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Background

Clobazam is an antiepileptic drug (AED) which has been approved by the FDA for use in
the treatment of Lennox-Gastaut Syndrome in patients 2 years and older. Outside of the
U.S., clobazam is also used as an adjunctive therapy for refractory epilepsy and to treat other
epileptic syndromes and anxiety [1-3]. It is a 1,5-benzodiazepine, distinguished by the
presence of a nitrogen atom at positions 1 and 5 of the benzodiazepine ring rather than at
positions 1 and 4 as seen in the 1,4-benzodiazepines (e.g. diazepam) [4]. At the time of
writing, clobazam is the only 1,5-benzodiazepine in clinical use [4]. The main metabolite of
clobazam, norclobazam, is also clinically active and exerts an antiepileptic effect [5, 6].

Epileptic seizures are thought to be caused by excessive excitatory action potentials in
neurons [7]. Clobazam and norclobazam exert their effects by binding to postsynaptic
GABA receptors in the brain, ultimately causing hyperpolarization of the neuron to create
an inhibitory signal [8]. This hyperpolarization increases the action potential threshold,
thereby reducing the frequency of action potentials and the likelihood of seizures [7]. This is
discussed in greater detail in the Pharmacodynamics section below.

Clobazam is generally considered to cause fewer side-effects and cutaneous reactions, such
as Stevens-Johnson Syndrome (SJS) or toxic epidermal necrolysis (TEN), at a lower rate
than other AEDs, such as the 1,4-benzodiazepine carbamazepine [1, 9, 10]. Cases of
SJS/TEN have been reported in patients taking clobazam, often in combination with the 1,4-
benzodiazepine lamotrigine and valproic acid [11-13]. As lamotrigine is associated with a
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high risk of SJIS/TEN [14] and clobazam and lamotrigine are not thought to interact with
each other [15], it seems likely that lamotrigine is inducing SIJS/TEN in these cases.

The FDA has identified 21 cases of SIS/TEN from both the US and abroad, many of these in
children. As a result, they have released a warning about the potential for clobazam to cause
SJS/TEN at https://www.fda.gov/drugs/drugsafety/ucm377204.htm. However, it should be
noted that, in 19 of these cases, the patient was taking one or more concomitant drugs which
are also associated with SJS/TEN [16], many of which are themselves considered to be high
risk for SJS/TEN [14]. Indeed, a recent case-control study of 480 cases of SIS/TEN found
no causal association between clobazam and SJS/TEN [17].

Pharmacokinetics

As norclobazam is the active metabolite of clobazam, many studies have compared the
pharmacokinetics of the two molecules. A study of the single-dose pharmacokinetics of
norclobazam in both healthy volunteers and epilepsy patients found that administration of
30mg norclobazam resulted in a roughly 50% increase in the AUC for norclobazam than
administration of 30mg clobazam. The smaller norclobazam AUC following clobazam
administration is to be expected, and correlates to the fraction of clobazam that is
metabolized to norclobazam (discussed in greater detail in the next section).

Norclobazam is considerably more persistent in the body than clobazam, having a half-life
of around twice that of clobazam (71-82 hours and 36-42 hours, respectively) and, at
therapeutic doses, a serum concentration 3-5 times higher than that of clobazam [18]. It has
been found that norclobazam has a shorter half-life when administered directly than when it
is formed in the body from clobazam metabolism [19]. It has been suggested that this may
be due to the presence of residual clobazam in the body which is still available for
metabolism into norclobazam following clobazam administration.

The different half-lives of clobazam and norclobazam are reflected in the time needed for
both drugs to reach steady state concentrations. In multi-dose studies, clobazam reaches a
steady-state concentration within one week of beginning treatment, while a steady-state
concentration of norclobazam can take up to 3 weeks to be established [18, 20]. Steady-state
concentrations of norclobazam have been found to be higher in females than in males [19].

Studies of patients who became seizure free after using clobazam also found that, despite
receiving a low dose of clobazam and having undetectable serum concentrations of
clobazam, the patients had high serum concentrations of norclobazam [21]. These
observations strongly suggest that the actions of norclobazam account for much of the
clinical activity of clobazam.

Absorption, distribution, metabolism and excretion

Clobazam is available in tablet or oral suspension form [22] and is rapidly absorbed from the
gut, with a Typax 0f 0.5-3 hours [23-25], with Tyax 0f norclobazam following at 3-56 hours
[25, 26]. The rate of absorption of clobazam is not affected by a patient’s age or sex [24].
Once absorbed, clobazam distributes rapidly throughout the body [22]. The volume of
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distribution increases with age and is consistently higher in females than in males, regardless
of age [24].

