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12th Annual Indiana CTSI Disease and 
Therapeutic Response Modeling and

Simulation Symposium

February 23rd, 2023

A Showcase of Open-Source 
Tools for Scalable, Reproducible 

Pharmacometrics Workflows
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2:30 pm - 2:45 pm  Speaker introductions and 

overview of the ecosystem (Sam)

2:45 pm - 3:30 pm   Model Output (Tim) 

● Introduction to yspec and pmplots

● Model Diagnostics (bbr, yspec, pmplots)

3:30 pm - 4:00 pm   Live demo example with 

yspec and pmplots (Sam) 

4:00 pm - 4:30 pm  Model management with 

bbr (Tim)

4:30 pm   Q&A
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Tim Waterhouse, PhD
Group Leader Statistics, Principal Scientist II

Sam Callisto, PhD
Senior Scientist I, PKPD
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PageMeRGE
Metrum Research Group Ecosystem

We introduce MeRGE through a user-friendly Expo that showcases a suite of tools in the 
context of a simplified population pharmacokinetic (PPK) model. It demonstrates how to 
proceed step-by-step through a PPK modeling and simulation (M&S) analysis, using the same 
process and suite of tools that we use at Metrum Research Group, to ensure traceable and 
reproducible pharmacometrics research.
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MeRGE Main Website:
https://merge.metrumrg.com/

Example Scripts and Slides Presented Today:
https://github.com/metrumresearchgroup/iu-ctsi-2023-merge

https://bit.ly/ctsi-merge

https://merge.metrumrg.com/
https://github.com/metrumresearchgroup/iu-ctsi-2023-merge
https://bit.ly/ctsi-merge


7

Confidential

PageWhy MeRGE?

Example 1: working on a project with a team … consistency, efficiency

For example, tables can be VERY time-consuming to make, especially in a 
traceable manner. The look and content of tables can vary considerably when 
made by different individuals, or even by the same person at different times!

yspec + pmtables makes this MUCH easier!!

Same goes for figures:
yspec + pmplots + mrgsolve + pmforest also makes this MUCH easier!!

Support traceable, reproducible, and scalable pharmacometric analyses
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Example 2: working with stakeholders, I’d like to give them an update  … 
consistency, expectations, ease of communications

“Hey Matt, explain to me why you chose a two vs a one compartmental model? 
And what about that variance structure, are we certain that we have appropriate 
random effects for IIV and residual variability?”

bbr + yspec + pmtable + pmplots + Rmarkdown makes this easy!! 

Support traceable, reproducible, and scalable pharmacometric analyses
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Example 3a: work done 3 years ago, new reg submission and we need to recreate (or 
update) an analysis

“Hey Kyle, remember that empagliflozin work we did a few years ago [1]; we need to some more 
work to bridge into T1DM [2]…”

mpn + pkgr + yspec + bbr + pmtable + pmplots + Rmarkdown (would have) made this easy (ier)!! 

[1] https://link.springer.com/article/10.1007/s13300-016-0174-y
[2] https://accp1.onlinelibrary.wiley.com/doi/abs/10.1002/jcph.1051 

Support traceable, reproducible, and scalable pharmacometric analyses

https://link.springer.com/article/10.1007/s13300-016-0174-y
https://accp1.onlinelibrary.wiley.com/doi/abs/10.1002/jcph.1051
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Example 3b: work done 3 years ago, the people that did the work are not 
available, we need to track down what they did to continue on for a new 
indication…

“Hey Curtis, guess what, we need you to do some work on the empagliflozin 
program…”

Support traceable, reproducible, and scalable pharmacometric analyses
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MPN is a frequently-updated public repository of R packages which 
allows users to access current and previous package versions

● Snapshots taken 
approximately every 2 
months. 

