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Benefit–Risk Assessment of Esketamine Nasal 
Spray vs. Placebo in Treatment-Resistant  
Depression
Eva G. Katz1,*, David Hough2,3, Teodora Doherty2, Rosanne Lane2, Jaskaran Singh4,5 and Bennett Levitan2

This post hoc analysis assessed the benefit–risk profile of esketamine nasal spray + oral antidepressant (AD) 
induction and maintenance treatment in patients with treatment-resistant depression (TRD). The Benefit–Risk Action 
Team framework was utilized to assess the benefit–risk profile using data from three induction studies and one 
maintenance study. Benefits were proportion of remitters or responders in induction studies and proportion of stable 
remitters or stable responders who remained relapse-free in the maintenance study. Risks were death, suicidal 
ideation, most common adverse events (AEs), and potential long-term risks. Per 100 patients on esketamine + AD 
vs. AD + placebo in induction therapy, 5–21 additional patients would remit and 14–17 additional patients would 
respond. In maintenance therapy, 19–32 fewer relapses would occur with esketamine. In both cases, there was little 
difference in serious or severe common AEs (primarily dissociation, vertigo, and dizziness). These findings support a 
positive benefit–risk balance for esketamine + AD as induction and maintenance treatment in patients with TRD.

Benefit–risk assessment is an integral part of the regulatory ap-
proval process and is necessary throughout the lifecycle of a 
drug.1,2 Assessing and weighing the potential benefits and risks 
of an investigational drug is critical for decision making by regu-
lators, clinicians, and patients.1 Over the past several decades, the 
methods of evaluating, interpreting, and communicating the ben-
efit–risk profile of a drug have evolved and become more objective, 
consistent, and structured.1,3–5 Various structured approaches, or 
benefit–risk frameworks, have been developed or adopted by reg-
ulatory agencies, public–private partnerships, and pharmaceutical 
companies,3 including the Benefit–Risk Action Team (BRAT) 
framework.6–9 The BRAT framework was developed by phar-
maceutical companies collaborating under the Pharmaceutical 
Research and Manufacturer’s Association. It offers a structured 

approach in evaluating and communicating the evidence for ben-
efit–risk assessment, with a strong emphasis on end-point selec-
tion and graphical communication of results. This method was 
utilized for assessing the benefit–risk profile of esketamine nasal 
spray  +  oral antidepressant (AD). It is important to note that 
this application of the BRAT framework neither replaces nor is 
intended to replace or comment on any decisions made by regu-
latory agencies.

Effective treatment of major depressive disorder (MDD) re-
mains a challenge despite the availability of numerous ADs.10 Up 
to one-third of patients with MDD show an inadequate response to 
currently available medications and are considered as “treatment-re-
sistant.”11 The definition of treatment-resistant depression (TRD) 
varies;12 however, a standardized definition of TRD is currently 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Conventional antidepressants (ADs) are of limited use in 
treatment-resistant depression (TRD). Esketamine nasal spray 
with oral ADs, in phase III studies, showed evidence of efficacy 
and safety in patients with TRD.
WHAT QUESTION DID THIS STUDY ADDRESS?
 Using the data from five phase III studies, we assessed 
the treatment benefits vs. risks of esketamine  +  AD vs. 
AD  +  placebo as induction and maintenance treatment in  
TRD.

WHAT DOES THIS STUDY ADD TO OUR KNOW- 
LEDGE?
 The present work further adds to the body of evidence, which 
suggests treatment benefits of esketamine nasal spray + AD in 
patients with TRD exceed risk when compared with treatment 
with AD alone.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 The findings have implications for improved patient-centric 
decision making and increased acceptance of decisions and im-
proved adherence to treatment.
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emerging and is often defined as failure of at least two treatment 
trials with ADs from the same or different pharmacologic classes, 
with adequate dose, duration, and compliance.13 Compared with 
patients with MDD who respond to AD treatment, patients with 
TRD account for considerable disease burden, with a higher re-
lapse rate and increased rate of suicide attempts.10,14,15 TRD is as-
sociated with impairment in daily functioning, ability to work, and 
overall reduced health-related quality of life.10

Various treatment options and strategies for the management 
of TRD include electroconvulsive therapy (ECT), augmenta-
tion with lithium or atypical antipsychotics, switching ADs, and 
combining two ADs. However, current conventional ADs are of 
limited use due to delayed (4–6  weeks) onset of action,16 and 
available treatments have safety concerns, especially for ECT, 
which may have cognitive adverse events (AEs).17 Hence, there 
is a persistent need for additional safe and effective therapeutic 
options with novel mechanisms of action and with a rapid onset 
of effect.

Esketamine, the S-enantiomer of ketamine, in conjunction 
with a newly initiated oral AD, was approved by the US Food 
and Drug Administration (FDA), and the European Medicines 
Agency (EMA), and several other Health Authorities in 2019 
for the treatment of patients with TRD.18,19 Esketamine’s effi-
cacy and safety in patients with TRD was investigated in five 
phase III studies (three double-blind induction studies, one 
maintenance study, and one open-label safety study). The de-
sign, execution, and results of these studies are reported in detail 
elsewhere.20–23 In addition to efficacy and safety outcomes of 
the individual clinical research studies, a thorough benefit–risk 
assessment across studies provides a systematic quantitative ap-
proach in balancing key efficacy and safety end points. In the 
present post hoc analysis, the principles of the BRAT framework 
were applied to conduct a structured benefit–risk assessment of 
esketamine  +  AD compared with AD  +  placebo as induction 
and maintenance treatment in TRD.

