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Abstract: Treating the signs and symptoms of anxiety is an everyday challenge in clinical
practice. When choosing between treatment options, anxiety needs to be understood in the
situational, psychiatric, and biological context in which it arises. Etifoxine, a non-
benzodiazepine anxiolytic drug belonging to the benzoxazine class, is an effective treatment
for anxiety in response to a stressful situation. In the present review, we focused on several
aspects of the cerebral and somatic biological mechanisms involved in anxiety and investi-
gated the extent to which etifoxine’s mode of action can explain its anxiolytic activity. Its
two mechanisms of action are the modulation of GABAergic neurotransmission and neuro-
steroid synthesis. Recent data suggest that the molecule possesses neuroprotective, neuro-
plastic, and anti-inflammatory properties. Etifoxine was first shown to be an effective
anxiolytic in patients in clinical studies comparing it with clobazam, sulpiride, and placebo.
Randomized controlled studies have demonstrated its anxiolytic efficacy in patients with
adjustment disorders (ADs) with anxiety, showing it to be superior to buspirone and
comparable to lorazepam and phenazepam, with a greater number of markedly improved
responders and a better therapeutic index. Etifoxine’s noninferiority to alprazolam has also
been demonstrated in a comparative trial. Significantly less rebound anxiety was observed
after abrupt cessation of etifoxine compared with lorazepam or alprazolam. Consistent with
this finding, etifoxine appears to have a very low dependence potential. Unlike lorazepam, it
has no effect on psychomotor performance, vigilance, or free recall. Severe adverse events
are in general rare. Skin and subcutaneous disorders are the most frequently reported, but
these generally resolve after drug cessation. Taken together, its dual mechanisms of action in
anxiety and the positive data yielded by clinical trials support the use of etifoxine for treating
the anxiety signs and symptoms of individuals with ADs.

Keywords: ctifoxine, adjustment disorders, TSPO, translocator protein 18 kDa, 3a,
allopregnanolone, 50-THP, GABA, benzodiazepines, anxiety, neuroprotection

Introduction

Anxiety, an emotional experience characterized by a state of arousal and the
expectation of danger, has been part of human experience throughout the ages.
Over time, numerous conceptions of anxiety and classifications have been pro-
posed, particularly in the medical field. Classifications of anxiety regularly redraw
the boundaries between its different clinical manifestations, and new research
continues to reveal further layers of complexity in its pathophysiological mechan-
isms. In the present review, we focused on the treatment of anxiety with etifoxine,
a non-benzodiazepine (BZD) anxiolytic. Our aim was to provide an overall picture
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of the anxiolytic properties of etifoxine, both within the
traditional conceptual framework of anxiety disorders and
with respect to the new perspectives opened up by recent
research.

We focused on the treatment of adjustment disorders
(ADs), a category that was recently redefined in the DSM-5
and ICD-11. Previously, the emphasis was on subjective
distress and emotional disturbances in ADs, principally in
terms of anxious or depressive symptomatology, leading to
the identification of ADs with anxiety (ADWA) and ADs
with depression. ADWA were described as being more fre-
quent than their depressive counterpart, mainly affecting
young and professionally active individuals.' The manifesta-
tions of anxiety in ADWA were considered to be just as
severe as those of generalized anxiety disorders.”
Nonetheless, criticisms were voiced regarding the validity
of the DSM-IV and ICD-10 diagnostic criteria for ADs.
Some of these have been addressed in the newly published
classifications, where there has been a shift towardconcep-
tualizing ADs as trauma- and stressor-related disorders.
DSM-5 diagnostic criteria for ADs include transient mala-
daptive or pathological reactions to identifiable stressors or
changes in life circumstances, with symptoms emerging
within 3 months of stress or onset. Anxiety, depression, and
behavioral disturbances are now seen as potentially asso-
ciated qualifiers, rather than as specifiers. Clinical manifesta-
tions are described as being out of all proportion with the
event. In addition to its intrinsic nature, the stressor must be
seen within the personal and interpersonal context in which it
has occurred, and cultural norms. The ICD-11 classification
goes one step further, by identifying core clinical manifesta-
tions, namely 1) “preoccupation with the stressor or its con-
sequences, including excessive worry, recurrent and
distressing thoughts about the stressor, or constant rumina-
tion about its implications”, and 2) “failure to adapt to the
stressor that causes significant impairment in personal,
family, social, educational, occupational, or other important
areas of functioning”. If functioning is maintained, it is done
so only through significant additional effort, and if impair-
ment takes place, it must be far greater that it would be
expected, given the individual’s prior functioning.

A better definition of ADs might make it possible to
identify associated CNS and whole-body biomarkers,
based on the psychobiology of trauma and stressor, and
ultimately improve their treatment. In particular, it is
important to study the role of GABA in AD? along with
neuroendocrine and whole-body processes such as inflam-
mation, immunity, and oxidative stress.*

The traditional concept of the pathophysiology of anxi-
ety has focused on structural and functional brain
dysfunction.” It regards anxiety as the result of an alteration
of the coordinated activity of brain pathways, modulated by
local and distant synaptic relays via neurotransmitters.
Structurally, a set of limbic structures have been implicated
in anxiety. These include the amygdala, which is tightly
connected to the prefrontal cortex and appears to be critical
for the regulation of negative emotion. Various neurotrans-
mitters and modulators play an important functional role in
modulating anxiety-related behaviors. These include med-
iators associated with the hypothalamic-pituitary-adrenal
(HPA) axis,6 monoaminergic and GABAergic neurotrans-
mission systems,”** neuropeptides such as cholecystokinin,
and lipid neuromodulators.’

