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Epilepsy and brain tumors

DARIO J. ENGLOTL.2 EDWARD F. CHANG2, and CHARLES J. VECHT3"

1UCSF Comprehensive Epilepsy Center, University of California San Francisco, San Francisco,
California, USA

2Department of Neurological Surgery, University of California San Francisco, San Francisco,
California, USA

3Service Neurologie Mazarin, Groupe Hospitalier Pitié-Salpétriére, Paris, France

Abstract

Seizures are common in patients with brain tumors, and epilepsy can significantly impact patient
quality of life. Therefore, a thorough understanding of rates and predictors of seizures, and the
likelihood of seizure freedom after resection, is critical in the treatment of brain tumors. Among
all tumor types, seizures are most common with glioneuronal tumors (70-80%), particularly in
patients with frontotemporal or insular lesions. Seizures are also common in individuals with
glioma, with the highest rates of epilepsy (60-75%) observed in patients with low-grade gliomas
located in superficial cortical or insular regions. Approximately 20-50% of patients with
meningioma and 20-35% of those with brain metastases also suffer from seizures. After tumor
resection, approximately 60-90% are rendered seizure-free, with most favorable seizure outcomes
seen in individuals with glioneuronal tumors. Gross total resection, earlier surgical therapy, and a
lack of generalized seizures are common predictors of a favorable seizure outcome. With regard to
anticonvulsant medication selection, evidence-based guidelines for the treatment of focal epilepsy
should be followed, and individual patient factors should also be considered, including patient age,
sex, organ dysfunction, comorbidity, or cotherapy. As concomitant chemotherapy commonly
forms an essential part of glioma treatment, enzyme-inducing anticonvulsants should be avoided
when possible. Seizure freedom is the ultimate goal in the treatment of brain tumor patients with
epilepsy, given the adverse effects of seizures on quality of life.

INCIDENCE OF EPILEPSY IN BRAIN TUMOR PATIENTS

Epilepsy in glioneuronal tumors and gliomas

Epilepsy can result from various types of brain tumors, but is most common in patients with
low grade intrinsic lesions (Table 16.1). Across all brain tumors, glioneuronal tumors,
including gangliogliomas and dysembryo-plastic neuroepithelial tumors (DNETS), are most
likely to have seizure as the presenting symptom (Moreno et al., 2001; O'Brien et al., 2007;
Giulioni et al., 2009; Chang et al., 2010). About three-quarters of individuals with
ganglioglioma present with seizures, three-quarters of those have a temporal-lobe lesion, and
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nearly half of ganglioglioma patients progress to drug-resistant epilepsy (Aronica et al.,
2001; Luyken et al., 2003; Southwell et al., 2012). Approximately half of patients with a
DNET and epilepsy also have cortical dysplasia associated with the tumor (Chang et al.,
2010).

Among patients with glioma, the highest rates of epilepsy are observed in patients with low-
grade gliomas (World Health Organization (WHQ) grade I-Il), while in high-grade glioma
patients, seizures are more common with anaplastic astrocytomas (WHO grade I11) than with
glioblastoma multiforme (GBM: WHO grade 1V) (Kim et al., 2004; Lee et al., 2010; Englot
etal., 2011). In GBM, about 40-45% of patients present with epilepsy, often as secondary
generalized seizure, while 15-20% develop seizures later on (Moots et al., 1995; Kerkhof et
al., 2013). Smaller tumors and those growing less quickly are associated with higher rates of
seizures than large, rapidly growing lesions (Moots et al., 1995; Glantz et al., 2000; Herman,
2002; Pasquier et al., 2002; Rosati et al., 2009; Chaichana et al., 2009b; Lee et al., 2010).
Although the reasons for this trend are not known, possible explanations include the
predilection of high-grade gliomas for brain white matter, the possibility that rapid growth
might preclude epileptogenesis development, and the prospect that some patients with
malignant lesions do not survive long enough to develop epilepsy (Pace et al., 2003; Rosati
etal., 2009; Lee et al., 2010).

Epilepsy in meningiomas and brain metastases

While epilepsy is most common with intrinsic, intra-axial brain tumors, more than one-
quarter of patients with brain metastases or extra-axial meningiomas also suffer from
seizures at some point in their disease course (Table 16.1). In one study of 222 patients with
meningiomas, seizures were the presenting symptoms in 26% of cases, were more
frequently seen with convexity-based lesion than with tumors in other regions, and were
common with lesions associated with marked peritumoral edema (Lieu and Howng, 2000).
Seizures are less common in patients with brain metastases, and incidence varies by primary
tumor pathology. In one large retrospective series including 470 patients with brain
metastases, 24% of patients had experienced tumor-related seizures (Oberndorfer et al.,
2002). While seizures occurred in only 16% of individuals with breast cancer and 21% of
those with gastrointestinal metastases, seizure incidence was 29% in lung cancer patients
and 67% in those with melanoma, perhaps given the propensity for intracranial hemorrhage
in this tumor type.

