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INTRODUCTION

Depression is a very common disabling mental illness and can
be assessed through the application of several questionnaires,
one of the most commonly used being the Montgomery-Asberg
rating scale', scoring from 0 to 60, where 7-9 ranks mild depres-
sion, 2024 ranks moderate depression, and greater than 34
ranks severe depression. Approximately one-third of patients
with major depression do not experience remission when
treated with up to two or more oral antidepressants (OAD),
being considered treatment-resistant?.

In post-mortem analysis, in vivo gene expression studies and
brain imaging data suggest abnormalities in glutaminergic sig-
naling in the pathophysiology of depression®*, allowing the use
of new antidepressants with a mechanism of action outside the
monoaminergic system.

Esketamine, which is the S-enantiomer of racemic ketamine,
is an antidepressive drug with a novel mechanism of action.
This active drug is a non-selective, non-competitive N-methyl-
D-aspartate receptor (NMDAR) antagonist; being an iono-
tropic glutamate receptor, it promotes increased stimulation of
the o-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
receptor (AMPAR) and neurotrophic signaling that restore
brain synaptic function. However, the mechanism by which
esketamine exerts its antidepressive effect is unknown. Unlike

other antidepressive treatments, the primary antidepressive

action of esketamine does not directly involve monoamine,
GABA, or opioid receptors’.

The aim of this systematic review was to evaluate the use
of esketamine in comparison with placebo in patients with
resistant depression.

Clinical doubt
What is the efficacy and safety of using esketamine in the treat-
ment of patients with resistant depression?

METHODOLOGY
Eligibility Criteria:
1. Patients with resistant depression;
2. Compared to placebo plus standard care;
3. Outcomes — improvement in the state of depression,
evaluated with appropriate scores;
Included randomized controlled trials (RCTs);
5. No restrictions on the date of publication, age of par-
ticipants, and language;
6. Full text available for access;

7. Follow-up time: minimum of 28 days.

The search for evidence will be carried out in the virtual
scientific information database Medline/Pubmed, CENTRAL
COCHRANE, and ClinicalTrials.gov, using the search strategy:
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(Depressive Disorder OR Depressive Disorder, Major OR
Depressive Disorder, Treatment-Resistant) AND Esketamine
AND Random*. The search in these databases was carried out
until December 2022. This systematic review will be prepared
according to the recommendations contained in Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)®, and the protocol of this study has been registered
in PROSPERO (CRD42023403453).

The risk of bias for randomized clinical trials will be assessed
using the items in version 2 of the Cochrane risk of bias tool
for randomized clinical trials RoB 27 plus other fundamental
elements and expressed as low risk, some concerns, and high
risk of bias. The risk of bias assessment will be conducted by
two independent reviewers (AS and IF), and in case of disagree-
ments, a third reviewer (WB) may deliberate on the assessment.
The certainty of the evidence will be extrapolated from the risk
of bias obtained from the study(ies) (if there is no meta-analy-
sis) using the terminology GRADE? in very low, low, moderate,
and high and through the GRADEpro software’ (if meta-anal-
ysis) into very low, low, moderate, and high.

‘The measures used to express benefit or harm varied accord-
ing to the outcomes, being expressed through continuous
variables (mean and standard deviation (SD)) or categorical
variables (absolute number of events). For continuous mea-
surements, the result will be the difference in means (DM) and
its SD. For categorical measures, it will be the risk difference
(RD) and number needed to treat (NNT) or harm (NNH).
The confidence level used is 95%.

When there are common outcomes among the included
studies, patients and results will be added together, with dif-
ferent doses (esketamine 28-84 mg/week) for comparison
with placebo. For calculation in absolute numbers or averages
that can be paired, the results will be meta-analyzed using the
RevMan 5.4 software', with the global RD with 95% confi-
dence intervals (CI) being the final measure used to support
the synthesis of the evidence, which will answer the clinical
doubts. The estimation of the size of the combined effects will
be carried out by a fixed or random effect model after the eval-
uation of the heterogeneity results. Heterogeneity was calcu-
lated using the I? value.

