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The npde library for R to ompute normalised predition distribution errorsEmmanuelle Cometsa,b, Thi Huyen Tram Nguyena,b and Frane Mentréa,b
aINSERM, UMR 738Paris, Franeemmanuelle.omets�inserm.fr
bUniv Paris DiderotSorbonne Paris CitéParis, FraneMots lefs : Non-linear mixed e�et models; model evaluation; normalised predition distri-bution errorsObjetives: Over the last few years, several new approahes inluding VPC (Visual PreditiveChek) [1℄, predition disrepanies (pd) [2℄ and normalised predition distribution errors (npde)[3℄ have been proposed to evaluate nonlinear mixed e�et models. npde are now inluded inthe output of NONMEM [4℄ and Monolix [5℄, and we reated a R library to failitate theomputation of pd and npde using simulations under the model [6℄. We propose a new versionof this library with methods to handle data below the limit of quanti�ation (BQL) [7℄ andnew diagnosti graphs [8℄.Methods: BQL data ourr in many PK/PD appliations, partiularly in HIV/HCV trialswhere multi-therapies are now so e�ient that viral loads beome undetetable after a shorttreatment period. These data are generally omitted from diagnosti graphs, introduing biases.Here, we propose to impute the pd for a BQL observation by sampling in U(0,pBQL) where pBQLis the model-predited probability of being BQL. To ompute the npde, ensored observationsare �rst imputed from the imputed pd, using the preditive distribution funtion obtained bysimulations, then npde are omputed for the ompleted dataset [3℄.New graphial diagnostis inlude a graph of the empirial umulative distribution funtion ofpd and npde. Predition intervals, obtained using simulations under the model, an be addedto eah graph to assess how the distribution of observed data and metris ompare to theexpeted distribution under the model. Tests an be performed to ompare the distribution ofthe npde relative to the expeted standard normal distribution. In addition, graphs and teststo help seleting ovariate models have been added [9℄.These extensions were implemented in a new version of the npde library. The new library usesS4 lasses from R to provide an easier user-interfae to the many new graphs, while remainingmostly ompatible with the previous version. Exeptions are that omputing the pd in additionto the npde is now a default option. Several new options are also available in the omputations.Results: We illustrate the new library on data simulated using the design of the COPHAR3-ANRS 134 trial. In the trial, viral loads were measured for 6 months in 34 naive HIV-infetedpatients after initiation of a tri-therapy, and up to 50% of data were BQL. Ignoring BQL dataresults in biased and uninformative diagnosti plots, whih are muh improved when pd areimputed. Adding predition intervals is very useful to highlight departures from the model.



Conlusion: Version 2 of the npde library implements a new method to handle BQL data, aswell as new graphs, inluding VPC and predition intervals for distributions.Referenes[1℄ Holford N (2005). The Visual Preditive Chek: superiority to standard diagnosti (Rorshah)plots. 14th meeting of the Population Approah Group in Europe, Pamplona, Spain, (Abstr738).[2℄ Mentré F and S Esolano S (2006). Predition disrepanies for the evaluation of nonlinearmixed-e�ets models. J Pharmaokinet Biopharm, 33, 345-67.[3℄ Brendel K, Comets E, La�ont C, Laveille C, Mentré F (2006). Metris for external modelevaluation with an appliation to the population pharmaokinetis of glilazide. Pharm Res,23, 2036-49.[4℄ Beal S, Sheiner LB, Boekmann A, Bauer RJ (2009). NONMEM User's Guides. (1989-2009),Ion Development Solutions, Elliott City, MD, USA.[5℄ Lavielle M (2010). MONOLIX (MOdèles NOn LInéaires à e�ets miXtes) User Guide.MONOLIX group, Orsay, Frane. URL: http://software.monolix.org/[6℄ Comets E, Brendel K, Mentré F (2008). Computing normalised predition distributionerrors to evaluate nonlinear mixed-e�et models: The npde add-on pakage for R. ComputMeth Prog Biomed; 90, 154-66.[7℄ Nguyen THT, Comets E, Mentré F (2011). Predition disrepanies (pd) for evaluation ofmodels with data under limit of quanti�ation. 20th meeting of the Population Approah Groupin Europe, Athens, Greee, (Abstr 2182).[8℄ Comets E, Brendel K, Mentré F (2010). Model evaluation in nonlinear mixed e�et models,with appliations to pharmaokinetis. J-SFdS: 1, 106-28.[9℄ Brendel K, Comets E, La�ont C, Mentré F (2010). Evaluation of di�erent tests based onobservations for external model evaluation of population analyses. J Pharmaokinet Pharma-odyn; 37,49-65.


