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1. Description

PFIM Interface 3.1 is a new version of the graphica | user interface PFIM
Interface 2.1 [1, 2, 3] for evaluation and optimisation of population

designs in the context of population pharmacokineti cs/pharmacodynamics
(PK/PD). PFIM Interface 3.1 is based on an extensio n of the R script
version PFIM 3.0 [4-5] dedicated to design evaluation and optimisation fo

multiple response models.

This interface version is extended for multiple res ponse models (1 to K
responses). It can also be used for single response models to compute the
Fisher information matrix for nonlinear mixed effec ts models.

In addition to this extension, options have been ad ded for model
specification and development of the expression of the Fisher information
matrix (M ).

Regarding model specification, the library of stand ard PK models has been
completed with three compartment models with linear elimination and models
with Michaelis-Menten elimination (one, two and thr ee compartment models).
Furthermore, a library of PD models is now availabl e.

Concerning the expression of the Fisher information matrix, PFIM Interface
3.1 can handle either a block diagonal Fisher infor mation matrix or the

complete one.

PFIM Interface 3.1 is developed under Windows 2000/ XP/7 and required R
version 2.4.1 and later.

1.1 Model specification

Models can be specified either with their analytica | form or with systems
of differential equations, using the libraries of m odels or the user
defined model option. In the later case, users can define their own model
analytically or using a system of differential equa tions.

Compared to PFIM Interface 2.1, three compartment m odels with linear
elimination and models with Michaelis-Menten elimin ation (one, two and
three compartment models) have been added to the i brary of PK models.
Moreover, a library of PD models is now available, supporting immediate
response models (alone or linked to a pharmacokinet ic model) and the
turnover response models (linked to pharmacokinetic model). A specific
documentation for PK/PD libraries implemented in PF IM, describing all
mathematical expressions of these models are availa ble on the PFIM website
[6]. Presently, there is no model with lag time in both libraries.

111 Library of pharmacokinetic models

Two types of PK models can now be used in PFIM Inte rface 3.1, PK models
with a first order linear elimination or PK models with a Michaelis-Menten
elimination.

The PK models with a linear elimination are written using an analytical
form whereas the PK models with a Michaelis-Menten are written using a

differential equation system.

For each type of PK models, the list of models is p resented in separated
tables in the following sections.



These tables return all the information in order to use the model function
chosen. The model is described by:

- a name
- the type of input
- the type of elimination
- the number of compartments
- 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, dose : dose)
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).
For example, if one uses after a multiple dose admi nistration, the first
order oral absorption with one compartment model ( orall_lcpt 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.

1111 Pharmacokinetic models with a linear elimination

Compared to PFIM Interface 2.1, the library of PK m odels with linear
elimination has been completed by the three compart ment models for the
three types of input (bolus, infusion and first ord er oral absorption) and
the three types of administration (single dose, mul tiple dose, steady
state).

The list of these PK models is given in Table 1. It is an update of the

Table 1 presented in the documentation of PFIM Inte rface 2.1.



Table 1. Pharmacokinetic models with first order li

near elimination included in the library of models

Name Parameterisation Administration V. ar!\;%?gé?
sd -
bolus_1cpt Vk md N, tau
SsS tau
sd -
bolus_1cpt VCI md N, tau
Ss tau
sd TInf
infusion_1cpt_Vk md TInf, N, tau
ss TInf, tau
sd TInf
infusion_1cpt_VCI md TInf, N, tau
ss TInf, tau
sd -
orall_lcpt _kaVk md N, tau
Ss tau
sd -
orall_lcpt _kaVvCl md N, tau
ss tau
sd -
bolus_2cpt_Vkk12k21 V, k, k12, k21 md N, tau
ss tau
sd -
bolus_2cpt_CIV1QV2 ClL, V1, Q, V2 md N, tau
SS tau
sd TInf
infusion_2cpt_Vkk12k21 V, k, k12, k21 md TInf, N, tau
ss TInf, tau
sd TInf
infusion_2cpt_CIV1QV2 Cl, V1, Q, V2 md TInf, N, tau
Sss TInf, tau
sd -
orall_2cpt_kaVkk12k21 ka, V, k, k12, k21 md N, tau
Ss tau
orall_2cpt_kaCIvViQVv2 ka, Cl, V1, Q, V2 sd -
md N, tau




SS

tau

bolus_3cpt_Vkk12k21k13k31

V, k, k12, k21, k13, k31

sd
md
Ss

N, tau
tau

bolus_3cpt_CIV1Q1VvV2Q2V3

Cl, V1, Q1,Vv2,Q2,V3

sd
md
ss

N, tau
tau

infusion_3cpt_Vkk12k21k13k31

V, k, k12, k21, k13, k31

sd
md
ss

TInf
TInf, N, tau
TInf, tau

infusion_3cpt_CIV1Q1V2Q2V3

Cl, V1, Q1, V2, Q2, V3

sd
md
Ss

TInf
TInf, N, tau
TInf, tau

orall_3cpt_kaVkk12k21k13k31

ka, V, k, k12, k21, k13, k31

sd
md
ss

N, tau
tau

orall_3cpt_kaClviQ1Vv2Q2V3

ka, Cl, V1, Q1, V2, Q2, V3

sd
md
ss

N, tau
tau




1.1.1.2 Pharmacokinetic models with a Michaelis-Menten elim

One, two and three compartment models are implement
of input. For bolus input and Michaelis-Menten elim
dose models are implemented. For infusion and first
single dose and multiple dose are implemented. Ther
conditions for PK models with Michaelis-Menten elim
these PK models is given in Table 2.

@ For models with a bolus input, the dose has to be s

the ODE variables (see section 3.3) as the initial
differential equation system. For models with infus
absorption input, dose has to be specified as an ar

INITIAL CONDITION OF THE MODEL IN THE ODE VARIABLE

@ As the dose is an argument, it is not possible to
doses per group for models with infusion or first o

All groups of the design considered have the same d
should use the user defined model option.

ination

ed for the three types
ination, only single

order absorption input,
e is no steady-state
ination. The list of

pecified in the tab of
condition of the
ion or first order
gument and NOT IN THE
TAB.

specify different
rder absorption input.
ose. Otherwise, the user



Table 2. Pharmacokinetic models with Michaelis-Ment

en elimination included in the library of models

o . . . Needed
Name Input Cpt Elimination Parameterisation Administration Variable(s)
bolus_1cpt_ VVmkm IV-bolus Michaelis-Menten V, Vm, km sd -
. . . . . . sd doseMM, TInf
infusion_1cpt_VVmkm IV-infusion 1 Michaelis-Menten V, Vm, km md doseMM.TInf, tau
orall_lcpt_kaVVmkm 1st order Michaelis-Menten ka, V,Vm, km sd doseMM
md doseMM,tau
bolus_2cpt_Vk12k21Vmkm IV-bolus Michaelis-Menten V. K12, lfnf vm, sd -
bolus_2cpt_ V1QV2Vmkm IV-bolus Michaelis-Menten V1. Q, Vk2r,an, sd -
infusion_2cpt_Vk12k21Vmkm IV-infusion 2 Michaelis-Menten V. k12, k21, vm, sd doseMM,Tinf
km md doseMM,TInf, tau
: . . : . . V1, Q, V2, Vm sd doseMM, TInf
f 2cpt_ V1QV2Vmk IV-inf 2 Michaelis-Ment '
infusion_2cpt_ V1Q mkm infusion ichaelis-Menten Kkm md doseMM. Tinf, tau
. . ka, V, k12, k21, sd doseMM
orall_2cpt_kaVk12k21Vmkm 1st order Michaelis-Menten vm, km md doseMM. tau
orall_2cpt_kaV1QV2Vmkm 1st order Michaelis-Menten ka, V:\L/n?kvrr? ' ;d q doggl\s/leMN,”lAau
bolus_3cpt_Vk12k21k31k13Vmkm IV-bolus Michaelis-Menten v, k12, k21, sd -
- - k13, k31, Vm, km
. . V1, Q1, V2, Q2, -
bolus_3cpt_ V1Q1V2Q2V3Vmkm IV-bolus Michaelis-Menten V3, Vim, km sd
. . . . . . V, k12, k21, sd doseMM,TInf
infusion_3cpt_Vk12k21k13k31Vmkm IV-infusion 3 Michaelis-Menten k13, k31, Vim, km md doseMM. TInf, tau
. . . . . . V1, Q1, V2, Q2, sd doseMM,TInf
f 3cpt_V1Q1V2Q2V3Vmk IV-inf 3 Michaelis-Ment
infusion_3cpt_V1Q1V2Q mkm infusion ichaelis-Menten V3. Vm, km md doseMM . Tinf, tau
. . ka, k12, k21, sd doseMM
orall_3cpt_kak12k21k13k31Vmkm 1st order Michaelis-Menten k13, k31, Vm, km md doseMM tau
orall_3cpt_kaV1Q1Vv2Q2V3Vmkm 1st order Michaelis-Menten kSZV\]}BQ\}mVim f': d do(sjglf/leMN,l ,l/lau
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1.1.2 Library of pharmacodynamic models

The library of PD models supports immediate respons e models (alone or
linked to a pharmacokinetic model) and turnover res ponse models (linked to
pharmacokinetic models).
The tables presenting these models return all the i nformation in order to
use the model function chosen:

- a name

- the parameters used ( parameterisation )
1.1.2.1 Immediate response pharmacodynamic models alone
Linear, quadratic, logarithmic, Emax, sigmoid Emax, Imax, sigmoid Imax
models with null or constant baseline are available . The list of these
models is given in Table 3.
These models are written with an analytical form an d have to be used in the
case of a model with one response (PD evaluation or optimisation).
For these models, the design variables are the conc entrations or the doses
instead of the sampling times.
For example, if one uses a linear drug action model with a constant

baseline ( immed_lin_const ) from the library, the model uses two parameters
(Alin, SO ).

