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Abstract: Cenobamate (CNB) is the latest antiseizure medication (ASM) authorized for the
treatment of focal-onset seizures in adults. Although the precise mechanism of action of CNB is
not yet fully understood, this drug inhibits the persistent, rather than transient, voltage-gated sodium
channel currents and is a positive allosteric modulator of synaptic and extrasynaptic GABA,
receptors, differently from benzodiazepines. CNB has a non-linear pharmacokinetic with
a terminal half-life range of about 50/60 hours within the therapeutic dose range, which allows
once daily administration. Cenobamate inhibits cytochrome P450 (CYP) 2C19 and induces
CYP3A4 and 2B6, and hence can potentially interact with ASMs (eg, phenytoin, carbamazepine
and clobazam) and no-ASMs drugs. In two randomized, double-blind, placebo-controlled trials in
patients with focal epilepsies, CNB has shown a particularly good efficacy with a rate of seizure
freedom of about 20% during the maintenance period in participants treated with the dose of
400 mg/day. The most common treatment-emergent adverse effects include central nervous system-
related symptoms, like dizziness, diplopia, somnolence, and gait disturbances. Safety issues of
particular interest are severe skin reactions (drug reaction with eosinophilia and systemic symp-
toms) and QT shortening, which contraindicates its use in subjects with familial short QT syndrome
or in combination with other QT-shortening drugs. The recommended starting dose is 12.5 mg/day,
which can be gradually titrated to the target dose (200 mg/day) and further increased up to 400 mg/
day. There are several aspects of CNB that need to be still addressed, including the long-term
efficacy and the efficacy in patients with generalized seizures. Ongoing studies will clarify these
issues. The clinical relevance of the peculiar pharmacokinetics and the pattern of drug—drug
interactions also require further investigation.

Keywords: cenobamate, focal seizures, antiseizure medications, drug—drug interactions,
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Key Points

1. Cenobamate (CNB) is the latest approved antiseizure medication

2. CNB acts as modulator of voltage-gated sodium channels and GABA 5 currents

3. Adjunctive CNB is very efficacious to reduce seizure frequency in drug-
resistant patients with focal epilepsy

4. The most common adverse events include somnolence, fatigue, balance
disorders, and diplopia

5. Safety issues include severe cutaneous drug reactions and shortened QT interval

Introduction
Focal epilepsy is the most frequent type of epilepsy.! Focal seizures can be
disabling and associated with a low quality of life* and more than one-third of
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patients are not fully controlled despite treatment with
single or multiple antiseizure medications (ASMs).?
Despite the development and availability of about 30 dif-
ferent drugs, little has changed in the rate of patients who
can achieve seizure control and there is still the need of
new and more efficacious ASMs.*

Cenobamate (CNB) has been approved by the US Food
and Drug Administration (FDA) in November 2019 for the
treatment of focal seizures in adults and by the European
Medicines Agency (EMA) in March 2021 as adjunctive
treatment of focal onset seizures with or without secondary
generalization. CNB pertains to the class of alkyl-
carbamates, being, as retigabine and carisbamate,
a monocarbamate, and its mechanisms of action are simi-
lar to those of other drugs pertaining to this class.’

In this review, we will discuss the mechanism of
action, pharmacokinetics and drug—drug interactions of
CNB and its efficacy and tolerability in patients with

focal seizures.

Mechanism of Action

The spectrum of efficacy of CNB in animal models indi-
cates that this drug may be effective against seizures,
anxiety, and neuropathic pain.®’ Although the precise
mechanisms through which CNB exerts these effects are
not known yet, experimental evidence suggests that it
possesses novel mechanisms of actions affecting both vol-
tage-gated sodium currents (VGSC) and GABAergic
neurotransmission.*’

Regarding the effect of VGSCs, studies on acutely
isolated hippocampal CA3 neurons demonstrated that
CNB reduces repetitive neuronal firing by preferentially
inhibiting the non-inactivating portion of sodium currents,
also known as INaR8 and this mechanism is different from
that of several other classical ASMs targeting VGSCs. For
example, carbamazepine, lamotrigine and felbamate block
use-dependent transient sodium currents (In,r) that pri-
marily mediate the upstroke of an action potential thus
reducing the availability of channels that can generate
further action potentials. On the opposite, In.p reduces
subthreshold synaptic potentials, thus inhibiting repetitive
firing of neurons. This might be a reason for the observed
less selective preclinical anti-seizure profile of CNB com-
pared to other ASMs that target Inar However, the role of
this latter current type deserves to be further investigated
to clarify its role in the physiopathology of the central
nervous system.