The influence of tumor location

In addition to tumor type, tumor location influences the incidence of epilepsy. For instance,
prior groups have noted that tumors located in superficial cortical areas are most likely to be
associated with seizures (Penfield et al., 1940; Fried et al., 1994; Liigant et al., 2001; Lynam
etal., 2007; Lee et al., 2010), as are lesions centered in the temporal lobe, frontal lobe, or
insula (Lund, 1952; Liigant et al., 2001; Zaatreh et al., 2002, 2003; Lynam et al., 2007; Lee
et al., 2010). In one prior study, Lee and others (2010) analyzed tumor location in 124
glioma patients with seizures, using a summed statistic image to map aggregate tumor
location, as depicted in Figure 16.1. The authors noted that gliomas most likely to be
associated with seizures were located in the temporal lobe, followed by the frontal lobe. It is
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likely that the inherent epileptogenicity of structures in the mesial temporal lobe contributes
to seizure generation in this region (Delgado-Escueta et al., 1986; Engel et al., 2009).
Furthermore, Spencer and colleagues have described that dual pathology — including gliosis,
hippocampal sclerosis, and cortical dysgenesis — may further drive epilepto-genesis in
tumor-related temporal-lobe epilepsy (Fish and Spencer, 1995; Spencer and Huh, 2008).
Some groups have reported a lower incidence of seizures in de novo glioblastomas than
those having progressed from known lower-grade gliomas (Moots et al., 1995; Rosati et al.,
2009), and others have found that seizures may precede radiologic evidence of malignant
tumor transformation (Rossi et al., 2010). Finally, epilepsy is reported to be more common
in patients with multifocal disease than in those with a solitary tumor (Moots et al., 1995).

Biologic factors

A number of molecular biologic factors have been recognized in the epileptogenesis of brain
tumors. Mutation of the isocitrate dehydrogenase 1 (IDH1) enzyme, which takes part in the
Krebs cycle, causes conversion of isocitrate into 2-hydroxyglutarate (Sanson et al., 2009).
This product resembles structurally glutamate and may activate N-methyl-o-aspartate
(NMDA) and amino-methylisoxazolepropionic acid (AMPA) receptors with ensuing
epileptogenesis. In low-grade gliomas, the presence of IDH1 mutations shows a strong
association with seizures as initial clinical symptom, frontal-lobe tumor location, and longer
survival (Stockhammer et al., 2012). In glioblastomas, the excitatory neurotransmitter
glutamate shows increased extracellular and intrasynaptic concentrations due to changes in
transporter systems of the glial membrane. These abnormalities correlate with higher seizure
frequency (Yuen et al., 2012; Rosati et al., 2013). Disturbances in chloride balance may play
a role as well, secondary to changes in chloride co-transporters, suggesting accompanying
changes in GABA metabolism and chloride transport (Huberfeld et al., 2007; Pallud et al.,
2013). Besides, glutamergic stimulation of NMDA and AMPA receptors may activate
intracellular mTOR, AKT, and MAPK signaling pathways, contributing both to cell growth
and to epileptogenesis (Wee et al., 2014).

SEIZURES AS A PROGNOSTIC INDICATOR IN GLIOMAS

In patients with gliomas and other brain tumors, epilepsy dramatically impacts upon
patients’ quality of life, causes neurocognitive deterioration, and significant morbidity may
result from seizures themselves or medication side-effects (Sheth, 2002; Klein et al., 2003;
Zaatreh et al., 2003; Taphoorn and Klein, 2004; Yang et al., 2010). Interestingly, however,
the presence of seizures in patients with glioma may positively prognosticate overall
survival. Lote and colleagues (1998) performed a retrospective study of 649 patients with
glioblastoma or anaplastic glioma, and 379 individuals with low-grade glioma. High-grade
glioma patients with seizures experienced significantly longer overall survival compared to
those without seizures across both univariate and multivariate analyses, but this trend was
not observed in individuals with low-grade glioma. However, several other groups have also
found a positive association between seizure history and overall survival in low-grade
glioma patients (Bartolomei et al., 1997; Stupp et al., 2003; Blumcke et al., 2004;
Krzyszkowski et al., 2004; Danfors et al., 2009).
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The factors underlying the survival benefit associated with seizures in glioma are not well
understood, and it is possible that the onset of seizures simply leads to earlier diagnosis and
thus treatment of these lesions. However, some have noted that peripherally located or
slower-growing tumors that are more likely to be associated with epilepsy are also easier to
treat, accounting for the association (Danfors et al., 2009). Others have proposed that
gliomas causing seizures may represent a unique histopathologic tumor subtype (Bartolomei
et al., 1997; Blumcke et al., 2004). Furthermore, while seizures at the time of glioma
diagnosis are associated with a survival advantage, seizure recurrence after treatment
portends a poor prognosis, possibly due to the association between tumor regrowth and
recurrent epilepsy (Chang et al., 2008a; Danfors et al., 2009). In low-grade gliomas, relapse
of seizures after a period of 6 months or more of seizure freedom is an indicator of tumor
progression in about 50% of patients (Chang et al., 2008b; You et al., 2012). In GBM,
recurrence or a worsening of seizures following first-line antitumor therapy heralds
progression in about two-thirds of patients (Wick et al., 2005; Chang et al., 2008b;
Chaichana et al., 2009a).

Thus, while early seizures in gliomas may represent a favorable prognostic indicator with
respect to survival alone, late seizures are more likely to indicate progressive disease and
have significant adverse effects on patient quality of life overall.

SURGICALTHERAPY

While oncologic control is typically the primary focus in the surgical treatment of brain
tumors, achieving seizure freedom is also a critical goal in patients with intractable epilepsy
to improve quality of life (Klein et al., 2003; Taphoorn, 2003; Villanueva et al., 2008;
Duffau, 2009). This is especially true in individuals with low-grade tumors, who may
survive many years or decades. Several studies have investigated seizure outcomes and
predictors in surgery for glioneuronal tumors, gliomas, and meningiomas, as summarized in
Table 16.2. Although seizures occur with other tumor types, including brain metastases,
seizure outcomes rates and predictors have been less well studied with these lesions, and
will not be discussed here.

