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Abstract: This narrative review aims to provide an overview of the current literature on the
pharmacology, safety, efficacy and tolerability of intranasal esketamine, the S-enantiomer

of ketamine, for the treatment of treatment-resistant depression (TRD). A literature search
using Medline, Embase, PsycINFO and Cochrane Central was conducted (January 2000 to
July 2019). Product information and www.clinicaltrials.gov were also reviewed. The literature
search was limited to human studies published in English. Phasel, Il, and Ill studies of
intranasal esketamine for TRD were reviewed. About a third of patients with major depressive
disorder fail to achieve remission despite treatment with multiple antidepressants. This
article examines the trials that led to the approval of esketamine in the United States, as

well as other recent studies of esketamine for TRD. The findings from limited phaselll trials
illustrate that intranasal esketamine is effective and safe in reducing depressive symptoms
and achieving clinical response in patients with TRD. The optimum duration and frequency of
use are not fully understood. Although the nasal spray is a convenient dosage form, its use in
practice may be limited by cost and administrative regulation. While it may prove beneficial

to many patients who suffer from TRD, further long-term data are required, along with
comparative trials with the R-isomer (arketamine). In the interim, care and monitoring should
be exercised in its use in clinical practice. Correspondence to:
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Figure 1. Chemical structure of esketamine.

and suicidality.:2 MDD affects approximately
300 million people worldwide and has significant
impact in terms of lack of productivity, impaired
quality of life and increased mortality from
suicide.?

Approximately one-third of patients with MDD
do not respond to available antidepressants.*
Recent effectiveness trials indicated that only
one-third of participants had achieved remission
by the end of 12weeks of initial antidepressant
drug therapy, and this increased to a remission
rate of 70% after four sequential antidepressants.>
Consequently, improving remission rates and
reducing the latency period before the onset of
drug action remain significant unmet clinical
needs in the treatment of MDD.

Treatment-resistant depression (TRD) is the clin-
ical term used to define inadequate response from
two or more antidepressants with adequate dosing
and duration in the subpopulation of patients with
MDD.® TRD is associated with an increased risk
of subsequent relapse, hospitalisation and sui-
cide.”-8 In the United States, higher costs of care
and decreased work productivity are reported
among patients with TRD, relative to treatment-
responsive depression. A 2014 literature review
found that TRD accounted for US$29-48 billion,
in 2012, in total costs for managing depression,
pushing up the total societal costs of MDD to
between US$106—118billion per annum.®

A rapidly acting new agent, the S-enantiomer of
ketamine (also known as esketamine; delivered
intranasally as Spravato™, Janssen), was approved
on 5 March 2019 by the United States Food and
Drug Administration (FDA), after showing effec-
tiveness in patients with TRD. This narrative
review provides an overview of the current
literature on the pharmacology, chemistry,

pharmacokinetics, clinical trial results, safety,
efficacy and tolerability of intranasal esketamine
as a novel drug for the treatment of TRD.

Data sources, extraction and selection

Medline, Embase, PsycINFO and Cochrane
Central database searches (English only) were
performed for the period January 2000 to May
2020 using the following keywords: esketamine,
S-ketamine, Spravato, treatment-resistant depres-
sion, antidepressant and humans. Following the
primary literature search to identify relevant
papers, we carried out a citation analysis to iden-
tify potential studies pertinent to esketamine. The
citation analysis was performed with the aid of
Web of Science and Google Scholar to track pro-
spective citing of references of selected articles.
We also reviewed product information and https://
www.clinicaltrials.gov for published and unpub-
lished clinical research.

Articles included in the narrative review specifi-
cally discussed the use of intranasal esketamine
for the treatment of TRD, clinical trials of this
treatment, and/or adverse effects of treatment.
Furthermore, the authors evaluated the included
literature related to the chemistry, pharmacology
and pharmacokinetics of esketamine. Review type
articles and meeting abstracts identified from arti-
cle references were also assessed. The primary
search identified 457 articles.

Chemistry

Ketamine (or RS-ketamine) is a racemic mixture,
containing equal parts of R-ketamine and
S-ketamine (or esketamine). Esketamine is the
generic name of the drug and its British Approved
Name and International non-proprietary name is
‘esketamine hydrochloride’. It is also recognised
as S(+)-ketamine, (S)-ketamine or (—)-ketamine,
as well as by its developmental code name FN¥-
54135419.1 The chemical name is (S)-2-(o-
chlorophenyl)-2-(methylamino)cyclohexanone
hydrochloride (Figure 1). Its molecular formula is
C;H,(CINO.HCI and its molecular weight is
274.2 grams per mole.!! Esketamine hydrochlo-
ride is a white or almost white crystalline powder
that is freely soluble in water and methanol, and
soluble in ethanol.!! Intranasal esketamine repre-
sents a novel way of administering the agent and
is marketed under the brand name ‘Spravato’ for
use as an antidepressant for TRD.
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Table 1. Summary of pharmacokinetic parameters.'.

