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Agenda

• Definition of biosimulation and how global regulators 
are actively encouraging its use in drug development

• Use of biosimulation to inform, reduce and eliminate 
preclinical and  clinical studies

• Biosimulation applications in neurodegenerative 
disease development (NDD)

• Case studies 
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What is Biosimulation (or Model-informed Drug Development)

• The application of quantitative computer models in drug development to facilitate 
the decision‐making process and advance regulatory acceptance

• Biosimulation is centered on knowledge and inference generated from integrated 
models of compound, mechanism and disease level data

• There have been hundreds of regulatory applications
• It is increasingly used to inform, reduce and eliminate clinical trials
• Certara is the global leader in biosimulation with 2,000 biopharm, academic and 

regulatory partners
• Applied across all stages of R&D

doi:10.1038/clpt.2013.54
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Biosimulation reduces development time and costs

• International Consortium for Innovation 
and Quality in Pharmaceutical 
Development (IQ)

• 19 Case studies (~2/3 pilot programs to 
date)

• Survey of 15 questions

Conclusion:
• The examples from the survey, note 

significant estimated savings in time, up 
to 2 years for some programs.  
Additionally, there were substantial 
savings in resources, up to $30-70 million 
in development costs.

• Main mechanisms for time/cost savings:
• Acceleration to go/no go through simulation
• Obviating need for clinical study (i.e. PBPK)
• Reduced group sizes
• Approval based on single pivotal trial
• Getting to right dose faster
• Using less costly biomarkers to demonstrate 

efficacy through PKPD
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Active Regulatory Adoption and Encouragement
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Predictive Modeling - PK

What the body 
does to the drug

Physiologically-based
pharmacokinetics

(PBPK)
Simcyp 

Simulator

Mechanistic biosimulation is used to quantitatively predict, without human or animal studies…
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What you want 
the drug to do 
to the body

What the body 
does to the drug

Physiologically-based
pharmacokinetics

(PBPK)
Simcyp 

Simulator

Quantitative systems
Pharmacology

(QSP)
Simcyp QSP

Mechanistic biosimulation is used to quantitatively predict, without human or animal studies…

Predictive Modeling - PD
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What you want 
the drug to do 
to the body

What the body 
does to the drug

What you don’t want 
the drug to do to the body

Quantitative systems
toxicology and safety (QSTS)

Secondary Intelligence

Physiologically-based
pharmacokinetics

(PBPK)
Simcyp 

Simulator

Adapted from Jenkinson et al., 2020

Quantitative systems
Pharmacology

(QSP)
Simcyp QSP

Mechanistic biosimulation is used to quantitatively predict, without human or animal studies…

Predictive Modeling - Toxicity
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Predictive Power of Biosimulation with Virtual Patients
Biosimulation uses computer-based models of biological systems to predict how 
the body affects the drug and how the drug affects the body.
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Simcyp Advanced Models for 10 Organs
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3 Areas of Significant Impact of Simcyp Simulator

Clinical Trial Waivers Extrapolation to Special Populations Reduction in Study Patients
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Simulating Virtual Patients and Waiving Clinical Studies

More than 275 label claims for 90 novel drugs using the Simcyp Simulator
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Discovery/Nonclinical Early Development Late Development

• Animal to human extrapolation
• Early formulation assessment
• Early drug interaction risk 

assessment
• First-in-human dose prediction

• First-in-human single/multiple
dose exposure

• Drug-drug interactions
• Absorption, food effect and 

formulation modelling

• Drug-drug interactions
• Pediatric and special populations
• Organ impairment modelling
• Label claims in lieu of clinical study

“Learn and confirm” with continuous Model Refinement, Verification and Validation 

Benefits Across the R&D Cycle

What is best target and modality in a given pathway, what is optimal indication for our asset,       
how can we improve effectiveness via combination therapy
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Predicting CNS exposure using mechanistic PBPK models

Applications:
• Translational research
• FIH dose predictions
• Complex biologicals
• Shuttle antibodies
• Clinical development: link to CNS biomarkers
• Bridge to special populations (i.e. pediatrics)
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PBPK to Guide Translation in CNS Drug Development

Mouse

Rat

NHP

Clinical Preclinical

Translation

Virtual patient 
e.g. neonates, 
children.

