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Population Design

o Definition of a population design =
— N: total number of subjects
— Q groups of N, subjects with elementary designs ¢,
— Composition of ¢,
— n, sampling times
— allocation of the sampling times

_ [é g
~ | Ng...,Ng

« Determination of a population design
— for a given total number of samples, determination of
* the number Q of groups
* the number N, of subjects per group
* the number n, of samples per group
 their allocation in time
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Choice of a Population Design

e Empirically

« Methods for optimisation / evaluation
— simulation

— criteria based on the the population Fisher
information matrix (Mg)

« extension of the theory used in classical nonlinear
regression
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Expression of M -in nonlinear mixed
effects models (1)

Q
° MF(LIJ’E):ZNqMF(LP’fq)
=1
* Me(W, &) : ?10 analytical expression

e Approximation

— linearisation of the structural model

« first order Taylor approximation around the expectation of the random
effects

(F. Mentre, A. Mallet & D. Baccar, Biometrika, 1997)

— extension of M when a? (parameter for the variance error model)
IS also estimated

(S. Retout, S. Duffull & F. Mentré, Comp Meth Prog Biomed, 2001)

_v_ 9 Mg(B.¢y) 0
Me(W,2)= 2Ny 0 ,
q:l O MF(Q10- 1£q)
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Expression of M -in nonlinear mixed
effects models (2)

Evaluation by simulation of the relevance of the pr oposed
expression

— use of the population pharmacokinetics (PK) of enoxaparin
(S. Retout, R. Bruno & F. Mentré, Stat Med, 2002)

Extension for more complex models
— Inter-occasion variability

— Influence of covariates on PK
(S. Retout & F. Mentré, J Biopharm Stat, 2003)

— combined variance error models
(S. Retout & F. Mentré, J Pharmacokin Pharmacodyn, 2003)

Recently, evaluation of the same approximation for mu ltiple
response models

— use of a PK/PD model
(C. Bazzoli, S. Retout & F.Mentré. SFPT, Toulouse, France, 11-13 April 2007)
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Evaluation / Optimization using M (1)

« Implementation of M . for evaluation
— 2001: PFIM 1.0
* Splus and Matlab (Stephen Duffull) tool
(S. Retout, S. Duffull & F. Mentré, Comp Meth Prog Biomed, 2001)

— 2003: PFIM 1.2
e Splus and R version
* Inclusion of combined variance error models

« Implementation of M . for optimization
— 2003: PFIMOPT 1.0
» Splus and R versions
» optimization using the Simplex algorithm

e Context of those implementations
— single response model
— local planification: D-optimality criterion
— model given under analytical form
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Evaluation / Optimization using M (2)

Recent works

(S.

Optimization using the Fedorov-Wynn algorithm

Evaluation and optimization of the power of the Wal
test for binary covariates

— computation of the number of subjects needed to achieve a
given power

Application to the detection of a treatment effect for
HIV viral load decrease using bi-exponential model

Retout, E. Comets, A. Samson & F. Mentré. Stat Med, in press)
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Evaluation of population design with
PFIM 3.0
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Supported Models (1)

« Single or multiple response models

e Structural model
— Analytical form

« analytical derivatives of the model with respect to the
parameters

— Differential equations system

» Use of the Isoda function from the “odesolve” package in R
— method of Adams for non stiff systems
— method “Backward Differentiation Formula” for stiff systems
 Numerical derivatives of the model with respect to the
parameters
— use of the function “fdHess” included in the “nime” package

— evaluate an approximate gradient of a scalar function using

finite differences
S. Retout - PODE - 2007
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Supported Models (2)

e Combined variance error model

— Var(g)z(ointer+oslopef)2

« Additive or exponential model of the random effects

e Diagonal variance of the random effects

S. Retout - PODE - 2007
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Example : Joint modeling of PK/PD of Warfarin

PK: time course of total racemic warfarin plasma concen tration
PD: effect on prothrombin complex activity (PCA)

A priori PK knowledge
— single oral dose of 100 mg
— 1 compartment model, 15t order absorption and elimination
— CL=0.133; V=7.95; Ka=1.6; w-, =0.0634; w,=0.0206; w,=0.701
— exponential modelling of the random effects
— Var(e)=(0.2 )2

A priori PD knowledge
— turnover model with inhibition of the input

— Imax=1(FIX); Rin=5.41; C.,=1.2; Kout=0.056; wx;,=0.19; w,,,=0.0167;
We5,=0.0129