11



Table 3. Immediate response pharmacodynamic models included in the PD library for PD alone and for PK/ PD model

Baseline
Drur%(f;\thilosn Null baseline Constant baseline
Name Parameterisation Name Parameterisation
Linear immed_lin_null Alin immed_lin_const Alin, SO
Quadratic immed_quad_null Alin, Aquad immed_quad_const Alin, Aquad, SO
Logarithmic immed_log_null Alog immed_log_const Alog, SO
Emax immed_Emax_null Emax, C50 immed_Emax_const Emax, C50, SO
Sigmoid Emax immed_gammaEmax_null Emax, C50, gamma immed_gammaEmax_const Emax, C50, gamma, SO
Imax immed_Imax_null Imax, C50 immed_Imax_const Imax, C50, SO
Sigmoid Imax immed_gammalmax_null Imax, C50, gamma immed_gammalmax_const Imax, C50, gamma, SO




1.1.2.2 Pharmacodynamic models linked to pharmacokinetic mo del

In this section, we deal with a two response model, with one response for
the PK and the other one for the PD. We thus optimi se sampling times for
both responses using a PK/PD model. Using the libra ries of models, we have
four cases to compose the PK/PD model according to the writing of each
response model: either with an analytical form (AF) or a differential

equation system (ODE).
Therefore, there are four cases of PK/PD models:

1. PK model with linear elimination (AF) and immediate response PD
model (AF)

2. PK model with linear elimination (AF) and turnover response PD
model (ODE)

3. PK model with Michaelis-Menten elimination (ODE) an d immediate

response PD model (AF)

4. PK model with Michaelis-Menten elimination and turn over response
PD model (ODE)

To use PFIM for design evaluation and optimisation for a PK/PD model, it is
necessary to have a PK response and a PD response i mplemented with a
similar form.

In the first case, immediate response pharmacodynam ic models are written
with an analytical form in the file and thus they c an be associated to
pharmacokinetic models with first order linear elim ination (Table 1) which
are also written with analytical forms. In this cas e, the user has to
complete the tab using analytical form options.

However, for the three other cases, the PK response and the PD response are
written either with different forms or both with a differential equation
system (Case 4). That is why, PFIM Interface 3.1 ca lls a specific function

in order to create a system of differential equatio ns describing the

corresponding PK/PD model.

For these cases, the user has thus to complete the tab of the ODE variables
(section 3.3.3).

The list of the immediate response PD models is thu s given in Table 3 plus
those of Table 4. The list of the turnover response PD models is given in
Table 5.

For the second case where a PK model with linear el imination is associated

to a turnover PD response model, the PK model is wr itten with a
differential equations system. Consequently, only s ome PK models from the

Table 1 are implemented:
- for bolus input, only single dose models;
- forinfusion input, single dose and multiple dose

- for first order absorption input, single dose and m ultiple dose
@ For models with a bolus input, the dose has to be s pecified in the tab of
the ODE variables (section 3.3.3) as the initial co ndition of the
differential equation system. For models with infus ion or first order
absorption input, dose has to be specified as an ar gument. Consequently, it
is not possible to specify different doses per grou p for models with
infusion or first order absorption input. All group s of the design
considered have the same dose. Otherwise, the user should use the user

defined model option.

13



Table 4. Immediate response pharmacodynamic models linked to a pharmacokinetic model included in the | ibrary*
Baseline/disease models
Drug action
models Linear progression Exponential increase Bxponential decrease
Name Param. Name Param. Name Param.
. . - Alin, SO, . : Alin, SO, . : Alin, SO,
Linear immed_lin_lin kprog immed_lin_exp kprog immed_lin_dexp kprog
. : . Alin, Aquad, : Alin, Aquad, : Alin, Aquad,
Quadratic immed_quad_lin S0, kprog immed_quad_exp S0, kprog immed_quad_dexp S0, kprog
— . . Alog, SO, . Alog, SO, . Alog, SO,
Logarithmic immed_log_lin kprog immed_log_exp kprog immed_log_dexp kprog
: . Emax, C50, : Emax, C50, : Emax, C50,
Emax immed_Emax_lin S0, kprog immed_Emax_exp S0, kprog immed_Emax_dexp S0, kprog
Sigmoid Emax, CS0, Emax, C50, Emax, C50,
gmax immed_gammaEmax_lin gamma, SO, immed_gammaEmax_exp| gamma, SO, immed_gammaEmax_dexp gamma, SO,
kprog kprog kprog
Imax immed_Imax_lin Imax, C50, immed_Imax_exp Imax, C50, immed_Imax_dexp Imax, C50,
- - S0, kprog - - S0, kprog - - S0, kprog
Sigmoid Imax, C50, Imax, C50, Imax, C50,
?max immed_gammalmax_lin gamma, SO, immed_gammalmax_exp gamma, SO, immed_gammalmax_dexp gamma, SO,
kprog kprog kprog

* |n addition to those in Table 3.

14




Table 5. Turnover response pharmacodynamic models | inked to a pharmacokinetic model included in the li brary

Models with impact on the

Types
of response Input Output
Name Parameterisation Name Parameterisation
Emax turn_input_Emax Rin,kout,Emax,C50 turn_output_ Emax Rin,kout,Emax,C50
Sigmoid Emax turn_input_gammaEmax Rin,kout,Emax,C50,gamma turn_o utput_gammaEmax Rin,kout,Emax,C50,gamma
Imax turn_input_Imax Rin,kout,Imax,C50 turn_output_Imax Rin,kout,Imax,C50
Sigmoid Imax turn_input_gammalmax Rin,kout,Imax,C50,gamma turn_o utput_gammalmax Rin,kout,Imax,C50,gamma
Full Imax 2 turn_input_Imaxfull Rin,kout,C50 turn_output_Imaxfu I Rin,kout,C50
%%Tgid full turn_input_gammalmaxfull  Rin,kout,C50,gamma turn_ou tput_gammalmaxfull  Rin,kout,C50,gamma

& Full Imax means Imax is fixed equal to 1

15



1.1.3 User defined model

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

1.1.3.1 Analytical form

In the case of an analytical model, a file has to b e created, according to
the Figure 1 for a single response model and the Fi gure 2 for a multiple
response model.

Block 1 #$Model definition
—> K #5k,v
#$tau
myfunc<-function(tau)
{
forml<-paste("1/(V)/(1-exp(-k*",tau,"))*(exp(-k*t)) ")
forml<-parse(text=form1)
tf<-list(Inf)
form<-c(formA)
return(list(formaA,tf))
}
Figure 1. Example of a file for analytical model de fined by the user for a single
response model.
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
“#$” to be understand by PFIM. The first line of this Block can not be
changed. The second line indicates the names of the parameters of the model
to be estimated. The third line specified the argum ent(s) of the function.
If there is no argument, just put “#$". 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 * myfunc ” must return an
expression.
The “ tf " object indicates the time until when to use the m odel for the
expression forml. “ tf " has to be a list of objects corresponding to “
for each response. The length of “ tf " must be equal to the number of
responses. Here, “ tf " is a list of one element.
Then, the function returns a list of two objects: t he first object is
“form ”, the vector of the models for all response, and t he second object is
“tf
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 the variable “ dose” in the
expression and the value of the dose in the design tab (see section 3.4).
However, if the user defines his model, he can also specified the value of
the dose in the analytical expression like in the F igure 1 by replacing 1
by 500 for instance for a dose equal to 500. In thi s case, the user has to
put in the design tab the dose equal to 1. If the d ose is defined by the
user in the analytical expression of the model, the options of design with
multiple groups with different doses can no longer be used.

tf ”

16



#$Model definition
#%$ka,V,Cl,iImax,C50,S0
#$

myfunc<-function()

formA<-paste("dose/V*ka/(ka-(Cl/V))*(exp((Cl/ V)*t)-exp(-ka*t))")
formA<-parse(text=formA)
formB<-paste("-Imax*",formA,"/(C50+",for mA,")+S0")

formB<-parse(text=formB)
tf<-list(Inf,Inf)
form<-c(formA,formB)
return(list(formA,formB,tf))

Figure 2. Example of a file for analytical model de fined by the user for a PK/PD
model.