METHODS
The BRAT framework is a broadly accepted approach for benefit–risk 
assessment.7,8,24–26 It is a process to facilitate the selection, organiza-
tion, summarization, and communication of evidence for benefit–risk 
decision making. The BRAT framework comprises the following 
steps: (i) define the decision context, (ii) identify efficacy and safety 
outcomes that have an important effect on the benefit–risk balance, 
(iii) identify source data, (iv) customize the framework, (v) assess out-
come importance, and (vi) display and interpret the key benefit–risk 
metrics (Table S1).6,7,27,28 We utilized the BRAT framework because 
of its broad acceptance, its clear set of steps, and its strong emphasis on 
end-point selection and graphical communication and interpretation 
of benefit–risk data.

Decision context
Up to one-third of MDD patients have TRD. TRD is a serious and 
life-threatening condition with high rates of individual and soci-
ety-level morbidity and a chronic disease course. Patients with TRD 
can be unable to work, maintain relationships, and in the most severe 
cases may become hospitalized or even commit suicide. All these con-
cerns are more common and more severe in TRD than in MDD.10,14,15 
There also is considerable unmet medical need due to few available 

therapies and those available (e.g., ECT) being associated with consid-
erable AEs.17 To address use of esketamine for this medical need, the 
benefit–risk balance of esketamine + oral AD was evaluated in both 
induction (4 weeks) and maintenance therapy (16 weeks optimization 
and maintenance treatment of variable duration).

Identify efficacy and safety end points
For benefit–risk assessment of the induction studies, the beneficial 
end points were the proportion of remitters (Montgomery-Åsberg 
Depression Rating Scale (MADRS) total score ≤  12) or respond-
ers (≥  50% reduction in MADRS total score) at the end of the dou-
ble-blind phase (definitions for all end points in Table S2). Remission 
and response were secondary efficacy end points not associated with 
formal statistical testing. Rather than the primary induction efficacy 
end point of change in MADRS total score, the secondary end points 
of remission and response were used for benefit–risk because these 
are clinically meaningful end points for psychiatrists that also allow 
for comparing proportions of beneficial events with those of harmful 
events. It is important to note that all remitters were also respond-
ers, given the study inclusion criteria of baseline MADRS ≥ 28, hence 
remission and response are not separate benefits but ref lect different 
degrees of efficacy.

Although MADRS total score ≤  10 is a commonly used definition 
for remission,29 a definition of ≤ 12 has also been used in multiple pub-
lished clinical studies.30,31 In addition, the sponsor selected a definition of 
MADRS total score ≤ 12 based on data from a phase 0 study (data on file) 
suggesting that remote MADRS raters score slightly higher (an average of 
2 points) than face-to-face raters when patients demonstrate lower overall 
symptom severity (i.e., MADRS total score < 12).

The beneficial end points for the maintenance phase were the pro-
portion of stable remitters or stable responders in A Study of Intranasal 
Esketamine Plus an Oral Antidepressant for Relapse Prevention in Adult 
Participants With Treatment-resistant Depression (SUSTAIN-1) who 
remained relapse-free. Relapse-free proportion is used, rather than the 
primary efficacy end point of time to relapse, to allow for comparing pro-
portions of beneficial events with harmful events.

For both induction and maintenance studies, safety outcomes (risks) 
included were death, incident suicidal ideation, and the most commonly 
observed adverse drug reactions (ADRs)— generally defined as AEs 
with an incidence of ≥ 10% in patients treated with esketamine + AD 
and greater than that for AD + placebo. The ADR frequency categoriza-
tions for all ADRs is based on Council for International Organizations 
of Medical Sciences (CIOMS) Working Group (Groups III and V) 
recommendations32 using data from esketamine phase II and phase III 
TRD studies. Those ADRs at an incidence of ≥ 10% that are catego-
rized as "very common" are reported as possibly associated with esket-
amine treatment most frequently and consistently across esketamine 
clinical studies. In addition, they represent the most typical safety pro-
file of the product based on its pharmacological effects. Such events 
include dissociation, dizziness, nausea, sedation, headache, vertigo, dys-
geusia, hypoesthesia, increased blood pressure, anxiety, and vomiting 
(Table S2). The severity for AEs was assessed by the investigator and 
graded as mild (symptoms were easily tolerated, caused minimal dis-
comfort, and did not interfere with everyday activities); moderate (dis-
comfort caused interference with normal activity); or, severe (extreme 
distress caused significant impairment of functioning or incapacitation, 
and prevented normal everyday activities).

Information on when an ADR is likely to begin and resolve relative to 
treatment administration is critical in understanding whether the ADRs 
are transient and manageable without clinical sequelae, when patients are 
either under medical supervision or under driving restrictions. All serious 
or severe common ADRs were thus characterized based on time to onset 
and resolution relative to the most recent dosing day. Specifically, serious 
or severe common ADRs were characterized by (i) onset and resolution on 
a dosing day, (ii) onset on a dosing day and resolution on a nondosing day, 
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and (iii) onset on a nondosing day. ADRs that led to treatment discontin-
uation were also assessed. Additionally, given the observation of cognitive 
impairment and interstitial cystitis based on the ketamine abuse literature, 
these potential long-term risks were also assessed. The value tree is pre-
sented in Figure S1.

