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COST Meeting: New strategies in drug 
development and clinical evaluation (1991)
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Past recipients of the ASCPT Sheiner-Beal 
pharmacometrics award: 

2017 Carl Peck
2015 Thomas M. Ludden
2014 Mats Karlsson
2013 William J. Jusko
2012 Malcolm Rowland
2011  Donald R. Stanski



Lew Sheiner

An impressive scientist who 
created a new discipline!

• Web of Science 
• 234 publications 
• 15,755 citations
• H index = 62
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PHARMACOMETRICS



Publications
(N=234)
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Citations
(n=15,755  March 2018 )



10 most cited papers
(March 2018 )
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SHEINER, LB; BEAL, SL SOME SUGGESTIONS FOR MEASURING PREDICTIVE 
PERFORMANCE

JOURNAL OF 
PHARMACOKINETICS AND 
BIOPHARMACEUTICS

1981 1221

HOLFORD, NHG; SHEINER, LB
UNDERSTANDING THE DOSE-EFFECT RELATIONSHIP -
CLINICAL-APPLICATION OF PHARMACOKINETIC-
PHARMACODYNAMIC MODELS

CLINICAL PHARMACOKINETICS 1981 1023

SHEINER, LB; STANSKI, DR; 
VOZEH, S; MILLER, RD; HAM, J

SIMULTANEOUS MODELING OF PHARMACOKINETICS 
AND PHARMACODYNAMICS - APPLICATION TO D-
TUBOCURARINE

CLINICAL PHARMACOLOGY & 
THERAPEUTICS 1979 997

SHEINER, LB; ROSENBERG, B; 
MARATHE, VV

ESTIMATION OF POPULATION CHARACTERISTICS OF 
PHARMACOKINETIC PARAMETERS FROM ROUTINE 
CLINICAL DATA

JOURNAL OF 
PHARMACOKINETICS AND 
BIOPHARMACEUTICS

1977 483

HOLFORD, NHG; SHEINER, LB KINETICS OF PHARMACOLOGIC RESPONSE PHARMACOLOGY & 
THERAPEUTICS 1982 377

MANDEMA, JW; VEROTTA, D; 
SHEINER, LB

BUILDING POPULATION PHARMACOKINETIC 
PHARMACODYNAMIC MODELS .1. MODELS FOR 
COVARIATE EFFECTS

JOURNAL OF 
PHARMACOKINETICS AND 
BIOPHARMACEUTICS

1992 358

SHEINER, LB; BEAL, S; 
ROSENBERG, B; MARATHE, VV FORECASTING INDIVIDUAL PHARMACOKINETICS CLINICAL PHARMACOLOGY & 

THERAPEUTICS 1979 343

SHEINER, LB; BEAL, SL
EVALUATION OF METHODS FOR ESTIMATING 
POPULATION PHARMACOKINETIC PARAMETERS .1. 
MICHAELIS-MENTEN MODEL - ROUTINE CLINICAL 
PHARMACOKINETIC DATA

JOURNAL OF 
PHARMACOKINETICS AND 
BIOPHARMACEUTICS

1980 327

KARLSSON, MO; SHEINER, LB
THE IMPORTANCE OF MODELING INTEROCCASION 
VARIABILITY IN POPULATION PHARMACOKINETIC 
ANALYSES

JOURNAL OF 
PHARMACOKINETICS AND 
BIOPHARMACEUTICS

1993 320

SHEINER, LB LEARNING VERSUS CONFIRMING IN DRUG 
DEVELOPMENT

CLINICAL PHARMACOLOGY & 
THERAPEUTICS 1997 315



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 PopPKPD to MID3

• 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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Pop PKPD: the beginning 

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

 Mainly learning
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Pharmacometrics now
• Clinical end points

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

• Results use for prediction / simulation & 
statistical inference

• Extrapolation 
• Planning / Design evaluation
• Clinical trial simulation
• Testing, Decision making…

 More attention to model building /                
estimation / uncertainties in inference 12
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Statistical methods in NLMEM

1. Estimation methods
2. Model evaluation
3. Design of experiments

- The impact of Lew Sheiner & Stuart Beal
- My contributions
- Future…

14



1. ESTIMATION METHODS 
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• 1972: The concept and the FO method
Sheiner, Rosenberg, Melmon (1972). Modelling of individual
pharmacokinetics for computer aided drug dosage. Comput Biomed
Res, 5:441-59. 