Absorption Distribution

Metabolism Elimination

Volume: ~7091 (based
on intravenous
administration)
Protein binding:
~43-45%

Bioavailability: ~48%
Tmax: ~20-40min

Main initial metabolite, nor-esketamine

Mean terminal half-life: ~7-12h

(less active than parent drug)
Cytochrome P450 iso-enzyme
mediated-metabolism: 2Dé and 3A4,
with some input from 2C9 and 2C19

Urinary: metabolites, 78%
Faeces: metabolites, <2%

Tmax time to maximum plasma concentration.

Pharmacology

The N-methyl-d-aspartate (NMDA) receptor
antagonist ketamine has shown rapid and sustained
(2months post-treatment) antidepressant effects
in treatment-resistant patients with MDD.%12
Esketamine was initially considered to be the
more effective S-enantiomer of ketamine, having a
higher affinity for the NMDA receptor, being about
2—4 times more potent than the R-enantiomer.!3
The increasingly recognised potential role for
R-ketamine (arketamine) as an antidepressant is
discussed further below (under section Relevance to
Patient Care and Clinical Practice).

The inhibitory constant (Ki) value of esketamine for
the NMDA receptor ranges between 0.3uM and
0.69uM.* The antidepressant properties of esketa-
mine are not mediated by known mood-modulating
pathways, such as the monoamine, gamma-amin-
obutyric acid (GABA), or opioid axes. The specific
mechanism of action in depression has not been fully
elucidated, although it is postulated that esketamine,
like ketamine, is a non-selective, non-competitive
antagonist that acts to block the NMDA receptor
(an ionotropic glutamate receptor) on GABA
interneurons and activate the alpha-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid (AMPA)
receptor, thereby increasing neurotrophic signaling
that restores synaptic function. An AMPA antago-
nist has been reported to block the antidepressant
effects of both esketamine and R-ketamine.!®

The action of esketamine on AMPA receptors
may ultimately improve neural plasticity and
synaptogenesis through signalling pathways result-
ing in enhanced brain-derived neurotrophic
factor (BDNF) production, which is decreased in
the prefrontal cortex and hippocampus in
stress and depression.!® AMPA receptors initiate
an intracellular cascade that leads to release of
BDNF and stimulation of tropomyosin receptor
kinase B (TrkB) that activates both mammalian
target of rapamycin complex 1 (mTORCI1) and

mitogen-activated protein kinase/extracellular sig-
nal-regulated kinase (MAPK/ERK) signaling,
resulting in increased synthesis of proteins required
for synapse maturation and formation.!%Yang ez al.
demonstrated that mTORCI1 signaling plays a role
in the antidepressant effects of esketamine but not
(R)-ketamine, and the MAPK/ERK signaling
pathway plays a role in the antidepressant effects of
(R)-ketamine but not esketamine.!?

The rapid effects of esketamine, evident within about
1week of initiating treatment, are likely related to its
effect on synaptic potentiation,!® which may enhance
the mitigation of negative thinking and the preven-
tion of negative spirals of depressive thoughts.
Evidence suggests that ketamine has a better direct
stimulation effect on BDNF and mTORCI1 than the
present oral antidepressants, and this may elucidate
the rapid onset of action.!® The mTORCI is a prime
signaling molecule that regulates protein synthesis,
an essential component to induce synaptic potentia-
tion and resultant antidepressant effects.2’ The
mTORCI is also assumed to stimulate BDNF pro-
duction via downstream modulation and subse-
quently increase brain plasticity through dendritic
growth and improved synaptic transmission.?!
According to Li er al.,?? the rapid action on synap-
togenesis in the medial prefrontal cortex, wvia
mTORCI activation, plays a key role in mechanisms
involving antidepressant effects. The role of
mTORCI signaling in the antidepressant effects of
ketamine has been supported by successive preclini-
cal and clinical studies.?!:232¢ Theoretically, the
immunosuppressant rapamycin has the potential to
block the antidepressant effects of ketamine wvia
mTORCI1; however, there is preliminary evidence,
requiring replication, that it may instead prolong its
effect and increase the response rate.?>

