect of
drug A or less efficacy of drug B

no chance of assessing synergistic effect of

A and B

compared to Method A, there are lesser
risk of seizure worsening with slightly
higher chance of drug overdose and drug
interactions at the beginning

but avoiding drugs having adverse pharmacological (pharmacokinetic
and/or pharmacodynamic) interactions, similar side effects profiles,
and narrow therapeutic index. In clinical practice, several combination
regimens have been reported to carry synergistic interactions (Rowan
et al., 1983; Deckers et al., 2000; Kinirons et al., 2006; Stephen et al.,
1998; Chung et al., 2010; Brigo et al., 2013; Brodie, 2016; Legge et al.,
2018) (Table 1). Synergistic interaction of lamotrigine (LTG) and VPA
combination therapy was first reported by Brodie and Yuen (1997),
who found a much higher responder rate in add-on therapy of LTG in
patients under VPA monotherapy than patients taking either CBZ or
PHT monotherapy. Pisani et al. (1999) conducted a small-scale, sys-
tematic sequential drug trial of LTG and VPA to find the combination
being highly effective in patients who were resistant to the mono-
therapy of both VPA and LTG. Synergistic interactions of LTG and VPA
combination was further supported by many clinical investigations
(Kanner and Frey, 2000; McCabe et al., 2001; Moeller et al., 2009;
Poolos et al., 2012; Lee et al., 2018). For other combination regimens,
clinical evidence is still limited and mostly at the level of case series or
clinical observation (Abou-Khalil, 2017). Objective assessment of their
clinical usefulness by well-designed clinical investigations are in urgent
need.

2.3. Controversies on monotherapy and polytherapy

In debates of “Monotherapy vs. Polytherapy”, major advantages of
monotherapy are claimed to include, (1) simple regimen providing
better compliance and help identify patients’ response to individual
drug, (2) less side effects or seizure worsening from lack of adverse drug
interaction, and (3) less costly (Deckers, 2002; St. Louis et al., 2009),
whereas proponents for polytherapy insist, (1) synergistic effects of
combination drug regimen may provide either better efficacy or less
toxicities, (2) new AEDs are less toxic, thus their combinations in ap-
propriate doses may be better tolerable, (3) cost of having more seizures
are more expensive than medication costs, (4) if combination works,
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Fig. 3. Methods of Substitution
Monotherapy.
A. Simultaneous introduction of drug B
and withdrawal of drug A is performed
to achieve substitution monotherapy of
drug B during a shorter period. Once
the dose of drug B reaches to the
moderate dose, a period of careful as-
sessment of drug responsiveness is re-
quired before further dose escalation
up to the maximal tolerable dose. This
method has advantages of avoiding
drug overdose, drug interactions and
faster assessment of efficacy of drug B.
However, it may increase risk of sei-
zure worsening related to the with-
drawal effect of drug A or less efficacy
of drug B. There is no chance to assess
any synergistic interactions of drug A
and B.
B. Drug A is maintained until drug B is
reached to the initial target dose, when
the tapering of drug A starts while the
dose of drug B is further escalated up to
moderate dose and then to maximally
tolerable dose. Compared to method A,
there is lesser risk of seizure worsening
with slightly higher chance of drug
overdose and drug interactons at the
beginning of introduction of drug B.
Others are same as method A.
MTD; maximally tolerable dose, MD;
moderate dose, ITD; initial target dose.

conversion to substitution monotherapy would be riskier (Deckers,
2002; St. Louis, 2009; Brodie and Sills, 2011; Barker-Haliski et al.,
2014). All these comments are probably true but may work differently
on case by case, thus physicians are required to be more flexible in
adopting different mode of pharmacotherapy to the clinical practice for
different clinical scenarios. Careful analysis of evidence about the
current status of major issues in debates may help physicians take more
flexible approaches in pharmacotherapy of real world practice.

2.3.1. Does Monotherapy carry better compliance than polytherapy?

Poor compliance (or drug non-adherence) is an important issue in
epilepsy, which negatively affects patient outcomes including higher
risks of accident, premature mortality, unemployment, hospital ad-
missions or emergency room (ER) visits, and poor QOL (Faught et al.,
2009; Shorvon, 2000). It has been a traditional concept that a simple
drug regimen carries a better compliance, thus monotherapy was more
favored than polytherapy. Drug-nonadherence rate in epilepsy is com-
parable to other chronic illnesses (e.g., hypertension, diabetes mellitus,
etc.) being reported 25%-66% (O’Rourke and O’Brien, 2017). Factors
related to drug-nonadherence in epilepsy are multiple, which can be
categorized into patient-related, disease-related, medication-related,
health-care related, and socio-economic factors. Among those, patient-
related factors are probably most important because side-effects and
long-term effects of AEDs are major concerns of patients toward AEDs
(Chapman et al., 2014; O’Rourke and O’Brien, 2017). Chapman et al.
(2014) reported that 47% of patients preferred to risk a seizure than
take epilepsy medication with the nonadherence rate being directly
related to the patient’s concept on drug-necessity and drug-concerns
scores. Among medication-related factors, dosing frequency was the
single most important factor affecting the medication adherence.
Compared with once-daily dosing, regimen adherence was 13.1%,
24.9%, and 23.1% lower in twice-, 3-times, and 4-times daily regimens
(Coleman et al., 2012). On the other hand, studies have shown con-
flicting results for monotherapy vs. polyhtherapy. Guo et al. (2015)
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Fig. 4. Clinical Development of AEDs.

Conventional AEDs were introduced to the market without any RCTs and used in both monotherapy and polytherapy. After many years of clinical experiences,
monotherapy RTCs in patients with newly diagnosed epilepsies were undertaken to promote CBZ, PHT, and VPA as first-line drugs for focal epilepsy, VPA for
generalized seizures and ESM in absence epilepsy. New AEDs were introduced to the market after rigorous RCTs of add-on therapy in patients with drug resistant
epilepsies (DREs) taking 1-3 AEDs to demonstrate superior efficacy of new AEDs to placebo. New AEDs obtained their marketing approval primarily for their use as
add-on therapy for patients with DREs taking other AEDs, which has stimulated physicians to exercise various forms of polytherapy and to establish the concept of
rational polytherapy. After many years of their use in polytherapy, they underwent monotherapy trials to be promoted as first-line drugs for focal seizures with or
without bilateral tonic-clonic seizures. In addition, through phase 4 clinical trials, several new AEDs were found to have excellent efficacy in a few specific epilepsy
syndromes.

CBZ; carbamazepine, ESM; ethosuximide, FBM; felbamate, GBP: gabapentine, LCM: lacosamide, LEV: levetiracetam, LTG; lamotrigine, OXC; oxcarbazepine, PGB;
pregabalin, PRP; perampanel, RFM; rufinamide, STR: stiripentol, TIG; tiagabine, TPM; topiramate, VGB; vigabatrin, DREs; drug resistant epilepsies, LGS; Lennox-
Gastaut syndrome, PME; progressive myoclonic epilepsy, SMEI; severe myoclonic epilepsy in infancy (Dravet syndrome).

Table 1

Combination regimens carrying synergistic interactions.
Combination Regimen Level of Evidence References
LTG and VPA + + + Brodie and Yuen(1997); Pisani et al.(1999)
ESM and VPA + + Rowan et al. (1983), in absence seizures
LTG and TPM + Stephen et al. (1998)
LCM and LEV ++ Chung et al. (2010)
LTG and LEV + + Kinirons et al.(2006); Legge et al.(2018)
OXC and LEV + Legge et al.(2018)
CBZ and VPA + Stephen et al. (2012)
CBZ and TPM + Brodie (2016)
CBZ and LEV + Brodie (2016)
CBZ and GBP + Brodie (2016)
VPA and LEV + Brodie (2016)
VPA and CLB and STR ++ + Chiron et al. (2000), in Dravet syndrome
LTG and VPA and BDZ ++ Machado et al. (2011), in epileptic encephalopathy
VGB and Hormones +++ O’Callaghan et al.(2017), in infantile spasm

+ + +; controlled trials, + +; case series studies, +; anecdotal.

BDZ; benzodiazepines, CBZ; carbamazepine, ESM; ethosuximide, CLB; clobazam, LCM; lacosamide.

LEV; levetiracetam, LTG; lamotrigine, OXC; oxcarbazepine, STR; stiripentol, VGB; vigabatrin, VPA; valproate.

Regimens containing phenobarbital was excluded due to lack of clinical benefit related to the poor tolerability of phenobarbital.
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reported that the prevalence of moderate to high drug-adherence was
58% in monotherapy and 62% in polytherapy. In a population based
study (Gollwitzer, et al., 2016), higher adherence to AEDs was related
with new AED than old AED and branded drugs than generics but not to
the mode of pharmacotherapy. Therefore, any differences between
monotherapy and polytherapy in their impacts on drug-adherence are
neither evidence-based nor relevant.

2.3.2. Is polytherapy associated with adverse drug interactions?

Drug interactions are relatively common during polytherapy and
often implicated as being responsible for adverse therapeutic outcomes.
Drug interactions in combination therapy include both pharmacoki-
netic and pharmacodynamic interactions (Patsalos, 2013; Perucca,
2006). Pharmacokinetic interactions of combination drug regimens are
easily predicted and handled by appropriate dose adjustments on the
basis of pharmacokinetic profiles of individual drugs, while it is ex-
pected not to change the therapeutic index of each drug. Pharmacoki-
netic interactions are usually precipitated by combining drugs which
are either inducers or inhibitors of hepatic metabolizing enzymes (CYP
450 enzyme system and glucuronide conjugation enzyme system). Al-
though plasma protein binding interactions may be relevant to highly
protein-bound AEDs (PHT or VPA), their impact is short-lived and
usually of little clinical significance (Perucca, 2006). Most conventional
AEDs are metabolized in the liver and either broad hepatic enzyme
inducers (CBZ, PHT, PB, and primidone) or inhibitors (VPA), thus
combining conventional drugs are frequently associated with sig-
nificant pharmacokinetic interactions, which are often clinically un-
desirable. Enzyme-inducing AEDs (EI-AEDs) usually increases the
clearance of partner drugs to precipitate using higher doses, which may
also increase the concentration of metabolites being potentially toxic
(Wagner et al., 1993; Bernus et al., 1997). It may also shorten the half-
life of AEDs to cause larger fluctuations of effective serum concentra-
tion, precipitating more frequent exposure to higher peak levels as well
as lower trough levels, which may increase chances of either neuro-
toxicities or breakthrough seizures. In addition, EI-AEDs adversely af-
fects endogenous metabolisms to cause risks of bone health, high cho-
lesterol and vascular risk factors, as well as sexual dysfunction, thus EI-
AEDs are not regarded as first-line drugs any longer (Mintzer and
Mattson, 2009; Brodie et al., 2013). Therefore, major adverse phar-
macokinetic interactions in AEDs therapy are not related to the poly-
therapy per se, but the inclusion of EI-AEDs in the regimen. In fact,
many new AEDs are neither broad-spectrum enzyme inducers nor
substrates of hepatic metabolism, thus the potential of adverse phar-
macokinetic drug interactions of their combinations are significantly
reduced or even can be completely avoided by careful consideration of
pharmacokinetic profiles of individual drugs (St. Louis, 2009; Patsalos,
2013). Pharmacodynamic interactions are primarily related to MOAs of
individual drug and directly affect the therapeutic index of each drug
(Perucca, 2006), which are divided into additive, supra-additive, and
infra-additive interactions in either therapeutic or adverse effects
(Kwan and Brodie, 2006). Apparently, the rationale of polytherapy is to
combine drugs carrying synergistic interactions (supra-additive efficacy
or infra-additive toxicity) to improve therapeutic index of the regimen.
However, clinical assessment of pharmacodynamic interactions of the
regimen is difficult and we don’t have any ideal trial designs for clinical
testing of pharmacodynamic interactions yet. In animal experiments,
they are measured by either isobolographic analysis or direct mea-
surement of therapeutic index in specific animal models (Deckers et al.,
2000; Luszczki and Czuczwar, 2004 Kaminski et al., 2009; Lason et al.,
2011), which have disclosed that combining drugs having different
MOAs are usually associated with synergistic interactions to support the
principal concept of rational polytherapy. In clinical trials, combina-
tions of drugs having sodium-channel blocking effects were found to
have higher incidence of AEs and premature withdrawal from the study
than combinations of a sodium-channel blocker and a drug having
different MOAs (Besag et al., 1998; Barcs et al., 2000). Sake et al.
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(2010) reported that add-on of lacosamide (LCM, inhibitor of slow in-
activation of sodium channels), to drugs having sodium channel
blocking effect resulted in a lesser efficacy and higher AEs compared to
the add-on of LCM to non-sodium channel blockers. Margolis et al.
(2014), analyzed a large insurance database to find that various com-
binations of drugs having same MOA were associated with higher rates
of discontinuation, higher risk of inpatient admission and emergency
department visits compared with the combination of drugs having
different MOAs, which was supportive for the hypothesis of MOA-
driven synergistic interactions. In fact, combining drugs having dif-
ferent MOAs has been the general principle in medical treatment of
chronic diseases (e.g., essential hypertension, diabetes mellitus, cancer,
etc.) by virtue of availability of drugs having diverse MOAs. In phar-
macotherapy of epilepsy, similar principle is being adopted as many
different classes of new AEDs being available.