Source data selection
The benefit–risk assessment of esketamine as induction treatment 
used efficacy and safety data from the three short-term phase III stud-
ies: A Study to Evaluate the Efficacy, Safety, and Tolerability of Fixed 
Doses of Intranasal Esketamine Plus an Oral Antidepressant in Adult 
Participants With Treatment-resistant Depression (TRANSFORM-1) 
(NCT02417064);20 A Study to Evaluate the Efficacy, Safety, and 
Tolerability of Flexible Doses of Intranasal Esketamine Plus an Oral 
Antidepressant in Adult Participants With Treatment-resistant 
Depression (TRANSFORM-2) (NCT02418585);21 and A Study to 
Evaluate the Efficacy, Safety, and Tolerability of Intranasal Esketamine 
Plus an Oral Antidepressant in Elderly Participants With Treatment-
resistant Depression (TRANSFORM-3) (NCT02422186)22 during the 
double-blind phase. Assessment for maintenance treatment used data 

from the longer-term phase III study, SUSTAIN-1 (NCT02493868)23, 
during the maintenance phase.

In this quantitative assessment, the open-label safety studies A Long-
term, Safety and Efficacy Study of Intranasal Esketamine in Treatment-
resistant Depression (SUSTAIN-2) (NCT02497287)33 and A Long-term 
Safety Study of Esketamine Nasal Spray in Treatment-resistant Depression 
(SUSTAIN-3) (NCT02782104) were not used, as these were primarily 
safety and tolerability studies and there were no comparator groups. All 
studies included in this assessment were conducted in accordance with the 
principles of the Declaration of Helsinki. Approval from an Institutional 
Review Board was obtained in all participating centers, and all patients 
provided written informed consent.

Short-term induction studies. The TRANSFORM-1,20 TRANS-
FORM-2,21 and TRANSFORM-322 are randomized, double-blind, 
active-controlled studies aimed to evaluate efficacy in patients with 
TRD who did not respond to prior AD and switched to esketamine + a 
newly initiated oral AD vs. a newly initiated oral AD + placebo. These 
studies were nearly identical in design and inclusion/exclusion crite-
ria (Figure  1a). However, these studies had differences in age criteria 

Figure 1 Esketamine phase III studies overview. (a) Short-term induction studies (b) Maintenance study. Short-term induction studies 
had same design but differed in dose and patients’ age: (i) TRANSFORM-1: esketamine 56 or 84 mg fixed dose; age 18–64 years; (ii) 
TRANSFORM-2: flexible dose; age: 18–64 years; (iii) TRANSFORM-3: flexible dose; age: ≥ 65 years; *Duloxetine, escitalopram, sertraline, or 
venlafaxine extended-release; †Responders defined as ≥ 50% reduction in the MADRS total score from baseline (Day 1 prerandomization) at 
the end of the 4-week double-blind induction phase of the acute 3001 and 3002 studies; ‡Responders who entered the optimization phase 
remained on the same intranasal study drug as taken in the induction phase; §Frequency of intranasal medication sessions was reduced 
to once weekly for 4 weeks, then individualized to weekly or every other week based on severity of depressive symptoms (lowest dosing 
frequency adequate to maintain remission (MADRS ≤ 12)). AD, antidepressant; MADRS, Montgomery-Åsberg Depression Rating Scale; OL, 
open label; PBO, placebo; R, randomization; TRD, treatment-resistant depression. [Colour figure can be viewed at wileyonlinelibrary.com]
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(TRANFORM-1 and 2: adults aged 18–64  years; TRANSFORM-3: 
elderly aged ≥  65  years), and in dosing regimen (fixed-dose in 
TRANSFORM-1; flexible-dose in TRANSFORM-2 and 3) (Figure 1a). 
Patients in these studies were randomized into a double-blind induction 
phase if they were nonresponders to 1–5 oral ADs in the current depres-
sive episode at the start of screening/prospective observational phase. 
Patients were also eligible if they had nonresponse to oral ADs confirmed 
prospectively during the screening / observational phase. Nonresponse at 
the end of the screening / prospective observational phase was defined as 
≤ 25% improvement in the MADRS total score from week 1 to week 4 
and a MADRS total score of ≥ 28 on week 2 and week 4. The MADRS 
consists of 10 items that cover core depressive symptoms. Each item is 
scored from 0 (symptom is not present or normal) to 6 (severe or con-
tinuous presence of the symptom). A total score (0–60) is calculated by 
summing the scores of all 10 items. A higher score represents a more se-
vere condition. These patients were eligible to enter a randomized dou-
ble-blind phase with fixed or flexible esketamine dosing along with AD 
(Figure 1a).20–22

Maintenance study. SUSTAIN-1 was a double-blind, randomized with-
drawal design, relapse prevention study aimed to assess the safety and ef-
ficacy of continuation vs. discontinuation of esketamine, in presence of 
an ongoing oral AD, in patients who were in stable remission.23

After achieving response to induction of esketamine in 
TRANFORM-1 or TRANSFORM-2 study, patients were transferred 
(transfer-entry patients, n = 268) into the SUSTAIN-1 study. In addi-
tion, patients were directly enrolled (direct-entry patients, n = 437) into 
the SUSTAIN-1 study after a screening phase and a 4-week open-label 
induction phase. Both patient populations met the same criteria for 
TRD, including prospective confirmation of nonresponse in the screen-
ing / prospective observational phase (Figure 1b).