Pharmacokinetics
Much of the available pharmacokinetic informa-
tion available is provided by the manufacturer,
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Janssen, based on 19 phasel, 3 phasell and 3
phase III studies (Table 1). While reported in the
FDA application document?® and product infor-
mation,!! much of these data could not be located
in the peer-reviewed literature, limiting critical
appraisal. Nasal esketamine has an estimated
mean bioavailability of 48%,!! with hepatic first-
pass avoided through this route. This is in contrast
to oral esketamine, with a reported bioavailability
of only 8-11%.27-28 There appears to be consider-
able inter-subject variation; a study from Japan of
three healthy participants found a similar mean
nasal bioavailability value of 46.4%, following a
25mg dose of ketamine, but with a standard
deviation (SD) of 12.9%.2° The absorption also
clearly depends on the administration technique
and on the presence of nasal pathology. Some of
the clinical studies leading to registration excluded
potential participants on the basis of nasal abnor-
malities that could impede absorption.%30,31
There is also speculation that drug passage via
the trigeminal or olfactory nerves facilitates drug
entry into the central nervous system,32-34 in addi-
tion to systemic delivery via local capillary bed
absorption. The time to maximum plasma con-
centration (T,_,,) was estimated at 20—40 min fol-
lowing the final spray administration.!! This is
consistent with a Japanese study (z=3 healthy
volunteers) in which the T, was 17.5min
(SD = 5min).2° There is inter- and intra-subject
variation in both the maximum concentration
(Cpaw 27% and 15%, respectively) and total area
under the curve (AUC; 66% and 10%, respec-
tively). The C_,, and AUC increase was less than
two-fold when increasing the dose from 28 mg to
56 mg, but was approximately proportional when
increasing from 56 mg to 84 mg.!!

The volume of distribution is estimated at 7091,
following intravenous (IV) administration.
Esketamine is 43-45% plasma protein-bound. It
is metabolised primarily to the pharmacologically
active but more polar S-norketamine, which has a
brain:plasma ratio 4-6 times lower than the par-
ent drug.!! This metabolism is via cytochrome
P450 isoenzymes CYP2D6 and 3A4, with some
input from 2C9 and 2C19. S-norketamine under-
goes subsequent CYP- and glucuronidation
metabolism.!! These metabolic pathways prompt
consideration of CYP-mediated drug interac-
tions, though none of the combinations studied
so far has indicated a clinically significant drug
interaction with intranasal administration of
esketamine. A study of 11 healthy volunteers

found that concomitant administration of oral
rifampicin (600mg), compared with placebo,
with IV esketamine (0.1 mg/kg) decreased the
AUC of esketamine by 14% (p=0.005), while the
relative decrease was 86% for oral esketamine
(0.3 mg/kg).28 This was similar to that seen when
esketamine was administered IV at 20 mg/70kg/h
or 40mg/70kg/h for 2h, following 5 days of oral
rifampicin dosed at 600mg daily. Among 20
participants, the AUC for esketamine was 10%
lower and nor-esketamine 50% lower for those
taking rifampicin than those taking a placebo.?>
A CYP2D6 inhibitor (ticlopidine) conversely
slowed metabolism of IV esketamine, though any
relevance to the intranasal preparation is
unclear.3% An i vitro study of esketamine showed
modest induction of CYP2D6 and 3A4.1!

The mean terminal half-life for esketamine ranges
between 7 and 12h, though there is a period of
rapid decline in plasma concentrations over 2—4h
following the C_ .. Very little esketamine is recov-
ered unchanged in the urine, while the metabo-
lites are primarily (78%) renally cleared, with less
than 2% recovery of a radio-labelled dose in the
faeces.!! There is some indication of increased
C,... and AUC among Japanese versus Caucasian
individuals (point estimate for both ~1.4X), and
of increased AUC for Chinese versus Caucasian
individuals (point estimate ~1.3X), though altered
dosing is not recommended based on ethnic
group. The C_,, and AUC were also higher for
older (aged 75-85years) than younger (25—
54years) patients (point estimate ~1.6X and
~1.4X, respectively).!l Patients above 65years
were commenced on a starting dose of 28 mg,
rather than 56 mg in the clinical trials.3” There is
no reported evidence of between-sex pharmacoki-
netic differences or by total body weight (39—
170kg assessed). There is no experience among
patients on dialysis or among patients with severe
(Child-Pugh Class C) liver disease.!!

TRD treatment options

While a range of antidepressant and antipsychotic
drugs could be used, only one product is specifi-
cally approved in the United States for the man-
agement of TRD: olanzapine in a fixed-dose
combination with fluoxetine (Symbyax).38 One of
the limitations of this combination therapy is the
long ‘time to effect’ as compared with intranasal
esketamine. Non-pharmacological options for
TRD include electro-convulsive therapy (ECT)
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and transcranial magnetic stimulation, but these
require specialised staff and facilities. In the case
of ECT this includes access to appropriate anaes-
thetic expertise.38 If not previously tried, depres-
sion-focussed psychotherapy may be added to the
existing pharmacological treatment but is not
considered a standalone therapy for TRD.?° In
2005, the FDA approved vagus nerve stimulation
(VNS) for the management of TRD; however,
the mechanism of action is poorly understood.4?
Deep brain stimulation (DBS)#! is another neuro-
stimulation technique that avoids reliance on
conventional pharmacological therapy.

According to the Canadian Network for Mood
and Anxiety Treatments (CANMAT) guide-
line,*2 it is recommended to make adjustments if
no improvement has been seen within 2—4 weeks
of initiation of an antidepressant. In cases of acute
suicide risk, this time period may be unsafely
long, making faster-acting agents appealing.