In addition to this brain-centered approach to the patho-
physiology of anxiety, there is increasing evidence to sug-
gest that anxiety states can also be modulated by the effect
on the brain of somatic physiological processes such as
inflammation, immunity, and oxidative stress, as well as
gut microbiota.'® For instance, dysfunctional interactions
involving the HPA axis and gut microbiota'’ have been
described as contributing to the pathophysiology of anxiety.
In humans, stress, a common feature of all anxiety disorders
has been shown to be associated with several pro-
inflammatory response phenotypes that may be unrespon-
sive to the anti-inflammatory actions of glucocorticoids.'
Moreover, several drugs known to reduce the clinical man-
ifestations of anxiety (antidepressants, certain BZD, and
non-BZD anxiolytics) have been shown to attenuate the
above-mentioned abnormal physiological processes, point-
ing to a possible — and previously underestimated — aspect
of the mechanism of action of anxiolytic drugs."?

Current understanding and treatment of anxiety disor-
ders may thus need to be broadened in order to adopt
a whole-body perspective. In particular, we need to reap-
praise our understanding of the mechanisms of action of
anxiolytic drugs to include newly identified mechanisms
within or without the CNS. Etifoxine, a non-BZD anxio-
lytic molecule that acts as a positive allosteric modulator
of GABAergic transmission, is no exception to this rule.
Recent studies have shown that etifoxine can exhibit con-
siderable anti-inflammatory activity in the CNS.'* Effects
on the immune system'> and neuroendocrine system, nota-
bly through binding to the mitochondrial outer membrane
translocator protein (TSPO)'® and neurotrophic factor
synthesis,'” may also contribute to etifoxine’s anxiolytic
activity. This approach is opening up novel and exciting
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avenues for exploring the mechanisms of action of this
anxiolytic agent.

Strategies for treating anxiety disorders are inspired by
evidenced-based studies, along with empirical experimen-
tation with drugs. Given the wide variety of clinical set-
tings in which the manifestations of anxiety can arise and
the chronicity of these manifestations, it is unrealistic to
expect to find a single, optimum evidence-based treatment
for all clinical situations. Clinicians, therefore, need to
gain a deeper understanding of the diverse mechanisms
of action of anxiolytic agents, in order to select the most
promising anxiolytic medication for their patients.

In this context, we conducted a detailed review of the
mechanisms through which etifoxine exerts its anxiolytic
activity. Looking beyond the classical GABA, receptor
interactions we present new research data about etifoxine’s
other putative anxiolytic mechanisms.

Interactions of etifoxine with the
GABA receptor

Role of GABAA neurotransmission in the
pathophysiology of anxiety

Both animal research and brain imaging studies have
demonstrated that prolonged dysregulation of brain net-
works involving cortical and specific subcortical areas
(amygdala, hippocampus, thalamus, prefrontal, and cingu-
late cortex) contributes to the expression of anxiety
symptoms.” In particular, reduced inhibitory GABAergic
transmission in the CNS has been shown to be critical for
the manifestation of anxiety.'® In this respect, the structure
and function of the GABA, receptor have been under
intense scrutiny.

The GABA, receptor is a ligand-gated chloride-
selective ion channel. It is a hetero-oligomeric protein
made up of five subunits that cross the neuronal membrane.
Most GABA, receptors include two o subunits, two B
subunits, and one y subunit.'"® The a and B subunits enable
GABA binding, while the y subunit confers BZD sensitiv-
ity, as these drugs bind within the interface between the o
and y subunits, enhancing the probability of a channel open-
ing in response to GABA.?® The opening of this chloride/
bicarbonate-permeable channel’' by at least two GABA
molecules induces an influx of negatively charged chloride
ions, resulting in a transient reduction in the ability of the
neuronal membrane to conduct action potentials, leading to
phasic inhibition of the neuron. The anxiolytic effect of
drugs binding to the GABA, receptor is attributed to the

facilitation of chloride channel opening, thereby amplifying
neuronal inhibition in response to GABA.

Over the last half-century, numerous GABA 4 receptor
ligands have been developed as therapeutic agents,
including anxiolytics, hypnotics, muscle relaxants, and
antiepileptics. One such anxiolytic drug is etifoxine
(6-chloro-2-ethylamino-4-methyl-4-phenyl-4H-3,1-ben-
zoxazine), a non-BZD anxiolytic drug belonging to the
benzoxazine class.”>>* The affinity of etifoxine for the
chloride channel coupled to the GABA, receptor is in
the micromolar range, whereas that of BZDs for this
same channel are in the nanomolar range.”” Etifoxine
has a dual mechanism of action on GABAergic transmis-
sion, through both a direct effect on the GABA receptor
and an indirect effect via neurosteroid synthesis allowing

for allosteric modulation of the GABA 4 receptor.”®?’