CNB is also able to increase the inhibitory neurotrans-
mission in the brain through a positive allosteric effect on
synaptic and extra-synaptic GABA, receptors, thus mod-
ulating both phasic (Iphasic) and tonic (Itonic) currents.®
This mechanism of action is different from the one of
benzodiazepines and barbiturates and is more similar to
the mechanism of action of stiripentol (a direct allosteric
modulator of GABA, receptors)’ and neurosteroids® that
are currently under evaluation as potential ASMs, particu-
larly in the treatment of status epilepticus.””'®!" CNB
affects both phasic and tonic inhibition through activation
of synaptic and extra-synaptic GABA, receptors.”'’ In
any case, the binding site for CNB has not been clarified
and could be different from the one of the previously
mentioned drugs.”

CNB is effective against a variety of animal models of
seizures and epilepsy, including models of generalized
tonic-clonic seizures, myoclonic seizures, focal seizures,
and refractory epilepsy.” Considering the wide spectrum of
efficacy in preclinical studies, the chemical structure and
similarities with other alkyl-carbamates, it is reasonable to
think that the mechanisms of actions of CNB extend
beyond what is already known.'”

Pharmacokinetics

After oral administration, the absorption of CNB is rapid
with a Ty« of 1-4 hours; the percentage of absorbed dose
is about 88% and food intake does not cause clinically
significant differences in bioavailability.'?

CNB pharmacokinetic is characterized by some non-
linearity in the process of distribution and/or elimination.
While, after single ascending doses, CNB maximum con-
centration (C.x) shows proportional increases,]2 after
multiple doses, the area under the concentration—time
curve (AUC) is proportional up to the dose of about
300 mg/day and increases more than proportionally at
higher doses.'?

This nonlinearity regards also terminal half-life that
increases, with increasing doses, from 30 hours after
a dose of 10 mg, up to 76 hours after the highest tested
dose of 750 mg and ranges between 50 and 60 hours
within the range of therapeutic doses (from 100 mg to
400 mg). Accordingly, CNB clearance decreases at
increasing doses from 1.4 L/h to 0.4 L/h.

The apparent volume of distribution of CNB after oral
administration is approximately 40-50 L. This agent has
a moderate binding to plasma proteins (mainly human
albumin) that is around 60% and is independent from

3448

Dove!

Neuropsychiatric Disease and Treatment 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Zaccara et al

drug concentration. In vitro studies showed that CNB
distribution is not influenced by transport proteins such
as P-glycoprotein (P-gp), breast cancer-resistance protein
(BCRP), organic anion transporter (OAT) 1/3, organic
cation transporter (OCT) 2, multidrug and toxin extrusion
protein (MATE) 1, and MATE 2-K."?

Based on these pharmacokinetic characteristics, steady-
state drug concentrations are achieved in approximately 2
weeks of treatment and the drug can be administered once-
daily."?

CNB is extensively metabolized in the liver, mainly
through glucuronidation via wuridine 5'-diphosphoglu
curonosyltransferase (UGT) 2B7 and to a lesser extent
UGT2B4, and by oxidation via cytochromes P450
(CYP) 2E1, CYP2A6, CYP2B6, and to a lesser extent
CYP2C19 and CYP3A4/5 (Table 1).”:'?

As observed after administration of radiolabelled CNB,
only a small percentage of the dose (approximately 6%) is
excreted unchanged in the urine and eight different inactive
metabolites have been identified in plasma, urine, and faeces.?

