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Tao You, PhD. PK/PD Modeller & Data Scientist, Beyond Consulting Ltd
Tao You is a mathematical and statistical modeller with experience in cancer drug discovery 
& development. He headed oncology preclinical PK/PD modelling at Boehringer Ingelheim in 
Vienna, and his work enabled robust clinical translation, generated compelling preclinical 
evidence and led to numerous project breakthroughs recognised by BI’s research governance 
board. Prior to Vienna, Tao served as a physiological/PK-PD modeller at AstraZeneca’s 
Alderley Park site, where he developed predictive mechanistic models for novel cancer 
treatments including Osimertinib and ATM inhibitor. Tao’s contribution to the ATM inhibitor 
project was recognised by Oncology Innovation and Achievement Award by Susan Galbraith, 
Head of Oncology iMed, in 2015. Tao is a founding member of the Oncology QSP Forum at 
AZ, and a scientific committee member of the 1st AZ Modelling & Simulation Symposium. Tao 
led MSc and PhD projects with the University of Oxford and a postdoc project with UCD. He 
also collaborated with Sage BioNetworks on gene signature for drug repurposing. Tao 
teaches translational modelling at AZ and BI, as well as dedicated international conferences 
such as Tumour Models and World Preclinical Congress. Tao earned his PhD in Systems 
Biology at the University of Aberdeen after completing his MSc in Molecular Engineering at 
Singapore-MIT Alliance. He did his first degree in Polymer Science and Engineering at 
Tsinghua University.
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“Pfizer 3 pillars”
1. Suitable exposure (site of action, 

duration)
2. Sufficient target binding 
3. Adequate pharmacology
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Can the flow of medicines be improved? Fundamental 
pharmacokinetic and pharmacological principles 
toward improving Phase II survival Drug Discovery 
Today. 17, 419–424 (2012)
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Purpose: Identify clinical risks and derisk with translational modelling
“Pfizer 3 pillars”

1. Suitable exposure (site of action, duration)
2. Sufficient target binding 
3. Adequate pharmacology
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Checklist 1: Modelling needs to be aligned towards these goals
Apply Pfizer 3 Pillars to a project:
• What is the optimal exposure a treatment should have at the site of action?
• Which target engagement marker is essential to monitor? 
• What is the necessary degree and duration of target engagement?
• Does target engagement lead to adequate pharmacological effects?

Translational question:
• To what degree the tumour models we use reflect clinical responses?
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• Good modelling adds value to a drug discovery & development 

programme when
A. Experimental design is sufficiently powered and the experiment is testing a 

clear hypothesis
B. The meaning of experimental results are articulated timely with all 

accessible data in a global, unbiased manner
C. The relevance of preclinical work is underpinned by good translational 

modelling that strengthens the relationship between preclinical models and 
clinical responses
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Checklist 2: Am I generating value with modelling?
• Does the model-based experiment design focus on a key question?
• Am I using all accessible data for model construction and verification?
• Do I understand how preclinical and clinical results translate?
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• Hypothesis of a killer experiment should be specific and verifiable
• The validation or invalidation should present a fundamental change in the 

perspectives of a drug project
• Hypothesis should be explored by modelling to design an experiment
• Examples: 

• The tumour growth inhibition forecasted based on in vitro IC50 is …
• Minimum efficacy needed to be demonstrated with preclinical model (e.g. tumour growth 

inhibition) required to excel (direct and indirect) competitor clinical treatments is …
• The maximum gap between the two treatments in combination to ensure safety while not 

losing efficacy is … 
• The timing of tumour biopsy to verify proof of principle is …
• The required clinical target engagement is …
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• To articulate the relationship among efficacy biomarker data:

• Data are generated across different dimensional and temporal scales: multi-scale thinking is 
often needed for deep understanding of data (P14~18)

• Published domain: Journals, press release, clinical data
• In-house: All data relevant to the preclinical model and treatments from different projects
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• Evaluate relevance of tumour model with clinical data and PK/PD

• Recapitulate preclinical PK/PD with modelling

• Simulate preclinical PD responses under clinical PK of the treatment at intended clinical dose 

to generate translational tumour growth inhibition (TGI)

• Translational TGI > 60% is a necessary but not sufficient condition for objective response, 

according to Harvey Wong et al, 2013

• Compare translational TGI with clinical tumour responses to qualify the tumour model
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• For a defined question

• Sensitive parameters: those change model prediction of the interested outcome
• Identifiable parameters: those can be inferred from experimental data

• Good model construction
• Ensure all sensitive parameters are identifiable from data
• Insensitive parameters: If not needed, consider simplifications

• Model selection
• Construct all possible models of different structures and select the best one based on data

• Model testing
• Model prediction (extrapolation) should be tested against experimental data
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Checklist 3: Am I building reliable models I can trust?
• For the question of interest, what are the sensitive parameters?
• Are all sensitive parameters identifiable from experimental data?
• Have I tried all possible models of different structures?
• Have I designed an experiment to test model predictions?
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• Enumerate all possible models for the question of interest
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• Inference

• Report mean, standard deviation or IQR, covariance 

• Prediction
• Report 95% confidence interval by sampling the model appropriately
• Report limitations of the model and consider generalisability 
• Report if model accuracy can be further improved by doing experiments differently
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Checklist 4: Am I communicating the results appropriately?
• How good was the inference of parameters for each model?
• What is the percentage of testing data within 95% confidence interval of model prediction?
• What are the limitations of the model?
• What is the best experiment to do in order to improve model predictions?
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Nonlinear dynamics
• What are the potential qualitatively different types of 

dynamic behaviours a system may have? (P16~17)
• How are cell fate decisions made on the single cell level?
• How does tumour architecture influence tumour growth?

Computational statistics
• What is the simplest model that can most effectively 

capture the pattern in data?
• PK/PD and pharmacometrics: Which group is more? How is 

target engagement triggered by treatment exposure?
• Clustering: How many groups are there?
• Gene signature: Which group does this belong to? What is the 

minimum dimension I need?

Deep understanding of data
• Parsimonious model able to generate specific, verifiable, 

statistically accurate predictions based on data from 
different scales
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Nonlinear Dynamics Computational Statistics

Main questions What qualitatively different types of dynamic 
behaviours do a system potentially exhibit?

What is the simplest model that can most 
effectively capture the pattern in data?

Typical methods

• Differential equations, Boolean networks
1. Bifurcation analysis
2. Stability analysis of the fixed points

• Agent-based models
1. Simulation-based studies

• Regression
1. Nonlinear regression
2. Mixed effects modelling

• Irrelevant to PK/PD: Clustering, Classification, 
Dimension reduction

Typical results
• One mechanistic model with a set of 

hypotheses 
• Integrates data across different scales

• Comparison over different models
• Empirical relationship from inference

Emphases
• Naturally leads to mechanistic thinking
• Useful for exploring different scenarios
• Helps formulate hypothesis to test 

• Statistically meaningful results 
• Being helpful for decision making

Potential Pitfalls

• If overlooks statistical robustness then leads to 
indecision

• If drawn into minute details then ends up with 
big, unverifiable models

• If dismisses mechanism of action then 
ignores useful concepts

• Relationship might be hard to interpret
• Might not lead to mechanistic insights
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• Multiscale modelling may be useful to consistently integrate data required by 

Pfizer 3 pillars for deep, mechanistic understanding in order to make reliable 
predictions
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