The analytical expressions used in Figure 2 describ e a PK/PD model. The PK
model is a one compartment model with a first order absorption and
elimination ( formA ) and the PD model ( formB ) is an immediate response model
with a constant baseline. In this case, the user ha s to specify the dose in
the design tab (see section 3.4).
The “ tf " object indicates the time until when to use the m odel for the PK
(here, time Infinity) and until when to use the PD model (here, time
Infinity). Here, “ tf " is thus a list of two elements.
Then, the function returns a list of two objects: t he first object is
“form ”, the vector of the models for all response, and t he second object is
“tf
It is also possible to use the function of the libr ary of models to create
new functions. This is illustrated on Figure 3 and Figure 4;

#$Model definition
#3$k,V ka

#3$
myfunc<-function()

forml<-oral_1cpt_kaVk([[1]]
form2<-oral_1cpt_kaVk_md(N=>5,tau=12)[[1]]
formA<-c(form1,form2)

tf<-list(c(12,Inf))

form<-formA

return(list(form,tf))

}
Figure 3. Analytical model created by the user, bas ed on functions of the library
of models for a single response model.

In this illustration, the user creates a function w hich returns two
analytical expressions for a one compartment oral a bsorption: the first
expression corresponds to the model after the first administration (form1)
and the second expression corresponds to the model after the fifth
administration (form2). Use of predefined functions of the library of
models implies the use of “ [[1]] " at the end of the call of the function to

select the part of the function corresponding to th e expression of the
model.

The “ tf ” object indicates the time until when to use the m odel for the
first administration (here, time 12) and until when to use the model for

the fifth administration (here, time Infinity).
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Then, the function returns a list of two objects: t he first object is
“form ”, the vector of the models, and the second object is“ tf "

This case is useful for evaluation and optimisation of a design including
sampling times after the first and the fifth admini stration (see in the
section 5.1.2.1 for more details).

If the user can defined the model by using the libr ary of model, he has to
specify the dose in the design tab (see section 3.4 ).

Figure 4 illustrates a function which returns a PK/ PD model where the PK
model is described by a function from the PK librar y ( formA) and the
expression of the PD model is written directly ( formB ).

#$Model definition
E— #%ka,V,Cl,Imax,C50,S0
#$

myfunc<-function()

{

Block 1

formA<-orall_1cpt _kaVCI()[[1]]
formB<-paste("-Imax*",formA,"/(C50+",formA,")+S 0")
formB<-parse(text=formB)

tf<-list(Inf,Inf)

return(list(formA,formB,tf))

}
Figure 4. Analytical models created by the user, based on fun ctions of the library
of models for a PK/PD model.
1.1.3.2 Differential equation system
Models can also be specified using differential equ ations system. In this
case, the name of the function has to be “formED” a nd a file has to be

created according to Figure 5.

#$Model definition ODE

Block 1 > #$ka,km,Vm,V
#$
formED<-function(t,y,p)
{
a<-p[1]
Block 2 m<-p[2]
m<-p(3]
<-pl4]

dl<--ka*y[1]
Block3 ~—» «gd2<_+ka*y[1]_ V * (Vm * y[2J/(V * km + y[2])

Block4 ~ — Jlist(c(yd1,yd2),c(y[2]/V))
}

Figure 5. Example of a file for differential equati on system created
by the user for a single response models

The four lines of Block 1 have to be written, without any space between
each line; moreover, the three first lines have to start with the key
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symbols “ #$". The first line of this Block, #$Model definition ODE ' can

not be changed. The second line indicates the names of the parameters of
the model to be estimated. The third line specified the additional
argument(s) of the function. Here there is no argum ent, exceptt, y and p

which are default arguments:
- 't'is the current time point in the integration

- 'y'is the current estimate of the variables in the ode system
- 'p'is the vector of parameters
Last, the fourth line of Block 1 has to indicate th e name of the function

‘ formED ' and should not be changed.

In Block 2 , the user has to defined the name of the parameter s to be
estimated. They are attributed to each component of the vector of
parameters “p”.

The first two lines of Block 3 stand for the definition of the system, with

here, two exchange compartments.

Block 4 , the last line returns a list of two objects: the first object is
the vector of the derivatives of the system; the se cond object indicates
the measures of interest (in this case only one mea sure is considered the
concentration in the second compartment scaled by t he volume).

The initial values of the system have to be specifi ed in the ODE tab
presented in the section 3.3.3 on Figure 19.

The Figure 5 describes a one compartment model firs t order absorption and

Michaelis-Menten elimination.

The Figure 6 describes a two response model using a differential equation
system. In this case, the second argument of the li st is composed of two
objects corresponding to: the first measure of inte rest is the
concentration in the compartment 2 scaled by the vo lume and the second
measure of interest is the concentration in the com partment 3,
respectively.

#$Model definition ODE

Block 1 zika,cl,V,CIm,R

formED<-function(t,y,p)

{
ka<-p[1]
cl<-p[2]
Block 2 > V<-p[3]
clm<-p[4]
R<-p[5]

yd1<--ka*y[1]
Block 3 — yd2<-ka*y[1]-cl/V*y[2]-R*y[2]
yd3<-R*y[2]-clm*y[3]

Block 4 —>{ list(c(ydl,yd2,yd3),c(y[2]/V,y[3]))
}

Figure 6. Example of a file for differential equati on system created by the
user for a two response model

This extension to differential equations system req uires the use of the
Isoda function included in the library “odesolve” ( version 0.5 -12 by R.
Woodrow Setzer, 25 October 2004) and of the fdHess function included in the
library “nlme” developed by Jose Pinheiro and Doug| as Bates.
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The Isoda function uses a function of the same name written in Fortran by

Linda R. Petzold and Alan C. Hindmarsh. This functi on solves system of
differential equations using the Adams method, a pr edictor — corrector
method for non-stiff systems; it uses the BDF (Back ward Differentiation
Formula) for the stiff systems.
The fdHess is used for numerical derivation. It eva luates an approximate
gradient of a scalar function using finite differen ces.
1.2 Full expression of the Fisher information matrix
The population Fisher information matrix MF(Y,X) for multiple response
models, for an individual with an elementary design X for the vector of
population parameters Y , is given as:
1 EV E
M (Y@ S0 e
2 C(EV) BHEV)
with  E and V the approximated marginal expectation and the vari ance of the
observations of the individual. The vector of popul ation parameter Y is
defined by ~ Y'=(m,l') with m the p-vector of the fixed effects and | the
vector of the variance terms. M r IS given as a block matrix (more details
are given in [1] ) with:
T
(A(E, V)., oJE i JE (—V1 Wy “Ywith mand 1=1, ,p
ﬂ/m ﬂ m T wm
- 1 v _ .
(B(E,V)),, = tr(ﬂ/ v g ——V*' with m and =1 ,dim(/)
m |
1 v :
(C(E,V)),, = tr( v —V*Hwth =1 ,dim(/)and m=1 ,p
In the previous versions of PFIM, it was assumed in the linearisation that
there is no dependence of V in m so that ‘1"1—\/—0 Then, the population
m
Fisher information matrix is approximated by a bloc k diagonal matrix that
is to say the block C of the matrix was supposed to be 0 (see details in

[1] ). Also, the block A is simplified and expressed as

.

(A(E, V)., oJE 1 TE Lith mand | =1, ,p

‘IT% Tm

In the present version, the user can now choose if a full or block diagonal
information matrix is needed. The best approximatio n to use is still work
in progress.
1.3 Design evaluation
Population designs consist of a set of elementary d esigns to be performed
in groups of patients, each group being associated with a number or a
proportion of patients. Each elementary design is d efined by a number of

sampling times to be drawn in the patient.
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Design evaluation is based on the computation of th
matrix and thus allows evaluation of the expected s
population parameters with the design evaluated.