— exponential modelling of the random effects
— Var(e)=3.88

Design to be evaluated
— one group of 32 subjects
— 13 PK sampling times at (0.5, 1, 2, 3, 6, 9, 12, 24, 36, 48, 72, 96, 120)

— 16 PD sampling times at (O 0.5,1, 2, 3,6,9,12, 24, 36, 48, 72, 96, 120, 144)
Retout PODE 2007



FFIM 3.0
Froject: Ezxercice 3.1
Date: Thu May 03 14:06:04 2007

3636363636 36 363636 JE M E N XXX N XX ¥ XXX [HPTT STUMMART 363636 363636 363636 36 36-36-36 36 363636 3636 36 36 36 36 36 36 3 3636 336 36
Differential Egquation= form of the nodel:

functionit,v.pl

1
ka<—-p[1]
Cl<—pl[2]
Ve—pl[3]
Fin<-p[4]
Kout<-p[§5]
CE50<—p[6]

vdls——laxy[1]
vyl —la®y[1]-Cl-V*y[2]
vd3d<—FRin®{1-{1%y[2]-V({CE04+vw[2]-Vi) )1 -Kout®y[3]

listi{c{ydl,vd2. +d3})
¥

Compartments of interest: (2.3)
Fopulation design:

Sanple times for response: A

zubjects
c(0.5, 1. 2., 3. &6, 9, 12, 24, 36, 48, 72, 96. 120; 32
Samnple times for response: B
subject=s
c{0, 0.5, 1, 2, 3, b6, 9, 12, 24, 36, 48, 72, 96, 120, 144} 3z
Variance error model respon=se & : [ 0 + 0.2 =£)172
Variance error model respon=e B ¢ ( 388 + 0 =£)172

Initial Condition=s at time 0O
100 0 Rin-Eout

Between—=subject wvariance model: Trand = 2

Error tolerance for solving differential egquations svstem: REtolEQ = 1le—08 ., AtolEQ = 1le-03 . Hmax = Inf



363636 I NN wEXE¥EXXE® FIPECTED STAHDARD ERBFORS 3838363638 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 3 36 3

Fized Effects Paramneters

Beta StdError cy o
la 1. 600 0.251793942 15 737171 =
il 0.1353 0.006129620 4 .608737 =
W 7.950 0.233343361 2 .935137 =
Fin §.410 0.4261098377 7. 876338 %
Eout 0.056 0.001505852 2 .689021 *
CE0 1.200 0.038000600 3 166717 =

Variance of Random Effects

omeEga StdError cy o
ka 0.7010 0.196529125 25 03554 =
izl 0.0624 0.0166651672 26.28574 =
WV 0.0206 0O.006803023 33.02459 =
Fin 0.19%00 0.049032559 25 80661 *
Eout 0.0167 0.005660916 33.89770 X
C50 0.0129 0.007879900 61 .08450 %

Variance of re=sidual error

SIG StdError cy o
zig.=lopsd 0.20 0.007839017 3.919509 X%
=ig.interB 3 .88 0.141035529 3 634936 X

ERAEEXEEEEXEEEEXEEEXEXXEXXEENEXXE [ETERMINANT 363336336 36 3636 3636 3636 36 3636 36 36 36 36 36 33636 3636 36 3 36 3 3 3%

4. 8928546=+42

EREEXEEEEXEEEEXEEEEXEXXEXXEENEXXXEE LRI TERTON 363636336336 363636 3636 3636 33636 36 3636 3 3633636 3636 36 3 36 3 3 3%

1119 . 036
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Concentration model PCA model
Initial Conditions = c¢(100, 0, Rin/Ko Initial Conditions = ¢(100, 0, Rin/Kao
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Optimisation with PFIMOPT 3.0
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Context

e Optimisation for a fixed total number of samples
(Niot)
— fix ng = 2 Ny g
— fix N, and n,

o Simplex and Fedorov-Wynn algorithms

o Case of multiple response model

— balanced or unbalanced designs can be optimized
« same or different numbers of samples across responses
« same or different sampling times across responses

— constraint on sampling times can be different for each type of
response

S. Retout - PODE - 2007
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Algorithms In PFIMOPT 3.0 (1)

Simplex algorithm

General algorithm

Optimization of the sampling times within
continuous intervals
— several intervals of times can be specified