2.3.3. Is polytherapy associated with higher incidence of side effects?

Earlier clinical studies suggested that polytherapy was associated
with higher prevalence of side effects and its conversion to mono-
therapy resulted not only improvement of seizure control but also side
effects (Shorvon and Reynolds, 1979; Schmidt, 1982). In addition, a
large number of hospital cohort studies often reported that polytherapy
was associated with higher prevalence of side effects (Cramer et al.,
2004; Carreno et al., 2008). However, Kwan and Brodie (2000b) re-
ported that the incidence of intolerable AEs was numerically higher in
substitution monotherapy than duotherapy (26% and 12%, respec-
tively), although it failed to reach statistical significance probably due
to a small sample size. In an open-randomized comparative trial of
substitution monotherapy with duotherapy (Beghi et al., 2003), in-
cidence of side effects was 51% in monotherapy and 34% in duo-
therapy, which has shown a trend for better tolerability of duotherapy
(P = 0.07). Lammers et al. (1995) quantified TDL to correlate with the
prevalence of side effects in 423 patients. Prevalence of AEs was similar
between monotherapy and polytherapy when TDL < 2, whereas none
of patients under monotherapy but almost 60% of patients under
polytherapy were taking TDL > 2. The study concluded that patients
on polytherapy were able to tolerate higher TDL and the emergence of
AEs in patients under polytherapy was not related to the number of
drugs but a higher TDL in polytherapy than monotherapy. In an Italian
multicenter study (Canevini et al., 2010), which was conducted in the
era of new AEDs, there was no difference in side effects between pa-
tients under monotherapy and polytherapy, whereas TDL was <2 in a
majority of patients under monotherapy but usually =2, often =4, in
patients under polytherapy without reporting any side effects. Authors
hypothesized that AEs are determined more by individual suscept-
ibility, type of AEDs used, and physicians’ skills than number of AEDs
and TDL. Therefore, previous assumption of monotherapy being asso-
ciated with less side effects than polytherapy is probably not tenable
any more in the era of new AEDs.

2.3.4. Are monotherapy and polytherapy same in efficacy?

Schmidt (2002, 2003) investigated outcomes after “conversion to
monotherapy” in patients under maximally tolerable duotherapy and
after “add-on of second drug” in patients under monotherapy at MTD to
report highly comparable outcomes between two regimens. Deckers
et al. (2003) reviewed previous observational studies and found that
mean seizure free rates (SFRs) were 25% (12%-45%) in four studies of
substitution monotherapy and 23% (15%-35%) in five studies of duo-
therapy. In two representative studies comparing substitution mono-
therapy with duotherapy (Kwan and Brodie, 2000b; Beghi et al., 2003),
SFR was numerically higher in duotherapy but failed to reach statistical
significance. However, no double-blind RCTs comparing monotherapy
with polytherapy in patients with DREs or who failed to initial mono-
therapy have been conducted yet, which is largely responsible for the
persisting controversy. In fact, a fair comparison of monotherapy and
combination therapy requires balanced baseline patient characteristics,
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appropriate dose-titration schedules including initial target dose (ITD),
equivalent TDL between two groups, as well as appropriate selection of
combination regimens, preferably consisting of drugs carrying sy-
nergistic interactions (Deckers et al., 2001; Barker-Haliski et al., 2014;
Lee et al., 2018). These requirements are difficult to meet in trials of
patients who failed to previous AEDs therapy, but may be feasible in
newly diagnosed patients. Deckers et al. (2001), conducted a study
comparing CBZ monotherapy with combination therapy of CBZ and
VPA as initial treatment regimen in patients with untreated epilepsy,
which was the only double-blind RCT comparing monotherapy with
combination therapy in equivalent TDL. Outcome measures were nu-
merically in favor of combination therapy, but differences were not
statistically significant. Criticisms against the study may include that
the combination of CBZ and VPA has significant pharmacokinetic drug
interactions (Bernus et al., 1997) and no proven synergistic interac-
tions. Another important criticism against the study at the time of its
publication was that we did not need a combination drug regimen as
the first drug regimen, thus the study failed to implement any further
comparative controlled trials of monotherapy and polytherapy in newly
diagnosed patients. However, as polytherapy become more widely used
and some combination regimens being considered to have synergistic
interactions, a fair comparison of specific combination regimens with
monotherapy was considered clinically meaningful. Lee et al. (2018)
conducted an open randomized trial comparing the CBZ-CR mono-
therapy and lamotrigine (LTG) and VPA combination therapy in
equivalent TDL in newly diagnosed or untreated patients with FS.
Completion rate, the primary outcome measure, was not different be-
tween the groups. However, secondary efficacy measures which were
SFR during 52 weeks of maintenance phase and time to first seizure
during maintenance phase, were significantly in favor of combination
therapy, which has suggested a higher efficacy of LTG and VPA com-
bination to CBZ-CR monotherapy as the initial drug regimen. Kwan and
Brodie (2000a), in a systematic drug trial of 470 patients with newly
diagnosed epilepsy, reported that SFR was 47% in first drug mono-
therapy and 13% in second drug monotherapy, but, after failure of first
two drugs, it was only 1% in third drug monotherapy compared to 3%
of combination therapy. Therefore, combination therapy seems to
contribute only a small fraction of seizure freedom, but it was three
times higher than monotherapy in patients who failed to first two drug
regimens. Reassessment of extended population from the same in-
stitution 10 years later showed that the overall outcome of patients with
newly diagnosed epilepsy were not much different but more patients
did well on polytherapy with the increase of seizure freedom by poly-
therapy from 3.0% to 6.4% (Brodie et al., 2012), more than 2-fold in-
crease. More recent analysis of the same hospital cohort (Chen et al.,
2018) reported a similar finding, no improvement of seizure freedom by
monotherapy but further increase of seizure freedom by combination
therapy, which was 8.4%. The 30-year longitudinal hospital cohort
observation study has clearly indicated that polytherapy was associated
with a progressive increase of SFR by almost three fold, whereas seizure
freedom by monotherapy being stagnant around 60%. These studies
may suggest that clinical impacts of new AEDs are more pronounced in
polytherapy than monotherapy.

3. Employment of polytherapy in sequential pharmacotherapy

Modern pharmacotherapy of epilepsy consists of an orderly ad-
ministration of drug trials in a sequence of first, second, third, and next
drug regimens (Mohanraj and Brodie, 2006; Brodie et al., 2012). First
drug monotherapy is the standard mode of therapy as the first step of
sequential drug trials. However, if the first drug failed to control sei-
zures, expert opinions for their preferred mode of therapy as the next
step of drug trial have been far from reaching to a consensus (French
and Faught, 2009). Reassessment of previous concept of polytherapy
related to monotherapy, which was established during the era of con-
ventional AEDs, may raise a question, “when should we employ
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polyhtherapy in the algorhithm of sequential drug trials?”, an im-
portant issue in real world practice.

3.1. After failure of adequate trials of two first-line drugs

During the era of conventional AEDs, definition of DRE was not
unified and most experts considered that failure of at least three drugs
in monotherapy were necessary to satisfy the definition of DREs
(Bourgeois, 2000a,b). Therefore, polytherapy was attempted at later
stages in the sequential pharmacotherapy, usually after exhaustive
trials of substitution monotherapies. However, since ILAE proposed the
definition of DREs as epilepsy unresponsive to adequate trials of two
drug regimens (Kwan et al., 2010), employment of polytherapy in-
cluding new drugs in the regimen has been attempted one step earlier
than before. French and Faught (2009) suggested that polytherapy is
preferred after the failure of appropriate monotherapy trials of first two
AEDs. Although a majority of US-experts are still in favor of third drug
substitution monotherapy after failure of first two drug monotherapies
(Shih et al., 2017), consensus from European experts are in favor of
combination therapy (Semah et al., 2004; Legros et al., 2009). Luciano
and Shorvon (2007) reported that successive introduction of new AEDs
in add-on therapy of patients with chronic refractory epilepsy resulted
prolonged seizure freedom in 28% of patients. Choi et al. (2016) re-
ported that further drug trials in 403 patients who failed to first two
drugs due to insufficient efficacy resulted in prolonged seizure remis-
sion in 31%. Therefore, in real world practice, serial drug trials were
successful in about a third of patients with DREs, which is a sig-
nificantly better outcome than our previous expectation (Schmidt,
2002) and a strong message to caring physicians for the importance of
continuing optimized drug trials even after the diagnosis of DREs. In an
Italian multicenter study (Canevini et al., 2010), only 25% of 191
children and 21% of 933 adults with DREs were under monotherapy,
thus a majority of patients with DREs were on polytherapy. Data from
real world practice indicate that polytherapy is the major mode of
pharmacotherapy in patients satisfying the ILAE criteria of DREs, which
justify the placement of polytherapy in the next step after the trial of
second drug therapy (French and Faught, 2009; Stephen and Brodie,
2012).

