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A case for systems vs. linear thinking 

e.g. TNFi
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Observed effect Cause Solution

A more complex problem…

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



Immune system components

Tourdot & Hickling, 2019 Bioanalysis 3



Data integration has been limited by reductionism and variable 
biological models

• Many technology platforms are developed for early immunogenicity risk assessment

– In silico prediction tools

– T-epitope-MHC binding assays

– In vitro cell assays

– 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)
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Features of systems

• Systems are composed of lots of interconnected parts

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

• Connections are as important as the parts themselves

• System relationships are dynamic

• Change of components over time obscures system behaviors

• Delays and loops are common

• Feedback and feedforward loops (+ve and –ve) complicate predictions

• Lots of data is needed to describe and model these systems 5



A systems model of immunogenicity

6Image credit: http://blog.wolfram.com/2014/12/23/wolfram-technologies-in-
systems-pharmacologya-case-study-on-type-2-diabetes/

Systems Model
EPITOPE PREDICTION

IN VITRO 
BINDING

IN VITRO 
PROLIFERATION

Prior Data

D
ru

g
Sy

st
em

CO-MEDICATION

Output

CLINICAL ADA INCIDENCE

LOSS OF EFFICACY

OPTIMAL TRIAL DESIGN

IMMUNOGENICITY MECHANISM 
INVESTIGATION

…

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.prospectmagazine.co.uk/features/big-ideas-prediction-of-2014-personalised-medicine&ei=n9ASVei9Jca0ggSs1YHQAw&bvm=bv.89184060,d.eXY&psig=AFQjCNG1O6SKIeKHejdZif7aut67rjU7bg&ust=1427382801950512


Multi-scale mechanistic model
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kuepfer 2010 molecular system biology
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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

• ADA impact on exposure

• Treg impact on ADA levels

• Feedback and feedforward loops

9Rahman A et al 2018 CPT:PSP



PBMC assayMAPPs Peptide sequence 

Adaptive immunity

Whole protein

Adaptive immunity
Frame Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501
Start Stop Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score
282 SSLYISQFI 290 1.44 0
283 SLYISQFII 291 0
284 LYISQFIIM 292 1.75 1.33 1.36 1
285 YISQFIIMY 293 1.73 1.41 1.47 2.39 2
286 ISQFIIMYS 294 1.34 1.6 0
287 SQFIIMYSL 295 0
288 QFIIMYSLD 296 0
289 FIIMYSLDG 297 2.95 1.84 3 1.9 2.45 3.01 1.81 2.71 8
290 IIMYSLDGK 298 0
291 IMYSLDGKK 299 1.32 0
292 MYSLDGKKW 300 1.53 0
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What can we measure in non-clinical assays?



Example of how variables measured in vitro could impact immunogenicity

mAb example:
• NT0 = 0.2/million
• DC MS scenarios

– 50 = 5% ADA
– 200 = 35% ADA

Single epitope, 5mg/kg IV
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Simulation vs clinical trial data: Example 1

Adalimumab
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Clinical Data (Bartelds et al 2011), simulations Kierzek A et al 2019



Incidence and clinical impact of immunogenicity at the population level 
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Simulations presented at CHI Immunogenicity and 

Bioassay Summit October 2019

Simulation vs clinical trial data: Example 2

Bococizumab (Ridker PM et al 2017)



A learning cycle to facilitate quantitative prediction of immunogenicity
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Conclusions

• 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

• Iterative 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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