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“Ultimately, the submission documentation should contain sufficient 
information to allow reviewers and risk assessors to understand model 
assumptions, independently reproduce simulations, and evaluate the quality 
of the analysis and validity of the resulting conclusions (Loizou et al., 2008)”
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https://github.com/metrumresearchgroup/cptpsp-tutorial-2019

https://github.com/metrumresearchgroup/cptpsp-tutorial-2019
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● Open-Source

○ transparency
○ reproducibility
○ active community
○ accessible and portable
○ … these can feed credibility

● Maximize utility of R ecosystem
○ data manipulation
○ graphics
○ estimation algorithms 
○ sensitivity analysis 
○ interactive visualization

Torsten
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Torsten

Why mrgsolve in R?
● Open-source
● Flexible (ODE-based)
● Combines efficiency (C++ core) 

and convenience (R interface)
● Built for pharmacometric 

applications (event handling, 
NM-TRAN like datasets, patient 
population (mixed effects), etc…)

● Compatible with R ecosystem 



6

Confidential

PageGeneral mrgsolve workflow

Adapted from Elmokadem, A. et al., CPT:PSP (2019)
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Lin and Wong.  Pharmaceutics 2017. 
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● Mechanistic approach to explaining PK
○ Integrating in-vitro data (metabolism, permeability)
○ a priori predictions
○ Confirm/refine with experimental data
○ Exposure predictions in different tissues or organs (skin, eyes, lungs, 

brain, etc..)
● First principles -> Bottom-up approach -> Scalability:

○ Inter-species
○ Within-species differences: Age (maturational), Disease, 

Genotype/Phenotype, etc
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● Special populations 

○ pregnant woman/fetus
○ pediatrics
○ rare diseases

● Environmental toxicology
● Translational studies
● Drug-drug interactions
● Drug absorption characterization

○ oral
○ topical
○ nasal/inhalation
○ alternative routes
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Aligns well with ASME V&V 

credibility workflow —>

https://nanohub.org/courses/UQ/ss2015/asset/9466
ASME V&V 10 2006 (Guide Figure)

https://nanohub.org/courses/UQ/ss2015/asset/9466
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understand model assumptions, independently 
reproduce simulations, and evaluate the quality

Adapted from Elmokadem, A. et al., CPT:PSP (2019)
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Adapted from Zane and Thakker, Clin Pharmacokinet (2014) 53:1171–1182

(a) Can we reproduce this research?
(b) Can we do better?

understand model assumptions, independently 
reproduce simulations, and evaluate the quality

Adult
Pediatric
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Reproduce simulation results

Adapted from Elmokadem, A. et al., CPT:PSP (2019)
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Run sensitivity analysis to find most influential parameters:

- Graphical. Vignette: https://mrgsolve.github.io/docs/reference/knobs.html

https://mrgsolve.github.io/docs/reference/knobs.html


17

Confidential

Page
- Local (FME package https://cran.r-project.org/web/packages/FME/index.html). Vignette: 

https://github.com/metrumresearchgroup/ub-cdse-2019/blob/master/content/tools_sensitivity_local.
md 

- Global (sensitivity package 
https://cran.r-project.org/web/packages/sensitivity/index.html). Vignette: 
https://github.com/metrumresearchgroup/pbpk-qsp-mrgsolve/blob/master/docs/global_sen
sitivity_analysis.md

https://cran.r-project.org/web/packages/FME/index.html
https://github.com/metrumresearchgroup/ub-cdse-2019/blob/master/content/tools_sensitivity_local.md
https://github.com/metrumresearchgroup/ub-cdse-2019/blob/master/content/tools_sensitivity_local.md
https://cran.r-project.org/web/packages/sensitivity/index.html
https://github.com/metrumresearchgroup/pbpk-qsp-mrgsolve/blob/master/docs/global_sensitivity_analysis.md
https://github.com/metrumresearchgroup/pbpk-qsp-mrgsolve/blob/master/docs/global_sensitivity_analysis.md
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Optimize for most influential parameters

- minqa https://cran.r-project.org/web/packages/minqa/index.html 
- nloptr https://cran.r-project.org/web/packages/nloptr/index.html

Vignette: 
https://github.com/metrumresearchgroup/pbpk-qsp-mrgsolve/blob/master/docs/oatp_ddi_optimization.md

https://cran.r-project.org/web/packages/minqa/index.html
https://cran.r-project.org/web/packages/nloptr/index.html
https://github.com/metrumresearchgroup/pbpk-qsp-mrgsolve/blob/master/docs/oatp_ddi_optimization.md
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  dxdt_GUTLUMEN = -ka*GUTLUMEN;

  dxdt_GUT = ka*GUTLUMEN + Qgu*(Carterial - Cgut/(Kpgu/BP));

PBPK Application - Voriconazole
Explore alternative mechanisms:

- Intestinal metabolism 

Lumen

Circulation

ka

  dxdt_GUTLUMEN = -kd*GUTLUMEN;

  dxdt_GUTWALL = kd*GUTLUMEN - ka*GUTWALL - CL_GUT*GUTWALL;

  dxdt_GUT = ka*GUTWALL + Qgu*(Carterial - Cgut/(Kpgu/BP));

Lumen

Circulation

ka

kd

Enterocyte metabolism
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Build an interactive interface:

https://www.metrumrg.com/publication/prediction-of-maternal-fetal-exposures-of-cyp450-metab
olized-drugs-using-physiologic-pharmacokinetic-modeling-implemented-in-r-and-mrgsolve/

https://www.metrumrg.com/publication/prediction-of-maternal-fetal-exposures-of-cyp450-metabolized-drugs-using-physiologic-pharmacokinetic-modeling-implemented-in-r-and-mrgsolve/
https://www.metrumrg.com/publication/prediction-of-maternal-fetal-exposures-of-cyp450-metabolized-drugs-using-physiologic-pharmacokinetic-modeling-implemented-in-r-and-mrgsolve/
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Adapted from Kirouac, Daniel C. et al., npj Systems 
Biology and Applications (2017) 14

understand model assumptions, independently 
reproduce simulations, and evaluate the quality
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● vemurafenib: BRAF inhibitor (selective for V600E mutant)
● cobimetinib: MEK inhibitor
● cetuximab: EGFR antibody
● GDC-0994: ERK inhibitor

Adapted from Kirouac, Daniel C. et al., npj Systems 
Biology and Applications (2017) 14

sims <- mutate(sims, out = 

parallel::mclapply(object,sim, Vp = vp, Mod = 

mod))

Adapted from Elmokadem, A. et al., CPT:PSP (2019)
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● NHANES https://www.cdc.gov/nchs/nhanes/index.htm
● ICRP http://www.icrp.org/publication.asp?id=ICRP%20Publication%2089
● Enzyme expression 

https://www.jstage.jst.go.jp/article/dmpk/21/5/21_5_357/_article
● mrgsolve vignettes https://mrgsolve.github.io/vignettes/
● Open Systems Pharmacology (PK-Sim®/MoBi®) 

http://www.systems-biology.com/products/pk-sim.html

https://www.cdc.gov/nchs/nhanes/index.htm
http://www.icrp.org/publication.asp?id=ICRP%20Publication%2089
https://www.jstage.jst.go.jp/article/dmpk/21/5/21_5_357/_article
https://mrgsolve.github.io/vignettes/
http://www.systems-biology.com/products/pk-sim.html
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Thank You


