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1. Description

PFIM Interface 2.1 is a graphical user interface fo r evaluation and
optimisation of population designs in the context o f population
pharmacokinetics. It is based on extensions of the R functions PFIM 1.2
[1,2,3] and PFIMOPT 1.0 [4] for evaluation and optimisation respectively.

To evaluate and optimise population designs, PFIM | nterface 2.1 computes
the Fisher information matrix for nonlinear mixed e ffects models. This
Fisher matrix is computed for a diagonal variance m atrix of the random

effects. The between-subjects variance model may be
- an additive model: beta+eta
- an exponential model: beta*exp(eta)

where beta is the vector of the fixed effects and e ta the vector of
between-subjects random effects.

The residual error is additive with a general model for variance:
var( €)=( Sinter *Ssiope *f) 2 where f is the structural model. This variance er ror
model includes the constant variance model ( Ssope = 0) or the constant
coefficient of variation model ( Simer = 0) as special cases. The parameters

Siner @nNd  Sgepe are included in the population parameters to be es timated
(3] .

Compared to PFIM 1.2 and PFIMOPT 1.0, options have been added for model
specification and optimisation [5] . The model can be written using an
analytical form or using a differential equation sy stem. Moreover, with
this new version a library of pharmacokinetics mode Is is available.
Concerning optimisation step, an alternative to the Simplex algorithm has
been added, the Federov-Wynn algorithm. This algori thm one allows to
optimise design with fixed sampling times in opposi te to the Simplex. The

user can have a design adapted to medical constrain ts. These specifications

are more detailed below.

PFIM Interface 2.1 is developed under Windows 2000/ XP with .Net, Unix/Linux
RedHat/Fedora version and required R version 2.4.1.

1.1 Model specification

Models can be specified either with their analytica I form or by using
system of differential equations.

Moreover, a library of pharmacokinetics model has b een added. It has been
developed for one or two compartments, for oral (wi th first order
absorption model), bolus or infusion administration and after a single
dose, multiple doses or at steady state. Only model s with first order

elimination are available in the library of PFIM In terface 2.1. Presently,

there are no models with lag time.

111 Library of models
The list of the models included in the library is g iven in Table 1. The
table returns every information in order to use the model function chosen.
The model is described by:

- a name

- the type of input

- the order of elimination (presently only first order)

- the numbers of compartments (column named Nb. Cpt)

- the parameters used ( parameterisation )



- the type of administration ( sd : single dose, md multiple dose,
ss: steady state )

- for each administration type, some variables are re quired (or
not). They are specified in the column named Needed variables ('N:
number of doses, tau : interval between two doses, TInf : duration

of the infusion).

For models with infusion, the user has to specify t he duration of infusion

(TInf) in the needed variables. The rate of infusio n is computed
automatically in the function model by the expressi on: dose/TInf. The dose

has to be specified in the tab design (see section 3.4).

By example, if one uses after a multiple dose admin istration, the first

order oral absorption with one compartment model ( orall_1cpt kavVCl_md ) from
the library which has three parameters ( ka, ClI and V) and two needed
variables ( N, tau ), the number of doses ( N) and the interval between two

doses ( tau ) have to be specified.



Table 1. Models included in the library of models

Name Input Nb.cpt Elimination Parameterisation Administration Var!\;%?g(i?
bolus_1cpt_Vk IV-bolus 1 1st order V, k sd -
md N, tau
Ss tau
bolus_1cpt_VCI IV-bolus 1 1st order vV, Cl sd -
md N, tau
ss tau
infusion_1cpt_Vk IV-infusion 1 1st order V, k sd TInf
md TInf, N, tau
SS TInf, tau
infusion_1cpt_VCI IV-infusion 1 1st order V, Cl sd TInf
md TInf, N, tau
SS TInf, tau
orall_lcpt_kaVk 1st order 1 1st order ka, V, k sd -
md N, tau
Ss tau
orall_1cpt_kaVCl 1st order 1 1st order ka, V, Cl sd -
md N, tau
ss tau
bolus_2cpt_Vkk12k21 IV-bolus 2 1st order V, k, k12, k21 sd -
md N, tau
SS tau
bolus_2cpt_CIV1QV2 IV-bolus 2 1st order ClL, V1, Q, V2 sd -
md N, tau
Ss tau
infusion_2cpt_Vkk12k21 IV-infusion 2 1st order V, k, k12, k21 sd TInf
md TInf, N, tau
SS TInf, tau
infusion_2cpt_CIV1QV2 IV-infusion 2 1st order Cl, V1, Q, V2 sd TInf
md TInf, N, tau
Ss TInf, tau
orall_2cpt_kaVkk12k21 1st order 2 1st order ka, V, k, k12, k21 sd -
md N, tau
ss tau
orall_2cpt_kaCIvViQVv2 1st order 2 1st order ka, Cl, V1, Q, V2 sd -
md N, tau
Ss tau




1.1.2 User defined model

Users can also define their own model, analytically or using a system of
differential equations.

