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Abstract

Background Amyotrophic lateral sclerosis (ALS) is a fatal and incurable neurodegenerative disease. There is still no estab-
lished cost-effective treatment that can improve functional status and survival of ALS patients. Perampanel, by inhibit-
ing neuronal calcium ion influx and preventing dyslocalization of nuclear proteins, has the potential to ameliorate ALS
neurodegeneration.

Objectives This study aims to determine the efficacy and safety of perampanel among ALS patients in terms of improvement
in functional status using a review of relevant studies.

Methods MedLine, Cochrane Central Register for Controlled Trials, Scopus, Embase, Literatura Latino-Americana e do
Caribe em Ciéncias da Saiide, ClinicalTrials.gov website, and HERDIN databases were searched from inception to August
2021 for relevant studies.

Results The search yielded 132 articles; 3 studies were included in the analysis. Pooled evidence shows that perampanel
compared to placebo significantly improves cortical motor hyperexcitability but not the ALS functional rating scale-revised
score. Perampanel is associated with adverse events such as aggression, somnolence, anger, and dysarthria.

Conclusion There is no sufficient evidence to support the role of perampanel in improving functional status of ALS patients.
Although it can ameliorate motor cortical hyperexcitability, its clinical benefit has not yet been elucidated. Perampanel is
not well tolerated among ALS patients as it is associated with adverse events such as aggression, somnolence, anger, and
dysarthria. Further studies investigating the role of perampanel early in the ALS disease course, excluding ALS patients
with frontotemporal lobe degeneration features and C9ORF72 repeat expansion, and using gradual drug titration schedule
are needed to evaluate the potential benefit of perampanel in ALS.
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegen-
erative syndrome characterized by progressive muscle weak-
ness and atrophy [1, 2]. With a crude prevalence ranging
from 1 to 11.3 per 100,000 population, ALS is the most
common motor neuron disease [3, 4].

Several mechanisms have been implicated in the process
of neurodegeneration in ALS—accumulation of ubiquit-
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inated cytoplasmic inclusions in motor neurons [5], muta-
tions in superoxide dismutase-1 (SOD-1) [6], and microglia-
mediated neuro-inflammation [7]. Despite the ever-growing
knowledge on the biologic processes involved in ALS and
the continuous identification of potential pathogenic targets
for drug development, promising therapy is still lacking [8].
As of this writing, only three drugs are known to improve
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survival or functional status of patients with ALS. Riluzole,
a glutaminergic antagonist, is the first drug to be approved
for the management of ALS in 1995 [9]. Edaravone, a free
radical scavenger first trialed for cerebrovascular disease,
is the most recent drug that has been given Food and Drug
Administration approval for ALS [10]. Sodium phenylbu-
tyrate-taurursodiol is an emerging drug for ALS [11]. Two
recent trials demonstrated a significant beneficial effect of
sodium phenylbutyrate-taurursodiol administration in terms
of functional status [11] and survival [12] among patients
with ALS. This drug is still yet to be approved for ALS.

Although recent trials have determined the efficacy of
these drugs, issues on cost and logistics remain a fundamen-
tal concern. Several cost-effectiveness studies demonstrate
inconsistent cost—utility profiles of prescribing these medi-
cations [13-15]. Hence, it is imperative to investigate an
accessible and cost-effective drug with promising potential
to improve functional status and survival of patients with
ALS.

Perampanel, an approved drug for the treatment of partial
and generalized seizures, has been the focus of recent studies
on ALS. It is postulated that perampanel may prevent the
cytoplasmic dyslocalization of TDP-43 protein by inhibit-
ing calcium ion influx in motor neurons by non-competitive
selective antagonism of alpha-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid (AMPA) glutamate receptors [16,
17]. This claim has been supported by a recent animal study
which demonstrated that perampanel normalized TDP-43
pathology and prevented the emergence of the ALS pheno-
type in rodent models [17]. Recent clinical trials attempted
to demonstrate the effect of perampanel on cortical motor
thresholds as measured by transcranial magnetic stimulation
[18], its safety and tolerability [19], and its effect on func-
tional status [20] among patients with ALS.

This study aims to determine the efficacy and safety of
perampanel among patients with ALS in terms of improve-
ment in functional status using a review of relevant clinical
studies.