3.2. After failure of first drug

If the first drug monotherapy failed to control seizure at MTD, the
next step is the adequate trial of second drug. However, the optimal
mode of therapy for second drug trial is probably the most controversial
step in the algorhithm of sequential drug trials. In addition to pre-
viously cited studies, which have failed to show any significant differ-
ences between substitution monotherapy and polytherapy (Deckers
et al., 2003; Kwan and Brodie, 2000b; Beghi et al., 2003), a French open
comparative trial (Semah et al., 2014) of substitution monotherapy and
add-on therapy of second drug in patients who failed to the first
monotherapy did not reveal any significant differences in efficacy,
tolerability, and QOL measures. An Italian multicenter observation
study (Millul et al., 2013) also found same outcomes in retention rate,
QOL measures, hospital admissions and days off-work and off-school
between substitution monotherapy and add-on therapy of second drug
but a slightly higher incidence of AEs in patients underwent substitu-
tion monotherapy. Therefore, comparative studies of substitution
monotherapy and add-on therapy of second drug in patients who failed
to first drug monotherapy universally failed to detect any significant
differences between two modes of therapy. However, none of these
studies compared any specific combination regimens to substitution
monotherapy. As found in the subgroup analysis of a single center study
(Kwan and Brodie, 2000b), in which a specific combination regimen
consisting of a sodium channel blocker and a drug having multiple
MOAs was significantly superior to other combination regimens, future
trials need to consider the comparison of specific combination regimens
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carrying synergistic interactions with substitution monotherapy regi-
mens.

French and Faught (2009) recommended substitution monotherapy
as the primary mode of therapy in patients who failed to first drug
monotherapy, however, they also suggested to consider combination
therapy in following clinical scenarios; (1) if first drug was at least
partially effective, (2) if no drug interactions are anticipated by second
drug add-on, (3) if patients are risk-averse or risk of seizure exacerba-
tion is high at the withdrawal of first drug, and (4) if patients tolerate
first AED well. These recommendations clearly suggested that the
conduct of substitution monotherapy is not a dogma anymore but
caring physicians need to choose the appropriate mode of therapy on a
careful assessment of causes of first drug failure, pharmacological
profiles of first and second drugs, and patient’s clinical profiles. One
way of avoiding these theoretical arguments is to adopt “transitional
polytherapy” (Deckers et al., 2003; Garnett et al., 2009) in the process
of second drug administration. Once the second drug was chosen, the
next step is to introduce a small dose followed by slow dose escalation
of the second drug up to ITD, when duotherapy of first and second
drugs is continued at least for 3 months (or longer than three times of
longest interseizure interval) to monitor seizure control and toler-
ability. If seizures were fully controlled without any adverse reactions,
duotherapy is continued for extended period of time, at least for 1 year
or longer, when the feasibility of substitution monotherapy of second
drug may be discussed with the patient for further long-term treatment.
If seizure control was excellent but associated with side effects, re-
duction of the dose of first drug is attempted to decrease TDL (Naritoku
et al., 2005). If duotherapy was associated with significant improve-
ment but not a complete seizure control, dose of second drug will be
increased slowly with simultaneous slow tapering of first drug until
complete seizure control is achieved or patient develops side effects,
when substitution monotherapy of second drug is maintained for the
assessment of its clinical outcome. Because patients under polytherapy
are liable to the exposure of excessive drug burden, a careful assessment
of tolerability should be repeated at every clinical visit during the
period of transitional polytherapy, preferably using an instrument like
Liverpool Adverse Effects Profiles (LAEP) (Baker et al., 1994; Perucca
et al., 2000). If first duotherapy did not improve seizure control, second
drug is withdrawn along with the introduction of third drug in a similar
fashion. Transitional polytherapy may take a longer time than sub-
stitution monotherapy for outcome assessment but have advantages of
low risk of seizure worsening from the withdrawal of first drug and
assessment of potential synergistic interactions of combination drug
regimen (Fig. 5), which may provide a flexibility to caring physicians in
choosing the optimal mode of therapy for given individual clinical
scenarios.

3.3. Polytherapy as the initial drug regimen

Monotherapy is the gold standard of the first drug trial in the al-
gorithm of sequential drug trials, thus employment of polytherapy as
the initial step of pharmacotherapy is unlikely to be considered unless
any compelling reasons are provided. Traditional concept of mono-
therapy is based on the assumption that a single drug trial of appro-
priate dose provides better effectiveness than polytherapy, thus first
drug is started at a low dose to be slowly increased up to ITD. If seizures
continued at ITD of first drug, doses are further escalated to find the
optimal dose, until the patient becomes seizure free or develops intol-
erable adverse effects. Therefore, the trial of monotherapy of MTD is
considered essential before the failure of monotherapy is declared.
Although the concept of monotherapy of MTD has gained a wide ac-
ceptance, it has become widely recognized that seizure freedom by
monotherapy is largely achieved at low to moderate doses. Deckers
et al. (2003) from the analysis of dose related seizure freedom in pre-
vious RCTs of monotherapy in newly diagnosed epilepsy, reported that
SFR of monotherapy was 11.9% at low dose, which was increased by
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37.2% at its dose-escalation to average dose, by 7.7% at high dose, and
further by 5.2% at MTD, whereas all patients exposed to MTD had dose-
related side effects. Kwan and Brodie (2001) showed that more than
90% of seizure-free patients were taking moderate doses or less of
different AEDs; e.g., CBZ 800 mg/day, LTG 300 mg/day, and VPA
1500 mg/day. The RCT of CBZ-CR and LEV monotherapy in newly di-
agnosed epilepsy (Brodie et al., 2007) revealed that SFR in LEV
monotherapy group were 48.7%, 54.4%, and 56.6% at 1000 mg/day,
2000 mg/day, and 3000 mg/day, respectively, which were 52.2%, 58%,
and 58.5% at CBZ-CR 400 mg/day, 800 mg/day, and 1200 mg/day,
respectively. Rhee et al. (2017) reported that more than 90% of patients
under monotherapy or combination therapy of LEV with seizure
freedom were taking 2000 mg/day or less. Therefore, the likelihood of
achieving seizure freedom by escalating the dose of first drug beyond
the moderate dose is low, less than 10%, whereas the risk of dose-re-
lated AEs is high. Although careful monitoring of side effects and ju-
dicious handling of dose escalation may help avoid emergence of AEs,
the concept of monotherapy of MTD implies that, if seizures were not
controlled by moderate dose, most patients are going to experience
dose-related toxicities during the process of further dose adjustment.
Caring physicians should explain and encourage patient to freely
communicate with him for early detection of AEs and should know that
patients’ spontaneous reporting of side effects is less reliable compared
to the use of formal AEP-scoring questionnaires (Carreno et al., 2008).
A small but definite risk of seizure worsening by high dose or MTD
monotherapy is another concern, which is often called paradoxical
seizure worsening (Perucca et al., 1998). This phenomenon was mostly
reported in cases taking high dose PHT but it may also occur in other
AEDs trials (Osorio et al., 1989). Recently, Poolos et al. (2017) com-
pared seizure frequencies related to each quartiles of drug doses among
monotherapies of CBZ, PHT, VPA, LTG, and combination therapy of
LTG and VPA in patients with chronic refractory epilepsies and mental
handicaps. The seizure control was better in patients exposed to the
lowest dose quartile of all four monotherapies with showing negative
dose-response relationship in higher quartiles of dose. On the other
hand, responses to LTG and VPA combination therapy showed a posi-
tive relationship in all four dose ranges of LTG. This study has provided
an example of striking difference in dose-response relationship between
monotherapy and polytherapy. However, the study population was
different in clinical characteristics from patients with newly diagnosed
epilepsy and relatively high doses were administered, thus a caution is
required in applying this phenomenon to general neurology clinics.

In the era of new AEDs carrying more than 25 AEDs to use, our
adherence to the monotherapy of MTD may not be necessarily ad-
vantageous to some patients who are willing to achieve earlier seizure
control with less risk of side effects. In those patients, if a moderate dose
of first drug failed to control seizures, adoption of second drug therapy
in the form of transitional polytherapy seems a viable option to consider
than continuing dose-escalation up to MTD (Deckers et al., 2003; Rhee
et al., 2017). Although we don’t have any controlled trials comparing
outcomes of the first drug monotherapy of MTD with the combination
therapy of first and second drugs in patients who were not responsive to
a moderate dose of first drug monotherapy, a recent hospital observa-
tion study (Chi et al., 2018) showed a significantly different outcome
favoring combination therapy than monotherapy of MTD, which should
be an important target for future research. If we could adopt a reliable
model predicting future seizure outcome at each clinic visit, it may
make sense to try combination therapy in patients having a low chance
of seizure remission by monotherapy of MTD before they develop dose-
related AEs (Hughes et al., 2018).

The current concept of pharmacotherapy implies that add-on of
second drug is considered only when adequate dose of first drug failed
to control seizures. Therefore, adoption of polytherapy as the initial
drug regimen is not easily applicable but should require the fulfillment
of following conditions, (1) availability of class 1 evidence in favor of
polytherapy than monotherapy as the initial drug regimen, (2)
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(i) if Sz free,
- continue A & B > 1yr

(ii) if Sz > 50% reduced,
-d/cdrug A, and
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-d/cdrug B, & trydrugC —>

1 risk of drug overdose and interactions at the beginning
— require slow dose adjustment and close monitoring
longer time for assessment of drug B

lower risk of seizure worsening
assessment of synergistic interaction of combination therapy

—

—
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Fig. 5. Method of Transitional
Polytherapy.

Drug A is maintained until drug B is
reached to ITD, when the combination
of drug A and drug B is maintained for
a certain period, usually about 3
months (or at least for three times of
longest interseizure intervals), to assess
the effects of combination therapy. (1)
If a patient become seizure free, their
combination is maintained for long-
term use, usually for 1year or longer,
when a possible substitution mono-
therapy will be discussed with the pa-
tient. (2) If there was a significant im-
provement of seizure control but not
completely seizure free, dose of drug B
is gradually increased with simulta-
neous withdrawal of drug A to achieve
maximally tolerable dose substitution
monotherapy of drug B. If seizures get
worse, either drug A is reintroduced or
drug C is going to be introduced in si-
milar fashion. (3) If there was no sig-
nificant improvement of seizure control
after introduction of drug B, drug C is
chosen to be introduced while drug B is
tapered off to assess the responses to
the combination of drug A and drug C.
Transitional polytherapy has dis-
advantages of drug overdose and drug

interactions during the period of introduction of drug B and its maintenance at ITD, which requires slow dose escalation and close monitoring of adverse effects. It
may also take much longer time for the assessment of efficacy of drug B either in combination therapy with drug A or later monotherapy. However, it carries
advantages of lower risk of seizure worsening and assessment of synergistic interactions of combination therapy.

MTD; maximally tolerable dose, MD; moderate dose, ITD; initial target dose.

identification of specific epilepsy syndromes or patient groups having a
high risk of intractability to monotherapy, e.g., West syndrome,
Lennox-Gastaut syndromes or other severe epilepsy syndromes, etc.,
and (3) presence of reliable evidence supporting for the benefit of
earlier seizure control related to the favorable long-term consequences.
In fact, a large-scale open-label RCT compared the combination of
hormonal therapy and VGB with the hormonal therapy alone in chil-
dren with newly diagnosed infantile spasm (O’Callaghan et al., 2017)
has provided a high quality evidence for the superiority of combination
therapy to monotherapy in this highly refractory childhood epilepsy
syndrome. The comparative trial of LTG and VPA combination and
CBZ-CR monotherapy in newly diagnosed focal onset seizures also fa-
vored the combination regimen in terms of higher SFR and longer time
to seizure recurrence (Lee et al., 2018). These pieces of evidence for
advantages of polytherapy as the initial drug regimen in diverse clinical
scenarios (O’Callaghan et al., 2017; Lee et al., 2018; Chi et al., 2018)
need to be translated into large- scale, comparative trials of mono-
therapy with specific combination regimens.