Transition from ketamine to esketamine

The history of ketamine begins with phencycli-
dine, which was first synthesised in 1956.43 In
1970, ketamine, a non-selective NMDA receptor
antagonist, was approved by the FDA to be used as
an anaesthetic drug.** Its half-life is 2.5h and is
metabolised to norketamine and dehydro-norketa-
mine via cytochrome P450 iso-enzymes. Recently,
the use of intravenous (IV) ketamine has increased
(off-label) for the treatment of TRD. However, the
optimal dose of IV ketamine for TRD is not well
established. A small randomised trial that com-
pared different doses of ketamine suggested that
the preferred dose may be 0.5mg/kg of body
weight.¥> Berman et al. first reported that a single
IV infusion of ketamine (0.5mg/kg over 40 min)
exhibited a rapid and robust antidepressant
response in patients with MDD.4¢ Several studies
have reported the rapid and sustained efficacy of
ketamine in MDD, including in patients with
TRD.4748 In a double-blind, placebo-controlled
study of repeat IV ketamine infusion (0.5 mg/kg,
either two or three times weekly for up to 4 weeks)
in patients with TRD, Singh ez al. found both regi-
mens were well tolerated and showed consistent
antidepressant effects.#® On the other hand, keta-
mine is known for its abuse potential and pro-
found adverse effects, such as psychotomimetic
symptoms, neurotoxicity, cognitive impairment
and hypertension, precluding its routine use in
clinical practice for depression.

In addition to IV infusion, ketamine is also avail-
able in other forms and can be administered by
various routes, such as intramuscular, nasal, oral,
rectal, sublingual and subcutaneous.’%5! Due to
extensive first-pass metabolism, the oral bioavail-
ability of ketamine varies from 17% to 29%.5°
This pharmacokinetic profile led to the develop-
ment of an intranasal formulation (8-45% bioa-
vailability).5? Intranasal ketamine (50mg) was
well tolerated without any serious psychomimetic
or dissociative effects, and showed improved
depressive symptoms within 24h compared with
placebo in patients with MDD, who had failed at
least one prior antidepressant trial.>2

As aforementioned, ketamine is a racemic mixture
of R- and S-enantiomers. Evidence from relatively
old studies in humans showed that IV esketamine
had better analgesic, intraoperative amnesia and
anaesthetic properties, with less drowsiness, leth-
argy, cognitive impairment and psychotic emer-
gent reactions, than the racemic mixture and
R-enantiomer.>3> Hence, interest in the potential
efficacy of ketamine in MDD focused on esketa-
mine. Administration of IV esketamine involves
inherent difficulties for both patients and clini-
cians. The oral administration yields a low bioa-
vailability of around 20%, which stimulated the
development of intranasal esketamine.!1,50

Having discussed the transition from ketamine to
esketamine, the possibility of a transition from the
clinical use of esketamine to R-ketamine (arketa-
mine) as an antidepressant is mentioned below (see
section Relevance to Patient Care and Clinical Practice).

Esketamine nasal spray (Spravato)

The FDA-approved esketamine intranasal spray
(single-use) is convenient for outpatients — relative,
for example, to ECT — and maximises access to
therapy.?® The Spravato single-use device delivers
two sprays (one each nostril) with a total of 32.3 mg
of esketamine hydrochloride, which is equivalent
to 28 mg of esketamine in 0.2ml of a clear, colour-
less aqueous solution of pH4.5. Inactive ingredi-
ents in Spravato are citric acid monohydrate,
edetate disodium, sodium hydroxide and water for
injection. The recommended storage temperature
is between 20° and 25°C (68° to 77°F).11

Each device contains two sprays, one for each nos-
tril and a ‘full device’ is indicated by two green dots.
One spray into each nostril is required for a 28 mg
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dose, and the device should not be primed before
use. The patient should blow their nose before
using the device, which they then administer in a
semi-reclined position. A 5-min rest period is rec-
ommended before administering a subsequent
device, to maximise absorption. Two devices are
required for a 56 mg dose, and three devices for an
84mg dose. The maximum single dose studied in
any clinical trial was 84mg twice weekly.54+5% For
acute management of TRD, the recommended
dose of esketamine nasal spray is twice weekly
(56mg on day 1 followed by either 56 mg or 84mg
subsequently) for 4weeks during treatment induc-
tion, reducing to once weekly (56 mg or 84 mg) for
another 4weeks and then, beyond 8weeks, once
weekly or every alternative week (56 mg or 84mg)
during ongoing maintenance therapy.2® According
to the manufacturer, it is intended to be used under
the direct supervision of a health care professional,
making intranasal esketamine more complex to
administer and monitor than oral antidepressants.