Methods

The PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-analyses) consensus guidelines were fol-
lowed in this review [21].

Criteria for selection of studies for this review

We considered randomized, double-blind, parallel group,
placebo- and/or active-controlled clinical trials and quasi-
experimental, cluster-randomized, cross-over, prospective or
retrospective cohort, case—control, and cross-sectional stud-
ies in this review. We included studies involving patients
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who were diagnosed with ALS based on the El Escorial
criteria and its revisions [22] or the Awaji criteria [23]. No
restrictions in terms of age, sex, ethnicity, disease pheno-
type, and disease severity were employed. We included stud-
ies involving perampanel given per orem at any dose as the
intervention. No restrictions in terms of concurrent or prior
utilization of riluzole or edaravone were employed in the
selection of studies. All studies tagged as primary research,
reported in English, and available as full-text articles were
included. Two reviewers (R1 and R2) screened all the titles,
abstracts, and keywords independently to assess relevance to
the objectives of this review. Discrepancies were reconciled
by the third and fourth reviewers (R3 and R4) independently.

Outcome measures considered

e Change in ALS Functional Rating Scale-Revised (ALS-
FRS-R) score—ALSFRS-R is a questionnaire-based test
using a 0-to-48 scoring system with 1-point increments
that measures functional status in terms of ability to per-
form activities of daily living [24]. A positive change
means improvement in functional status.

e Change in cortical excitability threshold—lowered
cortical excitability threshold, a feature of ALS, can be
assessed by measuring motor evoked potentials elicited
by transcranial magnetic stimulation [18].

e Adverse drug events (ADE)—the proportion of par-
ticipants who experienced any serious and non-serious
adverse drug event after drug administration assessed at
a defined time.

Search methods for identification of studies
and selection of studies

We searched the following databases for relevant studies:
MEDLINE by PubMed, Cochrane Central Register for
Controlled Trials (CENTRAL), Scopus, Embase, Litera-
tura Latino-Americana e do Caribe em Ciéncias da Saiide
(LILACS), ClinicalTrials.gov website, and HERDIN Data-
base. The following general and MeSH term-based search
strategy was employed: (perampanel OR 3-(2-cyanophenyl)-
5-(2-pyridyl)-1-phenyl-1,2-dihydropyridin-2-one) AND
(amyotrophic lateral sclerosis OR Gehrig’s Disease OR
Gehrig Disease OR Gehrigs Disease OR Motor Neuron Dis-
ease OR Lou Gehrig’s Disease OR Lou-Gehrigs Disease
OR Lou Gehrig Disease). Search strategies used in other
databases are summarized in supplementary material.

Assessment of risk of bias, data collection,
and analysis

The Cochrane Collaboration Tool was used in the assess-
ment of risk bias of the included randomized trials. The
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following details were collected and collated appropriately
from the included studies: study design, participants, inter-
vention details for the treatment group and the control/pla-
cebo group, duration of treatment, and relevant outcomes
described above.

Mean difference with 95% confidence intervals was used
to measure treatment effect for the continuous outcomes,
while risk difference (RD) of benefit or harm with 95%
confidence intervals was used for the dichotomous out-
comes. Syntheses of data were performed using the RevMan
[Computer program] (version 5.4. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014).

Results
Included Studies
A total of 132 records were retrieved from major data-

bases. Fifty-two records were identified as duplicates
and were discarded. Eighty records were screened by two

independent reviewers (R1 and R2), and 74 were excluded.
Full-text copies of the remaining 6 articles were subjected
to eligibility testing, and 3 records were excluded. A total
of 3 articles were included in the qualitative and quantita-
tive syntheses. Figure 1 shows the PRISMA flow diagram.
Two studies were double-blind, randomized, placebo-con-
trolled trials [18, 20], and the other study was an open-
label pilot study [19]. Table 1 summarizes the character-
istics of the included studies.

Population characteristics in the included studies

A total of 90 patients were recruited in the studies. Table 2
summarizes the characteristics of patients in the included
studies. Majority of the patients were elderly males with
clinically probable or clinically probable laboratory-sup-
ported ALS who received both riluzole and edaravone as
baseline therapies. The mean baseline ALSFRS-R score
ranged from 28.5 to 40.3.

