thYeo DA Forging a unified 2026-0088
PROJECT scientificcommunity  pyplished on The YODA Project (https://yoda.yale.edu)

Principal Investigator

First Name: Jiwei

Last Name: Zhao

Degree: PhD

Primary Affiliation: University of Wisconsin-Madison
E-mail: jiwei.zhao@wisc.edu

State or Province: WI

Country: United States

General Information

Key Personnel (other than PI):

First Name: Jiawei

Last name: Shan

Degree: PhD

Primary Affiliation: University of Wisconsin-Madison
SCOPUS ID:

Requires Data Access? Yes

Are external grants or funds being used to support this research?: No external grants or
funds are being used to support this research.
How did you learn about the YODA Project?: Scientific Publication

Conflict of Interest

https://yoda.yale.edu/wp-content/uploads/2026/02/Zhao_COl.pdf
https://yoda.yale.edu/wp-content/uploads/2026/02/Shan_COl.pdf

Certification

Certification: All information is complete; | (PI) am responsible for the research; data will not be
used to support litigious/commercial aims.

Data Use Agreement Training: As the Principal Investigator of this study, | certify that | have
completed the YODA Project Data Use Agreement Training

1. NCT02417064 - ESKETINTRD3001 - A Randomized, Double-blind, Multicenter, Active-
controlled Study to Evaluate the Efficacy, Safety, and Tolerability of Fixed Doses of Intranasal
Esketamine Plus an Oral Antidepressant in Adult Subjects With Treatment-resistant
Depression

2. NCT02418585 - ESKETINTRD3002 - A Randomized, Double-blind, Multicenter, Active-
controlled Study to Evaluate the Efficacy, Safety, and Tolerability of Flexible Doses of
Intranasal Esketamine Plus an Oral Antidepressant in Adult Subjects With Treatment-resistant
Depression

3. NCT02422186 - ESKETINTRD3005 - A Randomized, Double-blind, Multicenter, Active-
controlled Study to Evaluate the Efficacy, Safety, and Tolerability of Intranasal Esketamine
Plus an Oral Antidepressant in Elderly Subjects With Treatment-resistant Depression

4. NCT02497287 - ESKETINTRD3004 - An Open-label, Long-term, Safety and Efficacy Study of
Intranasal Esketamine in Treatment-resistant Depression

5. NCT02493868 - ESKETINTRD3003 - A Randomized, Double-blind, Multicenter, Active-
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Controlled Study of Intranasal Esketamine Plus an Oral Antidepressant for Relapse Prevention
in Treatment-resistant Depression

6. NCT01998958 - ESKETINTRD2003 - A Double-Blind, Doubly-Randomized, Placebo-Controlled
Study of Intranasal Esketamine in an Adaptive Treatment Protocol to Assess Safety and
Efficacy in Treatment-Resistant Depression (SYNAPSE)

7. NCT02133001 - ESKETINSUI2001 - A Double-blind, Randomized, Placebo Controlled Study to
Evaluate the Efficacy and Safety of Intranasal Esketamine for the Rapid Reduction of the
Symptoms of Major Depressive Disorder, Including Suicidal Ideation, in Subjects Who Are
Assessed to be at Imminent Risk for Suicide

8. NCT03039192 - 54135419SUI3001 - A Double-blind, Randomized, Placebo-controlled Study to
Evaluate the Efficacy and Safety of Intranasal Esketamine in Addition to Comprehensive
Standard of Care for the Rapid Reduction of the Symptoms of Major Depressive Disorder,
Including Suicidal Ideation, in Adult Subjects Assessed to be at Imminent Risk for Suicide

9. NCT03097133 -54135419SU13002 - A Double-blind, Randomized, Placebo-controlled Study to
Evaluate the Efficacy and Safety of Intranasal Esketamine in Addition to Comprehensive
Standard of Care for the Rapid Reduction of the Symptoms of Major Depressive Disorder,
Including Suicidal Ideation, in Adult Subjects Assessed to be at Imminent Risk for Suicide

10. NCT02918318 - 54135419TRD2005 - A Randomized, Double-blind, Multicenter, Placebo-
controlled Study to Evaluate the Efficacy, Safety and Tolerability of Fixed Doses of Intranasal
Esketamine in Japanese Subjects With Treatment Resistant Depression

11. NCT01627782 - KETIVTRD2002 - A Double-blind, Randomized, Placebo-controlled, Parallel
Group, Dose Frequency Study of Ketamine in Subjects With Treatment-resistant Depression

12. NCT01640080 - ESKETIVTRD2001 - A Double-Blind, Double-Randomization, Placebo-
Controlled Study of the Efficacy of Intravenous Esketamine in Adult Subjects With Treatment-
Resistant Depression

