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Abstract
Objective The objective of this study was to determine which symptoms measured by the Patient Health Questionnaire 
(PHQ-9) and Montgomery-Asberg Depression Rating Scale (MADRS) improve in those treated with esketamine nasal 
spray in combination with oral antidepressant (AD) compared with those treated with placebo plus AD for adult patients 
with treatment-resistant depression (TRD). These results complement the interpretation of PHQ-9 and MADRS total scores.
Methods The TRANSFORM 2 study evaluated the efficacy and safety of esketamine nasal spray in combination with AD. 
This post-hoc analysis used PHQ-9 and MADRS data to evaluate symptom changes. The total scores change and proportions 
of individual item change scores on the PHQ-9 and MADRS were evaluated at days 15 and 28; analysis of variance was used 
to test differences on total scores. Generalized estimation equations of logistic regression models were used to estimate the 
likelihood of improvement on instrument items.
Results The mean total score reduction of the PHQ-9, indicating improvement, was greater in the esketamine plus AD 
arm compared with placebo plus AD at day 15 (− 1.8; p = 0.045) and day 28 (− 2.8; p = 0.006). Proportions of those who 
improved (≥ 1 point on a 4-point scale and ≥ 2 points on a 7-point scale for the PHQ-9 and MADRS, respectively) was 
greater in the esketamine plus AD group compared with the placebo plus AD group across all items. The odds of improving 
for those in the esketamine plus AD group compared with the placebo plus AD group were over two times greater on the 
PHQ-9 items: “Little interest/pleasure in things” (OR 2.252, 95% CI 1.165–4.355); “Feeling down, depressed, or hopeless” 
(OR 2.767, 95% CI 1.400–5.470); and “Feeling tired or having little energy” (OR 2.171, 95% CI 1.153–4.087). The mean 
reduction in total scores on the MADRS, indicating improvement, was numerically greater at day 15 (− 2.0; p = 0.189) and 
statistically significantly greater at day 28 (− 4.4; p = 0.017) in the esketamine plus AD arm compared with placebo plus 
AD. The odds of improving for those in the esketamine plus AD group compared with the placebo plus AD group were over 
two times greater on the MADRS items measuring “Apparent sadness” (OR 2.007, 95% CI 1.096–3.674); and “Inability to 
feel” (OR 2.099, 95% CI 1.180–3.735).
Conclusion Improvement in mean total scores in those treated with esketamine plus AD compared with placebo plus AD 
are important results to confirm efficacy. The odds of improving in those treated with esketamine plus AD was at least two 
times greater than with placebo plus AD on three patient- and two clinician-reported individual symptoms of TRD. These 
findings provide patient-relevant quantification of the esketamine plus AD treatment benefit, adding understanding as to 
which symptoms are most improved with treatment.
Trial Registration ClinicalTrials.gov identifier: NCT02418585; first posted 16 April 2015.
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Key Points 

Evaluating group-level total score change on the Patient 
Health Questionnaire (PHQ-9) and Montgomery-Asberg 
Depression Rating Scale (MADRS) are important 
assessments of efficacy in adult patients with TRD 
treated with esketamine plus AD compared with placebo 
plus AD. Additionally, assessing the individual items 
measuring symptoms aids interpretation of treatment 
benefits.

Adult patients treated with esketamine plus AD com-
pared with placebo plus AD had improved total scores 
on both the PHQ-9 and MADRS, and were over two 
times more likely to improve on symptoms such as 
having little interest/pleasure in things; feeling down, 
depressed, or hopeless; and feeling tired or having lit-
tle energy, as measured by the PHQ-9. Similarly, adult 
patients treated with esketamine plus AD compared 
with placebo plus AD were over two times more likely 
to improve on symptoms such as apparent sadness and 
inability to feel, as measured by the MADRS.

1 Introduction

Major depressive disorder (MDD) or depression is a leading 
cause of global long-term disability and is among the top 
ten reasons for years lived with disability in most countries 
[1]. Among those who receive treatment for depression, 
about 30% do not respond to at least two different phar-
macological treatments and are diagnosed with treatment-
resistant depression (TRD) [2]. This diagnosis contributes 
to the disease burden, as adult patients with TRD manifest 
lower health-related quality of life, increased mortality and 
morbidity, higher relapse rates within a year of remission, 
and increased treatment costs relative to adult patients with 
MDD that is more treatment responsive [3, 4].