Fig.1 PRISMA flow diagram
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Table 1 Included studies, corresponding treatment arms compared, sample characteristics, and outcome measures

First author/ Study design ~ Treatment Sample size Mean Age M/F ratio Baseline Primary out- Secondary
year arms (dura- +SD ALSFRS-R come outcome
tion) Score
Aizawa 2021 Randomized, Placebo, 22 (placebo), 62.6+9.4 6:1 39.5+2.9 Change in ADE
double-blind, PER 4 mg, 22 (PER (placebo), (placebo) ALSFRS-R
placebo- PER 8 mg 4 mg), 61.6+9.8 40.3+3.4 score
controlled (48 weeks) 21 (PER 8 mg) (PER 4 mg) (PER 4 mg)
61.7+9.3 39.9+2.6
(PER 8 mg) (PER 8 mg)
Oskarsson Randomized, Placebo, 4 (placebo), 66* (placebo), 1:1.4 28.5% (placebo) Motor ADE
2021 double-blind, PER 4 mg, 10 (PER 63.9*% (PER 36.0* (PER threshold %
placebo- PER 8 mg 4 mg), 4 mg) 4 mg) of maximal
controlled (>3 weeks) 5 (PER 8 mg) 66.7* (PER 36.0* (PER stimulator
8 mg) 8 mg) output
Hotait 2021 Open-label, PER, no con- 6 55.66+11.88 1:0 37+2.83 ADE Change in
pilot study trol group ALSFRS-
(12 weeks) R score
* Median

ADE, adverse drug events; ALSFRS-R, amyotrophic lateral sclerosis functional rating scale-revise; PER, perampanel

Table 2 Characteristics of recruited patients in the included studies
(N=90)

Characteristics Perampanel any ~ Placebo (%)
dose (%)
Sample (n) 64 (100) 26 (100)
Age, years
Mean 61.83 63.12
Sex
Female 26 (41) 9 (35)
Male 38 (59) 17 (65)
Disease duration, months
Mean* 13.11 15.36
Baseline ALSFRS-R score 38.85 37.81
ALS diagnosis
Clinically definite 17 (27) 7Q27)
Clinically probable 26 (41) 11 (42)
Clin. probable (lab supported) 15 (23) 8 (31)
Data not available 6(9) 0(0)
Therapy at baseline
Riluzole only 6(9.4) 2(7.7)
Edaravone only 2.1 1(3.8)
Both riluzole & edaravone 31 (48.4) 18 (69.2)
None 4(6.3) 1(3.8)
Data not available 21 (32.8) 4(15.4)

“Data on disease duration are extracted from 71 patients only (49
from the perampanel group and 22 from the placebo group) as only
two studies (Aizawa et al., 2021; Hotait et al., 2021) specified disease
duration as variables

ALS, amyotrophic lateral sclerosis; ALSFRS-R, amyotrophic lateral
sclerosis functional rating scale-revise
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Interventions employed in the included studies

Different titration schedules were employed in the three
included studies. In the trial by Aizawa and colleagues [20],
respective full doses of perampanel were achieved via grad-
ual dose escalation over 4 weeks. No strict titration schedule
was implemented in the trial by Oskarsson and colleagues
[18]—subjects assigned to the 4-mg perampanel group
immediately received 4 mg per day dose, subjects assigned
to the 8-mg perampanel group were returning patients who
initially received 4 mg of perampanel per day for at least
3 weeks. In the open-label study by Hotait and colleagues
[19], perampanel dose was increased by 2 mg per day per
week until 8 mg per day was reached or until adverse effects
were noted. The durations of treatment were 48 weeks, at
least 3 weeks, and 12 weeks in the studies by Aizawa and
colleagues, Oskarsson and colleagues, and Hotait and col-
leagues, respectively.