Because of the high relative incidence of dissocia-
tion and sedation associated with intranasal
esketamine, the FDA label has a boxed warning
for sedation and dissociation, and recommends
that patients should be monitored for at least 2h
after the administration of the drug.5” This
requirement and the associated funding implica-
tions might hinder the adoption of esketamine.>8
The medication is available only through a
restricted Risk Evaluation and Mitigation Strategy
(REMS) program due to the concerns around
sedation, and potential misuse and abuse for its
dissociative and hallucinogenic effects.!! REMS
is a medication safety program introduced by the
FDA in 2007, to support the safe use of certain
prescription medications with serious safety con-
cerns and to help ensure that the benefits of these
medications outweigh their risks.26

The cost for esketamine in the United States mar-
ket (under brand name Spravato) is US$590 for a
56 mg dose (two devices) and US$885 for 84 mg
(three devices);>® the cost for the first month of
treatment would be approximately US$4800—
6800, while it would be approximately US$1200—
3600 per month during maintenance therapy.

Clinical trials
Phase | studies

A phasel randomised, double-blind, placebo-con-
trolled, two-period crossover study [ClinicalTrials.

gov identifier: NCT02094378] from the Nether-
lands evaluated the effects of cognitive function
associated with intranasal esketamine 84 mg in 24
healthy adults aged 19-49years.® A significant
difference in transient decline of cognitive func-
tioning was observed at 40 min post-dose com-
pared with baseline; however, no significant
difference was evident between the groups at 2h.
In this trial, the common adverse effects included
dizziness (67%), nausea (38%), disturbed atten-
tion (29%) and fatigue (29%), of which, most
were considered mild in severity.®®© While these
data do not relate to TRD, there is relevance to
safety.

Relevant phasell and phaselIll clinical trials of
intranasal esketamine are listed in Table 2, and
the published results of trials are outlined in
Table 3.

Phasell studies

A randomised controlled trial (RCT) by Daly
et al. (the SYNAPSE trial protocol) evaluated the
efficacy and safety of intranasal esketamine as an
adjunctive treatment for patients with TRD, for
130days, with (i) screening, (ii) blinded treat-
ment, (iii) open-label treatment and (iv) follow-
up phases.%10 Participants continued their existing
antidepressant treatment during the study. TRD
was defined as the failed response to two or more
antidepressants, with at least one inadequate
response for the current depression episode.*
However, about two-thirds of included patients
had reported only a single trial of failed antide-
pressants in the current episode (in addition to
one in a previous episode). Hence, the authors’
claim of patients with TRD is somewhat ques-
tionable, even though it was a proof-of-concept
study to evaluate the dose-response relationship
with intranasal esketamine. The combined data
analysis from both 1-week periods showed that,
after 1 week of treatment, the mean difference
(change in Montgomery-Asberg Depression
Rating Scale score; MADRS) between the esketa-
mine dose (28 mg, 56 mg, and 84 mg) groups and
the placebo group was statistically, as well as clin-
ically, significant. The MADRS score is on a scale
of 0—60, where 0 indicates an absence of depres-
sion symptoms. The least mean squares differ-
ence for period one and two — the blinded
component of the study — was —4.2 [standard
error (SE) 2.09, p=0.02] for the 28 mg dose, —6.3
(SE 2.07, p=0.001) for the 56 mg dose, and —9.0
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(SE 2.13, p<0.001) for the 84mg dose.
Moreover, the authors confirmed that there was
evidence of sustained improvement on the
Generalised Anxiety Disorder scale during the
open-label phase, which lasted up to 9weeks.
Though the sample size was limited (only 67 par-
ticipants were included in the efficacy and safety
analyses) and the study duration was reasonably
short, these data also suggest there is a beneficial
effect of esketamine on anxiety symptoms.

With additional participants to those in the paper
by Daly et al., in the full SYNAPSE trial the dou-
ble-blind phase showed a decrease in depressive
symptoms with varying doses of esketamine
(14mg, 28mg, 56 mg and 84mg) at 2h, 24h,
8 days, and 15 days from baseline when compared
with placebo (plus an oral antidepressant).%10
The trial included four parts: screening, double-
blind treatment (two 1-week periods), optional
open-label treatment, and post-treatment follow
up. This dose-response study imparts further
information about safety and tolerability when
exposed to several fixed doses of short-term
esketamine. However, the open-label phase
(optional for those who completed the double-
blind phase) response rate on day 74 showed 65%
of participants achieved a =50% decrease in
MADRS score whereas 32% had achieved a
MADRS total score of <10 on day 74, suggesting
‘no to mild depression’. When compared with
placebo, a large decrease in MADRS total score
was seen with the 84mg dose [-9.0 (2.13),
p»<0.001]. However, the 28 mg dose [-4.2 (2.09),
p=0.02] elicited a lower response. During the
8-week follow-up phase, results indicated that
56% of participants consistently exhibited a
=50% reduction in MADRS total score.

