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User gui de’

@ This docunment is an adds-on to PFIM 3.0 docunentation. Thus, it only
outlines the new features inplenented in PFIM 3.2 and explains how to carry
out to use them This docunentation version does not detail the features

that were previously released in version 3.0 of PFIM
RO b b b b I I R R I b b b I I A R I I I R e e b e i b

PFIM 3.2 is free library of functions.
The Université Paris Diderot and INSERM are the co-owners of this library
of functions.

Di scl ai ner

We inform users that the PFIM 3.2 is a tool developed by the Laboratory
« Models and nethods of the therapeutic evaluation of the chronic
di seases »- UMR-S 738, under R and GCC.

PFIM 3.2 is a library of functions. The functions are published after a
scientific validation.

However, it may be that only extracts are published.

By using this library of functions, the user accepts all the conditions of
use set forth hereinafter

Li cence

This programis free software: you can redistribute it and/or nodify it under
the terns of the GNU General Public License as published by the Free Software

Foundation, either version 3 of the License, or (at your option) any later
versi on.

*

The docunent PFI M. 2 Exanples.pdf with fully described exanples is al so
avai | abl e.



You shoul d have received a copy of the GNU General Public License along with

this program |f not, see
<http://ww.gnu.org/licenses/>.

THIS SOFTWARE | S PROVI DED “AS |1 S” AND ANY EXPRESSED CR | MPLI ED WARRANTI ES,
I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPOSE ARE DI SCLAI MED. I N NO EVENT SHALL THE
UNI VERSI TE PARI' S DI DEROT OR | NSERM OR | TS CONTRI BUTORS BE LI ABLE FOR ANY
DI RECT, | NDI RECT, | NCI DENTAL, SPECI AL, EXEMPLARY, OR CONSEQUENTI AL DANAGES
(1 NCLUDI NG, BUT NOT LIM TED TO, PROCUREMENT OF SUBSTI TUTE GOODS OR

SERVI CES; LOSS OF USE, DATA, OR PROFITS; OR BUSI NESS | NTERRUPTI ON) HOWEVER
CAUSED AND ON ANY THECRY OF LI ABILITY, WHETHER | N CONTRACT, STRICT

LI ABILITY, OR TORT (I NCLUDI NG NEGLI GENCE OR OTHERW SE) ARI SI NG | N ANY WAY
QUT OF THE USE OF TH'S SOFTWARE, EVEN I F ADVI SED CF THE PCSSI BI LI TY OF SUCH
DANVAGE.

Redi stribution and use in source and binary forns, with or wthout
nodi fication, are permtted under the terns of the GNU General Public
Li cence and provided that the followi ng conditions are net:

1. Redistributions of source code nust retain the above copyright notice,
this list of conditions and the follow ng disclainer.

2. Redistributions in binary formnust reproduce the above copyright
notice, this list of conditions and the follow ng disclainer in the
docunent ati on and/or other materials provided with the distribution.

3. The end-user docunentation included with the redistribution, if any,
nmust include the followi ng acknow edgnent: "This product includes software
devel oped by Université Paris Diderot and | NSERM (http://ww. biostat.fr)."
Alternately, this acknow edgnent nmay appear in the software itself, if and
wher ever such third-party acknow edgnents normal ly appear.

4. The nanes "PFIM nmnust not be used to endorse or pronote products derived
fromthis software without prior witten perm ssion. For witten
perm ssion, please contact france.nentre@nsermfr.

5. Products derived fromthis software may not be called "PFIM, nor nay
"PFI M appear in their name, without prior witten permssion of the
Université Paris Diderot and | NSERM

Copyright © PFIM 3.2 — Caroline Bazzoli, Thu Thuy Nguyen, Anne Duboi s,
Sylvie Retout, Emmanuelle Conets, France Mentré - Université Paris Diderot
— | NSERM
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1. Description of the new features in PFIM 3.2

PFIM 3.2 is a new release of the R script function PFIM 3.0 [1] dedicated
to design evaluation and optim sation for nultiple response nodels.

This version incorporates new features in terns of nodel specification and
devel opment of the expression of the Fisher information matrix (M).

Regardi ng nodel specification, the library of standard pharnmacoki netic (PK)
model s has been conpleted with three conpartnment nodels wth |[|inear
elimnation and nodels with Mckaelis-Menten elinination (one, two and
three conpartnent nodels). Furthernore, a library of pharnacodynam c (PD)
nodel s is now avail abl e.

Concerning the expression of the Fisher information matrix, PFIM 3.2 can
handl e either a block diagonal Fisher information matrix or the conplete
one.

The conputation of the Fisher information matrix to perform evaluation and
optimsation of individual designs (i.e. nodels with no random effects) can
be carried out.

It is now also possible in PFIM 3.2 to use nodels including inter-occasion
variability (1OV) with replicated designs at each occasion [2].

Last, a new feature of PFIM 3.2 is the conputation of the Fisher
information matrix for nodels including fixed effects for the influence of
discrete covariates on the paraneters. Specification of covariates can
depend or not of the occasion. The conputation of the predicted power of
the Wald test for comparison or equivalence test for a given distribution
of a discrete covariate as well as the nunber of subjects needed to achieve
a given power can be conputed [2, 3, 4].

The same input file, named by default stdin.r, used in PFIM 3.0 can be used
in PFIM 3.2 but the new features woul d then not be active.

PFIM 3.2 is also developed for R 2.4.1 and hi gher versions.

1.1. Model specification

Model s can be specified either with their analytical form or with systens
of differential equations, using the libraries of nodels or the user
defined nodel option. In the later case, users can define their own node

analytically or use a systemof differential equations. This option has not
been nodified in PFIM 3.2, only the Ilibraries of nodels have been
conpl et ed.

Conpared to PFIM 3.0, three conpartnent nodels with linear elinmnation and
model s with M ckaelis-Menten elimnation (one, two and three conpartnent
nmodel s) have been added to the library of PK nodels. Mreover, a library of
PD nodels is now avail abl e, supporting imedi ate response nodels (al one or
linked to a pharnacoki netic nodel) and the turnover response nodels (Ilinked
to pharnmacoki netic nodel). These libraries have been derived from the PKPD
library devel oped by Bertrand and Mentré [5] for the MONOLI X software, and
all analytical expressions are in that docunent. Presently, there is no
nodel with lag tinme in both libraries.

As in PFIM 3.0, to use the library of nodels, the user has to specify the
path of the file in the nodelfile named by default nodel.r.

1.1.1. Li brary of pharnmacoki netic nodel s

Two types of PK nodels can now be used in PFIM 3.2, PK nodels with a first
order linear elimnation or PK nodels with a M ckaelis-Menten elimnation



The PK nodels with a linear elimnation are witten using an analytical
form whereas the PK nodels with a Mckaelis-Menten are witten using a
differential equation system

These both types of PK nodel are witten in the file LibraryPK r avail able
in the folder Program Thus, the user has to specify the path of this file
in the nodel file to use this library of nodels:

source (paste(directory.programdirsep,”LibraryPK r”, sep="")

For each type of PK nobdels, the list of nobdels are presented in separated
tables in the foll owi ng sections.

