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What type of data are you looking for?: Individual Participant-Level Data, which includes Full
CSR and all supporting documentation

Research Proposal

Project Title

Symptom-specific effects of adding intranasal esketamine to oral antidepressant treatment in
treatment-resistant depression: A network approach

Narrative Summary:

Intranasal esketamine (ESK) plus an oral antidepressant (OA) significantly reduces depression
severity relative to placebo plus OA. However, it is unclear whether adding ESK to OA treatment
differentially affects individual depressive symptoms. This study aims to investigate the relative
efficacy of ESK plus OA versus placebo plus OA on individual depressive symptoms and to
differentiate between direct and indirect symptom-specific effects using a network intervention
analysis. The results might help clinicians to identify which individuals would potentially benefit from
the complementary ESK treatment and lead to a better understanding of the antidepressant
mechanism of ESK.

Scientific Abstract:

Background: Intranasal esketamine (ESK) has rapid and sustained antidepressant efficacy in
treatment-resistant depression (TRD) individuals. However, the influence on individual depressive
symptoms remains unclear.

Objective: To determine the relative efficacy of ESK plus oral antidepressants (OA) versus placebo
plus OA on individual depressive symptoms and to differentiate between direct and indirect
symptom-specific effects.

Study Design: Secondary analysis of data from double-blind, randomized controlled trials which
allocated participants to receive ESK or placebo, in conjunction with a newly initiated OA.
Participants: Adults with a primary diagnosis of TRD (non-response to >= 1 but <= 5 oral
antidepressant treatments in the current episode).

Primary and Secondary Outcome Measure(s): The primary outcome is the relative influence of ESK
plus OA versus placebo plus OA on the change in individual depressive symptoms (Montgomery
Asberg Depression Rating Scale, MADRS). The secondary outcomes are the direct and indirect
symptom-specific effects of the included treatment strategies.

Statistical Analysis: The relative influence of ESK relative to placebo on specific depressive
symptoms will be assessed by including individual item scores as effect parameters and direct and
indirect effects will be differentiated by accounting for symptom interrelatedness in a network
model. Symptom-specific effects of the treatment strategies will be investigated using independent
sample t-tests. Symptom interrelatedness will be accounted for by utilizing the mixed graphical
models.

Brief Project Background and Statement of Project Significance:
Significant evidence demonstrates that intranasal esketamine (ESK) has significant, sustained, and

rapid antidepressant efficacy in individuals with major depressive disorder (MDD) who do not
respond to initial antidepressant treatment classified as treatment-resistant depression (TRD) (1-3).
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Recent randomized control trials (RCTs) showed that adding ESK to oral antidepressant (OA)
treatment leads to larger reductions in overall depression severity and earlier clinically meaningful
improvement compared to placebo plus OA (2,3). It is unknown whether adding ESK to OA treatment
has a differential effect on individual symptoms when compared to placebo with OA. Research
comparing the effect of ESK plus OA versus placebo plus OA on sleep disturbance showed that
patients in the ESK group had significantly greater improvement in sleep than the placebo group (4).
However, no previous study has investigated the broad range of individual depression symptoms as
clinical outcomes for ESK relative to placebo treatment.

The conceptualization of major depressive disorder (MDD) as a system of associated symptoms
highlights the importance of accounting for treatment effects in individual symptoms when
investigating antidepressant efficacy (5). In this context, studies investigating changes in individual
depressive symptoms must consider the potential interrelatedness of such symptoms (4). The
network intervention analysis (NIA) represents a novel approach to account for interrelatedness
between symptoms, to map relationships between individual symptoms and to identify treatment
targets (5-8). Moreover, it allows to differentiate direct symptom-specific effects, that is, effects that
occur independently of changes in other symptoms, and indirect symptom-specific effects, effects
that are mediated by changes in other symptoms (9-11).

Recent research utilized NIA to determine the direct and indirect effects of selective serotonin
reuptake inhibitors (SSRIs) compared to placebo on depressive symptomatology (12,13). Results
showed that SSRIs had strong and rapid direct effects on depressed mood and anxiety as well as
substantial indirect effects on cognitive symptoms, including symptoms high relevant to clinical
practice, such as suicidal thoughts and loss of interest. Notably, indirect effects were particularly
stronger in patients treated with SSRIs who had larger improvement in depressed mood. These
findings illustrate how NIA can improve the understanding of the potential working mechanisms of
SSRIs. In relation, this approach can elucidate the mechanisms underlying the antidepressant
efficacy of ESK. Differentiating direct symptom-specific effects and indirect symptom-specific effects
could assist clinical decision making, as it might help clinicians to identify individuals who are most
likely to potentially benefit from ESK combined with OA instead of OA alone. Thus, applying the NIA
to assess symptom-specific antidepressant effects of ESK plus OA versus placebo plus OA can
potentially help elucidate the underlying mechanism of ESK as a novel treatment strategies and
enhance treatment selection for individual patients.

Specific Aims of the Project:

This study aims to determine the relative influence of ESK plus OA versus placebo plus OA on
individual depressive symptoms. It further aims to differentiate between direct symptom-specific
effects and indirect symptom-specific effects. Given the exploratory character of this study, it is
unclear which individual depressive symptoms might differ between the groups.

Study Design:

Methodological research

What is the purpose of the analysis being proposed? Please select all that apply.

Other: Network analysis to determine the relative influence of ESK plus OA versus placebo plus OA
on individual depressive symptoms.