1.1.2.1 Analytical form

In the case of an analytical model, a file has to b e created, according to
the Figure 1.
#$Model definition
Block1 ___ 43K v
#$tau
myfunc<-function(tau)
{
resl<-paste("1l/(V)/(1-exp(-k*" tau,"))*(exp(-k*t))" )
res<-parse(text=resl)
return(res)
}
Figure 1. Example of a file for analytical model de fined by the user
The four lines of Block 1 have to be written, without any space between
each line; moreover the three first lines have to s tart with the key symbol
“#$” to be understand by PFIM. The first line of th is Block can not be
changed. The second line indicates the names of the parameters of the model
to be estimated. The third line specified the argum ent(s) of the function.
If there is no argument, just put “#$". Last, the f ourth line indicates the

name of the function (here “myfunc”).

The R function paste  converts its arguments to character strings and
concatenate them. The R function parse is used in order to obtain an
expression of the model because the function “myfun ¢’ must return an
expression.

The analytical expression used in Figure 1 describe S a one compartment
model after IV bolus at steady-state (bolus_1cpt Vk ). In this case, if the

dose is not equal to 1, the user has to specify it in the design tab (see
section 3.4). However, if the user defines his mode [, he can also specified

the value of the dose in the analytical expression like in the Figure 1 by
replacing 1 by 500 for instance for a dose equal to 500. In this case, the

user has to put in the tab design the dose equal to 1 because the dose is
automatically taken as the factor of the model in t he program PFIM
Interface 2.1. If the dose is defined by the user i n the analytical
expression of the model, the options of design with multiple groups with

different doses can no longer be used.

It is also possible to use the function of the libr ary of models to create
new functions. This is illustrated on Figure 2.



#$Model definition
#$k,V, ka

#$
myfunc<-function()

{
resl<-oral_lcpt_kaVKQI[[1]]

res<-c(resl,res2)
tf<-c(12,Inf)
return(list(res,tf))

}

res2<-oral_l1cpt_kaVk_md(N=>5tau=12)[[1]]

Figure 2. Analytical model created by the user, bas
of models

In this illustration, the user creates a function w
analytical expressions for a one compartment oral a
expression corresponds to the model after the first
and the second expression corresponds to the model
administration (res2). Use of predefined functions
implies the use of “[[1]]" at the end of the call o

the part of the function corresponding to the expre

The “tf” object indicates the time until when to us
first administration (here, time 12) and until when

the fifth administration (here, time Infinity).

Then, the function returns a list of two objects: t
“res”, the vector of the models, and the second obj

This case is useful for evaluation and optimisation
sampling times after the first and the fifth admini
section 5.2.1 for more details).

If the user can defined the model by using the libr
specify the dose in the tab design (see section 3.4

1.1.2.2 Differential equation system

Models can also be specified using differential equ
case, the name of the function has to be “formED” a
created according to Figure 3.

ed on functions of the library

hich returns two
bsorption: the first
administration (resl)
after the fifth
of the library of models
f the function to select
ssion of the model.
e the model for the
to use the model for

he first object is

ect is “tf".
of a design including
stration (see in the

ary of model, he has to

)-

ations system. In this
nd a file has to be



#$Model definition ODE
Block 1 #$ka,km,Vm,V
> #$
formED<-function(t,y,p)
{
Block 2 ka<-p[1]
—|—> km<-p[2]
Vm<-p[3]
V<-p[4]
Block 3 yd1<--ka*y[1]
oc 3 yd2<-+ka*y[1]- V * (Vm * y[2]/(V * km + y[2]))
list(c(ydl,yd2),c(y[2]/V))

Figure 3. Example of a file for differential equati
by the user.

The four lines of Block 1
each line; moreover, the three first lines have to
symbols “#$". The first line of this Block, ‘#$Mode
not be changed. The second line indicates the names
the model to be estimated. The third line specified
argument(s) of the function. Here there is no argum
which are default arguments:
- 't'is the current time point in the integration
- 'y'is the current estimate of the variables in the
- 'p'is the vector of parameters
Last, the fourth line of Block 1 has to indicate th
‘formED’ and should not be changed.

In Block 2
estimated. They are attributed to each component of
parameters “p”.

The first two lines of Block 3
here, two exchange compartments. The last line retu
objects: the first object is the vector of the deri

the second object indicates the measure of interest
concentration in the compartment number 2 scaled by

The initial values of the system have to be specifi
presented in the section 3.3.3 on Figure 15.

The Figure 3 describes a one compartment model firs
Michaelis-Menten elimination.

This extension to differential equations system req
Isoda function included in the library “odesolve” (
Woodrow Setzer, 25 October 2004) and of the fdHess
library “nlme” developed by Jose Pinheiro and Dougl|

The Isoda function uses a function of the same name
Linda R. Petzold and Alan C. Hindmarsh. This functi
differential equations using the Adams method, a pr
method for non-stiff systems; it uses the BDF (Back
Formula) for the stiff systems.