Glioneuronal tumor surgery

Prior surgical studies of glioneuronal tumors causing epilepsy report postoperative seizure
freedom rates between 45% and 100%, with most centers achieving this outcome in 70-90%
of patients (Aronica et al., 2001; Giulioni et al., 2005, 2006, 2009; Park et al., 2008; Chang
etal., 2010; Yang et al., 2011). In a retrospective series of 66 patients with ganglioglioma
treated at the University of California, San Francisco (UCSF), 49 of whom presented with
epilepsy, long-term seizure outcomes were evaluated after tumor removal (Southwell et al.,
2012). Five years after surgery, 85% of individuals with a previous seizure history were
seizure-free (Engel class | outcome). Seizure freedom was observed in 96% of patients with
gross total lesionectomy, but in only 54% of those with subtotal resection. While tumor
progression was noted in 38% of cases involving subtotal resection, this occurred in only 8%
of patients who received gross total resection.
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Seizure outcomes were also evaluated in 50 patients with DNET-related epilepsy treated at
this institution, 87% of whom reached an Engel class | outcome postoperatively (Chang et
al., 2010). As with gangliogliomas, seizure freedom was significantly more common with
gross total resection, which was achieved in about 80% of surgeries, and seizure freedom
remained resilient at a median follow-up of more than 5 years (Chang et al., 2010). The
critical importance of extent of resection in glioneuronal tumor-related epilepsy surgery was
also supported by a systematic review of 39 reports, including 910 patients (Englot et al.,
2012b). In this study, seizure freedom was approximately 30% more likely with gross total
resection than after subtotal excision, and was predicted by early surgical therapy and an
absence of generalized seizures. These results suggest that excellent seizure and oncologic
control can be achieved in glioneuronal tumor surgery, particularly with gross total resection
and early surgical intervention.

Glioma surgery

Although the oncologic prognosis is less favorable in patients with low-grade (WHO grade
I1) glioma compared to those with glioneuronal tumors, survival may nonetheless exceed 10
years with aggressive management of these lesions, and seizure control is a well-known
predictor of quality of life (Klein et al., 2003; Taphoorn, 2003; Villanueva et al., 2008;
Duffau, 2009). In a series of 332 patients with low-grade glioma who received surgery at
UCSF, 80% presented with seizures, and drug resistance was present in one-half of these
(Chang et al., 2008a). Postoperative seizure freedom was seen in 67% of patients with
epilepsy before surgery, with another 17% experiencing rare seizures, and favorable
outcome was predicted by greater extent of tumor resection. Recurrent seizures were seen
with tumor recurrence, further elucidating the association between tumor burden and
seizures (Chang et al., 2008a). In a systematic review of the literature that examined 773
patients with low-grade gliomas and epilepsy across 20 surgical series, approximately 70%
of individuals became seizure-free after surgery (Englot et al., 2011). Predictors of a
favorable seizure outcome included greater extent of resection, a shorter duration of
epilepsy, and better control of seizures with antiepileptic drugs (AEDs). Therefore, similar
to glioneuronal tumors, gross total resection and early surgery are associated with improved
seizure outcomes in epilepsy caused by low-grade gliomas, with other positive predictors
described in the literature, including localized electroencephalogram and less severe seizure
profile (Luyken et al., 2003; Zaatreh et al., 2003; Benifla et al., 2006).

Compared to low-grade gliomas, significantly fewer studies have examined the effects of
surgery on seizures in high-grade (WHO grade 111-1V) gliomas, as surgical treatment is
nearly exclusively focused on limiting progression and improving survival (Englot et al.,
2012b; Bruna et al., 2013). In one large surgical series of 648 patients with glioblastoma,
24% presented with seizures, particularly in the setting of a grade Il lesion or tumor
location in the temporal lobe or superficial cortex (Chaichana et al., 2009b). One year after
surgical resection, 77% of individuals with preoperative seizures achieved postoperative
seizure freedom, including the effects of chemoradiation with temozolomide and anti-
convulsant therapy. Seizure outcomes were more favorable among patients with improved
overall functional status and better preoperative seizure control, and tumor regrowth was
associated with seizure recurrence. Despite the poor oncologic prognosis associated with
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high-grade gliomas, treatment of seizures represents a worthwhile consideration, as
uncontrolled epilepsy negatively impacts quality of life in these patients (Moots et al., 1995;
Glantz et al., 2000; Herman, 2002; Pasquier et al., 2002; Chaichana et al., 2009b).

Meningioma surgery

Epilepsy is less common in meningioma patients than those with intra-axial intrinsic brain
tumors, and seizure outcomes with excision of these extra-axial lesions have been less well
studied. Although the surgical goal in meningioma resection is typically to relieve mass
effect and/or improve a focal neurologic deficit, seizure freedom is also a critical goal in
treating patients with meningioma-associated epilepsy. In one patient series, Chaichana and
colleagues (2013) examined 84 individuals with seizures who underwent supratentorial
meningioma resection. After 48 months of postoperative follow-up, 83% of patients who
had uncontrolled epilepsy preoperatively were free of seizures, and worse seizure outcomes
were seen in patients with parasagittal or sphenoid wing tumors versus those in other
locations. However, a clear relationship between tumor location and seizure outcome has not
been clearly established in other studies.

Chow and others (1995) performed a retrospective study of 323 patients undergoing
meningioma surgery: 98 (30%) had epilepsy. Seizure freedom was seen in 67% of
individuals postoperatively, and this outcome was more common in patients with less
peritumoral edema. Another series reported by Lieu and Howng (2000) also supports the
relationship between increased brain edema and persistent seizures after meningioma
resection. Also, a common observation across several investigations is that late seizure
recurrence often occurs with tumor regrowth (Chow et al., 1995; Lieu and Howng, 2000;
Chaichana et al., 2013). This finding again highlights the association between cytoreduction
and seizure burden in brain tumor patients. Finally, the relationship between brain invasion
and epileptogenicity has not been well investigated in meningiomas, and it is not known
whether aggressive resection is associated with improved seizure outcomes in this patient
subset, but this will be an interesting topic for further study.