Assessment of risk of bias

Both trials are deemed to have low risk for selection, perfor-
mance, and reporting biases as both employed randomized
double-blind design. Both trials have unclear risk for attri-
tion bias because of the considerable attrition rates of 18%
and 50% in the placebo and treatment groups in the study by
Aizawa and colleagues [20] and 25% in the treatment group
in the study by Oskarsson and colleagues [18]. The study by
Oskarsson is deemed to have unclear detection bias as it is
not mentioned if the electrophysiologist who performed the
transcranial magnetic stimulation measurements was blinded
to the treatment allocation. Figure 2 shows the risk of bias
summary.
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Fig.2 Risk of bias summary of included trials

Effects of the intervention

Effect of perampanel on functional status of patients
with ALS

In one trial evaluating the effect of perampanel on func-
tional status using the ALSFRS-R, significant difference is
observed in the mean difference of baseline and post-treat-
ment ALSFRS-R scores between high-dose perampanel
and placebo groups [mean difference =-8.4, 95% CI (-15.0
to -1.8), p=0.0145] favoring the placebo group [20]. No
significant difference is observed in the mean difference of
baseline and post-treatment ALSFRS-R scores between low-
dose perampanel and placebo groups in the same trial [mean

Perampanel Placebo

Study or Subgroup

Risk Difference
Events Total Events Total Weight M-H, Fixed, 95% CI

difference =-4.5, 95% CI (-10.6 to 1.6), p=0.1476] [20].
Upon dissecting the mean differences of the baseline and
post-treatment ALSFRS-R sub-scores between high dose
perampanel and placebo groups, only the bulbar sub-score
shows a significant difference favoring placebo [mean dif-
ference =-2.7, 95% CI (-5.0 to -0.4), p=0.0206]. Analysis
of the mean differences in upper limbs, lower limbs, and res-
piratory sub-scores between the high-dose perampanel and
placebo groups does not show significant differences with
mean differences of -1.2 (95% CI -3.5 to 1.1, p=0.3028),
-1.2(95% C1-3.4t0 0.9, p=0.2583), and -1.4 (95% CI -3.2
to 0.5, p=0.1375), respectively [20]. The open-label study
by Hotait and colleagues [19] failed to demonstrate analy-
sis of the effect of perampanel on ALSFRS-R scores as the
study was prematurely terminated due to considerable emer-
gence of adverse events.

Effectiveness of perampanel in increasing cortical
excitability threshold among patients with ALS

The trial by Oskarsson and colleagues [18] demonstrates
a statistically significant increase in cortical motor thresh-
old from baseline to 2-h post-administration of perampanel
by +7.0% of maximal stimulator output (Q1, Q3; 3.8, 9.5;
p=0.02) in the low-dose (4 mg) group and by +7.0% of
maximal stimulator output (Q1, Q3; 4.0, 10.5; p<0.01) in
the combined low-dose and high-dose groups.

Safety of perampanel in patients with ALS

Pooled evidence from two clinical trials demonstrates that
the proportion of patients who experienced any form of
treatment-related adverse events is significantly higher in
the perampanel group compared to the placebo group with
risk difference of 0.48 (95% CI 0.33 to 0.63; p=0.00001).
Figure 3 summarizes pooled evidence on the rates of any
adverse events in the perampanel and placebo groups. In
the pilot study by Hotait [19], all six patients experienced
adverse events—aggression (n=35), somnolence (n=3),
anger (n=3), dysarthria (n=2), dizziness (n=1), imbal-
ance (n=1), irritability (n=1), and gait disturbance (n=1)
— which resolved upon discontinuation of the drug. In terms

Risk Difference
M-H, Fixed, 95% CI

Aizawa 2021 27 43 1 22 82.2% 0.58 [0.41, 0.75] ——
Oskarsson 2021 0 15 0 4 17.8% 0.00[-0.28,0.28] . —
Total (95% ClI) 58 26 100.0% 0.48 [0.33, 0.63] P
Total events 27 1

P 2 _ _ _ 12 = 0, I J } i
Heterogeneity: Chi‘ = 12.97, df = 1 (P = 0.0003); I* = 92% =) s ) o's 1

Test for overall effect: Z = 6.22 (P < 0.00001)

Favours perampanel Favours placebo

Fig. 3 Forest plot summarizing combinable data on treatment-related adverse drug effects from two trials
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of serious adverse events, one trial reported the following
events among patients randomized to the perampanel group
(n=43): dysphagia requiring gastrostomy (n=10, 23%),
gastric disturbance (n=3, 7%), fracture / injury (n=2, 5%),
infection (n=2, 5%), hallucination (n=2, 5%), malignancy
(n=1, 2%), disseminated intravascular coagulation (n=1,
2%), and death (n=1, 2%).