Direct-entry and transfer-entry patients who exhibited confirmed 
response at the end of the 4-week induction phase entered a 12-week 
optimization phase. At the end of the optimization phase, stable remit-
ters and stable responders after 16  weeks of esketamine treatment en-
tered the maintenance phase. Stable remitters were defined as patients 
with MADRS score ≤ 12 for ≥ 3 of the last 4 weeks, with one excursion 

(MADRS score > 12) or one missing MADRS assessment permitted at 
week 13 or 14 only, while stable responders were defined as patients with 
50% reduction in MADRS score from baseline in each of the last 2 weeks 
of the optimization phase, but without achieving remission. Further de-
tails of study design and treatment have been described elsewhere.23

Customizing the framework
The data sources from the clinical trial were sufficient to support all end 
points included. No customization was needed.

Assess outcome importance
Outcome importance was based on clinical judgement and was rein-
forced by a patient preference study conducted in TRD patients.34

Display and interpret key benefit–risk metrics
The incidence proportions for each arm, risk differences and 95% 
 confidence intervals (CIs) are summarized in effects tables. Risk differ-
ences and 95% CIs are also depicted in forest plots.

Statistical methods
For TRANSFORM-1, TRANSFORM-2, and TRANSFORM-3, treat-
ment comparisons were performed in all randomized patients who re-
ceived one or more doses of study medication and one dose of oral AD 
during the double-blind induction phase. For SUSTAIN-1, treatment 
comparisons for efficacy end points were performed separately for ran-
domized patients who were in stable remission (stable remitters) and 
who were stable responders (but not achieved stable remission) at the end 
of the optimization phase and who received one or more doses of study 
medication and one dose of oral AD during the maintenance phase. 
Safety analysis end points were analyzed in all randomized patients who 
received one or more doses of study medication or one dose of oral AD 
during the maintenance phase.

Risk differences of proportions were calculated for all efficacy and 
safety end points. In tables and figures below, proportions for each 
arm and risk differences are expressed per 100 patients. Thus, the risk 
difference for an event can be interpreted as the additional number 

Figure 2 Benefit–risk assessment for short-term treatment, risk differences (per 100 patients) in adults 18–64 years: TRANSFORM-1 and 2 
efficacy and pooled safety. No CI (confidence interval) provided if the number of events is 0 or 1 in either group. AD, antidepressants; ADR, adverse 
drug reaction; D/C, discontinuation; MADRS, Montgomery-Åsberg Depression Rating Scale. [Colour figure can be viewed at wileyonlinelibrary.com]

0.3
2.6

8.4
8.9

0.7

-0.8
-2.1

-40 -30 -20 -10 0 10 20 30 40

Death
D/C due to common ADR
Any serious or severe common ADR

Day of dosing → day of dosing
Day of dosing → different day
Nondosing day

Postbaseline suicidal ideation

15.2
14.2

17.3

5.5
8.2

21.5

-40-30-20-10010203040

MADRS Responder (Day 28) TRANSFORM-1 (56 mg)
TRANSFORM-1 (84 mg)
TRANSFORM-2

MADRS Remitter (Day 28) TRANSFORM-1 (56 mg)
TRANSFORM-1 (84 mg)
TRANSFORM-2

Favors AD + PlaceboFavors Esketamine + AD
Risk Difference per 100 patients (95% CI)

ARTICLE

www.wileyonlinelibrary.com


VOLUME 109 NUMBER 2 | February 2021 | www.cpt-journal.com540

of patients in a population of 100 who would experience that event 
when treated with esketamine  +  AD compared with being treated 
with AD + placebo. A negative value indicates that there were more 
occurrences of an outcome in the population treated with AD + pla-
cebo, and a positive value indicates more occurrences in a population 
treated with esketamine + AD. The 95% CIs are presented with risk 
differences to show statistical uncertainty. No statistical tests for 
these end points were applied nor any adjustments made for multi-
plicity. Observed case data were used for these analyses. An addi-
tional assessment in the subgroup of patients aged 65–74 years from 
TRANFORM-3 was performed; however, a similar assessment was 

not performed for those >  75  years of age as there were too few pa-
tients (n = 21) in that age range.

