- Population design in nonlinear mixed effects multiple response models:
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nfluence of the design on the precision of popafaparameter estimates ultiple response mo

-> importance of the choice of the design - Extension of M for multiple responses [3]
= Population design evaluation and optimisation basethe Fisher information - Using the same method as for a model with siregponse
matrix (Mg)

- Relevance never shown by repeated simulation study

« Single response model
- Linearisation of the model using a first order @xgion [1]
- Relevance of this approach demonstrated on réal[@h

= Evaluation by simulation of the relevance of theeagion of M for multiple response model using a first ordeeaston

« Population design = for multiple responses

. i Barplot of the predicted and empirical relative stand errors (RSE)(%) for fixed effects (left
- Definition for single response = ={& NJE N lég N b part), variances of the random effects and of tisidual errors (right part).
- N subjects divided in Q groups of, Bubjects with the same elementary 3 O rocom

design, = {ty, b, ...t : NgSamples and their allocation in time

- Definition for multiple responses={(&,&,.. &< | N} {(&3, &2... &) N ;.. [(68, &3... &5 ) No )
- Elementary designs composed of several sub-dé,%lgnl, .. K, associated
with the K'type of response

«» Nonlinear mixed effects model for oneindividual i among N i RSE.p_red|cted by PFIM equivalent to those predibieGAEM
= Empirical RSE

* PFIM, FOCE, SAEM in the same range

NCN + Larger RSE for FO, especially $as,andw?.s,
fl(g‘ '(‘2) *Convergence only for 853 data files
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- Vector of observations;¥omposed of the vectors for the K responses
- Each response described by a nonlinear functidedending o
- The vector of individual parameteis

_An e|ememary desig@ T Boxplots of the RSE (%) for the fixed effects, vanés of the random effects and of the residualrsrro
L T (8,,.67) estimated from 1000 replicates by :
« Statistical model

> FO, FOCE and the two methods of computation oBStén SAEM (linearisation $Aand Louis method $4)

F(6.6) =

« For individuali, k" response Yoo = £ (88 + £,(Tpuey + T 1,(6,61))
- For individuali, K responses Y, =F(8,.6)+ & O(Tinter + Tsiope D F(6.6))
g are supposed to be independent from one type pbnse to the other

« Mg for multiple responses: linearisation of the model using a first order
expansion> approximation of the variance and the expectation
F(a(80).6) DF(a(5.0.6+ FUEDD)
- Implementation of this first order extension of Mor mL;:IotipIe responses in PFIM
« Estimation methods in smultaneous approach
- NONMEM (FO and FOCE methods): linearisation

- MONOLIX (SAEM algorithm): stochastic approach
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* PK mode = Population design  =={(¢™,&) N} é;ﬁz, Y=o El Lo s
- One compartment model *§7={0.166,6,12} N =100 ’ ’ ’ R e R ! B

«6P<: Cland V « §P0={0.166,6,12,20}
* Proportional error model

_ N\
+ PD model . \ i
« Emax model 5.
* 9°°: EO , Emax and C50
 Additive error model

[ B Beo o oy Sy’
= For FO, range of RSE and empirical RSE much |atfggam:
* RSE predicted by PFIM
* RSE with FOCE and SAEM
= Close distribution of RSE for FOCE and for theslnisation method of SAEM
« Predicted RSE of PFIM in accordance with empirR8E

Bias (%) (upper part) and RMSE (%) (lower part) tbe fixed effects, the variances of the random
- Computation of the predicted relative standardrer{RSE) obtained with the effects and of the residual errors with the thresthrods of estimation.

extension of PFIM for this PKPD example

Comparison to the predicted RSE obtained with an exact method Es
- Computation of Mwith the SAEM algorithm (MONOLIX 2.1) [4] § g o O Fo (000) 8- H_m
* Louis method [5] R ¥ FOCE (853) o e s
- Simulation of one data set with 10000 subjectsriter to acquire Po B Pem B P goommum e el ek el 00 Ol Sl
asymptotic properties of M> Rescale of SE for N=100 subjects g E} 8
Comparison to the empirical RSE (NONMEM V and MONOL X 2.1) g J: Hm g L
- Simulation of 1000 data sets (R software) o e oo o- O b= L= o LI L
- Estimation of the population parameters fa By Fem Fu P Go B O Gem Gon Tuem T
* NONMEM V (FO and FOCE) * MONOLIX 2.1 (SAEM) = Large bias and RMSE for the FO method
- For each method of estimation = Reasonable bias and RMSE for FO@Ed SAEM  *convergence only for 853 data files

* Computation of the empirical RSE defined as ttamdard
deviation on the 1000 estimates of each parameter

Comparison to the distribution of the RSE obtained on each data set for = Relevance of the SE computed from dding a first order extension for multiple
each parameter with : response model _ _ -
-NONMEM V (FO and FOCE) and MONOLIX 2.1 (SAEM) - extension of PFIM PFIM 3.0 [6] will be available atvww.pfim.biostat.fr
* Computation of the SE = Despite linearisation, predicted SE close to Stiobtl with FOCE and SAEM
- Linearisation - Louis method b

Computation of biasand RM SE (%)
- Comparison of the three estimation methods FO, F@RZESAEM = Part of this work was supported by a grant frordiéffmann - La Roche Ltd.
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