• 1977: The first case study
Sheiner, Rosenberg, Marathe (1977). Estimation of population 
characteristics of pharmacokinetic parameters from routine clinical
data. J Pharmacokin Biopharm, 5: 445-479. 

• 1980: NONMEM - An IBM-specific software
Beal, Sheiner (1980). The NONMEM system. American Statistician, 
34:118-19. 
Beal, Sheiner (1982). Estimating population kinetics. Crit Rev 
Biomed Eng, 8:195-222.



Comparison of STS (shaded blocks) and 
NONMEM (white blocks) on simulated

data sets

Sheiner, Beal. Evaluation of 
methods for estimating
population pharmacokinetic
parameters
J Pharmacokinet Biopharm, 
1. 1980
2. 1981
3. 1983



Discrete data
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• Sheiner, Beal, Dunne (1997). Analysis of nonrandomly censored 
ordered categorical longitudinal data from analgesic trials. J Am Stat 
Assoc, 92(440), 1235-1244.

• Cox, Veyrat-Follet, Beal, Fuseau, Kenkare, Sheiner (1999). A 
population pharmacokinetic-pharmacodynamic analysis of repeated
measures time-to-event pharmacodynamic responses: the antiemetic
effect of ondansetron. J Pharmacokinet Biopharm. 27(6):625-44 



1970 1980 1990 2000

Nonlinear
regression in 
PK and PD

NONMEM FO

Linear mixed -
effects models

EM –
algorithm

NPML

FOCE

Bayesian
methods using
MCMC

Laplacian

Gaussian
Quadrature

ITBS/P-PHARM

NPEM

POPKAN

PKBUGS

Limitations of 
FOCE

New ML 
algorithm based
on Stochastic
EM: 

MCPEM, SAEM, 
QPREM…

Pillai, Mentré, Steimer (2005). Non-linear mixed effects modeling - from
methodology and software development to driving implementation in drug
development science. J Pharmacokin Pharmacodyn, 32:161-83.

Development of estimation 
methods
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Contribution to estimation 
methods (1)

Jean Louis Steimer (1982) Alain Mallet (1984)

Mentré, Mallet, Steimer (1988). Hyperparameter estimation using
stochastic approximation with application to population 
pharmacokinetics. Biometrics. 44(3):673-83.

Mallet, Mentré , Steimer , Lokiec (1988). Nonparametric maximum 
likelihood estimation for population pharmacokinetics, with application 
to cyclosporine. J Pharmacokinet Biopharm. 16(3):311-27.

 NPML
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Contribution to estimation 
methods (2)

Mentré, Gomeni (1995). A two-step iterative algorithm for estimation in 
nonlinear mixed-effect models with an evaluation in population 
pharmacokinetics. J Biopharm Stat. 5(2):141-58.

Gomeni, Pineau, Mentré (1994). Population kinetics and conditional
assessment of the optimal dosage regimen using the P-PHARM 
software package. Anticancer Res. 14(6A):2321-6.

 ITS, P-PHARM
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Contribution to estimation 
methods (3)

Serge Guzy (2001)

Marc Lavielle (2003)

Lavielle, Mentré (2007). Estimation of population pharmacokinetic
parameters of saquinavir in HIV patients with the MONOLIX software. J 
Pharmacokinet Pharmacodyn. 34(2):229-49. 

Samson, Lavielle, Mentré (2007). The SAEM algorithm for group 
comparison tests in longitudinal data analysis based on non-linear mixed-
effects model. Stat Med. 26(27):4860-75.
 MONOLIX, in NONMEM, R: saemix, nlmixr

Lew Sheiner (2001) Adeline Samson (2003)MCPEM??

