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LICENCE

This program is free software; you can redistribute it and/or modify it under the terms of the GNU General Public License as published by the Free Software Foundation; either version 2 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License for more details.

You should have received a copy of the GNU General Public License along with this program (see file gpl.txt); if not, write to the Free Software Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

We request that use of this software be cited in publications as:

S. Retout & F. Mentré. Optimisation of individual and population designs using Splus. Journal of Pharmacokinetics and Pharmacodynamics. 2003 30(6): 417-443. 

******************************************************************************

This Splus function is a tool for the optimisation of population designs in the context of population pharmacokinetics. Optimisation is performed by minimising the inverse of the D-optimal criterion using the simplex algorithm. This criterion requires to compute the Fisher information matrix for nonlinear mixed effects models. The computation is similar to that performed in the PFIM 1.2 Splus function for the evaluation of population designs, the same options (Option 1 or Option 2) being available. Users can refer to the notice of the PFIM 1.2 function for details. 

PFIMOPT 1.0 optimises statistical or exact designs in constrained intervals, given a total number of samples. In the case of exact optimisation, the group structure of the design is fixed: the number of elementary designs, the number of samples per design and the number of subjects per elementary design are given and the design variables to optimise are only the sampling times. In the case of statistical optimisation, the maximum number of elementary designs and the number of sampling times per elementary design are fixed; the sampling times and the proportions of subjects in each elementary design are then optimised. 

An initial population design needs to be supplied to start the optimisation. From this initial design, initial vertices for the simplex algorithm are derived, reducing successively each component by 20% (a default value which can be changed) from the original component.

Details on this tool and the evaluation of its performance are reported in [1].

PFIMOPT 1.0 is developed for Splus version 6 and version 2000, and for R version 1.7.0.

Reference:

[1]. S. Retout & F. Mentré. Optimisation of individual and population designs using Splus. Journal of Pharmacokinetics and Pharmacodynamics. 2003 30(6): 417-443. 

INSTALLATION:

The PFIMOPT Splus tool is composed of five files: 

a file for the main program (PFIMOPT1.0.ssc),

two files of functions which should not be changed (PfimOPT1.0op1.ssc and PfimOPT1.0op2.ssc),

a file of input (StdinOPT.ssc),

a file for the model (model.ssc).



To install PFIMOPT 1.0, create a directory (for example directory “D:\\d-Mes Documents\\Sylvie\\PFIMOPT1.0\\Program”) and copy the program files Pfim1.2op1.ssc and Pfim1.2op2.ssc in it. 


USE:

1) 
Create a working directory, for example: 

“D:\\d-Mes Documents\\Sylvie\\PFIMOPT1.0\\Example1

2) Copy the files PFIMOPT1.0.ssc and StdinOPT.ssc in this directory.

3)  In the file “PFIMOPT1.0.ssc”, specify your working directory:




directory<-"D:\\d-Mes Documents\\Sylvie\\PFIMOPT1.0\\Example1"




Then specify your program directory :




directory.program<-"D:\\d-Mes Documents\\Sylvie\\PFIMOPT1.0\\Program"




and save this file.

4) Write the structural model in a file "model.ssc".

The time is denoted by t. The dose may be 1. The structural model should be written as an expression object and assigned in an object called ‘form’.


example: 


- One compartment model with first order absorption in the file 


"model.ssc" :

form<-expression((1/v * ka)/(ka - ke) * (exp( - ke * t) - exp( - ka * t)))

If the model is defined as a piecewise function over intervals with different expressions, write these expressions in the object ‘form’, which in this case is a vector of expressions. For example, if you want to give three expressions:


form<-c(expression(model1),expression(model2),expression(model3))

5) Write the population information in the input file "StdinOPT.ssc" :


In this file, the following S-PLUS objects must be created: 


- project:

Character string indicating the name of the project

- file.model:
Character string giving the name of the file where the structural model is written

- output:
Character string giving the name of the file in which the results should be printed. 