The fdHess is used for numerical derivation. It eva
gradient of a scalar function using finite differen

1.2 Design evaluation

Population designs consist of a set of elementary d
in groups of patients, each group being associated

, the user has to defined the name of the parameter

on system created

have to be written, without any space between

start with the key

| definition ODE’ can
of the parameters of
the additional

ent, exceptt, y and p

ode system

e name of the function

the vector of

stand for the definition of the system, with

rns a list of two
vatives of the system;
(in this case the
the volume).
ed in the ODE tab

t order absorption and

uires the use of the
version 0.5 -12 by R.
function included in the
as Bates.
written in Fortran by
on solves system of
edictor — corrector
ward Differentiation

luates an approximate
ces.

esigns to be performed
with a number or a

s to be
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proportion of patients. Each elementary design is d
sampling times to be drawn in the patient.

Design evaluation is based on the computation of th
matrix and thus allows evaluation of the expected s
population parameters with the design evaluated.

1.3 Design optimisation

PFIM Interface 2.1 allows to optimise exact or a st

the case of an exact optimisation, the group struct

fixed: the number of elementary designs, the number
elementary design and the number of subjects per el
given and the design variables to optimise are only

In the case of statistical optimisation, the sampli
proportions of subjects in each elementary design a

PFIM Interface 2.1 optimises population design usin
criterion, ie maximising the determinant of the pop
information matrix, or, similarly, minimising its i

The Fedorov-Wynn algorithm has been implemented in
addition to the Simplex algorithm. Compared to the
Fedorov-Wynn algorithm better affords high design v
Moreover, it considers only pre-specified sampling
clinically unfeasible sampling times. The drawback
elementary designs to be created (with correspondin
information matrices to compute) when the set of al

very large.

131 Simplex algorithm

The Simplex algorithm optimises statistical or exac
intervals, given a total number of samples.

An initial population design needs to be supplied t
optimisation. The maximum number of elementary desi
sampling times per elementary design are fixed, the
proportions of subjects in each elementary design a

this initial design, initial vertices for the simpl
derived, reducing successively each component by 20
can be changed) from the original component.

PFIM Interface 2.1 uses the Splus function fun.amoe
(revised 12/94), which is a translation from the Nu
Nelder and Mead Simplex function 6] .

1.3.2 Fedorov-Wynn algorithm

The Fedorov-Wynn algorithm is specifically dedicate
problems and has the property to converge toward th
9] . It optimises statistical designs for a given tota

The sampling times are chosen among a given finite
and maximum number of samples per subject are speci
To start the algorithm, an initial population desig

The Fedorov-Wynn algorithm is programmed in a C cod
Interface 2.1 through a dynamic library, called lib
Interface 2.1 uses the function combn in the R pack
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2. Installation

The R 2.4.1  or higher version needs to be installed. Depending on the
use of PFIM Interface 2.1, additional packages must be needed in the R
library directory:

- to use a differential equation system to describe t he model:

“odesolve” and “nlme” packages

- to use the Federov-Wynn algorithm: “combinat” packa ge
The easiest way to install packages is directly fro m the web. To install
the packages odesolve, nlme and combinat start R an d choose the Packages
item from the menu. Choose Install package(s) from CRAN to install from the
web (you will see a list of all available packages pop up -- choose

odesolve, nlme and combinat).

2.1 Linux installation

PFIM Interface 2.1 is only available for RedHat and Fedora distributions.

The Mono API is required to use PFIM Interface 2.1. You can download it
foryour Linux distribution on the web site http://www.mono-
project.com/Downloads . The user also has to install the latest version o f
the mono-winform package (Depending on your Linux d istribution type in a
console:  yum install mono-winforms or apt-get install mono-winforms).

To install the Linux version of PFIM Interface 2.1, un-tar PFIM-2.1-linux-
installer.tar and execute PFIM-2.1-linux-installer. "

12



In the Linux version, a file named pfim.config exis ts in the directory of
PFIM Interface2.1. It allows to configure the edito rs to visualize texts
and pictures. By default, the user has to download leafpad and gthumb to
use PFIM Interface.

2.2 Windows installation

To install the Windows version of PFIM Interface 2.1, download the
application * PFIM-2.1-windows-installer.exe ' available on the webpage
www.pfim.biostat.fr . Then simply double click on this application and click
on the button to execute the program.

To finish the installation of PFIM 2.1 interface (W indows and Linux
version), follow the different steps detailed below

Installation Directory .I‘ﬁ

welcome to the PFIM Interface 2.1 Setup Wizard Please specify the directory where PFIM Interface 2.1 will be installed

Setup - PFIM Interface 2.1

| Created with an evaluation version of BitRock InstallBulder

[ « Back ][ [exk = ][ Cancel
Step 1 : Click on the button “Next” Step 2 : Indicate the path to
to continue the procedure install the directory files
and clic k on the button “Next”

B¢ Setup

Ready to Install

Installing 'ﬁ

Setup s now ready bo begin instaling PFIM Interface 2.1 on your computer. Pleass walt while Setup installs PFIM Interface 2.1 on your computer.

Instaling
Unpacking C:\Program [ IMInterface-2. 1\Examples|exemple Cimatelem.tmp
I

|

[ < Back ]\ Mext = \[ Cancel ]

Step 3 : Click on the button “Next” Step 4 : The setup is going...
to begin the installation

13



Completing the PFIM Interface 2.1 Setup Wizard

Setup has finished instaling PEIM Interface 2.1 on your
computer,

Step 7 : To finish the installation click on the button “F
Installation is successful.