SAEM??



Mould & Upton, Basic concepts in population modeling, simulation and 
model-based drug development, CPT: Pharmacomet Syst Pharmacol
Pharm Sci 2012; 1:e6.

22



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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Future….
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• Good estimation methods and fast algorithms 
• More complex statistical models 

• discrete data, RTTE, Markov models, IRT, 
• joint models , dropouts, confounding,
• nonparametric, mixtures, complex error models ….

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

• Better use of computers (cloud, GPU,…)
• Better statistical inferences (uncertainty)
 Engineers, Computer scientists, Mathematicians,

Statisticians…. 
 Enhanced software tools
Greater Interoperability 



2. MODEL EVALUATION 
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• Sheiner, Beal (1981). Some suggestions for measuring 
predictive performance. J Pharmacokinet Biopharm. 9(4):503-12

• Bruno, Vivier, Vergniol, De Phillips, Montay, Sheiner (1996). A 
population pharmacokinetic model for docetaxel (Taxotere): 
model building and validation. J Pharmacokinet Biopharm. 
24(2):153-72.

• Yano, Beal, Sheiner (2001). Evaluating PKPD models using the 
posterior predictive check. J Pharmacokinet Pharmacodyn.
28(2):171-92. 

 Simulation-based model evaluation methods



Bruno et al., JPB 1986

• External validation data 
set

• Prediction errors

• Evaluation of covariate 
model

26

Yano et al., JPKPD 2001

• Simulation based 
diagnostic

• PPC



27

Contribution to methods for 
model evaluation 

Karl Brendel
(2006) 

Emmanuelle Comets
(2000) 

• Mentré, Escolano (2006). Prediction discrepancies for the evaluation
of nonlinear mixed-effects models. J Pharmacokinet Pharmacodyn. 
Jun;33:345-67.

• Comets , Brendel, Mentré (2008). Computing normalised prediction
distribution errors to evaluate nonlinear mixed-effect models: the npde
add-on package for R. Comput Methods Programs Biomed. 
90(2):154-66. 

Jean Louis Steimer
(1996)

Lew Sheiner
(2000)

pseudo-residuals prediction discrepancies



Prediction Discrepancies (PD) 

PDij
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Observations vs 
time

Distribution of PD

Yij

Predicted
distribution of 
observation Yij

• npd: normalized pd
• npde: normalized & decorrelated pd

 R: npde, MONOLIX and NONMEM 



npde for PK example with 3 doses: 
no splitting 
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Model evaluation: a core set of graphs



• ISOP best practice committee has initiated a ‘Model 
Evaluation Group’ (chair France Mentré)

• Series of tutorials to provide detailed guidance for model 
evaluation in pharmacometrics

• First tutorial: Model evaluation for continuous data 
pharmacometric models

–Target audience: beginner modellers 
– Focus on graphical uses of evaluation tools
– Define metrics and graphs
– Propose a core set of graphs

• Two tutorials in preparation
• for discrete data 
• time-to-event data 33



First tutorial: developed by an international group of experienced 
pharmacometricians from various backgrounds

Started October 2014 (ACOP), published online November 2016

34

1. Academia
Paris: France Mentré, Emmanuelle Comets, 
Tram Nguyen
Uppsala: Mats Karlsson, Andy Hooker
Auckland: Nick Holford
Netherlands Cancer Institute: Coen Van Hasselt
San Francisco : Rada Savic
Basel: Marc Pfister
Buffalo: Don Mager
INRIA: Marc Lavielle

2.  Regulatory agencies
FDA: Jyothy John
EMA : Flora Musuamba Tshinanu

3. Software developers
Phoenix: Bob Leary

4. Pharmaceutical industries
Boehringer-ingelheim: Benjamin Weber
GSK: Immanuel Freedman
Genetech: Norman Zhou
JNJ: Chuanpu Hu, Juan Jose Perez Ruixo
Astra Zeneca: Nidal Al-Huniti
Merck : Malidi Ahamadi
Pfizer: Byon Wonkyung, Brian Corrigan, 
Peter Milligan 
Novonordisk: Rune Overgaard 