● Allows you to easily install 
a package version along 
with all dependencies 
time-locked to a calendar 
date 

Example of MPN history of the dplyr package
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pkgr is a terminal-based tool which simplifies 
R package installation using yaml files

● Multiple repositories can be specified
● Package-specific modifications can be 

applied (e.g. install all Suggests)
● Threaded processes for quick installation
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Overview of R Packages
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● Standardized plots
○ Exploratory
○ Diagnostic

● Simple / efficient syntax
● Expects standard inputs

○ TIME
○ DV
○ PRED
○ IPRED
○ CWRES

● Batch processing
● "Enough" customization
● Not a new grammar of graphics
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https://metrumresearchgroup.github.io/pmp-book/

https://metrumresearchgroup.github.io/pmp-book/
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Pagemrggsave - save annotated images

● Annotation
○ Source code file name
○ Image output file name

● Save lists of plots
● Interpolate variables into file names
● Save to multiple devices

○ pdf, png, both …
● Set height and width with sensible 

defaults
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● Documentation of analysis data sets
○ Write definitions in yaml format
○ Load into R as object

● Use along all phases of project work
○ Interactive query during DA
○ Generate define.pdf
○ Annotate plots and tables
○ Generate table for report
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Continuous data item

Categorical data items

Column 
name
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Lookup file 
(all definitions used on the project)
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https://metrumresearchgroup.github.io/ysp-book/

https://metrumresearchgroup.github.io/ysp-book/
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https://github.com/metrumresearchgroup/lastdose

https://github.com/metrumresearchgroup/lastdose
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Live Demo Material
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● Read in your spec file

● Change the namespace

● Use the spec flags
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● Read in your model output

○ `read_model` 

○ `model_summary`

● Read in your data

○ `nm_join` - to join your NONMEM 

tables with the original dataset

○ `filter` to the observation records 

○ `yspec_add_factors` to decode 

categorical covariates

Hands-on

https://www.vecteezy.com/free-vector/web
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NPDE vs continuous covariates plot 

● Get covariates of interest from the spec file and make a list of axis labels
○ `pull_meta` to pull in information about the flags and select the appropriate flag

○ `ys_select` those covariates

○ `axis_col_labs` will convert the selected covariates to column axis labels
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NPDE vs continuous covariates plot 

● Get covariates of interest from the spec file 

and make a list of axis labels

● `map` across the covariate list to create all 

plots using `npde_cont` 

● `pm_grid` to display all plots in a grid
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NPDE vs categorical covariates plot 

● Use similar methods to create NPDE plots for 

categorical covariates

Hands-on

https://www.vecteezy.com/free-vector/web
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● The ETA based plots require a dataset filtered to one record per subject

● pmplots package has series of ETA plot functions
○ `eta_pairs` correlation and distribution of model ETAs

○ `eta_cont` ETA vs continuous covariates

○ `eta_cat` ETA vs categorical covariates

● Leverage the information in the spec object in several ways:
○ Extract covariates of interest from the spec flags with `pull_meta` and `ys_select`

○ Axis labels are renamed with the short label in the spec using `axis_col_labs`

○ Numerical categorical covariates are decoded with the `yspec_add_factors` function
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ETA vs categorical covariates plot 

● Define the ETAs of interest 

● Get the covariates from the spec file and use the 
`eta_cat` function to create a list of plots for each 
ETA and covariate pairing
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ETA vs continuous covariates plot 

● `wrap_eta_cont` makes an ETA plot faceted by 
continuous covariates

● `map` over the ETAs to create multiple plots 

Hands-on

https://www.vecteezy.com/free-vector/web
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● Helper function to render the templates (see backups for alternative)

○ Only need to define parameters that differ from the defaults provided in the 
template yaml section

○ Use our `model_diagnostics` helper function to render the plot and 
`browseURL` to pop open the html after creation
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Introduction to bbr
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bbr is an R package developed by MetrumRG. It serves three primary purposes:

- Submit NONMEM models, particularly for execution in parallel and/or on a 
high-performance compute (HPC) cluster (e.g. Metworx).

- Parse NONMEM outputs into R objects to facilitate model evaluation and diagnostics in R.
- Annotate the model development process for easier and more reliable traceability and 

reproducibility.

Walk though:

- Creating and submitting a model
- Iterative model development
- Preview of model evaluation and diagnostics
- Annotation of models with tags, notes, etc.

Follow along on the “Model Management” page and associated code.

