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Drug Development
Starts as an idea ... becomes a medicine (if it deserves to be)
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Drug Development
The idea though can be a puzzle at the start
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Model-Informed Drug Development
Modeling and Simulation: inform decision support as pieces are fit together
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Modeling and Simulation: how do we make our models all the better?

Scenario 1:  Company A develops a model that helps to carry the pieces more 
easily through development. They called this a “one-compartment barrow”, 
and boast at ACoP10 that it accelerated development into Phase 1 … 
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Modeling and Simulation: how do we make our models all the better?

Scenario 1: … but they hide the model. Because how else can Company A 
make money off the drug? 
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7PageModel-Informed Drug Development
Modeling and Simulation: how do we make our models all the better?

Scenario 1:  … the repercussions: Company B, C, D, … Z see the fancy 
presentation at ACoP10 and want a “one-compartment barrow”, too. 

From bootlegged photos, they go to work… 
“It looked like it had a sled arch on the bottom with some kind of hook; a labmate 

did a model like that in grad school. I can work with my adviser and we’ll have 
it recreated in no time; shouldn’t take more than 2 weeks” Company X

“Let’s form an internal working group…” Company H

“There’s this private-public consortium, we give them all of our data, then they 
develop a model that they’ll sell back later as a black box” Companies O, M, Y

“Pfft, I’ll use machine learning; it can solve anything, even without data…” 
Company G
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Modeling and Simulation: how do we make our models all the better?

Scenario 1:  … 6 months later…. 

We need to show management some progress!

“I know but with the new semester about to start and 3 more NIH grant 
applications, it’s slow but they are making progress (I think?)...” Company X

“Our working group has reached out and engaged key stakeholders, leveraged 
synergies, and is ensuring with resource utilization that the modeling will be 
impactful …” Company H

“Legal only let us share summary level placebo data and the goals alignment is, 
well, complicated... but, we’ve trademarked the term ‘OC barrow’ and assured 
management that we’re streamlining efficiencies.” Companies O, M, Y

“I’ve trained my AI algorithm to perfectly fit both data points…” Company G
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Modeling and Simulation: how do we make our models all the better?

Scenario 1:  … meanwhile, back at Company A… “well, we didn’t see that (AE) 
coming”
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Modeling and Simulation: how do we make our models all the better?

Scenario 1:  … Company A… “we’re exiting this therapeutic area, close everything 
up and send it to archive...”
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Modeling and Simulation: how do we make our models all the better?

Scenario 2: Company A develops a model that helps to carry the pieces more 
easily through development. They called this a “one-compartment barrow”, 
and boast at ACoP10 that it accelerated development into Phase 1 … 
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Modeling and Simulation: how do we make our models all the better?

Scenario 2:  … and they know the model could be made even better, so they 
share it on (DDMoRe, github, biomodels, …). Because how better can Company 
A multiply their progress from program to program?
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Modeling and Simulation: how do we make our models all the better?

Scenario 2: … the advancement: Company B, C, D, … Z see the fancy 
presentation at ACoP10 and want a “one-compartment barrow”, too. 

From the open-source code, they go to work… 
“If we add a second wheel up front it will be less likely to tip over...” Company X

“Let’s build and add a Shiny app to help visualize the results and path forward…” 
Company H

“You know, if we share ideas: what do you think about 4 wheels and an engine...” 
Company O, M, Y

“And we could add an algorithm for better fitting and then use those new 
verification and validation standards to show its cross-application 
performance...” Company G
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Modeling and Simulation: how do we make our models all the better?

Scenario 2: … 6 months later…. 

We can’t wait to show management the progress!

“This is great, everyone on the team is playing around with the model. That 
steering wheel Shiny app that H added was great ...” Company X

“We’ve identified other therapeutic areas that this will work for, too …” 
Company H

“That VVUQ stuff sounded too complicated but now that the whole community 
is using the model, we’re more confident that (investors, regulators, payers) 
will be asking for the results, too ... ” Company O, M, Y

“Oh, that “enhanced barrow”, as you’re calling it now, is going to like a clunky old 
pickup truck when you see what we’re about to add next …” Company G
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Modeling and Simulation: how do we make our models all the better?

Scenario 2: … meanwhile, back at Company A… “well, we didn’t see that (AE) 
coming”
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Modeling and Simulation: how do we make our models all the better?

