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Session 1c: A Perspective on integrating Pharmacometrics and Quantitative Systems Pharmacology characteristics using examples
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Systems Pharmacology: Mineral and Bone Health

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

Research Integration with Pharmacometrics

How Does One Inform the Other?

Question(s)

Physiology o Represent physiology (signaling = organs - outcomes)

Use SP and disease model to interpret and predict drug-
related effects

Use drug-related effects to better understand physiology
and disease

Disease Provide a platform for evaluating longitudinal therapeutic
and disease state effects
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SP Development: Integrate Existing Data & Models

Decades of research available to inform model parameter and disease state effects

Anabolic Hyper- and hypo-PTH
(teriparatide, 2004)

Catabolic CKD-MBD (Rix et al. 1999)
(denosumab, 2006)

FRACTION

A ABSORPTION

H
:
i
:
H

oo ¥ 58 8 8 8 &

C Multiscale Model

s
VMETRUM X

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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SP Development: Interrogate Existing Models

What do we know now that we didn’t know then?

Bone Remodeling System Model

V. Lemaire et al. | Journal of Theoretical Biology 229 (2004 ) 293-309
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Much like with indirect response models: Maximal inhibition followed by “off” treatment allows for estimation of RANK-RANKL-OPG kinetics

IiPSP: Use Drug To Inform SP Estimation

Denosumab: RANKL inhibition
WV available RANKL

WV Osteoclast activity (sCTx)
¥ Activation of TGF-$

» \V Osteoblast activity (BSAP)

° A\ bone mineral density (BMD)

- * Calcium release from bone V¥ Bone resorption markers (near immediate)

- Observed Data:

* S i ¥ Bone formation markers (delayed, less pronounced)
- erum caicium ¥ Serum Ca (transient)

- ¥ Ca sensing in PT gland PTH (transient)
- A PTH release (calcium-sparing) - Can these effects be used to develop a single,
physiologically representative model?
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IiPSP: Use Drug To Inform SP Estimation

Much like with indirect response models: Maximal inhibition followed by “off” treatment allows for estimation of RANK-RANKL-OPG kinetics

Denosumab: RANKL inhibition
WV available RANKL

o3> W RANK--RANKL interaction
WV Osteoclast activity (sCTx)
¥ Activation of TGF-$

- W Osteoblast activity (BSAP)

<" A\ bone mineral density (BMD)

2 4
Calcium - cTX (resorption)
. 8 | 2 BSAP (formation)
- W Calcium release from bone 2 © 2 g ®
- W Serum calcium - - -
- ¥ Ca sensing in PT gland i T i
- AN PTH release (calcium-sparing) B A DD D
Month Month Month

IVETRUVI X

RESEARCH GROUP




iPSP: Use Drug To Inform SP Estimation

Much like with indirect response models: Maximal inhibition followed by “off” treatment allows for estimation of RANK-RANKL-OPG kinetics

Denosumab: RANKL inhibition > Bone Marker Changes

Study schematic
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Fig.3 and 4; Peterson MC and Riggs MM,. CPT: Pharmacometrics & Systems Pharmacology (2012) 1, e14; doi:10.1038/psp.2012.15
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iPSP: Use SP To Predict Clinical Outcome

SP “middle-out”/ up — Use the model to extend to measured response (BMD)

Denosumab: RANKL inhibition > Bone Markers > BMD Change

Dose-Ranging: 6 =2 210 mg,

Q3M and Q6M, d/c, re-Tx

Fig. 5; Peterson MC and Riggs MM.,.
CPT: Pharmacometrics & Systems
Pharmacology (2012) 1, el4;
doi:10.1038/psp.2012.15

BMD, % change
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IPSP: Integrate System, Disease, Drug

Start with a concept, add clinical data, watch it grow.

