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Achieving a precision approach in psychiatry requires us to solve a very complex

measurement challenge

“Diagnostic categories based on clinical consensus
fail to align with findings emerging from clinical
neuroscience and genetics...One consequence has
been to slow the development of new treatments
targeted to underlying pathophysiological
mechanisms”

Insel et al on the introduction of the RDoC; initiative Am J Psych 167:7,

July 2010
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1. What do we mean by “depression™?
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5. How is depression different between
people?
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2. How do we measure depressive
symptoms?

6. Are there physiological differences
between individuals?
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. Are there differences in symptom
profiles?

Genetic liability

N

7. Are there shared liabilities with other
conditions?

Eary onset
Peripartum (Females)

Non-peripartum
Late-onset

Recurrent episodes

4. When do episodes develop?
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8. What are some causal factors?

Adapted from: Cai, Choi and Fried. Reviewing the genetics of heterogeneity in
depression: operationalizations, manifestations and etiologies. Human and Molecular
Genetics 29 (R1), R10-R18, 2020



DHTs present as possible solutions to many of the measurement challenges we have
in CNS clinical trials

Greater objectivity

* Lack of reliance on clinician/patient report of symptoms affected by retrospective
recall biases

Higher measurement frequency

* Higher sampling rates reduce error variance and provide greater
measurement accuracy, potential improving early signal detection

* Provide enhanced analytical opportunities —time series analysis, within
subject variability

Benefits of
DHTs

Real-time monitoring

* Technologies are portable (often wearable), passive and can capture patient experience
data in more diverse day-to-day contexts for patients over longer time scales



Several factors are coalescing to increase DHT momentum in CNS clinical trials

We continue to see hlgh Emraclidine and ulotaront for SZ, both in twin Phase 3 studies, SAGE-718 in
profile CNS drug failures HD, AD and PD, minzasolmin in PD

DHT providers have bolstered their clinical and analytical validation while

DHT offerings have matured continuing to improve operational support. Individual modalities are
moving from exploratory to a clearer context-of-use

We have established FDA has published a framework for use of DHTs in drug development [1]
. and issued a guidance on DHTs for remote data acquisition [2], including

regu'-atory gUIdance details on endpoint validation (an extension of the COA framework)

Novel approaches are Within CNS, novel approaches are being explored as secondary and

exploratory outcomes, some are even being elevated further: an upstart
biotech selecting app-based PD measure as their primary endpoint [3].

being implemented

1. https://www.fda.gov/media/166396/download?attachment
2. https://www.fda.gov/media/155022/download
3. https://neuron23.com/neuron23-announces-usage-of-roches-digital-biomarker-and-device-in-parkinsons-disease-clinical-trial/


https://news.abbvie.com/2024-11-11-AbbVie-Provides-Update-on-Phase-2-Results-for-Emraclidine-in-Schizophrenia
https://www.otsuka-us.com/news/sumitomo-pharma-and-otsuka-announce-topline-results-phase-3-diamond-1-and-diamond-2-clinical
https://investor.sagerx.com/news-releases/news-release-details/sage-therapeutics-announces-topline-results-phase-2-dimension
https://investor.sagerx.com/news-releases/news-release-details/sage-therapeutics-announces-topline-results-phase-2-lightwave
https://investor.sagerx.com/news-releases/news-release-details/sage-therapeutics-announces-topline-results-phase-2-precedent
https://www.ucb.com/newsroom/press-releases/article/findings-from-minzasolmin-proof-of-concept-orchestra-study-shape-next-steps-in-ucb-parkinson-s-research-program
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Before we begin: a quick guide to DHT modalities, measures and other
nomenclature

I ( Sensors ) < Software )

DHT measure ® Digital Cognitive
Testing

Any measure that is
derived from the
output of a digital Activity Sensors
sensor or algorithm
and cannot be made
accurately, reliably, or
scalably, via

traditional COA Portable EEG
methods

Voice analytics
DHTs
modalities in
CNS clinical
trials

Geolocation and
device meta-data

e Dedicated

smartphone apps

Digital Measure #
Digital Endpoint/Biomarker




DHTs can enable more precision approaches to drug development and therapeutic

interventions in 3 key ways

D

Behavioural
Phenotyping

O

Creating more homogenous

clinical groups, or identifying

therapeutic value for specific
sub-populations

Do

Enhanced
Measurement

O

Using digital measures to
develop digital endpoints and
biomarkers to capture novel
variance

A

Individualized
Treatments

O

Creating tailoured CBT-like
treatment plans that
dynamically adjust based on
patient input and progress



Digital measures capturing speech latency and cognitive impairment are showing
promise in segmentation approaches

The Impact of Xanomeline and Trospium Chloride
on Cognitive Impairment in Acute Schizophrenia:
Replication in Pooled Data From Two Phase 3

Trials

william P. Horan, Ph.D. & | Colin Sauder, Ph.D. Philip D. Harvey, Ph.D.. lan S. Ramsay, Ph.D., Samantha E. Yohn, Ph.D., Richard S. E. Keefe, Ph.D., Vicki G

D

Behavioural
Phenotyping

Davis, Dr.PH., Steven M. Paul, M.D., and Stephen K. Brannan, M.D. AUTHORS INFO & AFFILIATIONS

Publication: American Journal of Psychiatry e Volume 182, Number 3 ¢ https://doi.org/10.1176/appi.ajp.20240076

R Volume 340, October 2024, 116105

»Ei. Psychiatry Research E

Preliminary results for

both efforts have been Enrichment using speech latencies improves
O shared previously via ) X e ’
hosters and treatment effect size in a clinical trial of

presentations at ISCTM bipolar depression

Joshua S. Siegel ©® 1 Alex S. Cohen ¢ ¢! 2 & Steven T. Szabo °, Sasagu Tomioka °,

