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Background. The lifetime risk of patients with brain tumors to have focal epileptic seizures is 10-100%;

the risk depends on different histology. Specific guidelines for drug treatment of brain tumor-related sei-
zures have not yet been established.

Aim. This review addresses the special aspects of antiepileptic drug (AED) therapy in brain tumor-related

epilepsy.

Methods. We analyzed the literature up to December 2015.

Results. Based on current evidence the management of tumor-related seizures does not differ substan-
tially from that applied to epilepsies from other etiologies. Therefore, the choice of an AED is based, above

all, on tolerability and pharmacokinetic interactions with chemotherapeutic drugs. Levetiracetam is rec-
ommended by many authors as first-line therapy in brain tumor-related epilepsy. Due to the possibility
of interactions, the combination of enzyme-inducing AEDs and chemotherapeutic drugs, is usually not
recommended as a first choice. Currently there is no evidence that prophylactic prescription of long-term

AEDs in brain tumor-patients who did not present with seizures is justified. Because of the high risk of
recurrence, however, AED treatment should be strongly considered after a single brain tumor-related sei-
zure. The decision to withdraw AEDs must carefully consider the risk of seizure recurrence.

Conclusion. At present levetiracetam is the preferred drug in brain tumor-related epilepsy, especially
when drug interactions need to be avoided. In the future we hope to acquire more targeted drugs against
this disorder by uncovering its pathogenesis.

Key words: brain-tumor - epilepsy - antiepileptic drugs - chemiotherapeutic drugs - pharmacokinetic
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BACKGROUND

In the past 15 years, the worldwide incidence of central tially (Paulus and Hasselblatt, 2012). Epilepsy due to
nervous system tumors was 2.9-5.3 cases per 100,000 brain tumors constitutes 6-10% of all cases of epilep-
person-years for children and adolescents (Lopez, sy as a whole, and 12% of acquired epilepsy (Maschio
2015). The lifetime risk of brain tumors is about 0.7%; and Newton, 2015a). The risk of patients with prima-
however, the reported incidence rates vary substan- ry brain tumors or brain metastases to have epileptic
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seizures is 10-100% (Froscher et al., 2014); the frequen-
cy of seizures differs widely between different histolo-
gies, and, as a consequence, between tumors with dif-
ferent natural histories and growth patterns (Brogna
etal., 2008). Patients with low-grade astrocytomas and
low-grade oligodendrogliomas are those who develop
more often seizures than patients with glioblastomas,
brain metastases or meningiomas (Vecht and Wilms,
2010). Most epilepsy-associated tumors have a supra-
tentorial cortical location with a higher incidence of
seizures in tumors involving the temporal, frontal or
parietal region (Liigant et al., 2001; Hildebrand et al.,
2005; Stefan, 2009).

Other risk factors for tumoral epilepsy — besides tu-
mor histology and location - include the size of the
tumor, the extent of tumor resection, age at operation
older than 40 years, duration of epilepsy before surgery,
additional hippocampal sclerosis or cortical dysplasia
(dual pathology), postoperative tumor recurrence and
brain damage from radiotherapy (Luyken et al., 2003;
van Breemen et al., 2007; Prayson, 2011; Paulus and
Hasselblatt, 2012).

AIM
This review addresses the special aspects of antiepilep-
tic drug (AED) therapy in brain tumor-related epilepsy.

METHODS

We conducted a literature research for the period from
1980 up to December 2015. The headings used includ-
ed “brain tumors and epilepsy, interactions between
AEDs and chemotherapeutic drugs (CTDs)”. The fol-
lowing databases were searched: Medline, Embase, Bi-
osis, EBM Reviews, Psycinfo, Psyndex. Important ci-
tations in book chapters and congress abstracts have
also been considered.

RESULTS OF THE REVIEW
Seizure classification

Epilepsy in patients with brain tumors is character-
ized by focal seizures (Kerkhof and Vecht, 2013). Ac-
cording to the revised terminology from 2010 (Berg
et al.,, 2010) these seizures are classified as “focal sei-
zures without impairment of consciousness or aware-
ness, focal seizures with impairment of consciousness
or awareness and focal seizures evolving to a bilater-
al, convulsive seizure”. At the onset of the disease, sei-
zure generalization occurs more frequently than dur-

ing the follow-up after an operation and/or AED ther-
apy (Hildebrand et al., 2005). Seizures may lead to non-
convulsive or convulsive status epilepticus (Maschio,
2012; Swisher et al., 2012).

Tumors and epileptogenesis

Understanding the pathogenic mechanisms that under-
lie epileptogenesis in brain tumors is essential to identi-
fy new treatment targets and to develop effective treat-
ment. Unfortunately, the specific events that occur in
a lesion and lead to seizures are only partially known.
Epileptogenesis presumably comprises of structural
and cellular/molecular changes induced by the tumor
that leads to changes in the surrounding tissue and at
a further distance, eventually resulting in alterations in
functional connections (de Groot et al., 2012).

One of the best known mechanisms that underlie ep-
ileptogenesis in gliomas - the most frequent primary
brain tumor - is a glutamate-related mechanism. Be-
cause gliomas use the neurotransmitter glutamate as
a “tumor growth factor” to enhance glioma cell pro-
liferation and invasion, glutamate homeostasis is im-
paired, with elevated extracellular glutamate concen-
trations. Such excitatory effects contribute to the gen-
eration of epileptic activity in the peritumoral neo-
cortex (Pallud et al., 2013; Liubinas et al., 2014). Sub-
stances modulating glutamate receptors like the AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid) receptor may display antiepileptic properties and
improve survival in patients with gliomas (Grossman et
al., 2009; Pallud et al., 2013). GABAergic signalling is
also involved, both in tumor growth and in paradoxi-
cal excitatory effects mediated by alterations in neuro-
nal and tumor cell CI” homeostasis related to cotrans-
porter changes (Pallud et al., 2013).