RESULTS
Benefit–risk balance of induction treatment in adult 
patients
In TRANSFORM-1, compared with AD  +  placebo, induction 
treatment with esketamine 56 mg + AD resulted in 15.2 (95% CI, 
2.11 to 28.22) more responders per 100 patients and esketamine 

Table 1 Treatment comparison of efficacy and safety in induction phase (pooled studies TRANSFORM-1 and 2)

Esketamine + AD 
Risk/100 Patients 

N = 343

AD + placebo 
Risk/100 Patients 

N = 222

Treatment Difference 
(Esketamine-Placebo)

(Esketamine + AD) – (AD + placebo) 
Risk Difference/100 Patients (95% CI)

Efficacy MADRS (Day 28)

Responders

TRANSFORM-1 (56 mg) 54.1 38.9 15.2 (2.11–28.22)

TRANSFORM-1 (84 mg) 53.1 14.2 (0.68–27.67)

TRANSFORM-2 69.3 52 17.3 (4.01–30.60)

Remitters

TRANSFORM-1 (56 mg) 36 30.6 5.5 (−6.98 to 17.94)

TRANSFORM-1 (84 mg) 38.8 8.2 (−4.76 to 21.20)

TRANSFORM-2 52.5 31 21.5 (8.17–34.78)

Safety

Death 0.3 0 0.3

Discontinuation due to common ADRa 2.6 0 2.6

Any serious or severe common ADRa 12 3.6 8.4 (4.13–12.57)

Dissociation 4.4 0 4.4

Dizziness 2.6 0.5 2.2

Nausea 1.5 0 1.5

Sedation 0.9 0.5 0.4

Headache 1.5 0.9 0.6 (−1.22 to 2.33)

Vertigo 2.9 0.5 2.5

Dysgeusia 1.7 0 1.7

Hypoesthesia 0.6 0 0.6

Blood pressure increased 0 0 0

Anxiety 1.7 1.8 −0.1 (−2.29 to 2.18)

Vomiting 1.5 0 1.5

Any serious or severe common ADR

Day of dosing → day of dosing 10.2 1.4 8.9 (5.31 to 12.40)

Day of dosing → different day 1.2 0.5 0.7

Nondosing day 1.5 2.3 −0.8 (−3.12 to 1.53)

Postbaseline suicidal ideation N = 254 
10.2

N = 162 
12.3

−2.1 (−8.40 to 4.18)

TRANSFORM-1: esketamine 56 mg + AD, N = 115; esketamine 84 mg + AD, n = 114; AD + placebo, n = 113.
TRANSFORM-2: esketamine + AD, n = 114; AD + placebo, n = 109.
MADRS total score ranges from 0 to 60; a higher score indicates a more severe condition. Negative change in score indicates improvement.
AD, antidepressant; ADR, adverse drug reaction; CI, confidence interval; MADRS, Montgomery-Åsberg Depression Rating Scale; TRD, treatment-resistant 
depression.
aThe following grouped terms with an incidence of ≥ 10% in TRD subjects treated with esketamine nasal spray + oral AD and greater than oral AD + placebo 
are regarded as common ADRs: dissociation, dizziness, nausea, sedation, headache, vertigo, dysgeusia, hypoesthesia, blood pressure increased, anxiety, and 
vomiting. No CI provided if the number of events is 0 or 1 in either group.
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84  mg  +  AD resulted in 14.2 (95% CI, 0.68 to 27.67) more re-
sponders per 100 patients at day 28. In TRANSFORM-2, induc-
tion treatment with esketamine  +  AD at flexible dose resulted 
in 17.3 (95% CI, 4.01 to 30.60) more responders (Figure  2 and 
Table 1).

As noted in the Methods section, remission is a greater degree of 
benefit than response and provides an alternative view on efficacy. 
Compared with AD + placebo, esketamine + AD also resulted in 
a greater number of patients in remission at day 28, with 5.5 (95% 
CI, −6.98 to 17.94) and 8.2 (95% CI, −4.76 to 21.20) more re-
mitters per 100 patients for the 56 mg dose and 84 mg dose, re-
spectively in TRANSFORM-1, and 21.5 (95% CI, 8.17 to 34.78) 
more remitters per 100 patients in TRANFORM-2 (Figure 2 and 
Table 1).

The overall rates of serious or severe ADRs and the ADRs 
leading to discontinuation were higher in the esketamine  +  AD 

groups than for the AD  +  placebo groups for TRANSFORM-1 
and TRANSFORM-2. Per 100 patients, esketamine + AD treat-
ment vs. AD + placebo resulted in 2.6 more discontinuations due 
to a common ADR, and 8.4 (95% CI, 4.13 to 12.57) more serious 
or severe common ADRs (Figure 2). These events were predomi-
nantly dissociation, vertigo, and dizziness. The risk differences for 
serious or severe common ADRs that occurred and resolved on the 
day of dosing was 8.9 (95% CI, 5.31 to 12.40), the serious or severe 
common ADRs that occurred on day of dosing and resolved on a 
different day was 0.7, and those serious or severe common ADRs 
that occurred on a nondosing day was −0.8. Taken together, these 
results indicate that esketamine + AD was associated with ADRs 
that occur and resolve on the day of dosing, when patients are 
under medical supervision or driving restrictions, but there was no 
difference between esketamine + AD and AD + placebo beyond 
the day of dosing.

