MD Charles J Vecht 
email: charlesvecht@icloud.com
  
Alberto Duran-Peña 
  
Caroline Houillier 
  
Thomas Durand 
  
Laurent Capelle 
  
Gilles Huberfeld 
  
  
  
Perampanel in Drug-Resistant Epilepsy with Gliomas Seizure Response to Perampanel in Drug-resistant Epilepsy with Gliomas: Early Observations

Keywords: Drug-Resistant Epilepsy, seizures, glioma, glioblastoma, perampanel, AMPA-receptor, glutamate

Background

Drug-resistant epilepsy occurs commonly in gliomas, possibly due to a shared mechanism of AMPA-activation involving both seizure activity and tumor growth. We tested the AMPA-receptor blocker perampanel (PER) in patients with drug-resistant epilepsy (DRE) in low-and high-grade gliomas.

METHODS

Seizure response was defined as 50% drop in seizure frequency or seizure-freedom. Cognitive function was examined by CTCS (Computerized Test on Cognitive Speed), which is sensitive to the type of cognitive dysfunction associated with epilepsy and use of anticonvulsants. Treatment policy included reduction of dose or a discontinuation of one or more concurrent AEDs, once seizure-free response was observed.

RESULTS

Twelve patients were included patients, median age 41 years, 9 men vs 3 women and 6 months median duration of follow-up. An objective seizure response (75 %) was observed in 9 (75 %) out of 12 patients: 50%-seizure response in 3, seizure-freedom in 6, which is plainly more than seen with other types of DRE.

Side-effects occurred in 6 patients. Cognitive function as examined by CTCS improved in 6 out of 8 secondary to lowering of concurrent AEDs. The final median dose of PER was 8 mg (varying between 2-12 mg).

CONCLUSIONS

These results of an objective seizure response in 9 (75%) out of 12 patients treated by PER in DRE may be interpreted as a surrogate-marker of tumor response secondary to AMPA blockade, advancing confirmation by MR imaging. These results warrant further study of PER on tumor activity in gliomas.

Introduction

Drug-resistant epilepsy (DRE) in gliomas occurs in about 30-40 % of low-grade gliomas (LGG) and in about 15-25% of glioblastomas (GBM). [START_REF] Van Breemen | Efficacy of anti-epileptic drugs in patients with gliomas and seizures[END_REF][START_REF] Pallud | Epileptic seizures in diffuse low-grade gliomas in adults[END_REF][START_REF] Kerkhof | Effect of valproic acid on seizure control and on survival in patients with glioblastoma multiforme[END_REF][START_REF] Toledo | Prognostic implications of epilepsy in glioblastomas[END_REF] One of the explanations for the close link between seizures and glioma evolution are elevated extracellular glutamate levels in the peri-glial and -neuronal space with ensuing over-activity of AMPA-receptors in both conditions. [START_REF] De Groot | Glutamate and the Biology of Gliomas[END_REF][START_REF] Robel | Glia as drivers of abnormal neuronal activity[END_REF][START_REF] Huberfeld | Seizures and gliomas -towards a single therapeutic approach[END_REF] The recently introduced non-competitive AMPA inhibitor perampanel (PER) as antiepileptic drug provides the opportunity to apply it not only for seizure control, though also antitumoral agent as illustrated by its non-registered equivalent talampanel. [START_REF] Grossman | Talampanel With Standard Radiation and Temozolomide in Patients With Newly Diagnosed Glioblastoma: A Multicenter Phase II Trial[END_REF] In DRE, besides a recurrence of seizures, the clinical problem is often aggravated by the common association of progression of tumor and cognitive difficulties. [START_REF] Froklage | Central neurotoxicity of standard treatment in patients with newly-diagnosed high-grade glioma: a prospective longitudinal study[END_REF] In an attempt to improve on the problem of DRE in gliomas, we applied the use of PER and report here our first experiences in a mixed group of gliomas.