5. Consulting companies 
Certara: Samer Mouksassi, Rene Bruno 
Projection Research: Diane Mould
Pharmatheus : Elodie Plan
PKPD systems: Richard Upton 
Qpharmetra: Kevin Dykstra 

Participants: authors - commented first outline
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GRAPHS FOR EVALUATION OF CONTINOUS NLMEM

Evaluation graphs In core set What to expect
if the model is
correct?

What to do if the 
graph does not 
fulfill the 
requirements?

a. Basic goodness-of-fit plots 

OBS vs xPRED, (x=C, P, I) 

xWRES vs Time or xPRED 

b. Individual fits 

c. EBE-based graphs 

d. Simulation-based graphs 

VPC 

NPD vs Time or PPRED 

• Population predictions/ residuals: CPRED/CWRES or PPRED/PWRES
• Individual predictions/residuals: IPRED/IWRES
• EBE: Empirical Bayes estimates
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MOTIVATING EXAMPLE: 3 MODELS FOR 
PKPD OF WARFARIN

• PK model: One compartment model 
• PD Model for PCA

• Misspecified: Immediate effect model
• True: Turnover model
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SIMULATION-BASED GRAPHS

Turnover 
model

Immediate 
effect model



Future….
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• External Validation vs Cross-Validation vs …
• (pc)VPC vs (t)npd(e) vs…. 
• Evaluation methods for 

• complex data (discrete, RTTE, joint…) 
• complex designs (adaptive, dropouts…)

• Quantification of predictability (‘C-statistics’?)

We do not like to ask , ‘Is our model true or false ?’, since
probability models in most data analyses will not be
perfectly true. The most relevant question is, ‘Does the
model’s deficiencies have a noticeable effect on
substantive inferences ?’

Gelman et al., 1995



3. DESIGN OF EXPERIMENTS

39

• Sheiner, Beal, Sambol (1989). Study designs for dose-ranging. Clin 
Pharmacol Ther. 46(1):63-77

• Sheiner, Hashimoto, Beal (1991). A simulation study comparing 
designs for dose ranging. Stat Med. 199110(3):303-21.

• Hashimoto, Sheiner (1991). Designs for population 
pharmacodynamics: value of pharmacokinetic data and population 
analysis. J Pharmacokinet Biopharm. 19(3):333-53.



Good designs in biomedical
research
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Evaluation of designs by clinical
trial simulation 

• Several published studies
• Hashimoto & Sheiner, J Pharmacokin Biopharm, 1991
• Jonsson, Wade & Karlsson, J Pharmacokin Biopharm, 1996 
• …

• Evaluation of with respect to
• number of patients (N), number of samples per patient (n)
• sampling times
• number of occasions per patient, number of samples per occasion

• Main limitation
• very time consuming 
• only limited number of designs evaluated

 Approach for design evaluation without simulation  
based on Fisher Information matrix (FIM)
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Contribution to design of 
experiments

Alain Mallet (1983)

Luc Pronzato (1989)

Valerii Fedorov (1998)David D’Argenio (1990)

Elliot Landaw (1990) Kathryn Chaloner (1998)
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Doc & Post Doc on design at 
INSERM/ University Paris Diderot

Sylvie Retout
(PhD 2003)

Caroline Bazzoli
(PhD 2009)

Thu Thuy Nguyen 
(PhD 2013)

Cyrielle Dumont
(PhD 2013)

Giulia Lestini
(PhD 2016)

François Combes 
(PhD 2014)

Jérémy Seurat 
(PhD 2017- …)

Sebastian 
Ueckert

(PostDoc 2014-2015)

Florence 
Loingeville

(PostDoc 2016-2018)

Marie-Karelle
Riviere

(PostDoc 2015)

