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* Psychiatric drug development has been hindered by limited understanding of the
underlying biology of neuropsychiatric illness whether parsed by the polythetic
approach of DSM or conceptualized as dimensional symptom domains

* The challenge is further compounded by clinical heterogeneity, lack of objective
diagnostic tests and biomarkers, as well as “hard” clinical endpoints linked to
outcomes

* Approaches that aim to integrate clinical data with additional “multimodal” patient
information may reveal disease subtypes, ultimately improving the accuracy with
which patients can be characterized and treated

* This precision medicine approach aims to match the right patient with the right drug
at the right time in the course of illness



* Precision Opportunity Assessment

* Marker Availability and Development Needs

* Definition of the Target Population

* Measurement Strategy

* Program Design Considerations

* Value Proposition



The Provisos

Novel Measures and Endpoints (as well as standard endpoints used in
novel populations) will require validation

Precision Measures Framework

* |dentify target concept of interest (COl) for disease area

* Determine the evidence that should be generated for each tool (or
combination of tools) that measure the COI

* Generate a measurement development plan for the disease/context of
use (COU) that can be leveraged for asset development

* Gain regulatory acceptability for each tool within a COU, and the
Integrated methodology to bring the tools together as a precision
approach



The Provisos

* Intended Treatment Claim and Regulatory Requirements will guide study design
— Enrichment Strategies including marker negative requirements

— Stratification and Statistical Considerations

Figure 5: Study Design of Predictive Enrichment Trial With Possible Effect in the
Marker-Negative Group
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Enrichment Strategies for Clinical Trials to Support Determination of Effectiveness of Human Drugs and Biological Products Guidance for Industry, FDA 2019




The Provisos

Companion and Complementary Diagnostics require commercial viability
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* Expectancy Bias - “New medication for your kind of depression”

* Operational Complexity and Multimodal Burden
* Adequate recruitment of marker negative participants
* Digital compliance

e Statistical Complexity
* Establishing thresholds to define marker + vs marker — status
* Multiple analysis sets



The Parable (Case Study of a Kappa Opioid Receptor Antagonist)

Kappa Opioid Receptor Antagonist (KORA) hypothesized to improve depressive symptoms, anhedonia and reward
circuit function by blocking dynorphin-kappa receptor signaling and thus restores normal release of dopamine and

serotonin
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Phase 3 Studies

Two ldentically Designed Studies

Screening DB Treatment Follow-Up OL Safety Study

Randomization
1:1 ratio KORA+AD
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Up to 14 days 52 weeks

Up to 30 days 43 days

* Randomization Stratified: By Low Anhedonia (SHAPS score <32) and High Anhedonia (SHAPS > 32) at baseline

* Primary Analysis Population: Randomized Adults with MDD ANH+ (SHAPS > 32)

* Endpoints:
* Primary: Change from baseline to Day 43 in MADRS total score

* Key secondary: Change from baseline to Day 43 in DARS total score

Abbreviations:
ANH+ = moderate-to-severe anhedonia; DARS = Dimensional Anhedonia Rating Scale; DB = double-blind; MADRS = Montgomery-Asberg Depression Rating Scale; MDD = Major Depressive Disorder; SHAPS = Snaith Hamilton Pleasure Scale ; OL = open-
label; SNRI = Serotonin Norepinephrine Reuptake Inhibitor; SSRI = Selective Serotonin Reuptake Inhibitor. 10



Activities to Demonstrate DARS and SHAPS are
Fit-for-Purpose
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* Literature Reviews
 Lack of thresholds in the literature

* Analytic approaches to define threshold
* Anchor-based receiver operating characteristics with Phase 2 data

* Probability Distribution Function (PDF) of multiple internal studies to characterize
distribution of SHAPS scores

* Triangulate on final threshold



Exploring Reward Learning to Further Advance Precision Measurement

J&J developed, implemented, and deployed an iPad-
based gamified reward learning app “Birds of Paradise”

Aims

« Evaluate the relationship between reward learning
metrics and anhedonia level as measured by Clinical
Outcome Assessments (COASs)

« Evaluate the baseline reward learning metrics with
treatment response in clinical trials

« Evaluate the change of reward learning metrics upon
treatment with therapeutics targeting the reward
circuitry
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Prevalence of Clinical State Marker — High and Low Anhedonia

Study 1 Study 2
Placebo+AD KORA+AD Total Placebo+AD KORA+AD Total
(N=258) (N=253) (N=511) (N=223) (N=217) (N=440)
;ﬂxvpgl:gz 49 (19.0%) 38 (15.0%) 87 (17.0%) 14 (6.3%) 19 (8.8%) 33 (7.5%)
;I_Iill;lggsg 209 (81.0%) 215 (85.0%) 424 (83.0%) 209 (93.7%) 198 (91.2%) 407 (92.5%)




Phase 3 - Primary and Key Secondary Outcomes

LS means (£SE) of change over time

Montgomery-Asberg Depression

Dimensional Anhedonia

Rating Scale (MADRYS) Rating Scale (DARS)
0 LSMD (95% CI):-0.9 (-3.24, 1.49) 20 LSMD (95% CI): 1.5 (-2.08, 5.08)
p-value: 0.467
251
— — 15
L _ L
» 5.0 &
L 759 L 101
c 101 o
Study 1 T - S
= 12.5 = 59
w
A s 3
7.5 09
N: 170 166 161 158 N: 163 138 139 147
N: 167 163 156 155 N 161 152 135 139
BIL Day 15 Day 29 Day 43 BiL Day 15 Day 29 Day 43
LSMD (95% Cl): -0.5 (-2.95, 1.90) 20 LSHD (95% Oy 07 (262 418)
07 p-value: 0.670 ! o e
251
— a-'—-~15_
M i
o 5.0 L
e -
= 19 101
£ 101 c
stUdy2 @ - 5
= 125 = 51
o )]
-1 45 1
17.51 0
N: 165 160 157 154 N: 161 149 146 147
N: 166 161 159 150 N: 165 152 143 150
BIL Day: 15 Day: 29 Day: 43 BiL Day 15 Day 29 Day 43

== KORA+AD
— Placebo+AD



Precision psychiatry remains hampered by the lack of validated biomarkers

Clinical symptoms alone may not be sufficient to identify a biological subtype and eliminate
heterogeneity

While enrichment may identify patients more likely to respond to a given treatment, it should
not be expected to identify patients less likely to respond to placebo

Using precision approaches requires forward thinking to develop evidence supporting
markers prior to pivotal trials

Precision psychiatry approaches in drug development are evolving with use of objective
measures and multimodal approaches (all of which will require extensive validation and
demonstration of the connection between what’s being measured and what actually matters
to patients in their daily lives!)



Discovery Early Development

Precision Psychiatry Schema

Identify translatable markers

Identify target population

Develop measurement strategy

Pilot biomarkers, digital endpoints
and novel COAs/PROs

Early (and ongoing) engagement
with regulatory agencies for
alignment

Phase 1 & 2

Identify and validate predictive
enrichment markers and endpoints

Stratify patients by marker status
Refine patient selection criteria

Validate Clinical Outcome
Assessments (COAS)

Develop companion or
complementary diagnostics as
needed

Late Development

Enrichment design (with/without
stratification)

Prepare for market adoption of
precision approaches




* JJIIM Colleagues: Vanina Popova, Magali Arons, Alex Lemle, Heather Rozjabek,
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* External Colleagues & Service Providers

* Principal Investigators & Site Staff

* Participants & Families
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