Discussion

This review provides comprehensive evidence from pooled
findings of three studies on the efficacy and safety of peram-
panel in preventing cortical hyperexcitability and in delaying
functional decline among patients with ALS.

The pathophysiologic mechanisms that suggested that
perampanel may have a potential role in ALS are: (a) the
cytoplasmic dyslocalization and accumulation of TDP-43,
a protein involved in nuclear ribonucleic acid metabolism
that is normally localized in the nuclear compartment [25],
and (b) the abnormal increase in the density of calcium-
permeable AMPA glutamate receptors on the membrane of
motor neurons that promotes glutamate noise and increases
the risk of excitotoxicity [26]. Both mechanisms lead to neu-
rodegeneration and eventual cell death [27]. Perampanel, a
non-competitive antagonist of AMPA glutamate receptor, is
hypothesized to ameliorate neurodegeneration in ALS via its
mechanism of reducing neuronal calcium ion influx, thereby
reducing dyslocalization of TDP-43 protein in the cytoplas-
mic compartment and preventing eventual AMPA receptor-
related excitotoxicity. This effect has been demonstrated in
recent animal studies, which showed that the administration
of perampanel normalized TDP-43 pathology, significantly
prevented motor neuron death, and prevented the occurrence
of ALS phenotype [17].

In humans, this potential role of perampanel on ALS was
first demonstrated in the study by Oskarsson and colleagues
[18]. They postulated that perampanel can reduce cortical
hyperexcitability in ALS by reducing glutamate activation
and neuronal calcium ion accumulation. Their findings
showed that the administration of perampanel significantly
increases the motor threshold—measured as the threshold at
which 5 of 10 motor evoked potentials were elicited via tran-
scranial magnetic stimulation—by 7% two hours after taking
perampanel [18]. This finding, however, is reflective only
of the acute electrophysiologic effect of the drug on motor
neurons; its potential translation to clinical benefit is yet to
be demonstrated. Two recent studies attempted to document
the potential clinical benefit of perampanel in ALS in terms
of functional status [18, 20].

The clinical trial by Aizawa and colleagues [20] failed to
demonstrate clinical benefit of perampanel in terms of pre-
venting functional status decline among patients with ALS.
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Rather, the study reveals that taking high-dose perampanel
may significantly worsen bulbar sub-scores of patients with
ALS. One possible reason is the non-concordance in patho-
physiology. Although recent animal studies demonstrate that
perampanel significantly ameliorates TDP-43 pathology in
motor neurons [17], this does not take into consideration
the other hypothesized patho-mechanisms involved in ALS,
such as cytoplasmic accumulation of other proteins such as
FUS [28], OPTN [29], C9ORF72 [30], UBQLN2) [31], and
ATXN2 [32]; mitochondrial dysfunction leading to reac-
tive oxygen species toxicity [6, 33]; and microglia-mediated
release of pro-inflammatory cytokines [7]. It is the whole
interplay of these genes, proteins, and pathways that directs
the process of neurodegeneration and ultimately defines the
clinical phenotype [34]. Another possible reason is the tim-
ing of administration. In the trial by Aizawa and colleagues
[20] and the open-label study by Hotait and colleagues [19],
the recruited patients already had an established ALS pheno-
type with mean illness duration of 13.11 months during the
period of recruitment. Considering the proposed mechanism
of perampanel in the prevention of neurodegeneration and
eventual neuronal death, it can intuitively be proposed that
this drug may have engendered clinical benefit if taken ear-
lier in the course of the disease when upper and lower motor
neuron dysfunctions are not yet florid. The open-label study
by Hotait and colleagues [19] failed to demonstrate effect of
perampanel on functional status of ALS patients, as major-
ity of their recruited patients withdrew from the trial due to
emergence of adverse events.