As Brodie et al. (2012) reported that 72.7% of the seizure free pa-
tients did so on first drug monotherapy, the major impact of first drug-
regimen on the overall outcome of pharmacotherapy has been widely
recognized (Schiller and Najjar, 2008) to stress the importance of
maximizing the outcome of first drug regimen for further improvement
in the overall outcome of pharmacotherapy. However, if we consider
that all previous comparative monotherapy trials of new AEDs in pa-
tients with newly diagnosed focal epilepsy failed to demonstrate any
differences in efficacy from conventional AEDs (Kwan and Brodie,
2003; Tudur Smith et al., 2007; Lattanzi et al., 2019), the strategy of
sticking to the monotherapy as the first drug regimen is unlikely to
improve the outcome of pharmacotherapy further. As the longitudinal
study of Glasgow hospital cohort over past three decades (Chen et al.,
2018) clearly showed that the improvement of seizure free outcome
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was achieved only in patients treated by polytherapy, employment of
polytherapy carrying synergistic interactions as the first drug regimen
in patients with higher risks of DREs seems to be an attractive strategy
requiring future controlled trials.

4. Polytherapy in real world practice

Comparison of monotherapy with polytherapy at each steps of se-
quential pharmacotherapy is based on the assumption that each mode
of therapy consists of the best drug regimen for given clinical scenarios.
Among conventional AEDs, CBZ was promoted as the best drug for FS,
whereas VPA is for GS through many RCTs (Mattson et al., 1985;
Mattson et al., 1992; Heller et al., 1995; de Silva et al., 1996). With a
few exception of head to head monotherapy trials comparing new AEDs
in patients with newly diagnosed epilepsy (Brodie et al., 2002; Kwan
et al.,, 2011; Marson et al., 2007a, 2007b), new AEDs underwent
comparative RCTs of initial monotherapy against conventional drugs,
mostly CBZ in focal epilepsy, with quite comparable outcomes in effi-
cacy and tolerability (Tudur Smith et al., 2007), which has determined
the non-inferiority trial as a standard design of comparative mono-
therapy trials of new AEDs in Europe. On the contrary, none of specific
combination drug regimens have been subjected to any comparative
RCTs yet and diverse combination regimens were gathered into the
polytherapy to compare with the monotherapy in diverse patient po-
pulations, which seems problematic to accept in current view. Con-
sidering polytherapy regimens are subjected to diverse pharmacody-
namic interactions ranging from infra-additive to supra-additive
interactions, future comparative clinical trials of monotherapy and
polytherapy should select specific polytherapy regimens carrying sy-
nergistic interactions for a fair comparison.

No practice guidelines of polytherapy are available yet but a few
expert’s comments (Deckers, 2002; St. Louis, 2009; Brodie, 2016)



B.I Lee, et al.

Table 2
Selection of AEDs for combination therapy.
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Step 1. Candidate drugs for given clinical scenario®

Step 2. Selecting a drug best matching to first drug in combination

Drugs without previous exposure

Drugs found effective at least partially in previous exposure in monotherapy
Drugs having desirable MOAs

Drugs not enzyme inducers

Drugs having positive effects on comorbidities

Drugs having higher efficacy, safer, and better tolerability from EBM data

Drug having different MOA

Drug having less or no pharmacokinetic interactions

Drugs having different side effects profiles

Drugs fitting to one of known combination regimens carrying synergistic interactions”

@ First-line drugs for the seizure types or epilepsy syndromes are preferred candidate drugs for the trial of first duotherapy, whereas they are extended to include

second line drugs in subsequent polytherapy.
> Combination regimens enlisted in Table 1.

adopting the general concept of “Rational Polytherapy”, which is still at
the level of hypothesis than guideline. Therefore, individual experts
may apply the concept in slightly different ways based upon their own
experiences and knowledge to prescribe different regimens for a given
clinical scenario (Shih et al., 2017). Despite lack of evidence, it seems
making sense to synthesize the prescription in two steps (Table 2). First
step is to list potential drugs considered useful to try in the given
clinical scenario, which was suggested by Brodie (2016). For duo-
therapy, first-line drugs for the patient’s seizure types and epilepsy
syndrome are considered appropriate candidate drugs to add-on, if they
were not exposed previously or, if previously exposed, they were ef-
fective at least partially in monotherapy and not associated with any
serious AEs. These candidate drugs are going to be categorized by (1)
MOAs, (2) pharmacokinetic profiles (enzyme inducer or inhibitor, or
inducible), (3) drugs related to the patients’ comorbidities (helpful,
risky, neutral), and (4) efficacy, safety and tolerability data from EBM.
Apparently adoption of these conditions for finding candidate drugs
requires a thorough analysis of clinical profiles of given clinical sce-
narios. Second step is to choose the drug from the list, which is best
matching to the first drug according to the principle of rational poly-
therapy, (1) drug having different MOAs from the first drug, (2) no or
less pharmacokinetic interactions, (3) different side effects profiles, and
(4) one of recognized combination regimens carrying synergistic in-
teractions, which is enlisted in Table 1. For example, if the patient has
focal seizures of unknown etiology and on CBZ-CR monotherapy
without any exposure to other AEDs (Case Scenario 1), first-line drugs
for focal epilepsy many include VPA, PHT, oxcarbazepine (OXC), LEV,
LTG, ZNS, and LCM, among which OXC may be deleted from the list
due to its similar pharmacological profile to CBZ-CR. LCM has not been
officially promoted as the first- line drug yet, however, it was recently
found to be non-inferior to CBZ-CR in a class-1 RCT of monotherapy in
patients with newly diagnosed focal epilepsy (Baulac et al., 2017). Al-
though topiramate (TPM) and GBP were proposed as first-line drugs by
AAN/AES practice guidelines in 2004 (French et al., 2004a), they were
withdrawn from the list in the recent practice guidelines (Kanner et al.,
2018). These candidate first-line drugs are categorized according to
their MOAs, pharmacokinetic profiles, patient’s comorbidities, and
their safety and tolerability. If the patient has depression, VPA, PHT,
OXC, LTG are preferred, whereas LEV and ZNS are not. The next step is
to choose the drug from the list best matching to CBZ-CR in the concept
of rational polytherapy. As shown in the given case scenario, CBZ-CR
and LEV combination seems to be the best matching combination re-
gimen, which was recognized as having synergistic interactions in
Table 1. A major concern of this combination regimen is the adverse
psychiatric effects of LEV, which may aggravate preexisting depression
or cause psycho-behavioral symptoms. Thus, accurate follow- up as-
sessment as well as treatment of depression and/or other psychiatric
symptoms after prescription of LEV are crucial for the success of the
combination regimen. Considering that CBZ-CR is a broad-spectrum
enzyme inducer, its switch to the monotherapy of less or non-enzyme
inducing sodium channel blockers (e.g., OXC or LTG or LCM) may be a
viable option before proceeding to the first duotherapy, thus
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subsequent combination regimens being better applicable to the prin-
ciple of rational polytherapy.

Once the second drug was chosen for combination therapy, the next
step is to conduct the second drug trial according to the principle of
transitional polytherapy (Fig. 5). Because patients under polytherapy
are liable to the exposure of excessive drug burden, a careful assessment
of tolerability issues should be repeated at every clinic visit. At present,
there is no consensus about how many drugs can be combined for
polytherapy or when should we move to the triple drug combination
therapy from duotherapy. Considering that there are many drugs
having different MOAs, it seems worthwhile to try them on the basis of
careful assessments of duotherapy. If first duotherapy was not effective,
it seems better to switch less effective drug with third drug for the trial
of second duotherapy. If the second duotherapy failed or if first duo-
therapy was effective but failed to achieve complete seizure freedom, it
seems prudent to undertake first triple combination therapy by adding
the drug of best preference. In fact, excellent outcome of triple drug
combination therapy has been reported in patients suffering from se-
vere epileptic encephalopathies (Chiron et al., 2000; Machado et al.,
2011). Clinical trials of add-on therapy of new AEDs have shown that
SFR was higher in patients with less baseline seizure burden than pa-
tients with higher seizure burden before the commencement of study
drug (Heo et al., 2007; Cho et al., 2009), thus, if duotherapy reduced
the patient’s seizure burden significantly, trials of triple combination
therapy may have better chance of seizure freedom, which may well be
applied to the real world practice. However, if the duotherapy was not
much effective, trials of alternative duotherapy by switching a drug
with another drug chosen is preferred to find the best duotherapy re-
gimen before moving into the trials of triple drug therapy. For those
patients who failed to first doutherapy, the list of candidate drugs for
subsequent combination therapy may be expanded to include non-first
line drugs, e.g., GBP, PGB, TPM, clobazam, etc.

Pharmacotherapy in real world practice is not restricted to the re-
duction of seizure burden but should include improvement of QOL of
the patients by optimizing broad aspects of patients’ health, which in-
cludes control of comorbidities, psychosocial support, and control of
drug-related AEs (Dalic and Cook, 2016; Shih et al., 2017). Prevalence
of comorbidities in patients with epilepsy is 2-8 times of general po-
pulation and about 50% of patients with epilepsy have at least one
comorbidity, which is even higher in patients with DREs (Keezer et al.,
2016). As we have many AEDs affecting non-epileptic conditions (Spina
and Perugi, 2004; Stephen and Brodie, 2012), the choice of AEDs is not
only directed to seizure types and epilepsy syndromes, but also to
various comorbidities carried by patients. Comorbidities provide an-
other concern for the risk of potential drug interactions between con-
comitant drugs and AEDs, which should be considered for the choice of
AEDs. Among diverse comorbidities associated with epilepsy, depres-
sion and anxiety are the most common in patients with DREs, being
present in 30%-60% and responsible for their poor QOL, but frequently
under-recognized and under-treated (Fiest et al., 2013; Boylan et al.,
2004; Kanner, 2017). These affective symptoms may have bidirectional
relationship with epilepsy to interact each other affecting the clinical
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Table 3
Choice of AEDs related to comorbidities in epilepsy.
Comorbidities Choose Avoid
Obesity = DM TPM, ZNS GBP, PGB, VPA, PRP

Migraine

Skin rashes

Neuropathic pain
Depression + behavioral dis
Cognitive dysfunction
Concomitant drugs

TPM, GBP, PGB, ZNS, VPA
LEV, GBP, PGB, TPM, VPA, PER, LCM
PGB, GBP, CBZ, OXC, PHT, LTG

LTG, CBZ, OXC, VPA, PGB

LTG, LEV, OXC, LCM

GBP, LEV, PGB, LCM, ZNS

CBZ, LTG, OXC, PHT, PB

LEV, PB, TPM, ZNS, PER
PB, TPM, ZNS
Enzyme- inducers or inhibitors

Cancer

Cardiac arrhythmia
Glaucoma

Gait disturbances
Heat stroke
Hematological disorder
Hyponatremia
Hepatic disease
Renal disease
Hyponatremia
Osteoporosis