• CSF/ISF production rate
• CSF/ISF volume
• Brain vascular volume
• Total brain volume
• Surface area of the BBB
• Surface area of the BCSF barrier
• Body weight, height, age

• Hydrodynamic radius: size dependent 
distribution via convection and diffusion

• Receptor mediated transport processes
• Routes of Administration

Presenter Notes
Presentation Notes
Predict, learn and confirm for a second preclinical species is also possible e.g. translation from mouse to NHP.
Chang et al., 2019. A translational platform PBPK model for antibody disposition in the brain. JPKPD 46:319-338. Multicompartment brain model, including physiological parameters for mouse, rat, NHP and man (adult).
Versheijden et al., 2019. Development of a physiologically-based pharmacokinetic pediatric brain model for prediction of the cerebrospinal fluid drug concentration and influence of meningitis. PLOS Computional Biology 15:e1007117. Includes physiological parameters for paediatrics of different ages 
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Coupling PBPK model to Amyloid Aggregation QSP Platform
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Certara’s Neuro QSP Platform
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Amyloid Aggregation Model – SUVr Biomarker

Aducanumab Phase 3 trial

Aducanumab Phase 3 trial titration schedule Amyloid antibody affinities for different peptides 

Calibration with different antibodies

Model enables extrapolation to new 
(untested) antibodies, trial designs 

and patient populations
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ARIA-E Implementation and Qualification
- Major side-effect of amyloid therapeutics limiting market uptak
- Most are asymptomatic, but in a few cases can cause seizures 

and even death
- Can be mitigated by titration 

Calibration with different antibodies

Perivascular QSP Model

Optimizing  titration schedule for reducing 
ARIA-E side effects, increasing efficacy and 
optimizing therapeutic window
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Target Engagement in Parkinson’s Disease with PET imaging

11C-raclopride displacement after L-
DOPA treatment estimates brain L-DOPA 
concentration (Paveese 2006) 

Detailed QSP modeling of synaptic physiology 
and binding of neurotransmitter, drugs and 
tracer with appropriate affinities

11C-preladenant reports on binding to 
adenosine A2A receptors (Sakata 2017)

QSP Model of Dopaminergic synapse

Model used to estimate target exposure 
and engagement, and to predict patient-

patient variablitiy
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Clinical Time-OFF in Parkinson’s Disease

L-DOPA PK Preladenant PK

State diagram relating DA deficit 
(pathology& L-DOPA treatment) 
and A2A mediated D2R coupling 
to beta/gamma power readout
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Parkinson’s Disease QSP Model

Optimizing A2A antagonist PK profile and 
pharmacology for decreasing Time-OFF in 
augmentation to standard-of-care treatment
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Are all α-Synuclein modulators are equal?

Case study: α-Synuclein modulators for PD
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From Model to Virtual Patient
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Virtual versus Actual Patients 

Target Prasinezumab1 BIIB0542 MEDI1341

αSyn 
monomers

20 nM 400 nM 74 pM

αSyn
oligomers

? ?

48pM for 
aggregates

78 pM for 
aggregates

αSyn fibrils ? 0.5 nM

1Jankovich et al. 2018

2 Weihofen et al. 2015

Model-predicted efficacy:
MEDI 1341 > Prasinezumab > BIIB054
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Amyloid biomarker with Microglia Interventions

Preclinical Tg
mouse model

Human AD patient

Microglia TREM2 pathway QSP Model

4D9 : shedding 
antibody
AL002c : TREM2 
activator

Optimizing Combination Therapy
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More information at Certara Booth
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Accelerating Medicines, Together
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