Studies in special populations did not show clinically
significant differences in young or elderly subjects or
among different sexes or ethnic groups, while it has been
observed that drug elimination is affected by hepatic and
renal dysfunction. CNB exposure is increased by 2.1- to
2.3-fold in mild and moderate hepatic disease, compared
with healthy subjects. Renal dysfunction has a lower effect
on CNB exposure being 1.4- to 1.5-fold higher in mild or

Table | Main Pharmacokinetics and Metabolism of Cenobamate

moderate renal impairment.'* Due to these changes, lower
CNB doses should be administered in subjects with hepa-
tic or renal impairment. Since no studies are available for
patients with end-stage renal disease on dialysis or severe
hepatic impairment, this drug should not be administered
in these patients."”

Drug-Drug Interactions

As previously stated, CNB is metabolized through several
UGTs and oxidative CYP enzymes that may be induced or
inhibited by several ASMs and NON-ASMs. Therefore,
CNB can be victim of several drug—drug interactions
(DDIs). However,
expected because CNB is metabolized through multiple

clinically relevant DDIs are not
enzymatic systems that relatively contribute to CNB meta-
bolism and therefore induction or inhibition of one meta-
bolic pathway usually results in slight changes in the
overall drug clearance.'?

Concerning the effect of CNB on other drugs, in vitro
studies showed that CNB inhibits CYP2C19, induces
CYP2CS8, and may inhibit or induce CYP2B6 and 3A4,

while no effects on transporter proteins are expected.'>!?

Drug—Drug Interactions Between
Cenobamate and Other Antiseizure

Medications
DDIs between CNB and old-generation ASMs (carbamaze-
pine, phenytoin, phenobarbital, valproate) have been explored

Tmax 14 h
Bioavailability 88%
Crnax Dose proportional

Terminal half-life

Increases with increasing doses from 30 h (10 mg) to 76 h (750 mg). Within therapeutic ranges of doses, half-life is 50-60 h.

Pharmacokinetics

Non-linear. Area under the curve increases more than proportionally with ascending doses

V4 40-50 L

Protein binding 60%

Biliary 5% (<1% unchanged).

8 Inactive metabolites identified.

Metabolism Glucuronidation: UGT2B7 and to a minor extent UGT2B4.
Oxidation: CYP2EI, 2A6, 2B6, and to a lesser extent 2C19 and 3A4/5.
Elimination 6% of dose excreted in the urine as unchanged drug.

Notes: Data from cenobamate highlights of prescribing information (https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212839s000Ibl.pdf),'> Vernillett et al'? and

Roberti et al.”

Abbreviations: C,,, Maximum concentration; CYP, cytochrome P450; T,., time to maximum concentration; UGT, uridine 5'-diphospho-glucuronosyltransferase; Vg,

volume of distribution.
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in healthy volunteers in Phase I studies (results of these
studies have not been extensively published).'” Concomitant
administration of CNB with phenytoin and phenobarbital was
associated with a mild reduction of the AUC of CNB, while
CNB exerted a strong inhibition of metabolism of phenytoin
and phenobarbital increasing their levels by 84% and 37%,
respectively. These DDIs have been confirmed in an open-
label clinical study in which, during CNB titration, patients
required dose reductions of phenytoin and phenobarbital by
43.4% and 29.7% respectively.'® These effects are the con-
sequence of the inhibition of the enzyme CYP2C19, involved
in the metabolism of the two old-generation ASMs.
Carbamazepine levels were instead moderately reduced
because of the inducing effects of CNB on CYP3A4.'%!41¢

The induction of CYP3A4 and inhibition of CYP2C19
exerted by CNB may potentially alter concentrations of
several other ASMs. The induction of CYP3A4 may
increase the metabolism and consequently reduce levels
of those old- and new-generation ASMs that are mainly or
partially metabolized by this enzyme, such as ethosuxi-
mide, clonazepam, felbamate, midazolam, perampanel and
zonisamide.'” It has also been reported that lamotrigine
and levetiracetam concentrations can be mildly reduced by
CNB administration through unspecified mechanisms.”"?