Restless leg syndrome
Parkinson dis

Tremor

LEV, VPA, PER

LTG, LEV

ZNS
TPM, PB, PRM

Drugs excreted by renal excretion
Drugs excreted by hepatic metabolism

GBP, PGB, CZP, PER

Enzyme- inducers
Sodium channel blockers
TPM

CBZ. PHT, PER

TPM, ZNS

CBZ, VPA

OXC, ESL, CBZ

VPA

GBP, PGB, LEV

OXC, ESL, CBZ

Enzyme inducers, TPM, VPA, ZNS

CBZ; carbamazepine, CZP; clonazepam, GBP: gabapentine, LCM; lacosamide LEV: levetiracetam, LTG; lamotrigine, OXC; oxcarbazepine, PB; phe-
nobarbital, PRM; primidone, PER: perampanel, PGB; pregabalin, TPM; topiramate, VGB; vigabatrin, VPA; valproic acid, ZNS; zonisamide.

courses of epilepsy (Kanner, 2017). Although no convincing evidence is
available yet for the use of second generation anti-depressants being
being responsible for the improvement of seizure control, their use to
manage affective disorders is an essential part of management to im-
prove QOL and prevent suicidality. Depression is also responsible for
higher prevalence of diverse AEs of AEDs therapy (Canevini et al.,
2010; Kanner, 2017; Kim et al., 2015), which may be responsible for
poor tolerability of AEDs and impaired adherence to AEDs therapy.
Treatment of comorbidities in patients with epilepsy should be at a high
priority to prevent suicide, improve QOL, and improve outcome of
AEDs therapy. At present, we have a long list of drugs either to prefer or
avoid in relation to various comorbidities (Table 3).

In conclusion, pharmacotherapy of epilepsy has become more di-
versified and sophisticated by introduction of many new AEDs having
diverse MOAs, better pharmacokinetic profiles, and better tolerability
profiles, which were instrumental for the concept of patient-oriented
pharmacotherapy. Introduction of new AEDs also triggered a revival of
polytherapy under the concept of Rational Polytherapy, which has be-
come the mainstay of pharmacotherapy for patients with DRE, in whom
a prolonged seizure freedom is achieved in about 30% of patients by
systematic add-on drug trials. Previous criticisms against polytherapy
including higher incidence of side effects, poorer QOL, or poorer ad-
herence to AEDs are not supported any more in current view. It is likely
that a significant improvement in the outcome of current AEDs therapy
is feasible by earlier employment of polytherapy as well as identifica-
tion of combination drug regimens carrying synergistic interactions. At
present, LTG and VPA combination regimen is the only well docu-
mented synergistic regimen, but there are a long-list of candidate re-
gimens requiring future trials in appropriate designs. As monotherapy
and polytherapy have their own advantages and disadvantages, physi-
cian’s attitude for a strict adherence to any specific mode of therapy
seems to be out of date. We may need more flexibility in adopting a
different mode of pharmacotherapy at each steps of sequential phar-
macotherapy according to clinical profiles of individual patient in real
world practice.

5. Case scenario

35 year-old male with focal epilepsy of unknown etiology having
depression, who have failed to control seizures to initial monotherapy
of CBZ-CR.
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How to select second AED?

Step 1: First- line Drugs for Focal Seizures: PHT, VPA, LTG, LTG,
LEV, ZNS, LCM, (0OXC)

Categorize them into MOA, enzyme inducers or not, impact on co-
morbidities, and tolerability data from EBM

Step 2: Potential interactions with CBZ-CR related to the guideline
of Rational Polytherapy

Stepl. MOA Enzyme induc- Comorbidity (depres-  Safety & toler-
tion sion) ability
PHT SCB Inducer (-1) Neutral (0) Poor (-1)
VPA Multiple Inhibitor (0) Help (+1) Fair (0)
LEV SV2A None (0) Risk (-1) Good (+1)
LTG SCB + Inducible (0) Help (+1) Good (+1)
ZNS Multiple Inducible (0) Risk (-1) Fair (0)
LCM SCB + None (0) Neutral (0) Good (+1)
Step 2. MOA interactions  Side effects Synergy  Total(step
1+2)
PHT Overlap (-1) High (-1) Additive (-1) No (-1) -6
VPA  Different (+1) High (-1) Different (+1) Yes (+1) 3
LEV  Different (+1) None (+1) Different (+1) Yes (+1) 4
LTG  Partly- overlap Moderate (0) Semi- additive No (-1) 1
0) 0)
ZNS  Different (+1) Moderate (0) Different (+1) No (-1) 0
LCM  Partly- overlap None (+1) Semi- additive No (-1) 1
0) 0)
Funding
None.

Declaration of Competing Interest

None.

Acknowledgements

None.



B.I Lee, et al.

References

Abou-Khalil, B., 2017. Selecting rational drug combinatins in epilepsy. CNS Drugs 31,
835-844.

Allen Jr., F.H., 1995. Entering a new drug era: practical issues in the treatment of epi-
lepsy. Neurology 45, S5-6.

Barcs, G., Walker, E.B., Elger, C.E., Scaramelli, A., Stefan, H., Sturm, Y., Moore, A., Flesch,
G., Kramer, L., D’Souza, J., 2000. Oxcarbazepine placebo-controlled, dose-ranging
trial in refractory partial epilepsy. Epilepsia 41, 1597-1607.

Baker, G.A., Frances, P., Middleton, E., 1994. Initial development, reliability and validity
of a patient-based adverse drug events scale. Epilepsia 35, 80.

Barker-Haliski, M., Sills, G.J., White, H.S., 2014. What are the arguments for and against
rational therapy for epilepsy? Adv. Exp. Med. Biol. 813, 295-308.

Baulac, M., Rosenow, F., Toledo, M., Terada, K., Li, T., De Backer, M., Werhahn, K.J.,
Brock, M., 2017. Efficacy, safety, and tolerability of lacosamide monotherapy versus
controlled-release carbamazepine in patients with newly diagnosed epilepsy: a phase
3, randomised, double-blind, non-inferiority trial. Lancet Neurol. 16, 43-54.

Beghi, E., Gatti, G., Tonini, C., Ben-Menachem, E., Chadwick, D.W., Nikanorova, M.,
Gromov, S.A., Smith, P.E., Specchio, L.M., Perucca, E., Group, B.S., 2003. Adjunctive
therapy versus alternative monotherapy in patients with partial epilepsy failing on a
single drug: a multicentre, randomised, pragmatic controlled trial. Epilepsy Res. 57,
1-13.

Bernus, 1., Dickinson, R.G., Hooper, W.D., Eadie, M.J., 1997. The mechanism of the
carbamazepine-valproate interaction in humans. Br. J. Clin. Pharmacol. 44, 21-27.

Besag, F.M., Berry, D.J., Pool, F., Newbery, J.E., Subel, B., 1998. Carbamazepine toxicity
with lamotrigine: pharmacokinetic or pharmacodynamic interaction? Epilepsia 39,
183-187.

Bourgeois, B., 2000a. General concept of medical intractability. In: Luders, H., Comair, Y.
(Eds.), Epilepsy Surgery, 2nd ed. Lippincott Williams & Wilkins, New York, pp.
63-68.

Boylan, L.S., Flint, L.A., Labovitz, D.L., Jackson, S.C., Starner, K., Devinsky, O., 2004.
Depression but not seizure frequency predicts quality of life in treatment-resistant
epilepsy. Neurology 62, 258-261.

Brigo, F., Ausserer, H., Tezzon, F., Nardone, R., 2013. When one plus one makes three: the
quest for rational antiepileptic polytherapy with supraadditive anticonvulsant effi-
cacy. Epilepsy Behav. 27, 439-442.

Brodie, M.J., 2016. Pharmacological treatment of drug-resistant epilepsy in adults: a
practical guide. Curr. Neurol. Neurosci. Rep. 16, 82.

Brodie, M.J., Barry, S.J., Bamagous, G.A., Norrie, J.D., Kwan, P., 2012. Patterns of
treatment response in newly diagnosed epilepsy. Neurology 78, 1548-1554.

Brodie, M.J., Chadwick, D.W., Anhut, H., Otte, A., Messmer, S.L., Maton, S., Sauermann,
W., Murray, G., Garofalo, E.A., Gabapentin Study Group 945-212, 2002. Gabapentin
versus lamotrigine monotherapy: a double-blind comparison in newly diagnosed
epilepsy. Epilepsia 43, 993-1000.

Brodie, M.J., Mintzer, S., Pack, A.M., Gidal, B.E., Vecht, C.J., Schmidt, D., 2013. Enzyme
induction with antiepileptic drugs: cause for concern? Epilepsia 54, 11-27.

Brodie, M.J., Mumford, J.P., 1999. Double-blind substitution of vigabatrin and valproate
in carbamazepine-resistant partial epilepsy. 012 study group. Epilepsy Res. 34,
199-205.

Brodie, M.J., Perucca, E., Ryvlin, P., Ben-Menachem, E., Meencke, H.J., Levetiracetam
Monotherapy Study, G, 2007. Comparison of levetiracetam and controlled-release
carbamazepine in newly diagnosed epilepsy. Neurology 68, 402-408.

Brodie, M.J., Sills, G.J., 2011. Combining antiepileptic drugs-rational polytherapy?
Seizure 20, 369-375.

Brodie, M.J., Yuen, A.W., 1997. Lamotrigine substitution study: evidence for synergism
with sodium valproate? 105 study group. Epilepsy Res. 26, 423-432.

Bourgeois, B., 2000b. General concept of medical intractability. In: Luders, H., Comair, Y.
(Eds.), Epilepsy Surgery, 2nd ed. Lippincott Williams & Wilkins, New York, pp.
63-68.

Callaghan, N., Goggin, T., 1988. Adjunctive therapy in resistant epilepsy. Epilepsia 29
(Suppl 1), $29-35.

Canadian Clobazam Cooperative Group, 1991. Clobazam in treatment of refractory epi-
lepsy: the Canadian experience. A retrospective study. Epilepsia 32, 407-416.

Canevini, M.P., De Sarro, G., Galimberti, C.A., Gatti, G., Licchetta, L., Malerba, A.,
Muscas, G., La Neve, A., Striano, P., Perucca, E., Group, S.S., 2010. Relationship
between adverse effects of antiepileptic drugs, number of coprescribed drugs, and
drug load in a large cohort of consecutive patients with drug-refractory epilepsy.
Epilepsia 51, 797-804.

Carreno, M., Gil-Nagel, A., Sanchez, J.C., Elices, E., Serratosa, J.M., Salas-Puig, J.,
Villanueva, V., Porcel, J., 2008. Strategies to detect adverse effects of antiepileptic
drugs in clinical practice. Epilepsy Behav. 13, 178-183.

Chapman, S.C., Horne, R., Chater, A., Hukins, D., Smithson, W.H., 2014. Patients’ per-
spectives on antiepileptic medication: relationships between beliefs about medicines
and adherence among patients with epilepsy in UK primary care. Epilepsy Behav. 31,
312-320.