Prior to the 2019 FDA approval of esketamine nasal spray 
for treatment of TRD and subsequent approval by numer-
ous health authorities worldwide, individuals diagnosed 
with TRD had limited treatment options, with the fluoxetine/
olanzapine combination being the only treatment approved 
in the US for TRD management [4]. Interventions includ-
ing combining existing pharmacological treatment with 
non-pharmacological, psychological, or non-psychological 
methods are mostly ineffective or associated with significant 
tolerability or safety issues [5].

Esketamine, the S-enantiomer of ketamine racemate 
and an N-methyl-d-aspartate receptor antagonist, has been 

recently approved as a nasal spray for the treatment of TRD 
[6–9]. The TRANSFORM 2 study evaluated the efficacy, 
safety, and tolerability of esketamine nasal spray (56 mg and 
84 mg) used in combination with a newly prescribed open-
label (OL) oral antidepressant (AD) in patients with TRD. 
Esketamine nasal spray was approved in the US in early 
2019 as a Schedule III controlled substance to be adminis-
tered under the direct supervision of a healthcare provider 
for treatment of TRD and was subsequently approved in 
other countries.

Patient-reported outcome (PRO) instruments are used 
for the detection of depression, assessment of severity and 
disease burden, and guidance of treatment selection in a 
clinical setting. The 9-item Patient Health Questionnaire 
(PHQ-9) is a PRO instrument that is used to measure MDD 
symptoms, as described by the patient, and measure efficacy 
over time [10]. This 9-item questionnaire is an efficient tool 
for evaluating depression severity and consists of the nine 
criteria upon which the diagnosis of depressive disorders is 
based (Diagnostic and Statistical Manual of Mental Disor-
ders, 5th edition [DSM-5]) [11]. The Montgomery-Asberg 
Depression Rating Scale (MADRS), a 10-item questionnaire 
reported by the clinician, also mirrors the DSM-5 criteria.

The item scores on these clinical outcome assessment 
(COA) instruments are summed together for a total score 
measuring depression severity. These COA scales are 
composite measures comprising multiple items that assess 
depression, but items may contribute differently to overall 
depression severity. Clinicians, patients, and researchers 
often attempt to interpret the total scores without under-
standing the contribution of the individual items [12], which 
in the PHQ-9 and MADRS are also symptoms. Treatment 
effects can vary across symptoms and may differ depending 
on the mechanism of action of the intervention. The changes 
observed in a total score may result from changes in only 
a few symptoms but are generally interpreted as a change 
in the entire construct, symptoms of depression. Moreo-
ver, items measuring specific symptoms may have varying 
degrees of clinical importance, making evaluation of single 
items relevant to interpretation of the total score. For exam-
ple, on the PHQ-9, item 9 reads, “Thoughts you would be 
better off dead, or of hurting yourself.” This reflects a more 
severe symptom of depression than item 7, which reads, 
“Trouble concentrating on things.” Nevertheless, both items 
are equal contributors to the total score according to the 
PHQ-9 scoring algorithm. The measurement of PRO symp-
tom experiences via single items on these instruments help 
to interpret and compare the efficacy of treatment strategies.

Results presented are from prespecified, post-hoc analy-
ses of data from the phase III TRANSFORM 2 randomized 
clinical trial assessing the efficacy of esketamine nasal spray 
for TRD. The TRANSFORM 2 study was chosen from other 
trials assessing esketamine efficacy to keep the demographic 
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composition similar to those most affected by TRD; because 
the study design allowed flexible dosing, which aligns with 
real-world use; and because the analysis of the primary end-
point was positive. The analyses evaluate patient-reported 
and clinician-reported improvements in depressive symp-
toms among adult patients with TRD receiving esketamine 
nasal spray plus a newly initiated oral AD (esketamine plus 
AD) versus those who received a newly initiated oral AD 
(active comparator) plus intranasal placebo (placebo plus 
AD).

The objective of the analyses was to determine whether 
individual items in the PHQ-9 and MADRS instruments that 
measure symptoms show differences by treatment arm over 
the course of treatment for patients with TRD. The study was 
registered at ClinicalTrials.gov (NCT02418585).