Table 2 Treatment comparison of efficacy and safety in induction phase (TRANSFORM-3)

Esketamine + AD 
N = 72 

Risk/100 Patients

AD + placebo 
N = 65 

Risk/100 Patients

Treatment Difference 
(Esketamine + Oral AD) - (Oral AD + Placebo) 

Risk Difference/100 Patients (95% CI)

Efficacy MADRS (Day 28)

Respondera (all) 27 13.3 13.7 (−0.28 to 27.58)

Responder (65–74 years of age) 28.3 13.2 15.1 (−0.08 to 30.27)

Remittersb (all) 17.5 6.7 10.8 (−0.51 to 22.09)

Remitters (65–74 years of age) 20.8 5.7 15.1 (2.53 to 27.66)

Safety

Death 0 0 0

Discontinuation due to common ADRc 4.2 1.5 2.6

Any serious or severe common ADRd 4.2 3.1 1.1 (−5.15 to 7.33)

Dissociation 0 0 0

Dizziness 0 1.5 −1.5

Nausea 0 0 0

Sedation 0 0 0

Headache 0 0 0

Vertigo 0 0 0

Dysgeusia 1.4 0 1.4

Hypoesthesia 0 0 0

Blood pressure increased 1.4 0 1.4

Anxiety 1.4 1.5 −0.1

Vomiting 0 0 0

Any serious or severe common ADR

Day of dosing → day of dosing 1.4 0 1.4

Day of dosing → different day 0 0 0

Nondosing day 2.8 3.1 −0.3 (−5.96 to 5.36)

Postbaseline suicidal ideation N = 58 
13.8

N = 54 
16.7

−2.9 (−16.20 to 10.45)

MADRS total score ranges from 0 to 60; a higher score indicates a more severe condition. Negative change in score indicates improvement.
AD, antidepressant; ADR, adverse drug reaction; CI, confidence interval; MADRS, Montgomery-Åsberg Depression Rating Scale; TRD, treatment-resistant depression.
aResponder is defined as the proportion of patients achieving at least 50% improvement in MADRS at Day 28. bRemitter is defined as the proportion of patients 
achieving MADRS total score of ≤ 12 at Day 28. (All patients had baseline MADRS > 28). cResponder (without remission) is defined as the proportion of patients 
achieving at least 50% improvement in MADRS and MADRS total score > 12 at Day 28. dThe following grouped terms with an incidence of ≥ 10% in TRD subjects 
treated with intranasal esketamine + oral AD and greater than oral AD + placebo are regarded as common ADRs: dissociation, dizziness, nausea, sedation, 
headache, vertigo, dysgeusia, hypoesthesia, blood pressure increased, anxiety, and vomiting. No CI provided if the number of events is 0 or 1 in either group.
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No severe AEs of increased blood pressure were reported in 
either study. The risk difference for death was 0.3; one death oc-
curred in the esketamine arm of TRANSFORM-2 from multiple 
injuries sustained in a road traffic accident and was not considered 
related to treatment.20 Incident postbaseline suicidal ideation was 
numerically balanced between study arms −2.1 (95% CI, −8.40 
to 4.18) per 100 patients. There was also no difference between 
treatment groups in any of the cognitive tests performed during 
TRANSFORM-1 or TRANSFORM-2.

Benefit–risk balance of induction treatment in elderly 
patients
The benefit–risk analysis for TRANSFORM-3 in patients 
≥  65  years of age showed similar results to those of patients 
aged 18–64  years in TRANSFORM-1 and TRANSFORM-2. 
Compared with AD  +  placebo, esketamine  +  AD resulted in 
13.7 (95% CI, −0.28 to 27.58) more responders and 10.8 (95% 
CI, −0.51 to 22.09) more remitters per 100 patients at day 28 
(Table 2). For patients aged 65–74 years, both end points shifted 

Figure 3 Benefit–risk assessment for short-term treatment, risk differences (per 100 patients) in adults ≥ 65 years: TRANSFORM-3. No 
CI (confidence interval) provided if the number of events is 0 or 1 in either group. AD, antidepressants; ADR, adverse drug reaction; D/C, 
discontinuation; MADRS, Montgomery-Åsberg Depression Rating Scale. [Colour figure can be viewed at wileyonlinelibrary.com]
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figure can be viewed at wileyonlinelibrary.com]
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slightly in favor of esketamine + AD, with 15.1 (95% CI, −0.08 to 
30.27) more responders and 15.1 (95% CI, 2.53 to 27.66) more re-
mitters per 100 patients treated with esketamine + AD (Figure 3 
and Table 2).

For the esketamine + AD group, there were 2.6 more discontinu-
ations due to common ADRs per 100 patients and 1.1 more serious 
or severe common ADRs per 100 patients. Results for serious or se-
vere common ADRs show the same pattern as seen with all patients: 
The risk difference for those that occurred and resolved on the day 
of dosing was 1.4, 0 for those that occurred on the day of dosing and 
resolved on a different day, and −0.3 for those that occurred on a 
nondosing day (Figure 3 and Table 2). One event of severe blood 
pressure increase occurred and resolved on the day of dosing in the 
esketamine + AD group. There were no deaths, and incident post-
baseline suicidal ideation was numerically balanced between study 
arms: −2.9 (95% CI, −16.20 to 10.45) per 100 patients.