Materials and Methods

Twelve patients with drug-resistant epilepsy were prospectively treated with PER at the Department of Neuro-oncology of the Pitié-Salpêtrière Hospital. Inclusion criteria were: age over 18, seizures associated with glial tumor type, ongoing or recurrent seizure activity at the time of initiating PER, failure on two or more anti-epileptic drugs (AEDs). [START_REF] Kwan | Definition of drug resistant epilepsy. Consensus proposal by the ad hoc Task Force of the ILAE Commission on Therapeutic Strategies[END_REF] Seizure response was indicated by a 50% reduction in seizure frequency or by seizure-freedom as compared to baseline. Treatment policy included a reduction of dose or a discontinuation of one or more concurrent AEDs, once seizure-freedom during 4-6 weeks was observed.

As cognitive test, the Computerized Test for Cognitive Speed (CTCS) was applied which measures concentration and reaction time, which are both known to be affected by the epilepsy or the use of anticonvulsants. [START_REF] Lutz | EpiTrack: Tracking cognitive side effects of medication on attention and executive functions in patients with epilepsy[END_REF][START_REF] Taylor | Patients with epilepsy: Cognitively compromised before the start of antiepileptic drug treatment?[END_REF] Impairment of cognition is defined as a baseline CSCT score that is </1.5 SD of the lower 95% level of the normal range, corrected for age, sex and education. A difference in score of 0.5 S.D. compared to the individual baseline measurement is considered as deterioration or improvement of baseline cognitive function. [START_REF] Ruet | A new computerised cognitive test for the detection of information processing speed impairment in multiple sclerosis[END_REF][START_REF] Durand | Cognitive outcome after radiotherapy in brain tumor[END_REF][START_REF] Taillia | Cognitive evaluation during brain radiotherapy in adults: A simple assessment is possible[END_REF][START_REF] Durand | EpiBrainRad: an epidemiologic study of the neurotoxicity induced by radiotherapy in high grade glioma patients[END_REF] 

Results

Table 1 gives an overview of patient characteristics, including tumor type, type of epilepsy, number of anticonvulsant drugs taken before entry into the study, number of patients showing escalation of Sz. at time of initiating PER and number of patients on concurrent antitumor treatment. Median age was 41 years, and nine out of 12 (75%) patients were men.

Tumor types were ganglioglioma 1, low-grade glioma 6, anaplastic glioma 3 and GBM in 2 patients.

Median duration of follow-up was 6 months. Seizure response showed unchanged Sz. frequency in two out of 12 (17 %) patients, a 50% Sz. reduction in three out of 12 (25%), seizure-freedom in six out of 12 (50%) and increase in seizure frequency in one out of 12 (8%) patients as shown in Table 2. Seizure response in the six patients not receiving concurrent chemotherapy was unchanged in two, a 50% Sz. reduction in one and Sz.-freedom in three patients. Seizure response in six patients who did receive concurrent chemotherapy was 50% Sz. reduction in two, Sz.-freedom in three and no Sz. response in one patient. The median final dose of perampanel was 8 mg (varying 2 -12 mg).

Side-effects were seen in six out of 12 (50%) patients, of whom four suffered from dizziness and two from drowsiness. These adverse effects were mainly seen at the time of initiation of therapy, disappearing after the 4-6 weeks. In two out of 12 (17%) patients PER was withdrawn. In one because of severe vertigo at a dose of 2 mg in a patient known with a peripheral vestibular disorder, who also has had difficulties tolerating other anticonvulsants.

Because of disappearance of seizures at this low dose, a re-challenge resulted again in severe vertigo. Symptoms disappeared following discontinuation of PER, though the disorder still existed as shown on vestibular testing. Another patient did not respond to PER, neither to subsequent anticonvulsants and unfortunately showed relentless tumor progression.

Cognition as examined by CTCS was applied before start of PER and during follow-up in eight out of 12 patients. Deterioration of cognition was seen in one patient and no change in another, while improvement was observed in six (75 %) out eight patients who had shown seizurefreedom. In two of them dosing of concurrent AEDs could be lowered, in three patients one or two concurrently used AEDs could be discontinued, and in one dosing of concurrent AEDs remained unaltered. In two patients with objective seizure response, an attempt to discontinue concurrent lacosamide resulted in recurrence of seizures, upon which resuming of lacosamide led again to seizure-freedom without deterioration in cognition.

