DIGITAL
‘ A IN VIVO
ALLIANCE

Rapid advances in sensor technologies and computational capabilities, including artificial
intelligence and machine learning-based approaches, provide a unique opportunity to enhance
the value of animal studies. Complementing our usual biochemical, hematological, and
histopathological assessments with continuous measures of behavior and physiology would
provide a more dynamic, biologically-, and clinically-relevant characterization of potential drug
safety liabilities. Non-invasive endpoints collected continuously and throughout their circadian
cycle from animals in their home cage will provide novel insights but also require different
approaches to data interpretation, decision-making, and study design. Rigorous validation
processes applied to new capabilities will build confidence in the accuracy and relevance of the
data generated by those capabilities.

As proof of concept, mice and rats were housed in individually-ventilated cages outfitted with
computer vision cameras with infrared detection capabilities allowing continuous monitoring of
group-housed animals throughout both light and dark cycles. Mice and rats were treated with a
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quantitatively characterized dose-responsive changes in activity in mice and rats given single
doses of caffeine or chlorpromazine. The onset and duration of effect was observationally and
statistically identifiable in individual animals as a deviation from time-matched baseline activity. '~ il o a6 [ s3
Chemically-induced seizures induced by pentylenetetrazole (PTZ) were also reliably detected - [

with a digital measure for LORR. @ AnimallD: 21 D sS4

Model trained on PTZ-data (tested on PTZ data)

Figure 8. Video of acute seizures induced in male C57/BL6/J mice with a single injection of pentylenetetrazole (PTZ) was used
to trained an ML algorithm to detect loss-of-righting reflex (LORR) as a stereotypical ‘seizure’ behavior. Testing of the algorithm
with video from the same study but not used to train the algorithm revealed good specificity. The algorithm will be evaluated
and refined further using video data from more traditional models of epilepsy like the SCN1a model of juvenile onset heritable
- - AN AN - At~ A A m-- \ pn /200 Asai epilepsy.
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study by detecting a test article-related effect as well as informing its exposure relationship,
character, magnitude, duration, reversibility, adversity, and monitorability. A more dynamic and
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Figure 6. Male CD1 mice were treated with single oral doses of either caffeine or chlorpromazine at 2 different dose levels and at 2 different

. . . times in their daily circadian cycle. Continuous monitoring with computer vision and quantitation of activity revealed an expected circadian _ _ - . . .
lterative testing and refinement cycle of activity with the mice significantly more active during the dark hours but also changes in activity level at both the cage and individual Sensor-based and Al-enabled dlgltal measures of behavior and phySIOIOgy from mice

animal level induced by treatment with either caffeine (increased activity) or chlorpromazine (decreased activity). Variability in the duration f—:md rats !n their home qage enVWonment'are an Opportumty to mcrea'sg the )
of those responses was dose-related. The ability to monitor during the dark cycle and even expose the animals to drug during the dark cycle mformatlveness, ObJECtIVIty, and translational relevance of our non-clinical toxmology
Mouse Neuromotor Rat Neuromotor affected their response (e.g. note the delayed decrease in activity in response to chlorpromazine in mice dosed at the beginning of the light studies.
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The continuous, quantitative and objective data provided by these approaches will
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: Figure 7. Male SD rats were treated with single oral doses of either The data represented here provide an important proof-of-concept that will require
T, WA, A, M caffeine or chlorpromazine at 2 different dose levels and at 2 further refinement of these core measures to improve their informativeness and
___ - — different times in their daily circadian cycle. Continuous monitoring generalizability. They also provide a basis for a rapidly growing portfolio of digital
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e ;_';‘ ; Wl D with computer vision and quantitation of activity revealed an measures that will complement and contextualize our traditional measures.
N S 4 L R ' i expected circadian cycle of activity with the rats significantly more

active during the dark hours but also changes in cage-level activity The usefulness of these measures is highly dependent on our confidence in their
induced by treatment with either caffeine (increased activity) or analytical and clinical validity. Accordingly, the DIVA team is developing a framework of

chlorpromazine (decreased activity). Variability in the ability to verification and validation that will support the application and acceptance of these
detect those responses and their duration was dose-related. The novel measures
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Cages in red excluded from analysis Cages in red excluded from analysis Chioropre 1 me Figure 4. Digital biomarker discovery and development are supported by a multi-disciplinary collaboration that defines a relevant biomarker, Rat Safety Study: Difference from Baseline (Dose 1)
identifies ‘taggable features’, designs studies that represent those features, and uses machine learning-based approaches to develop digital : — =

biomarker algorithms. The quantitative outputs of those algorithms are validated for their analytical rigor and clinical relevance.
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Rat Safety Study: Difference from Baseline (Dose 2)

Figure 1. Short, single dose studies with well-characterized neuroactive compounds (caffeine, chlorpromazine) were done in
male CD1 mice and Sprague Dawley rats to determine if continuous monitoring with an activity digital biomarker would
reveal expected changes in activity behavior.
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_ 5 AR, .Con':.o need to manually define heuristics The Digital In Vivo Alliance (DIVA) is a collaboration of pharmaceutical industry

Not explainable and academic scientists with a shared interested in the discovery, development,
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e e o g S . p P 5 behavior and physiology in their home cage environment. The DIVA members
P ——— - Figure 5. Neural networks are ‘trained’ with labeled video frames demonstrating the behavior or characteristic of interest. The model is then 4 N N § N presenting this work gratefully acknowledge the efforts of members from AbbVie

tested and cross-validated against a set of ‘testing’ data. As cases are discovered where the model does not perform well, additional labeled Time (CDT) Time (CDT) . . £
Figure 2. Inducible PTZ seizure assay in WT C57BL6/J mice recorded behavior in mice in digital cages for 30 mins. video frames representing the new cases can be added to the training set and used to augment the model. Iterative cycles of training and and Bl.omarm V.VhO g_eheratEd t_he prOOf of ConCEpt work rEpresented here. For
testing improve the sensitivity and specificity of the algorithm. more mformatlon, visit DIVA.bio.
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