Phaselll studies

The FDA application was approved based on five
phaselll trials in patients with TRID.54-56:64-69 Of
these, three studies3456:64:65.66 were for short-term
use, one on withdrawal maintenance of effect,31:67
and one on long-term safety.%%:%° Another ongo-
ing, long-term (5-year) safety (phaselIIl) continu-
ation trial (SUSTAIN-3) is intended to determine
treatment-emergent adverse events (TEAE) in
patients aged 18years and above.”® In the majority
of the phaseIll trials, TRD was defined as nonre-
sponse (=25% improvement according to clinical
judgement) to more than two oral antidepressants

managing depression at a therapeutic dose for at
least a 6-week period. The FDA reported that,
across the phaseIII trials, around 33—40% of ran-
domised patients had a failed therapy using =4
antidepressant medications.2®

The overall findings demonstrated that treatment
with intranasal esketamine in combination with a
new oral antidepressant was more effective than
placebo plus an oral antidepressant, and associ-
ated with a rapid reduction of depressive symp-
toms and delayed time to relapse from symptoms
of depression.’%78 Consistent with the short-term
esketamine studies, the long-term safety study
showed that the esketamine doses studied were
generally well tolerated, with no new safety con-
cerns with dosing up to 52weeks.%® A phaselll
study by Popova er al.7¢ demonstrated a rapid
(within 24-48h) improvement in depressive
symptoms with esketamine nasal spray in combi-
nation with an oral antidepressant compared with
placebo plus an antidepressant, in 223 adult
patients with TRD. Partly because the effect size
was relatively small (difference of least squares
means for MADRS of —4 after 28 days), it is ques-
tionable whether efficacy was truly demonstrated.

In three similarly designed, short-term use tri-
als, TRANSFORM-1,%5 and TRANSFORM-2
were conducted in patients aged 18—-64 years,>4-56
whereas TRANSFORM-3 was conducted in
patients aged 65years and older.°® Among these
trials, dosing of esketamine (4-week randomised,
placebo-controlled phase) was undertaken only
after a 4-week prospective screening and observa-
tional phase, where patients remained on the
same oral antidepressants in order to develop an
additional failure of non-response (defined as
=<25% improvement in the MADRS total score).
The MADRS total score at week 4 was assessed
as the primary efficacy outcome measure in all
three trials. The majority of the patients in
TRANSFORM-1 and -2545664 achieved a clini-
cal response (at least 50% decrease in the MADRS
total score from baseline) but not clinical remis-
sion (MADRS =<12) at 4weeks. A larger propor-
tion of older patients in the esketamine arm of the
TRANSFORM-3 trial also achieved clinical
response (23.6% versus 12.3%) and clinical remis-
sion (15.3% wersus 6.2%) compared with pla-
cebo.%¢ Using the minimal data from two phase III
trials (TRANSFORM 1 and 2), a meta-analysis
was performed and the findings favoured greater
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improvement in MADRS score for esketamine
plus an antidepressant, compared with placebo
plus antidepressant (mean difference: —3.84; 95%
CI: -6.29, —1.39).7 The minimum clinically

important difference (MCID) estimates for
MADRS varied from 1.6 to 1.9.80:81
Another randomised withdrawal trial was

designed to assess primarily relapse prevention
(SUSTAIN-1)31:67 by recruiting patients either
from two other phaseIlIl trials (TRANSFORM-1
or -2) or direct entry to the trial from patients
who met the same inclusion and screening crite-
ria. The trial involved a 4-week induction period
during which patients received twice-weekly
intranasal esketamine (56 mg or 84 mg) in combi-
nation with a newly-initiated oral antidepressant.
This was continued with a 12-week optimisation
phase for responders (receiving the same dose of
esketamine plus newly-initiated oral antidepres-
sant) with less frequent esketamine dosing, fol-
lowed by a 48-week maintenance phase. During
the maintenance phase, patients who were stable
remitters (MADRS score <12 in weeks 12-16) or
stable responders (=50% reduction in MADRS
score from baseline but without achieving remis-
sion) were separately randomised to either con-
tinue with esketamine nasal spray plus oral
antidepressant at the same dose, or switch to pla-
cebo plus an oral antidepressant. The primary
outcome was time-to-relapse in patients with sta-
ble remission, and the key secondary outcome
was the time to relapse in patients with stable
response.31:67 There was a decrease in risk of
relapse by 51% among patients (receiving esketa-
mine and antidepressant) who achieved stable
remission and 70% risk reduction among those
who achieved a stable response compared with
the antidepressant and placebo group.3!

Safety

The most commonly observed adverse reactions
(incidence greater than 5% and at least twice that
of placebo plus oral antidepressants) from esketa-
mine are dizziness, sedation, nausea, vertigo, anxi-
ety, hypoesthesia, lethargy, vomiting, hypertension
and ‘feeling drunk’.5” Intranasal esketamine was
associated with a transient 7-9 mm Hg increase in
systolic blood pressure and 4-6 mm Hg increase in
diastolic blood pressure, both of which peaked at
40 min post-dose and returned to baseline within
2h.!! The highest mean increases from baseline

during both study periods (two periods each of
1week) were observed in the 84-mg esketamine
group.* Notably, a small subset of treated patients
(8-17%) reported clinically significant hyperten-
sion, within a range of 40 mm Hg increase in sys-
tolic blood pressure and/or 25mm Hg diastolic
blood pressure.!! Suicidal thoughts were found to
be decreased significantly with an esketamine
84 mg dose at 4h, but not at 24h or 25days.%2 In
terms of pharmacodynamic drug—drug interac-
tions, central nervous system depressants (benzo-
diazepines, opioids, alcohol) may increase
sedation, while psychostimulants (amphetamines,
modafinil, methylphenidate, armodafinil) and
monoamine oxidase inhibitors (selegiline, phenel-
zine) may induce hypertension.!!