These tables return all the information in order to use the nodel function
chosen. The nodel is described by:
- a nane
- the type of input
- the type of elimnation
- the nunber of conpartnents
- the paraneters used (paraneterisation)
- the type of administration (sd : single dose, nd: nultiple dose
ss: steady state)
- for each admnistration type, sone variables are required (or
not). They are specified in the colum naned: Needed variables (N
number of doses, tau: interval between two doses, TInf: duration
of the infusion, doseMvt dose)

For nmodels with infusion, the user has to specify the duration of infusion
(TInf) in the needed variable. The rate of infusion 1is conputed
automatically in the function nodel by the expression: dose/TInf. As in
PFIM 3.0, for PK nodels with linear elinination, the variable dose has to
be specified in the input file.

For exanple, if one uses after a nultiple dose admi nistration, the first
order oral absorption with one conpartnment nodel (orall 1cpt_kaVd with
option nd) from the library, the function of the nodel uses three
paraneters (ka, d and V) and two needed variables (N, tau): the nunber of
doses (N) and the interval between two doses (tau).

Exanpl es of the use of the library of pharnacokinetic nodels are presented
in section 2.2 of the present docunent as in section 2.1 of the PFIM 3.0
docunent at i on.

1.1.1. 1. Pharnacokinetic nodels with a linear elimnation

Conpared to PFIM 3.0, the library of PK nodels with linear elimnation has
been compl eted by the three conpartment nodels for the three types of input
(bolus, infusion and first order oral absorption) and the three types of
adm ni stration (single dose, multiple dose, steady state).

The list of these PK nbdels is given in Table 1. It is an update of the
Table 1 presented in the docunentation of PFIM 3.0.



Tabl e 1. Pharnmacokinetic nodels with first order linear elinmnation included in the library of nodels

Nane | nput Cpt Elimnation Par anet eri sati on Adm ni stration Var’\ileaebc:eed( s)

sd -

bol us_1cpt VK | V- bol us 1 1st order V, k nd N, tau
Ss tau
sd -

bol us_1cpt _Vvd | V-bol us 1 1st order Vv, d nd N, tau
Ss tau
sd Tl nf

i nfusion_1cpt_Vk [ V-infusion 1 1st order Vv, k nd TInf, N, tau
Ss TInf, tau
sd TI nf

i nfusion_1cpt_Vvd | V-infusion 1 1st order v, d nd TInf, N, tau
Ss TInf, tau
sd -

oral 1 lcpt_ kaVk 1st order 1 1st order ka, V, k nd N, tau
Ss tau
sd -

oral1l lcpt_kavd 1st order 1 1st order ka, Vv, d nd N, tau
Ss tau
sd -

bol us_2cpt _Vkk12k21 | V- bol us 2 1st order V, k, k12, k21 nd N, tau
Ss tau
sd -

bol us_2cpt _d V1Qv2 | V-bol us 2 1st order a, vi, Q W nd N, tau
Ss tau
sd Tl nf

i nfusi on_2cpt _Vkk12k21 | V-infusion 2 1st order V, k, k12, k21 nd TInf, N, tau
Ss TInf, tau




sd TI nf

i nfusion_2cpt_C V1Qv2 | V-i nfusion 1st order a, vi, Q W nd TInf, N, tau
Ss TInf, tau
sd -

oral 1_2cpt _kaVkk12k21 1st order 1st order ka, V, k, k12, k21 nd N, tau
Ss tau
sd -

oral 1_2cpt _kad ViQv2 1st order 1st order ka, d, Vi, Q V2 nd N, tau
Ss tau
sd -

bol us_3cpt _Vkk12k21k13k31 | V- bol us 1st order V, k, k12, k21, k13, k31 nd N, tau
Ss tau
sd -

bol us_3cpt _d V1QLV2QV3 | V-bol us 1st order a, vi, 1, v2, @, V3 nd N, tau
Ss tau
sd TI nf

i nfusion_3cpt _Vkk12k21k13k31 | V-infusion 1st order V, k, k12, k21, k13, k31 md TInf, N, tau
Ss TInf, tau
sd TI nf

i nfusion_3cpt_C V1QLV2QV3 | V-i nfusion 1st order a, vi, Q, V2, @, V3 nd TInf, N, tau
Ss TInf, tau
sd -

oral 1 3cpt_kaVkk12k21k13k31 1st order 1st order ka, V, k, k12, k21, k13, k31 nd N, tau
Ss tau
sd -

oral 1_3cpt _kad ViQLV2QV3 1st order 1st order ka, d, Vvi, QL, V2, @, V3 nd N, tau
Ss tau




1.1.1.2. wPharmacoki netic nodel s W th a M ckael i s- Ment en
elimnation

One, two and three conpartnent nodels are inplenented for the three types
of input. For bolus input and M ckaelis-Menten elimnation, only single
dose nodels are inplenmented. For infusion and first order absorption input,
single dose and nultiple dose are inplemented. There is no steady-stae
conditions for PK nodels with Mckaelis-Menten elimnation. The list of
these PK nodels is given in Table 2.

@For nodels with a bolus input, the dose has to be specified in the input
file (stdin.r by default) as the initial condition of the differential
equation system For nodels with infusion or first order absorption input,
dose has to be specified as an argunment and NOT IN THE | NI TI AL CONDI TI ON OF
THE MODEL I N THE | NPUT FI LE.

@ As the dose is an argunment, it is not possible to specify different
doses per group for nodels with infusion or first order absorption input.
Al'l groups of the design considered have the sanme dose. O herw se, the user
shoul d use the user defined nodel option.



Tabl e 2. Pharmacoki netic nodels with M ckaelis-Menten elimnation included in the library of nodels

