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We appreciate the questions raised by Gastaldon et al. (2020) in Epidemiology and Psychiatric
Services about esketamine’s efficacy and the study designs within the clinical development pro-
gramme for treatment-resistant depression (TRD), and provide clarification herein.

Dr Gastaldon and associates acknowledged that the TRANSFORM-2 study (Popova et al.,
2019) (short-term, flexible dose) achieved statistical significance, and commented that two
other short-term, randomized controlled studies of esketamine nasal spray (Fedgchin et al.,
2019; Ochs-Ross et al., 2020) ‘showed similar mean differences in change scores without stat-
istical significance’. The prespecified, primary efficacy endpoint analysis in all three cited stud-
ies was the mean difference (based on mixed-model repeated-measures analysis) between the
esketamine plus oral antidepressant group v. the oral antidepressant plus placebo nasal spray
group on change from baseline in Montgomery–Asberg Depression Rating Scale (MADRS)
total score at day 28.

Dr Gastaldon and co-authors report on a post hoc re-analysis they conducted of the pri-
mary efficacy data from the three phase 3 short-term studies, for which they report an overall
mean difference of −4.08 (95% CI −6.20 to −1.97). However, they claim incorrectly that this
mean difference falls short of clinical significance.

All three short-term efficacy studies, including the two that did not show statistical signifi-
cance on the primary endpoint [TRANSFORM-1 (Fedgchin et al., 2019) and TRANSFORM-3
(Ochs-Ross et al., 2020)] demonstrated between-group mean differences relative to the com-
parator (a new oral antidepressant plus placebo nasal spray), with regard to the change in
MADRS total score, which exceeded the mean difference that is considered clinically relevant
in the psychiatric literature, namely 2.0 points or higher (Montgomery and Möller, 2009). This
threshold also has been used as a criterion for establishing clinically meaningful benefit by
European Health Authorities (Melander et al., 2008). Further, the US Food and Drug
Administration (FDA) [Medical Review, Table 62 (Food and Drug Administration, 2019)]
notes that despite evaluation in a study population with greater illness severity, the magnitude
of improvement on the MADRS (primary endpoint) with esketamine nasal spray plus oral
antidepressant as compared to oral antidepressant plus placebo nasal spray is similar to that
achieved by other approved antidepressants that were compared only to placebo. FDA’s review
additionally refers to secondary patient-reported depression [the 9-item Patient Health
Questionnaire (PHQ-9)] and functional outcome [the Sheehan Disability Scale (SDS)] mea-
sures, which also indicated consistent benefit with esketamine plus oral antidepressant over
oral antidepressant plus placebo nasal spray across all phase 3 studies (with nearly all showing
at least numerical improvement), providing further support for the clinical meaningfulness of
the efficacy findings.

Notably, one reason Gastaldon et al. provide for questioning the clinical relevance of the
between-group mean differences in MADRS ratings obtained in the short-term esketamine
trials was based on an apparent error in their reading of data provided in prior articles by
our group. Specifically, they state: ‘The authors of the three studies reported that a difference
of at least 6.5 points at MADRS between esketamine and placebo should be observed to make a
claim of clinical significance…’. However, the value of 6.5 points provided in those articles was
never stated to be a cut-off for clinical relevance. Instead, the 6.5-point value clearly referred to
the estimated difference that was used in power calculations performed to estimate the sample
size for the short-term phase 3 trials, which was based on results from an earlier adjunctive
phase 2 trial (Daly et al., 2018). In that phase 2 trial, the interventions were esketamine
nasal spray v. placebo nasal spray, each added to an ongoing oral antidepressant drug to
which the patient had already proven non-responsive. In contrast, in phase 3 trials, both eske-
tamine and placebo nasal spray were combined with a newly added oral antidepressant to
which the patient had not previously proven non-responsive. This design difference presum-
ably contributed to the larger effect size in our phase 2 v. phase 3 trials.
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In addition, while referring to data formean change from baseline,
the authors incorrectly state that the treatment effect observed at week
4 in the TRANSFORM-2 study is not related to esketamine because ‘a
clinically important reduction in the MADRS score was detected also
in the placebo group’. The change from baseline in the ‘placebo’ arm,
however, must be interpreted in the context of being an active,
‘standard-of-care’ control condition in which patients received a
newly added oral antidepressant along with placebo nasal spray.
The TRANSFORM-2 trial demonstrated a between-treatment
group mean difference in MADRS total score of −4.0 points at the
primary endpoint (day 28) as well as of −3.3 points at day 2 (24 h
after a single dose), a time-point when the effect of a newly initiated
oral antidepressant would unlikely have had an impact. Furthermore,
the mean difference between esketamine and comparator group
observed at day 2 generally remained through day 28.