Direct action of etifoxine on the GABA,

receptor

In vitro studies have demonstrated that etifoxine can inhi-
bit the binding of a specific GABA, receptor ligand
(t-butylbiclophosphorothionate, TBPS) in the cerebral cor-
tex of rodents, suggesting the presence of binding sites for
etifoxine on the GABA, receptor. In vivo evidence of
a functional consequence of etifoxine binding to the
GABA, receptor has come from studies in mice, where
etifoxine has been found to block the clonic seizures
induced by TBPS, demonstrating an anticonvulsant effect
mediated through the GABA, receptor.”

More detailed information on the nature of the interac-
tion between etifoxine and the GABA 4 receptor has been
yielded by radioligand binding studies evaluating competi-
tion from etifoxine for the binding sites of the GABA
agonist [°H]-muscimol and the BZD modulator [*H]-
flunitrazepam on the GABA 4 receptor. In vitro experiments
on rat brain membrane preparations>® have shown that the
binding of these ligands is not hindered by etifoxine, indi-
cating that its binding site is distinct from that of GABA and
BZDs. Instead, the binding of these two radio-labeled
ligands increases in the presence of etifoxine, demonstrating
positive allosteric modulation. The in vivo observation that
the anxiolytic action of etifoxine is not inhibited by fluma-
zenil, a specific antagonist of the BZD binding site on the
GABA, receptor,zg is also consistent with the notion that
etifoxine and BZDs bind to different sites. This property
may explain the lack of a detrimental effect of etifoxine on
sedation and memory compared with BZDs (Figure 1).
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Figure | Comparison of the mechanism of action of etifoxine and benzodiazepines on the GABAA receptor. (A) Benzodiazepines bind principally within the between the a
and y, subunits of the GABA, receptor. The nature of the a subunit influences the pharmacological properties of agents binding to it (sedation, myorelaxation, amnesia, etc).
Flumazenil specifically inhibits binding of benzodiazepines to the GABA, receptor. (B) Etifoxine acts on the GABA, receptor, both by binding directly to the B,/B3 subunits
and by indirectly stimulating neurosteroid production (allopregnanolone). Flumazenil does not affect the binding of etifoxine to the GABA4 receptor. Reproduced with kind

permission from Biocodex.
Abbreviation: TSPO, translocator protein of 18 kDa.

Studies of recombinant GABA, receptors have shown
that etifoxine-stimulated GABAergic transmission persists
in the absence of o or y subunits, suggesting that it is the
subunit of the GABA 4 receptor that is critical for etifoxine
binding. The different subunits of the GABA, receptor
hetero-oligomer vary from one another in the composition
of a limited set of amino acid sequences, each family is
made up of a restricted number of variants. Several subtypes
of the GABA, receptor are present within the CNS, and
these subtypes show specific anatomical and subcellular
expression patterns, as well as functionally different proper-
ties. The apparent affinity of GABA4 receptors for GABA
and etifoxine depends on the subunit composition and, more
specifically, on a-f subunit dimers forming the agonist
binding sites for GABA. In this context, etifoxine has
a higher affinity for receptors containing 3, or 5 subunits
than for ones containing p; subunits.*® The effects of etifox-
ine are thus mainly determined by the presence of § sub-
units, which clearly distinguishes this anxiolytic drug from
other positive allosteric modulators of the GABA 4 receptor,
such as BZDs whose activity depends primarily on the
nature of the o and y subunits.>’ The binding of etifoxine
to B subunits leads to a positive allosteric modulation of the
chloride currents resulting from the opening of GABA,
receptors, associated with an increase in the current duration

and amplitude in the case of non-saturating GABA concen-
trations. Etifoxine has also been shown to increase the
frequency of spontaneous miniature GABAergic inhibitory
post-synaptic currents, without changing their amplitude or
kinetic characteristics.’

The behavioral consequences of this subunit specificity
were elegantly demonstrated by Verleye et al. Two different
inbred mouse strains (BALB/cByJ and C57BL/6J) were com-
pared on emotional and anxious behavior. An overexpression
of the B, subunit in the CNS was found in the BALB/cByJ
mice, compared with the C57BL/6J mice, and the former
were more reactive to stressful stimuli than the latter.>* No
differences in B3 subunits were found between the two strains.
The BALB/cByJ strain was also more responsive to the
anxiolytic and antiepileptic effects of etifoxine, indicating
a positive correlation between the proportion of f,-containing
GABA 4 receptor subunits and etifoxine efficacy.>®

Indirect action of etifoxine on the
GABAA, receptor

In addition to its direct action on the GABA, receptor
through binding to the B-subunit, etifoxine can displace
[PH]-PK11195, a highly specific TSPO ligand, in
a concentration-dependent manner.'®** The exact role of
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TSPO in neurosteroid synthesis within the neurons and glial
cells of the CNS — particularly that induced by etifoxine — is
not as clear today as it used to be.*> TSPO was initially
thought to be located at the contact zone between the outer
and inner mitochondrial membranes, and to be key in
orchestrating mitochondrial cholesterol translocation, play-
ing the role of the rate-limiting step of neurosteroidogen-
esis. However, a recent experiment showing that TSPO-/-
mouse line is not modified in steroidogenesis®®’ and that
PK11195 can stimulate steroidogenesis even in the absence
of TSPO, points to the existence of another target
molecule.®® A study in frog hypothalamus explant pub-
lished the same year demonstrated that etifoxine may act
through a mechanism that is independent of TSPO, leading
to an increase in neurosteroidogenesis.'®