y . ; ; -y ; Needed
Nanme | nput Cpt El i m nation Paranet eri sati on Adm nistration Vari abl e(s)
bol us_1cpt _WWnkm | V-bol us 1 M ckael i s- Ment en V, Vm km sd -
. . . . . sd dosewM TI nf
f lcpt _WWnk - kael i s- Ment V, Vm Kk
I nfusion_1cpt _ m I V-i nfusion 1 M ckael i s nten m km md doseMM TI nf, tau
oral 1 lcpt_ kaVwnkm 1st order 1 Mckaelis-Mnten ka, V,Vm km sd dosemv
—CPt_ » v md doseMM t au
bol us_2cpt _Vk12k21Vnkm I V-bol us 2 M ckael i s- Ment en V. k12, klr(nZL vm sd -
bol us_2cpt _V1QvV2Vikm | V- bol us 2 Mckaelis-Mnten Vi Q k\n/qz’ vm sd -
. . . . . V, k12, k21, Vm sd dosewM TI nf
f 2cpt _Vk12k21Vinkm - 2 Mckaelis-Ment ' ’ ’
I nfusion_2cpt _ | V-i nfusion ckael 1's nten km md doseMM TI nf, tau
. . . . . Vi, Q V2, Vm sd dosew TI nf
f 2 V1QV2Vk | V-i nf 2 Mckaelis- e '
i nfusi on_2cpt_ V1QV m i nfusion ckael i s- Ment en Km - doseMM TI nf. tau
. ka, V, k12, k21 sd dosevM
oral 1_2cpt _kaVk12k21Vnkm 1st d 2 Mckaelis-Mnten BN ' '
—<CPt_ st order ¢ I Vm  km md doseMM tau
. ka, Vi, Q V2, sd doseMM
oral 1 2cpt _kaViQv2Vnkm 1st order 2 Mckaelis-Mnten vm  km - doseMV tau
bol us_3cpt _Vk12k21k31k13Vikm | V- bol us 3 Mckaelis-Mnten V. k12, kai, sd -
- - k13, k31, Vm km
o Vi Q1, V2, @, -
bol us_3cpt _ VIQLV2QRV3Vnkm | V- bol us 3  Mckaelis-Mnten V3. Vm km sd
. . . . . V, k12, k21, sd doseMM TI nf
i nfusion_3cpt _Vk12k21k13k31Vnkm | V-i nfusion 3 M ckael i s- Ment en k13, k31, Vm km md doseM TI nf, tau
: : . . . Vi Q1, V2, @, sd doseMMV TI nf
i nfusion_3cpt _V1QLV2Q2V3Virkm I V-infusion 3 Mckaelis-Mnten V3. Vm km - doseMM Tl nf, tau
. ka, k12, k21, sd dosevM
oral 1_3cpt _kak12k21k13k31Vnkm 1st order 3 Mckaelis-Mnten k13, k31, Vm km - doseMM t au
. ka, Vi, Q1, V2, sd doseMV
oral 1 3cpt_kaV1iQLV2Q@QV3Vnkm 1st order 3 Mckaelis-Mnten Q@, V3, vm km - doseMV tau




1.1.2. Li brary of pharmacodynam ¢ nodel s

The library of PD nodels supports imediate response nodels (alone or
linked to a pharnacokinetic nodel) and turnover response nodels (linked to
phar macoki neti ¢ nodel s).
The tables presenting these nodels return all the information in order to
use the nmodel function chosen

- a nane

- the paraneters used (paraneterisation)

Exanpl es of the use of the library of pharmacodynam ¢ nodels are presented
in section 2.2.

1.1.2.1. Inmmedi ate response pharnmacodynam ¢ nodel s al one

Li near, quadratic, logarithmc, Enmax, signoid Emax, Imax, signmoid | max
nodels with null or constant baseline are available. The list of these
nodel s is given in Table 3.

These nodels are witten with an analytical formand have to be used in the
case of a nmodel with one response (PD eval uation or optinisation). They are
i mpl enmented in the file LibraryPD PDdesign.r. Thus, the user has to specify
the path of this file in the nodel file to use this library of nodels:

source (paste(directory.programdirsep,”LibraryPD PDdesign.r”, sep="")

For these nodels, the design variables are the concentrations or the doses
i nstead of the sanpling tines.

For example, if one uses a linear drug action nodel wth a constant
baseline (imed _lin_const) fromthe library, the npdel uses two paraneters
(Alin, S0).

10



Table 3. | med

ate response pharnmacodynam ¢ nodels included in the PD library for

PD al one and for PK/ PD npde

Basel i ne

Drug action
nodel s

Nul

basel i ne

Const ant

basel i ne

Nane

Par anet eri sati on

Nane

Par anet eri sati on

Li near
Quadratic
Logarithm c
Emax
Si gnoi d Enmax
| max

Si gnoi d | max

i med_|in_nul
i med_quad_nul
i mred_| og_nul
i mred_Enax_nul
i mmed_ganmaEmax_nul
i med_| max_nul

i med_ganmal max_nul

Alin
Alin, Aquad
Al og
Emax, C50
Emax, C50, gamma
| max, C50
I max, C50, gamma

i med_|in_const
i med_quad_const
i med_| og_const
i mred_Enmax_const
i mmed_ganmaEmax_const
i med_| max_const
i mmed_ganmal max_const

Al'in, SO
Al'in, Aquad, SO
Al og, SO

Enmax, C50, SO

Emax, C50, gamm, SO
| mx, C50, SO
| max, C50, gamm, SO

11



1.1.2.2. Pharmacodynanm ¢ nodel s |inked to pharnmacoki netic nodel

In this section, we deal with a two response nodel, with one response for
the PK and the other one for the PD. W thus optimse sanpling tines for
both responses using a PK/PD nodel. Using the libraries of nbdels, we have
four cases to conpose the PK/PD nodel according to the witing of each
response nodel: either with an analytical form (AF) or a differential
equation system ( CDE).

Therefore, there are four cases of PK/ PD nodels:

1. PK nodel with linear elimnation (AF) and i medi ate response PD
nodel (AF)

2. PK nodel with linear elimnation (AF) and turnover response PD
nodel ( ODE)

3. PK nodel with M ckaelis-Menten elimnation (ODE) and i nmedi at e
response PD nodel (AF)

4. PK nodel with Mckaelis-Menten elimnation and turnover response
PD nodel (ODE)

To use PFIM for design evaluation and optim sation for a PK/PD nodel, it is
necessary to have a PK response and a PD response inplenented with a
simlar form

In the first case, inmrediate response pharmacodynanmic nodels are witten
with an analytical formin the file LibraryPD PKPDdesign.r and thus they
can be associated to pharmacokinetic nodels with first order linear
elimnation (Table 1) inplenented in the file libraryPK r, which are also
witten with analytical forns. In these PD functions, the expression of the
PK nodel is given as an argunent.

In this case, the user has to fill in the stdin.r using analytical form
options and to specify the paths of the library files in nodel.r:

source(paste(directory.programdirsep,”LibraryPK r”, sep="")
sour ce(paste(directory. programdirsep, ”Li braryPD PKPDdesi gn.r”, sep="")

However, for the three other cases, the PK response and the PD response are
witten either with different forms or both with a differential equation
system (Case 4). That is why, the user has to call a specific function in
order to create a system of differential equations describing the
corresponding PK/ PD nodel. This function nanmed Create_fornmED() is
implemented in the file CreateMdel PKPDdesign.r and has to be used in the
nodel file as follows:

source (paste(directory. programdirsep,”CreateMdel PKPDdesign.r”, sep="")
create_fornED(fun_pk, fun_pd, dose=NA, t au=NA, Tl nf =NA)

wher e

- fun_pk and fun_pd: the nanes of the PK and PD nodel s, respectively

- dose: value of the dose only for a PK nodel with infusion or oral
i nput (by default: NA)

- tau: dosing interval to specify only for multiple dose conditions
(by default: NA)

- Tinf: time of infusion to specify only for PK nodel wth infusion
i nput (by default: NA)

Using this function, a new file naned nodel created.r is created in the
directory currently used. This new file contains the conplete witing of
the differential equation system describing the correspondi ng PK/ PD nodel

12



created by the function Create fornED(). This file can be deleted after
running PFIM It wll be erased at each new use of the function
Create_fornmED().

For these cases, the wuser has thus to fill in the sdtin.r using
differential equation options.