Last, a directory file called PFIMinterface-2.1 is
indicated at the step 2.

3. Use

To run the PFIM Interface 2.1 under windows, simply
PFIM Interface 2.1 in the Start Menu of the compute

3.1 Main User Interface

Figure 4 shows the screen that appears when the use
PFIM Interface 2.1

@ PFIM Interface 2.1

File Run ?

Input files ] Model | Design | Optimization algorithms | Graph |

inish”.

created at the path

click on the program

r starts the program

B

Froject Mame : |

Project location ; |

Dutput file : |3tdout_r

Wiew

Figure 4. PFIM Interface 2.1: first screen.

14



The user can either create a new project directory
load an existing one (File/ Open project) like show

@ PFIM Interface 2.1

GIES Run 7

(File/New project) or
n on the Figure 5.

SSIE

Mew project 1 ]D L laarith IG hl
Open project... 1gn phimization algonthms rap
Quit
Dutput file : |sld-::ut.r Yiew
Figure 5. Creation or load an existing project
311 To create a new project

If one user wants to create a project, he has to sp
directory that he wants to use for the “New project

ecify the path of the
" like on the Figure 6.

15



Input files I Model l Design! Optimization algorithmsl Graph !

Project Name ]
Project location ; i

. Rechercher un dossier
Output file ; istdout.r

Select the directory that you want to use for the project,

(& Bureau

IB Mes documents

# ' Poste de travail

[E] ‘:i Favoris réseau
2 Corbeills

[Créer un nouveau dossier ] [

OF,

] l Annuler ]-::

Figure 6. To precise the directory for the new proj

By default after the creation of a project, the pro
Project” and the file for the output stdout.r (Figu
change these names.

8 PEIM Interface 2.1 - My project

ect

ject name is “My

re 7). The user can

File= Run ?

Input files | todel I Designl Optimization algorithmsl Graph I

Froject Name |M_|,| project

Project location : [:\Frogram Files\PFIMInterface-2.14

Clutput file: - |5tdgut_r

Wigw |

Figure 7. Default tab after the creation of a proje

ct

16



3.1.2 To load an existing project

Two ways are possible to load an existing project. The first way is to use
the Menu of PFIM Interface 2.1 (Figure 8).

@ PFIM Interface 2.1

Mew project 5 — -
|gn| Optimization algc-nthmsl Graph I

Save projeck
Save projeck as...

Quit

Output file: - stdout.r &l

Figure 8. To load an existing project tab

e

8% PFIM Interface 2.1 : _ : ‘B3

File Run

Irput files l Model i Designl Optimization algo
Browse for the project to load

Project Marme : i Regarder dans ; |llj Project] —vj P I:j( ,
Project location © i_ 2] stdin.pfim

Cutput file =

s g ————

w2y
AW
=

m

Lresu

Mes documents

&

Paste de travail

2

Favoris réseau

Mo du fichier : !stdin.pfim ;! Duvrir
Fichiers de type : lPFIM project __i Annuler |
5

Figure 9. Tab of the browse for the project to load



On the Figure 9, the project named “Projectl” is lo
on the file stin.pfim. This file summarizes the Pro

Existing project can also be loaded from the Window
directory of the current project by clicking on the

3.2 Input files tab

The user must enter a name for the project and spec
output file where the results will be stored. The P
created automatically and can not be changed.

3.3 Model tab

This tab includes two sections: one for the specifi

one for the specification of the parameter values.

In the model section, the user can decide to use a
defined library of models or to create its own mode

3.3.1 Model from the library

The user has to select the model using the scroll b
regimen (Single dose, Multiple doses, Steady State)
right button. According to the selected model and t
additional variables have to be specified (for exam
infusion, or the number of repeated doses in case o

Figure 5 and the Figure 6 show how to implement the
1.1.1 in PFIM Interface 2.1.

@ PFIM Interface 2.1 - My project

aded by double clicking
jectl.

s Explorer in the
stdin.pfim file.

ify the name for the
roject location is

cation of the model and

model from the pre-

ar(Figure 5) and the
by clicking on the
he selected regimen,
ple, the duration for an
f multiple doses, etc...)

example of section

File Run ?

Irput files  Model ]Design] O ptimization algorithms] Eraph]

Model definition

Modsl type ] Parameters ]

Variables

f+ Library |

> L

balus_Tept_Wk
baluz_1ept_WCI
orall_Tecpt_kawk

infusion_Tept_Wk
infuzion_1ept_WCI
balus_2ept_Ykk12k21

balus_Zept CMAOW2 b

" Userdefined

Figure 10. Choice of the first order oral absorptio
function in the library parameterized in ka, volume

n with one compartment model

(V) and clearance (Cl).
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@ PFIM Interface 2.1 - My project |Z”E|g|

4 Fil= Run 7

A Inputfiles Model lDesignl Optimization algorithms] Graph]
todel definition
Model type l Farameters |

Wariables

& Library |oral1_1cpt_ks¥Cl ~]

S
™ Single dose tau l_ +|]

* Multiple dozes

(™ Steady state

" User-defined

Figure 11. Choice of the multiple doses administrat ion type and specification of
the needed variables N and tau.