- option:
Option used for the computation of the matrix


1 for a simplified computation; 2 for a complete computation

- parameters:
vector of p character strings for the names of the fixed effects parameters

- beta:
vector containing the p variances of the random effects (assuming the variance matrix is diagonal) 

- omega:
diagonal matrix p*p of the variance of the random effects. Only the vector of the p variances should be given

- sig.inter and sig.slope:
values of the parameters for the residual variance error model given by var()=(interslope*f)2
- Trand:

type of between-subject variance model :

1 for additive between-subject variance model, 2 for exponential

- tf:
If the model is defined over intervals by different expressions, vector containing the last values of each time interval. The first expression will be used up to the first time of tf (included), the second expression from the first time (excluded) to the second time of tf included, et cetera...

- dose.identical: logical value : ‘T’ if the dose is the same for

all elementary design2, ‘N’ if not.

- dose:
value of the dose if dose.identical==T; otherwise, vector of the q doses for each elementary design

- prot.init:
initial population design: list of q vectors of elementary designs. Each vector contains the sampling times of the corresponding elementary design

- subjects.input:
1 if the subjects per elementary designs are given as numbers, 2 if they are given as proportions

- subjects.init:
vector of the q initial proportions (if subjects.input=2)or of the numbers of subjects in each elementary design (if subjects.input=1).

- Ntot: 
Total number of samples. Ntot is required if the subjects per elementary design are given as proportions, i.e., only if subjects.input=2.

- subjects.opt:
logical value: ‘T’ is the optimisation of the proportions of subjects is required; ‘F’ if not.

- lower and upper: vector of lower and upper admissible sampling times. For example, 2 allowed intervals [0-12] and [48-60] are specified by lower<-c(0,48) and upper<-c(12,60)

- delta.time: 
numeric value for the minimum delay between to successive sampling times

- iter.print: 
logical value to print the iterations (T) or not (F)

- graph.logical:
logical value to illustrate the optimal sampling times in a graph (T) or not (F)

- log.logical:
Character strings for controls of the logarithmic axes for the graphical representation. Values “xy”, “x” or “y” produce log-log or log-x or log-y axes. Standard graphic is given by log.logical<-F

- graph.inf and graph.sup: vectors of lower and upper sampling times for the graph. For example, representation in 2 intervals [0-12], and [48-60] are specified by graph.inf<-c(0,48) and graph.sup<-c(12,60)

- y.range:
vector of lower and upper concentrations for the graph

- simplex.parameter: 
%of changes from initial design for the initial vertices of the simplex algorithm building. Default is 20%

- Max.iter: 
A positive integer specifying the maximum number of iterations allowed (default = 5000)

- Rctol: 
A positive numeric value specifying the tolerance level for the relative convergence criterion of the Simplex algorithm (default = 1e-6)


6) Load the function and the input data in S-PLUS :

source("D:\\d-Mes Documents\\Sylvie\\PFIMOPT\\Example1\\PFIMOPT1.0.ssc"). This can be performed by clicking on the Run button on the window toolbar. 


7) Call the S-PLUS function in the Commands window: PFIMOPT() 


Comment: 

If the between-subject variance of a parameter is assumed to be zero, enter 0 for this variance in omega : PFIMOPT will remove the corresponding row and column in the Fisher information matrix.


RESULTS:


The following results are written to the output file:

· the name of the function used: PFIMOPT 1.0 Option 1 or PFIMOPT 1.0 Option 2

· 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, total number of allowed samples, criterion associated to the initial population design, window of the allowed sampling times, minimum delay between two sampling times and specification of the requirement of the optimisation of the proportions of subjects or not. 

· the optimised design with the number of iteration performed and the number of function evaluations. The status of the convergence (false or achieved) is reported. The value of the criterion associated with the optimised design is reported.

· the population Fisher information matrix, a dim*dim symmetric matrix where dim is the total number of population parameters to be estimated, i.e. dim <= 2p+2

· the expected standard error on each parameter and the corresponding coefficient of variation 

· the value of the determinant of the Fisher information matrix

· the value of the criterion (determinant^(1/dim)) where dim denotes the number of population parameters 

Moreover, the PFIMOPT() function returns the following Splus objects: 

· prot.opti: 
the optimised design

· subjects.opti:
the optimised proportion of subjects

· dose

· mfisher: 
the population Fisher information matrix 

· determinant: 
the determinant of the population Fisher information 

matrix

· crit: the value of the criterion

· se: the vector of the expected standard errors for each parameter

· cv: the corresponding coefficient of variation, i.e. the se %.