An open-label, long-term, multicentre trial of
esketamine (SUSTAIN-2)68:6° was intended pri-
marily to evaluate the long-term safety of esketa-
mine in 603 patients who had responded during a
4-week induction phase. The trial consisted of a
4-week screening phase, 4-week induction phase,
48-week maintenance phase (responders in induc-
tion phase only), and a 4-week follow-up phase
to determine TEAEs. At least one TEAE was
reported among 86% of the study participants dur-
ing the maintenance phase, most of which occurred
on dosing days and resolved on the same day. A
total of 68 serious TEAEs were reported among 55
(6.9%) patients, in addition to two reported deaths
during the maintenance phase; one due to acute
cardiac and respiratory failure and the other due to
suicide.®® The investigators claimed that both
deaths were considered either doubtfully related,
or not related, to esketamine. A total of 10% of
participants discontinued the use of esketamine
due to TEAEs, where 6.8% withdrew from treat-
ment during the induction phase and 3.8% in the
maintenance phase; indicating the dose was toler-
able and without reports of new safety con-
cerns.%8:%9 Another phaselll trial reported that the
adverse effects (dissociation, vertigo, dysgeusia,
dizziness and nausea) appeared shortly after dos-
ing and settled by 1.5h post-dosing.”¢

Caution is warranted if driving after receiving
esketamine, given the potential for dissociative
and sedative side effects.?6 In a small, double-
blinded, randomised phaseI study (z=24), inves-
tigators found no significant difference in driving
performance measured by the weaving of a car 8h
after administering intranasal esketamine (84 mg)
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in healthy participants (both male and female).”>
Mirtazapine (oral, 30mg) was used as a positive
control, and it showed a significant detrimental
impact on driving.”> From the aforementioned
study, the generalisability of driving performance
to chronic esketamine users is questionable; fur-
ther information closer to dosing time would also
be useful. Another double-blinded crossover
study is evaluating the human abuse potential of
intranasal esketamine doses 84mg and 112mg
compared with racemic IV ketamine in nonde-
pendent, recreational polydrug users, assessed by
a change in abuse potential based on a Visual
Analogue Scale.’2 The study is also measuring
pharmacokinetic parameters as secondary out-
comes (T, AUC, half-life, clearance, volume of
distribution and C,,,).%?

The opioid properties of esketamine need to be
further assessed when considering how best to
use it safely.83 In a rodent pain study, Pacheco
et al. reported that ketamine exerts a central
antinociceptive effect through the endogenous
release of opioids that act on the p and 3 (but not
the k) receptors.8* However, ketamine tends to
reduce the risk of tolerance with opioids and, at
anaesthetic doses, it further reduces post-surgery
opioid use, likely through its NMDA antagonism
effects.8:86 Because of the addictive potential
through endogenous opioid release, use of esketa-
mine in real-world settings needs close monitor-
ing and further evaluation to assess and prevent
drug abuse or misuse. After administration of
intranasal esketamine, patients can rapidly expe-
rience significant dissociation and sedation, which
may contribute to abuse. There are currently lim-
ited long-term safety data and there are no pub-
lished data on the risk of abuse or misuse for
esketamine, when used in the treatment of
depression.

Relevance to patient care and clinical

practice

Among long-term studies, a higher proportion of
patients responded to treatment doses of 84 mg,
and about one-third of patients responded to
56 mg, with doses administered either weekly or
fortnightly.8” The overall results from different
trials show that intranasal esketamine reduces
suicidal risk and symptoms of depression, as
measured through areduced MADRS score.56:68,77
Clinical trials indicate that the use of intranasal

esketamine in the geriatric population is safe and
effective.”” However, with insufficient data, the
dose adjustments for patients with hepatic or
renal impairment remain unknown. Currently,
the use of intranasal esketamine has been not
studied in people less than 18years of age, or
among pregnant or lactating women. The prod-
uct information states it should not be used in
pregnancy or Dbreastfeeding.!! Furthermore,
esketamine is contraindicated for use in patients
with aneurysmal vascular disease, arteriovenous
malformation, a history of intracerebral haemor-
rhage or hypersensitivity.!! A Canadian Health
Technology Assessment mentioned the off-label
potential of esketamine for treating MDD with
imminent risk of suicide and treatment-resistant
bipolar depression, in addition to its intended use
for unipolar TRD, although to date there are no
available RCT data.88

Though esketamine is available in a convenient
dosage form (nasal spray), the FDA requires it to
be administered under direct supervision by a
healthcare professional, with monitoring after-
wards. This could potentially challenge the acces-
sibility of therapy and might require repeat visits
to the clinic on a weekly/fortnightly basis. If long-
term or short-term use of esketamine is associated
with driving impairment, then patients might find
it challenging to visit the clinic subject to limited
public transportation. Policies should be made to
ensure patients do not self-administer if the medi-
cation is available through a pharmacy, and there
should be provision for supervision with each
patient.