Research Methods

Data Source and Inclusion/Exclusion Criteria to be used to define the patient sample for
your study:

The sample size, inclusion, and exclusion criteria will be the same as the original trial, namely:
Sample size

The total sample size includes 252 participants.

Inclusion Criteria
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Participants meet the Diagnostic and Statistical Manual of Mental Disorders-fifth Edition (DSM-5)
diagnostic criteria for recurrent major depressive disorder (MDD) or single-episode MDD, without
psychotic features; and have had non-response to >= 1 but <= 5 oral antidepressant treatments in
the current episode of depression.

Exclusion Criteria

Key exclusion criteria included moderate-to-severe substance or alcohol use disorder within the prior
6 months, positive test result(s) for specified drugs of abuse, and use of high-dose benzodiazepines
(i.e., total daily dose equivalent &gt; 6 mg of lorazepam).

Primary and Secondary Outcome Measure(s) and how they will be categorized/defined for
your study:

Depressive symptoms will be assessed through continuous variables based on the individual item
score of the Montgomery--Asberg Depression Rating Scale (MADRS). The scale consists of 10 items
scored from 0 (not present) to 6 (continuously present). The primary outcome is the relative change
in individual depression symptoms severity following ESK plus OA versus placebo plus OA. The
secondary outcomes are the direct and indirect symptom-specific effects of the treatment arms.
Direct symptom-specific effects will be assessed as the change in individual symptom severity from
baseline to day 28. Indirect symptom-specific effects will be assessed as the mediated change in
symptom severity score between baseline to day 28 as influenced by alterations in other symptoms.
The analysis will evaluate the relative effects as well as the direct and indirect symptom-specific
effects of ESK relative to placebo on anxiety symptoms. This inclusion will be contingent on the
ability of the model to provide reliable estimations after the addition of anxiety-related nodes.
Anxiety symptoms will be assessed through continuous variables based on the Generalized Anxiety
Disorder 7-item (GAD-7).

Main Predictor/Independent Variable and how it will be categorized/defined for your
study:

The main independent variable utilized in this study will be treatment groups (ESK plus OA relative to
placebo plus OA).

Other Variables of Interest that will be used in your analysis and how they will be
categorized/defined for your study:

Other variables that will be used to characterize the study sample and for multivariable risk
adjustment include demographic characteristics, namely, age (in years), sex (male versus female),
and education (low, middle, or high); and clinical characteristics, namely depression severity (based
on the Clinical Global Impression Severity scale and the 30-item Inventory of Depressive Symptoms
scale) and level of treatment resistance (based on the Massachusetts General Hospital
Antidepressant Treatment Response Questionnaire).

Statistical Analysis Plan:

First, the relative effect of ESK plus OA versus placebo plus OA on individual depressive symptoms
using independent sample t-tests comparing the change in the severity (28 days post-treatment
minus baseline) of individual depressive symptoms between the two groups. These analyses will
consider individual depressive symptoms as the primary effect parameters to determine whether the
addition of ESK to OA results in significant changes compared to placebo plus OA.

Second, the effect of ESK plus OA relative to placebo plus OA on individual depression symptom
severity when accounting for the interrelatedness of individual depressive symptoms will be
evaluated to differentiate between direct and indirect effects. Mixed graphical models (MGMs) will be
employed to construct a network model of symptom interrelations. This approach will allow for
distinguishing direct effects, which reflect the specific impact of ESK on individual symptoms
independent of other symptoms, from indirect effects, which occur through the influence of one
symptom on another within the network.

Data analysis

1. Network estimation method
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The mixed graphical models (MGMs) will be utilized as it allows for the integration of categorical and
continuous variables in a single framework. MGMs are based on exponential family distributions and
penalized regression techniques. It provides a unified approach to modelling mixed variable types
and determining conditional independence relationships between them. The analysis will be done
through the R-package 'mgm' (14).

2. Accuracy of the estimates in the network

To investigate the accuracy of estimated connections in the network, the R-package bootnet will be
used to calculate 95% confidence intervals around connection weights. Bootstrapped confidence
intervals will be calculated by drawing 10,000 bootstrap samples of the data and recalculating
connection weights for each sample.

Software Used:
R, RStudio
Project Timeline:

The project timeline is estimated in a total of seven months. Provided that data is available, the
project start date is set on 01 January 2026. The statistical analysis will be performed in the first two
months primarily by a PhD student, with the support of a professor experienced in the network
analysis. The first sections of the manuscript, including introduction and methodology, will be written
by the PhD student concomitantly with the data analysis. After completion of the data analysis, the
remaining sections of the manuscript, namely the results and discussion, will be written by the PhD
student and the full manuscript will be reviewed by experienced senior researchers in psychiatry.
The full manuscript will be completed, and the results will be reported back to the YODA project by
01 July 2026. The study will then be submitted for publication in a high-quality peer-reviewed journal
in the field by 01 August 2026.

Key milestone dates:

- Anticipated project start date: 01 January 2026

- Analysis completion date: 01 March 2026

- Date results reported back to the YODA Project: 01 July 2026

- Date manuscript drafted and first submitted for publication: 01 August 2026

Dissemination Plan:

The project will result in the publication of a scientific article on a high-quality peer-reviewed journal
in the field of psychiatry or psychopharmacology. Potential suitable journals for submission include
the Psychiatry Research, the Journal of Psychopharmacology, and the Journal of Clinical Psychiatry.
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