1.4 Design optimisation

PFIM Interface 3.1 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 3.1 optimises population design usin
criterion, ie maximising the determinant of the pop
information matrix, or, similarly, minimising its i

The Fedorov-Wynn algorithm and the Simplex algorith
design optimisation. Compared to the Simplex algori
algorithm better affords high design variables opti
considers only pre-specified sampling times, avoidi
unfeasible sampling times. The drawback is the huge
designs to be created (with corresponding huge numb
matrices to compute) when the set of allowed sampli

1.4.1 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 3.1 uses the Splus function fun.amoe
(revised 12/94), which is a translation from the Nu
Nelder and Mead Simplex function [71 .

1.4.2 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 3.1 through a dynamic library, called lib
Interface 3.1 uses the function combn in the R pack
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2. Windows Installation

The R 2.4.1  or higher version needs to be installed. Depending on the
use of PFIM Interface 3.1, 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
@Compared to PFIM Interface 2.1, an additional packa ge “numbDeriv” is
needed for the computation of the full Fisher infor mation matrix.
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).

To install the Windows version of PFIM Interface 3.1, download the
application PFIM-3.1-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 interface 3.1 (W indows and Linux
version), follow the different steps detailed below
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Setup - PFIM Interface 3.1

L Welcome to the PFIM Interface 3.1 Setup Wizard.
| Created with an evaluation version of BitRock
InstallBuilder

Cancel

Step 1 : Click on the button “Next”
to continue the procedure

:z Setup

Ready to Install

Setup is now ready to begin installing PFIM Interface 3.1 on your computer.

Step 2
install

- Setup

Installation Directory

Please specify the directory where PFIM Interface 3.1 will be installed.

el C BT oWl C: \Program Files\PRIMInterface-3.1] | ﬁ

[ <pack [ mex> ][ cancel |

: Indicate the path to
the directory files

and click on the button “Next

[ <sack || Net> | cancel |

Step 3 : Click on the button “Next”
to begin the installation

Step 4

Compieting the PFIM Interface 3.1 Setup Wizard

! Setup has finished installing PFIM Interface 3.1 on
L your computer.

Installing \%

Please wait while Setup installs PFIM Interface 3.1 on your computer.

Installing
Unpacking C:\Program Files\test_pfim\PFIM.exe
I

BitFock Installer

ext Cancel

: The setup is going...

]S

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

Last, a directory file called PFIMinterface-3.1 is

indicated at the step 2.

inish”.

created at the path
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3. Use

To run the PFIM Interface 3.1 under windows, simply
PFIM Interface 3.1 in the Start Menu of the compute

3.1 Main User

Interface

Figure 7 shows the screen that appears when the use

PFIM Interface 3.1.

@ PFIM Interface 3.1

Flie Run 2
Inputfles | Model | Des

Project Name ©
Project location :

Output file:

ign ‘ Optimization algorithms I Graph ‘

I

f

Jstdoutr

click on the program

r starts the program

View

Figure 7. PFIM Interface 3.1: first screen.

The user can either create a new project directory

load an existing one (Fi

le/ Open project) like show

(File/New project) or
n on the Figure 8.
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@ PFIM Interface 3.1

MNew project n| Optimization algarithms | Graphl

Open project...

Quit I

Dutput file -

|s'|dou| r

Figure 8. 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 8.

P4 PFIM Interface 3.1
e Run
Inputfiles |Mndali Das\'gni Optimization algor’ﬁhms' Graphj

Project Name - |

Project location - |

Output file |stdoutr

View
Rechercher un dossier @|g|

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

-@ Bureau

£l IE] Mes documents

=] j Poste de traval

= % Favoris réseau
&l Corbeile

® [ 3. PAM3.2.1

® [ PAM3.2

& [ PAIM3.2.1

® ) Sylvie Retout

[Créer un nouvesy doss\er] [ (13 ] [ Annuler ]

Figure 9. To precise the directory for the new proj ect.

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

ject name is “My
re 10). The user can
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@ PFIM Interface 3.1 - My project
Fie Run ?

Inputfiles ] Mudell Des»gn] Optimization a\gumhms] Graphl

Project Name * My project
Project location [caDémoy
Output file - |Stdnutl

View

Figure 10. Default tab after the creation of a proj

3.1.2 To load an existing project

Two ways are possible to load an existing project.
the Menu of PFIM Interface 3.1 (Figure 11).

@ PFIM Interface 3.1 - My project

il Run 7
New project n l QOptimization algumhmsi Graph}
Open project...
Save project m t
rojec

Save project as... i
Quit [CADémol

Output file - JStdoutr

The first way is to use

Figure 11. To load an existing project tab
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% PFIM Interface 3.1 - My projact EEI@
Inpuitfles | Mode! | Design | Optimization algorithms | Graph |
Project Name | Browse for the project to load @@
Project location \ Regarderdans: | 3 Project] | @@
Output file - [ ®: Astdin
Mes documents
récents
Bureau
Mes documents
W
Poste de travail
ig;] Nom du fichisr [stdin =] Ouvrir
. ]
Favorisréseay  Fichiers de type [PEIM project ~] Annuler
Figure 12. Tab of the browse for the project to loa d

On the Figure 12, the project named “Project1” is |
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 first decide the
the model and then to use a model from the pre-defi
to create its own model.

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 13 and the Figure 14 show how to implement t
1.1.1 in PFIM Interface 3.1 (single response model)

oaded by double clicking
jectl.

s Explorer in the
stdin.pfim file.

ify the name for the
roject location is

cation of the model and

number of responses in
ned library of models or

ar (Figure 13) and the
by clicking on the
he selected regimen,
ple, the duration for an
f multiple doses, etc...)

he example of section
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| @8 PFIM Interface 3.1 - Project1

Fie Run ?
Inputfiles Model IDesign] Optimization algorimms‘ Graph |

Mede! definition

Modeltype WParameters]

Number of responses 1

& Library
= PK model " PD model
=S orall_icpt kaVC -

bolus_Tcpt Vk

|MES:

bo\u‘\chmkm
infusion_1cpt VVmkm
" User-defined

Figure 13. Choice of the first order oral absorptio
function in the library parameterized in ka, volume

| @ PFIM Interface 3.1 - Project1

Fie Run ?
Inputfiles Model ]Das\'gnl Optimization algﬂr\'thms] Graph]

Model definition

Model type ]Paramsterﬂ
Variables

@ Library tau
+ PK model " PD model

PK  |oral1_lept_kaWCl -

" Bingle dose
! & Multiple doses

" Steady state

" User-defined

Number of responses J71 o ’_
[ ] j%

n with one compartment model
(V) and clearance (Cl).

EOX

Figure 14. Choice of the multiple doses administrat
the needed variables N and tau.

Figure 15 shows how to implement a PK/PD model in P
response model). The PK model is a one compartment
absorption and elimination and the PD model is desc
with a constant baseline model.

ion type and specification of

FIM Interface 3.1 (two
model with first order
ribed by an Imax model
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@ PFIM Interface 3.1 - Project2

Fle Run ?
Inputfiles Model ]Destgrﬂ Optimization algomhms] Graph}
Madel definition

Model type | Parameters |

Number of responses 2

& Library

orall_1cpt_kaVCl ~| PD -

immed_gammaEmax_ct »
immed_gammaEmax_lir —

@ Single dose
" Multiple doses
" Steady state

" User-defined

Figure 15. For a two response model, choice of the

the first order oral absorption with one compartmen

parameterized in ka, volume (V) and clearance (Cl)
the Imax model with constant baseline in the librar

3.3.2

The user can create either an analytical model or a

and SO.

User-defined model

16). If a user defined model has already been speci
can also be edited and modified.
See Section 1.1.3 for details on how to write its 0

@ PFIM Interface 3.1 - Project
Fie Run ?

Inputfiles Model }Des\gnl Optimization a\gnmhms} Graph}
Model definition

Modeltype ]Pavameterﬂ

MNumber of responses 2

" Library
7 User-defined Create analytical model |
Create ODE system |
Edit model |

number of responses, choice of

t model function in the library

for the PK model and choice of
y parameterized in Imax, C50

n ODE system (Figure
fied in this project, it

wn model.

Figure 16. Definition of the model by the user here

for a model with two responses.
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3.3.3 Parameters of the model

Once the model is specified, the user has to click
section.

In the Parameters section (Figure 17), values of th

of the population parameters have to be given. If t
variance of a parameter is assumed to be zero, the
variance: thus, PFIM removes the corresponding row
information matrix.

The user has also to choose between either an addit
model for the between-subject variance.