A full discussion of tumor-associated epileptogene-
sis and the pathophysiology of brain tumor-related ep-
ilepsy can be found in the very recent overviews of de
Curtis et al. (2015) and Salmaggi et al. (2015). Animal
models of tumor-associated epilepsy have been recent-
ly reviewed by Kirschstein and Kohling (2015).

Seizure treatment in brain tumor patients

General therapeutic considerations

In the treatment of brain tumors, with and without
symptomatic epilepsy, it is of prime importance to clar-
ify to which extent the tumor can be removed. A com-
plete resection of the tumor is the best approach for
dealing with tumors presenting with epilepsy, and is
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often associated with postoperative seizure freedom,
especially in benign intracranial tumors. For exam-
ple, in 69% of 703 patients with supratentorial menin-
gioma and preoperative epilepsy, seizure freedom was
achieved after surgery (Englot et al., 2015). Chemother-
apy and radiotherapy can also be effective in control-
ling seizures (Luyken et al., 2003; Seeck, 2003; Brogna
et al., 2008; Ruda et al., 2012; Bruna et al., 2013; Tan-
don and Esquenazi, 2013).

Specific guidelines for treating brain tumor-relat-
ed seizures are not available (van Breemen et al., 2012;
Wallace et al., 2012). Hence, the guidelines for drug
treatment of focal seizures can also be applied to tumor-
related seizures. In addition to these general guidelines,
the following aspects have to be considered in brain tu-
mor-related seizures:

Efficacy of antiepileptic drugs in tumoral epilepsy

Epilepsy associated with brain tumors has common-
ly be considered to be more difficult to treat than have
other types of epilepsy; however, this perception is not
supported by robust data (Weller et al., 2012). There is
no evidence that the efficacy ranking of currently avail-
able AEDs differ for patients with brain tumors com-
pared to patients with focal seizures from other etiol-
ogies (Perucca, 2013). A retrospective analysis of 147
consecutive patients with newly diagnosed brain tu-
mors demonstrated no statistical association between
tumor type (or tumor location) and success or failure
of aparticular AED (Lynam et al., 2007). Furthermore,
there is no evidence that specific AEDs are more active
than others in epilepsy associated with brain tumors
(Weller et al., 2012). Therefore, the selection of an AED
is based, above all, on tolerability and pharmacokinet-
ic interactions with CTDs.

In many studies and case reports numerous AE-
Ds led to a complete control or a marked reduction of
seizures in patients with brain tumor-related epilep-
sy (brain metastases included). The AEDs used were
given alone or in combination. A selection of more re-
cent studies gives the following enumeration of effec-
tive AEDs (in alphabetical order): gabapentin (GBP),
lacosamide (LCM), lamotrigine (LTG), levetiracetam
(LEV), oxcarbazepine (OXC), phenytoin (PHT), pregab-
alin (PGB), topiramate (TPM), valproic acid (VPA) and
zonisamide (ZNS) (Froscher et al., 2014).

According to Reif et al. (2012) LEV was the most
common AED in patients with tumor-related epilepsy.
Numerous authors recommended LEV as the drug of

first choice in this situation in children and in adults,
independently of the neuropathological classification
of the underlying tumor (Lynam et al., 2007; Rosetti
and Stupp, 2010; Ruda et al., 2010; Ruggiero et al., 2010;
Pruitt, 2011; Wallace et al., 2012; Bruna et al., 2013; Pe-
rucca, 2013; Vecht et al., 2014; Piotrowski and Blakely,
2015; Ray et al., 2015). LEV is considered as an attrac-
tive option, both as monotherapy and in combination,
due to its efficacy, safety, availability of a parenteral for-
mulation, and the pharmacokinetic profile with a lack
of interactions with CTDs. According to a 2013 report
from the International League against Epilepsy (ILAE)
there is level A evidence for LEV (besides carbamaze-
pine (CBZ), PHT and ZNS) as initial monotherapy for
adults with partial onset seizures (Glauser et al., 2013).
LEV may be titrated very quickly to a clinically effec-
tive dose and it is available, both orally and parenter-
ally (Pruitt, 2011; Reif et al., 2012; Rossetti and Stupp,
2010; Ruda et al., 2010; Ruggiero et al., 2010); beyond
that, an antitumoral effect of LEV has been postulat-
ed (Reif et al., 2012).

Compared to LTG, which has been recommended
also as a drug of first choice in focal seizures (Diener
et al., 2012), LEV can be uptitrated more rapidly and
administered parenterally and it has a lower interac-
tion potential.

In addition to LEV, numerous other AEDs have also
been recommended as drugs of first choice in brain tu-
mor-related seizures (in alphabetical order): CBZ, GBP,
LCM, LTG, OXC, PGB, TPM, VPA and ZNS (Froscher
etal., 2014).

Several authors (Avila and Graber, 2010; Maschio,
2012; Ruda et al., 2012) recommended the enzyme-in-
ducing AEDs CBZ, PHT, and phenobarbital/primidone
(PB/PRM) only as drugs of second or third choice, in
spite of their good anticonvulsant efficacy. Maschio
and Newton (2015b) concluded that CBZ, PHT and PB/
PRM must not be used to treat patients with brain tu-
mor-related epilepsy. This recommendation was large-
ly based on the interactions of CTDs and AEDs (see
below). These interactions were discussed as the cause
of the shorter survival of those glioblastoma patients
who were treated with CTDs and enzyme-inducing AE-
Ds compared with the glioblastoma patients who were
treated with the same CTDs and non-enzyme induc-
ing AEDs (Oberndorfer et al., 2005). Even in children
with acute lymphoblastic leukaemia, therapy with en-
zyme-inducing AEDs (PHT, PB, CBZ, or a combina-
tion) was significantly related to worse event-free sur-
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Table 1. Recommendations of combination therapies after failure of monotherapies

Drug combinations References

Lamotrigine + Valproic acid Weller et al., 2012

Levetiracetam + Topiramate Weller et al., 2012

Levetiracetam + Lacosamide Schiff et al., 2015

Levetiracetam + Valproic acid

Bruna et al., 2013; van Breemen et al., 2007, 2009; Vecht et al., 2014; Weller et al., 2012

vival, haematological relapse and CNS relapse (Rel-
ling et al., 2000).