2  Methods

2.1  Study Characteristics

TRANSFORM-2 was a phase III, double-blind, multi-
center, active-controlled study to evaluate the efficacy, 
safety, and tolerability of flexible doses of esketamine nasal 
spray (56 mg or 84 mg). The study was approved by the 
local ethics committee, and written informed consent was 
obtained. The Institutional Review Board (IRB) reviewed 
the study protocol, and all adverse events were reported to 
the IRB in compliance with the sponsor’s standard operat-
ing procedures.

All patients included in the study met the DSM 5 diagnos-
tic criteria for MDD without psychotic features. This diagno-
sis was determined by clinical assessment and confirmed by 
the Mini-International Neuropsychiatric Interview. As part 
of the inclusion criteria, patients had an Inventory of Depres-
sive Symptomatology—Clinician-rated 30-item total score 
of ≥ 34, which corresponds to moderate to severe MDD. 
These patients were treatment-resistant to at least two differ-
ent antidepressant treatments within the current depressive 
episode. Inclusion criteria included the ability to read and 
understand study instruments and instruction. Additional 
details of the entrance criteria are described elsewhere [8].

Patients were randomized (1:1) to receive a double-
blind flexible dose of esketamine nasal spray (56 mg or 
84 mg) plus oral AD or oral AD plus intranasal placebo 
[8]. Internasal treatment sessions (esketamine or placebo) 
occurred twice weekly for a 4-week period. Concurrently, 
patients initiated a new open-label oral antidepressant 
taken for the duration of the study.

2.2  Study Instruments

The PHQ-9 is a PRO instrument used to assess depres-
sion symptoms with the following nine items: Item 1—
Little interest/pleasure in things; Item 2—Feeling down, 
depressed, or hopeless; Item 3—Trouble falling or stay-
ing asleep or sleeping too much; Item 4—Feeling tired or 
little energy; Item 5—Poor appetite or overeating; Item 
6—Feeling bad about yourself; Item 7—Trouble con-
centrating on things; Item 8—Moving slowly or fidgety/
restless; and Item 9—Thoughts you would be better off 
dead. This instrument can be used both as a screening tool 
and to evaluate the response to treatment for depression 
[10]. Each of the nine items are rated on a scale of 0 to 3 
(0 = not at all, 1 = several days, 2 = more than half the 
days, and 3 = nearly every day) and the item responses are 
totaled to arrive at a final score (range of 0–27). Higher 
scores indicate a greater severity of depression. The recall 
period was 2 weeks. Prior to the initiation of the trial, 
validation work was undertaken to ensure the integrity of 
the instrument, as well as extensive feasibility testing of 
the electronic format. Electronic data collection devices 
were used to collect the PHQ-9 and other PRO data dur-
ing onsite assessments and were presented to patients by 
trained study staff according to the schedule of events in 
the protocol. This was a multinational study, and the PROs 
were translated and administered in the language that was 
most appropriate for the patient’s everyday language. The 
PROs also had to be conducted prior to other assessments 
for the study visit. Linguistic translations were conducted 
to The Professional Society for Health Economics and 
Outcomes Research guidelines [13].

The MADRS is a clinician-reported outcome (ClinRO) 
scale designed to measure depression severity and is 
responsive to changes due to AD treatment. The scale 
consists of ten items, each of which is scored from 0 (item 
not present or normal) to 6 (severe or continuous pres-
ence of the symptoms), for a total possible score of 60. 
Higher scores represent a more severe condition. Items are 
as follows: Item 1—Reported sadness; Item 2—Apparent 
sadness; Item 3—Inner tension; Item 4—Reduced sleep; 
Item 5—Reduced appetite; Item 6—Concentration difficul-
ties; Item 7—Lassitude; Item 8—Inability to feel; Item 
9—Pessimistic thoughts; and Item 10—Suicidal thoughts. 
MADRS data were collected by independent, remote raters 
< 2 days prior to the study visit. All raters underwent 
rater training for consistency and accuracy prior to trial 
initiation.
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2.3  Statistical Analysis

The analytic population was defined as adult patients with 
COA assessments at any time point within the intent-to-treat 
population. These exploratory post-hoc analyses were per-
formed using the statistical analysis system (SAS) Version 
9.4.