Tumor surgery versus epilepsy surgery

As there are two major surgical goals for patients with tumor-related epilepsy — tumor
control and seizure control — several authors have discussed whether the surgical approach
in these cases should more closely resemble typical brain tumor operations versus epilepsy
surgery Giulioni et al., 2009; Englot et al., 2012c; Tandon and Esquenazi, 2013). This
consideration is particularly relevant with tumors in the temporal lobe, which are more
prone to cause seizures than those in other locations, likely given the epileptogenicity of
mesial temporal structures (White et al., 1948; Fried et al., 1994; Chang et al., 2008a; Englot
et al., 2012c). While it is clear that seizure control in tumor surgery is far better after gross
total resection than subtotal lesionectomy, dual pathology may also drive ictogenesis in
tumoral temporal-lobe epilepsy (Fish and Spencer, 1995; Spencer and Huh, 2008).
Therefore, gliosis, cortical dysgenesis, and hippo-campal sclerosis may permit continued
seizures even with gross total resection of the primary lesion (White et al., 1948; Fried et al.,
1994; Fish and Spencer, 1995). Some authors have thus advocated for more extensive
resection in temporal-lobe cases of tumoral epilepsy, arguing that the inclusion of
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amygdalohippocampectomy and anterior temporal corticectomy produces improved seizure
control over gross total lesionectomy alone (Jooma et al., 1995; Bilginer et al., 2009;
Giulioni et al., 2009; Ogiwara et al., 2010).

In one retrospective investigation, Giulioni and others (2009) analyzed seizure outcomes in
28 patients who underwent tailored surgery for glioneuronal tumors causing temporal-lobe
epilepsy. One-half of the patients underwent lesionectomy alone, while the others received
lesion resection along with customized amygdalohippocampectomy and anterior temporal
corticectomy. Seizure control was dramatically improved in individuals who received
extended resection (93% seizure-free) compared to lesionectomy alone (43% seizure-free),
although the sample size of this study was small. Extent of resection in low-grade temporal-
lobe tumor resections was further examined in a meta-analysis including 1181 patients
across 41 studies (Englot et al., 2012c). While subtotal lesionectomy alone led to seizure
freedom in only 43% of patients, 79% of individuals achieved this outcome with gross total
lesionectomy alone, and 87% were seizure-free with lesionectomy in addition to
hippocampectomy and/or anterior temporal corticectomy (Englot et al., 2012c). The benefit
of extended resection over gross total lesionectomy alone was larger in patients with mesial
temporal tumors than those with a lateral temporal lesion. It is therefore possible that a more
aggressive tailored resection may lead to better seizure outcomes in tumor-associated
temporal-lobe epilepsy surgery, but further study is needed, and prospective data would be
useful.

Electrocorticography (ECoG) in tumor surgery

Another important consideration in tumoral epilepsy surgery is the utilization of ECoG for
mapping the epileptogenic zone. The majority of ECoG recordings of tumoral epilepsy are
performed intraoperatively interic-tally (Sugano et al., 2007; Duffau, 2013), although some
groups have also advocated for extraoperative ictal ECoG with subdural grid and strip
electrodes in tumor-related epilepsy surgery (Sweet et al., 2013). While extraoperative ictal
recordings are critical in many cases of nonlesional focal epilepsy to localize the
epileptogenic zone de novo, the site of seizure onset in tumor-associated epilepsy is
presumed a priori to be in the peritumoral region. Nevertheless, interictal spike mapping
with intraoperative ECoG can be useful in tumoral epilepsy surgery to delineate the extent
of the irritative zone through, and guide tailored resection of perilesional tissue as needed.
Furthermore, intraoperative ECoG may be useful to monitor stimulation-related after-
discharges in cases requiring mapping of functional cortex with direct cortical stimulation.

Several groups have reported favorable seizure outcomes using ECoG-guided tailored
resection (Mikuni et al., 2006; Sugano et al., 2007; Wray et al., 2012; Duffau, 2013).
However, systematic reviews of low-grade glioma and glioneuronal tumor surgery did not
reveal statistical differences in seizure outcomes between resections performed with or
without the use of intraoperative ECoG (Englot et al., 2011, 2012a). While this finding may
suggest that the use of intraoperative ECoG is not singularly related to seizure outcome in
brain tumor surgery, it is based only on retrospective associations, and conclusions may be
significantly limited by patient selection bias. Specifically, intraoperative recordings may be
utilized more commonly in more challenging surgical cases, such as lesions involving
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eloquent regions in which gross total resection is more difficult, or in cases associated with
more severe epilepsy. Prospective investigations with comparable preoperative patient
characteristics and correcting for extent of resection will be needed to further explore the
benefit of intraoperative ECoG in tumor-related epilepsy.

Surgical considerations in pediatric patients

Although surgical techniques and treatment goals for tumor-related epilepsy are similar
between adults and children, there are additional considerations in pediatric cases. While all
patients are at risk for neurologic or cognitive decline with persistent uncontrolled seizures,
the cumulative effects of epilepsy are a particular concern in children given ongoing
neurodevelopment. Various investigators have shown that seizure control in children is
associated with improved cognitive and intellectual ability (Liu et al., 2007; Souza-Oliveira
et al., 2012), better memory function (Liang et al., 2012), fewer behavioral problems (Mikati
et al., 2010), diminished medication use and side-effects (Keene et al., 1998a; Mikati et al.,
2008), and an overall improvement in quality of life (Larysz et al., 2007; Liang et al., 2012)
compared to patients with continued seizures. Family surveys have also demonstrated higher
levels of education, independence, employment status, and overall satisfaction associated
with seizure freedom in pediatric patients (Keene et al., 1998a, b). Also, shorter epilepsy
duration has been associated with increased likelihood of postoperative seizure freedom in
pediatric epilepsy surgery (Wu et al., 2010; Liava et al., 2012; Englot et al., 2013). These
data suggest that early operative intervention may lead to improved neurocognitive and
seizure outcomes, and thus should be strongly considered in pediatric tumoral epilepsy, even
in cases with a presumed benign slow-growing lesion, if seizures are medically refractory.
Finally, although the spectrum of brain tumor pathology differs between adults and children,
the relationship between gross total resection and seizure freedom in pediatric tumor-related
epilepsy has been clearly established in both patient populations (Giulioni et al., 2005;
Englot et al., 2013; Brahimaj et al., 2014).