The inhibition of CYP2C19 may reduce the metabo-
lism of ASMs metabolized by this enzyme, such as brivar-
acetam, cannabidiol and desmethylclobazam (the active
metabolite of clobazam) with the consequence of increas-
ing their plasma concentrations.”*'?

Based on these data, therapeutic drug and clinical
monitoring with possible change in the dose of the
ASMs to whom CNB is added should be considered at
the beginning and throughout treatment. The DDIs exerted
by CNB on other ASMs are summarized in Table 2.

Drug—Drug Interactions Between
Cenobamate and Other Drugs

CNB may potentially interact with other drugs concomitantly
administered for treatment of comorbidities or other disorders.
It can be predicted that CNB acts as the perpetrator in most
cases, but it cannot be excluded that in some cases CNB can be
also the victim of a DDI, although, in this last case, interactions
would likely not be clinically relevant. A selection of the most
important potential DDIs according to the CYPs involved in
the metabolism of drugs is reported in Table 3. In some cases,
the metabolism of a co-administered drug might be induced or
inhibited with yet uncertain results.

Cenobamate Efficacy from
Regulatory Trials

Two multi-center, parallel-group, randomized, placebo-
controlled trials have evaluated the clinical efficacy of
CNB in patients with drug-resistant focal epilepsies.'®"’
Both studies had an 8-week observational baseline and
a 6-week titration period; the maintenance period was 6
weeks in one study'® and 12 weeks in the other trial."’
Patients were randomized to placebo or CNB at the dose
of 200 mg/daily in the first study'®; the second trial was
a four arms study,'® being patients randomized to placebo
or CNB at the daily dosage of 100 mg, 200 mg, or 400 mg.
In both studies, patients already being treated with up to
three ASMs were allowed to enter, and the most frequently
used ASMs were levetiracetam, followed by carbamaze-
pine, lamotrigine and oxcarbazepine. No patient was under
treatment with phenobarbital, phenytoin, brivaracetam and
cannabidiol whose metabolism could be inhibited by CNB,
while in one study, a percentage of 5% to 16% of the
patients were treated with clobazam (whose active meta-
bolite, desmethylclobazam, can be inhibited by CNB)."
For this reason, it was not likely that results could be
influenced by increased concentrations and efficacy of
the combined ASMs. The main findings of these studies
are reported in Table 4.

Efficacy and tolerability of CNB from these studies have
been assessed in a classical meta-analysis:*° the risk ratio of
the outcome measure “fifty percent or greater reduction in
baseline seizure frequency during the treatment maintenance
period” resulted significantly different when all doses were
pooled and for each of the used doses (100 mg/day, 200 mg/
day, and 400 mg/day). In addition, when given at the daily
dosage of 200 and 400 mg, CNB was significantly more
effective than placebo in reducing baseline seizure frequency
by >75% and by >90%. Seizure freedom during the treatment
maintenance period was also more frequently reported in
patients randomized to CNB at the daily dosages of 200 mg
and 400 mg than placebo (Table 5).

Results emerging from these two trials suggest a very
high efficacy of CNB compared to all other ASMs recently
entered the market. In particular, while seizure free rates of

18,19

patients recruited in pivotal trials of the last new ASMs
evaluating perampanel’’ and brivaracetam®” ranged from
0% to 6.5%, about 14% of the patients treated with CNB at
the dose of 400 mg/day achieved this outcome in the largest
study.'® It may be interesting to note that recent observational
studies showed that the seizure free rate of patients that failed
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Table 2 Effects of Cenobamate on Drug Levels of Antiseizure Medications

Antiseizure Medications

Mechanism of the
Interaction

Clinical Considerations

Drugs whose metabolism can be

increased

Carbamazepine
Clonazepam
Ethosuximide
Felbamate
Midazolam
Perampanel
Zonisamide

CYP3A4 induction

Consider to increase dose*

Lamotrigine
Levetiracetam

Unspecified mechanism

Consider to increase dose*

Drugs whose metabolism can be
decreased

Brivaracetam
Desmethylclobazam (active
metabolite of clobazam)