13. NCT03434041 - ESKETINTRD3006 - A Randomized, Double-blind, Multicenter Active-
controlled Study to Evaluate the Efficacy, Pharmacokinetics, Safety and Tolerability of
Flexible Doses of Intranasal Esketamine Plus an Oral Antidepressant in Adult Subjects With
Treatment-resistant Depression

14. NCT04338321 - 54135419TRD3013 - A Long-term Comparison of Esketamine Nasal Spray
Versus Quetiapine Extended Release, Both in Combination With a Selective Serotonin
Reuptake Inhibitor/Serotonin-Norepinephrine Reuptake Inhibitor, in Participants With
Treatment Resistant Major Depressive Disorder (ESCAPE-TRD)

15. NCT04599855 - 54135419TRD4005 - A Randomized, Double-blind, Multicenter, Placebo-
controlled Study to Evaluate the Efficacy, Safety, and Tolerability of Esketamine Nasal Spray,
Administered as Monotherapy, in Adult Participants With Treatment-resistant Depression

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

Research Proposal

Project Title
Integrative Analysis of Treatment Effect of Esketamine By Incorporating Al-Generated Synthetic Data
Narrative Summary:

Esketamine has been studied in multiple randomized clinical trials for depression, yet treatment
response varies substantially across patients and trial settings. This project will conduct an
integrative analysis of 15 esketamine trials available through the YODA Project using individual
participant level data. We will harmonize endpoints and covariates across trials and estimate both
overall and subgroup treatment effects. A distinctive component is the use of Al generated synthetic
data as a principled augmentation and validation tool. We will train modern generative models within
the secure analysis environment to produce synthetic records without exposing participant
identities. The final deliverables will include estimates of treatment effect, and a transparent
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workflow for responsible synthetic data assisted integrative analysis.

Scientific Abstract:

Background: Esketamine trials span diverse populations and study designs. This heterogeneity
complicates synthesis of treatment effects and identification of patients most likely to benefit.

Objective: This project is to estimate overall and subgroup treatment effects of esketamine across 15
YODA trials by integrating participant level data and incorporating Al generated synthetic data.

Study Design: Retrospective integrative analysis of participant level data. We will harmonize
covariates and outcomes across trials and evaluate rapid and short term response patterns as well
as longer term endpoints when available (e.g., relapse prevention, long term follow up).

Participants: All randomized participants in the requested YODA esketamine trials meeting analysis
ready criteria (baseline assessment and >=1 post baseline outcome).

Outcomes: Primary outcome will be change in depression severity measured by standard trial
instruments frequently used in these studies (e.g., MADRS total). Secondary outcomes include
response/remission, functional impairment measures (e.g., SDS), cognition (e.g., HVLT / cognitive
batteries where available), and suicidality outcomes in suicidality focused studies.

Statistical Analysis: We will estimate average treatment effects (ATE) and conditional treatment
effects (CATE) using doubly robust causal learners (e.g., DR Learner/AIPW), causal forests, and deep
learning models. Synthetic data generated by deep generative models will support model
development, robustness checks, and small subgroup sensitivity analyses.

Brief Project Background and Statement of Project Significance:
Brief Project Background

Esketamine is an NMDA receptor antagonist studied across multiple randomized clinical trials in TRD
and related depressive presentations, including studies focusing on rapid reduction of depressive
symptoms in the context of acute suicidal ideation/behavior [2,3]. The evidence base includes short
term efficacy studies, relapse prevention trials, long term safety follow up, and subgroup cohorts
such as elderly participants. Prior YODA applications illustrate the feasibility of harmonizing trial level
endpoints (e.g., MADRS) and conducting integrative analyses or ML based prediction in depression
datasets.

Statement of Project Significance

Despite this extensive trial portfolio, clinically meaningful heterogeneity remains: some patients
respond rapidly and robustly, while others show minimal improvement. Integrative participant level
analyses can improve precision of treatment effect estimates and help identify which baseline
clinical features predict benefit. However, subgroup analyses may be underpowered when strata are
small or when missingness is differential across studies. Synthetic data--generated within a
controlled, privacy preserving framework--can be used to stress test robustness, support model
selection, and explore stability of subgroup findings without exposing individual identities.

This project is significant because it will (1) deliver harmonized, cross trial estimates of esketamine's
effects over clinically relevant time horizons, (2) identify interpretable predictors of differential
response to inform precision psychiatry, and (3) provide a generalizable methodological blueprint for
responsible synthetic data assisted integrative analyses aligned with emerging Al/ML approaches
demonstrated in prior YODA-style work.

Specific Aims of the Project:
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Aim 1: Harmonize and integrate participant level data across 15 esketamine trials.

Rationale: Trials vary by design, population, endpoints, and visit schedules; harmonization is
required for valid synthesis.