Taking clobazam with food has been found to cause a slight reduction in the Cy,x Of
clobazam as well as a delayed Tax, however there was no distinguishable effect on AUC or
the elimination half-life [27] and current prescribing information states that clobazam can be
taken with or without food [22]. However, a case study of a patient beginning a ketogenic
diet while taking clobazam showed a 42% decrease in serum concentrations of clobazam
[28]. The authors hypothesize that the ketogenic diet may increase cytochrome P450 enzyme
activity, leading to increased metabolism of the drug [28].

Upon entry into the blood, both clobazam and norclobazam are highly protein-bound (90%
and 89% respectively). The majority of this binding is to plasma albumin with some binding
to al-acid-glycoprotein also observed [29]. Only unbound clobazam and norclobazam
molecules are able to cross the blood-brain barrier [29] and the fraction of non-bound
clobazam in the blood increases with age, partially due to a decreasing concentration of
plasma albumin [24]. Given that clobazam and norclobazam are lipophilic, have low
molecular weights and are only able to form 2-3 hydrogen bonds, it seems likely that they
are both able to diffuse freely across the blood-brain barrier without the involvement of a
specific transporter [30].

Clobazam is extensively metabolized in the liver by cytochrome P450 enzymes, with only
3% of the original dose being excreted unchanged [22, 31, 32]. Around 70% of clobazam
molecules are demethylated at nitrogen-1 to form norclobazam [6, 33]; a reaction primarily
catalyzed by CYP3A4, with CYP2C19 and CYP2B6 playing a minor role [32]. The relative
contributions of CYP3A4 and CYP2C19 to clobazam metabolism can be demonstrated in
enzyme inhibition studies. The AUC of clobazam undergoes a 54% increase when CYP3A4
is inhibited, while inhibition of CYP2C19 increases the AUC of clobazam by 27% [15]. The
overall rate of norclobazam formation decreases with age in males, but not females [24].

The remaining 27% of clobazam forms eight other metabolites [6], all of which are
considered to be inactive. The most commonly detected of these inactive metabolites is
4”hydroxyclobazam, which is produced by CYP2C18 and CYP2C19 [32]. Both
norclobazam and 4”hydroxyclobazam are further metabolized to the inactive metabolite 4'-
hydroxy-N-desmethylclobazam [6]. Norclobazam is predominantly metabolized by
CYP2C19 but can also by hydroxylated by CYP2C18 [32]. The demethylation of 4’-
hydroxyclobazam is carried out by CYP2C9, CYP2B6 and CYP3A4 [32]. Clobazam and
norclobazam’s status as CYP2C19 substrates is unusual when compared with the 1,4-
benzodiazepines, as only diazepam is metabolized by the same enzyme (see the PharmGKB
benzodiazepine pharmacokinetics pathway at https://www.pharmgkb.org/pathway/
PA165111375).

Numerous studies investigating drug-drug interactions with clobazam have shown that
induction of CYP3A4 and/or inhibition of CYP2C19, for example by omeprazole (a
CYP2C19 inhibitor) or etravirine (a CYP3A4 inducer and CYP2C19 inhibitor), can increase
plasma concentrations of norclobazam [33-38]. Similarly, induction of CYP2C19 increases
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norclobazam elimination from the body [36]. There have been indications that clobazam is
itself a CYP3A4 inducer and could therefore self-induce its own metabolism [20, 39], but
these have yet to be fully confirmed. Clobazam is known to inhibit CYP2D6, affecting the
pharmacokinetics of drugs such as dextromethorphan, which undergoes an 95% increase in
its AUC in the presence of clobazam [15].

Clobazam and its metabolites are excreted in the urine and feces [6], with the rate of
elimination of clobazam increasing with age [24]. There is some evidence that hepatic
impairment can affect the pharmacokinetics of clobazam metabolism, most notably the
elimination of norclobazam [40, 41]. This is reflected in the prescribing information, which
recommends that patients with hepatic impairment are given reduced doses of clobazam
[22].

Pharmacodynamics

Clobazam and norclobazam act on postsynaptic GABA, receptors. These receptors are
pentameric and are composed of a combination of a, B, v, 6, & or p subunits [4]. The
inclusion of a and B subunits is required for functional GABAp receptors [42], while y
subunits are necessary for benzodiazepine binding [43]. Benzodiazepines bind allosterically
to GABA receptors [44] at the benzodiazepine binding site, located between y and a
subunits [45]. For more information on benzodiazepine pharmacodynamics, see the
PharmGKB benzodiazepine pharmacodynamics pathway at https://www.pharmgkb.org/
pathway/PA165111376.

