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1. Pharmacometrics
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3. Bridging the gap



1. PHARMACOMETRICS

• Clinical pharmacology = PK + PD + Disease progression

• Analysis of longitudinal data
• Main statistical tool: Nonlinear Mixed Effect Models (NLMEM)

Data generated
during clinical trials 

& patient care

Rational drug
development & 

pharmacotherapy

Knowledge extraction

Pharmacometricians

Dose Concentration EffectPharmacokinetics Pharmacodynamics

Design

The science of quantitative clinical pharmacology
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Started by Lew Sheiner

An impressive scientist who created a new 
discipline!

• Web of Science 
• 234 publications 
• 13,070 citations
• H index = 59
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Pharmacometrics in the world 
• Conferences

• PAGE (1992- )
• ACOP (2005- )
• WCOP (2012- )

• Book
• Pharmacometrics (2007)

• Journal
• CPT: PSP (2012- )

• Society
• ISOP (2012- )
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From PopPK to MID3
• Population pharmacokinetics (PopPK)
• Population pharmacokinetics /pharmacodynamics 

(Pop PKPD)
• Nonlinear mixed effect models (NONMEM, NLMEM)
• Modelling and Simulation (M&S)
• Pharmacometrics (PMX)
• Model Based Drug Development (MBDD)
• Model Informed Drug Development (MIDD)
• Model Informed Drug Discovery and Development 

(MID3)
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Model Informed Drug Discovery 
and Development
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Population PKPD: the beginning 

• Continuous variables
• Short time scale 
• Exploratory studies 
• Early phases in drug development

 Mainly learning
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Pharmacometrics now
• Clinical/ biomarker outcomes

• Longer time scale
• Pivotal/confirming phases
• Discrete variables and time to event
• Disease progression

• Results use for prediction / simulation
• Extrapolation 
• Planning / Design evaluation
• Clinical trial simulation
• Decision making…

 More attention to model building / 
estimation / uncertainties in inference 11



2. STATISTICIANS IN 
PHARMACOMETRICS
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 Estimation algorithms for NLMEM
 ….
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Mould & Upton, Basic concepts in population modeling, simulation and 
model-based drug development, CPT: Pharmacomet Syst Pharmacol
Pharm Sci 2012; 1:e6.
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Mould & Upton, Basic concepts in population modeling, simulation and 
model-based drug development, CPT: Pharmacomet Syst Pharmacol
Pharm Sci 2012; 1:e6.
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Statisticians and estimation in NLMEM
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Last decades
• Development of good estimation methods and fast 

algorithms 
Present/ Future for estimation
• More complex statistical models 

• discrete data, RTTE, Markov model, joint models, 
dropouts, confounding, nonparametric, distributions, 
mixtures ….

• More complex mechanistic models  
• ODE, PDE, SDE….

• Bayesian approaches (HMC in STAN)

• Better use of computers (cloud, GPU,…)

 Engineers, Computer scientists, Mathematicians,
Statisticians…. 

 Enhanced (and new) software tools



(Reseach) topics for statisticians for in 
pharmacomerics
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• Model evaluation 
• Covariate model building
• Optimal design
• Joint models: prediction of event from 

biomarker evolution
• Uncertainty estimation and propagation
• Tests and inference for ‘small’ samples
• Model averaging
• Pooling data from various sources
• Multiplicity and type I error control
• …



3. BRIDGING THE GAP
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‘The battle lines were clear’ 
On the one side were the forces 
of light: 
those who liked models used 
biological insights, generally 
welcomed data from disparate  
sources and were not afraid to try 
various bold and ingenious 
strategies for putting models and 
data together

22

Bridging the gap

On the other side were the 
forces of darkness: 
a bunch of dice throwers and 
hypothesis testers with an 
inane obsession with intention 
to treat



Pitfalls in pharmacometrics
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• Handling of data (per protocol, ITT, missing, 
dropout) 

• problem especially in confirmatory analysis
• Multiple testing in model building, covariates 
analysis …

• Lack of control of type I error
• Model evaluation, checking assumptions
• Often lacking model based analysis plan
• Design / sample size (uncertainty…) 
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MODEL EVALUATION: 
A CORE SET OF GRAPHS



Pitfalls in biostatistics
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• ‘Stuck’ to standard linear or standard 
empirical models for end of trial data

• Like few assumption models

• whereas PKPD based on centuries of
physiology in pharmacology

• Reluctance to use new software/ tools, and 
not totally pre-specified analysis 

• ‘fear’ for NLMEM or long



Benefits: evolution of both groups
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• More standardization in pharmacometrics
• More modelling in biostatistics (analysis of 
longitudinal data in clinical trials)

 Education and teaching



Model based adaptive design: a 
common ground?