The list of the inmedi ate response PD nodels is thus given in Table 3 plus
those of Table 4. The list of the turnover response PD nodels is given in
Tabl e 5.
For the second case where a PK nodel with linear elimnation is associated
to a turnover PD response nodel, the PK nodel is witten with a
differential equations system Consequently, only sonme PK nodels from the
Table 1 are inplenented:

- for bolus input, only single dose nodels;

- for infusion input, single dose and nmultiple dose

- for first order absorption input, single dose and multiple dose

@For nodels with a bolus input, the dose has to be specified in the input
file (stdin.r by default) as the initial condition of the differential
equation system For nodels with infusion or first order absorption input,
dose has to be specified as an argunent of the function Create fornED() and
NOT IN THE INITIAL CONDI TION OF THE MODEL I N THE | NPUT FILE. Consequently,
it is not possible to specify different doses per group for nodels wth
infusion or first order absorption input. Al groups of the design
considered have the same dose. COherwise, the user should use the user
defined nodel option.

13



Tabl e 4.

| medi at e response phar macodynam c

nmodel s |inked to a pharnacoki netic node

included in the library*

Drug action
nmodel s

Li near

Quadratic

Logarithnic

Emax

Si grmoi d
Emax

| max

Si gnoi d
| max

Basel i ne/ di sease nodel s

Li near progression Exponenti al increase Exponenti al decrease
Nane Par am Nanme Par am Nanme Par am
imred_lin_lin Alin, SO, i mred_lin_exp Alin, SO, i mred_l i n_dexp Alin, SO,
kprog kprog kprog
immed_quad_[in  A1nN. Aguad, i med_quad_ex aquad. "0 i med_quad_dex Alin, Aquad,
-4 - SO, kprog -4 —E&XP qk ' ' -4 - P SO, kprog
prog
. . Al og, SO, . Al og, SO, , Al og, SO,
imed log |in Kpr og i med_| og_exp Kpr og i med_| og_dexp Kpr og
. . Emax, C50, : Emax, C50, . Emax, C50,
i mred_Enmax_lin S0, Kprog i mred_Enmax_exp S0, kprog i mred_Enmax_dexp S0, kprog
Emax, C50, Emax, C50, Emax, C50,
i med_gammaEnmax_lin ganma, SO, i mred_gammaEmax_exp gammma, SO, i mmed_gammaEmax_dexp gamma, SO,
kprog kprog kprog
. . | max, C50, . | max, C50, . | max, C50,
ired_I mex_lin S0, kprog i mred_| max_exp S0, kprog tmmed_I max_dexp S0, kprog
| max, C50, | max, C50, | max, C50,
i Mmed_gammal max_lin ganma, SO, i mred_ganmmal max_exp gamma, SO, i med_ganmal max_dexp gamm, SO,
kpr og kpr og kprog

* In addition to those in Table 3.
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Tabl e 5. Turnover response pharmacodynam ¢ nodel s |inked to a pharnacoki netic nodel

included in the library

Types Model s with inpact on the
of response | nput Qut put
Narme Par anet eri sati on Narme Par anet eri sati on
Emax turn_i nput _Emax Ri n, kout , Enmax, C50 t urn_out put _Emax Ri n, kout , Emax, C50
Si gnoi d Enmax turn_i nput _gammaEnmax Ri n, kout , Emax, C50, gamma t ur n_out put _ganmraEmax Ri n, kout , Emax, C50, gama
| max turn_i nput _I max Ri n, kout, | max, C50 t ur n_out put _I max Ri n, kout, | max, C50
Si gnoi d | max tur n_i nput _ganmmal max Ri n, kout, | max, C50, ganma t ur n_out put _gammal max Ri n, kout, | max, C50, ganma
Ful I | max? turn_input | maxfull Ri n, kout , C50 turn_out put _I maxful | Ri n, kout, C50
IS'mgi)r(TE' d full turn_i nput _gammal maxfull R n, kout, C50, gamma turn_out put _ganmal nexfull Ri n, kout, C50, ganma
2Full Imax nmeans Imax is fixed equal to 1
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1.2. Ful | expression of the Fisher information matrix

The population Fisher information matrix MF(Y,X) for multiple response

nmodel s, for an individual with an elenentary design X for the vector of
popul ati on paraneters Y, is given as:

A(EV) C(E\V)

1
M (Y. x) @5 C"(E,V) B(E\V)

with E and V the approxi nated margi nal expectation and the variance of the
observations of the individual. The vector of population paraneter Y is
defined by Y'=(m,') with m the p-vector of the fixed effects and | the

vector of the variance terns. M is given as a block matrix (nore details
are given in [1]) wth;:

E" 1 IE

(A(EV))w :Zﬂn% 1

+tr(ﬂV'1—V’1) with m and 1=1 ,p
m  1m,

ﬂv-l

o IV
(B(EaV))m—tr(mV 0,

) with m and I=1 ,dim(/)

(C(E,V))mlztr(ﬂV'lﬂV‘l) with I=1 ,dim(/) and m=1 ,p
7, m,

In the previous versions of PFIM the dependence of Vin m was neglected so

t hat 11?/—”7: . Then, the population Fisher information matrix i s approxi mated

a block diagonal matrix that is to say the block C of the matrix was
supposed to be O (see details in [1]). Also, the block Ais sinplified and
expressed as:

.
TE V'1E with m and 1=1 ,p

im,  Im

(A(EV))m =2

In the present version, the user can now choose if a full or block diagonal
information matrix is needed.

@ However, this inplenentation is not developed yet for nodels wth
covariates and / or inter-occasion variability.

1.3. Model s with no random effects

PFIM 3.2 can also address the problem of evaluation and optimsation of
i ndi vi dual designs by assuming no random effect in the nodel. This is done
by specifying inter-subject variability equal to 0. The user specifies an
i ndividual design i.e. only one individual subject with a nunber of
sampling tines and their allocation in tine.

However, it is also possible to specify a design conposed of several groups
with different sanpling times involving different nunbers of subjects. In

that case, as there is no random effect nodel, design evaluation and
optinmsation with PFIM 3.2 is performed as a naive pooled data approach.
Indeed, the nodel is fitted to the pooled data from all individuals as

thought it cones fromone “giant subject”.
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@Desi gn optimsation for nodels with no random effect can be executed only
with the Sinplex algorithmand no optimsation of the nunber of subjects is
possi bl e.

1.4. Inter-occasion variability (10V) specification

The expression of the population Fisher information nmatrix has been
extended for nodel including additional random effects for inter-occasion
variability (or within subject variability).

The individual paraneters of an individual i at occasion h are thus
expressed by the followi ng relation, which can be additive as

O =mth +k;,
or exponential as

g=m ( +k)

where m is the p-vector of fixed effects, b the vector of random effects

associated to the individual i and k, the vector of random effects
associated to the individual i for occasion h (h=1,..,Hwith H the nunber of
occasi ons). and k are independent. It is assumed thath N(OW) and

ky, N(0,G) with W and G defined as diagonal matrices of size p x p. Each

element W of W and g of G represent the inter-individual variability of

the j'" conponent of b and the inter-occasion variability of the j'"

conponent of K , respectively.

The size of the block C and the block B of the expression of the Fisher
information matrix are thus nodified to incorporate the elenents of G.

This new devel opnent was performed for any nunber of occasions H It is
inplenmented in PFIM 3.2 for the case where the sane el enentary designs are
used at each occasi on.

The user can include inter-occasion variability in the nodel as well as
covari at es.