Unlike the 1,4-benzodiazepines, which are full agonists of the GABA receptor, clobazam is
considered to be a selective agonist and does not interact with GABAA receptors containing
v1 or a6 subunits [46, 47]. Although clobazam does binds to receptors containing the y2
subunit, like the 1,4-benzodiazepines, it is less dependent on the presence of the F77 residue
in the -y2 subunit for binding [48].

There is conflicting information about clobazam and norclobazam’s relative binding
affinities to the a1l and a2 subunits of GABA receptors. Some studies have found an
increased affinity for a2 over a1 subunits [4, 49, 50], while Hammer et al. saw no difference
in clobazam binding affinities for a1 and a2 subunits and only a marginal increase in
norclobazam’s binding affinity for a2 subunits compared to a.1 [51].

There is no direct evidence of how the binding of clobazam or norclobazam to a GABAA
receptor increases GABA binding and/or an increased influx of chloride ions. Work with the
1,4-benzodiazepine diazepam indicates that binding of a GABA agonist in the BZD
binding site increases the likelihood that the receptor will enter the preactivated state after
GABA has bound, making it more likely that the receptor will activate and initiate chloride
ion flow across the membrane [52]

Clobazam has been found to act on GABAA receptors involved in phasic inhibition (i.e.
those involved in temporary inhibition of excitatory action potentials), but does not interact
with receptors involved in tonic (long-term) inhibition [53]. Although it is more persistent in
the body than its parent drug and appears likely to confer much of the clinical effect of
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clobazam, /n vitro studies suggest that norclobazam has a lower activity at GABAa
receptors than clobazam [54].

Although the majority of research focuses on the interactions between clobazam or
norclobazam and GABA receptors, there are other proteins which could be affected by the
drug. A study of clobazam treatment in rats has suggested that the clinical effects of
clobazam and norclobazam may extend to transporter proteins. Clobazam treatment
increased expression of the GABA transporter GAT3 and the glutamate transporter GLT-1 in
the hippocampus [55].

Clobazam is considered less likely to cause some severe side effects in patients, such as
somnolence and physical dependency, than the 1,4-benzodiazepines [56], possibly because
clobazam is a selective agonist [49, 51]. Mouse neurons treated with clobazam show a
reduced upregulation of L-type high-voltage calcium channels compared to 1,4-
benzodiazepines. Upregulation of these calcium channels is thought to be involved in the
establishment of physical dependence and addiction [57].

Pharmacogenomics

There is a considerable amount of evidence in the scientific literature that CYP2C19
polymorphisms affect clobazam pharmacokinetics. Over 30 different CYP2C19 alleles have
been identified so far (https://www.pharmvar.org/gene/CYP2C19), many of which affect the
enzyme’s activity. The most frequently found alleles are *1, associated with normal levels of
enzyme activity, *2 and *3, which encode enzymes with a decreased level of activity, and
*17, which is linked to increased levels of enzymatic activity [58, 59].

It is possible to assign one of five different CYP2C19 metabolizer phenotypes to an
individual based on the combination of CYP2C19 alleles that they carry, as compared to the
‘normal’ activity levels conferred by the *1 allele [60]. These are described in Table 1, with
examples of common genotypes. It should be noted that the CYP2C19 alleles exhibit a gene
dose effect [61, 62], where an individual with a *1/*2 diplotype (i.e. one functional and one
non-functional allele) will have a different phenotype compared to individuals who are
homozygous for either the *1 or *2 allele.

Because CYP2C19 is the main enzyme involved in the metabolism of norclobazam to 4’-
hydroxy-N-desmethylclobazam, norclobazam persists in CYP2C19 poor metabolizers (i.e.
patients carrying two alleles conferring decreased or no CYP2C19 activity) for longer than
in other CYP2C19 phenotypes. Patients with a CYP2C19 poor metabolizer (PM) phenotype
can be distinguished by a high norclobazam C/D ratio and can have serum concentrations of
norclobazam up to 7-fold higher than those seen in other CYP2C19 phenotypes [22, 63].

Clearance of clobazam is also decreased in patients carrying one or more non-functional
CYP2C19 alleles, although the associated increase in clobazam concentrations is marginal
compared to the increase in norclobazam concentrations. As an example, patients with the
CYP2C19 PM phenotype experience a 30-50% increase in clobazam serum concentrations
compared to those with two functional alleles (e.g. *1/*1), but a 7-fold increase in
norclobazam concentrations [62, 63]. Clobazam C/D ratios are minimally affected by a
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patient’s CYP2C19 phenotype and development of tolerance to clobazam was unaffected by
a patient’s CYP2C19 phenotype [62, 63].