Approach: Create a common data model (CDM) for baseline covariates, dosing/arm definitions, and
outcome time windows; document all mappings and derivations for reproducibility.

Aim 2: Estimate overall treatment effects (ATE) and heterogeneity of treatment effects (CATE) for
esketamine versus control.

Rationale: Average effects may obscure clinically important heterogeneity.

Hypothesis: Treatment effects vary by baseline severity, prior treatment history/TRD status, age
(including elderly cohorts), and suicidality related baseline measures (where applicable).
Approach: Use causal ML methods with cross trial hierarchical pooling to estimate ATE/CATE and
quantify uncertainty.

Aim 3: Develop and evaluate Al generated synthetic data to augment robustness and sensitivity
analyses [1,4].

Rationale: Synthetic data can support model development, robustness checks, and small subgroup
sensitivity while reducing privacy risks.

Hypothesis: Synthetic assisted model development improves stability of prediction/heterogeneity
estimates and reduces variance of subgroup contrasts without changing primary conclusions derived
from real data.

Approach: Train deep generative models on harmonized trial data, evaluate fidelity and privacy risk,
and use synthetic data only for prespecified auxiliary analyses (not primary effect estimation).
Study Design:

Meta-analysis (analysis of multiple trials together)

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

New research question to examine treatment effectiveness on secondary endpoints and/or within
subgroup populations

Preliminary research to be used as part of a grant proposal
Participant-level data meta-analysis
Meta-analysis using only data from the YODA Project

Develop or refine statistical methods

Research Methods

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

Data Source: Individual participant level data (IPD) from 15 YODA esketamine trials, including full
CSR and supporting documentation as available.

Inclusion criteria: We will include all participants from the requested YODA trials. We will not include
any additional patients.

Exclusion criteria: None

Primary and Secondary Outcome Measure(s) and how they will be categorized/defined for
your study:
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Primary: Change in depression severity (e.g., MADRS total score; item level analyses when feasible
across trials).

Secondary: Response/remission, functional impairment (e.g., SDS), cognition (e.g., HVLT/cognitive
batteries where present), suicidality metrics in suicidality-focused studies.

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

Treatment assignment (esketamine regimen + background therapy vs placebo/active comparator +
background therapy, as defined per protocol), harmonized across trials into comparable arms.

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

Demographics (age, sex), baseline severity, prior treatment history/TRD indicators, baseline
suicidality (when available), concomitant oral antidepressant class, site/region, dosing/frequency,
and relevant protocol covariates.

Statistical Analysis Plan:

Data Harmonization Plan

Create a crosswalk for variable names/units/scales and visit timing across trials (baseline definition,
post baseline windows).

Define common time points (e.g., rapid endpoint windows such as ~24h when available; short term
endpoints such as ~4 weeks) and trial specific mapping rules.

Quality control: range checks, consistency checks against CSR summaries, and reproducible audit
logs.

Statistical Analysis Plan

Descriptive analyses: baseline comparability by arm and trial; outcome distributions and missingness
patterns.

ATE estimation: mixed effects models / hierarchical Bayesian IPD meta analysis and doubly robust
estimators with trial indicators.

CATE estimation: causal forests, DR Learner/T Learner, BART, and interpretable ML with cross fitting
to estimate heterogeneity and prevent overfitting.

Multiple comparisons: control FWER/FDR for prespecified subgroup contrasts (e.g., age strata,
baseline severity strata).

Validation: leave one trial out validation to assess generalizability across studies.

Synthetic Data Generation and Use

Generation models: privacy aware deep generative models for tabular/longitudinal data (e.g., DP
VAE, tabular diffusion; optionally GAN variants with privacy audits).

Evaluation: compare marginal distributions, correlations, and predictive utility; run privacy risk
assessments (e.g., membership inference tests) within the secure platform.

How synthetic data will be used: robustness checks for missingness, distribution shift, and small
subgroup stability; simulation-based sensitivity analyses (e.g., under represented elderly cohorts).
How synthetic data will NOT be used: It will not replace real participant outcomes for primary
ATE/CATE reporting; primary estimates will come from real IPD, with synthetic analyses labeled as
sensitivity/auxiliary.

Software Used:
Python, R, RStudio

Project Timeline:
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Start date: February 2026 or as soon as possible
Analysis completion date: August 2026

Date manuscript drafted: December 2026

First submitted for publication: January 2027
Results reported back: February 2027

Dissemination Plan:

Anticipated products: all R/Python code necessary to replicate the numerical results will be provided
in a publicly accessible GitHub repository.

Target audience: Researchers in statistics, biostatistics, machine learning, biomedical data science
and mental health

Expectation for study manuscript and journals: Biostatistics, Biometrics, Journal of the American
Statistical Association, Annals of Applied Statistics, ML conferences such as NeurlPS/ICML/ICLR.
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