RESULTS

In the search for evidence, 90 studies were retrieved, 27 being
selected by title and abstract, of which 3!'"'* were selected to
support this evaluation, whose characteristics are described in

Table 1 (ANNEXES). The list of those excluded and the rea-

sons are available in the references and Figure 1 and Table 2.
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The population included was 703 patients, aged over 18
years, diagnosed with recurrent depression or a depressive epi-
sode for a period 22 years, diagnosed according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition cri-
teria (DMS-5 criteria) and without associated psychotic disor-
ders, confirmed by the Mini International Neuropysichiatric
Interview (MINI) (Table 1 - ANNEXES). Participants had epi-
sodes of moderate to severe depression, with a score>28 when
assessed using the Montgomery-Asberg Depression Rating Scale
(MADRS) or a score>34 when assessed using the Inventory of
Depressive Symptomatology.

Exclusion criteria were bipolar psychiatric disorder, drug
addiction, intellectual disability, antisocial personality disorder,
borderline personality, and psychotic disorder.

A total of 415 participants received esketamine for 4 weeks
(28-84 mg, nasal route, 3 puffs in total, alternating nostrils, 5
min apart, twice a week) associated to treatment with oral anti-
depressants, individualized for each patient (standard of care),
and 288 received placebo plus standard of care.

The primary outcome considered was the reduction in depressive
symptoms assessed by the MADRS and the secondary ones were
remission of depression (MADRS score <12) and response <50%
in the reduction in the MADRS score initial and adverse events.

Regarding the risk of bias (Figure 2), two studies did not

th,ll

present analysis by intention to treat'®'!, and the overall risk of

bias can be considered moderate. The evaluation was through
the ROB 2 tool.

Results of comparing esketamine versus

placebo in patients with resistant depression at
28-day follow-up

The evaluation of MADRS score reduction included three stud-
ies''"® with a total of 681 patients. The meta-analysis for this
outcome showed a mean reduction of 4.09 points in favor of
using esketamine compared to placebo (MD=-4.09, 95%CI
-5.73 to -2.45, I>=0%, p=0.00001, Figure 3; moderate evidence
certainty, Table 3 — ANNEXES).

The meta-analysis for the outcome rate of patients in “remis-
sion” (MADRS<12 points) included three studies'® with a
total of 703 participants. Compared with placebo, esketamine
increased the number of patients with “remission” by 10%
(RD=0.10, 95%CI 0.03-0.17; I*’=8%, p=0.004), requiring
treatment (NNT) of 10 patients for one get “remission” (Figure
4; moderate evidence certainty, Table 3 — ANNEXES).

Three studies'"™", including a total of 703 patients, were
included to meta-analyze the outcome “>50% reduction in
baseline MADRS score.” Compared to placebo, esketamine
increased the number of patients with “>50% reduction in
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baseline score” by 11% (RD=0.11%, 95%CI 0.05-0.16, I’=8%,
p=0.0001; NNT=9), (Figure 5; moderate evidence certainty,
Table 3 — ANNEXES).

Serious adverse events were evaluated in three studies''"'3,
with a total of 703 participants, in a 28-day follow-up and

showed no difference when comparing esketamine versus placebo

(RD=1%, 95%CI -0.01 to 0.03, I*’=8%, p=0.36; NNH=NS)
(Figure 6; very low certainty of evidence).

Evidence summary
The use of esketamine over a period of 4 weeks (28—84 mg, nasal
route, 3 puffs in total, alternating nostrils, with an interval of 5

Table 1. Characteristics of clinical studies evaluating the use of esketamine compared to placebo.

Fedgchin
(TRANSFORM-1)
2019

The study was randomized, double-blind
and multicenter, with 346 participants
aged between 18 and 64 years old with
recurrent major depression or a single
episode of depression for more than 2
years, without psychotic characteristics
according to DSM-IV-TR criteria and
confirmed by Mini International.
Neuropsychiatric Interview(MINI).
Participants scored >28 on the
Montgomery-Asberg Depression Rating
Scale (MADRS) and scored =34 on the
Inventory of Depressive Symptomatolgy.
Several psychiatric comorbidities were
exclusionary: suicidal ideation, current
diagnosis of bipolar disorder, moderate
to severe substance use disorder, and
substance use.