* bbr developed in Linux; compatible with Mac OS; continued development in Windows

https://merge.metrumrg.com/zy8x3BETA7R5Ph/posts/model-management-demo.html
https://github.com/metrumresearchgroup/expo1-nonmem-foce/blob/main/script/model-management-demo.Rmd
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Creating a model object from a NONMEM control stream file:

Submitting models for execution:
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Creating a model object from a NONMEM control stream file:

Submitting models for execution:

These other 
arguments let 
you parallelize 
the run, too!
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● Currently runs on SGE; Slurm will be added by end of 2023

Models are run on Sun Grid Engine (SGE), unless otherwise 
specified:

Test the optimum number of threads for a model:
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Creating a new model based on an existing model:

This will copy an existing model (“100”) and make a new one (“101”). You can then 
edit and save 101.ctl accordingly.

Housekeeping: 
● it will “remember” the lineage (you’ll see that later),
● and… can carry over tags. 
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Once you’ve created  a new model based on an existing model:

Compare that model to its “parent” model:
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Parse NONMEM outputs into an R list object:

Create a simple tibble with parameter estimates:
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Add notes to the model:

Add tags to the model:
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Create a “run log” table:
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Join model output with input data:

A single column uniquely identifying each row (e.g., NUM) means 
only one simple $TABLE is needed:

$TABLE NUM CL V1 V2 Q ETAS(1:LAST) IPRED NPDE NOPRINT ONEHEADER FILE=100.tab
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● MeRGE Expo 1 website: 

 http://merge.metrumrg.com/expo/expo1-nonmem-foce/ 

● Package management: MPN and pkgr
○ https://kb.metworx.com/Users/Managing_R_Packages/r-package-management/ 

● VPCs using mrgsolve
○ https://merge.metrumrg.com/expo/expo1-nonmem-foce/posts/pk-vpc-final.html 

● Right sizing workflow
○ https://kb.metworx.com/Users/Getting_Started/rightsizing-workflows/ 

○ https://metrumresearchgroup.github.io/bbr/articles/nonmem-parallel.html 

● General bbr “cheat sheet”: 

https://metrumresearchgroup.github.io/cheatsheets/bbr_nonmem_cheat_sheet.pdf 

● Today’s demo script and slide deck: 
https://github.com/metrumresearchgroup/iu-ctsi-2023-merge 

http://merge.metrumrg.com/expo/expo1-nonmem-foce
https://kb.metworx.com/Users/Managing_R_Packages/r-package-management/
https://merge.metrumrg.com/expo/expo1-nonmem-foce/posts/pk-vpc-final.html
https://kb.metworx.com/Users/Getting_Started/rightsizing-workflows/
https://metrumresearchgroup.github.io/bbr/articles/nonmem-parallel.html
https://metrumresearchgroup.github.io/cheatsheets/bbr_nonmem_cheat_sheet.pdf
https://github.com/metrumresearchgroup/iu-ctsi-2023-merge
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Metworx is a proven scientific platform for quantitative analyses. It offers 
reproducible, traceable, and scalable cloud computing, accessible via a 
simple web browser. By combining per-user high performance computing 
(HPC) clusters, best-in-class security, and IT support, it truly delivers HPC 
for everyone.
The Metworx platform ecosystem brings scientific and technological 
excellence together, enabling your team of scientists with expertise in the 
fields of drug development, statistics, data science, mathematics, 
pharmacology, pharmacometrics, and engineering to take control.
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Metrum Research Group Ecosystem

We introduce MeRGE through a user-friendly Expo that showcases a suite of tools in the 
context of a simplified population pharmacokinetic (PPK) model. It demonstrates how to 
proceed step-by-step through a PPK modeling and simulation (M&S) analysis, using the 
same process and suite of tools that we use at Metrum Research Group, to ensure 
traceable and reproducible pharmacometrics research.

What you’ll find in this Expo:
● Our approach to project set-up, data assembly, M&S 

activities, and reporting.
● Access to example code in a Github repository.
● Information and vignettes on MetrumRG’s suite of tools.
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Backups
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● Define the model specifics 

● Render the Rmd template

Hands-on

https://www.vecteezy.com/free-vector/web