Because of the possibility of interactions, the com-
bination of enzyme inhibiting AEDs such as VPA and
CTDs was not recommended either (Tibussek et al.,
2006). Maschio and Newton (2015b) discouraged the
use of VPA in the treatment of patients receiving differ-
ent CTDs due to increased haematological toxicity (see
below, Special aspects of the adverse effects...).

Monotherapy is preferred; after failure of monother-
apy different combinations are recommended (Table 1).
These recommendations are based on experience, not
on controlled studies.

According to Vecht and Wilms (2010), the combina-
tion of LEV and VPA seems synergistic and well tol-
erated; they prefer VPA as add-on over TPM or LTG,
based on its reported antitumor effect — an effect which
has been questioned thereafter (see below, Happold et
al., 2015). According to the experience of van Breemen
et al. (2007), VPA combined with LEV is more active
against seizures than either drug alone.

In recent years, a growing list of retrospective anal-
yses has demonstrated that glioma patients exposed
to VPA have an improvement of the survival time by
several months (Weller et al., 2011; Weller et al., 2013;
Guthrie and Aljamel, 2013; Karkhof et al., 2013; Red-
dyetal., 2015). In the prospective randomized study of
Stupp et al. (2005), patients with newly diagnosed glio-
blastoma were treated with radiotherapy alone or ra-
diotherapy plus temozolomide. Weller et al. (2011) ret-
rospectively analyzed the impact of the interaction be-
tween AED use and radiotherapy or chemoradiother-
apy on survival in the study of Stupp et al. (2005). Pa-
tients treated with VPA alone had a superior survival
benefit from temozolomide/radiotherapy compared to
patients treated with only an enzyme-inducing AED or
patients without any AEDs. In patients who were treat-
ed only by radiotherapy (without temozolomide) VPA
had no survival benefit. As a cause of the antitumor ef-
fect of VPA different mechanisms have been discussed,
such as an enhancement of tumor cell radiosensitivity

due to histone deacetylase inhibition or a decrease of
the temozolomide clearance by VPA (Weller et al., 2011;
Cincérova et al., 2013; Gefroh-Grimes and Gidal, 2015).

An anti-tumor effect is discussed also with oth-
er AEDs. The relatively small retrospective study of
Reddy et al. (2015) suggested that the use of AEDs (in-
cluding VPA, PHT, LEV, TPM, PRM, LTG, OXC, CBZ,
PGB, GBP and acetazolamide) is associated with im-
proved overall survival in breast cancer patients with
brain metastases following whole brain radiotherapy
(AEDs were prescribed for either symptom control or
seizure prophylaxis, following the diagnosis of brain
metastasis). LEV inhibited in vitro glioma cell prolif-
eration and increased glioma cell sensitivity to temo-
zolomide (Bobustuc et al., 2010). In a relatively small,
retrospective study, LEV provided a survival benefit
in patients with glioblastoma who received temozolo-
mide-based chemotherapy (Kim etal., 2015). There are
also data suggesting that CBZ use would be associated
with better patient outcomes in glioblastoma; howev-
er, these data are rather inconsistent at this time (Ge-
froh-Grimes and Gidal, 2015). Cell line experiments
report anti-tumor effects of TPM (Bauer et al., 2014);
in vitro experiments and animal experiments report
anti-tumor effects of PHT (Brackenbury et al., 2015).
Even in the case of the new AED talampanel (TLP) an
anti-tumoral effect has been reported; the underly-
ing mechanism could be an anti-glutamatergic effect
(Buckingham et al., 2011; Iwamoto et al., 2010). How-
ever, TLP demonstrated this antitumor effect (in new-
ly diagnosed glioblastoma), only, when given as add-
on to temozolomide and radiation therapy (Grossman
et al,, 2009), in patients with recurrent malignant gli-
oma without chemoradiotherapy TLP had no signifi-
cant antitumor activity (Iwamoto et al., 2010). Because
of its anti-glutamatergic effect, an anti-tumor effect is
also highlighted for perampanel (Gefroh-Grimes and
Gidal, 2015; Rosche et al., 2015).

Unfortunately, a very recent analysis of four contem-
porary randomized clinical trials in newly diagnosed
glioblastoma did not validate an association of VPA or
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LEV with improved survival of patients, who were treat-
ed with radiotherapy and temozolomide (Happold et
al., 2015). A retrospective analysis of patients treated
with radiotherapy for glioblastoma also did not con-
firm the anti-tumor effect of VPA: the use of histone
deacetylase inhibitors such as VPA during radiother-
apy did not significantly improve outcomes or radio-
therapy response (Boehling et al., 2015).

Hitherto, the discussion on the use of enzyme-in-
ducing AEDs with brain tumor-related seizures has
not come to a final conclusion (Kerrigan, 2010; Peruc-
ca, 2013; Pruitt, 2011). As mentioned above, a retrospec-
tive review of patients receiving adjuvant chemotherapy
for brain tumors (mostly lomustine = CCNU) revealed
a significant decrease in survival with concurrent use
of enzyme-inducing AEDs (mostly CBZ) compared to
non-enzyme inducing AEDs (mostly VPA; Oberndor-
fer et al.,2005). However, Jaeckle et al. (2009) found
that patients with glioblastoma receiving enzyme-in-
ducing AEDs at baseline had a longer overall survival
and progression-free survival and a lower immediate
progression frequency than the group of patients who
were not receiving enzyme-inducing AEDs.

There are no Class I or Class II studies on which to
base recommendations in favor of newer, non-enzyme
inducing AEDs in the pharmacotherapy of tumor-re-
lated seizures (Pruitt, 2011).

