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Lateral Expansion / Wider Use of Mechanistic Multi-Layer Models

The Road for Natural Progression of Systems Model

Model Master File

—__ Philosophical Stops
on the way to .....

. Reach to the Necessity of
Model Master Files
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Combining the ‘bottom up’

STATE @ ART Clin Pharm Ther 2018 - 103 (2): 224-232
-

and ‘top down’ approaches
Reverse Translation in PBPK and QSP: Going _ P _ FP
Backwards in Order to Go Forward With In pharmacokinetic

Confidence modelling: fitting PBPK

Amin R()stami-Hocljeganl’2

(b)

models to observed
clinical data

Mikolaos Tamandouras,’ Amin Rostaml-Hodjegan'” & Leon Aarons’

Reverse Transliation:

Goes Back to Pre-Clinical & |
& Other Clinical Studies

Forward Projection:
. Use the Reverse

— Translational Steps with
Middle-Out Analysis to
Projectbeyondthe Scope of Br J Clin Pharmacol 2014 -79 (1): 48-55
Initial Clinical Observations

Philosophical
Stop No 2

Middle-Out:

. . Combines Prior Information ofthe System/Drug
into Analysis of Clinical Observations
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DOI: 10.1002/psp4.12615

[@ Philosophical

_ , | Stop No 3
Opening a debate on open-source modeling tools: Pouring fuel on

fire versus extinguishing the flare of a healthy debate 14000
B PBPK —PK —Overall Science (*1000)

MINI-REVIEW Pharmacometrics Syst. Pharmacol. 2021
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\
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Trust in Scientific Outcomes: The Issue of Reproducibility

HOW MUCH PUBLISHED WORK IN YOUR FIELD IS REPRODUCIBLE?

Physicists and chemists were most confident in the literature.

Baker M.
Nature.2016
533:452-454

PHYSICS AND EARTH AND
CHEMISTRY ENGINEERING ENVIRONMENT BIOLOGY MEDICINE OTHER

|
o
=]
B
% of published literature that
is reproducible (predicted)

|
259, of respondents

IS THERE A

REPRODUCIBILITY
GRISIS?

A Nature survey lifts the lid on
how researchers view the ‘crisis’
rocking science and what they
think will help.

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else’s » My own

Chemistry =

Biology [

Physics and
engineering |

BY MONYA BAKER

Medicine

52(y° 3.9% Earth andi 5
s‘lght environment [

Crises! 2

Significant
Crises! Other |

o ' 20 40 : 60 ' 20 1009
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Counter-Intuitive Nature of Open Source-Code Models:

ey eqe . 11 )

Reproducibility in systems Open

blology mode”lng Sounds Nice & Positive!
P , X ) BUT NOT SO

Krishna Tiwari~, Sarubini Kananathan, Matthew G Roberts-, Johannes P Meyer-, .

Mohammad Umer Sharif Shohan?, Ashley Xavier*, Matthieu Maire*, Ahmad Zyoud?, Jinghao Men?, If we apply it to safe place for

Szeyi Ng*, Tung V N Nguyen?, Mihai Glont!, Henning Hermjakob®*" & Rahuman S Malik-Sheriff-"

keeping precious possessions:

(11 : : LY
molecular DOI 10.15252/msb.20209982 Easily Accessible
SYStem.sl Mol Syst Biol. (2021) 17: €9982 &
biology
‘ “Unsecure”
Hence
180 37%
Are model o 1% cc )
0 di | 3
51% reprc;:iifigle » 49% > g 90 o VU I ne ra ble
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e witos oo ot oot “Adulteration”

Reproduced with empirical correction
Reproduced with author's support
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Quality Assurance of PBPK Modeling Platforms and Guidance ? i
on Building, Evaluating, Verifying and Applying PBPK Models S“bl‘“'SS'O“S
Prudently under the Umbrella of Qualification: Why, When, What, How
and By Whom?

Sebastian Frechen, &

PBPK Model Development e PCen et o
Amin Rostami-Hodjegan

data from clinical studies

— — = H ) . at a later date
DIStI“g“IShI“g Building Application LR ERE Validation
between: )
« Validation
* Verification = g to serve as 'verification set’ for
Verification platform qualifications (Figure 2)

 Qualification

and/or
new untested/untestable scenarios
beyond initial intended use

 Model Credibility?