Distributions and descriptive statistics of demographic 
and clinical characteristics were described at baseline for 
each treatment group and overall. Total scores and change 
from baseline on the PHQ-9 and MADRS were displayed 
by treatment arm from baseline to days 15 and 28; treat-
ment differences were calculated using analysis of variance 
(ANOVA). Categorical distributions of change from base-
line in each item of the PHQ-9 and MADRS were displayed 
graphically for days 15 and 28.

The definition of within-patient item-level improve-
ment corresponded to the categorical shift of at least the 
magnitude of the total score meaningful change thresh-
olds (MCTs). The within-patient MCTs for the PHQ-9 and 
MADRS are 6 points, or 22% of the total score range and 
10 points, or 17% of the total score range, respectively [14]. 
For example, the minimal important difference (MID) of 
the MADRS is generally agreed to be 2 points [15]. Indi-
vidual patients were classified as improved if they had a 
decrease of at least 1 point on the PHQ-9 items (represent-
ing a 25% shift, measured on a 4-point scale) or 2 points 
on the MADRS items (representing a 29% shift, measured 
on a 7-point scale). It is important to note that the MCT 

differs from the threshold for clinical relevance both con-
ceptually and often numerically. While the threshold for 
within-person meaningful change refers to the amount of 
change each individual needs to achieve to be classified as 
improving or deteriorating, the MID is a measure of clinical 
relevance used to judge clinical significance of mean differ-
ence in change between groups. The proportions of patients 
with categorical improvement from baseline of PHQ-9 and 
MADRS items, by treatment arm, were calculated at Days 
15 and 28. Generalized estimation equations (GEE) of logis-
tic regression models were used to estimate the likelihood of 
improvement. The GEE model of an ‘improved’ binary event 
was regressed on fixed effects of treatment arm, time point, 
and their interaction terms, as well as an R-side random 
effect with autoregressive correlation structure to account 
for repeated measures. Models generated odds ratios (OR) 
with 95% confidence intervals (CI) to compare the likeli-
hood of ‘improvement’ between treatment groups.

3  Results

On average, patients were 46 years old (SD 11.89), non-His-
panic (93%), White (93%), and female (62%) with an aver-
age of 12 years (SD 10.2) since diagnosis of TRD. Patient 
demographic and clinical characteristics, including baseline 
PHQ-9 and MADRS scores, were similar across all treat-
ment groups (Tables 1 and 2).

Table 1  Baseline demographic and clinical information

AD antidepressant, SD standard deviation

Variable Esketamine plus AD
n = 114

Placebo plus AD
n = 109

Overall
N = 223

Age (years)
 Mean (SD) 44.9 (12.58) 46.4 (11.14) 45.7 (11.89)

Time since diagnosis (years)
 Mean (SD) 12.9 (10.35) 11.1 (10.02) 12.0 (10.21)

Sex, n (%)
 Male 39 (34.2) 46 (42.2) 85 (38.1)
 Female 75 (65.8) 63 (57.8) 138 (61.9)

Race, n (%)
 White 106 (93.0) 102 (93.6) 208 (93.3)
 Black or African American 6 (5.3) 5 (4.6) 11 (4.9)
 Asian 1 (0.9) 1 (0.9) 2 (0.9)
 Multiple 1 (0.9) 1 (0.9) 2 (0.9)

Ethnicity, n (%)
 Not Hispanic or Latino 108 (94.7) 99 (90.8) 207 (92.8)
 Hispanic or Latino 5 (4.4) 7 (6.4) 12 (5.4)
 Not reported 0 (0.0) 1 (0.9) 1 (0.4)
 Unknown 1 (0.9) 2 (1.8) 3 (1.3)



653Evaluation of PHQ-9 and MADRS in TRD with Esketamine Plus a New Oral Antidepressant

3.1  PHQ‑9 Patient‑Reported Outcome Findings

Total scores on the PHQ-9 improved from baseline to each 
post-baseline time point in both treatment groups (Table 2). 
However, the magnitude of change in PHQ-9 was larger in 
the esketamine plus AD arm compared with the placebo plus 
AD arm at both day 15 (− 1.8-point mean difference [SE 
0.91] between arms; p = 0.045 [95% CI − 3.62 to − 0.04]) 
and day 28 (− 2.8-point mean difference [SE 1.00] between 
arms; p = 0.006 [95% CI − 4.75 to − 0.81]).