Chronic Kidney Disease-Mineral Bone Disorder

- Chronic Renal Failure
Decreased GFR = Decreased Phosphate Clearance
L incrossaariafna Posphaes Kidneys Fail ===>» # Phosphate =——> N PTH ——> A Bone Resorption
Decreased 1-*-hydroxylase § —P| g -1 § -1 § 1
Decreased calclmgl (active Vitamin D) L 8 N A §
¢ #11 2 e &1 :
PT Gland Feedback = \ S 3 = =
- Increased PTH production g '|‘ E - E g §
E 21 ¢ 8 g 2§ :
« \ 5 5 5 8
6 84 a 2 8 £ g 2
Secondary Hyperparathyroidism \\ §
Increased RANK-L expression 8 8 -----
Increased Osteoclast Activation lﬁﬁ—h—'# - - -1 T T T
Decreased Osteoclast Apoptosis 0 o 80 120 0 © 8 120 ° o 80 130 o 0 80 120
- Increased Bone Resorptlon
Decreased BMD Month Maonth Month Maonth
Fig. 1, 2; M. M. Riggs, M. C. Peterson, and M. R. Gastonguay. Multiscale physiology-based modeling of mineral bone disorder in
patients with impaired kidney function. J Clin Pharmacol, 52(1 Suppl):45S-53S, Jan 2012.

- Can these effects be used to Multiscale Model
describe PTH and Ca Riggs MM, Baron KT, Melhem M (2018) Multiscale physiology-based modeling of

. (4 mineral bone disorder in patients with chronic kidney disease and secondary
response fOI IOWI ng Iong term , hyperparathyroidism on hemodialysis: application to etelcalcetide treatment effects

etalcalcetide treatment? on calcium homeostasis. ACoP9 Abstract #T-078.
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IPSP: Integrate System, Disease, Drug

Start with a concept, add clinical data, watch it grow.

Chronic Kidney Disease-Mineral Bone Disorder

Disease

Calibrate Disease Model

New data, new compartment

L

Pharmacology

Q Direct and indirect
effects in PT gland and
bone

Kidney

Ca excretion

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.
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IPSP: Integrate System, Disease, Drug

Start with a concept, add clinical data, watch it grow.

Chronic Kidnev Disease-Mineral Bone Disorder

Long-Term Predictive Checks

4169005 20120229 20120230
-
g’ THITIAE 1548
S +1 -LlIﬂ 0 ]I}‘I_H Despite continued decline in PTH
E’ I I ! (e.g., beyond weeks 4-6), feedback
g ] A I TETAT LT controls lead to leveling and partial
§‘-50- /L /\LH rebound in Ca.
g |
g
0 4 8 12 16 20 24 28 0o 4 12 16 20 24 28 0 4 8 12 16 20 24 28
Seurca code: M_3.16.14_05_sumR time (weeks)
Figure 2: Predictive check: change from baseline (percentage) for serum calcium (blue) and PTH (purple)
Phase 3 Study 20120229 was included as external validation. Observed data: solid circle (mean) and 10th - 90th percentile range
(shaded region); Simulated data: mean (solid line) and 10th - 90th percentile range (error bars).

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.
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iPSP: Integrated Outputs

Balancing act: minimized risk for AE (bone loss) while providing therapeutic response

Endometriosis: GhRH modulation - Estrogen Loss
, M

Efficacy: | | Side Effect:
Patient-level Data . Literature Meta Data

L Biomarker: Estradiol (E2) Biomarkers: E2 < Bone Markers

v 4
Response: Endometriosis symptom
po severity score {Esss!; pt Response: Bone Mineral Density (BMD)

.

Logistic : \ / Multiscale
Model ) Time-course and Magnitude of Responses Model

v

Guide Study Design:
Treatment Duration
Biomarker Selection

Target Response p

\Q ) J

Figure 1T of M M Riggs, M Bennetts, P H van der Graaf and S W Martin. Integrated Pharmacometrics and Systems Pharmacology Model-Based Analyses to Guide GnRH
Receptor Modulator Development for Management of Endometriosis. CPT: Pharmacometrics & Systems Pharmacology (2012) 1, e11; doi:10.1038/psp.2012.10

http://www.nature.com/psp/journal/v1/n10/fig_tab/psp201210f1.html#igure-title NE I Rl 'w e °
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http://www.nature.com/psp/journal/v1/n10/fig_tab/psp201210f1.html

iPSP: Integrated Outputs

Balancing act: minimized risk for AE (bone loss) while providing therapeutic response