Chen, Z., Brodie, M.J., Liew, D., Kwan, P., 2018. Treatment outcomes in patients with
newly diagnosed epilepsy treated with established and new antiepileptic drugs: a 30-
Year longitudinal cohort study. JAMA Neurol. 75, 279-286.

Chi, X., Li, R., Hao, X., Chen, J., Xiong, W., Xu, H., He, Y., Liu, W., Tong, X., Zhang, L.,
Jiang, X., Gao, H., Zhou, D., 2018. Response to treatment schedules after the first
antiepileptic drug failed. Epilepsia 59, 2118-2124.

Chiron, C., Marchand, M.C., Tran, A., Rey, E., d’Athis, P., Vincent, J., Dulac, O., Pons, G.,
2000. Stiripentol in severe myoclonic epilepsy in infancy: a randomised placebo-
controlled syndrome-dedicated trial. STICLO study group. Lancet 356, 1638-1642.

Cho, Y.J., Heo, K., Kim, W.J., Jang, S.H., Jung, Y.H., Ye, B.S., Song, D.B., Lee, B.I., 2009.

13

Epilepsy Research 156 (2019) 106165

Long-term efficacy and tolerability of topiramate as add-on therapy in refractory
partial epilepsy: an observational study. Epilepsia 50, 1910-1919.

Choi, H., Hayat, M.J., Zhang, R., Hirsch, L.J., Bazil, C.W., Mendiratta, A., Kato, K., Javed,
A., Legge, A.W., Buchsbaum, R., Resor, S., Heiman, G.A., 2016. Drug-resistant epi-
lepsy in adults: outcome trajectories after failure of two medications. Epilepsia 57,
1152-1160.

Chung, S., Ben-Menachem, E., Sperling, M.R., Rosenfeld, W., Fountain, N.B., Benbadis, S.,
Hebert, D., Isojarvi, J., Doty, P., 2010. Examining the clinical utility of lacosamide:
pooled analyses of three phase II/III clinical trials. CNS Drugs 24, 1041-1054.

Coleman, C.I., Limone, B., Sobieraj, D.M., Lee, S., Roberts, M.S., Kaur, R., Alam, T., 2012.
Dosing frequency and medication adherence in chronic disease. J. Manag. Care
Pharm. 18, 527-539.

Cramer, J.A., Hammer, A.E., Kustra, R.P., 2004. Quality of life improvement with con-
version to lamotrigine monotherapy. Epilepsy Behav. 5, 224-230.

Dalic, L., Cook, M.J., 2016. Managing drug-resistant epilepsy: challenges and solutions.
Neuropsychiatr. Dis. Treat. 12, 2605-2616.

de Silva, M., MacArdle, B., McGowan, M., Hughes, E., Stewart, J., Neville, B.G., Johnson,
A.L., Reynolds, E.H., 1996. Randomised comparative monotherapy trial of pheno-
barbitone, phenytoin, carbamazepine, or sodium valproate for newly diagnosed
childhood epilepsy. Lancet 347, 709-713.

Deckers, C.L., 2002. Place of polytherapy in the early treatment of epilepsy. CNS Drugs
16, 155-163.

Deckers, C.L., Czuczwar, S.J., Hekster, Y.A., Keyser, A., Kubova, H., Meinardi, H.,
Patsalos, P.N., Renier, W.O., Van Rijn, C.M., 2000. Selection of antiepileptic drug
polytherapy based on mechanisms of action: the evidence reviewed. Epilepsia 41,
1364-1374.

Deckers, C.L., Genton, P., Sills, G.J., Schmidt, D., 2003. Current limitations of anti-
epileptic drug therapy: a conference review. Epilepsy Res. 53, 1-17.

Deckers, C.L., Hekster, Y.A., Keyser, A., van Lier, H.J., Meinardi, H., Renier, W.O., 2001.
Monotherapy versus polytherapy for epilepsy: a multicenter double-blind rando-
mized study. Epilepsia 42, 1387-1394.

Faught, R.E., Weiner, J.R., Guerin, A., Cunnington, M.C., Duh, M.S., 2009. Impact of
nonadherence to antiepileptic drugs on health care utilization and costs. Epilepsia 50,
501-509.

Fiest, K.M., Dykeman, J., Patten, S.B., Wiebe, S., Kaplan, G.G., Maxwell, C.J., Bulloch,
A.G., Jette, N., 2013. Depression in epilepsy: a systematic review and meta-analysis.
Neurology 80, 590-599.

French, J.A., Faught, E., 2009. Rational polytherapy. Epilepsia 50 (Suppl 8), 63-68.

French, J.A., Kanner, A.M., Bautista, J., Abou-Khalil, B., Browne, T., Harden, C.L.,
Theodore, W.H., Bazil, C., Stern, J., Schachter, S.C., Bergen, D., Hirtz, D., Montouris,
G.D., Nespeca, M., Gidal, B., Marks Jr, W.J., Turk, W.R., Fischer, J.H., Bourgeois, B.,
Wilner, A., Faught Jr., R.E., Sachdeo, R.C., Beydoun, A., Glauser, T.A., Therapeutics
and Technology Assessment Subcommittee of the American Academy of Neurology,
Quality Standards Subcommittee of the American Academy of Neurology, American
Epilepsy Society, 2004a. Efficacy and tolerability of the new antiepileptic drugs I:
treatment of new onset epilepsy: report of the Therapeutics and Technology
Assessment Subcommittee and Quality Standards Subcommittee of the American
Academy of Neurology and the American Epilepsy Society. Neurology 62,
1252-1260.

French, J.A., Kanner, A.M., Bautista, J., Abou-Khalil, B., Browne, T., Harden, C.L.,
Theodore, W.H., Bazil, C., Stern, J., Schachter, S.C., Bergen, D., Hirtz, D., Montouris,
G.D., Nespeca, M., Gidal, B., Marks Jr, W.J., Turk, W.R., Fischer, J.H., Bourgeois, B.,
Wilner, A., Faught Jr., R.E., Sachdeo, R.C., Beydoun, A., Glauser, T.A., Therapeutics,
Technology Assessment Subcommittee of the American Academy of Neurology,
Quality Standards Subcommittee of the American Academy of Neurology, American
Epilepsy Society, 2004b. Efficacy and tolerability of the new antiepileptic drugs II:
treatment of refractory epilepsy: report of the Therapeutics and Technology
Assessment Subcommittee and Quality Standards Subcommittee of the American
Academy of Neurology and the American Epilepsy Society. Neurology 62,
1261-1273.

Garnett, W.R., St Louis, E.K., Henry, T.R., Bramley, T., 2009. Transitional polytherapy:
tricks of the trade for monotherapy to monotherapy AED conversions. Curr.
Neuropharmacol. 7, 83-95.

Glauser, T.A., Cnaan, A., Shinnar, S., Hirtz, D.G., Dlugos, D., Masur, D., Clark, P.O.,
Capparelli, E.V., Adamson, P.C., Childhood absence epilepsy study, group, 2010.
Ethosuximide, valproic acid, and lamotrigine in childhood absence epilepsy. N. Engl.
J. Med. 362, 790-799.

Gollwitzer, S., Kostev, K., Hagge, M., Lang, J., Graf, W., Hamer, H.M., 2016.
Nonadherence to antiepileptic drugs in Germany: a retrospective, population-based
study. Neurology 87, 466-472.

Guelaen, P., Van Der Kleijin, E., Wouldstra, U., 1975. Statistical analysis of pharmaco-
kinetic parameters in epileptic patients chronically treated with anti-epileptic drugs.
In: Schneider, H., Janz, D., Gardner-Thorpe, C., Meinardi, H., Sherwin, A. (Eds.),
Clinical Pharmacology of Anti-Epileptic Drugs. Springer-Verlag, Berlin, pp. 2-10.

Guo, Y., Ding, X.Y., Lu, R.Y., Shen, C.H.,, Ding, Y., Wang, S., Tang, Y.L., Ding, M.P., 2015.
Depression and anxiety are associated with reduced antiepileptic drug adherence in
Chinese patients. Epilepsy Behav. 50, 91-95.

Heller, A.J., Chesterman, P., Elwes, R.D., Crawford, P., Chadwick, D., Johnson, A.L.,
Reynolds, E.H., 1995. Phenobarbitone, phenytoin, carbamazepine, or sodium
valproate for newly diagnosed adult epilepsy: a randomised comparative mono-
therapy trial. J Neurol Neurosurg Psychiatry 58, 44-50.

Heo, K., Lee, B.I, Yi, S.D., Huh, K., Kim, J.M., Lee, S.A., Shin, D.J., Song, H.K,, Lee, S.K.,
Kim, J.Y., Lu, S., Dubois, C., Tonner, F., 2007. Efficacy and safety of levetiracetam as
adjunctive treatment of refractory partial seizures in a multicentre open-label single-
arm trial in Korean patients. Seizure 16, 402-409.

Hughes, D.M., Bonnett, L.J., Czanner, G., Komarek, A., Marson, A.G., Garcia-Finana, M.,


http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0005
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0005
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0010
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0010
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0015
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0015
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0015
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0020
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0020
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0025
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0025
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0030
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0030
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0030
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0030
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0035
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0035
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0035
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0035
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0035
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0040
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0040
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0045
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0045
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0045
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0050
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0050
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0050
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0055
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0055
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0055
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0060
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0060
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0060
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0065
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0065
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0070
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0070
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0075
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0075
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0075
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0075
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0080
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0080
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0085
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0085
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0085
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0090
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0090
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0090
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0095
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0095
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0100
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0100
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0105
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0105
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0105
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0110
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0110
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0115
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0115
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0120
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0120
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0120
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0120
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0120
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0125
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0125
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0125
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0130
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0130
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0130
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0130
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0135
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0135
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0135
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0140
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0140
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0140
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0145
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0145
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0145
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0150
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0150
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0150
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0155
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0155
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0155
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0155
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0160
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0160
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0160
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0165
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0165
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0165
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0170
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0170
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0175
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0175
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0180
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0180
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0180
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0180
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0185
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0185
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0190
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0190
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0190
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0190
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0195
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0195
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0200
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0200
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0200
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0205
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0205
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0205
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0210
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0210
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0210
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0215
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0220
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0225
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0230
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0230
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0230
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0235
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0235
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0235
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0235
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0240
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0240
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0240
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0245
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0245
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0245
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0245
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0250
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0250
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0250
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0255
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0255
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0255
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0255
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0260
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0260
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0260
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0260
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0265

B.I Lee, et al.

2018. Identification of patients who will not achieve seizure remission within 5 years
on AEDs. Neurology 91, e2035-e2044.

Jenicek, M., 2006. Evidence-based medicine: fifteen years later. Golem the good, the bad,
and the ugly in need of a review? Med. Sci. Monit. 12, RA241-251.

Kaminski, R.M., Matagne, A., Patsalos, P.N., Klitgaard, H., 2009. Benefit of combination
therapy in epilepsy: a review of the preclinical evidence with levetiracetam. Epilepsia
50, 387-397.

Kanner, A.M., 2017. Psychiatric comorbidities in new onset epilepsy: Should they be
always investigated? Seizure 49, 79-82.