Similarly, distributions of score change at the item level 
demonstrate that most patients experienced improvement 
(i.e., a negative change score) on all items except Item 9 
(“thoughts you would be better off dead”) from baseline to 
both day 15 and day 28 (Fig. 1) in both treatment groups. 
Notably, the large proportion of patients in both groups 
reporting no change on this item may be a consequence 
of few patients indicating high levels of suicide risk at 
baseline. Indeed, the study excluded patients considered to 
be at serious risk for suicide, as determined through other 

Table 2  PHQ-9 and MADRS total score and change from baseline score at days 15 and 28

AD antidepressant, MADRS Montgomery-Asberg Depression Rating Scale, PHQ-9 Patient Health Questionnaire 9-item, SE standard error

Time point Absolute score Change from baseline Treatment difference

Placebo plus AD Esketamine plus 
AD

Placebo plus AD Esketamine plus AD

n Mean (SD) N Mean (SD) Mean (SD) Mean (SD) Mean (SE) 95% CI p value

PHQ-9
 Baseline 109 20.4 (3.73) 114 20.2 (3.63)
 Day 15 104 13.2 (7.20) 111 11.2 (6.33) − 7.1 (6.87) − 9.0 (6.45) − 1.8 (0.91) − 3.62 to − 0.04 0.045
 Day 28 100 10.2 (7.68) 104 7.3 (5.74) − 10.2 (7.80) − 13.0 (6.42) − 2.8 (1.00) − 4.75 to − 0.81 0.006

MADRS
 Baseline 109 37.3 (5.66) 114 37.0 (5.69)
 Day 15 102 27.2 (11.37) 107 24.8 (10.06) − 10.0 (11.63) − 12.1 (10.58) − 2.0 (1.54) − 5.06 to 1.00 0.189
 Day 28 100 20.6 (12.70) 101 15.5 (10.67) − 17.0 (13.88) − 21.4 (12.32) − 4.4 (1.85) − 8.10 to − 0.80 0.017

1) Little interest/pleasure in things
2) Feeling down, depressed, or hopeless
3) Trouble falling or staying asleep
4) Feeling tired or little energy
5) Poor appetite or overeating
6) Feeling bad about yourself
7) Trouble concentrating on things
8) Moving slowly or fidgety/restless
9) Thoughts of better off dead

Day 15 Day 28
Placebo plus AD Placebo plus AD

Esketamine plus AD Esketamine plus AD

0 20 40 60 80 100
Total Frequency, %

0 20 40 60 80 100
Total Frequency, %

1) Little interest/pleasure in things
2) Feeling down, depressed, or hopeless
3) Trouble falling or staying asleep
4) Feeling tired or little energy
5) Poor appetite or overeating
6) Feeling bad about yourself
7) Trouble concentrating on things
8) Moving slowly or fidgety/restless
9) Thoughts of better off dead

0 20 40 60 80 100
Total Frequency, %

0 20 40 60 80 100
Total Frequency, %

Categories of change:      −3          −2          −1          0          1          2          3

Fig. 1  Proportions of categorical change from baseline to day  15 
and day  28 of Patient Health Questionnaire 9-item (PHQ-9) items 
by treatment group. The PHQ-9 is a patient-reported outcome meas-

ure used to assess depressive symptoms, with each item rated on a 
4-point scale. Higher scores indicate greater severity; negative change 
scores represent improvement. AD antidepressant
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methods. However, the improvement was greater in the 
esketamine plus AD group compared with the placebo plus 
AD group across all items, especially at day 28.

The proportion of patients who experienced a ≥ 1-point 
improvement was greater in the esketamine plus AD group 
compared with placebo plus AD for all items on the 
PHQ-9 at both day 15 and day 28 (Fig. 2). Furthermore, 
the likelihood of experiencing any improvement over the 
course of the study was numerically larger in the esketa-
mine plus AD arm compared with placebo plus AD for 
all nine PHQ-9 items, but particularly for four of the nine 
PHQ-9 items (for which the nominal p ≤ 0.05):

• Item 1—“Little interest/pleasure in things”: OR 2.252 
(95% CI 1.165–4.355)

• Item 2—“Feeling down, depressed, or hopeless”: OR 
2.767 (95% CI 1.400–5.470)

• Item 4—“Feeling tired or having little energy”: OR 2.171 
(95% CI 1.153–4.087)

• Item 6—“Feeling bad about yourself – or that you are 
a failure or have let yourself or your family down”: OR 
1.878 (95% CI 1.000–3.527).