Values of the standard deviation of the residual er
specified. The residual error is additive with a ge

on the “Parameters”

e mean and the variance
he between-subject
user enters 0 for this
and column in the Fisher

ive or an exponential

ror must also be
neral model for variance

var (€)=(Sineer *Ssiope *f )2, where f is the structural model. This variance er

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.

@ PFIM Interface 3.1 - Project1
Fle Run ?

Inputfiles Model lDeslgn} Optimization algor\ﬂ'\ms] Graphl
Model definition
Model type Faramatars]

Population parameters

Mean Variance
ka 16 0.7
v 8 0.02
cl 0.13 0.06

Exponential =l

Inter 06

Between-subject variance model Standard deviation of the residual error

Slope

0.07

Figure 17. Parameters section tab for a single resp

Regarding a multiple response model, the user has t
for the standard deviation of the residual error fo
thanks to the list box (Figure 18).

onse model.

o complete the different values
r all responses one by one

ror
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@ PFIM Interface 3.1 - Exercice 2

Fie Run ?
Inputfiles Model ]Designl Optimization a\gorhhms] Graphl
~ Model definition
Model type Parameters]

Population parameters

Mean Variance J

ka 16 0.7

v 8 0.02

Cl 013 0.06

Imax 73 0.001

C50 017 07

S0 100 0
|~ Between-subject variance model 1l ~Standard deviation of the residual error

Exponential :_J [Response 1] =

Response 1 L

Figure 18. Parameters section tab for a multiple re

to choice the parameters of the residual error for

In case of an ODE system, the ODE variables section

Figure 19.

@ PFIM Interface 3.1 - Example D

File Run ?
Inputfles Model lDeslgn] Optimization algorithms ] Graph ]
Medel definition

Mnde\type] Parameters ODE variables ]
Initial time: i)
Same initial condition in each group: + Yes ' No

initial conditions for each elementary design :

sponse model with the list box
each response.

has to be filled as in

_ :

Error tolerance for differential equations solver
RtolEQ: 1e-06 AtclEQ: ]154]5 Hmax: J|,1{

Figure 19. Tab of the ODE variables
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In this case, the time for the initialisation of th e system must be given

(usually 0) and the initial values in each compartm ent at this time have to

be given as a vector in the “initial conditions for each elementary
design”. The size of this vector has to be equal to the number of equations

of the system. For the models coming from the libraries, the numbe r of
equations of the system is equal to the number of c ompartments of the
model. Several vectors can be specified in case of differ ent groups of

subjects with different initial conditions.

To use this tab, an example is presented below illu strated by the Figure 20
using a system with two equations.
If there are two elementary design with different i nitial conditions
defined as (13.8; 0) and (15; 0) respectively for t he first and the second
elementary design. The size of the vectors for the initial conditions is
equal to 2 due to the two equation system.
To input the initial condition for the first elemen tary design, the user
has to follow the next instructions with the illust ration on the Figure 20.

- Putthe value 13.8 in the white box . D)

- To validate the value click on the button | the @D) value is in the

box (B>

- Repeat these two previous steps for the value 0.

- Click on the button , th@t elementary desi gn is specified
and validated in the box

In order to validate the initial conditions for the second elementary
design defined here 15 and 0, the user have to repe at the previous steps.

He obtains the screen showed in the Figure 20. The first line and the
second line in the box cor®nd respectively to the initial
conditions for the first and the second elementary design.

@ PFIM Interface 3.1 - Example D

Fle Run ?
Inputfiles Model WDes\gn | Optimization algﬂr\!hms} Graph}
Mnde\type‘ Parameters ODE variables I
Initial time ’D—
Same initial condition in each group: * Yes  No
initial conditions for each elementary design @
®| S (@P) :‘ 1;3,9 @
Error tolerance for differential equations solver
RIOEQ:  [fe05  AtdEQ [iet8 Hmax:  [jnf
Figure 20. Tab of the ODE variables: illustration t o enter the initial conditions.
Last, parameters of “Error tolerance for the differ ential equation solver”
are set by default but can be changed by the user. Those parameters are the
following:
- RtolEQ: relative error tolerance, either a scalar o r an array as
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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*f*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 21 gives an example of Design tab for a sing
which the population design is composed of 2 groups
respectively, both with a dose of 100 and with the

3, 10) and (1, 4, 12) respectively.

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 so.”

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

le response model, for
of 90 and 30 subjects
sampling times (0.5, 2,
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@ PFIM Interface 3.1 - ExampleA
Fie Run ?
anutﬁles‘ Madel Design | Optimization algorithms | Graph]
Dose
¥ Specification of doses 1Nnn—\dam\ca\ dose in each elementary design ﬂ
Dose: | .| 00200
Design —
Number of groups TZ—‘
Subjects are given as: @ numbers " proportions
Proportions or numbers of subjects per group
| . |[3090
Values of design variable
+|I 052310
1412
Figure 21. Design tab example for a single response model.

Figure 22 gives an example of Design tab for a two

response model with the

same sampling times for both responses. The button “identical design for
all responses " has to be selected.
The population design is composed of one group of 3 2 subjects with a dose

of 100 and with the same sampling times for both re
120).

@8 PFIM Interface 3.1 - Example E

Fle Run ?
\nputﬁles} Model Design | Optimization algﬂr\fhmsl Graphl

sponses (0.5, 1, 6, 12,

Proportions or numbers of subjects per group

Dose
¥ Specification of doses ]\dem\:a\dose in each elementary design ﬂ
Dose: 100
Design
Number of groups: ﬁ—
Subjects are given as: & numbers ™ proportions

I .| 2

Values of design variable
I¥ Identical design for all responses

| I

05.1.6.12.120

Figure 22. Design tab example for a two response mo

del with the same sampling times

for both responses.
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Figure 23 and Figure 24 give an example of Design t

model with different sampling times for each respon
“identical design for all responses " has to be unselected.
The population is composed of one group of 32 subje cts with a dose of 100
and with the sampling times for the first response

(0.5, 1, 6, 12, 120)
(Figure 23) and for the second response: (0, 0.5, 1 2, 48, 120) (Figure 24).

ab for a two response
se. The button

@ PFIM Interface 3.1 - Example E

File Run ?

\nputﬁleﬂ Model Design | Optimization algﬂmhmsl Graph‘
Dose

¥ Specification of doses

|\demma\dusein each elementary design j
Dose 100
Design -
Nurnber of groups: i
Subjects are given as: = numbers € proportions

Proportions or numbers of subjects per group
| [z2

+

Values of design variable
I™ Identical design for all responses

Response 1 -

Response 1
Response 2

05.1.6.12.120

Figure 23. Design tab example for a two response mo

del with different sampling
times for each response: choice of the design for t

he first response.

@ PFIM Interface 3.1 - Example

Fle Run ?

\nputﬁ\es] Model Design | Optimization a\goriﬁ'\msl Graph]

Dose
I¥ Specification of doses ‘Idemlca\ dose in each elementary design L]
Dose: fr
Design
Number of groups h—
Subjects are given as: * numbers " proportions

Proportions or numbers of subjects per group
| |R

Values of design variable
I” Identical design for all responses
hd

Response 1 |

Response 2 0.05.12.48.120

&l

Figure 24. Design tab example for a two response mo

del with different sampling
times for each response: choice of the design for t

he second response.
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3.5 Design evaluation step tab

At this step, evaluation of the population design e

can be perform. To do that, the user clicks on the
windows toolbar, then ‘Evaluation’(see in Figure 25
output. Evaluation can be performed either using th
block diagonal Fisher information matrix (see in Fi
expression of the Fisher information matrix (see in

nter in the “Design tab”
‘Run’ button on the
). See Section 4 for the
e expression of the
gure 25) or the full
Figure 26).
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@ PFIM Interface 3.1 - Example

58 Run [ed

\npﬁ Block diagonal Fisher matrix

Optimization *|  Complete Fisher matrix

Iv Specification of doses |\denl\:a\ dose in each elementary design ﬂ
Dose: 100
~Design —
Number of groups: 1
Subjects are given as: * numbers " proportions

~ Propartions ar numbers of subjects per group

| |2
Values of design variable

I™ Identical design for all responses

Response 2§ -

I I :1 0.05,12.46.120

Figure 25. How to perform evaluation with the “run” button using the block diagonal

expression of the Fisher information matrix.

@8 PFIM Interface 3.1 - Example E

Fle QRULE ?

In; Block dﬂg% Fisher matrix
Optimization * Complete Fisher matrix

¥ Specification of doses ]\denu:a\dose in each elementary design LJ
Dose: 100
| Design
Number of groups i
Subjects are given as: @& numbers " proportions

Proportions or numbers of subjects per group

|32

\ -

Values of design variable
I™ Identical design for all responses

Response 2] -

I ol j 0.05,12,46,120

Figure 26. How to perform evaluation with the “run”
expression of the Fisher information matrix.