CYP2C9 inhibition

Consider to reduce dose*

Phenytoin

Phenobarbital

Primidone
Drugs whose metabolism can be either | Cannabidiol CYP2CI9 inhibition and Either an increase or a decrease of
increased or decreased Stiripentol CYP3A4 induction dose should be considered*

Drugs whose metabolism should not
be influenced

Eslicarbazepine acetate
Gabapentin
Oxcarbazepine
Lacosamide

Pregabalin

Rufinamide

Topiramate

Valproate

Vigabatrin

No action required

Notes: *The effect may be clinically important or of low clinical relevance. Data from Vernillett et al,'* Roberti et al” and cenobamate highlights of prescribing information
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212839s000Ibl.pdf).'>

Abbreviation: CYP, cytochrome P450.

Table 3 Drugs Whose Metabolism is Potentially Affected by Cenobamate

Cytochrome
Involved in the
Interaction

Selection of Drugs Whose Metabolism Can
Be Affected

Mechanism of the Interaction and Clinical Considerations

CYP3A4 substrates

ticlopidine.

Ifosfamide, itraconazole, ketamine, methadone,

nevirapine, omeprazole, sorafenib, tamoxifen,

Oral contraceptives*

CYP2B6 substrates

Bupropion, ketamine, propofol, selegiline

Due to the inducing effects of CNB on this enzyme, reduction of the

concentrations of these drugs are expected. Consider to increase the

dose of the co-administered drug

CYP2CI9 substrates

Ifosfamide, omeprazole, sertraline

Due to the inhibiting effects of CNB on this enzyme, an increase of

the concentrations of these drugs are expected. Consider to decrease

the dose of the co-administered drug

Notes: *An alternative type of birth control should be recommended. Data from Roberti et al.”
Abbreviations: CNB, cenobamate; CYP, cytochrome P450.
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Table 4 Main Results on Efficacy and Tolerability of Clinical Studies on Cenobamate

Study Treatment Arm | Responder Median Percentage Reduction Seizure Treatment Withdrawal Rate
Rate, % in Baseline Seizure Frequency Freedom Due to Adverse Events, %
Rate, %
Chung et al Placebo 22.2 (108)° 21.5 (108)° 9.1 (99)” 3.7 (108)°
2020'® CNB 200 mg/day | 50.4 (113)° 55.6 (113)° 27.5 (102)” 3.5 (113)°
Krauss et al Placebo 25 (102)” 27 (102)”" I (106)" 5 (108)°
2020"° CNB 100 mg/day | 40 (102)"" 415 (102)° 3 (108)” 11 (108)°
CNB 200 mg/day 56 (98)" 56.5 (98)" 9 (109)” 14 (110)
CNB 400 mg/day 64 (95) 63.0 (95)" 14 (1n” 21 (11

Notes: Data from Chung et al'®

and from Krauss et al.'” Percentages are calculated on different populations of patients as reported in parentheses. “Intention-to-treat

population (ITT). ”Completer population during the maintenance phase. ““Modified intention-to-treat population during the maintenance phase. A responder is defined as

a subject with a 250% reduction in baseline seizure frequency.
Abbreviation: CNB, cenobamate.

Table 5 Main Results of a Meta-Analysis of the Two Randomized, Placebo-Controlled Studies on Adjunctive Cenobamate

Dose Administered Responder Rate Seizure Freedom
Risk Ratio 95% Confidence Interval Risk Ratio 95% Confidence Interval
100 mg/day 1.58 1.05-2.37 4.00 0.45-35.18
200 mg/day 2.25 1.71-2.98 3.66 1.90-7.06
400 mg/day 2.52 1.75-3.63 21.47 2.94-156.91
All doses pooled 2.18 1.67-2.85 371 1.93-7.14