Esketamine 56 and
84 mg, nasal spray
twice a week for 4
weeks, combined
with antidepressants

Placebo and
antidepressants

Primary: mean
reductionin
MADRS scale score.
Secondary: remission
of depression
(MADRS<12),
response<50%
in MADRS score
reduction, and
adverse events

4 weeks

Popova
(TRANSFORM-2)
2019

Phase 3, double-blind multicenter
study, conducted between June
2017 and December 2018, N=227
adult participants (18-64 years old)
diagnosed with
major depressive illness (DMD)
according to the Diagnostic and
Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5), without
psychotic features confirmed by
application of the Mini International
Neuropsychiatric Interview (MINI);
having a score >34 on the “Inventory of
Depressive Symptomatolgy (IDS-C)” scale.
Exclusion criteria: suicidal ideation,
psychotic disorders, and drug use.

Esketamine 56-84
mg nasal spray twice
aweek for 4 weeks
plus antidepressants

Placebo and
antidepressants

Primary: mean
reductionin
MADRS scale score.
Secondary: remission
of depression
(MADRS<12),
response<50%
in MADRS score
reduction, and
adverse events

4 weeks

Ochs-Ross
(TRANSFORM-3)
2019

Randomized, phase 3, double-blind,
actively controlled, multicenter study
conducted in 13 countries between
August 2015 and August 2017. 138
participants were selected (N=72
esketamine/antidepressants and N=66
placebos/antidepressants. Eligible
patients were aged >65 years old,
diagnosed with major depressive illness
(DMD) according to the Diagnostic and
Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5), treated with >2
oral antidepressants, without psychotic
features confirmed by applying the
Mini International questionnaire
Neuropsychiatric Interview (MINI)
Exclusion criteria were suicidal ideation,
psychotic disorders, and drug use.

Esketamine 28-84
mg nasal spray twice
aweek for 4 weeks
plus antidepressants

Placebo and
antidepressants

Primary: mean
reductionin
MADRS scale score.
Secondary: remission
of depression
(MADRS<12),
response <50%
in MADRS score
reduction, and
adverse events

4 weeks

3

Rev Assoc Med Bras. 2023;69(6):e2023D696



Esketamine in the treatment of patients with oral antidepressant-resistant depression

min, twice a week) associated with treatment with oral antide-
pressants, in patients with drug-resistant depression treatment

with oral antidepressants compared to placebo:

Articles identified in the search in Articles identified in the search
s virtual databases (N=90) in other databases (N=0)
B
=
=
()
& . .
Articles after the removal of duplicates
(n=21)
Excluded articles
c (N=16)
8 ) el Reviews=3
3 Se ect(et{g\)‘llc es Do not respond to
3 = PICO=9
Post hoc analysis=4
J/
o)
= Full text accessed at the
= A
= eligibility
=) (n=5)
= Full text excluded with
(S reasons - (N=2)
Safety rating=1
Evaluation of relapse in
— depression=1
z Studies included in the
.g qualitative (3) and
% quantitative (0) analyses
£ (n=3)
| —

Figure 1. Diagramin recovery and selection of evidence. From: Moher
D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA statement. PLoS Med. 2009;6(7):e1000097. https://doi.
org/10.1371/journal.pmed 1000097

Table 2. Studies with exclusion reasons.

e It reduces depression rating scale scores (MADRS),
standardized mean of 4.09 points on the MADRS.
Moderate evidence certainty.

e Itincreases the “remission” rate by 10% (MADRS<12
points); NNT=10. Certainty of moderate evidence.

e It increases the number of patients with reduction by
11%250% points on the MADRS initial; NNT=9.
Certainty of moderate evidence.

e 'There is no difference in the number of serious adverse

events. Very low certainty of evidence.

DISCUSSION

In this systematic review with meta-analysis, only randomized
clinical trials were included, which evaluated the use of esketamine
in comparison with placebo, in patients with depression resis-
tant to treatment with two or more oral antidepressants (OAD).