Discussion

In low-grade gliomas, reappearance of seizures is observed in half the patients as first clinical sign of tumour progression and in two-third of cases in GBM. [START_REF] Chang | Seizure characteristics and control following resection in 332 patients with low-grade gliomas[END_REF][START_REF] Chaichana | Long-term seizure outcomes in adult patients undergoing primary resection of malignant brain astrocytomas Clinical article[END_REF] A substantial part will develop DRE, estimated at about 30-40 % in low-grade gliomas and 15-25% in GBM (2, 3). In a series of oligodendrogliomas, 76.5% of 166 patients experienced multiple seizures, of whom slightly more than half (54.3%) had developed DRE. [START_REF] Mirsattari | Do epileptic seizures predict outcome in patients with oligodendroglioma?[END_REF] In our series, a 50% seizure-reduction was observed in 3 out of 12 (25%) patients and seizure-freedom in 6 (50 %) out of 12 patients at a median dose of 8 mg. In placebocontrolled trials of PER in DRE \, seizure-freedom is seen in less than 5 % of cases at doses varying between 8-12 mg. [START_REF] French | Adjunctive perampanel for refractory partial-onset seizures Randomized phase III study 304[END_REF][START_REF] Kramer | Perampanel for adjunctive treatment of partial-onset seizures: A pooled dose-response analysis of phase III studies[END_REF] Considering adverse effects, 4 (33%) patients showed dizziness, and two (17%) suffered from drowsiness, often of transient nature seen at the time of initiation of therapy.

These observations are similar to figures on side-effects of add-on PER in DRE, including dizziness and vertigo in 32-47 % and somnolence in 11-22%. [START_REF] Montouris | Efficacy and safety of perampanel in patients with drug-resistant partial seizures after conversion from double-blind placebo to open-label perampanel[END_REF][START_REF] Besag | Clinical efficacy of perampanel for partial-onset and primary generalized tonic-clonic seizures[END_REF] Cognitive difficulties are common in gliomas due to a combination of prior antitumor therapy, the presence of epilepsy and the taking of AEDs. [START_REF] Klein | Epilepsy in low-grade gliomas: The impact on cognitive function and quality of life[END_REF][START_REF] Bosma | The course of neurocognitive functioning in high-grade glioma patients[END_REF] The presence of epilepsy and the use of AEDs mainly affect attention, reaction time and memory [START_REF] Lutz | EpiTrack: Tracking cognitive side effects of medication on attention and executive functions in patients with epilepsy[END_REF][START_REF] Taylor | Patients with epilepsy: Cognitively compromised before the start of antiepileptic drug treatment?[END_REF][START_REF] Mecarelli | Clinical, cognitive, and neurophysiologic correlates of short-term treatment with carbamazepine, oxcarbazepine, and levetiracetam in healthy volunteers[END_REF][START_REF] Taylor | Newly diagnosed epilepsy: Cognitive outcome at 5 years[END_REF] The CTCS test is validated to examine these functions. [START_REF] Ruet | A new computerised cognitive test for the detection of information processing speed impairment in multiple sclerosis[END_REF][START_REF] Durand | Cognitive outcome after radiotherapy in brain tumor[END_REF][START_REF] Taillia | Cognitive evaluation during brain radiotherapy in adults: A simple assessment is possible[END_REF] This tool provides the advantage of a time-efficient computerized instrument, easily applicable in clinical practice taking less than 2-3 minutes 13- 15 . The remarkable improvement of cognitive function we observed is best explained by a reduction in dose or withdrawal of one or more concurrent AEDS, in patients who had achieved seizure-freedom on treatment with PER.

Previous observations indicated that favorable seizure responses in patients with gliomas are often secondary to antitumor-directed effects. As a rule, surgery, radiation therapy and chemotherapy are more effective for seizure control in gliomas than symptomatic therapy with AEDs. [START_REF] Englot | Predictors of seizure freedom after resection of supratentorial low-grade gliomas A review[END_REF][START_REF] Ruda | Seizure control following radiotherapy in patients with diffuse gliomas: a retrospective study[END_REF][START_REF] Koekkoek | Seizure reduction is a prognostic marker in lowgrade glioma patients treated with temozolomide[END_REF][START_REF] Vecht | Seizure prognosis in brain tumors: new insights and evidence-based management[END_REF] Although the number of patients in our series are admittedly small, we did not observe differences in seizure response whether patients received systemic chemotherapy along with PER or not.