Certain neurosteroids produced in the mitochondria
interact with the GABA, receptor. Pregnenolone, which
is synthesized from cholesterol in the mitochondria, is
converted to progesterone by 3a-hydroxysteroid dehydro-
genase. In turn, progesterone is converted in the cytoplasm
to its 3a,5a-derivatives (3a,5a-tetrahydroprogesterone or
allopregnanolone, and allotetrahydrodeoxy corticosterone
or alloTHDOC) by successive actions of So-reductase and
3a-hydroxysteroid dehydrogenase. Of interest, progester-
one, deoxycorticosterone, and testosterone metabolites,
particularly allopregnanolone, are the most potent known
positive allosteric modulators of GABA, receptors.*’
They increase the opening burst duration of the GABA,
receptor channel, as well as the mean open time.”'

The increase in brain allopregnanolone levels after
etifoxine administration observed in animal models is
assumed to have a synergistic and facilitatory effect on
GABAergic 7 complementing the
direct action of etifoxine on the f} subunit of the GABA,
receptor. Etifoxine’s molecular mechanism of action
(Figure 2) is thus ascribed both to its direct effect on the
GABA, receptor and to an indirect effect on the receptor

- 2
neurotransmission,

via increased synthesis of certain neurosteroids as
a consequence of binding to and activating TSPO.***!
This dual mechanism of action has been correlated with
the anxiolytic effect of etifoxine observed in animal models
of anxiety.*** For instance, this effect was confirmed in
a study of anxious BALB/cByJ mice subjected to acute
immobilization stress. The effects of different substances
blocking central GABAergic function or neuroactive steroid
synthesis were also evaluated.** The authors concluded that
by binding to distinct recognition sites on the GABA4
receptor, etifoxine, and allopregnanolone exert additive

effects in potentiating inhibitory GABAergic transmission,
reflected in an increased anticonvulsive effect.*’

Etifoxine and the serotonergic system
Other neurotransmitter systems besides the GABAergic
system, such as the serotonergic system, are also involved
in anxious behavior. Given the numerous interactions
between these two neurotransmission systems, it is rele-
vant to investigate possible interactions between etifoxine
and serotonergic receptor ligands. Bourin et al, demon-
strated in a mouse model of anxiety that the anxiolytic
effect of etifoxine is modulated by the co-administration of
5-HT,A ligands.*® A serotonergic mechanism is thus
involved in the anxiolytic effect of etifoxine. As etifoxine
has no direct interaction with the serotonergic system,
these results suggest that the anxiolytic activity of etifox-
ine is subtended by a relationship between the serotonergic
and GABAergic systems.

Behavioral pharmacology of

etifoxine: manifestations of anxiety
Several studies have evaluated the direct or indirect
GABAergic mechanisms through which etifoxine regu-
lates autonomic responses associated with anxiety.
Etifoxine’s effects on autonomic responses to stress
have been investigated in rat models of anxiety (stress-
induced hyperthermia, conditioned fear stress-induced
freezing behavior, and activation of colon motility).
Etifoxine treatment attenuated hyperthermia, and reduced
freezing behavior and the frequency of caeco-colonic con-
tractions in rats subjected to stressful events. The anxioly-
tic effects of etifoxine thus involve attenuation of both
behavioral and autonomic manifestations of anxiety.*’
Another animal model, which used the cerebral injec-
tion of corticotrophin-releasing factor (CRF) to reproduce
autonomic and behavioral responses to stress, showed that
the anxiolytic properties of etifoxine are related to its
effect on GABAergic neurotransmission, rather than to
an interaction with CRF1 and CRF2 receptors.*®
GABAergic involvement in the anxiolytic and antic-
onvulsant properties of etifoxine has also been highlighted
in a mouse alcohol withdrawal model, in which hyperex-
citability and anxiety in mice with alcohol withdrawal
symptoms were reduced by etifoxine.*’
In the four-plate test model of anxiety, the anxiolytic
activity of both etifoxine and gabapentin was found to be
comparable to that of a BZD (diazepam) or a serotonergic
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Figure 2 Mechanism of action of etifoxine. Etifoxine stimulates GABAergic transmission through two complementary mechanisms. Firstly, etifoxine binds directly to the B,/p3
subunits of the GABA, receptor. Secondly, etifoxine reinforces GABAergic transmission via an indirect mechanism by binding to the TSPO receptor on mitochondria, thus
facilitating the synthesis of neurosteroids, which are powerful positive allosteric modulators of the GABA4 receptor. Reproduced with kind permission from Biocodex.

agonist (DOI hydrochloride). The anxiolytic activity of
etifoxine and gabapentin in this model, unlike that of
diazepam, tended to persist during the test-retest proce-
albeit to a lesser extent than that of DOI
hydrochloride.”® These data suggest that etifoxine and

dure,

gabapentin may be more effective in treating anxiety man-
ifestations of stress and fear than BZD.

