Discovery and development of digital biomarkers to inform home-cage

‘] k IA neuro-behavioral assessments in the rodent
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Drug-induced neurobehavioral effects can lead to a host of
unintended consequences that can be severe for patients
leading to poor compliance or even death and development-
limiting for sponsors. Accordingly, there are regulatory
expectations to conduct a defined neurobehavioral
assessment to support an Investigational New Drug
Application (IND). These assessments are usually conducted
as acute single dose studies in single-housed animals applying
a protocol of mostly qualitative evaluations.
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Advances in computer vision and machine learning (ML) offer
an opportunity to re-invent the way neurobehavioral
assessments are done in preclinical drug safety assessment.
Continuous monitoring of animals in their home cage using
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due to unintended neurological effects.

Figure 1. Digital biomarker discovery and design is supported by a multi-disciplinary collaboration that

We collaboratively established a digital biomarker discovery defines a relevant biomarker, identifies ‘taggable features’, designs studies that represent the biological Figure 6. Graphing of the raw activity data at the cage level over the course of the study revealed a
and development pipeline to inform and support the activity of interest, and uses machine learning-based computational approaches to develop digital regular pattern of circadian variability with expected increases in activity during the dark cycle and
development of a portfolio of digital biomarkers of rat biomarker algorithms. decreased activity during the light period. It also revealed dose dependent changes in activity

. . . . associated with dosing of either caffeine as a neurostimulant or chlorpromazine as a
behavior that will complement traditional neurobehavioral neurodepressant.

safety assessments. Our Digital Biomarker Development Plan
included generation of ‘discovery’ video of untreated animals
in home cage environment, identification of taggable
behavioral features from those videos, and development of
ML algorithms from the tagged data and experimental
modulation of behavior to refine those models. A
characterization and qualification strategy will ensure the
analytical sensitivity and specificity of the resultant

Digital Data Supply Chain and Biomarker Development Process
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biomarkers as well as their toxicological relevance. s §3
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been used across the drug discovery and development
continuum from target validation; pharmacology modeling;
characterization of absorption, distribution, metabolism and
elimination; and even safety assessment. Though a broad set
of biological endpoints are usually evaluated (particularly in
the more standardized safety assessment studies), assessment
of behavior is less frequent, more targeted, and often involves
qgualitative assessments.
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Figure 7. Normalizing the data to time-matched pre-dose levels smooths the within cycle and
circadian variability and increases the sensitivity for visualizing the magnitude and duration of the
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As defined by the U.S. Food & Drug Administration
(Vasudevan et al., 2022)

Figure 8. Statistical analysis of the home cage-level raw activity data revealed agent and dose-
Figure 4. ML Development Schema (left). ML workflow to extract taggable features (right) dependent statistically-significant changes in activity. This data focuses on the initial 4-hour period
when internal exposures were expected to be highest.

The Digital In Vivo Alliance (DIVA) is a unique consortium of
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Figure 9. Statistical analysis of pre-dose baseline data revealed significant variability in that baseline
data that was reflected in and undermined treatment-related effects.

develop digital biomarkers of locomotory activity as
foundational capabilities in a portfolio of digital biomarkers
that we believe will increase in sensitivity, specificity and
biological resolution (e.g., gait analysis, social behaviors, etc.).

chlorpromazine) were done in male CD1 mice and Sprague Dawley rats to determine if continuous
monitoring with a locomotory activity digital biomarker would reveal expected changes in activity
behavior but also reveal changes that wouldn’t be detected in usual cage side observations. The data
represented here is from CD1 mice. A locomotory activity digital biomarker is in development for the rat.

Digital biomarker discovery and development requires a multidisciplinary partnership between disease biologists, animal scientists and data scientists. The biologists define the biological events to
be ‘biomarked’, their contexts of use and analytical approaches. Animal scientists provide guidance on vivarium management, animal cage environment and husbandry practices that influence how
the sensor technology is incorporated into the home cage environment. Data scientists apply machine learning (ML) approaches to develop algorithms that translate raw sensor (e.g., video) data to
guantitative measures. Statisticians and analytical data scientists design approaches to evaluate continuous data to inform relevant decisions.

Michael Saul (The Jackson Laboratory) and Liuging Yang
(AbbVie) contributed to data analysis and interpretations.
Bhupinder Bawa (AbbVie) contributed to study design and
study oversight. AbbVie research and training services (RTS)
and animal care team supported study execution.

* Single dose challenges with either caffeine or chlorpromazine were expected to increase or decrease locomotory activity for short periods of time in mice and rats. It was not known whether
dosing at the beginning of the light cycle (the usual practice in drug safety assessment) for either compound would have a different effect than dosing at the beginning of the dark cycle which is
not usual due to logistical complexities (e.g., animal care staff/study scientists working through the night hours).

« The ML-defined locomotory activity digital biomarker was able to detect the expected effects at the cage level in mice (rat data pending) and characterize their temporal pathogenesis with high
sensitivity during both the light and dark cycles.

ICH Topic S7a. Safety pharmacology studies for human
pharmaceuticals. (2001) CPMP/ICH/539/00.

 There was a difference in the effects when dosing occurred at the beginning of the light cycle vs. the dark cycle. For example, there was a much more prolonged depressant effect of a high dose
of chlorpromazine when dosed during the light cycle rather than the dark.

Vasudevan, et al. Digital biomarkers: Convergence of digital health

technologies and biomarkers. npj Digital Medicine (2022) 5:36. - Baseline normalization of the locomotory activity data increases the sensitivity for detecting treatment-related effects but that sensitivity is undermined by baseline variability. It will be useful

in the future to randomize animals to treatment groups using baseline locomotory activity assessments during the acclimation period.

Baran, et al. Emerging role of translational digital biomarkers within
home cage monitoring technologies in preclinical drug discovery and
development. Front Behav Neurosci (2022) 15:758274.

« Digital biomarkers applied to animals in a home cage environment will provide a unique opportunity to detect treatment effects earlier in development and likely redefine our understanding of
the pathogenesis of those effects with more continuous monitoring.
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