Recently, one has observed that an early seizure response in low-grade gliomas is often a surrogate marker of an objective imaging response, usually appearing at six months or later after the initiation of tumor-directed therapy. [START_REF] Koekkoek | Seizure reduction is a prognostic marker in lowgrade glioma patients treated with temozolomide[END_REF][START_REF] Roelcke | Amino acid positron emission tomography to monitor chemotherapy response and predict seizure control and progression-free survival in WHO grade II gliomas[END_REF] The AMPA-blocking analogous agent talampanel has demonstrated prolonged survival in a randomized phase II trial in de novo GBM, though was not registered for reason of side-effects.

PER is a highly protein-bound agent, metabolized in the liver mainly by the 3A4 co-enzyme to inactive metabolites. It has no strong enzyme-inducing or -inhibiting effects, though as enzyme-substrate it is susceptible to 3A4 agents. Carbamazepine and phenytoine enhance its clearance by a factor 1.5-2, necessitating dose-adaptation of PER. [START_REF] Benit | Seizures and Cancer: Drug Interactions of anticonvulsants with chemotherapeutic agents, tyrosine-kinase inhibitors and glucocorticoids[END_REF][START_REF] Gidal | Perampanel efficacy and tolerability with enzymeinducing AEDs in patients with epilepsy[END_REF] For the same reason, in cancer, the 3A4 inducers CCNU, vincristine and cisplatin can accelerate the metabolism of PER with a factor 1,2-2.3. [START_REF] Benit | Seizures and Cancer: Drug Interactions of anticonvulsants with chemotherapeutic agents, tyrosine-kinase inhibitors and glucocorticoids[END_REF] Apart from direct antiepileptic effects of PER, its AMPA-receptor blocking activity may also contribute to tumor control resulting in early seizure control. [START_REF] De Groot | Glutamate and the Biology of Gliomas[END_REF][START_REF] Grossman | Talampanel With Standard Radiation and Temozolomide in Patients With Newly Diagnosed Glioblastoma: A Multicenter Phase II Trial[END_REF] Overexpression of the AMPA-receptor in GBM facilitates migration and proliferation of GBM cells. [START_REF] Ishiuchi | Ca2+-permeable AMPA receptors regulate growth of human glioblastoma via Akt activation[END_REF] Highgrade glioma samples overexpress GluA1 proteins and the inhibition of GluA1 blocks AMPA-receptor mediated activation of the MAPK pathway resulting in reduction of glioma cell proliferation. [START_REF] Groot | Knockdown of GluR1 expression by RNA interference inhibits glioma proliferation[END_REF][START_REF] Luksch | Silencing of Selected Glutamate Receptor Subunits Modulates Cancer Growth[END_REF][START_REF] Choi | Glioblastoma cells induce differential glutamatergic gene expressions in human tumor-associated microglia/macrophages and monocyte-derived macrophages[END_REF] These data indicate that GluR-antagonists talampanel or perampanel may impair tumor activity both in gliomas as in systemic cancer. [START_REF] Luksch | Silencing of Selected Glutamate Receptor Subunits Modulates Cancer Growth[END_REF] In conclusion, we observed a higher seizure response than to be expected, a similar rate of adverse effects and a better cognitive function. The improvement in attention and reaction time seems best explained by a reduction in dose or by withdrawal of one or more concurrent AEDs in patients who achieved seizure-freedom upon treatment with PER. Apart from direct anti-seizure effects, these preliminary results may also secondary to its AMPAblocking effects on glioma cells. Early seizure responses following antitumor-directed therapy in gliomas can be considered as a surrogate-marker of early tumor responses, advancing confirmation by MR imaging by 6 months or more. These favorable results of PER certainly need confirmation in larger studies focusing on seizure control and on the antitumor effects of PER. In low-grade and anaplastic gliomas, PER warrants study as antitumor agent at the time of concurrent seizure recurrence and tumor progression; in de novo glioblastoma as an adjuvant to standard chemoradiation to examine time to progression and survival.
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1 Side-effects of dizziness were often short-lived up to 1-2 hrs after taking perampanel [START_REF] Pallud | Epileptic seizures in diffuse low-grade gliomas in adults[END_REF] As assessed by CTCS