Anxiolytic activity of etifoxine:
clinical trials and practice

Anxiolytic activity of etifoxine: studies in
patients

Clinical pharmacology

Studies have been conducted in healthy volunteers to

characterize the pharmacokinetic profile of etifoxine.
Following administration of a single dose of etifoxine

(150 mg), the molecule is extremely bioavailable (approxi-
mately 90%) and does not bind to blood cells. It does,
however, strongly bind to plasma proteins (88-95%). After
oral administration, etifoxine is rapidly absorbed by the
gastrointestinal tract. Time to maximum blood concentra-
tion is 2-3 hrs. It is rapidly metabolized in the liver to
form several metabolites. One of these metabolites,
diethyl-etifoxine, is active. It can also cross the placental
barrier. Etifoxine’s half-life is about 6 hrs, and that of its
active metabolite is almost 20 hrs. It is mainly excreted in
urine as metabolites, but is also excreted in bile. Small
amounts are excreted in an unchanged form.>!

Clinical efficacy
The first studies of etifoxine in the clinical development
program to obtain marketing authorization were conducted
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in patients presenting with anxiety and mood disorders.
Compared with sulpiride and placebo, etifoxine demon-
strated efficacy in reducing anxiety symptoms and cardio-
vascular signs such as dyspnea and tachycardia.

As the anxiolytic effects of etifoxine in animal models
have been most robustly demonstrated in stress models,
clinical development in recent years has focused on
patients with ADs, and chiefly ADWA, as per DSM-III
and DSM-IV classifications. The recent changes in AD
categorization in both the DSM and ICD systems need to
be taken into consideration when interpreting studies of
etifoxine conducted using the previous DSM classification
of ADWA.

Clinical studies in patients who have ADWA
The first multicenter, randomized, controlled, double-blind
study evaluating the efficacy of etifoxine vs buspirone in
170 patients with a primary diagnosis of ADWA was
carried out in France in 1998 (Table 1).>? Patients were
treated for 4 weeks with either etifoxine (150-200 mg/day;
n=83), or buspirone (15-20 mg/day; n=87). All patients
presented with clinical anxiety at inclusion, according to
their Hamilton Anxiety Rating Scale (HAM-A) score
(>18). The primary endpoint was the HAM-A score at 4
weeks, adjusted to the baseline value. Secondary endpoints
were the Clinical Global Impression (CGI) Scale-Global
Improvement score and the CGI-Efficacy Index (relation-
ship between and undesirable
effects).”

Results showed the superiority of etifoxine over bus-
pirone for the mean HAM-A score at 4 weeks (p=0.05).
Moreover, the etifoxine group had a significantly better

anxiolytic efficacy

CGI-Global Improvement score than the buspirone group
from Day 7 of treatment onwards (p<0.001 on Day 7, and
p=0.02 on Days 14 and 28). Finally, the CGI-Efficacy
Index on Days 14 and 28 was also better for etifoxine
(p=0.01 and p=0.05). The treatment arms did not differ in
the number of adverse events.’> CNS-related adverse
events (somnolence, vertigo, and headache) were reported
in 40.7% of the etifoxine-treated patients and 58.6% of the
patients in the buspirone group.

In a second multicenter, controlled, randomized double-
blind study, etifoxine was compared with lorazepam in
outpatients with ADWA followed by general practitioners
(Table 1).>* Patients received either etifoxine (50 mg 3
times per day; n=93) or lorazepam (2 mg/day divided into
three administrations: 0.5 mg morning and noon, and
1.0 mg in the evenings; n=96) for 28 days. All patients

presented with clinical anxiety at inclusion, according to
their HAM-A score (>20). The main efficacy assessment
criterion was the HAM-A score on Day 28, adjusted to Day
0. Secondary endpoints included CGI, Shechan Disability
Scale®® and Social Adjustment Scale Self-Report >” scores.
Both treatments were effective in reducing the HAM-A
score from Day 7 onwards. The anxiolytic effect of etifox-
ine was noninferior to that of lorazepam (Schuirmann non-
inferiority test: p=0.0002 for HAM-A score on Day 28, and
p=0.0001 on Day 7). However, a higher number of patients
responded to treatment, as expressed by a total decrease in
the HAM-A score from baseline to Day 28 of >50%, in the
etifoxine group (72% vs 56%; p=0.0288). The CGI score
had improved in both treatment arms by Day 28, but more
patients showed a marked improvement (CGI score <3) in
the etifoxine group than in the lorazepam group (p=0.022).
The CGI-Efficacy Index on Day 28 was better for etifoxine
(»=0.038). The agents displayed comparable efficacy in
reducing disability and improving social adjustment.