Scenario 2:… Companies A-Z… “we may be exiting this therapeutic, though with 
improved model-informed decision support we’re so much more confident in these 
next development programs...”
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Open Model-Informed Drug Development
Ok sure, it’s idealistic, though ... how could it really work?

Open-Source and Open-Science to Progress the Integration of 
Pharmacometrics and Systems Pharmacology
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ERK Model

Cardio-Renal 
Model

Mineral and Bone 
Health Model

Examples: integrated Pharmacometrics and Systems Pharmacology (iPSP) 
Open Model-Informed Drug Development

OSPSuite

https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.1287

https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.1287
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Peterson and Riggs. Bone 2010

Mineral and Bone 
Health Model

Open Model-Informed Drug Development
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Mineral and Bone 
Health Model

Code: Open-Source R 
with mrgsolve

Open Model-Informed Drug Development
Promoting Open-Source, Open Science Community Involvement on GitHub: 
https://github.com/metrumresearchgroup/OpenBoneMin

https://github.com/metrumresearchgroup/OpenBoneMin
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Source: https://github.com/hallowkm/RenalModel/blob/master/Schematic.png

Open Model-Informed Drug Development

Cardio-Renal Model

https://github.com/hallowkm/RenalModel/blob/master/Schematic.png
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Cardio-Renal Model

Code: Open-Source R 
with RxODE/nlmixR

Shiny app: 
http://qsp.engr.uga.edu:3838/CVRm

od/

Open Model-Informed Drug Development
Promoting Open-Source, Open Science Community Involvement on GitHub: 
https://github.com/hallowkm/RenalModel

http://qsp.engr.uga.edu:3838/CVRmod/
http://qsp.engr.uga.edu:3838/CVRmod/
https://github.com/hallowkm/RenalModel
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Gebremichael, Y., Lahu, G., Vakilynejad, M., & Hallow, K. 
M. (2019). J Pharmacokinet Pharmacodyn, 46(1), 15–25.

Open iPSP-Informed Drug Development

Cardio-Renal Model

Integrated PK/PD 
model for direct renin 
inhibitor: imarikiren
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Fig 4 of Helmlinger, G., Sokolov, V., Peskov, K., Hallow, K. M., Kosinsky, Y., 
Voronova, V., … Penland, R. C. (2019). CPT: PSP, 8(6), 380–395.

Open iPSP-Informed Drug Development

Cardio-Renal Model

Integrated PK/PD 
model for SGLT 

inhibition

Brady, J. A., & Hallow, K. M. (2017). 
Model-Based Evaluation of Proximal Sodium 
Reabsorption Through SGLT2 in Health and 
Diabetes and the Effect of Inhibition With 
Canagliflozin. J  Clin Pharmacol. 

Hallow, K. M., Greasley, P. J., Helmlinger, G., 
Chu, L., Heerspink, H. J., & Boulton, D. W. 
(2018). Evaluation of renal and 
cardiovascular protection mechanisms of 
SGLT2 inhibitors: model-based analysis of 
clinical data. Am J  Phys. Ren Phys, 315(5), 
F1295–F1306.

Hallow, K. M., Helmlinger, G., Greasley, P. J., 
McMurray, J. J. V., & Boulton, D. W. (2018). 
Why do SGLT2 inhibitors reduce heart 
failure hospitalization? A differential volume 
regulation hypothesis. Diabetes, Obesity & 
Metabolism, 20(3), 479–487.

Helmlinger, G., Sokolov, V., Peskov, K., 
Hallow, K. M., Kosinsky, Y., Voronova, V., … 
Penland, R. C. (2019). Quantitative Systems 
Pharmacology: An Exemplar Model-Building 
Workflow With Applications in 
Cardiovascular, Metabolic, and Oncology 
Drug Development. CPT: PSP, 8(6), 380–395.
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Fig 4 of Helmlinger, G., Sokolov, V., Peskov, K., Hallow, K. M., Kosinsky, Y., 
Voronova, V., … Penland, R. C. (2019). CPT: PSP, 8(6), 380–395.