Conclusions regarding surgical therapy

Across all tumor pathologies and patient populations, the most consistent finding in surgical
studies of brain tumor-related epilepsy is that gross total resection is associated with
dramatically improved seizure outcomes compared to subtotal resection. A frequently
observed relationship between tumor regrowth and seizure recurrence further exemplifies
the importance of cytoreduction. Thus, gross total resection should be pursued whenever
possible and safe, to maximize the likelihood of both oncologic and seizure control. Early
operative intervention is also recommended in cases of medically refractory epilepsy, or
when indicated due to oncologic concerns. One may also consider the use of intraoperative
ECoG to guide tailored resection, and the inclusion of amygadalohippocampectomy in cases
with suspected dual pathology, but prospective data clearly demonstrating superior efficacy
with these approaches are not yet available.

Radiotherapy

Radiation therapy contributes to a better seizure control in low- and high-grade gliomas.
Retrospective studies in low-grade gliomas indicate a 50% reduction in seizure frequency of
56-77% and a seizure freedom of 38-80% (Scerrati et al., 1994; Warnke et al., 1997,
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Shankar and Rajshekhar, 2003; Ruda et al., 2013). In a series of combined low- and high-
grade gliomas, 77% of patients showed 50% seizure reduction and 38% seizure freedom at
12 months following radiation therapy, although patients could not discontinue AEDs (Ruda
etal., 2013).

A randomized European Organisation for Research and Treatment of Cancer phase 111 trial
on external radiotherapy in low-grade glioma to a cumulative dose of 65 Gy showed that
75% of patients became seizure-free following early and 59% following late application of
radiation therapy (van den Bent et al., 2005).

Chemotherapy

The efficacy of chemotherapy with alkylating agents with temozolomide or procarbazine,
lomustine, vincristine (PCV) chemotherapy for WHO grade Il and I11 gliomas as either
initial treatment or following surgery and radiotherapy is well established. These agents also
help to improve seizure control (Pace et al., 2003; Kaloshi et al., 2007; Sherman et al., 2011,
Ruda et al., 2012; Koekkoek et al., 2015). Administration of temozolomide results in 50%
seizure reduction or more in 18-58% of patients with low-grade gliomas and in seizure
freedom in 13-50% (Pace et al., 2003; Kaloshi et al., 2007; Sherman et al., 2011; Blonski et
al., 2012; Koekkoek et al., 2015). Administration of PCV leads to seizure freedom in 13—
60% of patients (Soffietti et al., 1998; Frenay et al., 2005; Lebrun et al., 2007).

ANTIEPILEPTIC DRUG THERAPY

Epilepsy in patients with brain tumors (EBT) is typically a focal or partial type, and for that
reason its symptomatic treatment is based on the approved anticonvulsant drugs for that
indication. A recent meta-analysis on the many available anticonvulsants approved for focal
epilepsy in adults has been published under the aegis of the International League against
Epilepsy (Glauser et al., 2013). A major factor in deciding on which AED to choose among
the many approved agents are individual patient factors, defined by age, sex, organ
dysfunction, comorbidity, and co-therapy. As a rule, one tries to avoid in EBT the use of the
strong CYP3A4 coenzyme inducers carbamazepine, phenytoin, and phenobarbital because
of risks of compromising concurrent chemo-therapy (Glantz et al., 2000; Soffietti et al.,
2010). Besides, it seems preferable to avoid AEDs on which there are hardly any data
available in brain tumors. For that reason, the monotherapy drugs of first choice are the
evidence-based agents levetiracetam and valproic acid for focal epilepsy and for which use
in EBT many data are available (Hildebrand et al., 2005; Oberndorfer et al., 2005; Lim et
al., 2009; van Breemen et al., 2009; Merrell et al., 2010b; Weller et al., 2011; Kerkhof et al.,
2013; Vecht et al., 2014).

Anticonvulsant monotherapy

Levetiracetam belongs together with carbamazepine, phenytoin, and zonisamide to the class

1A efficacy AEDs for focal types of epilepsy in adults (Glauser et al., 2013). About 25% of

patients taking levetiracetam improve in cognitive functioning, both in general epilepsy as in
EBT (Helmstaedter and Witt, 2008; de Groot et al., 2013). Another advantage is its absence

of drug interactions with other agents. However, approximately 5% of patients develop
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irritability, aggression, or psychosis, upon which withdrawal of levetiracetam is usually
indicated.

Valproic acid is the only class 1B approved anticonvulsant for focal epilepsy. Valproic acid
is a broad-spectrum, well-tolerated AED that is widely applied in brain tumors, although it
may cause increased appetite and trembling hands as side-effects. A major concern of the
use of valproic acid is a dose-dependent risk of thrombopenia by direct toxic effects on bone
marrow precursor cells, which may compromise concurrent chemotherapy (Bourg et al.,
2001; Simo et al., 2012). Nevertheless, on multivariate analysis, this was the only concurrent
factor determining thrombocytopenia (Simo et al., 2012). Another retrospective study
showed similar hematologic toxicity irrespective of taking valproic acid, levetiracetam, or
no AED (Tinchon et al., 2015). Similarly, in neurosurgical patients, postoperative bleeding
or need of transfusions did not differ between patients taking valproic acid or other
anticonvulsants (Ward et al., 1996; Anderson et al., 1997). Valproic acid is the only strong
enzyme-inhibiting AED and may increase organ exposure to phenobarbital by CYP2C9
inhibition, and to lamotrigine by inhibition of the UGT1A4 enzyme. Protein displacement
by valproic acid may lead to lower concentrations of concurrent phenytoin. In oncology,
there are few known harmful drug interactions of valproic acid with chemotherapeutic
agents (Bénit and Vecht, 2015).

