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What is PsN?

PsN is a toolbox for population PK/PD model building using NONMEM. It has a broad functionality
ranging from simple wrapping of nmfe runs and parameter estimate extraction to advanced computer-
intensive statistical methods and NONMEM job handling in large distributed computing systems. All
PsN tools support NONMEM 7.3 and later and many tools also support NONMEM versions as old
as NONMEM 6.1.

New in PsN 4.8.0

• A new tool, qa, for fast and automatic assumption assessment and quality assurance of
models [1][2][3][4][5]

• A new tool, transform, to manipulate model files. For example to automatically add
IOV or Box-Cox transform ETAs.

• A new optional directory structure using a subdirectory for each model via the option
-model_subdir (see below)

• The addition of support for vpc for mixture models [6]

• Second order approximation added to the linearize tool [7]

• The presentation of meta data (i.e. start time, NONMEM version etc) in a new file,
meta.yaml, which is in a both human and computer readable format

Automatic diagnostic plots

PsN can create and run an R script based on a template. PsN comes with a set of default templates,
e.g. for simeval, but the user can easily modify these templates or create new ones for specific
projects. For example, simeval pheno.mod -samples=1000 -rplots=2 will, by default, create
the file PsN_simeval_plots.pdf with the following plots (and more) in the run directory:

Visual Predictive Check
Conditional weighted residuals vs. Time (Run 0)
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All outlier report table

ID

11

Individual level

OFV outliers (SD)

42

Observation level

EBE NPDE outliers (ETA numbers)

3.951

IWRES outliers

3.821

CWRES outliers

1

16

Correlation graph for EBE NPDE IIV
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EBE NPDE

ETA.1. IIV

mean

ETA.2. IIV

p−value
(H_0: mean==0)

−0.117

variance

−0.029

p−value
(H_0: var==1)

0.394

skewness

0.574

kurtosis

1.031

p−value
(normality)

0.952

0.905

0.341

0.083

0.384

0.333

0.226

0.660

0.109

To test wether the mean is significantly different from 0, a Wilcoxon signed rank test is used.
To test wether the variance is significantly different from 1, a Kolmogorov-Smirnov test is used.
To test wether the distribution is significantly different from a normal distribution, a Shapiro-Wilks test is used.
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Simulation-evaluation based diagnostics
Model filename: pheno.mod; Input datafile: pheno.dta
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Model diagnostics using PsN and Xpose

VPC/NPC
• PsN controls the simulation of new datasets and does the computation needed for the VPC or
NPC. Xpose is invoked via the -rplots option.
vpc run22.mod -samples=1000 -rplots=1

•Options to handle different types of data e.g.:

–Categorical data
–Censored continuous (e.g. BLQ) data
–Categorized continuous data
– Survival data

•Options to perform prediction corrected VPC and prediction + variability corrected VPC
vpc run22.mod -samples=1000 -predcorr -rplots=1

•Wide range of customizable binning and stratification settings
vpc run22.mod -samples=1000 -stratify_on=DOSE -rplots=1

• Automatic handling of log transformed data

QA

Quality assurance, QA, is a new diagnostics tool that will aid in assessing different aspects or
assumptions and quality of a model [1]. A qa run will separately cover the structural model, parameter
model, residual error model, covariate model as well as outliers and influential individuals of a given
model. A QA run gives comprehensive input to where a model might have weaknesses. The main
result table shown below gives a modeller input on how much alternative models would impact OFV.
Other figures and tables give more detailed information.

Figure 1: Overview of QA results from QA report

Structural

TIME

DV CWRES
IDV TIME
dOFV 7.66

Dependent (DV) and independent variable (IDV) used for the structural bias estimation per time (TIME) bin as well
expected improvement in OFV from addressing remaining biases.

Estimated bias
Bin CWRES %CPRED
0.00 : 2.00 0.28 -6
2.00 : 2.55 0.12 -2
2.55 : 11.00 -0.29 6
11.00 : 47.25 0.04 -1
47.25 : 63.50 -0.39 7
63.50 : 83.10 0.20 -4
83.10 : 112.30 0.11 -2
112.30 : 135.50 -0.29 5
135.50 : 159.80 0.19 -4
159.80 : 390.00 -0.02 1

Estimated structural bias in conditionally weighted residuals (CWRES) by time bin and corresponding bias on the
percent conditional model prediction (%CPRED) scale, obtained by inversion of the FOCE-based CWRES equation.
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Estimated structural bias on the percent population prediction (%CPRED) scale vs. binned time (TIME).

2

Figure 2: Estimated structural bias

Parameter Variability Model

Full OMEGA Block

New Old
sd(1) 0.18 0.17
corr(2,1) 0.55 NA
sd(2) 0.15 0.17
dOFV 2.6

Estimated standard deviation (sd) and correlation (corr) as well as expected improvement in OFV when allowing for a
full block correlation structure between subject-level random effects.

Box-Cox Transformation

Lambda New SD Old SD
ETA(1) -0.92 0.18 0.17
ETA(2) 1.33 0.17 0.17
dOFV 2.2

Estimated shape parameters (Lambda) as well as expected improvement in OFV when estimating a Box-Cox transfor-
mation for each subject-level random effect.
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Density of the Box-Cox transformed random effect in comparison with the density of the original (untransformed)
random effect. The rug below the densities indicates the empirical Bayes estimates for the transformed random effect.
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Figure 3: Full omega black and Box-Cox
transformation

New optional directory structure

A new optional directory structure has been introduced. The option -model_subdir, which is
available for all PsN tools, will activate the new structure. It adds a new subdirectory for each model
putting all run directories and result files pertaining to a model in its own directory. As en example
consider the starting directory structure below. The top directory contains two models and datasets.

mydir/
run1.csv
run1.mod
run2.csv
run2.mod

After running execute and bootstrap on both models two directories called run1 and run2 will be
created. These would contain the run directories as well as the generated result files. Compare with
the default flat directory on the right where results from the different models are intermixed. (Note
that the sdtab would need to have different names and that it would be wise to use the -directory
option to keep track of the different run directories in the default scenario.)

mydir/
run1/

bootstrap_dir1/
modelfit_dir1/
run1.lst
sdtab

run2/
bootstrap_dir1/
modelfit_dir1/
run2.lst
sdtab

run1.csv
run1.mod
run2.csv
run2.mod

mydir/
bootstrap_dir1/
bootstrap_dir2/
modelfit_dir1/
modelfit_dir2/
run1.csv
run1.lst
run1.mod
run2.csv
run2.lst
run2.mod
sdtab

The model subdirectory feature was sponsored by