3.3.2 User-defined model

The user can create either an analytical model or a n ODE system (Figure
12). If a user defined model has already been speci fied in this project, it

can also be edited and modified.

See Section 1.1.2 for details on how to write its o wn model.
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@ PFIM Interface 2.1 - My project

File Pun 7
Input files  Model lDesign] O ptimization algorithms] Glaphl
bodel definition
Model type ] F'arameters]
Y ariables
" Library
+ lzer-defined Create analptical model |
Create ODE system |
Edit model |
Figure 12. Definition of the model by the user.
3.3.3 Parameters of the model
Once the model is specified, the user has to click on the “Parameters”
section.
In the Parameters section (Figure 13), values of th e mean and the variance
of the population parameters have to be given. If t he between-subject
variance of a parameter is assumed to be zero, the user enters 0 for this
variance: thus, PFIM removes the corresponding row and column in the Fisher
information matrix.
The user has also to choose between either an addit ive or an exponential
model for the between-subject variance.
Values of the standard deviation of the residual er ror must also be
specified. The residual error is additive with a ge neral model for variance
var (€)=(Sineer *Ssiope *f )2, where f is the structural model. This variance er ror
model includes the constant variance model ( Ssope = 0) or the constant
coefficient of variation model (Siner = 0) as special cases. The parameters
Siner aNd  Sgepe are included in the population parameters to be es timated.
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@ PFIM Interface 2.1 - My project

File Run ?

Input files  Model ]Designl Dptimization algorithms] Glaph]
Model definition
Madel type Parametersl

Population parameters

Between-subject variance model

tean Yariance Exponential
ka | |
Y | | Standard deviation of the residual emor
Inter : Slope :
Cl | [

|

Figure 13. Parameters section tab

In case of an ODE system, the ODE variables section
Figure 14.

@ PFIM Interface 2.1 - My project

Flle Rum 7

Input files  Model ]Design] Dptimization algorithms] Graph]

todel definition

Model type] Parameters  ODE variables ]

—

Same initial condition in each group:

Imitial time:
* Yez  No

initial conditions for 2ach elementary design

has to be filled as in

[ -l j

Erar tolerance for differential equations solver

RtoEQ:  [1e08 AtalEQ: 1e-0E

Hrmax:

T

Figure 14. Tab of the ODE variables

In this case, the time for the initialisation of th
(usually 0) and the initial values in each compartm

e system must be given
ent at this time have to
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be given as a vector in the “initial conditions for
design”. The size of this vector has to be equal to

of the system. Several vectors can be specified in

of subjects with different initial conditions.

To use this tab, an example is presented below illu
using a system with two equations.
If there are two elementary design with different
defined as (13.8; 0) and (15; 0) respectively for t
elementary design. The size of the vectors for the
equal to 2 due to the two equation system.
To input the initial condition for the first elemen
has to follow the next instructions with the illust

- Put the value 13.8 in the white box

- To validate the value click on the button

box (3D
- Repeat these two previous steps for the value 0.

- Click on the button
and validated in the box

In order to validate the initial conditions for the
design defined here 15 and 0, the user have to repe

@D

, the

, thC4Dt elementary desi
&

He obtains the screen showed in the Figure 15. The

second line in the box cor
conditions for the first and the second elementary

nd respectively

each elementary
the number of equations
case of different groups

strated by the Figure 15

nitial conditions
he first and the second
initial conditions is

tary design, the user
ration on the Figure 15.

@

value is in the

gn is specified

second elementary
at the previous steps.
first line and the
to the initial
design.

@ PFIM Interface 2. - Exemple D
Fle  Run

Input flez  Madel | Design | Dplinization dgaiithee | Graph |
Madel defition

bicdel ype | Pazmeters ODE vanables |

—

Same nbal condition in sach gioup

Fritial fime:

o~ Mo

@

™ Yes

irilial condlions for each elementary desian :

DO 4l
2>

Enar loberance for difererbhal equalions solver

RralEd: 105 AlaEd: 106 Hirinas:

|
3D =

&S

Figure 15. Tab of the ODE variables: illustration t

Last, parameters of “Error tolerance for the differ
are set by default but can be changed by the user.
following:

- RtolEQ: relative error tolerance, either a scalar o

o enter the initial conditions.

ential equation solver”
Those parameters are the

ran array as

long as 'y'. See details in help for Isoda function

Default value is 1e-06.

- AtolEQ: absolute error tolerance, either a scalar

or an array as



long as 'y'. See details in help for Isoda functio n*.

Default value is 1e-.06

- Hmax: an optional maximum value of the integration stepsi ze. A
maximum value may be necessary for non-autonomous m odels
(with external inputs), otherwise the simulation po ssibly

ignores short external events. Default value is Inf

*Copied from help for Isoda:

“The input parameters 'rtol’, and ‘atol' determine
performed by the solver. The solver will control t
estimated local errors in *y*, according to an ineq

norm of ( *e*/*ewt* ) <= 1, where *ewt*is a vector
weights. The values of 'rtol' and ‘atol' should al

form of *ewt* is:

*RtolEQ* * abs(*y*) + *AtolEQ

where multiplication of two vectors is element-by-e

for precision exceeds the capabilities of the machi
subroutine Isoda will return an error code; under s

function 'lsoda’ will attempt a reasonable reductio

to get an answer. It will write a warning if it doe

3.4 Design tab

In this tab, the user specifies the characteristics
design to be evaluated or optimised.