Anticonvulsant polytherapy

In case the first monotherapy anticonvulsant gives insufficient seizure control, one can
switch to the next monotherapy round, though there is a recent trend towards applying
polytherapy as the following step by administration of an add-on AED (French and Faught,
2009; Brodie and Sills, 2011). Meta-analysis on pharmacoresistant epilepsy has indicated
that levetiracetam is remarkably effective as add-on drug compared to other AEDs,
suggesting synergistic qualities of levetiracetam in combined use with other AEDs (Otoul et
al., 2005). As add-on agents, both levetiracetam and valproic acid are well tolerated (Otoul
et al., 2005; Bodalia et al., 2013).

In EBT, we have adopted the policy of applying either levetiracetam or valproic acid as
anticonvulsant of choice, and if necessary to combine both agents as next step. In a
retrospective analysis, we observed seizure freedom in 77.7% of patients on single
levetiracetam, 69.5% on single valproic acid and in 60.3% on their combination in
remaining patients if either one was not effective (Kerkhof et al., 2013).

If either levetiracetam or valproic acid or its combination is insufficiently effective, one can
choose lacosamide as add-on agent based on its activity and tolerability in EBT, lamotrigine
for its good tolerability and indications of its synergistic activity with valproic acid, or
zonisamide, considering its recent designation as class A agent for the partial epilepsies
(Brodie and Yuen, 1997; French and Faught, 2009; Glauser et al., 2013; Saria et al., 2013).

For the application of anticonvulsant therapy in daily clinical practice of EBT, see Tables
16.3 and 16.4.
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Prophylactic AED use

A final question is whether to initiate AED prophylaxis in the brain tumor patient without a
history of seizure. Some investigators have advocated for prophylaxis in these individuals,
citing successful seizure prevention, despite the risk of medication side-effects (North et al.,
1983; Franceschetti et al., 1990; Forsyth et al., 2003). A randomized controlled trial of
valproic acid prophylaxis in brain tumor patients suggested that patients receiving the active
drug actually had a nonsignificantly increased rate of seizures compared to individuals
receiving placebo (Glantz et al., 1996). Thereafter, the American Academy of Neurology
advised against long-term AED prophylaxis in newly diagnosed brain tumor patients (Glantz
et al., 2000), and meta-analysis of the literature provided further evidence against the
prophylactic use of antiseizure medications (Sirven et al., 2004).

A notable exception is that prophylactic AEDs may be considered for 1 week after surgical
resection, given the increased incidence of immediate postoperative seizures (Matthew et al.,
1980; Kvam et al., 1983; Lee et al., 1989; Kuijlen et al., 1996; Glantz et al., 2000; Telfeian
et al., 2001), although the evidence behind this practice remains inconclusive (De Santis et
al., 2002). In a study of 121 patients undergoing glioma surgery, despite consistent
perioperative AED prophylaxis, 9.1% of patients experienced a seizure within the first
postoperative week, and problems with drug tolerability were not uncommon (luchi et al.,
2015). In another observational series on meningioma surgery without seizure history, there
was one single postoperative seizure in the group of 51 patients on AED prophylaxis and no
seizures in 129 patients who did receive prophylaxis, suggesting little difference in seizure
risk (Sughrue et al., 2011). Therefore, while AED prophylaxis remains commonly
prescribed in patients with brain tumors (Siomin et al., 2005; Riva et al., 2006; Rosati et al.,
2009; Lwu et al., 2010), the majority of evidence and clinical guidelines advise against this
practice, and the application of perioperative prophylaxis will require further investigation.

Adverse effects of AEDs

Side-effects and toxicity related to AEDs are critical considerations in brain tumor patients,
particularly given the importance of quality of life. AEDs may be associated with substantial
adverse effects (Cascino, 2008; Cramer et al., 2010), such as cognitive deficits (Sisodiya et
al., 2002; Wagner et al., 2003; Taphoorn and Klein, 2004), and some have suggested that
first-generation medications may result in more side-effects in glioma patients than in other
patients with epilepsy (Glantz et al., 2000; Batchelor and Byrne, 2006; Merrell et al.,
2010a). In one large European survey of patients with epilepsy, Baker et al. (1997) observed
that 31% of individuals changed AEDs at least once in the preceding year because of side-
effects, and 44% were concerned about possible side-effects related to these medications.

Other investigators have demonstrated that adverse effects with AEDs have the single
greatest effect on quality of life in patients with controlled seizures (Auriel et al., 2009), and
that individuals would prefer to pay more for AEDs with better side-effect profiles (Lloyd et
al., 2005).

Carbamazepine—Cognitive side-effects include mental decline, ataxia, and headache,
and have been reported in 3.7% in EBT (Moots et al., 1995; Wick et al., 2005). Skin rash is
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seen in 7.4-25% of oncology patients, and hypersensitive skin reactions occur more
frequently at the time of radiotherapy (Delattre et al., 1988; Micali et al., 1999).
Carbamazepine-induced Stevens—Johnson syndrome occurs in almost all patients carrying
the human leukocyte antigen (HLA) 1 allele B*1502 with a prevalence of 8.6% of the
population at large (Amstutz et al., 2014). Presence of the HLA-A*3101 allele increases the
risk of developing carbamazepine-induced hypersensitivity from 5% to 26% (McCormack et
al., 2011).