3.2  MADRS Clinical‑Reported Outcome Findings

Total scores on the MADRS improved from baseline to 
each post-baseline time point in both treatment groups 
(Table 2). However, the magnitude of change in MADRS 
was numerically larger in the esketamine/oral AD treatment 
arm compared with placebo plus AD at day 15 (− 2.0-point 
mean difference [SE 1.54] between arms; p = 0.189 [95% 

Item 1 – Li�le 
interest/pleasure 
in things

Item 2 - Feeling 
down, depressed, 
or hopeless

Item 3 - Trouble 
falling or staying 
asleep

Item 4 - Feeling 
�red or li�le 
energy

Item 5 - Poor 
appe�te or 
overea�ng

Item 6 - Feeling 
bad about 
yourself

Item 7 - Trouble 
concentra�ng on 
things

Item 8 - Moving 
slowly or 
fidgety/restless

Item 9 -
Thoughts you be 
be�er off dead

0

Odds Ra�o

Visit

Improved: 
Placebo/AD

n (%)

Improved: 
Esketamine/AD

n (%)

Odds Ra�o 
Esketamine:Placebo

(95% CI) P-value

Day 15 67 (64.4%) 73 (65.8%) 2.252 (1.165, 4.355) 0.016

Day 28 69 (69.0%) 88 (84.6%)

Day 15 64 (61.5%) 83 (74.8%) 2.767 (1.400, 5.470) 0.003

Day 28 70 (70.0%) 92 (88.5%)

Day 15 58 (55.8%) 65 (58.6%) 1.560 (0.863, 2.821) 0.141

Day 28 64 (64.0%) 77 (74.0%)

Day 15 56 (53.8%) 68 (61.3%) 2.171 (1.153, 4.087) 0.016

Day 28 66 (66.0%) 85 (81.7%)

Day 15 53 (51.0%) 67 (60.4%) 1.290 (0.712, 2.339) 0.401

Day 28 67 (67.0%) 76 (73.1%)

Day 15 57 (54.8%) 78 (70.3%) 1.878 (1.000, 3.527) 0.050

Day 28 69 (69.0%) 85 (81.7%)

Day 15 61 (58.7%) 77 (69.4%) 1.474 (0.771, 2.817) 0.240

Day 28 74 (74.0%) 84 (80.8%)

Day 15 61 (58.7%) 69 (62.2%) 1.544 (0.865, 2.755) 0.142

Day 28 62 (62.0%) 77 (74.0%)

Day 15 21 (20.2%) 30 (27.0%) 1.367 (0.743, 2.518) 0.315

Day 28 23 (23.0%) 32 (30.8%)

1 2 3 4 5 6

Fig. 2  Distributions forest plot of odds ratios for improvement in Patient Health Questionnaire 9-item (PHQ-9). The odds ratio represents the 
likelihood of improving over the course of the study and includes both day 15 and day 28 data. AD antidepressant, CI confidence interval
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CI − 5.06 to 1.00]) and statistically significantly larger at 
day 28 (− 4.4-point mean difference [SE 1.85] between 
arms; p = 0.017 [95% CI − 8.10 to − 0.80]).

Similarly, distributions of score change at the item level 
demonstrate that most patients experienced improvement 
(i.e., a negative change score) or remained stable on all items 
from baseline to Day 15 in both treatment groups (Fig. 3). 
The day 28 distribution of score change at the item level 
demonstrates that most patients experience improvement 
on all items in both treatment groups (Fig. 3). However, 
the proportions of those who improved were greater in the 
esketamine plus AD group compared with the placebo plus 
AD group across all items, especially at day 28.

More patients in the esketamine plus AD group were 
rated as having improved by at least 2 points compared with 
placebo plus AD for all items on the MADRS at both day 15 
and day 28 (Fig. 4). Furthermore, the likelihood of experi-
encing any improvement over the course of the study was 
larger in the esketamine plus AD treatment arm compared 
with the placebo plus AD arm for five of the ten MADRS 
items (nominal p < 0.05):

• Item 1—“Reported sadness”: OR 1.844 (95% CI 1.014–
3.354)

• Item 2—“Apparent sadness”: OR 2.007 (95% CI 1.096–
3.674)

• Item 3—“Inner tension”: OR 1.891 (95% CI 1.080–
3.313)

• Item 6—“Concentration difficulties”: OR 1.880 (95% CI 
1.054–3.354)

• Item 8—“Inability to feel”: OR 2.099 (95% CI 1.180–
3.735).