Example1:

#########################################################################

##







       








      ##

##



INPUT FILE
 FOR PFIMOPT 1.0    
      




  ##

#########################################################################

#Name of the project:

#-------------------- 

project<-"Example 1"

#Name of the file containing the PK or PD model:

#-----------------------------------------------

file.model<-"model.ssc";

#Name of the output file for the results:

#---------------------------------------

output<-"Stdout_ex1.ssc";

#Option for computation of the matrix: (1) = simplify  (2) = complete 

#--------------------------------------------------------------------

option<-1

#Name of the fixed effects parameters:

#-------------------------------------

parameters<-c('ka','ke','v')

#Fixed effects parameters values:

#--------------------------------

beta<-c(2,0.25,15)

#Diagonal Matrix of variance for the random effects:

#--------------------------------------------------

omega<-diag(c(1,0.25,0.1));

#Standard deviation of the residual error (sig.inter+sig.slope*f)^2:

#------------------------------------------------------------------

sig.inter<-0.5

sig.slope<-0

#Between-subject variance model (1) = additive  (2) = exponential :

#------------------------------------------------------------------

Trand<-2;

#Vector of last times for the intervals of each expression :

#-----------------------------------------------------------

tf<-Inf;

#tf<-c(13,Inf)

#Identical dose in each elementary design (Yes=T, No=F)

#------------------------------------------------------

dose.identical<-T

# If 'Yes', enter the value of the dose, 

# else, enter the vector of the dose values for each elementary design

#--------------------------------------------------------------------

dose<-c(100)

#Initial population design (list of vector of elementary designs)

#---------------------------------------------------------------

prot.init<-list(c(3,5,10)) 

#Subjects input: (1) for number of subjects (2) for proportions of subjects

#---------------------------------------------------------------------------

subjects.input<-1

#Vector of initial proportions or number of subjects per elementary design

#------------------------------------------------------------------------

subjects.init<-c(60)

#If subjects.input=2, give the total number of samples

#------------------------------------------------------

#Ntot<-180

#Optimisation of the proportions of subjects: (Yes=T, No=F)

#--------------------------------------------------------------

subjects.opt<-F

#Vector of lower and upper admissible sampling times

#---------------------------------------------------

lower<-c(0)

upper<-c(12)

#Minimum delay between two sampling times

#-------------------------------------------

delta.time<-0

#Print iteration step (Yes=T, No=F)

#---------------------------------

iter.print<-T

#graphical representation (Yes=T, No=F)

#-------------------------------------

graph.logical<-T

#Controls logarithmic axes for the graphical representation.

#Values "xy", "x", or "y" produce log-log or log-x or log-y axes.

#(For standard graphic, log.logical<-F)

#--------------------------------------------------------------

#log.logical<-'y'

log.logical<-F

#Vector of lower and upper sampling times for the graph

#-------------------------------------------------------

graph.inf<-c(0)

graph.sup<-c(12)

#Vector of lower and upper concentration for the graph

#------------------------------------------------------

y.range<-NULL # default range

#y.range<-c(0,10)

#Parameter for initial simplex building (%)

#------------------------------------------

simplex.parameter<-20

#Maximum iteration number

#------------------------

Max.iter<-5000

#Relative convergence tolerance

#------------------------------ 

Rctol<-1e-6

*Output file* :

PFIMOPT 1.0 Option 1 

Project: Example 1

Date: Tue Nov 25 16:40:34 Par 2003

**************************** INPUT SUMMARY ********************************

Analytical function model:  

(1/v * ka)/(ka - ke) * (exp( - ke * t) - exp( - ka * t)) 

Variance error model: ( 0.5 + 0 f)^2

Between-subject variance model: Trand = 2

Initial population design: 

            subjects dose 

c(3, 5, 10)       60  100

Total number of samples: 180

Associated criterion value: 18.2887

Window of the allowed optimised sampling times:[ 0 12 ] 


