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Methodological Issue Being Addressed Late phase MDD trials often fail as treatment response
variability and placebo response increase

from Phase 2 to Phase 3. To address this, we examined whether a ML-enabled predictive
enrichment paradigm could identify model derived subgroups (MDS) from Phase 2 data that

drove clinical response. These clinically interpretable baseline variable combinations

were applied post hoc to an independent negative Phase 3 study using the same compound.

The goal was to assess whether applying these MDS prospectively could have improved effect

size and treatment-placebo separation.

Introduction Heterogeneity in MDD can obscure treatment effects in unselected samples. Failure
to reduce

this heterogeneity can lead to clinical trial failure. Use of traditional subgrouping approaches or
single feature filters rarely improve clinical trial response. We utilized an explainable ML method
to identify Phase 2 MDS. These MDS were applied retrospectively as hypothetical selection

criteria for a negative Phase 3 trial. Their performance was evaluated both precisely and with
relaxed parameters to test robustness and operational feasibility. As a negative-control
comparison, pre-specified single-variable filters were also applied to illustrate superiority of
synergistic multi-variable criteria over isolated predictors.

Methods Discovery (Phase 2, N=61): A sub-insight learning model was trained on baseline
variables from a successful Phase 2 trial. Subgroups were restricted to combinations
of 2-4 variables that maximized MADRS drug-placebo separation between. The
approach optimized bias-variance trade-off, a central principle of ML generalization.
Translation (Phase 3, N=214): The top Phase 2 MDS were applied to an independent
negative Phase 3 study (N=214), with two a priori operating definitions:

o Strict Phase 2-derived MDS: HAMD Somatic Symptoms Gl = 2 and Systolic
BP 108-131 mmHag.

0 Loosened Phase 2-derived MDS: HAMD Somatic Symptoms Gl >0 and Systolic BP 108-136
mmHg.

o0 Single-variable Phase 2-derived MDS: HAMD Somatic Symptoms GI>0 or >1
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Comparators: Single variable filters to compare with multivariable MDS

Results Strict Phase 2-derived MDS applied to Phase 3: Significant drug-placebo difference
(MADRS A Day 28: placebo —12.58, drug —18.51; Cohen’sd = 0.57; p = 0.016; N =

79/208).

Loosened Phase 2-derived MDS applied to Phase 3: Separation at Days 7,14, trending

toward separation at Day 28 (MADRS A Day 28: placebo —13.46, drug —17.23; Cohen’s d = 0.346; p
= 0.053; N = 126/208).

These findings contrast with minimal separation in the unfiltered Phase 3 ITT

population.

Phase 2-derived single-variable MDS applied to Phase 3 data: No single-variable MDS

showed drug-placebo separation although SS GI=2 approached significance at Day 28 (Cohen’s d:
0.356; p=.0622; N=117/208).

The single-variable MDS in Phase 2 reflects a strong but high-variance signal typical of smaller,
high-effect studies. The multivariate MDS reduces variance by capturing 2 synergistic variables,
offering greater stability in more heterogeneous Phase 3 settings. Combining both balances

bias and variance, ensuring Phase 2 signal isn’t over-interpreted without structural support for
generalization in larger trials. This cautionary step was validated as single variable persona

failed to replicate in the holdout Phase 3 for the endpoint across all timepoints.

Conclusion If the Phase 2-discovered enrichment rules had been prespecified and applied ahead
of Phase

3, the trial would likely have demonstrated a detectable treatment effect within a sizable,
clinically interpretable subgroup. Iterative loosening of the Phase 2 rule preserved directionality
while improving operational inclusivity, highlighting a pragmatic path for prospective

enrichment or stratification in future protocols. Single variable filters are inadequate substitutes
for the synergistic multivariable MDS that capture the relevant phenotype. This framework offers
a regulator-aligned, reproducible way to carry Phase 2 signal into Phase 3 success.
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