Mark Opler ¢ ¥, Brian Kirkpatrick © 8, Seth Hopkins °




Other software based DHTs are capturing novel variance and being used to
enhance traditional COA measurement strategies

LLM/AI enabled COA review Smartphone meta-data
(geolocation)
Automated scoring and quality Preliminary studies link negative
assessments to reducing inter- symptoms and functional
rater variability outcomes in schizophrenia
Enhanced
Measurement

Voice biomarkers Dedicated Apps

O Capture disease progression in App-based virtual motor
mild AD patients with greater effect assessment and associated
size than established COA endpoints show promise in PD

1. https://isctm.org/public_access/21st Annual/Poster/Efstathiadis-Poster.pdf
2. https://academic.oup.com/schizophreniabulletin/article/46/6/1596/5897715login=true

3. https://alz-journals.onlinelibrary.wiley.com/doi/pdf/10.1002/dad2.12445
4. https://www.nature.com/articles/s41598-022-15874-4



https://isctm.org/public_access/21st_Annual/Poster/Efstathiadis-Poster.pdf
https://isctm.org/public_access/21st_Annual/Poster/Efstathiadis-Poster.pdf
https://isctm.org/public_access/21st_Annual/Poster/Efstathiadis-Poster.pdf
https://academic.oup.com/schizophreniabulletin/article/46/6/1596/5897715?login=true
https://alz-journals.onlinelibrary.wiley.com/doi/pdf/10.1002/dad2.12445
https://alz-journals.onlinelibrary.wiley.com/doi/pdf/10.1002/dad2.12445
https://alz-journals.onlinelibrary.wiley.com/doi/pdf/10.1002/dad2.12445
https://www.nature.com/articles/s41598-022-15874-4
https://www.nature.com/articles/s41598-022-15874-4
https://www.nature.com/articles/s41598-022-15874-4
https://www.nature.com/articles/s41598-022-15874-4
https://www.nature.com/articles/s41598-022-15874-4
https://www.nature.com/articles/s41598-022-15874-4
https://www.nature.com/articles/s41598-022-15874-4

Early evidence supports the utility of personalized Digital Therapeutics as
adjunctive treatments in schizophrenia and MDD

a /o

Individualized
Treatments

Clinical Trial > ) Affect Disord. 2025 Nov 1:388:119409. doi: 10.1016/j.jad.2025.119409.

Epub 2025 May 14.

A digital therapeutic (CT-152) as adjunct to
antidepressant medication: A phase 3 randomized
controlled trial (the Mirai study)

Brian Rothman 1, Mary Slomkowski 2, Austin Speier 3, A John Rush 4, Madhukar H Trivedi >,
Shaheen E Lakhan 3, Erica Lawson 2, Michael Fahmy 2, Daniel Carpenter ®, Dalei Chen 2,
John P Docherty 7, Ainslie Forbes 2

Affiliations + expand
PMID: 40378969 DOI: 10.101¢

Free article

Clinical Trial > JMIR Ment Health. 2025 Jan 27:12:e64959. doi: 10.2196/64959.

Establishment and Maintenance of a Digital
Therapeutic Alliance in People Living With Negative
Symptoms of Schizophrenia: Two Exploratory
Single-Arm Studies

Cassandra Snipes * 1, Cornelia Dorner-Ciossek * 2, Brendan D Hare 3, Olya Besedina !,
Tim Campellone !, Mariya Petrova !, Shaheen E Lakhan * 1, Abhishek Pratap * 3

Affiliations: + expand
PMID: 39869902 PMCID: PMC11811661 DOI: 10.2196/64959




DHTs have great potential, but implementing them in precision approaches
requires planning, collaboration and additional validation efforts
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Engage early in the trial
planning process

* Several verification,
validation and evidence
generation steps may be
required for a desired
measure

* These should be
considered in context with
the broader study design to
ensure that the correct data
elements are captured
efficiently

Is itan endpointora
biomarker?

* Are we measuring part of
the patient experience or a
biological process?

* What patient-level data is
need to establish the
relevance of the measure?

* How does the proposed
measure compare to
current tools?

Define context of use
(COU) within the COA
strategy

* What are the measurement
goals associated with the
DHT?

* How do the DHT measures
overlap with existing COAs
planned for the trial?

* Where within the endpoint
hierarchy should the DHT
be placed?

Evaluate the required
regulatory strategy for
the COU

* Ameasure can have
multiple COU (e.g. an
endpointin a clinical study,
a tool for cohort
segmentation)

* Each COU has a different
pathway, with different
requirements and different
opportunities once
approvalis obtained




How do DHTSs contribute to the goal of precision psychiatry approaches?

Better alighment Digital
to disease diagnostic tools
processes and t.O match
patient relevant pa.ltlents to the
concepts right therapy

Personalized
digital
interventions as

Newly defined
biomarkers and

Leaner trials via
better cohort

improved definition and adjunctive care to
pathology endpoints functional
outcomes

Phase I-lll Trials Phase 4 and RWE Improving patient’s lives
13



How do we get there? Five takeaways for DHTSs, digital data and its role in precision

psychiatry

Don’t be afraid to try

Push for standardization of
endpoints and validation

Collaborate to discover novel
DHT measures/uses

Share success and failures

Set realistic expectations

DHTs do add complexity, but can provide strategic insight when
integrated early into clinical development plans

Standard measurement definitions for digital endpoints will
improve uptake and interoperability. Endpoints must be
appropriately validated.

Invest in collaboration between DHT vendors, academic
institutions and sponsors

Much of the validation work done to include DHTs as endpoints in
trials is hidden, slowing progress for the field

DHTs will not replace traditional COA, but are part of a toolkit to
move toward more data driven precision approaches.



Thank you!
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