1.5. Di screte covariate specification

The present expression of the Fisher information matrix accommodates nodel s
with paranmeters quantifying the influence of discrete covariates. Two or
nore categories can be included. In PFIM 3.2, it can be assuned either that
covariates are additive on paraneter if the random effect nodel is
additive, or that covariates are additive on |log paraneters if the random
ef fect nodel is exponential.

For instance, the individual paranmeter ; is described as the function of a
discrete covariate G, which takes K values defining K categories, wth
additive effect nodel:

where here k=1 is defined as the reference group and b, =0
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For each covariate, the user has to specify b, the vector of covariate

effect coefficients and the proportions of subjects associated to the K
cat egori es.

However, it can be specified if covariates change or not through the
different occasions. In the latter case, additional objects are needed: the
vector of sequences of values of each covariate at each occasion and the
vector of proportions of the elementary designs corresponding to each
sequence of covariate val ues.

The expected Fisher information matrix is conputed for each covari ate.

The nunber of covariates, the nunber of paraneters associated to each
covariate as well as the nunber of categories for each covariate, are not
limted. But in this version of PFIM the distribution of the covariates
are supposed i ndependent.
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1.6. Conput ati on of power and nunber of subjects needed to treat

1.6.1. Conparison test

Conput ati on of the expected power

The Wald test can be used to asses the difference of a covariate effect

In PFIM the Wald test is perforned on the of each category for each
covariate, a global Wald test on the vector (all effect coefficients) is
not i npl ement ed.

For one covariate and an effect of one category (K=2), the nul
hypothesis is Hy: { =0} while the alternative hypothesis is H;: { 0}. The
U
U
statistic of the Wald test is defined as, §,= bU with b the covariate
SE(b)

8]
effect estinmates and SE(b) its associated standard error. Under H;, when
= 4, we then conpute the power of the Wald test defined as:

b, g b,
E(b,) 2 SE(b,)

Rjiff =1-f Z1-a/2' (1)

wher e is the cunulative distribution function of the standard nornal
distribution and Z, is such that f(gp)=1—a/2.

Using the covariate effect bl fixed by the user, the corresponding standard

error SE(b) is predicted by PFIM 3.2 for a given design and the val ues of
popul ati on paraneters.

Conput ati on of the nunber of subjects needed

The nunber of subjects needed to achieve a power P to detect a covariate
effect using the Wald test is also conputed. First, fromthe equation (1),
we conpute the SE needed on to obtain a power of P, called NSE(P), using
the following relation

bl

NEP)=— 2
" Z,- 171(1- P)

(2)

Last, we conpute the nunber of subjects needed to be included to obtained a
power of P, called NN (P) using

SE (b,)
NSE(P)

NNI(P)=N" (3)

where Nis the initial nunmber of subjects in the given design and SE(Q) t he
correspondi ng predicted SE of for the given design
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1.6.2. Equi val ence test

Conput ati on of the expected power

The Wald test can be used to asses the equival ence of a covariate effect

In PFIM the WAld test is performed on the of each category for each
covariate, a global Wald test on the vector (all effect coefficients) is
not i npl enent ed.

For one covariate and an effect of one category (K=2), the null
hypothesis is Hy: { - L[ or + .} while the alternative hypothesis is H:
{- L +1}. H is conposed of two unilateral hypothesis H,,:{ - } and

Ho.o :{ + (. Equivalence between two covariate effects can be concluded if

and only if the two hypotheses H,, and H,,, are rejected.
The two statistics of the unilateral Wald test under the null hypothesis

- U
are defined as, SMDL:m—DUL and SMDL:b DUL with b the covariate effect
SE(b) SE(b)
estimates and, its associated standard error. Under H;, when = ;wth

[- &, U, we then conpute the power of the equivalence Wald test defined
as:

b, +D A
P =1-f -2 "L ifb,l [-D,0 4
equi Zl—a SE(bl) 1 [ L ] ( )
b,- D A
P =f - - —L  jfb,l [0,4D 5
- % E ) .1 [0.+D,] (5)
wher e is the cunulative distribution function of the standard nornal

distribution and Z is such that f(z)=1-a.

@I n equival ence test ;is usually chosen to be zero.

Using the covariate effect bl fixed by the user, the corresponding standard

error SE(b,) is predicted by PFIM 3.2 for a given design and the val ues of
popul ati on paraneters.

Conput ati on of the nunber of subjects needed

The nunber of subjects needed to achieve a power P to show equival ence
between two covariate effects using the Wald test is also conmputed. First,
fromequations (4) and (5), we conpute the SE needed on to obtain a power
of P, called NSE(P), using the follow ng rel ation:

NSE(P):_Za('f’]j_—'l(T_)P) if b,1 [-D,,0] (6)
NSE(P):ia'_t:lf—J_’f();)) if b, 7 [0,+D,] (7)
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wher e is the cunulative distribution function of the standard nornal
distribution and Z is such that f(z)=1-a.

Last, we conpute the nunber of subjects needed to be included to obtained a
power of P, called NNI(P) using the equation (3) like for conparison test.

1.7. Ref er ences

[1]. Bazzoli C, Retout S, Mentré F. Fisher information matrix for nonlinear
m xed effects nultiple response nodels: evaluation of the first order
linearization using a pharnmacokinetic/pharnmacodynan cs nodel. Statistics in
Medi ci ne. 2009 28(14): 1940-56.

[2]. Retout S, Mentré F. Further developnents of the Fisher information
matrix in nonlinear mxed effects nbdels with evaluation in population
phar macoki netics. Journal of Biopharmaceutical Statistics. 2003 13(2)
209- 27.

[3]. Retout S, Conmets E, Sanson A, Mentré F. Design in nonlinear mxed
effects nodels: Optimzation using the Federov-Wnn al gorithm and power of
the Wald test for binary covariates. Statistics in Medicine. 2007 26(28)
5162-79.

[4]. Nguyen TT, Bazzoli C, Mentré F. Design evaluation and optim zation in
crossover pharmacokinetic studies analysed by nonlinear mxed effect
nmodel s. Application to bioequivalence or interaction trials. Anerican
Conf erence on Pharnmaconetrics. 2009, Mystic, United-States.

[5]. Bertrand J, Mentré F. Mathematical Expressions of the Pharmacokinetic
and Phar macodynami ¢ Model s i mpl enent ed in t he MONOLI X software
(http://ww. nonolix.org). 2008.

21



2. Installation

2. 1. Pre-requi renment
Like for PFIM 3.0, the software R is required. For an optinal use of PFIM
3.2, several packages m ght be needed in the R library directory:
- for differential equation system to describe the nodel: *“odesolve”
and “nl me” packages
- for the Federov-Wnn al gorithm “conbinat” package

@Oonpared to PFIM 3.0, an additional package “numDeriv” is needed for the
comput ation of the full Fisher information matrix.

The easiest way to install packages is directly from the web. To install
t he packages odesolve, nlne, conbinat and nunDeriv, start R and choose the
Packages item fromthe nmenu. Choose Install package(s) from CRAN to instal
from the web (you will see a list of all available packages pop up --
choose odesol ve, nlme conbinat and nunDeriv).