4  Discussion

This study demonstrates a pattern of item-level results con-
gruent with the total PHQ-9 and MADRS score change, 
favoring treatment with esketamine nasal spray plus oral AD 
versus oral AD plus intranasal placebo. Four out of the nine 
items on the PHQ-9 and five of the ten items on the MADRS 
achieved statistical significance, providing a detailed account 
of the magnitude of which specific depressive symptoms, as 
measured by single items, are likely to improve from treat-
ment with esketamine nasal spray.

In this study, there was a favorable response to all items 
on both the PHQ-9 and MADRS, indicating overall improve-
ment in depression for those treated with esketamine nasal 
spray plus oral AD. While the change in total score is an 
important indicator of change in depression symptom sever-
ity, understanding the specific items contributing more, 
or less, to the total score change is helpful in interpreting 

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6

1) Reported sadness
2) Apparent sadness
3) Inner tension
4) Reduced sleep
5) Reduced appetite
6) Concentration difficulties
7) Lassitude
8) Inability to feel
9) Pessimistic thoughts
10) Suicidal thoughts

Day 15 Day 28
Placebo plus AD Placebo plus AD

Esketamine plus AD Esketamine plus AD

0 20 40 60 80 100
Total Frequency, %

0 20 40 60 80 100
Total Frequency, %

0 20 40 60 80 100
Total Frequency, %

0 20 40 60 80 100
Total Frequency, %

Categories of change:

1) Reported sadness
2) Apparent sadness
3) Inner tension
4) Reduced sleep
5) Reduced appetite
6) Concentration difficulties
7) Lassitude
8) Inability to feel
9) Pessimistic thoughts
10) Suicidal thoughts

Fig. 3  Proportions of categorical change from baseline to day 15 and 
day  28 of  Montgomery-Asberg Depression Rating Scale (MADRS) 
items by treatment group. The MADRS is a 10-item clinician-rated 

scale used to measure depression severity with each item rated on a 
7-point scale. Higher scores indicate a more severe condition; nega-
tive change scores represent improvement. AD antidepressant
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treatment efficacy. Each item represents symptoms of 
depression which are important diagnostic criteria. By iso-
lating the results of each item, it is possible to determine 
which symptoms are more likely to improve, enhancing 
patient understanding of potential treatment effects. For 
example, based on these results, a clinician can explain that 
the odds of not feeling down, depressed, or hopeless may 
be twice that for those treated with esketamine plus AD 
compared with AD plus placebo after 1 month of treatment. 
As part of the shared decision-making process, patients and 
clinicians can weigh the likelihood of individual symptom 
improvement against treatment risks [16].

The particularly favorable results in PHQ-9 items 1, 
2, 4, and 6 and MADRS items 1, 2, 3, 6 and 8 suggest 
improved efficacy of esketamine/oral AD over placebo 
plus AD in these specific symptoms among TRD adult 
patients. PHQ-9 items 1 and 2 (“Little interest/pleasure in 
doing things” and “Feeling down, depressed, or hopeless”) 
are both considered cardinal symptoms of depression; a 
patient will be diagnosed as depressed only if endorsing 
at least one of these two items. As all items are important 
for diagnostic criteria, patients and clinicians can see what 
other items are driving overall score response for those 
on esketamine plus AD compared with those on placebo 
plus AD by highlighting items with statistically significant 
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Item 2 –
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Item 3 –
Inner tension

Item 4 –
Reduced sleep

Item 5 –
Reduced
appete

Item 6 –
Concentraon
difficules
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Item 8 –
Inability to feel

Item 9 –
Pessimisc
thoughts

Item 10 –
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thoughts
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Odds Ra�o*

Visit

Improved:
Placebo/AD

n (%)

Improved:
Esketamine/AD

n (%)

Odds Ra�o*
Esketamine:Placebo

(95% CI) P-value

Day 15 37 (36.3%) 50 (46.7%) 1.844 (1.014, 3.354) 0.045

Day 28 60 (60.0%) 75 (74.3%)