3.6 Optimisation algorithms tab

This tab must be filled in to optimise a design. Th
the Simplex or the Fedorov-Wynn algorithm and fills
section. In the case of multiple response models, t

button using the full

e user selects either
in the corresponding
o select the button
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“identical design for all responses " on the Design tab allows also to

optimise design with the same sampling times for al

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 for each response (see Figure 27), only if
times for each response are required for the optima
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.

| responses.

rtions or number of
m delay between two

ed or not (in the R
imisation must be
different sampling

| design.
by default but can be

s the percentage
tial vertices of

hm which is set by

Igorithm set by

@8 PFIM Interface 3.1 - Example
Fie Run ?
Inputfiles | Model | Design Optimization algorithms ‘Graph |
= Simplex " Fedorov-Wynn
Simplex algorithm |
Optimization of proportions or numbers of subjects No w | Parameter for initial simplex building |20
Minirum delay between two sampling times |D Maximurm iteration number 1000
Print iteration step |Yes « | Relative convergence tolerance 1e6
Response 1 -
Intervals of admissible sampling times 7, ‘[0‘144]
Figure 27. Optimisation algorithms tab for the Simp lex algorithm.

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.

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
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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
response model. In this example, two sampling inter
the allowed sampling times (0.5, 1, 2, 3, 4, 6, 8,

49, 50, 51, 52, 56, 58, 60) respectively. The user

a design with either two or three sampling times in
minimal total number of allowed sampling times per
the maximum 6.

@ PFIM Interface 3.1 - ExampleA

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

t with the allowed

Figure 28 for a single

vals are specified with
10 and 12) and (48.5,
allowed optimization of
each interval. The
subject is then 4 and

Fie Run ?
Input files ‘ Maodel | Design Oplimization algorithms IGraphl

" Simplex " Fedorov-Wynn

Fedorov-Wynn algarithm ‘

Allowed sampling times for each sampling interval

[ oI

Allowed numbers of points to be taken from each sampling interval -

051234681012
48.5.49.50.51.52.56.58.60

23
23

[ o

IO EE o S

MNumber of sampling intarval 2 Total number of sampling times per subject Min

I

Figure 28. Example of the Optimisation algorithms t

algorithm for a single response model.

An example of the Fedorov-Wynn section is given in

for a two response model. In this example, one samp

specified with the allowed sampling times (0, 0.5,

96, 120, 144) for the first response (see Figure 29
response (0, 24, 36, 48, 72, 96, 120, 144) (see Fig
allowed optimization of a design with five sampling

for each response. The minimal total number of allo
subject is then 4 and the maximum 4.

ab for the Fedorov-Wynn

Figure 29 and Figure 30
ling interval is
1, 6, 12, 24, 48, 72,
) and for the second
ure 30). The user
times in this interval
wed sampling times per
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@ PFIM Interface 3.1 - Example
Fle Run ?
Inpulﬁlesl Mudel] Design Optimization algorithms ]Graph‘

" Simplex & Fedorov-Wynn
Fedorov-Wynn algarithm ]
Response | b

Allowed sampling times foreach sampling interval

| ol

Allowed numbers of points to be taken from each sampling interval

0.05,1,6,12, 24, 48,72, 96, 120, 144

| B

Number of sampling interval 1 Total number of sampling times per subject

B

Min [F Max [F

Figure 29. Example of the Optimisation algorithms t
algorithm for a two response model: choice for the

@ PFIM Interface 3.1 - Example

Fie Run ?
\nputﬁlss] Mudaw Design Oplimization algorithms ]Grapﬂ

" Simplex (+ Fedorov-Wynn
Fedorov-Wynn algorithm 1

Response 2] =

Response 1
Il Response 2 ling interval

ab for the Fedorov-Wynn
first response.

+

|~ Allowed numbers of points to be taken from each sampling interval

0.24.36.48,72, 96,120, 144

| A

Number of sampling interval i Total number of sampling times per subject

E

Min [F Mex

Figure 30. Example of the Optimisation algorithms t
algorithm for a two response model: choice for the

ab for the Fedorov-Wynn
second response.
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3.7 Design optimisation step tab

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

@ PFIM Interface 3.1 - Example

Ing  Evaluation * fgn Optimization algorithms | Graph |

Block diagonal Fisher matrix
TSR

Complete Fisher matrix

Simplex algorithm 1

Optimization of proportions or numbers of subjects
Minimum delay between two sampling times

Print iteration step

Response 1 LJ

Intervals of admissible sampling times

No ~ | Parameter forinitial simplex building 20
i) Maximum iteration number 1000
Yes | Relative convergence tolerance 1e-6

that, click on the ‘Run’

n.

_,J\[D:wf]

Figure 30. How to perform optimisation with the ‘ru
of the block Fisher information matrix.

@8 PFIM Interface 3.1 - Example

Ing  Evaluation » gn Optimization algorithms ]Graph\

Optimization * Block diagonal Fisher matrix
S

Simplex algorithm ]

Optimization of proportions or numbers of subjects
Minimum delay between two sampling times

Print iteration step

Response 1 _v_]

Intervals of admissible sampling times

No -

0 Maximum iteration number

Yes « | Relative convergence tolerance

Parameter for initial simplex building

n’ button using the expression

—

1000

1e-6

;]\[0‘1441

Figure 31. How to perform optimisation with the ‘ru

of the complete Fisher information matrix.

n’ button using the expression
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3.8 Graph tab

A graph can be requested by selecting or not the ‘G
(Figure 32). 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 or pdf.

Regarding multiple response models, the user can ch
each response with different scales and different |

user has to unselect the button entitled “ldentical
sampling times for each response”.

@ PFIM Interface 3.1 - Example
Fie Run ?

Input files | Model] Design} Optimization algorithms  Graph
Graph paramaters
¥ Generate graph
I Identical lower and upper sampling times for each response

Response 1 j

Kaxis

X ais title |Time

[ Log X axis

Intervals: 0 144

Y axis

Y s title [concentration
I Log Y axis
Intervals: W W
Output formats
« JPEG " Postscript " Pdf

enerate graph’ button
to be specified.
range of the

d/or Y axis by selecting
g Y axis’ button.
jpeg (default) or

oose to have a graph for
abels. To do that, the
lower and upper

Figure 32. Graph tab.

If a graph has been supplied, a file called ‘Rplots
project directory and can be viewed by clicking on

in the output R command (Figure 33). The graph is p
using the explorer installed by default on the comp

is created in he
the “Show graph” button
osted on an html page
uter.



4. Results

PFIM Interface 3.1 opens a R command window to run the evaluation or the
optimisation (Figure 33). 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.

Inputfiles | Model Design | Optimization algorithms | Graph |
Dose
¥ Specification of doses [Identical dose in each elementary design ~|
Dose [0
 Design
Number of groups:
Subjects are given as: & numbers " proportions

@ Output

| Proportions or numbers of subjects pergroup
[32 (1316350395761 /8670611670 3 /U05Z56-01
[14] 01782969 0.37005254.113140e+00

>

+

Values of design variable [1]862978e+22
I™ Identical design for all respanses sert
Response 1 - [1] 4347962
w .l O
[1]12.477900e-012.4111282-01 7.237605e-03 2.672106e+03 6.938691e+00

[6] 2676583e+03 1.897630e-01 7.313237e-03 3.803958e-02 1.153478e-03
[11] 7.471229e-01 3.695111e-01 3.978499¢-02 5.307007e-01

$cv

[1] 15486874 3013910 5567388 3660418700 4081582753 2676583344
[7] 27108994 36.566187 60.065971 115347783 106.731840 61.585186
[13] 56835693 6633769

>
> =

View cutput file ‘ Show graph I Close
|
Figure 33. Tab of the results with buttons to see t he output file and the
graph.
Regarding optimisation step with the Fedorov-Wynn a Igorithm, in addition to
the R command windows PFIM Interface 3.1 opens a wa rning window (Figure 34)
whereof the purpose is only to remind the use of th e package “combinat” for
this step.
@Running...
-

Fi version 2.11.1 (2010-05-31) =

Copyright [C] 2010 The R Foundation for Statistical Computing =

ISEN 3-900051-07-0 -

R est un logiciel libre fvié sans ALCU N

Yous pouvez le redistriibuer sous certai

T apez 'license(]' ou licence()' pour plug|  Loading required package: combinak

F est un projet collaboratif avec de noy Attaching package: 'combinat’

Tapez ‘contributars(]' pour plus d'inform.