Benefit–risk balance of maintenance treatment
Among patients in SUSTAIN-1 who had achieved stable re-
mission after 16  weeks of treatment with esketamine  +  AD, 

randomized continuation with esketamine resulted in 18.7 
(95% CI, 4.75 to 32.62) fewer relapses per 100 patients com-
pared with discontinuing esketamine. Among patients who had 
achieved a stable response (but not remission) after 16  weeks 
of treatment with esketamine  +  AD, randomized continua-
tion with esketamine resulted in 31.8 (95% CI, 15.16 to 48.48) 
fewer relapses per 100 patients compared with discontinuing 
esketamine (Figure  4 and Table  3). The primary reason for 
relapse was worsening depression manifesting as a deteriorat-
ing MADRS total score, with few patients meeting criteria 
for relapse based on a clinically relevant event. There were no 
meaningful differences in risks in SUSTAIN-1 between stable 
remitters and stable responders entering the study, hence risk 
results were pooled.

There were 0.7 more common ADRs leading to discontinua-
tion and 5.2 (95% CI, 0.83 to 9.57) more serious or severe com-
mon ADRs per 100 patients receiving esketamine + AD. The risk 
differences for serious or severe common ADRs that occurred 
and resolved on the day of dosing was 5.9, serious or severe com-
mon ADRs that occurred on the day of dosing and resolved on a 

Table 3 Treatment comparison of efficacy and safety in maintenance phase: SUSTAIN-1

Safety

Esketamine + AD 
N = 152 

Risk/100 patients

AD + Placebo 
N = 145 

Risk/100 patients

Treatment Difference 
(Esketamine + Oral AD) - (Oral AD + Placebo) 

Risk Difference/100 patients (95% CI)

Efficacy MADRS (day 28)

Stable responder: relapse (all)a 25.8 (N = 62) 57.6 (N = 59) −31.8 (−48.48 to −15.16)

Stable remitter: relapse (all)a 26.7 (N = 90) 45.3 (N = 86) −18.7 (−32.62 to −4.75)

Safety

Death 0 0 0

Discontinuation due to common ADRa 0.7 0 0.7

Any serious or severe common ADRa 6.6 1.4 5.2 (0.83 to 9.57)

Dissociation 0.7 0 0.7

Dizziness 0.7 0 0.7

Nausea 0.7 0 0.7

Sedation 2.0 0 2.0

Headache 0.7 1.4 −0.7

Vertigo 1.3 0 1.3

Dysgeusia 1.3 0 1.3

Hypoesthesia 0 0 0

Blood pressure increased 0 0 0

Anxiety 1.3 0 1.3

Vomiting 0 0 0

Any serious or severe common ADR

Day of dosing → day of dosing 5.9 0 5.9

Day of doing → different day 0 0 0

Nondosing day 0.7 1.4 −0.7

Postbaseline suicidal ideation N = 126 
2.4

N = 133 
4.5

−2.1 (−6.55 to 2.29)

MADRS total score ranges from 0 to 60; a higher score indicates a more severe condition. Negative change in score indicates improvement.
AD, antidepressant; ADR, adverse drug reaction; CI, confidence interval; MADRS, Montgomery-Åsberg Depression Rating Scale; TRD, treatment-resistant depression.
aThe following grouped terms with an incidence of ≥ 10% in TRD subjects treated with intranasal esketamine + oral AD and greater than oral AD + placebo are 
regarded as common ADRs: dissociation, dizziness, nausea, sedation, headache, vertigo, dysgeusia, hypoesthesia, blood pressure increased, anxiety, and 
vomiting. No CI provided if the number of events is 0 or 1 in either group.
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different day was 0, and those ADRs that occurred on a nondosing 
day was −0.7 (Figure 4 and Table 3). There were no deaths; inci-
dent postbaseline suicide ideation showed no meaningful differ-
ence (−2.1 (95% CI, −6.55 to 2.29) per 100 patients), and there 
was no difference between treatment groups in any of the cognitive 
tests performed.

Interstitial cystitis and changes in cognition were also consid-
ered as risks; however, there were no cases of interstitial cystitis. A 
battery of cognitive tests was performed, and the only difference 
observed in comparing treatment groups was a slowing of reac-
tion time in the absence of any other change in cognitive perfor-
mance in older patients (> 65 years of age), which was observed 
in the long-term safety study SUSTAIN-2. This observation could 
not be attributed to study medication and the clinical relevance 
and consequences have not been established. Overdose, abuse, or 
drug-seeking behavior was not observed in any clinical study, and 
abuse potential is addressed in the comprehensive risk mitigation 
program.

DISCUSSION
Assessment of the benefit–risk profile of esketamine + AD is of 
particular interest owing to the high placebo effect in AD studies, 
use of an active control, and safety profile addressing both short-
term and long-term AEs. The benefit–risk of esketamine + AD 
was assessed using the BRAT framework. Compared with 
AD + placebo, esketamine + AD in induction and maintenance 
treatment provided benefit of clinically meaningful response and 
remission among adults with TRD. The safety experience with 
esketamine  +  AD showed that the most common AEs (risks) 
that were severe or serious were primarily observed on the day of 
dosing. The differences between treatment groups of dosing day 
events that end on a nondosing day or that occur on nondosing 
days were both small. The events that were reported as serious or 
severe were transient in nature and mostly occurred and resolved 
within 2 hours of dosing without clinical sequelae, when patients 
are either under medical supervision (2  hours) or under driving 
restrictions (day of dosing).