To install PFIM 3.2, the user has to downl oad the package named PFIM 3.2
avai | abl e on the webpage www. pfi m biostat.fr.

2. 2. Conponent s
The PFIM 3.2 package includes two main folders called:
- PRIM3.2
- Exanples

The folder PFIM 3.2 is conposed of 3 principal files and one fol der
- The 3 principal files are:
o The main function (progranm) file (PFIM. 2.r)
o The input file (Stdin.r)
0o The nodel file (nodel.r).

- The folder is called Programand contains 10 files of functions:
o PfinB.2opl.r: To conpute the Dblock diagonal Fi sher
Information matrix (option 1) to evaluate a popul ation design
using an analytical formto describe the nodel.
o PfinOPT3.20pl.r: To conpute the block diagonal Fisher
Information matrix (option 1) to optimse a popul ation design
using an analytical formto describe the node
o EQPfinB.2o0pl.r: To conpute the block diagonal Fi sher
Information matrix (option 1) to evaluate a popul ation design
using a differential equation systemto describe the nodel
0 EQPfinOPT3.20pl.r: To conpute the block diagonal Fisher
Information matrix (option 1) to optimse a popul ation design
using a differential equation systemto describe the nodel
o PfinB.2op2.r: To conpute the full Fisher Information matrix
(option 2) to evaluate a popul ation design using an anal ytical
formto describe the nodel.
o PfinOPT3.20p2.r: To conpute the full Fisher Infornmation
matrix (option 2) to optimse a population design using an
anal ytical formto describe the node
o EQPfinB.20p2.r: To conpute the full Fisher Infornation
matrix (option 2) to evaluate a population design using a
differential equation systemto describe the node
o EQPfinmOPT3.20p2.r: To conpute the full Fisher Infornmation
matrix (option 2) to optinmse a population design using a
differential equation systemto describe the nodel
0 Algosinplex3.2.r: To use the Sinplex algorithm
o initfedoR ¢ and classfed.h: To compile the dl
o |ibFED.dlI: The dynamic library of the Federov-Wnn

al gorithm

o algofedorov3.2.r: To use the dynamc library |ibFED.dII
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o librayPK.r: To use the library of pharmacokinetic nodels

o |ibrayPD. PDdesign.r: To wuse the library of immediate
response pharmacodynam ¢ nodel s al one

o |librayPD. PKPDdesign.r: To use the library of pharnacodynam c
nodel s linked to pharnmacokinetic nodels both witten using
anal ytical form

0 CreateMddel PKPDdesign.r: To use t he libraries of
phar macoki neti ¢ and pharnmacodynani c nodels when they are
witing either with different forns or both with
differential equation systens.

@ The files in the folder Program should not be changed.

The folder called Exanples contains the exanple files. The docunentation
which gives their description is included in the package PFIMB.2 with this
docunent at i on.

To install PFIM 3.2, create a directory (for exanple directory “U\\M
Docunent s\\ PFI M 3. 2”) and downl oad the package PFIM 3. 2.

3. Use
3.1. Working directory
- Create a working directory, for exanple:
“U\\My Docunent s\\ PFI M 3. 2_exanpl es\\ Exanpl el”
- Copy the files PFIM3.2.r, Stdin.r and nodel.r in this directory
- Inthe file “PFIMB.2.1r", specify your working directory:
directory<-“U \\ My Docunent s\\ PFI M 3. 2_exanpl es\\ Exanpl el”

- Then, specify your programdirectory i.e. where is the folder called
Program

directory. progrank-“U \\ My Docunent s\\ PFI M 3. 2\ \ Pr ogr anf

- Save the file PFIM3. 2.r

3. 2. Model writting

Conpared to PFIM 3.0, there is no change in the way to wite a nodel using
an analytical formor a differential equation systemfor single or nultiple
response nodel s using the user defined option.

The main change is to wite a PK/PD nodel using the libraries of nodels.
Thus, several exanples are presented below with the different ways of
writing nodel s.

3.2. 1. Exanple 1: Single response with a PK or a PD nodel
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1. PK nodel using an analytical formwith the library of nobdels

In this illustration, the user creates a one response nodel wusing the nodel
function inplenented in the pharnmacokinetic library (Oall_l1cpt_kaVC ) describing a
one conpartnent oral absorption after a multiple dose administration (nd). N and
tau are the needed variables and thus, they have to be specified by the user in the
function nodel. Here, we have five oral admnistration doses with an interval
between two doses equal to twelve hours.

source(paste(directory. programdirsep,"LibraryPK r", sep=""))

formA<-Oral 1_1cpt _kaVd _nd(N=5, tau=12)[[1]]
forms-c(formd)

2. PK nodel using a differential equation formwith the library of nobdels

In this illustration, the user creates a one response nodel wusing the nodel
function inplemented in the pharmacokinetic library (bolus_lcpt_WWnkm describing a
one conpartnent bolus input with Mckaelis-Menten elimnation after a single dose
adm nistration (sd). The dose is specified in a part of the Rscript file stdin.r:
time.condinit<-0

condi ni t <-expressi on(c(100)) # dose=100

source(paste(directory. programdirsep,"LibraryPK r", sep=""))

f or mED<- bol us_1cpt _Wnkm()

3. PK nodel using a differential equation formwith the library of nodels

In this illustration, the user creates a one response nodel wusing the nodel
function inmplemented in the pharnacokinetic library  (infusion_1lcpt_WWnkm
describing a one conpartnment infusion input with Mckaelis-Menten elimnationafter
a single dose admnistration (sd). The dose is specified as an argunent of the PK
function in the file nodel.r, not in the initial condition described in a part of
the R-script file stdin.r:

time.condinit<-0

condi ni t <-expressi on(c(0))

source(paste(directory. programdirsep,"LibraryPK r", sep=""))

f or mED<-i nfusi on_1cpt _VVnknm(doseMVE100, Ti nf=1)

4. PD nodel using an analytical formwith the Iibrary of nodels

In this illustration, the user creates a one response nodel wusing the nodel
function inplenented in the library (imed_lin_null) describing an inmmediate
response nodel with a linear drug action and wi thout baseline.

sour ce(paste(directory. programdirsep, "Li braryPD PDdesign.r", sep=""))

formA<-immed lin_null ()[[1]]
fornx-c(form)

3.2.2. Exanpl e 2: Two responses defined by a PK/ PD nodel

5. PK nodel with a linear elimnation + inmedi ate response PD nodel

In this illustration the user creates for the PK npdel, a one conpartnent nodel
with bolus input and first order elimnation for a single dose, and for the PD
nmodel, an inmediate response nodel with a linear drug action and no baseline is
used. As shown in the exanple, the PK nodel is given as an argunent of the PD nodel .
Thus, in the PD npdel the drug concentration corresponds to the expression of the
PK nodel .

source(paste(directory. programdirsep,"LibraryPK r", sep=""))
source(paste(directory. programdirsep, "Li braryPD PKPDdesi gn.r", sep=""))
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formA<-bol us_lcpt _VKk()[[1
fornB<-i medPD_|in_null (f
form-c(formA, fornB)

1]
ormy) [[1]]

