Systems immunology applied to the integration of non-clinical
immunogenicity data

Integration of non-clinical immunogenicity data and its clinical relevance

Non-clinical Immunogenicity Assessment of Generic Peptide Products: Development, Validation, and Sampling
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A case for systems vs. linear thinking

Observed effect

Complex problems need us to go beyond linear thinking to find solutions

Solution

e.g. TNFi



Immune system components
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Data integration has been limited by reductionism and variable
biological models

 Many technology platforms are developed for early immunogenicity risk assessment

— Insilico prediction tools

— T-epitope-MHC binding assays r

— Invitro cell assays %)
o°

— Animal models

 However, these platforms usually look at only one or two risk factors at a time
— Lack of information integration
— Difficult to intuitively interpret

— Hard to directly correlate with end point (immunogenicity rate, ADA response, etc)



Features of systems

e Systems are composed of lots of interconnected parts

 Changing one part of the system affects other parts, sometimes with non-obvious
connections.

e Connections are as important as the parts themselves

e System relationships are dynamic

e Change of components over time obscures system behaviors

e Delays and loops are common

 Feedback and feedforward loops (+ve and —ve) complicate predictions

e Lots of data is needed to describe and model these systems



A systems model of immunogenicity
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Multi-scale mechanistic model
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Schematic of Systems Model at the Cellular Level
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Behavior in complex systems

Rational and logical for each individual component can become obscure
as complexity increases
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What can we measure in non-clinical assays?

Identify T cell epitope(s)

Identify T cell response

In silico Protein sequence

Adaptive immunity
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Example of how variables measured in vitro could impact immunogenicity
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Simulation vs clinical trial data: Example 1

Adalimumab
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Simulation vs clinical trial data: Example 2

Bococizumab (Ridker PM et al 2017)

Incidence and clinical impact of immunogenicity at the population level
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A learning cycle to facilitate quantitative prediction of immunogenicity

Assays Data Integration
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Conclusions

e Systems modeling helps us understand connections and relationships in complex
systems

* Integrating data for immunogenicity risk assessment through systems modeling
enables simulations of clinical outcomes

* [terative cycles of tests, simulations and sampling are needed to refine models to
enhance predictive capability
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Doing now what patients need
next
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