Open iPSP-Informed Drug Development

Cardio-Renal Model

Integrated PK/PD 
model for SGLT 

inhibition
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Source: https://www.nature.com/articles/s41540-017-0016-1

Open Model-Informed Drug Development

ERK Model

Kirouac, D. C., Schaefer, G., Chan, J., Merchant, M., 
Orr, C., Huang, S.-M. A., … Ramanujan, S. (2017). NPJ 
Systems Biology and Applications, 3, 14.

https://www.nature.com/articles/s41540-017-0016-1
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Promoting Open-Source, Open Science through Supplementary Materials (and 
GitHub) 

ERK Model

Code: MatLab files in 
Supplement

Conversion to 
R/mrgsolve on 

GitHub

Kirouac, D. C., Schaefer, G., Chan, J., Merchant, M., 
Orr, C., Huang, S.-M. A., … Ramanujan, S. (2017). NPJ 
Systems Biology and Applications, 3, 14.

https://www.nature.com/articles/s41540-017-0016-1
https://github.com/metrumresearchgroup/cic-2017#erki
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Promoting Open-Source, Open Science Community Involvement on GitHub: 
https://github.com/Open-Systems-Pharmacology 

OSPSuite

https://github.com/Open-Systems-Pharmacology


29PageOpen Model-Informed Drug Development

OSPSuite

PBPK Models 
(PK-Sim)

Bio Models (MoBi)
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Peterson and Riggs. Bone 2010

Taking a Deeper Dive

How did this model 
come to be?

How has it expanded?

How did it come back 
years later (with extra 

wheels) to help 
Sponsor again?

Open Model-Informed Drug Development
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The question: Can we better understand (and predict) the inter-rational effects of dmab and the time-courses of on/off t effects?

Denosumab: RANKL inhibition -↓ Bone Resorption
-  Can we better understand the other changes 
(e.g., bone formation marker, serum calcium and 
PTH)? Should we be concerned? 



32PageiPSP: A Case Study
The question: Can we better understand (and predict) the inter-rational effects of dmab and the time-courses of on/off t effects?

Denosumab: RANKL inhibition 
↓ available RANKL
↓ RANK--RANKL interaction
↓ Osteoclast activity (sCTx)
↓ Activation of TGF-β
↓ Osteoblast activity (BSAP)
↑ bone mineral density (BMD)

-↓ Calcium release from bone
-↓ Serum calcium 
-↓ Ca sensing in PT gland
-↑ PTH release (calcium-sparing)

Latent TGFβ

Ac
tiv

e T
GFβ



33PageiPSP: Integrate Existing Data & Models
Literature and in-house information is often available to inform model parameter and disease state effects

Calcium Absorption Calcium Excretion PTH Secretion Bone Therapeutics
Anabolic 

(teriparatide, 2004)      

Catabolic (denosumab, 2006)

Disease States
Hyper- and hypo-PTH

CKD-MBD (Rix et al.  1999) 

e.g., Peacock and Nordin 
1968

e.g., Heaney et al. 
1997

e.g., Ramirez et al. 
1993

Calcium Homeostasis Bone Remodeling Intracellular Signaling

e.g., Raposo et al. 2002 e.g., LeMaire et al. 2004 e.g., Bellido et al. 2003

Multiscale Model
Peterson MC and Riggs MM (2010) A physiologically based mathematical model of integrated calcium homeostasis and bone 
remodeling. Bone 46:49-63. 



34PageiPSP: A Case Study
The question: Can we better understand (and predict) the inter-rational effects of dmab and the time-courses of on/off  effects?

Multiscale Model

Peterson MC and Riggs MM (2010) A physiologically 
based mathematical model of integrated calcium 
homeostasis and bone remodeling. Bone 46:49-63. 
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Denosumab: RANKL inhibition → Bone Marker Changes

3
5

Dose-Ranging: 6 → 210 
mg, Q3M and Q6M, d/c, 

re-Tx

Fig.3 and 4; Peterson MC and Riggs MM,. CPT: Pharmacometrics & Systems Pharmacology (2012) 1, e14; doi:10.1038/psp.2012.15 



36PageiPSP: Expand to Predict Clinical Outcome

Denosumab: RANKL inhibition → Bone Markers → BMD Change

3
6

Dose-Ranging: 6 → 210 
mg, Q3M and Q6M, d/c, 

re-Tx

Fig. 5; Peterson MC and Riggs 
MM,. CPT: Pharmacometrics & 
Systems Pharmacology (2012) 1, 
e14; doi:10.1038/psp.2012.15 
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Evaluate prior tests’ 
persistent hyperPTH 
and minimal BMD 
changes.  Can PK / 
binding improve target

K. Baron, M. Riggs, R. Sawamura, T. Shimizu, F. Okada, J. Zhou, T. Shibayama, and M. 
Jansen. An evaluation of calcilytic effects on parathyroid hormone and bone mineral 
density response using a physiologically-based, multiscale systems pharmacology model. 
J. Bone Miner. Res. 28, (Suppl 1, 2013). 