There was no significant difference in the number of
adverse events between the groups receiving etifoxine or
lorazepam.>* Somnolence was reported in 10.7% of the
etifoxine-treated patients and in 18.7% of the lorazepam-
treated patients. Performances on immediate and delayed
free recall memory tests at 28 days were comparable in
both treatment arms. Withdrawal symptoms were evalu-
ated 1 week following treatment cessation. The number of
patients who experienced rebound anxiety after treatment
cessation was significantly greater (p=0.034) in the lora-
zepam group (eight patients) than in the etifoxine group
(one patient).>

In a study among patients with ADWA conducted in
Russia,”® the efficacy of etifoxine was compared with that
of phenazepam, an anxiolytic BZD commonly used in
Russia for the treatment of Ads (Table 1). This multi-
center, open-label, randomized study recruited 90 patients,
who received either etifoxine (150 mg/day) or phenaze-
pam (1 mg/day) for 6 weeks. The primary endpoint was
HAM-A on Day 42, adjusted to Day 0. Secondary evalua-
tion criteria were CGI-Severity, CGI-Global Improvement,
and CGI-Efficacy Index. Both treatments resulted in
equivalent reductions in anxiety scores, according to the
least-square mean estimate for noninferiority (95% etifox-
ine-phenazepam: —3.2 [-5.3;-1.1]). A second approach,
however, indicated that etifoxine was superior to phenaze-
pam (p=0.003 for HAM-A score on Day 42).More etifox-
ine recipients

than phenazepam recipients showed

a tendency to marked improvement (CGI score <3)
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on Day 42. The CGI-Severity score fell in both groups,
with a significant difference favoring etifoxine on Day 42
(»p=0.004). The CGI-Efficacy Index on Day 42 was also
better for etifoxine (p=0.004).

In this study, 23 of the 24 patients in the phenazepam
group reported adverse events. The most frequently
reported one was somnolence (observed in 32.6% of the
phenazepam recipients). A significant difference was
observed between the two treatment arms with respect to
the number of adverse effects leading to discontinuation (8
in the phenazepam group vs 0 in the etifoxine group;
p=0.002).°* Concerning withdrawal symptoms after treat-
ment cessation, three patients in the etifoxine group vs 26
in the phenazepam group experienced rebound anxiety
between Days 42 and 49, according to the irHAM-A
scores (p<0.001).>°

A multicenter, double-blind, randomized clinical trial
evaluating the efficacy of etifoxine vs alprazolam in 201
outpatients with ADWA was recently conducted in South
Africa (Table 1).°° Patients received either etifoxine
(150 mg/day; n=100) or alprazolam (1.5 mg/day; n=101)
for 4 weeks. All patients presented with clinical anxiety at
inclusion, according to their HAM-A scores (>20). The
primary endpoint was the total HAM-A score at Day 28,
adjusted for its value at Day 1. Secondary endpoints
included CGI-Global Improvement and the percentage of
responders (defined by >50% decrease in HAM-A score
between Days 1 and 28). Anxiety symptoms started to
improve from the first week in both groups. By Day 28,
the mean HAM-A total score had decreased by 72.5% in
the etifoxine group and by 79.7% in the alprazolam group,
while the adjusted mean difference in the HAM-A score
was 1.78 (90% CI[0.23; 3.33]) in favor of alprazolam. As
the upper limit of the 90%CI was greater than the 2.5
reference value, noninferiority of etifoxine to alprazolam
was not demonstrated. One week after treatment disconti-
nuation (Day 35), the HAM-A score in the etifoxine group
was still decreasing, whereas it had started to climb in the
alprazolam group, and the difference between the groups
on the mean change between Days 28 and 35 was signifi-
cant (p=0.019). Similarly, the CGI-Severity score
decreased between Days 28 and 35 in the etifoxine
group, whereas it increased in the alprazolam group
(p=0.004). Regarding the secondary outcome measures,
there were no significant differences between the two
groups, neither CGI scores nor responder status at Day 28.

During this study, 35 patients (35%) in the etifoxine
group experienced at least one adverse event, compared
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with 48 (47.5%) in the alprazolam group. Adverse events
were rated far more often as treatment-related by the
investigators for the alprazolam group (62.3%; 13 possibly
and 25 probably related) than for the etifoxine group
(34.3%; 13 possibly and 11 probably related). Adverse
events resulted in the withdrawal of seven patients from
the etifoxine group and six patients from the alprazolam
group, mainly owing to CNS or gastrointestinal symptoms.
CNS symptoms (principally somnolence, sedation or fati-
gue) were reported by 16% of the etifoxine recipients and
by 24.8% of the alprazolam recipients. Gastrointestinal
symptoms were reported by 12 patients in the etifoxine
group and eight in the alprazolam group. After treatment
discontinuation, more patients (11%) experienced adverse
events in the alprazolam group (16 events) than in the
etifoxine group (4% of the patients and 4 events)
(»=0.063). In the alprazolam group, 50% of these adverse
events were treatment-related (five possible and three
probable), compared with none in the etifoxine group.