The use of esketamine plus individualized antidepressants
compared to placebo showed a reduction standardized mean of
4.09 points on the Montgomery-Asberg scale for depression.
It should be noted that all patients included had scores>28
points on the MADRS. In secondary endpoints, the remission
rate (MADRS score<12) and the 250% reduction in the base-
line MADRS showed a benefit of 10% (NNT=10) and 11%
(NNT=9), respectively, at the 28-day follow-up.

Studies Reason for exclusion

Agboola 2020 Cost-effectiveness analysis

Anees Bahji 2020 Systematic review

Nickname 2019 Protocol

Correia-Melo 2020 Does not meet eligibility criteria

Daly 2017 Purpose of the study was to evaluate the relapse of depression in stable patients who do not meet the PICO
Diekamp 2021 Post hoc analysis of two ASPIRE | and ASPIRE Il studies
Fedghin 2019 Depression resistant to conventional antidepressants
Jason Ng 2021 Systematic review

Jones 2022 Post hoc analysis, secondary outcome

Katz 2020 Post hoc analysis of three studies

Nijs 2020 Post hoc analysis

Papakostas 2020 Review article

SD Targum 2019 Pilot study

Singh 2016 Does not meet eligibility criteria

Takahashi 2021 Depression resistant to conventional antidepressants
Turkoz 2021 Post hoc analysis of the Transform study.
Vazquez 2021 Does not meet eligibility criteria

Wajs 2020 Depression resistant to conventional antidepressants
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Esketamine has a rapid mechanism of action and an
often transient response. With a short follow-up time (28
days), evaluated in this review, it is not possible to extrap-
olate, in the long term, the result obtained from the treat-
ment of severe depressive illness with resistance to ADO,
which is often chronic, demanding treatment for long and
indeterminate periods.

As limitations of this study, first, we can mention the num-
ber of the tested population, which is relatively small and may
lead to publication bias. According to the evaluation through
the questionnaire (MARDS), with results in mean and SD,
it may not reflect a categorical improvement in absolute and
individual terms of these patients.

CONCLUSION

The use of esketamine and standard of care compared to
placebo and standard of care, in patients with resistant
depression, reduces baseline MADRS and increases the
number of patients with 250% reduction MADRS ini-
tial as well as remission (MADRS score<12), in a period
of up to 28 days, in patients with ADO-resistant depres-
sion. Esketamine is shown to be safe, without increasing
serious adverse events.

Therefore, it is concluded that patients with ADO-
resistant depression benefit from the use of esketamine
28-84 mg, nasal spray, twice a week, for 4 weeks, associ-
ated with oral antidepressants.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance Lbias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Losses = 20%

Charactristic porgnostic

Outcome

Analysis by intention of treatment

Simple size calculation

Early interruption

Confounding

0% 26% 501% 75%

100%
.Ll:uw risk of bias DUnclearrisk of bias .High risk of bias
Figure 2. Risk of bias (red=presence; green=absence; and yellow=risk of unclear bias).

Esketamine+ADO Placeho+ADO Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% CI
Fedgchinetal. 2019 -18.9 13495 229 148 616 113 59.2% -410[6.23-1.497] ——
Ochs-Ross etal. 20149 100 124 63 -3 886 BB  19.3% -3.70[7.43,0.03] -
Fopova etal. 2019 -21.4 1232 101 171388 109 21.58% -4.40([-7.94,-0.86] —_—
Total (95% CI) 393 288 100.0% -4.09[-5.73,-2.45] ""‘
Heterogeneity; Chif= 0.07, df= 2 (P = 0.96); F= 0% _150 55 5 é 150
Testfor overall effect 2= 4.88 (P = 0.00001) Favours [Esketamine+AD] Favours [Placeho+AD]

Figure 3. Meta-analysis of the mean reduction in Montgomery-Asberg Depression Rating Scale.
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Table 3. Quality of evidence (GRADE).
Summary of findings:

Evaluate the efficacy and safety of using esketamine and AD in elderly participants with treatment-resistant depression compared to
placebo for treatment-resistant depression.