Notes: Data from Lattanzi et al 2020.2° Risk ratio of the outcome measures “fifty percent or greater reduction in baseline seizure frequency during the treatment
maintenance period (responder rate)” and number of patients seizure free during the maintenance period.

to respond to the first ASM exponentially decays with the
number of drug trials.>* For example, the percentage of
seizure free patients is about 4.4% after the third ASM
regimen.”* Since the time elapsed from diagnosis to rando-
mization in patients recruited in the CNB clinical studies was

819" it can be hypothesized that a great

around 20 years,
number of patients had several unsuccessful drug trials
before entering the trials and this enhances further the good
efficacy profile of CNB. Long-term studies will clarify how
seizures can be fully controlled by CNB over time. At this
moment, only a small long-term study (up to 8 years) report-
ing efficacy data of 49 patients with severe drug resistant
focal epilepsies who had participated in the early CNB clin-
ical development has been published, and 16 (33%) patients
had their seizures controlled for at least 6 months.* It should
be stressed that seizure freedom is a target of critical impor-
tance and a major determinant of good quality life.”

Concerning seizure type, the frequency of both focal
motor seizures, with or without impaired awareness, and
secondarily generalized tonic-clonic seizures was signifi-
cantly reduced, and the effect was greater at the 200 mg
and 400 mg CNB dose groups.

Safety and Tolerability
Data on safety and tolerability of CNB are derived from

181926 and from an interim

randomized controlled trials
analysis of an open-label long-term study that was con-
ducted to assess the safety and clinical impact of drug
interactions on tolerability.'®

The most frequent adverse effects significantly associated
with CNB include typical neurological symptoms commonly
observed during treatment with ASMs and more specifically
with sodium channel blockers. Reported symptoms include
somnolence, fatigue, dizziness, balance disorder, diplopia,
nystagmus. Nausea and vomiting, possibly correlated with
the effect of this agent on vestibulocerebellar function, and
constipation were also frequently observed. In general, these
adverse effects were observed at the beginning of therapy
and tended to abate over the time. Their frequency was
probably influenced by the high starting dose (100 mg/day),
rapid titration schedule (weekly increments of 100 mg/day)'®
and co-administered ASMs. Notably, in randomized clinical
studies, baseline treatments could not have their doses
reduced or withdrawn during the double-blind phase as per
study protocol.'®!?

https:

3452

Dove!

Neuropsychiatric Disease and Treatment 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Zaccara et al

In the open-label, long-term, study aimed to assess
idiosyncratic adverse effects and DDIs'® of CNB, initial
daily dose of this agent was 12.5 mg and dose increments
were of 12.5 mg/day after the first 2 weeks and then
50 mg/day every 2 weeks. Concerning possible changes
in baseline treatments, two different approaches were
allowed. While most concomitant ASMs could have their
dose adjusted or could be removed as clinically needed, in
the case of phenytoin and phenobarbital, whose metabo-
lism is inhibited by CNB, changes were possible only
under guidance of plasma levels of these drugs.
Treatment-emergent adverse effects that led to study dis-
continuation occurred mainly during the titration period
and involved central nervous system (Table 6). Most fre-
quent neurologic, dose-dependent adverse effects were
somnolence, dizziness, fatigue, diplopia and balance dis-
order. Rash was reported in 3.3% of the patients.
Psychiatric adverse events were unfrequently reported
and included anxiety, irritability, and depression. Three
subjects, two of whom had a history of depression, made
a suicide attempt.

Finally, cognitive disturbances (memory impairment,
disturbance in attention, amnesia, confusional state, apha-
sia, speech disorder, slowness of thought, disorientation,
and psychomotor retardation) have also been reported in
clinical studies."

There are four warnings reported in the FDA highlights
of prescribing information.'?

