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Introduction

The pharmacometrics (PMX) workflow has routine steps (see Figure 1).

The automation of these steps saves time and money, reduces the risk of

errors, and increases reproducibility. Currently, several excellent tools are

available and used to enhance the PMX workflow.[1-12] However, to the

best of our knowledge, there is no open-source tool to support assembling

PMX datasets.

Conclusions

The puzzle package is a powerful and efficient tool that helps modelers, programmers and pharmacometricians through the difficult and complex process of 

assembling PMX datasets and it is the first open-source tool supporting this step of the PMX workflow.

Methods

Puzzle consists of a series of functions written in R that are able to create from tabulated files, PMX datasets compatible with the NONMEM® formatting. 

Results
The puzzle() function easily assembles complex PMX

datasets. Users are able to select from different absorption

processes such as zero- and first-order, or a combination of

both. Furthermore, datasets containing data from one or

more analytes, and/or one or more responses, and/or time

in- and/or dependent, and/or event varying covariates,

and/or urine data can be simultaneously assembled.
The default output of puzzle() is a “.csv” file. If no name is

specified in nm, the output is a data frame that can be further

manipulated in R. The puzzle package can be installed in R

using: devtools::install_github("syneoshealth/puzzle").

Objective

To develop an R package to simplify the time consuming and error prone

task of assembling PMX datasets in order to speed up and increase the

reproducibility of the PMX workflow.
Figure 1. Typical pharmacometrics workflow.

puzzle::puzzle(

directory=file.path(your_path),

order=0,

pk=list(name="pk.csv"), 

pd=list(name="pd.csv"), 

dose=list(name="dose.csv"),      

cov=list(name="covariate.csv"),

coercion=list(name="coercion.txt"),

nm=list(name="PKPD.csv"))

Figure 3. Example of the PMX dataset produced by puzzle().

The puzzle() function simultaneously assembles the PK,

PD, dose and covariate information to return a NONMEM®

ready dataset (i.e. “PKPD.csv”). The variable type of

observation (i.e. TYPE) has been created and appended to

the “PKPD.csv” file. It always has a value of 0 for dosing

event and values of 1 and 2 for PK, and PD observations,

respectively. A bolus administration has been specified with
the argument order (i.e. order=0),. Additionally, puzzle()

appends useful items to the output: a placeholder to ignore

records (i.e. C), the time after dose (i.e. TAD), the log of the

DV (i.e. LDV), the event identification (i.e. EVID), the

missing dependent variable item (i.e. MDV), the

compartment item (i.e. CMT), and others (not showed). After

running puzzle(), if there are characters to be coerced, or

categories to be defined in character variables, an automatic

coercion message will be printed in the R console.

Furthermore, if specified when calling puzzle(), (i.e. coercion=list(name="coercion.txt")) a “.txt” file will be created (i.e. “coercion.txt”). This file

will contain the information of the coerced variables. In this example: CMT: 1=pk, 2=pd and SEX: 0=F, 1=M.

puzzle() has additional arguments to increase its flexibility: extratimes, adds extra times to obtain smooth predictions; optionalcolumns, allows

adding extra columns defined in the dose.csv file; fillcolumns, uses the last observation carried forward to fill columns added with optionalcolumns;

parallel, lets the user to define a sequential zero and first order absorption process; datetimeformats, defines the format for date and time;

timeunits, defines the units for time; timezone, allows the user to change the location to compute the time according to time zones; initialindex,

defines the initial value for coerced variables; arrange, may be used to arrange variables; na.strings, defines the value for a not available value;

missingvalues, defines the value for missings, and nocoercioncolums, allows dropping variables to be coerced.
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Figure 2. Example of the structure of the tabulated files required by puzzle().Example of puzzle() in action:

A pharmacokinetic (PK) and pharmacodynamics (PD) dataset assuming bolus administration, and including time dependent covariates (i.e. body weight)

will be assembled using the tabulated files depicted in Figure 2. The R syntax is presented below and the output from puzzle() is represented in Figure 3.