6. PK nodel with a linear elimnation + turnover response PD nodel

In this exanple, the user creates a PK/PD nodel with a one conpartnent bol us input
for the PK and a turnover response nodel with an inhibition on the input for the
PD, using the function create_fornED. The dose is specified in a part of the R
script file stdin.r.

source(paste(directory. programdirsep, " Creat eMbdel PKPDdesi gn.r", sep=""))

create_fornED(bol us_1cpt _VK, turn_i nput _I max)

7. PK nodel with a Mckaelis-Menten elimnation + i medi ate response PD
nodel

In this exanple, the user creates a PK/PD nodel with a one conpartnent infusion
input with Mckaelis-Menten elinmnation for the PK and an i medi ate response nodel

with a linear drug action and no baseline for the PD, using the function
create_fornED. In this case, the user needs to specify the dose (here equal to 100)
and the duration of infusion (here equal to 1 hour)as arguments, not in the

initial condition described in a part of the Rscript file stdin.r.

source(paste(directory. programdirsep, " Creat eMbdel PKPDdesi gn.r", sep=""))

create_fornED(i nfusion_lcpt_WnkminmredPD |in_null, doseMviE100, Tl nf =1)

3. 3. CGeneral objects required for Evaluation and Optim sation

According to the new features in PFIM 3.2, only sone objects have been
added or nodified in the input file naned by default: stdin.r.

3.3. 1. Ful | or block diagonal fisher information matrix

The follow ng object has been added:

- option: i nteger indicating expression of the information matri x:
- 1 for block diagonal
- 2 for full
3.3.2. Graph option

This list of objects has been nodified in the version PFIM 3.2. It allows
to draw a graph with the evaluated design (evaluation step) or the
optinm sed design (optimsation step).

Conpared to the version 3.0 of PFIM the object nanes.data has to be
repl aced by the two follow ngs objects:

- names. dat ax: character vector for the names of X axis for each graph
that corresponds to each type of neasurenent (the length
of this vector nust be equal to the nunber of responses).

- names. dat ay: character vector for the names of Y axis for each graph
that corresponds to each type of neasurenent (the length
of this vector nust be equal to the nunber of responses).
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3. 4. ojects required only for 10V option

The following list of objects is associated to the specification of the
inter-occasion variability in the nodel.

- n_occ: integer indicating the nunber of occasions.
Exanpl e: n_occ=2

- gammm: vector of the p variances of the random effects
for inter-occasion variability.

3. 5. njects required only for covariate option

This list of objects allows to specify the inclusion of covariate effects
on sone paraneters of the nodel. In the stdin.r, it appears just before the
object required for the optim sation. The user can now include in the nodel
covariates that do not change with occasion and/or covariates that change
wit h occasi on.

3.5. 1. Covari ates not changing with occasion

If the wuser wants to deal wth covariates which do not change wth
occasion, he has to specify the foll owi ng object.

- covari at e. nodel : I ogical value; if T, covariates are added to the
nodel

If the user has filled in by T the previous object, he has to specify the
foll owi ng obj ects:

- covari ate. nane: list of character indicating the name of the
covari ate(s) Exanple:
covari ate. nane<-list(c(“Gender”))

- covari ate. category: list of vectors of categories. Each vector is
associated to one covariate and defines its
correspondi ng categories. They can be witten as
character or integer. Exanple:

covari ate. category<-list(Gender=c(“F","M))

- covariate. proportions: list of vectors of proportions. Each vector is
associated to one covariate and defines the
correspondi ng proportions of subjects involved
in each correspondi ng categories. Exanple:

covari ate. proportions<-list(Gender=c(0.5,0.5))

- paraneter.associ at ed: list of vectors of paraneter(s) associated with
each covariate. Each vector is associated to one
covariate and is defined by the corresponding
paraneters on which is added the covariate
Exanpl e:

par anmet er . associ at ed<-1i st (Gender=c(d, V))

@ Nanme of the paraneter(s) has to be identical
to those entered in the object paraneters.
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- beta.covariate: list of the values of paraneters for all other
categories than the reference category (for

whi ch beta=0. Exanpl e:
beta.covariate<-list(Gender=list(c(0.5,0.6)))

3.5.2. Covari ates changing with occasion

If the user wants to deal with covariates which change with occasion, he
has to specify the follow ng object.

- covariate_occ. nodel : | ogical value; if T, covariates changing wth
occasion are added to the nodel

If the user has filled in by T the previous object, he has to specify the
foll owi ng obj ects:

- covari ate_occ. nane: list of character indicating the nane of the
covari ate(s) Exanple:
covari ate_occ. nanme<-list(c(“Treat”))

- covariate occ.category: |list of vectors of categories. Each vector is
associated to one covariate and defines its
correspondi ng categories. They can be witten as
character or integer. Exanple:

covari ate_occ. category<-list(Treat=c(“A","B"))

- covariate_occ.sequence: list of vectors of sequences. Each vector is
associated to one sequence of val ues  of
covariates at each occasion. The size of each
sequence has to be equal to the nunber of
occasions (n_occ) for each covariate. Exanpl e:
covari at e_occ. sequence<-
list(Treat=list(c(“A","B"),c(“B","A"))

- covariate occ.proportions: list of vectors of proportions. Each vector is
associated to one covariate and defines the
proportions of elenmentary designs corresponding
to each sequence of covariate values. The size
of each vector has to be equal to the nunber of
sequences. Exanpl e:
covari ate_occ. proportions<-
list(Treat=list(0.5,0.5))

par anet er _occ. associ at ed: list of vectors of paraneter(s) associated with
each covariate. Each vector is associated to one
covariate and is defined by the corresponding
paraneters on which is added the covariate.
Exanpl e:
par anet er _occ. associ ated<-list(Treat=c(C))

@ Nanme of the paraneter(s) has to be identical
to those entered in the object paraneters.
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bet a. covari ate_occ: list of the values of paranmeters for all other
categories than the reference category for which
bet a=0. Exanpl e:
bet a. covari ate_occ<-
list(Treat=list(c(log(1.1)))

3. 6. ohjects required only for conputation of power and nunber of
subj ects needed for conparison test or equival ence test

To conpute the expected power to detect covariate effects as to
compute the nunber of subjects needed to achieve a given power, the
previ ous object covariate.nodel has to be filling in by T.

Additional R objects are required to be created.

The follow ng object is needed for both options

- al pha: the value of the type one error for the Wald
test. Exanple: al pha<-0.05

It is possible to conpute either the expected power only or the nunber of
subj ects needed for a given power or both of them together

- conput e. power logical value, if T the expected power for
conparison test is conputed for each covariate
Exanpl e:

conput e. power <-T

- conput e. nni |l ogical value, if T the nunber of subjects
needed for a given power for conparison test is
comput ed for each covariate. Exanple:
compute.nni <-T

- interval eq vector of equival ence interval. Exanple
i nterval _eqg<-c(log(0.8),10g(1.25))

- conput e. power _eq logical value, if T the expected power for
equi val ence test is conputed for each covariate.
Exanpl e:

conput e. power _eq<-T

- conpute.nni_eq logical value, if T the nunber of subjects
needed for a given power for equivalence test is
conputed for each covariate. Exanple:
conmpute.nni _eq<-T

- given. power the value of the given power for conparison
and/ or equival ence test. Exanple:
gi ven. power<-0.9
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4. Results

The results are witten in the output file called by default stdout.r. This
file is different when only evaluation or optimsation is perforned.
Conpared to the one conmputed in PFIM 3.0, the file is only nodified when
inter-occasion variability and/or covariate options are added. It is only
detailed bel ow for evaluation but it is simlar for optimsation.