Lacosamide—Lacosamide undergoes moderate hepatic metabolism through 2C19, 40% is
excreted unchanged in urine, and it does not invoke drug interactions. Common side-effects
are dizziness, nausea, diplopia, or blurred vision (Chung et al., 2010; Flores et al., 2012).
Possibly diplopia, dizziness, or drowsiness develops more easily as a pharmacodynamic
effect in combination with carbamazepine, phenytoin, or lamotrigine, as these are all sodium
channel blockers (Novy et al., 2011). Withdrawal of lacosamide due to cognitive side-effects
has been observed in 7.1-15.7% of cases with EBT, and in 27.8% with general epilepsy
(Maschio et al., 2011a; Saria et al., 2013; Sawh et al., 2013).

Lamotrigine—Lamotrigine belongs to the AEDS with a good tolerability profile, although
it may cause dizziness, ataxia, and diplopia. Skin rash is seen in 7.2% of patients, usually
within 6 weeks of initiation of lamotrigine. High initial doses of lamotrigine or rapid
escalation increase the risks of rash (Guberman et al., 1999). In combination with valproic
acid, its metabolism is reduced via the UGT1A4 enzyme with a maximum of 50% inhibition
at doses as low as 250-500 mg/day of valproic acid (Kanner and Frey, 2000; Gidal et al.,
2003).

Levetiracetam—Overall side-effects of levetiracetam in EBT are seen in 5-10% of
patients, often of psychiatric nature, including psychosis, depression, and aggressive
behavior (Merrell et al., 2010b; Rosati et al., 2010; Maschio et al., 2011b; Rossetti et al.,
2014). On the other hand, levetiracetam shows improvement in cognitive functioning in both
EBT and general epilepsy (Helmstaedter and Witt, 2008; de Groot et al., 2013).
Thrombopenia and dermatologic complications are rare.

Oxcarbazepine—Withdrawal due to side-effects has been observed in up to 24% of cases
with EBT (Maschio et al., 2012a). During perioperative AED prophylaxis, 4% of patients
developed skin rash, and 16% major skin reactions at the time of cranial radiotherapy
(Mauro et al., 2007; Maschio et al., 2010).

Phenobarbital—Withdrawal due to overall side-effects of phenobarbital has been reported
in 5% of cases with EBT, mainly due to cognitive dysfunction (Moots et al., 1995). In
general epilepsy, the most common side-effect is sedation in 27%, usually disappearing in 1
or 2 weeks (Wang et al., 2006).

Phenytoin—In EBT, the withdrawal rate is 29.0-34.2% (Moots et al., 1995; Wick et al.,
2005). In a prospective study, switching from phenytoin to levetiracetam monotherapy
during the perioperative period, ataxia was seen in more than half of the phenytoin group,
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though not in patients on levetiracetam. Other side-effects of phenytoin were lack of energy
(27%) and sleepiness (20%) (Lim et al., 2009).

Pregabalin—In two monotherapy studies in EBT, pregabalin needed to be withdrawn in
11% and 22% respectively because of peripheral edema, erectile dysfunction, depression or
nausea, and 8% because of dizziness and irritability (Kerrigan and Grant, 2011; Maschio et
al., 2012b). Hematotoxicity was only seen with concurrent temozolomide, though probably
not related to pregabalin (Rossetti et al., 2014).

Topiramate—Although topiramate is a broad-spectrum AED with a high seizure control, it
shows a high percentage of adverse effects (Otoul et al., 2005; Bodalia et al., 2013). Side-
effects have been observed in 15% with EBT, including cognitive disturbances and weight
loss (Maschio et al., 2008).

Valproic acid—In EBT, the withdrawal rate is 20.6%, although cognitive side-effects are
uncommon (Wick et al., 2005). Hemato-logic abnormalities vary between 13.7% and 28.2%
and include coagulation disorders, particularly diminished platelet aggregation and
thrombocytopenia in children and the elderly. Thrombocytopenia occurs in approximately
17.7% of patients, usually asymptomatic and particularly seen with supratherapeutic drug
levels (Nasreddine and Beydoun, 2008). The mechanism probably depends on dose-
dependent suppression of platelet production in the bone marrow. Retrospective studies on
perioperative complications in adults have not shown differences in postoperative bleeding
and need for transfusions compared to patients not receiving valproic acid (Ward et al.,
1996; Anderson et al., 1997; Gerstner et al., 2006).

Zonisamide—Until now, there has been hardly any experience with zonisamide in EBT.

In one add-on study on 6 patients, 2 patients discontinued treatment (Maschio et al., 2009).
Most common side-effects are ataxia, somnolence, agitation, irritability, and anorexia. Skin
rash occurs in 1% (Baulac et al., 2012). In general epilepsy, withdrawal due to side-effects

was reported as 12.3-23.4% (Chung et al., 2007; Costa et al., 2011).

Drug interactions between AEDs and chemotherapy

The potential for interaction with chemotherapy is another important consideration of the
choice of a particular AED in tumor patients. CYP3A4 enzyme-inducing medications such
as phenytoin, oxcarbazepine, and carbamazepine may augment the clearance of agents
metabolized by the P450 system. In oncology these include several chemotherapeutic agents
(cyclophosphamide, irinotecan, paclitaxel, and teniposide), a number of tyrosine kinase
inhibitors (crizotinib, dasatinib, imatinib, and lapatinib) and corticosteroids such as
dexamethasone that are often prescribed to reduce brain edema (Michelucci, 2006; Drappatz
et al., 2007; Brown et al., 2008; Pursche et al., 2008; Raymond et al., 2008; Galanis et al.,
2009; Merrell et al., 2010a).