27 MBAOD prototype in R (developed by Andrew Hooker, Uppsala University)



Masters in top 16 universities for Clinical, 
Pre-clinical and Health 2015-16 
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Rank Institution Country Master of 
Biostatistics

Master of 
Pharmacometrics

Master of 
Computational 

Biology
1 University of Oxford UK √ (MSc Applied Stats) X X

2 Harvard University USA √ X √

3 University of Cambridge UK X X √

4 University College 
London 

UK √ X X

=5 University of California, 
Berkeley

USA √ X √ (1st year PhD)

=5 Imperial College London UK X X X

7 Stanford University USA √ (1st year PhD) X √ (1st year PhD)

8 King’s College London UK X X X

9 Johns Hopkins University USA √ X X

10 Columbia University USA √ X X

11 University of Toronto Canada √ X X (undergraduate training)

12 University of Edinburgh UK X X X

13 Karolinksa Institute Sweden X X X

14 Duke University USA √ X √ (1st year PhD)

=15 University of California, 
Los Angeles

USA √ X √ (MSc Biomathematics)

=15 University of Melbourne Australia √ X X

From Julie Simpson (University of Melbourne), WCoP 2016 



Master of Biostatistics (11 Universities):
Skill set for PK-PD modelling?
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• SxP: Special Interest Group created in 2016

 Promote collaboration between Statisticians and Pharmacometricians
• to enable each discipline to learn and grow from the other 
• to develop innovative approaches to model informed drug 

development

• Steering Committee
• Co-chairs: Bret Musser (Merck) & Matt Rotelli (Lilly) 
• Fred Balch (U Utah), Rob Bies (U Buffalo), Brian Corrigan (Pfizer), Kevin Dykstra 

(qPhametra), Manolis Efthymios (EMA), Jonathan French (Metrum), Lena Friberg
(U Uppsala), Alan Hartford (Abbvie), France  Mentre (U Paris Diderot & INSERM), 
Jose Pinheiro (J&J), Dionne Price (FDA), Garry Rosner (Johns Hopkins), Vikram
Sinha (FDA), Brian Smith (Novartis), Jing Su (Merck), Neelima Thaneer (BMS), 
Jingtao Wu (Takeda) 

• Membership open to everyone

• Join http://community.amstat.org/sxp/home 30



• PAGE (June 2016): First announcement of SxP
• ACOP7 (Oct 2016): Meet the ASA/ISoP Stat SIG
• Joint Statistical Meeting (July 2016): A mixer on SxP SIG

• WCoP 2016 (August 2016)
Session: Bridging the gap between pharmacometricians and statisticians

• ASA/FDA Regulatory-Industry Statistics Workshop (Sept 2016)
Panel session: Moving pharmacometrics and statistics beyond a marriage of 
convenience - Improving discipline synergy and drug development decision making

• ASCPT (March 2017)
Symposium: Using biomarkers to predict registration endpoints: a look inside the 
crystal ball

• Joint Statistical Meeting (July 2017)
Session: Pharmacometric Programming

• Joint Conference on Biometrics & Biopharmaceutical Statistics (August 2017)
Session:  Collaboration space between statistics and pharmacometrics: 
Opportunity and Challenges

• ACOP8 (Oct 2017) 
Symposium: Integrating quantitative disciplines - Making model-informed 
discovery and drug development (MID3) work in practice

• …..
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SxP organizes sessions in both statistics & 
pharmacometrics conferences
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Personal perspectives & hopes ….

34

1. Model-based analysis of pivotal trials in drug 
development and academic research 

2. Model-based treatment personalization
3. Model-based evaluation of treatments in the 

developing world
Pharmacometricians AND 

(Bio)Statisticians

Help decrease disease burden in the world 
• better drugs/ treatments
• better targeted to each patient
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