The choice of AEDs in brain-tumor related epilep-
sy must also take into account practical considerations.
The possibility of taking tablets may be interrupted by
operations, dysphagia or the occurrence of status ep-
ilepticus. Substances such as LEV that can be given
parenterally or by the stomach tube, are therefore ad-
vantageous. There are currently no guidelines for the
treatment of brain tumor patients with status epilepti-
cus (Swisher et al., 2012). Brain tumor-associated sta-
tus epilepticus appears paradoxically more responsive
to simple AED regimes than brain-tumor associated
epilepsy or status epilepticus in the general population
(Goonawardena et al., 2015).

Pharmacoresistance in patients with brain tumor-related
epilepsy

According to many studies, brain tumor-related epi-
lepsy is often drug-resistant (Vecht and van Breemen,
2006; Maschio, 2012; de Groot et al., 2012). However, the
therapeutic efficacy show a very wide variation. Overall,
using newer AEDs, the rate of response is commonly
more than 50%, and the percentage of seizure-free pa-

tients ranges between 20 and 91%! (Ruda et al., 2010).
In all patients with epilepsy collectively, the pharmaco-
resistance occurs in 8-40% (Froscher, 2012) with high-
er values in patients presenting with focal seizures (van
Breemen et al., 2012).

Various causes of a particular drug resistance in
brain tumor-related epilepsy are possible (de Groot et
al., 2012; Maschio, 2012; Weller et al., 2012; Bruna et
al., 2013):

a) pathophysiology of brain tumor-related seizures

b) progressive course of the disease

¢) neurosurgical complications such as meningitis or
brain abscess

d) adverse effects of the oncological treatment (radio-
necrosis, posterior leukoencephalopathy)

e) consequences of pharmacokinetic drug interactions

f) very often higher rates of adverse events by the AEDs
in this population

g) overexpression of multidrug-transporter pro-
teins in brain tumors (with the consequence of
a reduced brain penetration of AEDs; “transporter
hypothesis™)

h) alterations in drug targets that AEDs normally bind
to (possibly altered in tumor and peritumoral tissue;

“target hypothesis”)

i) altered characteristics of the blood-brain-barrier in

metastatic brain tumors.

Special aspects of the adverse effects of AEDs in brain
tumor-related epilepsy

Limited evidence suggests that patients with brain tu-
mors show increased susceptibility to the adverse ef-
fects of AEDs (Perucca, 2013), especially with regards
to the older, enzyme-inducing drugs (Guerrini et al.,
2013). This finding most likely has several reasons, no-
tably co-medications such as steroids and chemothera-
Py, exposure to radiotherapy, effects of the tumor itself,
and psychiatric comorbidity, notably depression (Weller
et al., 2012). In two studies, the incidence of skin rash-
es in patients with primary brain tumors was approx-
imately twice that expected for patients taking AEDs
(Moots et al., 1995; Mamon et al., 1999); severe skin re-
actions, however, were rare (Mamon et al., 1999). Most
of the mild drug rashes occurred before the initiation
of radiotherapy, suggesting that radiation was not the
cause of these reactions. The responsible AEDs were
PHT and CBZ, a significant lower incidence of rash-
es was seen for PB compared with PHT (Mamon et al.,
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1999). Even with OXC, skin rashes seem to occur fre-
quently, at least, if OXC is administered during radio-
therapy (Maschio et al., 2012).

Increased hematological toxicity with thrombo-
cytopathy, leukopenia and neutropenia has been re-
ported in combined therapy with VPA and chemo-
therapy (temozolomide, nitrosurea, cisplatin, etopo-
side e.g.; Bourg et al.,, 2001; Vecht et al., 2003; Obern-
dorfer et al., 2005; Weller et al., 2011; Maschio, 2012;
Bruna et al., 2013). The increased hematologic toxici-
ty during adjuvant temozolomide or other CTDs with
VPA may be related to some extent to the inhibition of
the CYP isoenzymes, with the consequence of an in-
creased bioavailability of the CTDs (Vecht et al., 2003;
Weller et al., 2011). Even in monotherapy, VPA may
induce thrombocytopenia and other coagulopathies
which is of some concern for patients who require sur-
gical intervention (Gerstner et al., 2006; Perucca, 2013).
Some authors therefore recommend routine discontin-
uation of VPA prior to surgery, others found no bleed-
ing complications in patients undergoing neurosurgery
while receiving VPA; statistically conclusive investiga-
tions have not been published (Bauer et al., 2014). A re-
cent study on a cohort of glioblastoma patients receiv-
ing radiotherapy and temozolomide did not show any
significant difference between VPA and LEV and pa-
tients without AED therapy (control group) in terms
of neutrophil granulocytes, lymphocytes, and throm-
bocytes decrease (Tinchon et al., 2015).

Side effects of AEDs are not always negative. Pa-
tients with coexisting problems may benefit from some
AED side effects, such as decreased nausea with LEV,
treatment of neuropathic pain with GBP or PGB, and
mood stabilization with VPA and LTG (Avila and Gra-
ber, 2010).

Interactions between antiepileptic and chemotherapeutic
drugs

There is little information on the occurrence of phar-
macodynamic interactions between AEDs and CTDs
(Vecht et al., 2003). Pharmacokinetic interactions be-
tween AEDs and CTDs can result in the delivery of
an unreliable dose of either drug. The consequences
of this could be inadequate treatment of the underly-
ing neoplasm, poor seizure control or increased toxic-
ity from elevated concentrations of either drug (Kerri-
gan, 2010). Of particular importance is the impact of
enzyme-inducing AEDs (CBZ, PB/PRM, PHT, less pro-
nounced also OXC, TPM and felbamate (FBM), (Ram-

beck and May, 2008) with a reduction of the serum level
of CTDs and glucocorticoids. The clinical consequenc-
es of these interactions are so far inconsistent. As men-
tioned above, Oberndorfer et al. (2005) found a short-
er survival of glioblastoma patients who were treated
with CTDs (in most cases lomustine= CCNU) and en-
zyme-inducing AEDs (in most cases CBZ) compared
to the glioblastoma patients who were treated with the
same CTDs in combination with non-enzyme induc-
ing AEDs (in most cases VPA). Whether the differ-
ence regarding survival between the two groups is due
to a decrease of efficacy of CTDs by enzyme-inducing
AEDs, or due to increased efficacy of CTDs caused by
the enzyme inhibiting properties of VPA remains un-
resolved (Oberndorfer et al., 2005).