These
(already discussed) require attention for their possi-

1. Neurological adverse effects. reactions
ble consequences (eg, fall, attention disturbances
during driving).

2. Drug Reaction with Eosinophilia and Systemic
Symptoms (DRESS). In early studies in which
CNB had been titrated rapidly, three cases of
DRESS, formerly known as multi-organ hypersen-
sitivity, including one fatality, have been reported.'?
This is a serious and potentially life-threatening
immune-mediated, drug reaction rarely observed in
patients exposed to aromatic ASMs, mainly carba-
mazepine, phenytoin, and lamotrigine.”” Since that
observation, one further case has been described: it
occurred after 24 days of treatment in a patient
assigned to receive 200 mg/day of CNB with
a fast titration protocol in the Phase 3 study.'®
However, in the open-label study that adopted
a lower starting dose (12.5 mg/day) and a slower

titration (increments every 2 weeks),'® no further

cases of DRESS were observed among 1339

patients exposed to CNB for a median of 9 months.

It can be suggested that, as for other ASMs such as

lamotrigine,”” a low initial dose and a slow titration

can greatly reduce the risk of this serious
complication.

3. Effects on cardiac repolarization. Several drugs may
affect QT interval, that is the time required for
ventricular depolarization and repolarization of the
heart to occur. Changes in the QT interval are asso-

of fatal

21rrhy‘[hmias.28‘29 For this reason, from 2005, formal

ciated with an increased risk
studies (placebo and active drug-controlled studies
conducted in healthy volunteers) are required to
evaluate the effect of therapeutic and supra-
therapeutic doses of any new agent on ECG during
clinical drug development.>® Several ASMs, mainly
those that target sodium channels, may alter cardiac
repolarization.>' In the CNB formal study, it has
been found that this agent shortens QT interval of
more than 20 msec compared with placebo in 31%
of the subjects at the dose of 200 mg and in 66% of
the subjects at the dose of 500 mg."* Consequently,
CNB is not recommended in patients with familial
short QT syndrome and should be used with caution
when combined with other drugs that shorten QT
interval such as primidone or rufinamide."?

4. Risk of suicide attempts. There is a suspect that all
ASMs, as a class and across all ranges of indica-
tions, may be associated with a small increment of
suicidal thoughts or behaviour’” even though
a more recent analysis failed to confirm this
finding.® In the open-label CNB study,'® three
cases of suicide attempt and one case of serious
suicidal ideation have been reported. Although
a clear association between this drug and suicide
has not been demonstrated, FDA recommends mon-
itoring for suicidal behaviour and ideation patients
treated with CNB, as recommended for several
other ASMs."?

Discussion

CNB is the most recently approved ASM and its profile is

particularly interesting under several points of view. There

are several critical questions that deserve a comment.
The efficacy profile of CNB that emerges from two

relatively small randomized clinical studies should be
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Table 6 Most Important and/or Frequent Adverse Events Observed During Cenobamate Treatment in Double-Blind Trials and Open-

Label Long-Term Study

Patients Treated with CBN in Double-Blind Patients in the Open-Label Long-Term Study
Studies with the Adverse Event, % with the Adverse Event, %
Adverse events leading to 11.0 12.2
drug discontinuation
Central nervous system
Somnolence 24.7 28.1
Fatigue 16.1 16.6
Dizziness 233 23.6
Balance disorder 54 55
Nystagmus 57 NR
Diplopia 10.9 5.8
Gastrointestinal system
Nausea 7.0 6.0
Vomiting 3.8 NR

lZO |.|6

Note: Data from Lattanzi et al®" and Sperling et a
Abbreviation: NR, not reported.

confirmed in the long term. Up to now, open-label, long-
term studies on patients recruited in the pivotal rando-
mized clinical studies have not been published yet, and
open-label naturalistic studies similar to those available for
other third-generation ASMs***
Hence, we do not know how many drug-resistant patients

are still not available.

with focal epilepsies that achieved seizure freedom over
few months in the randomized, double-blind studies will
keep on without seizures over the years. In addition,
a precise comparative direct and/or indirect assessment
with other ASMs seems of particular importance. Will
CNB result more effective than the other ASMs that
have been recently introduced in the market? Under this
aspect, comparative analyses on efficacy with other ASMs
should consider the high placebo response observed in
CNB registrative studies. It should be considered that
placebo response in double-blind studies of ASMs has
increased over the years for reasons that are not jet clearly
understood.***