Figure 1 represents the output file from the design evaluation of a nodel
with covariates effect and inter-occasion variability.

The user can read on the Figure 1:
@ The nane of the function used: PFIM 3. 2.

@ The nane of the project and the date.

@A summary of the input: nodel (s), sanpling tines in the elenentary
designs for each nodel(s), doses or initial conditions and subjects
corresponding to those designs, residual variance error nodel for each
nmodel (s), random effect nodel, error tolerances for the solver of
differential equations system if wused, a summary for inter-occasion
variability, a summary of the covariate nodel

The nunber of occasions
Each covariate not changing wth occasion, its (their)

paraneters associ at ed, categories wth their name and their
correspondi ng proportions of subjects.

@ Each covariate changing with occasi on, its (their)
paranmeters associated, categories wth their name and their
correspondi ng proportions of subjects. The list of the sequence of
val ues of categories for each occasi on and each covari ate.

If the evaluation has been performed using the full or the

bl ock di agonal expression of the Fisher information matrix

@The popul ation Fisher information matrix, a dinmfdim symetric matrix
where dimis the total nunmber of popul ation paraneters to be estimated.

@ The value of each population paraneter with the expected standard
error on each paranmeter and the correspondi ng coefficient of variation.

The value of the variance of the random effects for inter-

occasion variability with the expected standard error on each
paranmeter and the correspondi ng coefficient of variation.

&>
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The val ue of the determ nant of the Fisher information matrix and the
value of the criterion (determinant®(1/dim, where dimis the total nunber
of popul ati on paraneters).

@ Results from the conparison test: the value and the exponential of
the value of each covariate paraneter with the correspondi ng 95% confi dence
interval of the paranmeter, the predicted value of the power of the Wald
test and the nunber of subjects needed to detect this covariate effect with
the given type one error and the given power.

Results from the equival ence test: the value and the exponential of
the value of each covariate paraneter with the correspondi ng 90% confi dence
interval of the paraneter, the power of the Wald test and the nunber of
subj ects needed to achieve the given power for this covariate effect wth
the given type one error and the given interval of equival ence.
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Figure 1. Exanple of design evaluation output file with covariate effect and inter-
occasion variability

I stdout - Bloc-notes
Fichier Ediion Format Affichage 7

PFIM 3.2

Project: Evaluation|

00

Date: Mon Nowv 09 12:56:17 2009

Yedededededededededodededodededoddndededdn dedodedede . TNPUT SUMMARY ¥ dode dode dede dodedede dede dedede dededo e e dede e de dede e e o \

Analytical function models

expression(dose/v * ka/(ka (C1/v)) * (exp(-(Cl/v) * t) - exp(-ka * t)))

Population design:

sample times for response: A Number of subjects per group
e(0.5, 1. 1.5 2. "4 6, 8)

S—
Number of occasions: 2 @ I

Random effect model: Trand 2

vVariance error model response A : ( 0.1 + 0 *f)A2

Covariate model

NB: Covariates are additive on log parameters

Covariates not changing with occasion

Covariate 1 : Sex (V) |

Categories References Proportions
(1) M ¥ 0.5
(2) F 0.5

Covariates changing with occasion

Covariate 1 : Treat ( C1 )
Categories References <::::>
(1) A *

(2) B

Sequences Proportions
(1) AB 0.5
2 B A 0.5

Computation of the Fisher information matrix: option = 1 <::£1> ,/




I stdout - Bloc-notes

Fichier Edition Format Affichage 2

A

Rk Rdk Rk Rk Rk RkEy DOPULATION FISHER INFORMATION MATRIX ®®%wddikdkdfikiiikyr =

52

416.506227 -13.4811500
0.0000000
-13.481150
0.0000000
2.954419
0.0000000
52 -20.133552
0.0000000
3.338525

2.9544192 -20.133552 3
0.0000000 0.000000e+00

35.9417231 0.7377353 63.
0.0000000 0.000000e+00

0.7377353 118.8958000 1.
0.0000000 0O.000000e+00

63.8625471  1.2190840 223.
0.0000000 0.000000e+00

0.9205728 97.7874996 1.

0.0000000 O.000000e+00

0.0000000 0.0000000 O
0.2982775 7.435142e+02

0.0000000  0.0000000 O

1655.4320267 0.2283933 1.193624e+01

0.000000 0.0000000  0.0000000 O
0.2283933 1931.0450129 1.694860e-01

0.000000 0.0000000 0.0000000 O.

0

0

0

3385249 . 0000000

862547  0.9205728 .0000000

219084 97. 0000000

518915 1.5772928

0
0
7874996 0.
0.0000000
0

577293 787.6304989 .0000000

.000000 . 0000000 .4533533

0. 000000 . 000000 .0000000 19.4161602

.000000 .0000000 0.2982775

000000 .0000000 743.5141701
13.1198267 0.1694950 1.698208e+04
0.000000  0.0000000  0.0000000
830.4501953 0.1438598 4.603848e+03
0.000000 0.0000000 0.0000000
0.1576277 965.5452976 6.137608e+01
0.000000 0.0000000

37.9361098 932.8112567

.000000 .0000000 11.9362439

. 000000 . 0000000 0.1694860

s ST . BN o MO o Y s R o RS o |

0.0000000
2.607999%e+03

-000000 -0000000 799.0732545

VoONRHGOHRFOOOOO

-000000e+00
.000000e+00
. 000000e+00
-000000e+00
.000000e+00
.311983e+01
.304502e+02
.576277e-01
.603848e+03
.716325e+04
.639794e+01
-938145e+02

.000000e+00
.000000e+00
.000000e+00
.000000e+00
.000000e+00
.694950e-01
.438598e-01
.655453e+02
.137608e+01
.639794e+01
.550467e+04
.037868e+03 68337.

.00000
U1
.00000
0

0.
799.
488.
37.
2607 .
1665.
593.

00000

00000
00000
07325
90337
93611
99948
95731
81447
31799
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(gi ven power =0. 9)

(gi ven power=0.9)
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Mor eover,

the PFIM) function returns the followi ng R objects:

Dose
prot: design evaluated for each response
subj ects: nunber of subjects for each group

nfisher: the population Fisher information matrix
determinant: the determnant of the population Fisher information
mat ri x
crit: the value of the criterion
p: the vector of the fixed effect paraneters
se: the vector of the expected standard errors for each paraneter
cv: the corresponding coefficients of variation, expressed in percent.
sunmary. exp.power: a matrix wth each row corresponding to each
covariate, the nane of the covariates, the associated effect paraneter,
the 95% confidence interval, and the predicted power as col ums
summary.nni: a matrix with each row corresponding to each covariate
the name of the covariates, the associated effect paraneter, the 95%
confidence interval and the nunber of subjects needed as col um