Endometriosis: GhRH modulation - Estrogen Loss

External Evaluation of BMD Response Overlay of BMD and Symptom Severity
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Figs 4, 6 of M M Riggs, M Bennetts, P H van der Graaf and S W Martin. Integrated Pharmacometrics and Systems Pharmacology Model-Based Analyses to Guide GnRH
Receptor Modulator Development for Management of Endometriosis. CPT: Pharmacometrics & Systems Pharmacology (2012) 1, e11; doi:10.1038/psp.2012.10

http://www.nature.com/psp/journal/v1/n10/fig_tab/psp201210f1.html#igure-title NE I Rl 'w e °
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http://www.nature.com/psp/journal/v1/n10/fig_tab/psp201210f1.html

iPSP Same SP Model, More iPSP Examples

Open science opens doors

Calcilytic
Translational, clinical,
literature data
Threshold / Maximum Release of
PTH from PT gland: ceiling effect
for BMD response well below
teriparatide clinical data

Presented at American Society of

Bone Mineral Research (ASBMR)

Annual Meeting, Baltimore, MD;
October 6, 2013 (Abstract# SU0407)

Altering Regimen (QD to BID) or Release Profile
Controls Hyp iuria While Maintainis
Normocalcemia

PTH for
Hypoparathyroidism
Clinical data

FDA suggested BID or sustained
release likely to retain efficacy
while minimizing risk of
hypercalciuria

Presented at FDA September 12,
2014 Meeting of the Endocrinologic
and Metabolic Drugs Advisory
Committee

Sclerostin
Inhibition
Clinical literature data

Explored dose and dosing
interval responses and provided
descriptive responses of bone
markers changes over time

Eudy R, Gastonguay M, Baron K, and

Riggs M. Connecting the dots. CPT:
Pharmacometrics Syst Pharmacol, 2015
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Vitamin D
Clinical literature data

Included pharmacokinetic
conversion of Vitamin D in liver
(calcidiol) and kidney (calitriol)
with link into system model to
evaluate dose-response on Ca

and BMD response
Ocampo-Pelland, Gastonguay, and Riggs.
J Pharmacokinet Pharmacodyn,
44(4):375-388, Aug 2017.



IPSP An ODE to Open Science

Without open science , none of this would have been possible... be open, make it possible!!

https://github.com/metrumresearchgroup/OpenBoneMin & QA % @ O (<] Q &

README.md

https://github.com/metrumresearchgroup/OpenBoneMin

About
STRATEGIC

APPROACH A multiscale systems model of bone health and mineral homeostasis. Please see the wiki page for more information on
this project.

Community contributions to this project are included here.

Documentation

EXPERTISE &
EXPERIENCE

INNOVATION

* Documentation here

Installation

Installation of OpenBoneMin requires the devtools package

GROWING THE TRANSPARENCY if(!require("devtools")) install.packages("devtools")
SCIENCE
Use the install_github function inside devtools to install the OpenBoneMin package from GitHub to your local
machine
devtools::install_github("metrumresearchgroup/OpenBoneMin")
COLLABORATION QUALITY PROCESS & You can test the installation by trying an example
INFRASTRUCTURE
example("sim_teri", package = "OpenBoneMin")

Usage

* Simulate teriparatide data
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IPSP An ODE to Open Science

Without open science , none of this would have been possible... be open, make it possible!!

https://github.com/metrumresearchgroup/OpenBoneMin

STRATEGIC
APPROACH

19 lines (9 sloc) 434 Bytes Raw Blame | History O » m

Community Contributions
EXPERTISE &

EXPERIENCE This folder contains community contributions to the OpenBoneMin repo.

INNOVATION

Contents

GROWING
THE SCIENCE

TRANSPARENCY
lump

Supplemenary code from:

QUALITY PROCESS & Hasegawa C, Duffull SB. Automated Scale Reduction of Nonlinear QSP Models With an Illustrative Application to a
INFRASTRUCTURE Bone Biology System. CPT Pharmacometrics Syst Pharmacol. 2018 Jul 24. doi: 10.1002/psp4.12324. PMID 30043496

COLLABORATION
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Systems Pharmacology: Mineral and Bone Health

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

Research Integration with Pharmacometrics

How Does One Inform the Other?

Question(s)

Physiology o Represent physiology (signaling = organs - outcomes)

Use SP and disease model to interpret and predict drug-
related effects

Use drug-related effects to better understand physiology
and disease

Disease Provide a platform for evaluating longitudinal therapeutic
and disease state effects
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