— minimum delay between two successive samples can be
Imposed

Different cases
— exact optimisation

- for a given group structure: optimisation of sampling times ¢,
— statistical optimisation

* optimisation of the proportion of subjects a, (=N,/N) and of
sampling times ¢,

S. Retout - PODE - 2007 19



PFIMOPT Output — Simplex

Analvytical function model:

100/ * ka/ (ka — Cl/V) * (exp(-Cl/WV ¥ ©) - expi-ka * t]]
Wariance error wodel response L 1 [ O + 0.2 %£)1°2
Eetween—-subject wvariance mwodel: Trand = 2

Initial population design:

SJawple times for response: 4
subjects.prop doses

ci2, 6, 48, 120) 32 1

Total number of sawples (nr responses) @ 128
bdzzocigated criterion walue: 253.2057%

Mindow of the allowed optimised sampling times:
Tpper and lower admissible samples times for the response A @ [ 0.5 @ 120 ]

Hinimwuwm delay between two samwpling times: 0O
Optimisation of the proportions of subjects: FLLSE

FEREREERRTFATFFAFAAFFTFTFFAFES OPTIMNISED DESIGHN FH oo e v v aa s v F A A F S AT A AT T ATHHA

MNutrbher of iterations: 265
Murkber of function evaluation=s: 357
Conwvergence Achiewved

Optimised population design
SJanmple times for response: A
subjects.prop subjects doses
c(0.528, 13.832, 4.571, 120) 1 3z 1

Azsociated ovtimised criterion: 4d4o66.06458
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Algorithms in PFIMOPT 3.0 (2)

Fedorov-Wynn algorithm

o Specific algorithm dedicated to statistical design
optimisation

» Optimization of the group structure (Q,  ag, ng) and
the sampling times

o Optimization of the sampling times in a given set

specified by users
— more clinically relevant

e Developed in C and linked with PFIMOPT in R using
a dynamic library

S. Retout - PODE - 2007 21



PFIMOPT Output — Fedorov -Wynn

FEELLXAXFXAIEALAALTXTAXLLLT%%9%5% THPUT SUMMART #FEF 3 aad i rrayadLTALaarraerddasesy

Analytical function model:
100V * kafika - CL/VW) ¥ [(exp(-Cl/V * t] — expi-ka * ti1]

Variance error model response AL @ [ 0 + 0.2 *£)*Z2
Between-subject variance model: Trand = 2

Initial population design:

Jample times for response: A
Frotocol subjects doses

1 (2, 6, 48, 120) 32 1

Total number of samples: 125
bzzociated criterion wvalue: Z53.2057

SJampling windows for the response: A
Window 1 : = 0.5 1 2 3 4 5 6 9 12 24 36 45 72 96 120

b of sampling points to kbe taken in this window, n[ 1 ]= 3 4

Maximun total number of points in one elementary protocol
Minimwum total nurber of points in one elementary protocol

4
3

FHAEAFAAFAFAAAATEAASFAFAAASAESSASST AT OPTIMNISED DESIGR FF i aa @i i dFafaairaaasfaasss

Optimised population design:
SJample times for response: A4

prot.opti subjects.opti 3Subjects doses
1 (0.5, 4, 5, 120) 0.8320670 27.792983 1
2 (0.5, 5, 120) 0.1679330 5.609356 1

Lzsociated ontimised criterion: 474.8826
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PFIMOPT Output — Fedorov -Wynn

Froject: PEFDwarfarine optimisation indirect model

Date: Wed May 02 15:09:29 2007
EHEFFATFHAFTFTFRATFATFAEISHATATHANTF5% THPUT STUMMLEYT FFFFFTFFEATFTEIXTFTIFATASITAED

Initial Population design:

Sample times for response: 4L
Protocol subjects

1 (0.5, 6, 45, 246) 3z

Sawple times for response: B
Protocol subjects

1 (0.5, 6, 45, 28] 32

Initial Conditions at time 0O : 100 O Rin/kout
Variance error model response 4 @ [ 0O + 0.2 *£)*2
Variance error model response B @ [ 3.88 + 0 *£) "2
Between-subject wvariance model: Trand = 2

Total number of samples: 256
Azzociated criterion wvalue: 494.,1647

Sampling windows for the response: 4
Window 1 @ £= 0,5 1 2 3 6 9 12 24 36 43 72 96 120 144

