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SOME CLINICAL DATA

viral loads (HIV)tumor sizes

Objective :  build

• A mecanistic model that describes the dynamics of the 

phenomena under study

• A statistical model that describes the variability of the observed

data
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SOME CLINICAL DATA

viral loads (HIV)tumor sizes

Method for model building

1. Make some hypothesis about the model

2. Implement and fit this model to the data 

3. Detect possible misspecifications in the model

4. Define a new model and go to step 2.
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Pharmacokinetics:

what the body does

to the drug

Pharmacodynamics:

what the drug does

to the body

Introduction to PKPD modeling
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Model 
= 

pharmacological model 
+ 

statistical model



29 𝑦𝑖𝑗 = 𝑓 𝑡𝑖𝑗 , ψ𝑖 + 𝑒𝑖𝑗
ψ𝑖 ~ 𝜋𝜃
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Incomplete data model   (𝑦 , ψ )

𝑦 = (𝑦𝑖𝑗) : observed

ψ = (ψ𝑖) : non observed



𝑦𝑖𝑗 = 𝑓 𝑡𝑖𝑗 , ψ𝑖 + 𝑒𝑖𝑗
ψ𝑖 ~ 𝜋 ∙ , 𝜃

Some tasks to perform with this model…

statistical tests







α
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Testing the covariate model

Mixed-effects model



Testing the covariate model – Monte Carlo experiment

M

Mixed-effects model



Testing te correlation model

Testing the correlation model

Mixed-effects model



M

Testing the correlation model – Monte Carlo experiment

Mixed-effects model



Incomplete data 

model building



Initial model:  M0

1) Fit model M0 to the data (e.g. by estimating the 

parameters of the model by maximum likelihood 

estimation)

2) Draw individual parameters with the conditional 

distributions

A procedure for model building in incomplete data model



Initial model:  M0

1) Fit model M0 to the data (e.g. by estimating the 

parameters of the model by maximum likelihood 

estimation)

2) Draw individual parameters with the conditional 

distributions

3) Use the “completed” data  (y(s), y) to build a new model 
M1 

Repeat this procedure until convergence, i.e. Mk+1 "=" Mk 

A procedure for model building in incomplete data model



Method for (incomplete data) model selection



EM for (incomplete data) model building



SAMBA: 

Stochastic Approximation for Model Building Algorithm



Comparison of SCM, COSSAC and SAMBA

SCM COSSAC SAMBA

WarfarinPK 678.3 44 678.3 4 678.3 2

RemifentanilPK 6986.4 295 6986.7 13 6987.2 4

TheophyllinePK 371.2 12 371.2 4 371.2 2

QuinidineSparsePK 1241.8 22 1241.8 11 1241.8 1

TobramycinSparsePK 593.4 22 593.4 6 597.6 2

TheophyllineExtRelPK 485.9 98 501.2 8 474.2 6

WarfarinPKPD 2169.6 92 2169.6 10 2168.2 2

Cholesterol 9898.7 12 9898.7 5 9912.2 2

Alzheimer 16989.5 73 16994 8 16995.5 2

Tranexamic 5753.2 298 5753.2 12 5753.2 2

(BIC of the selected model,   Number of runs)



Viral load modelling

Hepatitis C



Some hepatitis C viral loads









Tumor growth modelling

Low-grade glioma



Same observed pattern for the tumor sizes of 

different patients:

• tumor size increases before treatment starts,

• decreases during treatment period,

• increases when treatment stops

Tumor sizes of 8 patients under treatment





The structural model:

+ dose input

The statistical model:

𝑦𝑖𝑗 = 𝑃
∗
𝑡𝑖𝑗 , ψ𝑖 + 𝑒𝑖𝑗

ψ𝑖 ~ 𝜋 ∙ , 𝜃
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IMPLEMENTATION DU MODELE 

MARC LAVIELLE – DES MODÈLES MATHÉMATIQUES POUR AIDER AU DÉVELOPPEMENT DES MÉDICAMENTS 

[LONGITUDINAL]

input = {K, KDE, KPQ, KQPP, LAMBDAP, GAMMA, DELTAQP, PT0, Q0, a}

PK:

depot(target = C)

EQUATION:

t0 = 0

PT_0 = PT0

Q_0 = Q0

PSTAR = PT+Q+QP

ddt_C = -KDE*C

ddt_PT = LAMBDAP*PT*(1-PSTAR/K) + KQPP*QP - KPQ*PT - GAMMA*KDE*PT*C

ddt_Q = KPQ*PT - GAMMA*KDE*Q*C

ddt_QP = GAMMA*KDE*Q*C - KQPP*QP - DELTAQP*QP

DEFINITION:

y ={distribution=normal, prediction=PSTAR, sd=a}

;--------------------------------------------------------------------------

[INDIVIDUAL]

input={PT0_pop,omega_PT0,Q0_pop,omega_Q0, KPQ_pop,omega_KPQ,KQPP_pop, omega_KQPP,

LAMBDAP_pop,omega_LAMBDAP,GAMMA_pop,omega_GAMMA,DELTAQP_pop,omega_DELTAQP}

DEFINITION:

KPQ     = {distribution=lognormal, prediction=KPQ_pop,     sd=omega_KPQ}

KQPP    = {distribution=lognormal, prediction=KQPP_pop,    sd=omega_KQPP}

LAMBDAP = {distribution=lognormal, prediction=LAMBDAP_pop, sd=omega_LAMBDAP}

GAMMA   = {distribution=lognormal, prediction=GAMMA_pop,   sd=omega_GAMMA}



Some individual fits



PBPK modelling
(Phisiologically based Pharmacokinetics
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