The pharmacokinetic interactions between impor-
tant CTDs and AEDs are shown in

Table 2 and 3 (further information sources: Baxter
and Preston, 2013; Patsalos, 2013). The presented data
consider original articles and important reviews. The
evidence level and the extent of the presented inter-
actions are variable. Numerous reports are based on
animal experiments or single case reports (Vecht et
al., 2003; Neher, 2008a; Perucca, 2013). To date there
have been no reports that GBP, LCM, PGB, retigabine
(RTG), stiripentol (STP), tiagabine (T'GB), and vigaba-
trin (VGB) affect the pharmacokinetics of non-AEDs.
Bain et al. (2014) report a possible drug interaction
between methotrexate and LEV; coadministration of
methotrexate and LEV resulted in delayed elimination
of methotrexate (single case). Of the new AEDs LTG,
TPM and OXC are associated with most pharmacoki-
netic interactions with drugs used to treat non-epilep-
sy disorders (Patsalos et al., 2013).

Initiation of treatment

In patients with a first unprovoked seizure, immediate
AED treatment at the time of this first seizure is not well
accepted and is debated (Krumholz et al., 2015). The
risk of recurrence after a single seizure is considerably
higher in patients with structural brain pathology such
as brain tumors than in patients with no other risk fac-
tors for recurrence, and can be significantly reduced by
prescription of a long-term AED treatment (Kim et al.,
2006; Perucca, 2013). Therefore, initiation of treatment
at the time of first seizure should be strongly consid-
ered in patients with brain tumors, both in adults and
children (Ruggiero et al., 2010; Perucca, 2013).
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Table 2. Outcome of chemotherapeutic drug (CTD)/corticosteroids (CS) - antiepileptic drug (AED) interactions

Affected CTD/CS (in alphabetical order) CTD/CS serum Interfering AED References

concentration
9-aminocamptothecin 2 EIA Wen et al.,, 2006
Bevacizumab - EIA Rogers, 2013
Bortezomib { EIA Weller et al., 2012
Busulfan 2 PHT Ruggiero et al., 2010

-4 CBZ,PB Ruggiero et al., 2010
Carmustine \) EIA Weller et al., 2012
Cediranib ¢ EIA Maschio, 2012
Cisplatin T VPA Ikeda et al., 2005
Cyclophosphamide \) EIA Weller et al., 2012
Cytarabine - EIA Relling et al., 2000
Dexamethasone /M PHT Vecht et al.,, 2003

\ PB Vecht et al., 2003
Docetaxel J EIA Weller et al., 2012
Doxorubicin { EIA Weller et al., 2012
Enzastaurin J EIA Brunaetal., 2013
Erlotinib J EIA Weller et al., 2012
Etoposide { EIA Weller et al., 2012; Motl et al., 2006

0 VPA Vecht et al., 2003
Everolimus J EIA Perucca, 2013
Fotemustine 2 EIA Weller et al., 2012
Gefitinib { EIA Weller et al., 2012
Ifosfamide N EIA Weller et al., 2012
Imatinib |2 EIA Weller et al., 2012
Irinotecan N EIA, VPA Weller et al., 2012; Cotterman-Hart, 2015
Lapatinib { CBz Cotterman-Hart, 2015
Lomustine (= CCNU) J EIA Weller et al., 2012
Methotrexate N EIA Weller et al., 2012

0 LEV Bain et al., 2014
(Methotrexate in CSF) 0 CBZ, PB Rogers, 2013
Nimustine N EIA Weller et al., 2012
Paclitaxel J EIA Weller et al., 2012

0 VPA Cotterman-Hart, 2015
Pemetrexed N EIA Weller et al., 2012
Prednisone | PB,PHT Tibussek et al., 2006
Procarbazine - EIA Rogers, 2013

N CBZ, PB, PHT Ruggiero et al., 2010; Cotterman-Hart, 2015
SN-38 (active metabolite of Irinotecan) T (glucuronidation of VPA Wen et al.,, 2006

SN-38 inhibited)

Sorafenib | EIA Weller et al., 2012
Tamoxifen - CBZ, PHT Ruggiero et al., 2010

3 PB Ruggiero et al., 2010
Temozolomide - CBZ, EIA, PB, PHT Weller et al., 2012; Rogers, 2013

(M (VPA reduces the  VPA Weller et al., 2012

clearance by 5%)

J CBZ, PHT Cotterman-Hart, 2015
Temsirolimus N EIA Weller et al., 2012
Teniposide | CBZ, PB, PHT Ruggiero et al., 2010
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Table 2. Continued

Affected CTD/CS (in alphabetical order) CTD/CS serum Interfering AED References
concentration
Thiotepa \) EIA Weller et al., 2012
Tipifarnib d EIA Wen et al., 2006
Topotecan J EIA Weller et al., 2012
Valtinib \ EIA Bruna et al., 2013
Vemurafenib d EIA Weller et al., 2012
Vincristine A EIA Weller et al., 2012; Villika et al., 1999
Vinorelbine d EIA Weller et al., 2012

CBZ - carbamazepine; EIA - enzyme-inducing AED; LEV - levetiracetam; PB — phenobarbital; PHT — phenytoin; VPA - valproic acid;
T — increase of serum concentration; ¥ — decrease of serum concentration; - — no change of serum concentration; icon in brackets — influ-

ence weak or equivocal

Table 3. Outcome of antiepileptic drug (AED) — chemotherapeutic drug (CTD)/corticosteroids (CS) interactions