The tolerability and safety of perampanel among patients
with ALS have been a cause of major concern in the recent
trials. Recent studies on the safety profile of perampanel in
patients with epilepsy show that the drug is fairly tolerated
and is associated with relatively low incidence of serious
adverse effects [35, 36]. Common adverse effects encoun-
tered by patients with epilepsy taking perampanel include
dizziness, somnolence, aggressive behavior, and fatigue.
Pooled evidence from this review demonstrates that the drug
is not well tolerated among patients with ALS despite the
adherence of the included studies to the recommended per-
ampanel dosing. The most cited adverse event from pooled
evidence is aggression. One possible reason for this occur-
rence is the inherent susceptibility of patients with ALS to
behavioral changes due to its considerable overlap with fron-
totemporal lobar degeneration (FTLD) in terms of genetic
basis, radiographic characteristics, and clinical features [37,
38]. In a population-based study done in Italy, 12.6% of ALS
patients had overt FTLD and 37.2% had milder forms of
impairment (executive cognitive impairment, non-executive
cognitive impairment, behavioral impairment) or non-clas-
sifiable cognitive impairment [39]. FTLD, unlike Alzheimer
disease and mixed dementias, is linked to high frequency of
the apolipoprotein E e4 allele, a feature that is found to be
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associated with aggressive behavior [40]. This clinical asso-
ciation is also supported by findings of Grochmal-Bach and
colleagues [41] in their study on aggression among patients
with FTLD and Alzheimer disease. The evidence exploring
the relationship between aggression and the milder forms
of cognitive impairment in ALS is still lacking in the lit-
erature. It is also interesting to note that a particular subset
of ALS patients presents a characteristically higher risk of
developing FTLD. In an Irish population-based study, ALS
patients carrying C9ORF72 hexanucleotide repeat expan-
sion have significantly higher rate of FTLD (50%) than non-
carriers (12%) [42]. Additionally, carriers were found to
have a lower age of symptom onset, significant grey matter
atrophy on imaging, strong ALF and FTLD family history,
and ultimately, shorter survival. The prominence of cog-
nitive and behavioral impairment among C9ORF72 repeat
expansion carriers limits the potential of perampanel among
these patients due to their inherent susceptibility to develop
aggression.

The limitations of this review include the lack of study
participants, with only 90 recruited patients from pooled
studies. ALS is a heterogeneous condition with a wide range
of clinical features that may not be fully represented in a
small cohort. Another limitation of this review is the het-
erogeneity in terms of drug titration schedule and the dura-
tion of treatment. Certain adjustments may ameliorate these
limitations.

The authors recommend that future studies should
explore administering perampanel during the early stage of
the disease, i.e., when corticomotor degeneration is not yet
florid, to demonstrate the potential benefit of perampanel in
preventing neuronal death. In terms of tolerability, the most
implicated treatment-related adverse event is aggression.
The authors deem this attributable to the inherent suscepti-
bility of ALS patients to behavioral symptoms due to its sig-
nificant overlap with frontotemporal lobe degeneration [37,
38], and perampanel might still be beneficial to ALS patients
without the features of frontotemporal lobe degeneration. It
is relevant to note that recent evidence suggests that even
ALS patients who are classified to have normal cognition at
initial presentation may develop significant cognitive decline
and behavioral impairment later on. In an Italian longitu-
dinal study involving 146 recruited ALS patients, 24% of
cognitive normal patients on initial assessment developed
significant cognitive decline and behavioral impairment after
a median time of 7 months [43]. Nevertheless, none among
those cognitive normal patients develop FTLD on follow-up
assessment and the predominant behavioral complaint were
depression and apathy on initial and follow-up evaluations,
respectively [43]. Hence, the authors recommend that future
studies should include detailed neuro-cognitive assessment
and radiographic tests in screening ALS patients to exclude
patients with features of frontotemporal lobar degeneration

and those with C9ORF72 repeat expansion. The authors
also suggest that future studies should implement a univer-
sal drug titration schedule to ameliorate treatment-related
adverse events as these reactions were found to be dose-
dependent [18, 20].

Conclusion

There is not enough evidence to support the role of peram-
panel at a dose of 4 or 8 mg per day among patients with
ALS in improving functional status. Although pooled evi-
dence suggests that perampanel can improve motor cortical
hyperexcitability as measured by motor evoked potentials
elicited by transcranial magnetic stimulation, its translation
to clinical benefit has not yet been elucidated. Perampanel
administration seems to be not very well tolerated among
patients with ALS, as it is associated with adverse events
such as aggression, somnolence, anger, and dysarthria.

Further studies investigating the potential role of peram-
panel early in the disease course of ALS, excluding ALS
patients with frontotemporal lobe degeneration features and
those with COORF72 repeat expansion, and using gradual
drug titration schedule are needed to evaluate the potential
benefit of perampanel in ALS.
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