First, in the Dose regimen section, the user specif
same or not for all the involved groups in the popu
dose is the same, its value is given; if not, the v
given.

NB: if a user-defined model is used where the dose
default value of a dose of 1 should be kept here.

NB2: for models of the library after infusion, tota

and the rate of infusion will be computed using the

In the initial population design section, the user

the corresponding elementary designs. The value for
the population design is then computed automaticall
The user specifies also if the subjects in each ele

as numbers or as proportions and enter the values.

Figure 16 gives an example of Design tab for a popu
groups of 90 and 30 subjects respectively, both wit
the sampling times (0.5, 2, 3, 10) and (1, 4, 12) r

the error control

he vector *e* of
uality of the form max-

of positive error
| be non-negative. The

lement. If the request
ne, the Fortran
ome circumstances, the R
n of precision in order
s s0.”

of the population

ies if the dose is the
lation design. If the
alues for each group are

was precised, the

| dose should be given
needed variable TInf.

enters, for each group,
the number of groups in
y.
mentary design are given

lation design of 2
h a dose of 100 and with
espectively.
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i PFIM Interface 2.1 - Exemple A

File Run 7

Input filesl Model Design ] Optimization algorithmsl Graph]

Dose regimen

|Nnn-identica| doze in each elementarny design j

Dose: | j |-||j[|

Initial population design

MHumber of groups: 2

Subjects are given as: * numbers ™ propartions

Iritial population design

||y ]

Initial proportions or numbers of subjects per group

| j |30, 0

Figure 16. Design tab example.

3.5 Design evaluation step tab

At this step, evaluation of the population design e nter in the “Design tab”
can be perform. To do that, the user clicks on the ‘Run’ button on the
windows toolbar, then ‘Evaluation’(see in Figure 17 ). See Section 4 for the
output.

@ PFIM Interface 2.1 - Exemple A

File RGN 7

Evaluation
Optimization

Ing it l Optimization algorithms] Graph ]

[loze reaimen

|Non-identical doze in each elementary design j

Doze: | j |'IDD

Imitial population design

Mumber of groups: 2

Subjects are given as: * numbers ™ proportions

Initial population design

05,2310
’_ j| :‘ 1.4.12

Initial proportions or numbers of subjects per group

j |30,k

Figure 17. How to perform evaluation with the “run” button



3.6 Optimization algorithms tab

This tab must be filled in to optimise a design. Th
the Simplex or the Fedorov-Wynn algorithm and fills
section.

3.6.1 Simplex algorithm

The user first chooses to optimise or not the propo
subjects. Then, it can enter a value for the minimu
sampling times. By default, this delay is set to 0.
The user specifies if the iteration must been print
command window).
The allowed intervals of sampling times for the opt
supplied. Several intervals can be given, as in Fig
Last, parameters for the Simplex algorithm are set
changed by the user:
- the parameter for the initial simplex building give
of change from the initial design to create the ini
the Simplex algorithm. Default is 20%
- the maximum iteration number of the Simplex algorit
default to 5000
- the relative convergence criterion of the Simplex a
default to 1e-6.

@ PFIM Interface 2.1 - Exemple A

e user selects either
in the corresponding

rtions or number of
m delay between two

ed or not (in the R
imisation must be
ure 13.
by default but can be

s the percentage
tial vertices of

hm which is set by

Igorithm set by

File Run 7

[rput files] Model ] Design  Optimization algorithms l Graph ]
* Simplex " Fedorovwynn

Simplex algarithm l

Optimization of proportions of numbers of subjects m Parameter for initial simplex building ,207
Mimimurn delay between bwo sampling times lgi b awirunn iteration number ,W
Pririt iteration step m Relative convergence talerance ,ﬁ
Intervals of admissible sampling times | | j“nj 2]

Figure 18. Optimization algorithms tab for the Simp

lex algorithm.

25



3.6.2 Fedorov-Wynn algorithm

The user has to specified the allowed sampling time
allowed sampling times may be supplied, each set be
interval.

Then, the user must specify the number of sampling
each sampling interval. The user can give flexibili

each sampling interval several numbers: the Fedorov
then select the best ones.

The number of sampling intervals and the total numb
subject are then computed automatically.

The Federov-Wynn always optimises the number of gro
of subjects per group.

Note that the initial population design given in th
correspond to the constraint specified in this Fedo
sampling times must be included in the sampling int
sampling times from each interval must be concordan
numbers.