These clinical studies clearly demonstrate the efficacy
of etifoxine as an anxiolytic in patients with ADWA. They
also highlight the good tolerability profile of etifoxine,
particularly its preservation of cognitive function and vig-
ilance. Moreover, etifoxine is not associated with either
rebound anxiety or withdrawal symptoms following treat-
ment cessation.®

Pharmacovigilance

Over the 30 years since etifoxine was first licensed, drug
safety monitoring has confirmed the low risk of drug depen-
dence or withdrawal symptoms following treatment
cessation61 The few reported adverse events mostly concern
skin and subcutaneous tissue disorders (eg, toxidermia),
which generally resolve with treatment discontinuation.
Hepatobiliary disorders such as elevated liver enzymes
have been described, but their incidence is unknown.
Elevated transaminase is generally reversible upon treatment
discontinuation. As with any psychotropic drug, episodic
liver function monitoring is recommended. Recent pharma-

covigilance data are summarized in https://www.has-sante.fr.

Cognitive effects of etifoxine in healthy

individuals

The psychomotor and memory effects of oral doses of
etifoxine and lorazepam were compared in healthy parti-
cipants in a randomized, double-blind, parallel-group pla-
cebo-controlled study®® (Table 2). A total of 48 healthy
participants were assigned to one of four groups, to receive

either a single dose of etifoxine (50 mg or 100 mg),
a single dose of lorazepam (2 mg), or placebo.
Neuropsychological testing evaluated psychomotor perfor-
mance (choice reaction time), attention (Barrage test), and
memory (Digit Span, immediate and delayed free recall of
a word list). A visual analog scale (VAS) was used to
measure sedation and mood. Seven adverse events were
reported by participants: five in the lorazepam group
(sweating, intoxicated feeling, and three cases of somno-
lence), and one (somnolence) in the etifoxine group.
Psychomotor performance at 2 hrs differed between the
four groups. Reaction times in the lorazepam group were
significantly longer than in the other three groups
(»<0.001). In addition, lorazepam recipients gave fewer
correct Barrage test answers than participants who had
received 50 mg etifoxine or placebo (p<0.002). Both
immediate and delayed free recall were significantly
impaired by lorazepam (p<0.001). The VAS results
showed that at 2 and 4 hrs, lorazepam-treated participants
experienced significantly more fatigue, drowsiness, som-
nolence, and clumsiness and felt less energetic than those
in the other groups.

This study provided no evidence that the single oral
doses of etifoxine (50 and 100 mg) had a deleterious effect
on psychomotor performance, attention or memory, in
comparison with the lorazepam 2 mg used as a positive
control.

In a recent publication,”® 30 healthy older (65-75
years) volunteers were tested for alertness and cognitive
functions in a study comparing etifoxine (2X50 mg), lor-
azepam (2X1 mg), and placebo (Table 2). The randomized
double-blind,
included threel-day sessions separated by a washout per-

placebo-controlled, crossover  design
iod of 14-30 days. Testing occurred 2 hrs after treatment
administration. Participants underwent cognitive tests
Test

tests

comprising the Cambridge Neuropsychological

Automated Batteries and other psychological
(Stroop, Rey, Auditory Verbal Learning Test, Digit
Span). Reaction time was the primary efficacy criterion.
Compared with placebo, etifoxine has no deleterious effect
on alertness whereas, as expected, lorazepam significantly
reduced it. In addition, etifoxine administration had no
deleterious effects on attention, rapid visual information
processing, Stroop test, or visuospatial, verbal, or working
memory measures. Similar percentages of adverse events
were observed with etifoxine and with placebo. Most were
found after lorazepam administration. The most frequent
adverse event was drowsiness. Only one adverse event
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was rated as severe in the etifoxine group, compared with
four in the lorazepam group.

Neuroprotective activity of etifoxine
in the central and peripheral

nervous systems

Etifoxine has also been found to have protective effects in
animal models of neuroinflammation, nociception, and neuro-
degeneration, which may partially account for its beneficial
effects in neurological and psychiatric disorders.***> Of parti-
cular interest is its activity in increasing the synthesis of neuro-
trophic factors known to be involved in neuroplasticity, which
occurs in response to the development and chronicity of neu-
ropsychiatric disorders, especially at the synaptic level. %
These studies also provide further support for the favorable
tolerability profile of etifoxine compared with BZD.®®

Etifoxine enhances the synthesis of

neuroprotective factors

Several experimental procedures have been developed to
examine the neuroprotective and neuroreparative properties
of etifoxine. In a rat peripheral nerve lesion model (sciatic
nerve cryolesion), Girard et al, demonstrated that etifoxine
promotes peripheral nerve regeneration and axonal growth,
leading to the accelerated and improved recovery of loco-
motion, motor coordination, and sensory functions.'”
Etifoxine activity on neurite outgrowth has also been
explored. Zhou et al, used a well-defined PC-12 cell
model where etifoxine was found to promote the synthesis
and release of glia-derived neurotrophic factor.®” Dai et al,
showed that etifoxine increases neuronal-like outgrowth in
PC-12 cells in a concentration-dependent manner. They also
demonstrated that etifoxine improves sciatic nerve regen-
eration, modulates immune responses, and boosts neurotro-
phin expression.” In a rat acellular nerve allograft model
(for treating peripheral nerve injury), Zhou et al, reported
that etifoxine increased the expression of neurofilaments in
regenerated axons, improving sciatic nerve regeneration,
increasing nerve conduction velocity, improving walking
behaviors, and increasing neurotrophin expression.®’