There may be less concern with valproic acid, despite its action as enzyme inhibitor of
UGT1A4 and 2C9, or with noninducing agents such as levetiracetam, lamotrigine, or
lacosamide (Pursche et al., 2008).
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Valproic acid as histone-deacetylase inhibitor

Of note, not all interactions between AEDs and chemo-therapeutic drugs are deleterious.
Particularly, the use of valproic acid based on its action as histone-deacetylase inhibitor may
provide synergistic antitumor effects with concurrent chemotherapy or radiation. By
stimulating histone acetylation, abnormal balances in histone acetylation/deacetylation and
of methylation of DNA promoter regions will be restored, inducing apoptosis/autophagy at
the cellular level and becoming clinically apparent by sensitizing radiation/chemotherapy
effects (Van Nifterik et al., 2012). Valproate is now experimentally tested in hematologic
and solid tumors, including GBM, showing synergy with the alkylating agent temozolomide,
expressed by longer survival times in several retrospective or post hoc analyses (Weller et
al., 2011; Kerkhof et al., 2013). A recent prospective phase study in GBM showed a
progression-free survival of 10 months and an overall survival of 29 months with valproic
acid combined with temozolomide chemoradiation (Krauze et al., 2014).

As valproic acid represents an evidence-based choice for focal epilepsy in adults together
with a large number of additional data in EBT, it is our preference to choose valproic acid
during first-line chemoradiation with temozolomide (Vecht et al., 2014).

Others have observed that levetiracetam may reduce expression of DNA repair protein
MGMT invitro, and thus sensitize glioma cells to temozolomide (Bobustuc et al., 2010).
Also, patients treated with enzyme-inducing AEDs paradoxically survived longer than those
who did not undergo treatment (Jaeckle et al., 2009). However, it is unclear whether this
observation was related to effect on the tumor or to a confounding variable.

It is important that epilepsy providers are aware of these potential interactions between
AEDs and chemotherapeutic agents or tyrosine kinase inhibitors, to optimize coordination of
neuro-oncologic and anti-epileptic treatment in brain tumor patients. For that purpose, we
advocate therapeutic drug monitoring of plasma levels to keep dose regimens of
anticonvulsants within therapeutic ranges and to avoid insufficient dosing or risks on
accumulation of toxicity by AEDS.

Conclusions regarding symptomatic therapy with AEDs

EBT belongs to the type of focal epilepsies, and for that reason symptomatic therapy in EBT
is determined by the evidence-based anticonvulsants for that indication. The second factor
determining the choice among the approved agents are individual patient factors, usually
represented by age, sex, organ dysfunction, comorbidity, or co-therapy. As concomitant
chemotherapy commonly forms an essential part of glioma treatment, consensus exists that
the prescribing of enzyme-inducing anticonvulsants in EBT is less appropriate. This makes
levetiracetam and valproic acid the anticonvulsants of choice with both evidence-based
classification for focal epilepsy in adults with a lot of additional data on their use in EBT.

If either one is ineffective for seizure control, they can well be combined as polytherapy and
may show a synergistic activity. If this combination is ineffective, they can be replaced by
lacosamide, lamotrigine, or zonisamide as add-on agents, although polytherapy with more
than two anticonvulsant drugs has not been shown to provide additional efficacy. In case of
anticonvulsant polytherapy or with concurrent chemotherapeutic treatment, drug monitoring
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of plasma levels helps to keep dose regimens of anticonvulsants within therapeutic ranges
and avoids insufficient dosing or risks of toxicity.
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Fig. 16.1.
Summed statistic image demonstrating aggregate location of 124 tumors. At each voxel, the

number of patients presenting with tumors is calculated. Maps are generated from the sum of
the binary tumor masks for high-grade (A) and low-grade (B) gliomas. (Reproduced with
permission from Lee et al., 2010, © American Medical Association. All rights reserved.)
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Table 16.1

Incidence and risk factors of epilepsy across brain tumor types

Page 26

Tumor type Approximate Risk factor for seizures References
incidence of
seizures
Glioneuronal tumors ~ 70-80% Frontotemporal, insular Aronica et al. (2001); Luyken et al. (2003);
Southwell et al. (2012)
Low-grade gliomas 60-75% Frontotemporal, insular, superficial Chang et al. (2008a); Pignatti et al. (2002); Recht
and Glantz (2008); Lee et al. (2010); You et al.
(2012); luchi et al. (2015)
High-grade gliomas  25-60% WHO grade 111, temporal lobe, superficial ~ Sheth (2002); van Breemen et al. (2007); Jacoby et
al. (2008); Chaichana et al. (2009b); Sizoo et al.
(2010)
Meningiomas 20-50% Peritumoral edema Yao (1994); Chow et al. (1995); Lieu and Howng
(2000); Oberndorfer et al. (2002)
Metastases 20-35% Melanoma, lung cancer Oberndorfer et al. (2002); Lynam et al. (2007);

Avila (2013)

WHO, World Health Organization.
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Seizure outcomes in surgery for brain tumors associated with preoperative epilepsy

Tumor type Approximate Seizure freedom predictors References
seizure freedom
rates
Glioneuronal tumors ~ 70-90% Gross total resection, early surgery, Giulioni et al. (2005); Park et al. (2008); Chang et

absence of generalized seizures

Low-grade gliomas ~ 65-80% Gross total resection, early surgery,
localized EEG, less severe epilepsy

Meningiomas 60-80% Less peritumoral edema

al. (2010); Englot et al. (2012a); Southwell et al.
(2012)

Luyken et al. (2003); Zaatreh et al. (2003); Benifla
et al. (2006); Chang et al. (2008a); Englot et al.
(2011)

Chow et al. (1995); Lieu and Howng (2000);
Chaichana et al. (2013); Fang et al. (2013); Zheng
etal. (2013)

EEG, electroencephalogram.
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