A case study of two patients with high C/D ratios of norclobazam found that one patient was
homozygous for CYP2C19*2, while the other patient carried one CYP2C19*2 allele. As
rare and private CYP2C19 mutations were not screened for in this study, it is possible that
this second patient carried a second non-functional allele which would confer a PM
phenotype [64].

As norclobazam is the active metabolite of clobazam, CYP2C19 IMs and PMs can
experience a greater clinical response (i.e. reduction of or freedom from seizures) to
clobazam treatment than other phenotypes and start to see treatment efficacy at a lower dose.
In a study of 110 epilepsy patients, Seo et al. found that 23.8% of IMs and 21.7% of PMs
became seizure-free following clobazam treatment, compared to 8.1% of NMs (OR = 6.12
for IMs and 7.83 for PMs) [62]. Similarly, Hashi et a/. treated 50 epilepsy patients with a
low dose (2.5mg/day) of clobazam and observed that almost all PMs had a reduction in
seizure frequency, while IMs and NMs had no change in seizure frequency (p <0.01) [59]. It
is assumed that patients who carry one or more CYP2C19*17 alleles, and therefore have a
rapid metabolizer or ultrarapid metabolizer phenotype, would have decreased exposure to
clobazam compared to NMs, however, no research has been published to confirm this.

While the CYP2C19 PM phenotype can improve treatment outcomes, patients with this
phenotype are potentially at greater risk of clobazam toxicity, symptoms of which can
include severe somnolence, CNS depression and ataxia, as a result of clobazam treatment
[22, 62, 65, 66]. It has been suggested that therapeutic drug monitoring (TDM) of the
norclobazam C/D ratio in patients could be an effective way to identify CYCP2C19 PMs
when no genetic information is available [65, 67], thus alerting the clinician to the potential
for clobazam toxicity. Further to this, the prescribing information for clobazam recommends
dosage adjustment for CYP2C19 PMs, starting at a lower dose of 5mg/day and slowly
increasing the dose as necessary (see https://www.pharmgkb.org/chemical/PA10888/label for
further details) [22].

There are indications that polymorphisms in other genes could also impact on clobazam
pharmacokinetics. Saruwatari et al. found that the P450 oxidoreductase POR*28 TT
genotype was associated with a 30% reduction in the serum concentrations of both clobazam
and norclobazam as well as a 44% increase in the oral clearance rate of clobazam [61]. The
mechanism behind these effects is as yet unclear.

Conclusion

Genetic variation in CYP2C19 can affect norclobazam metabolism, impacting both
treatment outcome and experience of side effects in patients. Poor metabolizers have higher
serum concentrations of norclobazam than intermediate and normal metabolizers and should
be monitored to ensure that they do not suffer from norclobazam toxicity.

The majority of pharmacogenetic studies involving clobazam have focused on poor
metabolizers or on populations where poor metabolizer alleles are prevalent (e.g. Japanese)
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[58] and there appears to be no work investigating the effects of a CYP2C19 ultrarapid or
rapid metabolizer phenotype on clobazam and norclobazam pharmacokinetics. Given that
the *17 allele, which increases CYP2C19 activity, is more frequent in European, African and
admixed American populations than the Asian populations which have been studied to date,
there is a need to ensure that the impact of all CYP2C19 phenotypes on norclobazam
metabolism is investigated.

There may be other genes which affect clobazam pharmacokinetics, such as POR, and
further investigation is merited. As norclobazam is an active metabolite, it is vital for future
studies to measure both clobazam and norclobazam pharmacokinetics in subjects in order to
fully understand the effects of genetic variation on clobazam treatment in patients.
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Table 1

CYP2C19 metabolizer phenotypes
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Overview of the different CYP2C19 metabolizer phenotypes with example diplotypes. The abbreviation for
each phenotype is given in parentheses.

CYP2C19 phenotype Enzyme activity level compared to Normal Metabolizer | Example diplotypes
Ultrarapid metabolizer (UM) Greatly increased *17/*17

Rapid metabolizer (RM) Increased *1/*17

Normal metabolizer (NM) - *1/*1

Intermediate metabolizer (IM) | Decreased *1/*2, *1/*3

Poor metabolizer (PM)

Greatly decreased or absent

*2/%2, *2/*3, *3/*3
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