Published articles since 1997

• Stat Journals: 19 
• Pharma Journals:13 



F. Mentré 48
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PFIM and PFIM interface
• R package for design evaluation and optimisation in NLMEM

• Developed initially by Sylvie Retout & France Mentré
– INSERM & University Paris Diderot
– PFIM group (pfim@inserm.fr): Caroline Bazzoli, Emmanuelle 

Comets, Cyrielle Dumont, Hervé Le Nagard, Giulia Lestini, 
France Mentré, Thu-Thuy Nguyen 

• Use R (free): www.pfim.biostat.fr
• Releases of PFIM

– 2001: First release of PFIM 1.1
– January 2010: PFIM 3.2
– February 2011: PFIM interface 3.1
– April 2014: PFIM 4.0
– May 2015: PFIM interface 4.0



49Joakim Nyberg Caroline BazzoliKay Ogungbenro Sergei Leonov Stephen DuffullAndrew Hooker France Mentré

PopED PopED PopDes PkStaMP POPT PFIM PFIM



RSE(%) for fixed effect of  CL/F

POPT PFIM PopED PopDes PopED PFIM PkStaMp PopDes PkStaMp PopDes PopED PopED NM FO NM FOCEI Monolix
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Full
FOI/FOCE/FOCEI
Simulations
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Simple PK example



PKPD example in HCV

• Good prediction of SE of all PKPD parameters
• Computing time

• CTS = 5 days
• Design evaluation with PFIM = 5 mins!

(Guedj, Bazzoli, Neumann, Mentré, Stat Med, 2011) 51
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Population Optimum Design of  
Experiments
• Multidisciplinary group: PODE

• initiated by Barbara Bogacka & France Mentré in 2006
• discuss theory of optimum experimental design in NLMEM and their 

application in drug development
• www.maths.qmul.ac.uk/~bb/PODE/PODE2017.html

• One day workshop 
• May 2006: London, University of London  (B. Bogacka)
 September 2017: Basel, Novartis  100 participants

• Distribution list: PopDesign
• organised by S. Duffull since 2007
• to register: http://lists.otago.ac.nz/listinfo/popdesign
• to send an email: popdesign@lists.otago.ac.nz
• any questions/comments on design in NLMEM and software tools
• answers by all members of PoDe



Optimal design: 
just nerdy or useful?

Session Chairs:
Elodie Plan (Pharmetheus)

Steve Duffull (University of Otago)

ACoP 8
October 15 – 18, 2017

Fort Lauderdale, FL



Mathematics

Statistics

Pharmacology

New best 
practice 

Computer Sci.

Innovation Focusing Adoption Dissemination

“The nerdy part 
made simple”

S Ueckert
(Uppsala U)

“Optimal design 
with 

pharmacometric
models”
J Nyberg

(Pharmetheus)

“Challenges within 
Industry?”
M Chenel
(Servier)

Panel discussion
F Mentré (Paris Diderot U)

A Hooker (Uppsala U)
T Waterhouse (Lilly)

Y Wang (FDA)

“Pharmacometric innovation funnel”
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New method for computing FIM 
with discrete data
• Analytical expression for FIM in NLMEM (in current design 

software programs)
• first order linearisation of model (FO) 
• limitations in case of complex nonlinear models and/or large 

variability
• FIM for discrete longitudinal data

• Methods based on approximations 
(Ogungbenro & Aarons. J Pharmacokinet Pharmacodyn, 2011 ; Waite
& Woods, Biometrika, 2015)

 New approaches for computation of FIM without 
linearisation

• Monte Carlo - Adaptive Gaussian Quadrature (MC-AGQ) (Ueckert & 
Mentré, Comput Stat Data Anal, 2017)

• Monte Carlo – Hamiltonian Monte Carlo (MC-HMC) (Riviere, Ueckert & 
Mentré, Biostatistics, 2016)
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• Design evaluation requires knowledge on model and parameters

- Local optimal design: given a model and a priori values for population 
parameter D-optimal design