Affected AED AED serum concentration Interfering CTD/CS References
Carbamazepine N Cisplatin, Doxorubicin, Van Breemen et al., 2007; Ruda et al., 2012
Methotrexate, Vincristin
Phenytoin 2 Bleomycin Neher, 2008a
T Capecitabine Tanaka et al., 2014
J Carboplatin Neher, 2008a
N Carmustine Wen et al., 2006
J Cisplatin Van Breemen et al., 2007
Y10 Corticosteroids Vecht et al., 2003
N Dacarbazine Neher, 2008a
/7 Dexamethasone Neher, 2008a
N Doxorubicin Van Breemen et al., 2007
T Erlotinib Grenader et al., 2007
N Etoposide Bruna etal., 2013
T Fluorouracil Vecht et al., 2003
N Methotrexate Ruda et al., 2012
N Nitrosoureas Neher, 2008a
T Tamoxifen Vecht et al., 2003
T Tegafur Van Breemen et al., 2012
N Vinblastine Neher, 2008a
N Vincristine Van Breemen et al., 2007
Valproic acid Y77 Cisplatin Van Breemen et al., 2007, 2012
{ Doxorubicin Van Breemen et al., 2007
N Methotrexate Van Breemen et al., 2007
T Nitrosoureas Van Breemen et al., 2012
T Paclitaxel Cotterman-Hart, 2015

T —increase of serum concentration; ¥ — decrease of serum concentration; - — no change of serum concentration; icon in brackets — influ-

ence weak or equivocal
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Prophylactic AED treatment
Long-term AED prescription before or after surgery in
seizure-free brain tumor patients (children and adults)
is not recommended based on available evidence. This
recommendation applies to both patients with prima-
ry brain tumors and patients with metastases (Glantz
etal,, 2000; Wells et al., 2012; Perucca, 2013; Wu et a,,
2013; Sayegh et al., 2014; Kong et al., 2015). The rec-
ommendations of the American Academy of Neurol-
ogy (Glantz et al., 2000) do not advise routine AED
prophylaxis because of the lack of efficacy and the po-
tential side effects of AEDs. The same guidelines state:
”In patients with brain tumors who have not had a sei-
zure, tapering and discontinuing AEDs after the first
postoperative week is appropriate, particularly in those
patients who are medically stable and who are experi-
encing AED-related side effects” (Glantz et al., 2000).
A limitation of the published literature is the predom-
inant use of traditional AEDs (such as PHT, PB), which
does not account for contemporary regimens. However,
arecent analysis also concludes that prophylactic treat-
ment does not improve seizure control in brain tumor
patients (Sayegh et al., 2014). Possibly, selected groups
of patients, such as those with cortically based hemor-
rhagic melanoma metastases, may benefit from pro-
phylactic AED use (Goldlust et al., 2012).

Prognosis in brain tumors and duration of anticonvulsant
treatment

The choice of an AED and the decision on the duration
of AED treatment must take into account the progno-
sis of the brain tumor in the individual patient. Patients
with benign tumors of WHO grade I such as the typ-
ical dysembryoplastic neuroepithelial tumor (DNET)
or ganglioglioma have the chance of cure following re-
section alone; the majority of these patients (adults and
children) reach long-term seizure relief (Bliimcke, 2012;
Lopez, 2015; Louis et al., 2007; Luyken et al., 2003). Pa-
tients with WHO grade I tumors typically survive more
than 5 years and those with grade III tumors survive
2-3 years; the prognosis of patients with WHO grade
IV tumors depends largely upon whether effective treat-
ment regimens are available (Louis et al., 2007). For pri-
mary glioblastoms the median survival is 8-18 months
(Maschio, 2012; Paulus and Hasselblatt, 2012); epileptic
seizures at presentation independently predicted lon-
ger survival (Toledo et al., 2015). In the study of Hall et
al. (2000) the overall 2-year survival rate for patients
with metastatic brain tumors (all tumor types) was 8.1%.

Due to the different prognosis of brain tumors and
because of the absence of studies with large, homoge-
neous groups, the duration of treatment of tumor-relat-
ed epilepsy cannot be standardized. In case of tumors
with a short survival time such as glioblastoma it seems
reasonable to maintain the AED treatment through the
patient’s lifetime (Brogna et al., 2012). In cases of metas-
tases that have been successfully operated on, however,
Rossetti and Stupp (2010) recommend a gradual taper-
ing of the AED treatment after at least 3—-6 months, as
long as the patient has remained seizure-free.

In patients with a good chance of cure by tumor re-
section, AED discontinuation may be attempted af-
ter 2-years of seizure freedom, like in patients without
brain tumors (Wells et al., 2012). In the retrospective
study of Luyken et al. (2003) on patients with long-term
epilepsy-associated tumors [LEAT, “epileptomas” (Japp
et al., 2013)] one year after surgery 82% of the patients
were seizure free; in 40% of the seizure-free patients the
AEDs could be discontinued. In a recent Indian survey;,
78 of 105 patients with LEATS (74.2%) were seizure-free
and 45 (57.4%) were off medication (Radhakrishnan
et al,, 2016). In the retrospective study of Jongeling et
al. (2015) who analysed 1910 tumor resections in 1640
patients, 28% of patients with low-grade gliomas who
became seizure free after tumor resection were able to
discontinue AEDs. On the other hand, none of the pa-
tients with high-grade gliomas were able to discontin-
ue AEDs after resection.

Children with preoperative seizures, which resolve af-
ter complete resection, may be weaned within 3 months
ofinitial surgery, if no postoperative seizures occur and
the course is uncomplicated (Wells et al., 2012). Lopez
(2015) recommended, however, weaning from medica-
tion in the absence of seizures for at the earliest 1 year
following surgery. For children who go on to have ep-
ilepsy, weaning may be attempted after a 2-year peri-
od of seizure freedom, although the risk of recurrence
is about 90% in children with symptomatic partial ep-
ilepsies compared with an average of 50% in children
with other epilepsy syndromes, including idiopath-
ic partial or generalized, cryptogenic partial, and un-
classified seizures (Wells et al., 2012). Risk factors for
seizure recurrence are an incomplete tumor resection,
tumor relapse, more than one tumor resection, whole-
brain radiation treatment, and a temporal tumor loca-
tion (Das et al., 2012; Wells et al., 2012).