Kanner, A.M., Ashman, E., Gloss, D., Harden, C., Bourgeois, B., Bautista, J.F., Abou-Khalil,
B., Burakgazi-Dalkilic, E., Llanas Park, E., Stern, J., Hirtz, D., Nespeca, M., Gidal, B.,
Faught, E., French, J., 2018. Practice guideline update summary: Efficacy and tol-
erability of the new antiepileptic drugs I: Treatment of new-onset epilepsy: Report of
the Guideline Development, Dissemination, and Implementation Subcommittee of the
American Academy of Neurology and the American Epilepsy Society. Neurology 91,
74-81.

Kanner, A.M., Frey, M., 2000. Adding valproate to lamotrigine: a study of their phar-
macokinetic interaction. Neurology 55, 588-591.

Keezer, M.R., Sisodiya, S.M., Sander, J.W., 2016. Comorbidities of epilepsy: current
concepts and future perspectives. Lancet Neurol. 15, 106-115.

Kerr, M.P., 2012. The impact of epilepsy on patient’s lives. Acta Neurol. Scand., Suppl.
194, 1-9.

Kim, S.K., Park, S.P., Kwon, O.Y., 2015. Impact of depression and anxiety on adverse
event profiles in Korean people with epilepsy. Epilepsy Behav. 46, 185-191.

Kinirons, P., McCarthy, M., Doherty, C.P., Delanty, N., 2006. Predicting drug-resistant
patients who respond to add-on therapy with levetiracetam. Seizure 15, 387-392.

Kwan, P., Arzimanoglou, A., Berg, A.T., Brodie, M.J., Allen Hauser, W., Mathern, G.,
Moshe, S.L., Perucca, E., Wiebe, S., French, J., 2010. Definition of drug resistant
epilepsy: consensus proposal by the ad hoc Task Force of the ILAE Commission on
Therapeutic Strategies. Epilepsia 51, 1069-1077.

Kwan, P., Brodie, M.J., 2000a. Early identification of refractory epilepsy. N. Engl. J. Med.
342, 314-319.

Kwan, P., Brodie, M.J., 2000b. Epilepsy after the first drug fails: substitution or add-on?
Seizure 9, 464-468.

Kwan, P., Brodie, M.J., 2001. Effectiveness of first antiepileptic drug. Epilepsia 42,
1255-1260.

Kwan, P., Brodie, M.J., 2003. Clinical trials of antiepileptic medications in newly diag-
nosed patients with epilepsy. Neurology 60, S2-12.

Kwan, P., Brodie, M.J., 2006. Combination therapy in epilepsy: when and what to use.
Drugs 66, 1817-1829.

Kwan, P., Brodie, M.J., Kalviainen, R., Yurkewicz, L., Weaver, J., Knapp, L.E., 2011.
Efficacy and safety of pregabalin versus lamotrigine in patients with newly diagnosed
partial seizures: a phase 3, double-blind, randomised, parallel-group trial. Lancet
Neurol. 10, 881-890.

Kwan, P., Sperling, M.R., 2009. Refractory seizures; try additional drugs (after two have
failed) or go directly to early surgery evaluation? Epilepsia 50 (suppl.8), 57-62.
Lammers, M.W., Hekster, Y.A., Keyser, A., Meinardi, H., Renier, W.O., van Lier, H., 1995.
Monotherapy or polytherapy for epilepsy revisited: a quantitative assessment.

Epilepsia 36, 440-446.

Lason, W., Dudra-Jastrzebska, M., Rejdak, K., Czuczwar, S.J., 2011. Basic mechanisms of
antiepileptic drugs and their pharmacokinetic/pharmacodynamic interactions: an
update. Pharmacol. Rep. 63, 271-292.

Lattanzi, S., Zaccara, G., Giovannelli, F., Grillo, E., Nardone, R., Silvestrini, M., Trinka, E.,
Brigo, F., 2019. Antiepileptic monotherapy in newly diagnosed focal epilepsy. A
network meta-analysis. Acta Neurol Scand 139, 33-41.

Lee, B.I,, No, S.K., Yi, S.D., Lee, H.W., Kim, O.J., Kim, S.H., Kim, M.K., Kim, S.E., Kim,
Y.S., Kim, J.M., Lee, S.J., Shin, D.J., Park, S.P., Kim, Y.I., Heo, K., Cho, Y.W., Cho,
Y.J., Kim, Y.N., 2018. Unblinded, randomized multicenter trial comparing lamo-
trigine and valproate combination with controlled-release carbamazepine mono-
therapy as initial drug regimen in untreated epilepsy. Seizure 55, 17-24.

Legge, A.W., Detyniecki, K., Javed, A., Hirsch, L.J., Kato, K., Buchsbaum, R., Chen, B.,
Choi, H., 2018. Comparative efficacy of unique antiepileptic drug regimens in focal
epilepsy: an exploratory study. Epilepsy Res. 142, 73-80.

Legros, B., Boon, P., De Jonghe, P., Sadzot, B., Van Rijckevorsel, K., Schmedding, E.,
2009. Opinion of Belgian neurologists on antiepileptic drug treatment in 2006: bel-
gian study on epilepsy treatment (BESET-2). Acta Neurol. Scand. 120, 402-410.

Luciano, A.L., Shorvon, S.D., 2007. Results of treatment changes in patients with ap-
parently drug-resistant chronic epilepsy. Ann. Neurol. 62, 375-381.

Luszczki, J.J., Czuczwar, S.J., 2004. Preclinical profile of combinations of some second-
generation antiepileptic drugs: an isobolographic analysis. Epilepsia 45, 895-907.

Machado, V.H., Palmini, A., Bastos, F.A., Rotert, R., 2011. Long-term control of epileptic
drop attacks with the combination of valproate, lamotrigine, and a benzodiazepine: a’
proof of concept,” open label study. Epilepsia 52, 1303-1310.

Margolis, J.M., Chu, B.C., Wang, Z.J., Copher, R., Cavazos, J.E., 2014. Effectiveness of
antiepileptic drug combination therapy for partial-onset seizures based on mechan-
isms of action. JAMA Neurol. 71, 985-993.

Marson, A.G., Al-Kharusi, A.M., Alwaidh, M., Appleton, R., Baker, G.A., Chadwick, D.W.,
Cramp, C., Cockerell, O.C., Cooper, P.N., Doughty, J., Eaton, B., Gamble, C.,
Goulding, P.J., Howell, S.J., Hughes, A., Jackson, M., Jacoby, A., Kellett, M., Lawson,
G.R., Leach, J.P., Nicolaides, P., Roberts, R., Shackley, P., Shen, J., Smith, D.F., Smith,
P.E., Smith, C.T., Vanoli, A., Williamson, P.R., group S.S, 2007a. The SANAD study of
effectiveness of carbamazepine, gabapentin, lamotrigine, oxcarbazepine, or topir-
amate for treatment of partial epilepsy: an unblinded randomised controlled trial.
Lancet 369, 1000-1015.

Marson, A.G., Al-Kharusi, A.M., Alwaidh, M., Appleton, R., Baker, G.A., Chadwick, D.W.,
Cramp, C., Cockerell, O.C., Cooper, P.N., Doughty, J., Eaton, B., Gamble, C.,

14

Epilepsy Research 156 (2019) 106165

Goulding, P.J., Howell, S.J., Hughes, A., Jackson, M., Jacoby, A., Kellett, M., Lawson,
G.R., Leach, J.P., Nicolaides, P., Roberts, R., Shackley, P., Shen, J., Smith, D.F., Smith,
P.E., Smith, C.T., Vanoli, A., Williamson, P.R., group, S.S, 2007b. The SANAD study of
effectiveness of valproate, lamotrigine, or topiramate for generalised and unclassifi-
able epilepsy: an unblinded randomised controlled trial. Lancet 369, 1016-1026.

Mattson, R.H., Cramer, J.A., Collins, J.F., 1992. A comparison of valproate with carba-
mazepine for the treatment of complex partial seizures and secondarily generalized
tonic-clonic seizures in adults. The Department of Veterans Affairs Epilepsy
Cooperative Study No. 264 Group. N. Engl. J. Med. 327, 765-771.

Mattson, R.H., Cramer, J.A., Collins, J.F., Smith, D.B., Delgado-Escueta, A.V., Browne,
T.R., Williamson, P.D., Treiman, D.M., McNamara, J.O., McCutchen, C.B., et al.,
1985. Comparison of carbamazepine, phenobarbital, phenytoin, and primidone in
partial and secondarily generalized tonic-clonic seizures. N. Engl. J. Med. 313,
145-151.

McCabe, P.H., McNew, C.D., Michel, N.C., 2001. Effect of divalproex-lamotrigine com-
bination therapy in frontal lobe seizures. Arch. Neurol. 58, 1264-1268.

Millul, A., Tudice, A., Adami, M., Porzio, R., Mattana, F., Beghi, E., Group, T.S., 2013.
Alternative monotherapy or add-on therapy in patients with epilepsy whose seizures
do not respond to the first monotherapy: an Italian multicenter prospective ob-
servational study. Epilepsy Behav. 28, 494-500.

Mintzer, S., Mattson, R.T., 2009. Should enzyme-inducing antiepileptic drugs be con-
sidered first-line agents? Epilepsia 50 (Suppl 8), 42-50.

Moeller, J.J., Rahey, S.R., Sadler, R.M., 2009. Lamotrigine-valproic acid combination
therapy for medically refractory epilepsy. Epilepsia 50, 475-479.

Mohanraj, R., Brodie, M.J., 2006. Diagnosing refractory epilepsy: response to sequential
treatment schedules. Eur. J. Neurol. 13, 277-282.

Naritoku, D.K., Hulihan, J.F., Schwarzman, L.K., Kamin, M., Olson, W.H., 2005. Effect of
cotherapy reduction on tolerability of epilepsy add-on therapy: a randomized con-
trolled trial. Ann. Pharmacother. 39, 418-423.

Nunes, V.D., Sawyer, L., Neilson, J., Sarri, G., Cross, J.H., 2012. Diagnosis and manage-
ment of the epilepsies in adults and children: summary of updated NICE guidance.
BMJ 344, e281.

O’Callaghan, F.J., Edwards, S.W., Alber, F.D., Hancock, E., Johnson, A.L., Kennedy, C.R.,
Likeman, M., Lux, A.L., Mackay, M., Mallick, A.A., Newton, R.W., Nolan, M., Pressler,
R., Rating, D., Schmitt, B., Verity, C.M., Osborne, J.P., participating, i, 2017. Safety
and effectiveness of hormonal treatment versus hormonal treatment with vigabatrin
for infantile spasms (ICISS): a randomised, multicentre, open-label trial. Lancet
Neurol. 16, 33-42.

Osorio, 1., Burnstine, T.H., Remler, B., Manon-Espaillat, R., Reed, R.C., 1989. Phenytoin-
induced seizures: a paradoxical effects at toxic concentrations in epileptic patients.
Epilepsia 30, 230-234.

O’Rourke, G., O’Brien, J.J., 2017. Identifying the barriers to antiepileptic drug adherence
among adults with epilepsy. Seizure 45, 160-168.

Patsalos, P.N., 2013. Drug interactions with the newer antiepileptic drugs (AEDs)-part 1:
pharmacokinetic and pharmacodynamic interactions between AEDs. Clin.
Pharmacokinet. 52, 927-966.

Payakachat, N., Summers, K.H., Barbuto, J.P., 2006. A comparison of clinical practice
guidelines in the initial pharmacological management of new-onset epilepsy in
adults. J. Manag. Care Pharm. 12, 55-60.