• Alternative: Robust designs

- Take into account uncertainty on parameters (ED-optimal design)
- Over a set of candidate models (model averaging as in MCP-MOD)

• FIM computed using MC-HMC in R-package MXFIM calling RStan

Model averaging for robust designs



• 𝑃𝑃 = probability of  1

• Logistic random effect models

 Several candidate models for the link between 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍(𝑷𝑷) and time

Example: designing an RCT trial with
repeated binary data

57Seurat, Mentré, Nguyen, PODE 2017



Four candidate models (placebo + drug effect)
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1. Linear
2. Log-Linear
3. Quadratic
4. Exponential

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑃𝑃) = θ1 + θ2(1 + 𝛽𝛽 × 1𝑇𝑇)𝑙𝑙

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑃𝑃 = θ1 + θ2(1 + 𝛽𝛽 × 1𝑇𝑇)𝑙𝑙² 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑃𝑃 = θ1 + θ2(1 + 𝛽𝛽 × 1𝑇𝑇) exp θ3𝑙𝑙 − 1

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑃𝑃) = θ1 + θ2 1 + 𝛽𝛽 × 1𝑇𝑇 log(𝑙𝑙 + 1)

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑃𝑃)

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑃𝑃)
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Design optimisation

Methods

Constraints

Number of subjects 𝑁𝑁 = 100 (50 per treatment group)
Number of samples 𝑛𝑛 = 4 per individual

(from 0 to 12 months)
Sampling times  𝑙𝑙1 = 0, 𝑙𝑙4 = 12 months (fixed)

 𝑙𝑙2 and 𝑙𝑙3 optimized from 1 to 11 
months no replication)

Combinatorial
Optimization

Evaluation of FIM for 
all possible designs

For each model

Over 4 models

5000 MC
200 HMC 

D-criterion on FIM

Compound D-criterion (averaging
for uncertainty on models)
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ξM2=(0,1,8,12)

ξM3=(0,4,5,12) ξM4=(0,6,11,12)

Results: D-optimal design for each model

ξM1=(0,2,11,12)

1. Linear
2. Log-Linear
3. Quadratic
4. Exponential
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M1
Linear

M2
Log-Linear

M3
Quadratic

M4
Exponential

ξM1=(0,2,11,12) 100% 90% 81% 71% 

ξM2=(0,1,8,11) 93% 100% 88% 79% 

ξM3=(0,4,5,11) 92% 84% 100% 65%

ξM4=(0,6,11,12) 83% 80% 96% 100% 

Results: loss of efficiency if wrong model  

Optimal design over 4 models
ξall=(0, 5,11,12)

ξall=(0,5,11,12) 86% 81% 99% 96% Efficiency greater than
80% for all models
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ξequi-spaced=(0,4,8,12)

NSNaverage (ξequi-spaced) = 358

Results: NSN for average power of 90% smaller
with optimal design

ξall=(0,5,11,12)

NSNaverage (ξall) = 274

Seurat, Mentré, Nguyen, PODE 2017
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Optimal design: challenges within industry?
Talk of Marylore Chenel at ACOP October 17, 2 017

• Study design is essential to collect informative data during drug discovery 
and development (EFPIA MID3, CPT:PSP 2016)

• Non informative studies represent cost and time loss
• Non informative studies are non ethical: optimal design approaches 

are not limited to vulnerable patients and should be applied for any study 
involving animals, volunteers and patients



Future….

64

• Ongoing work by statisticians & pharmacometricians
• Model based adaptive designs (MBAOD)  



MBAOD prototype in R (Andrew Hooker, Uppsala University)

65

• Pierrillas, Fouliard, Chenel, Hooker, Friberg, Karlsson (2018). Model-
based adaptive optimal design (MBAOD) improves combination 
dose finding designs: an example in oncology. AAPS J. 20(2):39.

• Ryeznik, Sverdlov, Hooker (2017). Adaptive optimal designs for 
dose-finding studies with time-to-event outcomes. AAPS J. 20(1):24. 