An example of the Fedorov-Wynn section is given in
example, two sampling intervals are specified with
times (0.5, 1, 2, 3, 4, 6, 8, 10 and 12) and (48.5,

60) respectively. The user allowed optimization of

or three sampling times in each interval. The minim
allowed sampling times per subject is then 4 and th

@ PFIM Interface 2.1 - Exemple A

s. Several set of
ing called the sampling

times to be taken in

ty by specifying for
-Wynn algorithm will

er of samples per
ups and the proportions

e “Design” tab must
rov-Wynn algorithm: the
erval and the number of

t with the allowed

Figure 14. In this
the allowed sampling
49, 50, 51, 52, 56, 58,
a design with either two
al total number of
e maximum 6.

File PRun *

IrpLit filesl Model ] Design  Optimization algarithms l Graph ]
™ Simplex * Fedaorov-winn

Fedorowv-vnn algorithm l

Allowed zampling times for each sampling interval

j| 05.1,.2 3.4,6,8,10,12
43,5, 49, 50, 51, 52, 56, 58, 60
Allowed numbers of points to be taken from each sampling interval
Rl 23
2.3

Mumber of sampling interval 2 Tatal number of sampling times per subject

tdin [GEN

Figure 19. Example of the Optimization algorithms t
algorithm.

ab for the Fedorov-Wynn
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3.7 Design optimisation step tab

At this step, optimization can be performed. To do
button on the windows toolbar and then ‘Optimizatio

Figure 20. How to perform optimization with the ‘ru

3.8 Graph tab

A graph can be requested by selecting or not the ‘G
(Figure 21). Intervals for the times (X axis) have
Intervals for the Y axis are set by defaults to the
concentrations but can be changed.

The user can have a graph with a log scale for X an
respectively the ‘Log X axis’ button and/or the ‘Lo

The user can choose the format of the graph: either
postscript.

that, click on the ‘Run’

n.

n’ button.

enerate graph’ button
to be specified.
range of the

d/or Y axis by selecting
g Y axis’ button.
jpeg (default) or
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Figure 21. Graph tab.

If a graph has been supplied, a file called ‘Rplots ' is created in he
project directory and can be viewed by clicking on the “Show graph” button
in the output R command (Figure 22). The graph is p osted on an html page
using the explorer installed by default on the comp uter.
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4. Results

PFIM Interface 2.1 opens a R command window to run the evaluation or the
optimisation (Figure 22). At the end, an output fil e(named by default
Stdout.r or with the name specified in the input fi les tab) is created in

the directory of the project. It can be viewed by ¢ licking on the button

“View output file” in the output R command window.

Figure 22. Tab of the results with buttons to see t he output file and the
graph.

If a graph has been supplied, a file called ‘Rplots "is also created in the
project directory and can be viewed by clicking on the “Show graph” button
in the same output R command window.
The results are also written in the output file nam ed by default stdout.r.
According design evaluation or design optimisation, the following sections
are going to describe the different element of the output file.
4.1 Evaluation output file and objects
Figure 23 represents the output file from the desig n evaluation as in the

Example A described in the section 5.1.1.
The user can read on the Figure 23:
@ The name of the function used: PFIM Interface 2.1.

@ The name of the project and the date.

@ A summary of the input: model, variance error model , residual
between-subject variance model, initial population design, initial numbers

or proportions of subjects and doses, initial condi tions values and errors
tolerances for the solver of differential equations system if used.
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@e population Fisher information matrix, a di
where dim is the total number of population paramet

@ The value of each population parameter with the ex
error on each parameter and the corresponding coeff

(6D The value of the determinant of the Fisher informat
value of the criterion (determinant®(1/dim)) where
of population parameters.

m*dim symmetric matrix
ers to be estimated.

pected standard
icient of variation.

ion matrix and the
dim is the total number
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Figure 23. Example of design evaluation output file

Moreover, several R objects are returned in the R ¢

dose

prot: the design evaluated

subjects: number of subjects for each group
mfisher: the population information matrix

determinant : the determinant of the population Fis
matrix

crit: the value of the criterion

ommand window:

her information
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- se: the vector of the expected standard errors for each parameter

- cv: the corresponding coefficient of variation, exp ressed un percent.
4.2 Optimisation output file and objects
Figure 24 illustrates an output file of a design op timisation, precisely
using the characteristics of the Example C describe d in section 5.2.1 using

the Federov-Wynn algorithm.

The user can read on the Figure 25:

(21> The name of the function used: PFIM Interface 2.1.

@ The name of the project and the date.

@ A summary of the input: model, variance error model , residual

between-subject variance model, initial population design, initial numbers
or proportions of subjects and doses.

(3 Total number of allowed samples, criterion associat ed to the initial
population design.

@ Sampling times specifications (according to the alg orithm used) and
error tolerances for the solver of differential equ ations system if used.

@ The optimised design. For the simplex algorithm, th e number of
iterations performed and the number of function eva luations are reported,

so as the status of the convergence (false or achie ved). The value of the
criterion associated with the optimised design is r eported.

@ The population Fisher information matrix, a dim*dim symmetric matrix
where dim is the total number of population paramet ers to be estimated.

@ The value of each population parameter with tshe e xpected standard
error on each parameter and the corresponding coeff icient of variation.

