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From “Generic” Schizophrenia 

Interactome … 

Ganapathiraju 2016 



To “Individual” patient trajectory 
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Trzepacz 2016 

Comedications 

Genotypes 

Different drug metabolism 

Different comorbidities 

Different pathology trajectory 

 



What can Pharma learn from Successful 

Industries (aeronautics, micro-electronics)? 

• Formalize ‘collective knowledge’ 

– From information to knowledge (Big Data to Smart Data) 

– Use advanced modeling & simulations (CAD) approach to 

capture community-wide expertise & knowledge 

– Develop virtual in silico before actual physical prototype 

• Embrace complexity 

– Circuit analysis : networks give rise to emergent properties that 

are not explained by single targets 

– Non-linear processes need mathematical modeling  

• Failure analysis 

– More Extensive study of failed clinical trials needed 

• Make output ‘actionable’ for Pharma R&D 

– Incomplete biology knowledge : sensitivity analysis, Pareto 

optimization, fuzzy statistics 
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Quantitative Systems Pharmacology 

Integrates Various Modalities 
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Human Clinical Data 

Humanized  

Cellular & Synaptic 

 Biology 

Effect on Neuronal 

Circuits in  

non-human species 



In Silico Disease Model for Different 

Indications and Clinical Scales 

Parkinson’s disease 
symptoms are correlated 
with STN rhythms.  

Huntington’s disease 
symptoms are correlated 
with TC excitability.  

Negative PANSS are 
correlated with striatum 
and cortical excitability.  

Combined Cortical and Striatal Predictions
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Cognitive symptoms of 
schizophrenia & AD  are 
correlated dynamics of 
cortical firing patterns.  

PANSS Total as mutual  

information transfer  

cortex-GPI 
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How comprehensive is the QSP  platform? 
• For existing CNS-active drugs, representations of: 

– D1, D2, D3, D4 

– 5-HT1A, 5-HT1B, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT3, 5-HT4, a1A, a2A, a7 
nAChR, a4b2 nAChR, M1 mAChR, M2 mAChR 

– GABA-A a1, GABA-A a2, NMDA-NR2A, NMDA-NR2B, NMDA-NR2C AMPA 

– AChE, COMT, SERT, NET and DAT 

– mGluR2, mGluR5, 5-HT6, 5-HT7, NK3, GlyT1, H3 

• Intracellular target implementation 

– cAMP-cGMP pathway (PDE10) 

• Azheimer Disease Modification 

– Beta-amyloid dynamics and their effect on cognition  

• Common Genotypes based on imaging 
– COMTVal158Met, 5-HTTLPR s/l, APOE, D2DRTaq1A1, CACNA1C 

• Calibrated Clinical Outcome 
– Schizophrenia : PANSS Total, PANSS Negative, Cognition 

– Alzheimer’s Disease : ADAS-Cog, NPI 

– Parkinson’s & Huntington’s Disease : UPDRS 

• Tau Pathology Modeling (in Preparation) 



Quantitative Systems Pharmacology 

Provides Actual Value for Pharma R&D 



Calibration and Validation 

PANSS Total 
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Spiros 2016 under review 
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PANSS total Prediction
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Trial results

Model outcome

First Blinded Prediction of Clinical Outcome in 

Schizophrenia Could Have Saved Large Investment 

Geerts 2012 

PlosOne 



Effect of Comedications in 

Clinical Trial in CIAS 
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Geerts 2016 



QSP Model Correctly Predicted 

Unexpected Ph 1 Clinical Outcome 
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Nicholas 2013 



Linking Amyloid Modulation To 

Cognition in Alzheimer’s Disease 
Clinical Readouts 
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Neuro-

vascular 

System 

ARIA 

Tau spreading 



Amyloid Modulation 
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Potter 2013, Garai 2012, Wang 2014, Doraiswamy 2015 
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Tau Quantitative Systems 

Pharmacology Project  
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Tau 

Neurobiology 

Functional Clinical 

Relation 

Biomarkers 

Tau Progression Imaging 

Pathological Process and 

patient subgroups 
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QSP Support for Key Pharma 

R&D Questions 
• Preclinical 

– Target Identification’ to ‘validation’ 

– Rationally designed multitarget pharmacology 

– In what direction and how much do we need to change pathway of 

Interest for a clinically meaningful outcome? 

– Support selection of clinical candidate 

• Clinical 

– Dose-response monotonic or inverse U-shape? 

– Target Engagement 

– Optimal dose vs MTD 

– Impact of genotypes on clinical dose-response  

– Impact of comedications on clinical dose-response 

– Selection of patient population : targeted therapies 
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The Human Avatar  

 

 A Humanized Quantitative 

Systems Pharmacology 

Approach 
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