Patient or population: Patients with treatment-resistant depression

Setting:

Intervention: Evaluate the efficacy and safety of using esketamine and AD in participants with treatment-resistant depression.
Comparison: Placebo

Anticipated absolute effects* (95%Cl) X No. of Certainty of the
. - Relative effect . . o
Outcomes Risk with placeb Risk with (95%Cl) participants evidence
(LSOO [ETES Y esketamine (studies) (GRADE)
The mean change
Mean change from baseline in from baseline in (5[??&3::?;25 B 681 DDD0
MADRS total score up to endpoint MADRS total score ’ : (3 RCTs) Moderate?
- lower)
up to endpoint was 0
Participants in remission 243 per 1.000 340 per 1,000 RR 1.40 703 DOD0
(MADRS£12) per L (267-430) (1.10-1.77) (3RCTs) Moderate®
Participants who achieved
. o 336 per 1,000 RR1.56 703 DODD
*50% reduction from baseline in 215 per 1,000 ? N
MADRS total score (265-428) (1.23-1.99) (3RCTs) Moderate
. 27 per 1,000 RR 1.58 703 @000
Adverse events serious 17 per 1,000 (10-79) (0.55-4.55) (3RCTs) ey o

*Therisk inthe intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention
(andits 95%Cl). Cl: confidence interval; MD: mean difference; RR: risk ratio. GRADE Working Group grades of evidence: High certainty: We are very confident that
the true effect lies close to that of the estimate of the effect. Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be
close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: Our confidence in the effect estimate is limited: the true
effect may be slightly different from the estimate of the effect. Very low certainty: We have very less confidence in the effect estimate: the true effect is likely to be
slightly different from the estimate of effect. 2Does not apply analysis by the intent of treatment. *Wide confidence interval.“Confidence interval crosses the nullity line.

Esketamine+AD  Placebo+AD Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fedgchin et al. 2019 78 229 33 113 456%  0.05[-0.06,0.15] —r
Ochs-Ross etal 2019 11 72 4 66 208% 0.09[0.01,019 T
Popaova etal. 2019 a4 114 33 109 336% 0.17[0.05, 0.30] - &
Total (95% CI) 1415 288 100.0%  0.10[0.03, 0.17] e
Total events 143 7o
Heterogeneity: Chi®= 218, df= 2 (P = 0.34); F= 8% —DI P 0525 0 525 DIS

Testfor overall effect 2= 2.89 (F = 0.004) Favours [Placeho+AD] Favours [Esketamine+AD]

Figure 4. Meta-analysis of the “remission” rate (reduction to <12 points on the Montgomery-Asberg Depression Rating Scale), fixed effect.

Esketanine+AD  Placeho+AD Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fedgchin etal. 2019 22 229 2 113 4586% 0.08[0.03,0.12] ——
Ochs-Ross etal. 2019 17 72 B B 20.8% 0.14[0.03, 0.27] e —
Fopova etal. 2019 71 114 a4 109 336% 013 [0.00, 0.26) | e —
Total (95% CI) 415 288 100.0%  0.11[0.05, 0.16] -
Total events 110 62
Heterogeneity: Chif= 216, df= 2 (P = 0.34); F= 8% t t

-0.25 0 0.25 05
Favoous[Placebo+AD] Favours [Esketamine+AD]

=4
i

Testfor overall effect Z2= 3.93 (P = 0.0001)

Figure 5. Meta-analysis of the rate of patients with a >50% reduction in Montgomery-Asberg Depression Rating Scale, fixed effect.

Esketamina+AD  Placebo+AD Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fedgchin et al. 2018 8 2249 2 M3 456%  0.02[0.02 0.08 —
Ochs-Ross etal 2019 3 72 2 66 20.8%  0.01[0.05 0.07]
Popova etal 2019 1 114 1 109  336% -0.00[F0.03, 0,02 —

Total (95% CI) 1415 288 100.0% 0.01[-0.01,0.03]
Total events 12 ]

?et?;ogenemrl:l CQ| Tg?ﬁu g::PEEPD:BIDaﬁS);I =0% -IJ'.1 -D.'DS ﬁ D.'DS D!1
estior overall efiect 2= 0.81 (P = 0.36) Favours [Placebo+AD] Favours [Esketamina+AD]

Figure 6. Meta-analysis of serious events, fixed effect.
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