Day 15 49 (48.0%) 55 (51.4%) 2.007 (1.096, 3.674) 0.024

Day 28 61 (61.0%) 77 (76.2%)

Day 15 30 (29.4%) 38 (35.5%) 1.891 (1.080, 3.313) 0.026

Day 28 48 (48.0%) 65 (64.4%)

Day 15 25 (24.5%) 36 (33.6%) 1.579 (0.908, 2.743) 0.106

Day 28 44 (44.0%) 57 (56.4%)

Day 15 26 (25.5%) 45 (42.1%) 1.386 (0.799, 2.404) 0.246

Day 28 49 (49.0%) 58 (57.4%)

Day 15 31 (30.4%) 41 (38.3%) 1.880 (1.054, 3.354) 0.033

Day 28 56 (56.0%) 72 (71.3%)

Day 15 29 (28.4%) 39 (36.4%) 1.544 (0.866, 2.754) 0.141

Day 28 59 (59.0%) 70 (69.3%)

Day 15 27 (26.5%) 34 (31.8%) 2.099 (1.180, 3.735) 0.012

Day 28 53 (53.0%) 72 (71.3%)

Day 15 38 (37.3%) 43 (40.2%) 1.445 (0.825, 2.531) 0.197

Day 28 55 (55.0%) 65 (64.4%)

Day 15 17 (16.7%) 24 (22.4%) 1.354 (0.745, 2.459) 0.320

Day 28 27 (27.0%) 35 (34.7%)

1 2 3 4

Fig. 4  Montgomery-Asberg Depression Rating Scale (MADRS) 
items from baseline to days 15/28 in esketamine plus AD versus pla-
cebo plus AD. *The odds ratio represents the likelihood of improv-

ing over the course of the study and includes both day 15 and day 28 
data. An odds ratio > 1 favors esketamine over placebo. AD antide-
pressant, CI confidence interval
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improvement. On the PHQ-9, these were items 4 and 6 
(“Feeling tired or having little energy” and “Feeling bad 
about yourself – or that you are a failure or have let your-
self or your family down”). On the MADRS, reported sad-
ness, apparent sadness, inner tension, concentration dif-
ficulties and the inability to feel (anhedonia), statistically 
significantly improved. Together, these results inform the 
ways in which patients experience clinical improvement 
with higher specificity than is conveyed by the total score 
[17].

Of note, the likelihood of improving was the greatest (OR 
> 2.0), relative to the other items, for “Little interest/pleas-
ure in things”, “Feeling down, depressed, or hopeless”, and 
“Feeling tired or little energy” on the PHQ-9. Similarly, on 
the MADRS, the likelihood of improving was greatest (OR 
> 2.0) on the items measuring apparent sadness (item 2) and 
anhedonia (item 8). On both instruments, the symptom that 
was least likely to improve (other than suicidal thoughts) was 
having a reduced appetite, as measured by item 5 for both 
the PHQ-9 and MADRS.

One limitation of the study was the short follow-up time; 
measurements were taken at baseline and two other time 
points during the double-blind treatment period. The 4-week 
duration of the induction phase was chosen to provide suf-
ficient time for the onset of efficacy in the oral AD + placebo 
group [18]. Meta-analysis results suggest that treatment dif-
ference is consistent for trials of 4–8 weeks’ duration, sug-
gesting a duration of 4 weeks is sufficient [19, 20]. Another 
limitation is the absence of evaluation of the oral AD used. 
Clinicians prescribed one of four oral ADs for the concomi-
tant treatment; however, any differences of each AD were 
not analyzed. Moreover, since these are results from one ran-
domized trial, further studies are needed to replicate these 
findings.

5  Conclusions

Single item analysis of individual items allows for a detailed, 
comprehensive understanding of impact of treatment on 
patient symptoms as well as magnitude of response. Treat-
ment with esketamine plus AD can lead to improvement 
in TRD patients based on both clinician and patient evalu-
ation of symptoms. This analysis shows the likelihood of 
improving the individual items on the PHQ-9 and MADRS, 
enhancing the interpretability of the overall score change for 
patients and clinicians. For the PHQ-9, the greatest improve-
ments were on items representing cardinal symptoms of 
depression; examination of the individual questions on the 
PHQ-9 highlight the clinical and patient relevance of these 
results. For the MADRS, the greatest improvement was seen 
on inability to feel, as reported by clinicians [21].
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