Gastaldon and associates also commented ‘for esketamine,
long-term data are lacking’. However, Janssen included two long-
term studies of esketamine in the phase 3 programme based on
the fact that the FDA (Kim et al., 2019) and the European
Medicines Agency’s Committee for Medicinal Products for
Human Use (CHMP) (European Medicines Agency, 2010) both
required short-term and long-term data in the initial marketing
authorization application. Note that the FDA generally requires
only short-term studies for initial approval of antidepressants;
long-term studies are typically conducted after approval to sup-
port a maintenance indication (Kim et al., 2019). The two
phase 3 registration trials [SUSTAIN-1 (Daly et al., 2019);
SUSTAIN-2 (Wajs et al., 2020)] assessed the maintenance of anti-
depressant effects beyond the initial acute treatment period with
esketamine nasal spray in adult patients with treatment-resistant
MDD (Food and Drug Administration, 2019). On the basis of
findings from the relapse prevention study (SUSTAIN-1), esketa-
mine nasal spray is approved for maintenance treatment of
patients with TRD (SpravatoTM 2019). In addition, the phase 3
programme included an open-label safety and efficacy study of
up to 1 year in duration [SUSTAIN-2 (Wajs et al., 2020)]. The
results of SUSTAIN-2 support those from SUSTAIN-1, and
based on the safety data, provide further evidence to support
long-term, intermittent dosing with esketamine.

Gastaldon and associates were specifically critical of the rando-
mized withdrawal design of SUSTAIN-1 (Daly et al., 2019), a
design recommended by many health authorities for relapse pre-
vention trials (European Medicines Agency, 2010; US
Department of Health and Human Services, Food and Drug
Administration, 2018). This study design was discussed and
agreed upon with both the FDA and the CHMP. The aim of
SUSTAIN-1, which the authors mention in their Commentary,
was to determine whether the antidepressant effect in patients
who had achieved stable remission with repeated-interval dosing
of esketamine in combination with an oral antidepressant after
16 weeks (4 weeks induction plus 12 weeks of optimization)
could be maintained with continued treatment, or whether eske-
tamine could be discontinued and response maintained on an oral
antidepressant alone. Given the study’s objective, the population
was necessarily enriched. Gastaldon et al. state that ‘this type of
design tends to overemphasize the efficacy of maintenance treat-
ment, as the comparison group is at extremely high risk of relapse,
considering that treatment is abruptly stopped soon after treat-
ment.’ However, in SUSTAIN-1, all patients continued their
ongoing oral antidepressant: Patients with TRD who achieved
stable remission and those who achieved stable response (without
remission) with esketamine nasal spray were randomized to

continue esketamine nasal spray or discontinue esketamine treat-
ment and switch to placebo nasal spray, with all patients in both
treatment groups continuing oral antidepressant treatment.
In SUSTAIN-1, among those who had achieved stable remission,
39 (45.3%) patients in the antidepressant plus placebo group
experienced a relapse event during the maintenance phase
(Daly et al., 2019). This observation is in line with relapse rates
seen in the STAR*D study in levels 3 and 4 (Rush et al., 2006),
respectively, where relapse rates in those achieving remission fol-
lowing the 12- to 14-week acute treatment phase were 42.9 and
50.0% with mean times to relapse of 3.9 and 2.5 months, respect-
ively, even while continuing the treatment to which they had
responded. Thus, in patients with TRD, the relapse rates observed
after cessation of esketamine and continuation on antidepressant
plus placebo resemble those reported during maintenance treat-
ment with an oral antidepressant alone.

Dr Gastaldon and associates argue that the Risk Evaluation and
Mitigation Strategy (REMS) in place for esketamine ‘implies
approval without knowledge of the potential negative consequences
of esketamine prescribing.’ Such is not the case. The safety profile
of esketamine was well characterized in the clinical development
programme that included 19 phase 1 studies, four phase 2 studies
and six phase 3 studies in TRD. At the time the NDAwas written, a
total of 1708 participants with TRD had received at least one dose
of esketamine in six completed phase 2 and 3 studies (Food and
Drug Administration, 2019). Similar to numerous approved treat-
ments (e.g. clozapine) (Food and Drug Administration, 2020),
the REMS programme for esketamine nasal spray was introduced
to reinforce behaviours/actions that support the safe use of medica-
tions, thereby helping to ensure that benefits outweigh risks.
Specifically, the intent of the REMS is to mitigate the risk of serious
adverse outcomes resulting from sedation, dissociation, and abuse
and misuse, while providing access to appropriate patients with
TRD in need of treatment (Kim et al., 2019).

Gastaldon and co-authors also incorrectly stated in their
Commentary that ‘ six suicides happened and all of them were
in the esketamine arm’. To clarify, seven deaths were reported in
the entire esketamine development programme for TRD as of 31
December 2018 (combined cumulative exposure 1812 patient-
years), three from completed suicide (all in open-label study/
study phases with no control group). On the basis of these three
events, the completed suicide rate in the esketamine development
programme for TRD is 0.17 per 100 patient-years (95% CI 0.04–
0.45), which is not greater than the completed suicide rate of
0.47 per 100 patient-years of treatment reported in a meta-analysis
of 30 TRD studies that included over 15 000 patients with TRD
(Bergfeld et al., 2018). Of the four additional deaths reported,
none was considered by the investigator to be related to esketamine.

In conclusion, the sponsor sought agreement from health
authorities, including FDA and CHMP, to design a comprehen-
sive clinical trial programme to establish efficacy and safety in
patients with TRD and comply with regulatory guidelines. The
FDA and CHMP approved the application based on consistent
efficacy of esketamine and evidence supporting long-term safety
(Kim et al., 2019; European Medicines Agency, 2019a). Overall,
the programme provides substantial evidence that esketamine
nasal spray plus oral antidepressant acts rapidly (SpravatoTM

2019; European Medicines Agency, 2019b), shows robust efficacy
in TRD and maintains this benefit over time (Daly et al., 2019).
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