Perucca, E., 1996. The new generation of antiepileptic drugs: advantages and dis-
advantages. Br. J. Clin. Pharmacol. 42, 531-543.

Perucca, E., 2003. Current trends in antiepileptic drug therapy. Epilepsia 44 (Suppl 4),
41-47.

Perucca, E., 2006. Clinically relevant drug interactions with antiepileptic drugs. Br. J.
Clin. Pharmacol. 61, 246-255.

Perucca, E., 2012. What clinical trial designs have been used to test antiepileptic drugs
and do we need to change them? Epileptic Disord. 14, 124-131.

Perucca, E., Beghi, E., Dulac, O., Shorvon, S., Tomson, T., 2000. Assessing risk to benefit
ratio in antiepileptic drug therapy. Epilepsy Res. 41, 107-139.

Perucca, E., Gram, L., Avanzini, G., Dulac, O., 1998. Antiepileptic drugs as a cause of
worsening seizures. Epilepsia 39, 5-17.

Perucca, E., Tomson, T., 2011. The pharmacological treatment of epilepsy in adults.
Lancet Neurol. 10, 446-456.

Pisani, F., Oteri, G., Russo, M.F., Di Perri, R., Perucca, E., Richens, A., 1999. The efficacy
of valproate-lamotrigine comedication in refractory complex partial seizures: evi-
dence for a pharmacodynamic interaction. Epilepsia 40, 1141-1146.

Poolos, N.P., Castagna, C.E., Williams, S., Miller, A.B., Story, T.J., 2017. Association
between antiepileptic drug dose and long-term response in patients with refractory
epilepsy. Epilepsy Behav. 69, 59-68.

Poolos, N.P., Warner, L.N., Humphreys, S.Z., Williams, S., 2012. Comparative efficacy of
combination drug therapy in refractory epilepsy. Neurology 78, 62-68.

Reynolds, E.H., Chadwick, D., Galbraith, A.W., 1976. One drug (phenytoin) in the
treatment of epilepsy. Lancet 1, 923-926.

Reynolds, E.H., Shorvon, S.D., Galbraith, A.W., Chadwick, D., Dellaportas, C.I.,
Vydelingum, L., 1981. Phenytoin monotherapy for epilepsy: a long-term prospective
study, assisted by serum level monitoring, in previously untreated patients. Epilepsia
22, 475-488.

Rhee, S.J., Shin, J.W., Lee, S., Moon, J., Kim, T.J., Jung, K.Y., Park, K.I, Lee, S.T., Jung,
K.H., Yu, K.S., Jang, 1.J., Chu, K., Lee, S.K., 2017. Population pharmacokinetics and
dose-response relationship of levetiracetam in adult patients with epilepsy. Epilepsy
Res. 132, 8-14.

Rowan, A.J., Meijer, J.W., de Beer-Pawlikowski, N., van der Geest, P., Meinardi, H., 1983.
Valproate-ethosuximide combination therapy for refractory absence seizures. Arch.
Neurol. 40, 797-802.

Sake, J.K., Hebert, D., Isojarvi, J., Doty, P., De Backer, M., Davies, K., Eggert-Formella, A.,
Zackheim, J., 2010. A pooled analysis of lacosamide clinical trial data grouped by


http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0265
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0265
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0270
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0270
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0275
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0275
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0275
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0280
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0280
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0285
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0290
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0290
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0295
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0295
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0300
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0300
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0305
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0305
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0310
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0310
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0315
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0315
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0315
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0315
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0320
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0320
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0325
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0325
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0330
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0330
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0335
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0335
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0340
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0340
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0345
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0345
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0345
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0345
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0350
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0350
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0355
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0355
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0355
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0360
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0360
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0360
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0365
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0365
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0365
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0370
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0370
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0370
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0370
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0370
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0375
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0375
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0375
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0380
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0380
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0380
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0385
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0385
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0390
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0390
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0395
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0395
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0395
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0400
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0400
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0400
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0405
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0410
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0415
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0415
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0415
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0415
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0420
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0420
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0420
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0420
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0420
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0425
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0425
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0430
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0430
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0430
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0430
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0435
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0435
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0440
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0440
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0445
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0445
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0450
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0450
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0450
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0455
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0455
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0455
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0460
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0460
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0460
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0460
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0460
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0460
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0465
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0465
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0465
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0470
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0470
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0475
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0475
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0475
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0480
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0480
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0480
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0485
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0485
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0490
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0490
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0495
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0495
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0500
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0500
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0505
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0505
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0510
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0510
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0515
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0515
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0520
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0520
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0520
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0525
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0525
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0525
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0530
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0530
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0535
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0535
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0540
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0540
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0540
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0540
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0545
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0545
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0545
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0545
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0550
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0550
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0550
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0555
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0555

B.I Lee, et al.

mechanism of action of concomitant antiepileptic drugs. CNS Drugs 24, 1055-1068.

Sander, J.W., 2005. New antiepileptic drugs in practice-how do they perform in the real
world? Acta Neurol. Scand., Suppl. 181, 26-29.

Sander, J.W., Trevisol-Bittencourt, P.C., Hart, Y.M., Shorvon, S.D., 1990. Evaluation of
vigabatrin as an add-on drug in the management of severe epilepsy. J Neurol
Neurosurg Psychiatry 53, 1008-1010.

Santulli, L., Coppola, A., Balestrini, S., Striano, S., 2016. The challenges of treating epi-
lepsy with 25 antiepileptic drugs. Pharmacol. Res. 107, 211-219.

Schiller, Y., Najjar, Y., 2008. Quantifying the response to antiepileptic drugs: effect of past
treatment history. Neurology 70, 54-65.

Schmidt, D., 1982. Two antiepileptic drugs for intractable epilepsy with complex-partial
seizures. J Neurol Neurosurg Psychiatry 45, 1119-1124.

Schmidt, D., 1983. Reduction of two-drug therapy in intractable epilepsy. Epilepsia 24,
368-376.

Schmidt, D., 2002. The clinical impact of new antiepileptic drugs after a decade of use in
epilepsy. Epilepsy Res. 50, 21-32.

Schmidt, D., Richter, K., 1986. Alternative single anticonvulsant drug therapy for re-
fractory epilepsy. Ann. Neurol. 19, 85-87.

Semabh, F., Picot, M.C., Derambure, P., Dupont, S., Vercueil, L., Chassagnon, S., Marchal,
C., Thomas, P., Ryvlin, P., 2004. The choice of antiepileptic drugs in newly diagnosed
epilepsy: a national French survey. Epileptic Disord. 6, 255-265.

Semabh, F., Thomas, P., Coulbaut, S., Derambure, P., 2014. Early add-on treatment vs
alternative monotherapy in patients with partial epilepsy. Epileptic Disord. 16,
165-174.

Shih, J.J., Whitlock, J.B., Chimato, N., Vargas, E., Karceski, S.C., Frank, R.D., 2017.
Epilepsy treatment in adults and adolescents: expert opinion, 2016. Epilepsy Behav.
69, 186-222.

Shorvon, S.D., 2000. Handbook of Epilepsy Treatment, first ed. Blackwell Science,
Oxford.

Shorvon, S.D., 2009a. Drug treatment of epilepsy in the century of the ILAE: the first 50

15

Epilepsy Research 156 (2019) 106165

years, 1909-1958. Epilepsia 50 (Suppl 3), 69-92.

Shorvon, S.D., 2009b. Drug treatment of epilepsy in the century of the ILAE: the second
50 years, 1959-2009. Epilepsia 50 (Suppl 3), 93-130.

Shorvon, S.D., Reynolds, E.H., 1979. Reduction in polypharmacy for epilepsy. Br. Med. J.
2, 1023-1025.

Specht, U., Boenigk, H.E., Wolf, P., 1989. Discontinuation of clonazepam after long-term
treatment. Epilepsia 30, 458-463.

Spina, E., Perugi, G., 2004. Antiepileptic drugs: indications other than epilepsy. Epileptic
Disord. 6, 57-75.

St Louis, E.K., 2009. Truly "rational" polytherapy: maximizing efficacy and minimizing
drug interactions, drug load, and adverse effects. Curr. Neuropharmacol. 7, 96-105.

St Louis, E.K., Rosenfeld, W.E., Bramley, T., 2009. Antiepileptic drug monotherapy: the
initial approach in epilepsy management. Curr. Neuropharmacol. 7, 77-82.

Stephen, L.J., Brodie, M.J., 2012. Antiepileptic drug monotherapy versus polytherapy:
pursuing seizure freedom and tolerability in adults. Curr. Opin. Neurol. 25, 164-172.

Stephen, L.J., Forsyth, M., Kelly, K., Brodie, M.J., 2012. Antiepileptic drug combinations—
have newer agents altered clinical outcomes? Epilepsy Res. 98, 194-198.

Stephen, L.J., Sills, G.J., Brodie, M.J., 1998. Lamotrigine and topiramate may be a useful
combination. Lancet 351, 958-959.

Tudur Smith, C., Marson, A.G., Chadwick, D.W., Williamson, P.R., 2007. Multiple treat-
ment comparisons in epilepsy monotherapy trials. Trials 8, 34.

Wagner, M.L., Remmel, R.P., Graves, N.M., Leppik, L.E., 1993. Effects of felbamate on
carbamazepine and its major metabolites. Clin. Pharmacol. Ther. 53, 536-543.

Yagi, K., Seino, M., 1992. Methodological requirements for clinical trials in refractory
epilepsies—our experience with zonisamide. Prog. Neuropsychopharmacol. Biol.
Psychiatry 16, 79-85.

Zaccara, G., Messori, A., Cincotta, M., Burchini, G., 2006. Comparison of the efficacy and
tolerability of new antiepileptic drugs: what can we learn from long-term studies?
Acta Neurol. Scand. 114, 157-168.


http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0555
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0560
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0560
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0565
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0565
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0565
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0570
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0570
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0575
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0575
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0580
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0580
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0585
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0585
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0590
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0590
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0595
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0595
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0600
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0600
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0600
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0605
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0605
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0605
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0610
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0610
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0610
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0615
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0615
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0620
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0620
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0625
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0625
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0630
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0630
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0635
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0635
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0640
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0640
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0645
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0645
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0650
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0650
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0655
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0655
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0660
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0660
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0665
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0665
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0670
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0670
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0675
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0675
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0680
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0680
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0680
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0685
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0685
http://refhub.elsevier.com/S0920-1211(19)30215-3/sbref0685

	Clinical opinion: Earlier employment of polytherapy in sequential pharmacotherapy of epilepsy
	Introduction
	Principles of antiepileptic drug therapy
	Era of monotherapy
	Revival of polytherapy
	Controversies on monotherapy and polytherapy
	Does Monotherapy carry better compliance than polytherapy?
	Is polytherapy associated with adverse drug interactions?
	Is polytherapy associated with higher incidence of side effects?
	Are monotherapy and polytherapy same in efficacy?


	Employment of polytherapy in sequential pharmacotherapy
	After failure of adequate trials of two first-line drugs
	After failure of first drug
	Polytherapy as the initial drug regimen

	Polytherapy in real world practice
	Case scenario
	Funding
	mk:H1_17
	Acknowledgements
	References