‘citation(]' pour la fagon de le citer dans|  The Following object(s) are masked from 'package:utils;

Tapez ‘demol)’ pour des démonstration: combn

en ligne ou 'help.start) pour abtenir ['ai

Tapez 'gl)' pour quitter B

i g‘lj'gm;:ﬁtzenrﬁce 3.1 Multiple rezpors

?_IEEUH;HIighI A@PFIM 3.1 & Caroline - Universith® Paris Diderot 56 ~

Wiew output file | Shaw graph | Cloze
Figure 34. Tab of the results with buttons to see t he output file and the graph
and a warning window.

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
According design evaluation or design optimisation,
are going to describe the different elements of the
4.1 Evaluation output file and objects

411 Single response model

Figure 35 represents the output file from the desig
Example A described in the section 5.1.1.

The user can read on the Figure 34:
@ The name of the function used: PFIM Interface 3.1.

@ The name of the project and the date.

ed by default stdout.r.
the following sections
output file.

n evaluation as in the

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

between-subject variance model, initial population
or proportions of subjects and doses, initial condi
tolerances for the solver of differential equations
expression of the Fisher information matrix used (b

@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.

design, initial numbers

tions values, errors

system if used and the
lock or full).

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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I stdout - Bloc-notes
Fichier Edition Format Affichage ?

PFIM Interface 3.1 -~
Project: ExampleA
Date: Thu Aug 05 09:14:27 2010

FhAR A w AR AR A AR A kA INPUT SUMMARY R EAA AR AR LA A AR A AR ARk Ak bRk

Analytical function models

dose/V * (exp(-k * 1))

Population design:

sample times for response: A Number of subjects per group
s(0:h: 2 5 10} 30
c@, 4, 12) 90

Variance error model response A : ( 0.5 + 0.15 *f)A2

Between-subject variance model: Trand = 2
Computation of the Fisher information matrix: option = 1
Vedrdededrdrdededrdedrdrdrdrdrdedrdr POPULATION FISHER INFORMATION MATRIX Yo drdededrdrdrdrdedrdedededededede e
h [,1] [,2] [,3] [,4] [,5] [,6]
Wr1,1 4.279284 20.60041  0.00000  0.00000 0.00000 0.0000
[2,] 20.600411 10058.29022 0.00000 0.00000 0.00000 0.0000
[3,1 0.000000 0.00000 763.04636 7.11044 22.11597 211.9465
[4,]1 0.000000 0.00000 7.11044 676.22511 67.97550 177.8406
[5,1 0.000000 0.00000 22.11597 67.97550 161.83902 896.8078
1 [6,1 0.000000 0.00000 211.94654 177.84056 896.80778 6139.2084

Fh A kA kAR ok EXPECTED STANDARD ERRORS Tk ek koo ok ek

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

Beta  StdError Ccv .
v 10.0 0.48580956 4.858096 %
k 0.2 0.01002050 5.010251 %

————————————————————————— variance of Random Effects -------------------—-

Omega  Stderror cv .
v 0.25 0.03644406 14.57762 %
k 0.25 0.04036827 16.14731 %

———————————————————————— variance of residual error ------------------————-

| SIG StdError v .
sig.intera 0.50 0.18864127 37.72825 %
sig.slopeA 0.15 0.03017479 20.11653 %

|
Sede e de e de e de de e de dedode e de de e de dedede e de e e de et DETERMINANT % % e % o dede s de s e e e de s de e e e de e e dede e de
3.728777e+15

e dedr e e e e e e dr e de e e e e el e e el e o CRITERION Fededr e e e e e e e el e e e e e e e el e e o

393.7867

A

>

Figure 35. Example of design evaluation output file for a single response
model.

>
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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
matrix
- crit :the value of the criterion
- se: the vector of the expected standard errors for ea
- cv: the corresponding coefficient of variation, expre

41.2 Multiple response model

Figure 36 represents the output file from the desig
Example F described in the section 5.1.1.

The user can read on the Figure 35:
) The name of the function used: PFIM Interface 3.1.
@ The name of the project and the date.

® A summary of the input: model(s), sampling times in
designs for each model(s), doses or initial conditi
corresponding to those designs, residual variance e
model(s), residual between-subject variance model,
design, errors tolerances for the solver of differe

if used and the expression of the Fisher informatio

The figure shows a two responses model(analytical f
described by 13 sampling times for the first respon

for the secon response for 32 subjetcs. The dose is

(@ >e population Fisher information matrix, a di
where dim is the total number of population paramet

® The value of each population parameter with the exp
on each parameter and the corresponding coefficient

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

: the determinant of the population Fisher informa

ommand window:

ch parameter
ssed un percent.

n evaluation as in the

the elementary
ons and subjects
rror model for each
initial  population
ntial equations system
n used (block or full).
orm) with a group
se and 8 sampling times
equal to 100.

m*dim symmetric matrix
ers to be estimated.

ected standard error
of variation.

ion matrix and the
dim is the total number

tion
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[P stdout - Bloc-notes
Fichier Edition Format Affichage ?

PFIM Interface 3.1

|®

Project: Example F

Date: Thu Aug 05 09:39:28 2010

b b bR st b dseadss s diissdisssd INPUT SUMMARY Laad s g st assadssssdsassssssss

Analytical function models
dose/V * ka/(ka - (C1/V)) * (exp(-(C1/V) * t) - exp(-ka * ©))

1 - (Imax * dose/V * ka/(ka - (C1/v)) * (exp(-(Cl1/Vv) * t) - exp(-ka *
t))/(dose/Vv * ka/(ka - (C1/V)) * (exp(-(C1/V) * t) - exp(-ka * t)) + C50)) +
s0

Population design:

Sample times for response:

Number of subjects per group
c(0.5, 1; 2, 3,6, 9; 12, 24 36, 48, 32

|
72, 96, 120)

Sample times for response:
c(0, 24, 36, 48, 72, 96, 120 144) 32

Number of subjects per group

variance error model response A : ( 0.6 + 0.07 *f)A2
Variance error model response B : ( 8 + 0 *f)A2
Between-subject variance model: Trand = 2

Computation of the Fisher information matrix: option = 1

| A

WEE R R T RN AR AN POPULATION FISHER INFORMATION MATRIX WERR TR R AR R R RN AN

[,1] [,2] [,3] [,14]
1 16.687808893 -1.05202339 5.330273
1 -1.052023386 21.29888848  16.069675
1 5.330272879 16.06967470 27790.737235
1 0.007537657 0.02777673 -4.096983

Fededrde el e e el e e e e e e e e o EXPECTED STANDARD ERRORS Fededrdde e e de e e e el e e e e o

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

Beta stdError cv .
ka 1.60 0.245207869 15.325492 %
Vv 8.00 0.217207285 2.715091 %
=] 0.13 0.006011948 4.624576 %
Imax 73.00 1.794557472 2.458298 %
50 0.17 0.046950714 27.618067 %
S0 100.00 1.414206841 1.414207 %
————————————————————————— Variance of Random Effects ---———-------------——
Omega stdError cv .

ka 0.700 0.187300853 26.75726 %
Vv 0.020 0.005877055 29.38528 %
Cl 0.060 0.0170601083 28.43514 %
Imax 0.001 0.001193514 119.35141 %
C50 0.700 0.383858486 54.83693 %

———————————————————————— variance of residual error --—-----------mom———-

SIG StdError (s VA
sig.interA 0.60 0.08823718 14.706196 %
sig.slopeA 0.07 0.01211699 17.309988 %
sig.intere 8.00 0.38998085 4.874761 % =
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Fede e e e e o e R e e e ey DETERMINANT ¥ % s sedesrdedede s dededodr Ve de o e de e e de e e e

1.346372e+33 @

e dedededededodededdedodednde dodindo doddndodndodndededodnde s CRTTERTIQN % v v dedededede e dede e de e e de e e de e e de e de el

w

Figure 36. Exémplé of des‘ign evaluation output file for a two response model.
Moreover, the PFIM() function returns the following R objects:
- dose

- prot :design evaluated for each response

- subjects : number of subjects for each group

- mfisher :the population Fisher information matrix

- determinant :the determinant of the population Fisher informat ion
matrix

- crit :the value of the criterion

- p: the vector

- se: the vector of the expected standard errors for ea ch parameter
- cv: the corresponding coefficient of variation, expre ssed in
persent.
4.2 Optimisation output file and objects
Figure 37 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 36:
@ The name of the function used: PFIM Interface 3.1.

@ 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 37. 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 subjects for each gr oup
mfisher :the population information matrix

determinant : the determinant of the population Fisher informat ion
matrix

crit  : the value of the criterion
se: the vector of the expected standard errors for ea ch parameter
cv : the corresponding coefficient of variation, expre ssed in percent.
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5. Examples

Ten examples are supplied in the directory “Example s” in the documents of
the user in the directory “PFIM Interface 3.1". The y are detailed below.