Nb of sawmpling points to be taken in this window, n[ 1 ]= 4
Maxirmuunm total number of points in ohe elementary protocol @004
MHinirwuunm total nutber of points in ohe elementary protocol @004
Sawmpling windows for the response: B
Window 1 @ = 0.5 1 2 3 & 9 12 24 36 43 72 96 120 144

Nb of sawmpling points to ke taken in this window, n[ 1 ]= 4
Maxirmuum total number of points in ohe elementary protocol @04
Minituam total number of voints in one elementary brotocol @0 4



PFIMOPT Output — Fedorov -Wynn

FHRFAFFAFAFAFAFAFTAATEASNFRSANFRSINNTSY OPTIMISED DESTIGH F#FFFFFFdaFdarddrrdaasddirvsddiosssy

Dptimised population design:
Sample times for response: A

prot.opti subjects.opti Subjects
1 ecf(0.5, 12, 24, 144) 0.67684660 21.65205
2 of(0.5, 24, 120, 144) 0.3231534 10.34091

Sample times for response: B

prot.opti subjects.opti Subjects
1 ec(0.5, 12, 24, 144) 0.6768466 21.65208
2 of0.5, 24, 120, 144) 0.3231534 10.34091

Azzociated optimised criterion: 580.1959
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PFIM Interface 2.0
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PFIM Interface 2.0

Graphical user interface
Use R version 2.4.1
Windows 2000 / XP platform

Same features as PFIM / PFIMOPT 3.0 BUT only for sing
response model

Model
— analytical form or differential equations system

— Inclusion of a library of PK models
e 1 or 2 compartments
« oral, IV or infusion administration
» single / repeated doses or steady state

Optimisation
— Simplex or Fedorov-Wynn algorithm

S. Retout - PODE - 2007
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PFIM Interface 2.0

@ PFIM Interface 2.0 - Exemple B

File Run

Input files l b adel ] Design] O ptirnization algnrithmsl Graph ]

Project Mame : |E:-:em|:||e E
Project location : |E:‘-.Du:n::ument$ and SettingzhSylviebMes documentzhRecherche PFIMLYPFIM Herven
Output file ; |5t.j.:.ut_r

Wiew |

|27



PFIM Interface 2.0: Model type

@ PFIM Interface 2.0 - Exemple B

File Run

Input files  Model lDESigﬂl O ptimization algnrithmsl Graphl

t odel definition

Model type l Parameters ]

o Libramny

(" Uszer-defined

Yanables

linfusion_2cpt_Vkk12k21

* Single dose
" Multiple dozes

" Steady state

[

Tlrf

M=1E3

+| |B800
+| |0.0B25




PFIM Interface 2.0: Parameters

@ PFIM Interface 2.0 - Exemple B

r

File Fun
Input files  Model lDesign] O ptimization algnrithmsl Graph]
taodel definition

Model type  Parameters l

Fopulation parameters Between-zubject variance model

Mean Wariance Exponential |
W 3.08 0.1
K |I:I.I:IBEIB |EI.2 Stl-;rt'n;e!rd deviatintrl'n of the residugllcnla;:r. —
k12 0175 0.3 '
k21 0.115 0.1




PFIM Interface 2.0: Design

r

@ PFIM Interface 2.0 - Exemple B
Fil=  Run

[nput fileal tModel Design l O ptirmization algnrithms] Graph ]

Doze regimen

|I|:Ier'|tin:al doze in each elementary design j

Dose: W

Initial population design

Mumber of groups: |2

Subjects are given ax o+ numbers " propartions

[mitial population design

0.0825, 7. 14, 20.58
| j | — |0.0525, 12, 20

Initial propartions or numbers of subjects per group

| j |30, 30
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PFIM Interface 2.0: Evaluation

@ PFIM Interface 2.0 - Exemple B

Dptimization

Doze reqimen

Dose:

Initial population design
Mumber of groups:

Subjects are given as:

Initial population design

|iEIn l O ptimization algorithrs l Graph ]

(1)

|I|:|entin:al dosze in each elementary design

|1EII:I

2

{* numbers (" propartions

[l

Iritial propartions or numbers of su

0.0625, 7. 14, 20,568
—— |0.0625, 12, 20

biectz per group

| j |30, 20

31




PFIM Interface 2.0: Evaluation (2)