Minimum delay between two sampling times: 0

Optimisation of the proportions of subjects: FALSE

**************************** OPTIMISED DESIGN *****************************

Number of iterations: 51

Number of function evaluations: 84

Convergence Achieved

Optimised population design: 

                       subjects.prop subjects dose 

c(0.546, 2.332, 5.691)             1       60  100

Associated optimised criterion: 94.8904

******************* POPULATION FISHER INFORMATION matrix ******************

            [,1]       [,2]        [,3]      [,4]      [,5] 

[1,]  13.4180673   26.17046  -0.7595089  0.000000   0.00000

[2,]  26.1704608 2723.89106  22.1556011  0.000000   0.00000

[3,]  -0.7595089   22.15560   2.0010992  0.000000   0.00000

[4,]   0.0000000    0.00000   0.0000000 24.005937   1.42686

[5,]   0.0000000    0.00000   0.0000000  1.426860 241.52287

[6,]   0.0000000    0.00000   0.0000000  4.326403  57.52391

[7,]   0.0000000    0.00000   0.0000000  8.163367  70.24651

            [,6]       [,7] 

[1,]    0.000000   0.000000

[2,]    0.000000   0.000000

[3,]    0.000000   0.000000

[4,]    4.326403   8.163367

[5,]   57.523906  70.246510

[6,] 1689.355451 149.922954

[7,]  149.922954 147.068442

************************** EXPECTED STANDARD ERRORS ************************

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

    Beta  StdError        CV ..2 

ka  2.00 0.2811900 14.059501   %

ke  0.25 0.0204657  8.186279   %

 v 15.00 0.7561280  5.040853   %

------------------------- Variance of Random Effects ----------------------

   Omega   StdError       CV ..2 

ka  1.00 0.20623101 20.62310   %

ke  0.25 0.06940873 27.76349   %

 v  0.10 0.02552523 25.52523   %

------------------------ Variance of residual error ------------------------

          SIG   StdError       CV ..2 

sig.inter 0.5 0.09376224 18.75245   %

******************************* DETERMINANT ********************************

69271569233269.1

******************************** CRITERION *********************************

94.8903714228572


Example2:

#########################################################################

##







       








      ##

##



INPUT FILE
 FOR PFIMOPT 1.0    
      




  ##

#########################################################################

#Name of the project:

#-------------------- 

project<-"Example 2"

#Name of the file containing the PK or PD model:

#----------------------------------------------

file.model<-"model.ssc";

#Name of the output file for the results:

#---------------------------------------

output<-"Stdout_ex2.ssc";

#Option for computation of the matrix: (1) = simplify  (2) = complete 

#--------------------------------------------------------------------

option<-1

#Name of the fixed effects parameters:

#-------------------------------------

parameters<-c('ka','ke','v')

#Fixed effects parameters values:

#--------------------------------

beta<-c(2,0.25,15)

#Diagonal Matrix of variance for the random effects:

#---------------------------------------------------

omega<-diag(c(1,0.25,0.1));

#Standard deviation of the residual error (sig.inter+sig.slope*f)^2:

#------------------------------------------------------------------

sig.inter<-0.5

sig.slope<-0

#Between-subject variance model (1) = additive  (2) = exponential :

#------------------------------------------------------------------

Trand<-2;

#Vector of last times for the intervals of each expression :

#-----------------------------------------------------------

tf<-Inf;

#tf<-c(13,Inf)

#Identical dose in each elementary design (Yes=T, No=F)

#-------------------------------------------------------------

dose.identical<-F

# If 'Yes', enter the value of the dose, 

# else, enter the vector of the dose values for each elementary design

#--------------------------------------------------------------------

dose<-c(100,125,150)

#Initial population design (list of vector of elementary designs)

#---------------------------------------------------------------

prot.init<-list(c(2,5),c(3,8),c(6,12)) 

#Subjects input: (1) for number of subjects (2) for proportions of subjects

#---------------------------------------------------------------------------

subjects.input<-2

#Vector of initial proportions or number of subjects per elementary design

#------------------------------------------------------------------------

subjects.init<-c(1/3,1/3,1/3)

#If subjects.input=2, give the total number of samples

#-------------------------------------------------------------

Ntot<-180

#Optimisation of the proportions of subjects: (Yes=T, No=F)

#--------------------------------------------------------------

subjects.opt<-T

#Vector of lower and upper admissible sampling times

#---------------------------------------------------

lower<-c(0)

upper<-c(12)

#Minimum delay between two sampling times

#-------------------------------------------

delta.time<-0

#Print iteration step (Yes=T, No=F)

#---------------------------------

iter.print<-T

#graphical representation (Yes=T, No=F)

#-------------------------------------

graph.logical<-T

#Controls logarithmic axes for the graphical representation.