5.1 Single response model

511 Evaluation

5.1.1.1 Example A

This example deals with the evaluation of a populat ion design using the
library of model.
The purpose is to evaluate a design using a one com partment model after a
single bolus administration. The parameters and the ir values are given in
the table. The random effects are modelled exponent ially. The variance
error model is a combined error model.
The design to be evaluated is composed of two group s: one group of 30
subjects with a dose of 100 and sampling times at ( 0.5, 2, 3, 10) and one
group of 90 subjects with a dose of 200 and samplin g times at (1, 4, 12).
Mean Variance
\Y, 10 0.25
k 0.2 0.25
Sinter 0.5
Sslope 0.15
5.1.1.2 Example B
This example deals with the evaluation of a design using a differential
equation system. The model is a one compartment mod el first order
absorption and Michaelis-Menten elimination. The pa rameters and their
values are given in the table bellow.
The design to be evaluated is 0.5, 2, 16, 23.5 with a dose of 13.8
performed in 30 subjects.
The variance error model is proportional and the mo delling of the random

effects is exponential.

Mean Variance
ka 2.72 0.25
\Y 12.2 0.25
Vm 1.004 0.25
km 0.37 0.25

Sslope 0.2
5.1.2 Optimisation
? Be careful, remember that, with the Fedorov-Wynn al gorithm, the sampling
times of the initial population design should be in cluded in the allowed
sampling times, so as the number of allowed samples per group.
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5.1.2.1 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 of 100 with oral absorption every 12
The model is a one compartment model first order ab
with rate constant of absorption (ka), volume (V) a
mean and the variance of those parameters are given
The random effects are exponentially modelled and t
is proportional.

Mean Variance

ka 0.7 0.25
Cl |05 0.25
\% 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.

5.1.2.2 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
\YJ 3.08 0.1
k 0.0808 0.2

k12 |[0.175 0.3
k21 |0.116 0.1

0.25

S slope

A set of eleven allowed sampling times is given: (0O
10, 14, 18, 21).

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, 21).

n using the Fedorov-Wynn
g the functions of the

hours are considered.
sorption, parameterized
nd clearance (Cl). The
in the table bellow.
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



5.1.2.3 Example E

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

library of models.
Ten repeated doses of 2.5 with oral

absorption ever

considered. The model is a two compartment model fi
parameterized with rate constant of absorption (ka)
compartment (V1), clearance (Cl), volume (V2) and t
clearance (Q). The between subject variance model i

variance model is additive.

Values of the parameters are given in the table bel
Mean Variance

ka 15 0.502

Cl D.345 0.059
V1 8 0.018

Q |(0.145 0
V2 18 1.9

Sinter 0.08

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.

5.2 Multiple response model
5.2.1 Evaluation
5.2.1.1 Example F

This example deals with the evaluation of a joint m

concentration and its effect (two responses): a one
a first order absorption and elimination for the dr

and an immediate response model with a constant bas
The model is described using the libraries of model
variance model is exponentially and the variance mo

first response and additive for the second response

n using the Simplex
g the functions of the

y 24 hours are
rst order absorption,
, volume for the first
he intercompartmental
s exponentially and the

low:

with sampling times
five days after the
missible sampling times

ex algorithm is composed
be performed into 250

odelling of a drug
compartment model with
ug concentration is used
eline for the effect.
s. The between subject
del is combined for the

Values of the parameters are given in the table bel low:
Mean Variance
Ka 1.6 0.70
Vv 8 0.02
Cl 0.13
Imax 0.73 0.001
C50 0.17
SO 100
first response
Sinter 0.6
Sslope 0.07
second response
Sinter 8
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The aim is to evaluate a design with one group with

1,2,3,6,9, 12, 24, 36, 48, 72, 96, 120 hours fo

0, 24, 36, 48, 72, 96, 120, 144 hours for the secon

subjects. The total dose is equal to 100.

5.2.1.2 Example G

This example deals with the evaluation of a design
drug and its metabolite. The first response

is desc

compartmental model with first order absorption and

described by a one compartment with a first order
Because of structural identifiability problem in ab

m

we fix the volume of distribution (Vm) of the metab

thus estimate Clm and km. The model is described us

equation system. The length of vector in the “initi

elementary design” is equal to 3. The first element

dose equal to 300 in this example. The between

subj

exponentially and the variance model is combined fo

proportional for the second response.

Values of the parameters are given in the table bel

sampling times at 0.5,
r the first response and
d response with 32

for a joint model for a
ribed by a one
the second response is
etabolic rate constant.
sence of urinary data,
olite equal to 1, and
ing a differential
al conditions for each
of this vector is the
ect variance model is
r the first response and

low:

Mean Variance
Ka 2.86 0.7
V 300 0.02
Cl 160 0.06
Clm 0.16 0.17
km 0.03 0
first response
Sinter 0.003
Sslope 0.28
second response
Sslope 0.13

The design to be evaluated is composed of 1 group

sampling times at (1, 3, 6, 12) for the first respo
at (1, 6, 11, 12) for the second response.

5.2.1.3 Example H

This example deals with the evaluation of a design

(two responses). The PK model is a one compartmenta
absorption and elimination. The drug effect (PD mod

turnover model with inhibition of the input.

This PK/PD model is described using the libraries o
example, we are in the case where we have a PK mode I

elimination (written using an analytical form) and
model (written using a differential equation system

complete the tab of the ODE variables because PFIM

specific function in order to create a system of

system describing the corresponding PK/PD model. Th
variance model is exponentially. The variance model

model and additive for the second response.

f 80 subjects with
nse and sampling times

study for a PK/PD model
I model with first order
el) is described by a

f models. In this
with linear
a turnover response PD
). Thus, the user has to
Interface 3.1 calls a
fferential equation
e between subject
is combined for the PK

di
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and elimination for the
e model with a constant
ng analytical forms with

he section 5.2.1.1 using

of 32 subjects with
,96,120 for the PK model
dose is equal to 100.

n using the Simplex
tion and its effect: a

Values of the parameters are given in the table bel low:
Mean Variance
ka 1.6 0.70
\% 8 0.02
Cl 13 0.06
Rin 54 0.2
Kout 0.06 0.02
Imax 1 0
C50 1.2 0.01
first response
Sinter 0.6
Sslope 0.07
second response
Sinter 4
The design to be evaluated is composed of one group
sampling times at 0.5, 1, 2 ,3 ,6, 9,12,24,36,48,72
and 0, 24,36,48,72,96,120,144 for the PD model. The
5.2.2 Optimisation
5.2.2.1 Example |
This example deals with the optimisation of a desig
algorithm for a joint modelling of a drug concentra
one compartment model with a first order absorption
drug concentration is used and an immediate respons
baseline for the effect. The model is described usi
the ‘user defined model’ option.
This model has been used for design evaluation in t
the library of models.
Values of the parameters are given in the table bel low:
Mean Variance
Ka 1.6 0.70
\% 8 0.02
CL 0.13 0.06
Imax 73 0.001
C50 0.17 0.7
SO 100 0
first response
Sinter 0.6
S slope 0.07
second response
Sinter 8

The aim is to optimise a design with one group of 3

sampling times between 10 min and 120 hours for the
measurements and 5 sampling times between 0O and 144

measurements.

2 subjects with 5
drug concentration
hours for the effect
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5.2.2.2 Example J

This example deals with the optimisation of a desig
algorithm for a joint model for a drug and its meta

The first response is described by a one compartmen
order absorption and the second response is describ
with a first order metabolic rate constant. The mod
differential
exponentially and the variance model is combined fo
proportional for the second response.

This model has been used for design evaluation in t

Values of the parameters are given in the table bel

equation system. The between subject v

n using the Fedorov-Wynn
bolite (two responses).
tal model with first

ed by a one compartment
el is described using a

ariance model is
r the first response and

he section 5.2.1.2.

low:

Mean Variance

Ka 2.8
Vv 300
CL 160
Clm 0.16
R 0.03
first response
Sinter
Sslope

second response

Sslope

0.70
0.02
0.06

0.001
0.7

0.003
0.28

0.13

The aim is to optimise a design (same sampling time
with 4 sampling times for a total number of samples
following allowed sampling times: 0.0625, 1, 3, 6,

? Be careful, remember that, with the Fedorov-Wynn al
times of the initial population design should be in
sampling times, so as the number of allowed samples

s for both responses)
equal to 400 using the
11, 12, 14 and 15hours.

gorithm, the sampling
cluded in the allowed

per group.
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