F

# PFIM Interface 2.0 - Exemple B |;| X

File Run

Input files | Model Desian | Optimization algorthms | Graph |

 Doze regimen

|| dentical dose in each elementary design

Doze: o

@ Output ['_”El@

 Initial popidation ds
Mumber of grg

B.] 1905475132 92633 373.1271 ~
g] 94.30110 2209768 2856027

[
[7.
{ .| 2209768 6348998 147.7415

Subjects are ¢ 9,] 285.60269 147.74154 5897 1541
fdetermnant
— Iritial lation [1]1.6718192+26
4 $eil
[1]1819.7618

fam
(1] 011371932 0.01191 466 0.01331584 0.03085408 001921437 008659374 0.11308397
[8] 0. 22557550 0.01 468703

| $ov
—Initial proportion] |[1] 3692186 14.745868 11325050 26598342 19.214368 43296868 39634656

l— [8] 222575501 5874312

>

[ €

Wiew autput file Showe graph Cloze




PFIM Interface 2.0: Stdout

I Stdout - Bloc-notes FL_]@E|
Fichier Edition Format Affichage  ?

|PFIM Interface 3.0

Froject: Exemple B

Date: Fri Apr 20 10:44:55 2007

liE

TR T T T R T R R IMPUT SLMMARY T T T T T T T T T R R T R
analytical function model:

BBOO % (1 % (C((k + k21 + k120 + =sgrt(fk + k21 + k12342 - 4 % k » k2107020 - k2100 % CC0Ck + k21 + k12D + sgridik + k21 + k!
-BBOO % (1 * ((((k + k21 + k12D + =sgroCck + k21 + k12742 - 4 % k % k2100,/20 - k210,70 % (CCCk + K21 + k120D + sgricik + k21 +
Population design:

subjects dose
c({0.0625, 7, 14, 20.58) a0 100
c(0.0625, 12, 200 300 100
variance error model: € O + 0.25 *fFlAZ

Between-subject wariance model: Trand = 2

R R R R R R R R R R R W R EXPECTED STAMDARD ERRORS RO R R R R R R R O R

———————————————————————— Fixed Effects Parameters ---—————-——

Beta stderror it
W 3.0800 0.11371932 3.692186 %
k 0.0808 0.011%1468 14. 745868 %
klz 0.1750 0,01981884 11.325050 %
k21 0.1160 0.03085408 26, 598342 %

————————————————————————— wariance of random Effects —-——-—-—-————————-———
omega  StdError TV
W 0.1 0.015921437  19,.21437 %
0.2 0.08659374 4329687 %
kiz 0.3 0.1159083%7 39.694866 %
0.1 0.22957550 22957550 %
———————————————————————— variance of residual error —————--——————
sIc StdError [tV
sig.slope 0.25 0.01468703 5.874812 %

R TR R TR TR R R TR CRITERIOMN TR T TR R R TR R R OO

81G.76lE




concentration

150

100

S0

PFIM Interface 2.0: Graph

time

S. Retout - PODE - 2007

34



PFIM Interface 2.0: Optimisation (1)

@ PFIM Interface 2.0 - Exemple B

File Run
Input files ] Madel ] Design  Optrmization alganthms l Graph 1
" Simplex i+ Fedorow-wiynn

Fedorow-winn algorithm ]

Allowed sampling times for each sampling window

[ 4l 0.0625.1,2 3. 4,6.7.10, 14, 18, 20.58

Allowed numberz of points to be taken from each zampling window

[ Al 4.3

Furmber of sampling windows Total number of zampling timez per subject kin 5 | y




File

[

PFIM Interface 2.0: Optimisation (2)

@ PFIM Interface 2.0 - Exemple B

Run

Evaluation

Opkimization

Iign Optimization algorithms ] Graph ]

" Simplex {* Fedorow-Wynn

Fedaray-wionn algarithn ]

Allowed sampling times for each sampling window
| j | 0.0E25,1, 2, 3. 4,6, 7,170,714, 18, 2068

Allowed numbers of paoints to be taken from each zampling windaw

[ 4] 1.3

Mumber of zampling windows | Tatal number af sampling times per subject Min b & |
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Conclusion

PFIM and PFIMOPT in 2007

« PFIM 1.2 and PFIMOPT 1.0

— freely available at
http://www.bichat.inserm.fr/equipes/Emi0357/download.

html

e PFIM Interface 2.0
— available before June 2007

 PFIM 3.0 and PFIMOPT 3.0 for multiple responses
model
— beta version under evaluation

Software Perspectives
 PFIM Interface 3.0 for multiple response models
o Discrete covariates

S. Retout - PODE - 2007
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