PT gland capacity limits maximal PTH response 

Limited maximal PTH response (confirmed in Ph 1) = 
would likely limit BMD response

Question: Were prior results a “class effect” or was this still a viable target?

Updated 
Existing 

Systems Pcol

Open iPSP Calcilytic, target for osteoporosis?
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Evaluate time and 
magnitude of changes 
in candidate 
biomarkers. Define 
therapeutic index.

P. A. Milligan, M. J. Brown, B. Marchant, S. W. Martin, P. H. van der Graaf, N. Benson, G. 
Nucci, D. J. Nichols, R. A. Boyd, J. W. Mandema, S. Krishnaswami, S. Zwillich, D. Gruben, 
R. J. Anziano, T. C. Stock, and R. L. Lalonde. Model-based drug development: a rational 
approach to efficiently accelerate drug development. Clin Pharmacol Ther, 93(6):502–14, 
Jun 2013. 

Updated 
Existing 

Systems Pcol
Logistic 
PK-PD

Question: Can we design a shorter trial? Which biomarker(s) to target 
response to optimize efficacy while staying below a threshold for BMD loss?

   

“ ... targeting the GnRH pathway to 
achieve the desired range of 
serum estrogen levels would be 
difficult to achieve; therefore, the 
research program was halted 
before any compound entered 
the clinic.”

Open iPSP GnRH modulation for endometriosis?
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Q
u

estio
n

Validate 
Existing 

Systems Pcol

Phase 1 → 
Phase 3

Inform 
Approval

+
Model validation using 
sponsor data; then 
simulate varied dosing 
regimens to compare 
predicted impact on 
calciuria

Question: Is QD dosing the safest and most effective dosing regimen?
Open iPSP PTH, replacement in hypoPTH

Presented by FDA September 12, 2014 Meeting of 
the Endocrinologic and Metabolic Drugs Advisory 
Committee (UCM413617) by Manoj Khurana, PhD 
Immo Zadezensky, PhD Nitin Mehrotra, PhD 



40Page

Clinical data
FDA suggested BID or 

sustained release likely to 
retain efficacy while 

minimizing risk of 
hypercalciuria  

PTH for 
Hypoparathyroidism

Model Evaluation With added confidence, investigate the question
Open science opens doors

Presented at FDA September 12, 2014 Meeting of the Endocrinologic and Metabolic Drugs 
Advisory Committee (UCM413617) by Manoj Khurana, PhD Immo Zadezensky, PhD Nitin 
Mehrotra, PhD 
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PAGE 28 (2019) Abstr 9002 
[www.page-meeting.org/?abstract=9002]

Open iPSP PTH, replacement in hypoPTH
Question: Is QD dosing the safest and most effective dosing regimen?

http://www.page-meeting.org/?abstract=9002
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Chronic Kidney Disease-Mineral Bone Disorder

Riggs MM, Baron KT, Melhelm M (2018) Multiscale physiology-based modeling of mineral bone disorder in patients with chronic kidney disease and 
secondary hyperparathyroidism on hemodialysis: application to etelcalcetide treatment effects on calcium homeostasis. ACoP9 Abstract #T-078. 

Model comes full circle, applied now to another Amgen-Sponsored Program
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Routine 
Compliance 

with Best 
Practices

Expanded Access 
and Application

Serial vs Parallel 
Communal Progress

Public 
Vetting/ 

Acceptance

Transparency 
Set Against 

Performance 
Standards (e.g., 

VVUQ)

iPSP Open-Source and Open-Science 
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+1 860 735 7043

info@metrumrg.com

Headquarters: 
2 Tunxis Rd. Suite 112 Tariffville, CT 06081

Cambridge Innovation Center (CIC) 
1 Broadway, Cambridge, MA 02142

www.metrumrg.com

Questions?

Matthew Riggs, Ph.D.
mattr@metrumrg.com 

mailto:mattr@metrumrg.com