#Values "xy", "x", or "y" produce log-log or log-x or log-y axes.

#(For standard graphic, log.logical<-F)

#--------------------------------------------------------------

#log.logical<-'y'

log.logical<-F

#Vector of lower and upper sampling times for the graph

#------------------------------------------------------

graph.inf<-c(0)

graph.sup<-c(12)

#Vector of lower and upper concentration for the graph

#-----------------------------------------------------

y.range<-NULL # default range

#y.range<-c(0,10)

#Parameter for initial simplex building (%)

#------------------------------------------

simplex.parameter<-20

#Maximum iteration number

#------------------------

Max.iter<-5000

#Relative convergence tolerance

#------------------------------ 

Rctol<-1e-6

*Output file* :

PFIMOPT 1.0 Option 1 

Project: Example 2

Date: Tue Nov 25 16:52:13 Par 2003

**************************** INPUT SUMMARY ********************************

Analytical function model:  

(1/v * ka)/(ka - ke) * (exp( - ke * t) - exp( - ka * t)) 

Variance error model: ( 0.5 + 0 f)^2

Between-subject variance model: Trand = 2

Initial population design: 

          subjects dose 

 c(2, 5) 0.3333333  100

 c(3, 8) 0.3333333  125

c(6, 12) 0.3333333  150

Total number of samples: 180

Associated criterion value: 35.8582

Window of the allowed optimised sampling times:[ 0 12 ] 


Minimum delay between two sampling times: 0

Optimisation of the proportions of subjects: TRUE

**************************** OPTIMISED DESIGN *****************************

Number of iterations: 409

Number of function evaluations: 532

Convergence Achieved

Optimised population design: 

                subjects.prop subjects dose 

c(0.353, 1.574)        0.4528  40.7476  100

c(2.068, 7.534)        0.3033  27.2983  125

 c(12., 11.491)        0.2439  21.9540  150

Associated optimised criterion: 97.2582

******************* POPULATION FISHER INFORMATION matrix ******************

           [,1]       [,2]       [,3]      [,4]       [,5]       [,6] 

[1,]   9.389797   40.46593  -0.391559  0.000000   0.000000    0.00000

[2,]  40.465931 2990.57389  36.165740  0.000000   0.000000    0.00000

[3,]  -0.391559   36.16574   2.399350  0.000000   0.000000    0.00000

[4,]   0.000000    0.00000   0.000000 16.601147   2.332133    2.51951

[5,]   0.000000    0.00000   0.000000  2.332133 261.220504  117.28631

[6,]   0.000000    0.00000   0.000000  2.519510 117.286315 2077.75468

[7,]   0.000000    0.00000   0.000000  5.373850  56.358176  121.24128

          [,7] 

[1,]   0.00000

[2,]   0.00000

[3,]   0.00000

[4,]   5.37385

[5,]  56.35818

[6,] 121.24128

[7,] 207.47167

************************** EXPECTED STANDARD ERRORS ************************

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

    Beta   StdError        CV ..2 

ka  2.00 0.34407734 17.203867   %

ke  0.25 0.02124822  8.499289   %

 v 15.00 0.73044763  4.869651   %

------------------------- Variance of Random Effects ----------------------

   Omega   StdError       CV ..2 

ka  1.00 0.24649366 24.64937   %

ke  0.25 0.06424040 25.69616   %

 v  0.10 0.02248515 22.48515   %

------------------------ Variance of residual error ------------------------

          SIG  StdError       CV ..2 

sig.inter 0.5 0.0726668 14.53336   %

******************************* DETERMINANT ********************************

82316004449569

******************************** CRITERION *********************************

97.258222028896
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