The practice relevance of duration and frequency
of intranasal esketamine use is not fully under-
stood. Considering the rapid relapse and poten-
tial suicide risk in TRD, it is difficult to know
what to recommend to clinicians regarding
whether they should continue to use the agent
beyond an acute course, for how long and in
which patients, and how the therapy should be
ceased. The similar pharmacological profile to
ketamine and therefore potential for abuse and
misuse means that, while efficacy and effective-
ness are of course important, facilitating the
appropriate cessation of treatment also warrants
consideration. This has been discussed by the
FDA and remains an important issue.>” Concerns
have been raised about both the opioid properties
of esketamine and the possible risk imposed by
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the reliance induced by rapid symptom relief fol-
lowed by rapid relapse.83:8°

Commonly, for MDD, the initial treatment may
show a lack of effect or may cause intolerable side
effects and switching to an alternative therapy is
common.®® Therefore, conducting a trial might
require dose adjustments of antidepressant and
approximately 6—12 weeks to assess response. It is
challenging for a patient to remain on antidepres-
sant therapy long enough for an adequate trial,
especially if some side effects or symptoms are
incapacitating. Consequently, the definition of
TRD is challenging because it includes not only
the number of unique treatments undertaken but
also whether the length of each medication trial
was adequate to observe a clinical response.

Ongoing research with arketamine (R-ketamine)
will also influence the future place of esketamine in
clinical practice. A number of animal studies have
now indicated that arketamine has more potent and
longer-lasting antidepressant effects than esketa-
mine, with less psychotomimetic side effects.15:91-94

Recently, a small open-label pilot study of arketa-
mine produced positive results.?> Seven female
subjects with TRD received a single intravenous
infusion of arketamine (0.5mg/kg). The mean
MADRS dropped from 30.7 before infusion to
10.4 after 1 day (mean difference: —20.3; 95% CI:
-13.6, —27.0, p<0.001), and dissociation was
nearly absent. The mean difference in MADRS at
7days was still 16.7. Human studies have also
indicated that arketamine does not have psychotic
effects and produces a state of relaxation, while
esketamine has more dissociative effects.?® The
slower elimination of arketamine, with a clearance
approximately one-half that of esketamine and
racemic ketamine,®” may also be advantageous.

In addition, S-norketamine, the active metabolite
of esketamine, appears to have similar antidepres-
sant potency to the parent drug, with less poten-
tial for psychotomimetic side effects, presumably
because of less activity on NMDA receptors.?8:99
It can activate BDNF and mTORCI1, indepen-
dently of AMPA receptors.®®

Conclusion

For TRD, intranasal esketamine signifies an eas-
ier method of administration than IV administra-
tion of ketamine, with a rapid onset of action,

reasonable bioavailability, and being more practi-
cal and less resource-demanding. However, the
requirement for observed administration and
post-dose monitoring introduces some imple-
mentation challenges. The findings from phase III
trials illustrate that esketamine is promising
among patients with TRD for symptom improve-
ment and achieving clinical response. However,
the current evidence provided by efficacy-related
studies is sparse, especially in terms of dose-titra-
tion (e.g. if response wanes over time) and long-
term safety and effectiveness.

Schatzberg highlighted that the FDA application
included a drug relapse/discontinuation trial in
the approval process,3! which he described as a
‘somewhat unusual’ approach to demonstrate
proof of efficacy.®3 As noted above, in that study,
patients whose depression achieved stable remis-
sion or stable response after 16weeks of initial
treatment with esketamine nasal spray and an
antidepressant had a significantly delayed time to
relapse with continued treatment with intermit-
tently administered esketamine plus an oral anti-
depressant, compared with those treated with
oral antidepressant plus placebo nasal spray.3!
Similar concerns have been raised by others,
along with the issues of the definition of TRD
used to include patients in the trials and that the
participants were not required to have failed
psychotherapy.100,101

TRD is a debilitating condition, with few treat-
ment options. Further work on intranasal esket-
amine is needed to further elucidate the potential
for abuse, and if, when and how to discontinue
treatment, and to clarify cost-effectiveness
across health systems deciding to approve its
use. Given its rapid effect, it may also be consid-
ered as a bridging therapy in the future, while
conventional oral antidepressants take effect.102
As with any new agent, caution should be
applied by clinicians and attention paid to the
REMS program requirements of the current
FDA approval. With these caveats noted, esket-
amine nasal spray offers an innovative and inter-
esting new option for TRD. Time will tell
whether it becomes supplanted by either arketa-
mine or S-norketamine.
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