Before the reduction of AEDs, tumor progression
must be excluded by a differentiated MRI (high-reso-
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lution magnetic resonance imaging). On suspicion of
tumor progression in a seizure free patient the AEDs
should not be reduced.

In case of dose reduction, the electroencephalogram
(EEG) is sometimes recommended as a decision crite-
rion. However, the significance of the EEG in this sit-
uation is debatable (Krdmer, 1999). In the retrospec-
tive study of Khan and Onar (2006), slow waves (focal
or diffuse) and the presence of sharp waves and spike-
wave complexes in the EEG did not correlate with sei-
zure recurrence after AED withdrawal.

Information on the possible speed of AED tapering
in seizure free patients is sparse in the literature. In the
study of Khan and Onar (2006), in children with brain
tumor-related epilepsy, AEDs were withdrawn over
a 6-8-week period (median seizure-free period before
AED withdrawal was 1.3 years (range, 0.1-11 years)).

The decision to withdraw AEDs should carefully
consider the risk of seizure recurrence and especial-
ly the chance to regain seizure control. In the study
of Khan and Onar (2006) seizures recurred in 27% of
patients within a median time of 0.8 years after AED
withdrawal. All compliant patients (15 of 17) regained
seizure control. The comprehensive review of Schmidt
and Loscher (2005) on seizure recurrence after discon-
tinuation of AEDs in seizure-free patients and the sei-
zure outcome of reinstituted treatment in patients with
epilepsy - irrespective of the seizure etiology - found
worse results. Reinstitution of AEDs after recurrence
was not efficacious in approximately 20% of patients.

Impact of brain tumor surgery, radiotherapy,
chemotherapy and Tumor Treating Fields (TTF) on
tumor-related epilepsy
In assessing the efficacy of an AED in a patient with tu-
mor-related epilepsy, the impact of surgery, radiothera-
py; chemotherapy and the recently developed treatment
with electric fields (TTF; Stupp et al., 2012) on seizure
frequency should also be considered. These methods
may control otherwise pharmacoresistant seizures or
prolong the duration of seizure freedom (Perucca, 2013;
Vecht et al., 2014). Early surgical intervention showed
a strong tendency to predict better seizure outcome
(Brogna et al., 2008). Overall, excellent outcomes can
be accomplished following aggressive initial tumor re-
section, re-resection in the context of recurrence, and
epilepsy style operations in selected patients with a lon-
ger history of seizures (Tandon and Esquenazi, 2013).
Conventional cranial radiotherapy contributes to

the reduction of seizure frequency and severity in pa-
tients with low-grade and high-grade glioma-related ep-
ilepsy, reportedly being effective in decreasing seizure
frequency by over 75% (Bruna et al., 2013). Stereotac-
tic interstitial irradiation improves seizure control in
40-100% of unresectable low-grade gliomas; gamma-
knife radiosurgery is active in mesiotemporal tumor-
related epilepsy and in patients with gelastic or gener-
alized seizures from hypothalamic hamartomas (Ruda
et al., 2012). However, seizure frequency increases oc-
casionally after surgery or radiotherapy, secondary to
complications such as edema, bleeding or radiation ne-
crosis (Brogna et al., 2008). The onset of seizures was
the most common complication (41 (13%) of 316 cases)
in patients with metastatic brain tumors treated by ste-
reotactic radiosurgery (Williams et al., 2009).

Chemotherapy reduces seizure frequency in 50-65%
of patients with 20-40% becoming seizure free (Ruda
etal, 2012). As in the case of radiotherapy, it is also as-
sumed in chemotherapy that the decrease in seizure fre-
quency is caused by reducing tumor size (van Breemen
etal., 2012); in addition, an independent anticonvulsant
effect of chemotherapy is discussed. Especially, temo-
zolomide had an important (Hu et al., 2011; Koekkoek
et al., 2015) or significant (Sherman et al., 2011) anti-
convulsant effect. An independent anticonvulsant ef-
fect is also discussed in the combination of procarba-
zine, CCNU (lomustine) and vincristine (PCV scheme;
De Groot et al., 2012). The successful treatment of cere-
bral edema by steroids also reduces the risk of seizures
(Reif et al., 2012); however, in individual cases predni-
sone and prednisolone should be able to increase the
risk of seizures (Meyer and Froscher, 2004).

Some CTDs can increase seizure frequency. Boeh-
merle et al. (2014) described this adverse event as “rare”
(0-5%) with 5-fluorouracil, cisplatin and vincristine and
as “occasionally occurring” (5-15%) with methotrexate
and cytarabine. The possibility of a seizure rate increas-
ing effect as adverse event has also been associated with
the following CTDs: ifosfamide (Boehmerle et al., 2014),
L-asparaginase, etoposide (intra-arterial), interleukin-2,
busulphan (high-dose), BCNU, carboplatin (intra-arte-
rial), cytosine-arabinoside (high-dose or intra-arterial)
(Plotkin and Wen, 2003; Tibussek et al., 2006), bevaci-
zumab, interferon-alpha, cyclophosphamide, anthracy-
clines, and nitrosureas (Avila and Graber, 2010).

The interim analysis of the treatment with electric
fields (NovoT TF-100A system) revealed no change in
seizure risk (Stupp et al., 2012, 2014).
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DISCUSSION

Specific evidence-based guidelines for the treatment
of brain tumor-related seizures are not available (van
Breemen et al., 2012; Wallace et al., 2012). Numerous
authors recommend LEV as drug of first choice in this
situation (Lynam etal., 2007; Ruda et al., 2010; Rossetti
and Stupp, 2010; Vecht and Wilms, 2010; Pruitt, 2011;
Wallace et al., 2012; Perucca, 2013; Bruna et al., 2013;
Vecht et al., 2014; Piotrowski and Blakeley, 2015; Ray
et al., 2015); in children one has to consider whether
monotherapy is approved. The preference of LEV re-
sults from its relatively favourable profile of adverse
events combined with a satisfactory anticonvulsant ac-
tivity. In addition, LEV can be up-titrated rapidly, can
be administered parenterally and has no significant
interactions (Neher, 2008a, b; Vecht and Wilms, 2012;
Weller et al., 2012). The advantage of the lack of interac-
tions is less important if chemotherapy is not required.