• Dumont, Chenel, Mentré (2016). Two-stage adaptive designs in 
nonlinear mixed effects models: application to pharmacokinetics in 
children. Communications in Statistics - Simulation and 
Computation, 45: 1511

• Lestini, Dumont, Mentré (2015). Influence of the size of cohorts in 
adaptive design for nonlinear mixed effects models: an evaluation by 
simulation for a pharmacokinetic and pharmacodynamic model for a 
biomarker in oncology. Pharm Res. 32:3159



Future….
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• Ongoing work by statisticians & pharmacometricians
• Model based adaptive designs  

• Fisher matrix for repeated discrete/count data and TTE

• Model averaging for designing experiments 

• Design and identifiability of complex models

• ‘Optimal’ design for individual predictions 

 More collaboration between pharmacometricians and 
statisticians / computer scientists



CONCLUSION

BRIDGING THE GAP between 
Pharmacometricians & Biostatisticians

67
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• Handling of data (per 
protocol, missing, dropout) 

• Multiple testing in model 
building, covariates 
analysis

• Model evaluation, checking 
assumptions

• Often lacking model based 
analysis plan

• Design / sample size 
(uncertainty…) 

Pitfalls in 
biostatistics

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

• Like ‘few-assumptions’ 
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

Pitfalls in 
pharmacometrics



Evolution of both groups needed

69

• More standardization in pharmacometrics
• More modelling in biostatistics (analysis of 
longitudinal data in clinical trials)

 Education and teaching
 Collaborations

Bridging the gap



• 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 (new one since 2018)
• Co-chairs: Bret Musser (Regeneron) & France  Mentré (U Paris Diderot & INSERM)
• Fred Balch (U Utah), Rob Bies (U Buffalo), Kevin Dykstra (qPhametra), Manolis

Efthymios (EMA), Jonathan French (Metrum), Lena Friberg (U Uppsala), Vijay Ivaturi
(U Maryland), Jose Pinheiro (J&J), Dionne Price (FDA), Gary Rosner (Johns Hopkins), 
Matt Rotelli (Merck), Mike Smith (Pfizer), Jing Su (Merck), Stacey Tannenbaum
(Astellas Pharma), Neelima Thaneer (BMS), Jingtao Wu (Takeda), Yaning Wang 
(FDA)

• ISoP board liason: Siv Jonsson (U Uppsala)

• Membership open to everyone http://community.amstat.org/sxp/home

• During ASCPT 2018: Meet us at ISoP booth 505 70



Personal perspectives & hopes ….
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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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Thanks to Lew and Malcolm
Advanced Workshop in PKPD (… -1999-2004)



Thanks to 
my colleagues and friends

THE SHEINER/ROWLAND ADVANCED 
COURSE IN PKPD- Silsmaria 2012



Thanks to Paris research team
& PhD students

Response



Publications
(N=286)
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Citations
(ntot=5,083 March 2018 )



10 most cited papers
(March 2018 )

76

Comets, E; Brendel, K; Mentre F
Computing normalised prediction distribution errors to 
evaluate nonlinear mixed-effect models: The npde add-on 
package for R

COMPUTER METHODS AND 
PROGRAMS IN BIOMEDICINE 2008 193

Brendel, K; Comets, E; Laffont, 
C; Laveille, C; Mentre, F

Metrics for external model evaluation with an application to 
the population pharmacokinetics of gliclazide PHARMACEUTICAL RESEARCH 2006 170

Mentre, F; Mallet, A; Baccar, D Optimal design in random-effects regression models BIOMETRIKA 1997 170

Maubec, E; Petrow, P; ...; 
Mentre, F; Avril, MF

Phase II Study of Cetuximab As First-Line Single-Drug 
Therapy in Patients With Unresectable Squamous Cell 
Carcinoma of the Skin

JOURNAL OF CLINICAL 
ONCOLOGY 2011 107

Retout, S; Duffull, S; Mentre, F
Development and implementation of the population Fisher 
information matrix for the evaluation of population 
pharmacokinetic designs