A further consideration regards the dual mechanism of
action of CNB both on the non-inactivating portion of
VGSCs and the phasic and tonic inhibitory currents of synap-
tic and extrasynaptic GABA 4 receptors. It seems reasonable
to hypothesize that the high efficacy profile of this drug is the
consequence of such novel mechanisms of action. A critical
point that should be studied in the future is whether there are
pharmacodynamic interactions between CNB and other
ASMs. Will the CNB efficacy profile be influenced by con-
comitant ASMs, particularly those affecting VGSC with

different mechanisms or those affecting GABAergic trans-
mission? In other words, will CNB have super-additive,
additive or infra-additive pharmacodynamic interactions
concerning efficacy or tolerability with other ASMs?*! It is
known that concomitant use of agents blocking VGSC is
associated with low increase in efficacy and higher incidence
of neurological adverse effects.***

A third critical point is the evaluation of the spec-
trum of efficacy of CNB. Will this agent be effective on
other type of seizures? Interestingly, studies on animal
models suggest a broader anti-seizure profile of CNB
compared to other VGSC blockers, and for this reason,
it has been hypothesized that CNB might have other,
still unknown, mechanisms of action.”* In a single-blind
study, it has been demonstrated that a single CNB dose
is effective in suppressing generalised paroxysmal dis-
charges in subjects with photosensitive epilepsy and that
this effect increases with increasing doses,** thus sug-
gesting the efficacy on generalized epilepsies. Two stu-
dies in patients with primary generalized tonic-clonic
seizures are ongoing and, hopefully, will answer this
question in the near future.*

The fourth point is how certain pharmacokinetic charac-
teristics, DDIs and some potential adverse effects of CNB
will impact the management of patients with epilepsy in the
real-world and whether these will limit the use of this drug.
For example, the low starting dose and slow titration that are
needed to reduce the risk of serious idiosyncratic drug reac-
tions and avoid dose-dependent neurologic adverse effects,

3454

Dove!

Neuropsychiatric Disease and Treatment 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Zaccara et al

may limit the use of CNB when a rapid onset of action is
required. For the treatment of patients with status epilepti-
cus, episodes of cluster seizures and acute repetitive sei-
zures, a drug that needs to be started at a sub-therapeutic
dose and slowly titrated does not look the preferable choice.
In addition, CNB non-linear kinetics may cause more than
proportional drug concentrations at high doses with conse-
quent possible intolerable neurological adverse effects. It
needs to be clarified whether, as it happens for
phenytoin,*® monitoring of blood levels of CNB may be
important to individualize the optimal drug dose, particu-
larly in patients treated with high doses.

Surely, plasma levels of some concomitant ASMs
should be monitored. For example, plasma levels of the
old-generation ASMs phenytoin and phenobarbital (meta-
bolised by CYP2C19) and carbamazepine (metabolised by
CYP3A4) should be monitored, at the beginning of CNB
treatment, because of the inhibitory or inducing effects of
CNB on these enzymes. Similarly, clobazam and its active
metabolite may be linked to somnolence development and
dosages adjusted and monitored.

Conclusion

The use of this new agent in clinical practice will require
knowledge and careful clinical observation by skilled epi-
leptologists and neurologists. It is recommended to start
CNB with a low dose (12.5 mg/day) that must be titrated
gradually to the target dose of 200 mg/day. This dose may
be increased to a maximum of 400 mg/day, whether clini-
cally needed. Due to possible interactions, doses of con-
comitant ASMs may require adjustment. The stepwise
tapering off of a previously ineffective drug may be
attempted to increase tolerability and reduce the risk of
treatment failure due to side effects. In addition, efficacy
and tolerability of other drugs administered for the treat-
ment of possible comorbid diseases may require dose
adjustments. With all these caveats, there is hope that
several drug-resistant patients will benefit from this treat-
ment. Ongoing clinical studies will confirm and expand
the efficacy spectrum of CNB in epilepsy patients.
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