Etifoxine has anti-inflammatory and

immunomodulatory properties

Several brain injury models have been used to evaluate the
anti-inflammatory, immunomodulatory and neuroprotective
effects of etifoxine. A potential neuroprotective effect of
etifoxine was evaluated by Li et al, using a mouse model of

middle cerebral artery occlusion (MCAQ) and reperfusion.
In this model, ischemia increased recruitment of certain
microglial cell populations such as those expressing (ionized
calcium-binding adaptor molecule 1 (Ibal+) and CD11b
+CD45int. In these cells, TSPO activity was increased fol-
lowing ischemia. In this model, etifoxine significantly atte-
nuated neurological deficits and infarct volume after MCAO
and reperfusion. Etifoxine was shown to reduce the produc-
tion of pro-inflammatory cytokines by microglia. In particu-
lar, decreases in interleukin-1p, interleukin-6, tumor necrosis
factor-o0, and inducible nitric oxide synthase were observed
in the etifoxine-treated animals.”' More recently, in two
mouse models of intracerebral hemorrhage, -etifoxine
(50mg/kg/day, IP route) was shown to significantly reduce
neurological deficits and perihematomal brain edema up to 3
days post hemorrhage. This protective effect of etifoxine was
associated with reduced leucocyte infiltration into the brain
and increased production of IL-6 and TNFa by microglial
cells.”? Finally, in a model of traumatic brain injury, Simon-
O’Brien et al, demonstrated that etifoxine (50 mg/kg/day/7
days, IP route) reduced the production of pro-inflammatory
cytokines, macrophage infiltration, glial activation, and neu-
ronal degeneration.'*

In a mono-arthritic rat model of pain, 50 mg/kg of etifox-
ine efficiently reduced neuropathic pain symptoms, whether
the etifoxine was administered before or after induction of
arthritis. Etifoxine was found to strengthen overall inhibition
in the dorsal horn of the spinal cord, reducing several spinal
inflammatory processes and protecting against PGE2-
induced glycinergic disinhibition.”> Using an experimental
model of multiple sclerosis (experimental autoimmune ence-
phalomyelitis; EAE), Daugherty et al, showed that etifoxine
can decrease the severity of inflammatory demyelination and
reduce infiltration of peripheral immune cells into the spinal
cord. Again, this anti-inflammatory effect could be seen
whether etifoxine was administered before or after induction
of EAE. Recovery was correlated with diminished inflam-
matory pathology in the lumbar spinal cord and increased
oligodendroglial regeneration.”* This effect of etifoxine may
be mediated by modulation of TSPO activity, with etifoxine
administration associated with an increase in 3a-
hydroxysteroid dehydrogenase (arklc14) mRNA levels.

Protective effects of neurosteroidogenesis

induced by etifoxine
Injections of 50 mg/kg of etifoxine in adult male rats were
found increase concentrations of pregnenolone, progesterone
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and its 50- and 3a,50-reduced metabolites in brain and
plasma 30-60 mins after intraperitoneal administration.
This response occurred within hours in the adrenal
glands.”® Given this neurosteroidogenic property of etifox-
ine, its potential modulatory effect was investigated in a rat
model of neuropathic pain induced by the anti-cancer agent
vincristine. Prior administration of etifoxine prevented pain
sensitization by vincristine and reduce established hyperal-
gesia. Endogenous synthesis of 3a,5a-reduced neurosteroids
induced by etifoxine binding to TSPO appeared to be respon-
sible for the observed anti-hyperalgesia effects.”® In a chronic
sciatic nerve constriction rat model, Aouad et al, demon-
strated that etifoxine suppresses neuropathic pain symptoms.
This effect was fully mediated by 3a,5a-reduced neuroster-
oids, and probably also by allopregnanolone, which was
found in high concentrations in the spinal cord of the treated

animal.”’

Conclusion

Etifoxine is a non-BZD anxiolytic drug with selectivity for
the B subunit of the GABA 4 receptor. It possesses specific
pharmacological properties, involving both direct and
indirect (via neurosteroid synthesis) facilitation of
GABAergic neurotransmission, leading to a potential
indirect serotonergic activity. In addition, etifoxine attenu-
ates CNS and whole-body inflammation and immunity
processes known to be associated with anxiety.

Clinical studies have demonstrated the efficacy of eti-
foxine in the symptomatic treatment of anxiety, particu-
larly in patients with ADWA, with daily doses of
150-200 mg. The tolerability profile of etifoxine is better
than that of BZDs, notably because of a lack of effect on
memory and vigilance. In addition, treatment cessation
does not induce drug dependence, withdrawal, or rebound
anxiety. The patients included in studies so far have mostly
been women (2/3), which corresponds to the sex ratio for
anxiety and ADs in the general population. However,
a gender effect of etifoxine cannot be ruled out.

Of note, a 1990 European Council resolution under-
scored the danger of inappropriate or excessive prescrip-
tion of hypnotic or anxiolytic BZDs.”® This resolution
recommended that prescribers restrict the use of anxiolytic
BZDs to cases of severe or disabling anxiety and to limit
treatment duration.

The anxiolytic efficacy of etifoxine, its good tolerabil-
ity and the absence of drug dependence is strong argu-
ments in favor of using etifoxine in the management of
ADWA.
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