COMPUTER METHODS AND 
PROGRAMS IN BIOMEDICINE 2001 103

Brendel, K; Dartois, C; Comets, 
E; Lemenuel-Diot, A; Laveille, C; 
Tranchand, B; Girard, P; Laffont, 
C; Mentre, F

Are population pharmacokinetic and/or pharmacodynamic
models adequately evaluated? A survey of the literature from 
2002 to 2004

CLINICAL PHARMACOKINETICS 2007 97

Vozeh, S; Steimer, JL; Rowland, 
M; Morselli, P; Mentre, F; Balant, 
LP; Aarons, L

The use of population pharmacokinetics in drug development CLINICAL PHARMACOKINETICS 1996 91

Sissoko, D; Laouenan, C; …; 
Mentre, F; Anglaret, X; Malvy, D

Experimental Treatment with Favipiravir for Ebola Virus 
Disease (the JIKI Trial): A Historically Controlled, Single-Arm 
Proof-of-Concept Trial in Guinea

PLOS MEDICINE 2016 90

Bazzoli, C; Jullien, V; Le Tiec, C; 
Rey, E; Mentre, F; Taburet, AM

Intracellular Pharmacokinetics of Antiretroviral Drugs in HIV-
Infected Patients, and their Correlation with Drug Action CLINICAL PHARMACOKINETICS 2010 86

Lavielle, M; Mentre, F Estimation of population pharmacokinetic parameters of 
saquinavir in HIV patients with the MONOLIX software

JOURNAL OF 
PHARMACOKINETICS AND 
PHARMACODYNAMICS
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Thanks to ASCPT for this award



Thank you Lew

Statistics Pharmacometrics

From J. Florian, FDA



79


	2018 Sheiner - Beal Pharmacometric award:��‘Standing On the �shoulder of giants’
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Lew Sheiner��An impressive scientist who created a new discipline!��
	�Publications�(N=234)
	10 most cited papers�(March 2018 )
	Pharmacometrics in the world 
	�From PopPKPD to MID3
	�Pop PKPD: the beginning 
	�Pharmacometrics now
	Slide Number 13
	Statistical methods in NLMEM
	1. ESTIMATION METHODS 
	Slide Number 16
	Discrete data
	��Development of estimation methods
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Mould & Upton, Basic concepts in population modeling, simulation and model-based drug development, CPT: Pharmacomet Syst Pharmacol Pharm Sci 2012; 1:e6.
	Mould & Upton, Basic concepts in population modeling, simulation and model-based drug development, CPT: Pharmacomet Syst Pharmacol Pharm Sci 2012; 1:e6.
	Future….
	2. MODEL EVALUATION �
	Slide Number 26
	Slide Number 27
	Prediction Discrepancies (PD) 
	npde for PK example with 3 doses: no splitting 
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Future….
	3. DESIGN OF EXPERIMENTS�
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	 
	Slide Number 47
	 PFIM and PFIM interface
	Slide Number 49
	Slide Number 50
	�PKPD example in HCV
	Population Optimum Design of  Experiments
	Optimal design: �just nerdy or useful?
	“Pharmacometric innovation funnel”
	Slide Number 55
	�Model averaging for robust designs
	Example: designing an RCT trial with  repeated binary data
	Four candidate models (placebo + drug effect)
	Slide Number 59
	Results: D-optimal design for each model
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Future….
	MBAOD prototype in R (Andrew Hooker, Uppsala University)
	Future….
	CONCLUSION��BRIDGING THE GAP between Pharmacometricians & Biostatisticians
	Slide Number 68
	�Evolution of both groups needed�
	Slide Number 70
	�Personal perspectives & hopes ….
	Slide Number 72
	Thanks to �my colleagues and friends
	Thanks to Paris research team� & PhD students
	�Publications�(N=286)
	10 most cited papers�(March 2018 )
	Thanks to ASCPT for this award
	Thank you Lew
	Slide Number 79