@ The value of the determinant of the Fisher informat ion matrix and the
value of the criterion (determinant®(1/dim)) where dim is the total number

of population parameters.
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Figure 25. Example of design optimisation output fi

Moreover, several R objects are returned in the R ¢ ommand window:
prot.opti: the optimised design
subjects.opti: the optimised proportions of subject s for each group
mfisher: the population information matrix
determinant : the determinant of the population Fis her information
matrix
crit: the value of the criterion
se: the vector of the expected standard errors for each parameter
cv: the corresponding coefficient of variation, exp ressed in percent.
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5. Examples

Four examples are supplied in the directory “Exampl
files PFIMInterface-2.0 located at the path specifi

the installation. They are detailed below.
5.1 Evaluation

5.1.1 Example A

This example deals with the evaluation of a populat

library of model.

The purpose is to evaluate a design using a one com
single bolus administration. The parameters and the
the table. The random effects are modelled exponent

error model is a combined error model.

The design to be evaluated is composed of two group
subjects with a dose of 100 and sampling times at (
group of 90 subjects with a dose of 200 and samplin

es” in the directory
ed at the step 2 during

ion design using the

partment model after a
ir values are given in
ially. The variance

s: one group of 30
0.5, 2, 3, 10) and one
g times at (1, 4, 12).

Mean Variance
k 0.2 0.25
\ 10 0.25
Sinter 0'5
S siope 0.15

5.1.2 Example B

This example deals with the evaluation of a design
is a one compartment mod el
absorption and Michaelis-Menten elimination.

equation system. The model

values are given in the table bellow.

The design to be evaluated is 0.5, 2, 16, 23.5 with
The variance error model is proportional and the mo

effects is exponential.

using a differential
first order
The pa rameters and their
a dose of 13.8.

delling of the random

Mean Variance
ka 2.72 0.25
km 0.37 0.25
vm 0.082 0.25
\Y 12.2 0.25
Sslope 0.2

5.2 Optimisation

5.2.1 Example C

This example deals with the optimisation of a desig
algorithm and with a model defined by the user usin

library of models.

Repeated doses with oral absorption every 12 hours
model is a one compartment model first order absorp
rate constant of absorption (ka), volume (V) and cl

and the variance of those parameters are given in t

n using the Fedorov-Wynn
g the functions of the

are considered. The
tion, parameterized with
earance (Cl). The mean
he table bellow.
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The random effects are exponentially modelled and t
is proportional.

Mean Variance
ka 0.7 0.25
V 5 0.25
Cl 0.5 0.25
Sslope 0.2

The purpose is to optimise a design with 90 subject
after the first and the fifth doses, using the Fedo
After the first dose, 2 or 3 samples per subject ar
following set (0.5, 1, 2, 3, 4, 6, 8, 10, 12). Afte

samples per subject are also allowed in the followi

51, 52, 56, 58, 60).

The initial population design used to run the Fedor
composed of four sampling times: (0.5, 12, 50, 60)
subjects.

5.2.2 Example D

This example deals with the optimisation of a desig

algorithm.  The model is described by a two compart
infusion administration, parameterized in volume (V
elimination (k), and inter-compartmental parameters

dose is equal to 550 and the duration of infusion i

effects are modelled exponentially. The variance er
proportional.

The mean, the variance of the parameters and the pa

error model are given in the tab bellow.

Mean Variance
\ 3.08 0.1
k 0.0808 0.2

k12 |0.175 0.3
k21 |(0.116 0.1

S siope 0.25

A set of eleven allowed sampling times is given: (0O
10, 14, 18, 20.58).

90 subjects can be involved with either 3 or 4 samp
An initial design is proposed, with 4 samples per s
the 90 subjects: (0.0625, 7, 14, 20.58).

5.2.3 Example E

This example deals with the optimisation of a desig
algorithm and with a model defined by the user usin
library of models.

Repeated doses with bolus absorption every 24 hours
model is a two compartment model first order absorp

rate constant of absorption (ka), volume for the fi
clearance (CI), volume (V2) and the intercompartmen
between subject variance model is exponentially and
additive.

he variance error model

s, with sampling times
rov-Wynn algorithm.
e allowed in the
r the fifth dose, 2 or 3
ng set: (48.5, 49, 50,

ov-Wynn algorithm is
to be performed in 90

n using the Fedorov-Wynn
ment model after
), rate constant of
k12 and k21. The total
s 0.0625. The random
ror model is

rameters of the variance

.0625,1, 2,3,4,6,7,

les per subject.
ubject, the same into

n using the Simplex
g the functions of the

are considered. The
tion, parameterized with

rst compartment (V1),
tal clearance (Q). The
the variance model is
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Values of the parameters are given in the tab bello

Mean Variance

ka | 15 0502
V1 8 0.018
Q |o0.145 0
Cl p.345 0.059
v2 | 18 1.9

Sinter 0.0746

The aim is to optimise a design with 250 subjects,
between the first dose and the tenth doses and also
last one, using the Simplex algorithm. Thus, the ad

are between 0 and 360 hours.

The initial population design used to run the Simpl
of 6 sampling times: (1, 24, 96, 180, 250, 300) to

subjects.

with sampling times
five days after the
missible sampling times

ex algorithm is composed
be performed into 250
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