The majority of the ADRs observed with esketamine + AD in-
cluded common events such as dissociative symptoms, dizziness/
vertigo, increased blood pressure, and sedation, occurred shortly 
after dosing and resolved on the same day while the patient was 
under the supervision of a healthcare professional. One death was 
observed across the four double-blind controlled phase III studies 
and was due to multiple injuries sustained in a road traffic acci-
dent, which occurred 1 day after receiving a dose of esketamine 
and the investigator considered the event not related to esket-
amine use. Since patients receiving esketamine may experience 
immediate dissociative and sedative effect due to the underlying 
mechanism of action, there are safety concerns over potential for 
abuse, diversion, and misuse. To mitigate the risk of abuse and 
misuse, the FDA approved esketamine with a Risk Evaluation 
and Mitigation Strategy (REMS) program.35 Under this provi-
sion, esketamine is made available only at medically supervised 
healthcare settings and hospitals that are certified in the REMS 
and patients self-administer esketamine under the observation of 
a healthcare provider.

Based on the decision context, 5–21 additional patients remit-
ting or 14–17 additional patients responding per 100 treated in 
this analysis, with symptom improvement starting to manifest 
in some patients within hours, is a considerable benefit that out-
weighs these transient adverse reactions (risks), particularly disso-
ciation, vertigo, and dizziness, that are manageable and mitigated 
for adverse outcomes. Similar advantage in esketamine treatment 
was observed with elderly patients, especially in the subgroup 
of patients ≥ 65–74 years. Once response or remission has been 
achieved, the benefit observed with continued maintenance treat-
ment of 19 to 32 fewer relapses per 100 patients over longer-term 
therapy also outweighed the few serious or severe common 
ADRs. Overall, the analyses of evidence from phase III clinical 
studies suggest a positive benefit–risk balance for esketamine in 
combination with oral AD vs. AD + placebo in adults with TRD.

The occurrence of the short-term AEs that occur on the day of 
dosing and generally last no more than 2 hours are potentially less 
impactful than reduction or relief of long-lasting clinical depres-
sion. This perspective is reinforced by results from a patient pref-
erence study of both esketamine-experienced and ketamine-naive 
TRD patients,34,36 which showed that patients regarded even 
partial relief of depression symptoms as much more important 
than the short-term AE (i.e., dissociation and dizziness).

Implementation of the REMS program, which is designed to 
ensure safe use and mitigate the risks of serious adverse outcomes 
resulting from sedation, dissociation, and misuse of esketamine re-
inforces the positive benefit–risk profile of esketamine in patients 
with TRD.

The current assessment had several potential limitations: (i) 
Response and remission rates were used to allow comparing 
proportions of beneficial events with harmful events. For the 
longer maintenance studies, discontinuations can make propor-
tions misleading. The small difference in discontinuation rates 
due to common ADRs mitigates this concern, but ideally expo-
sure-time rates could be assessed. (ii) Since all remitters were also 
responders in these studies, response and remission end points 
reflect different degrees of benefit, rather than distinct benefits. 
While distinct benefits are generally valuable, we found that 
using the mutually exclusive end-point “responders who did not 
achieve remission” caused considerable confusion, and instead 
used response and remission end points to represent different 
degrees of efficacy. Alternative characterizations of the degree of 
efficacy based on one underlying assessment are not uncommon 
in benefit–risk assessment, such as the use of Psoriasis Area and 
Severity Index (PASI) measures PASI 50, PASI 75, and PASI 90 
in psoriasis benefit–risk assessment. (iii) While very common in 
clinical studies, the dichotomization of continuous end points 
into those with and without a response (e.g., responder, nonre-
sponder) masks the distribution of response or degree of benefit 
within each category. Additional analyses could represent this 
heterogeneity of response. (iv) The analyses include serious or se-
vere common ADRs. ADRs of moderate severity could have also 
been considered in the risk assessment. They were prospectively 
excluded given our clinical judgment that the clinical impact of 
response and remission is much larger than that of the moder-
ate, transitory ADRs observed. The patient preference study 
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reinforced this perspective.34 (v) The assessment of benefit–risk 
in patients > 75 years of age could not be carried out because of 
insufficient sample size. (vi) Further, dependency between bene-
fit and risk end points was not considered, e.g., joint end points 
assessing whether those who benefited may have been more or 
less likely to have the risks. (vii) The frequencies of the benefits 
and risks in clinical trial population may differ from that in the 
general population of TRD patients. (viii) The benefit–risk as-
sessment is limited to the time period of the studies conducted. 
Based on the long-term SUSTAIN-1 study23 included in this 
analysis and another long-term SUSTAIN-2 (single-arm, 1-year 
duration) study,33 the AD efficacy appears to be maintained and 
risks do not appear to increase. At present, there is no informa-
tion available outside of the studies conducted.

In summary, in patients with TRD, esketamine nasal spray as 
induction and maintenance treatment along with a newly initi-
ated oral AD provides an advantage in rapid onset of effect and 
sustained efficacy over the transient adverse effects that are med-
ically manageable and resolved mainly on the day of treatment 
when there is medical supervision or there are driving restric-
tions. Taken together, the evidence supports a positive benefit–
risk balance for esketamine + AD as a novel therapeutic option 
for this difficult-to-treat, potentially life-threatening condition 
of TRD.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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