Another advantage of LEV might be an antitumoral
effect. However, this effect is so far only based on lab-
oratory experiments (Bobustuc et al., 2010; Perucca,
2013). As mentioned above, a pooled analysis of four
randomized clinical trials did not validate an associ-
ation of LEV and, surprisingly, of VPA use with im-
proved survival, challenging the need for a full phase
II1 trial exploring the repurposing of VPA and LEV as
add-on to the standard of care treatment of newly di-
agnosed glioblastoma (Happold et al., 2015). The use
of VPA as a preferred drug in patients with brain tu-
mor-related epilepsy is also limited by the risk of an
increased haematological toxicity if VPA is combined
with different CTDs such as temozolomide, nitrosurea
and cisplatin (Bourg et al., 2001; Oberndorfer et al.,
2005; Weller et al., 2011).

The position of enzyme-inducing AEDs (especially
CBZ, PHT, and PB) in the treatment of tumor-related
epilepsy is still under discussion. Monotherapy with
CBZ and PHT (besides the enzyme-inhibiting VPA)
are recommended even in a recently published book as

“initial management approach in most patients” with
brain tumor-related epilepsy (Newton and Ray, 2015).
However, in another chapter of the very same book, the
authors (Maschio and Newton, 2015b) discouraged the
use of CBZ, PHT, PB/PRM and (in the case of the con-
comitant use of several CTDs) VPA. Enzyme-inducing
AEDs can reduce the serum concentration of numerous
CTDs and thus decrease their efficacy. This could ex-
plain the shorter survival of glioblastoma patients re-
ceiving enzyme-inducing AEDs compared to patients

treated with VPA (Oberndorfer et al., 2005; Weller et
al., 2011, 2012). However, Jaeckle et al. (2009) found the
opposite result: enzyme-inducing AEDs correlated with
superior outcome of patients with glioblastoma. Future
prospective randomized studies are needed to explain
this contradiction. In this context, one must also take
into account that the interaction between enzyme-in-
ducing AEDs and several CTDs does not apply to all of
these substances; currently the most important CTD,
temozolomide, is not significantly affected, as reported
by most authors (Weller et al., 2012; Rogers, 2013). Also,
more generally, the problem of pharmacokinetic inter-
actions should not be overestimated. In case of lack of
efficacy of a non-enzyme-inducing AED, the use of an
eventually effective enzyme-inducing AED is indicat-
ed. If pharmacokinetic interactions cannot be avoided,
the best dosage can be determined by measuring the
serum concentration of AED and CTD.

If neuropsychological side effects of AEDs are sus-
pected, one has to keep in mind other possible causes
of psychiatric disturbances in patients with brain tu-
mors before changing the drug regimen. Psychiat-
ric disturbances may be caused by the tumor itself in-
cluding tumor progression, by chemotherapy and ra-
diotherapy, and of course by the emotional distress
(Hemmer, 1956; Pruitt, 2011; Reif et al., 2012; Weller
et al.,, 2012; Spitzer, 2014). The diagnosis of epilepsy
in a patient without a brain tumor already implicates
an important change in his/her concept of quality of
life with negative psychological impact by losing con-
trol of one’s body and the surrounding environment
during seizure activity and by the rejection and mar-
ginalization of persons with epilepsy that is still prev-
alent today. These factors become even heavier to bear
in patients who must confront both pathologies: epi-
lepsy and the presence of a brain tumor (Maschio and
Newton, 2015b).

No evidence supports AED prophylaxis with old-
er AEDs in patients with brain tumors and no history
of seizures, regardless of neoplastic type (Glantz et al.,
2000; Sirven et al., 2004; Sayegh et al., 2014). Howev-
er, prophylactic use of AEDs is still relatively common
and this is particularly true for prophylaxis of preop-
erative seizures (Rossetti and Stupp, 2010; Ruda et al.,
20105 de Oliveira et al., 2014; Sayegh et al., 2014). Fu-
ture prospective studies with contemporary drug reg-
imens are necessary. Perhaps at least high-risk patients
can benefit from AED prophylaxis (Sayegh et al., 2014);
in the study of Wychowski et al. (2013) AED prophy-
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laxis did not reduce tumor-related epilepsy but pre-
vented status epilepticus in patients with glioblastoma.

In patients with brain tumors and a first unequivo-
cal seizure, AED therapy should be initiated; the risk
of seizure recurrence in patients with structural brain
pathology (Ruggiero et al., 2010; Perucca, 2013) ex-
ceeds the risk of adverse events by an AED. The dura-
tion of the treatment depends on the prognosis of the
underlying brain tumor. In case of cure by tumor re-
section, AEDs can be withdrawn as in patients with-
out structural brain lesion (Luyken et al., 2003, Wells
et al., 2012). No studies have systematically examined
yet AED withdrawal in tumor-related epilepsy (Bau-
er et al., 2014). Unfortunately the risk of recurrence is
relatively high (Schmidt and Loscher, 2005; Reif et al.,
2012; Wells et al., 2012). If the AED t treatment is well
tolerated, we therefore recommend that it should be
continued for more than 2-3 years. In case of the fore-
seeable risk of tumor recurrence or tumor progression,
we recommend continuing the AEDs even in seizure
free patients; this is particularly true with regard to
the fitness to drive. If seizures recur or are pharmaco-
resistant, one has to consider the possibility of seizure
increase by the oncologic therapy next to the question
of tumor recurrence.

CONCLUSION

At present, levetiracetam is the preferred drug in brain
tumor-related epilepsy; especially when interactions
should be avoided. In the future, we hope to get more
targeted drugs against this disorder by uncovering its
pathogenesis.
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