Platform Validation (Code) VS Qualification (Certain Area of Application)

Frechen, & Rostami-Hodjegan, Pharm Res 2022 Assessing Platform vs Model

Quality of PBPK Software Platform Platform Qualification

Quality Assurance |

Platform Validation

Virtual System
Software Engineering : .
e.g., code security & traceability, accuracy of computational functionalities and Popu |at|0n Computat|0na| Parameters
implemented algorithms, version control, reproducibility Framework

Mathematical Model Representation & System-dependent Parameters
= transparency, accuracy and scientific justification of the mathematical
representation of the underlying generic PBPK model structure
= documentation of sources and rationale of ‘system-dependent’ parameters

Quality Assurance I

Platform Qualification

= demonstration of the predictive capability (for given intended purposes)

= documentation of processes of qualifying the platform (for given intended
purposes), e.g., quality/sources of input data, ‘learn, confirm, and refine’ cycles DFUS MOdEI Drug MOdEl Drug
to optimize platform versions |terati0n Parameters

Qualification for
Intended Purpose C

Qualification for
Intended Purpose B

Qualification for
Intended Purpose A

Model Verification

Verification
Set
N

Shebley et al 2018 C/in Pharm Ther104 (1): 88-110




Biopharmaceutics &

Drug Disposition

Biopharm Drug Dispos 2023 — UNDER REVIEW

In-Depth Analysis of Patterns in Selection of Different
Physiologically-Based Pharmacokinetic Modeling Tools:

Philosophical
Stop No 4

Part I - Applications and Rationale Behind the Use of Open Source-Code Software

Part II - Assessment of Model Reusability and Comparison Between Open and Non-

Open Source-Code Software
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Reusability Concept for Models (rather than Software)

A computational model is considered entirely  Rodrigues Matos T, et al. (2013) On 3

reusable and multilevel methodology

reusable if it may be utilised as a simulation for modeling and simulation of
ithi ' h kinetic-physiological
component within other mathematical models, {50 " =1Vl o8

systems: a preliminary study. Comput

with its physical scope being the sole constraint 8! Med: 43(10):1512-22.

Definitions - Current Analysis by the University of Manchester for PBPK Models Reusability

Term

The reutilisation of (I) the model in its entirety, (ll) the systems components, (lll) the drug-
dependent components, (V) the modelling strategy, or (V) Leveraging the aforementioned

Partial Reusability (1D, (1), (1IV) or (V) above

Reusability

Full Reusability (I) above

Reusability by researchers outside the organisations affiliated to original model
development

Reusability of involving researchers from the same institution involved in the development
of original model

External Reusabilit

Internal Reusability



Open Source-Code (24%) << (48%) Non-Open Source-Code

External Reusability: An Essential Requirement
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Quality Assurance of PBPK Modeling Platforms and Guidance Debate &

on Building, Evaluating, Verifying and Applying PBPK Models

Prudently under the Umbrella of Qualification: Why, When, What, How DiSC“SSionS
and By Whom?

1. Process of Introducing Changes to Models?

2. Frequency of Re-certifying ‘Qualifications’?

3. The Number of Required Verification Cases?

4. Constituents of Transparency (& to whom)?




Journal of Pharmaceutical Innovation (2020) 15:296-317

https://doi.org/10.1007/512247-019-09392-6 e T e T I
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Advances in In Vivo Predictive Dissolution Testing of Solid Oral —

Formulations: How Closer to In Vivo Performance?

Meera Shrivas' - Dignesh Khunt' - Meenakshee Shrivas ' - Manisha Choudhari' - Rajeshwari Rathod ' - Manju Misra'

Drug—————— ——* Sample .

@ rong Philosophy!
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chamber e 51— chamber
Exs
25—
£ E
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Permeation/Absorption

Fig. 1 Schematic of the dissolution/permeation (D/P) system
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23 Central Role of IVIVE
b as part of

APPLICATION OF PHYSIOLOGICALLY BASED |
PHARMACOKINETIC AND PHARMACODYNAMIC : Liver
(PBPK/PD) MODELING COMPRISING TRANSPORTERS: 2 N7 Gut
DELINEATING THE ROLE OF VARIOUS FACTORS om0 & Kidney

IN DRUG DISPOSITION AND TOXICITY & Y - Brain
Lung

MATTHEW D. HARWOOD', AMIN ROSTAMI-HODIEGAN'?, AND SIBYLLE NEUHOFF' "N IVIVE (In Vitro- In Vivo Extrapolation)
I Simeyp Division, Certara UK Ltd., Sheffield, UK
2 Centre for Applied Pharmacokinetic Research, University of Manchester, Manchester, UK

A simple assay for uptake transporters s the Qil filtration method

Uptake Sululion/\:= @, . . .
+Hem'°=r'esm-?" 24’)5‘ Substrate in apical media
in
Filtration Qil @ 15,000 rpm, 30 sec [S]ap, Vap
- >, . x e
anNaoH 7 -iN Active Efflux Passive Permeability
1) Incubate Hepatocytes
3) Separate, e.g. cut 5 5 = : P-54-
A;A:;;?e,ez'.gcg:ntradioactivity T ]‘max SA [S]ce.![,u ----- P-SA r = B
¥ Ko + [5] [5] [STcen ¥
. H mu cellu apu il i
Permeability & Transport : |
2-Compartment Cellular Uptake 1 Substrate in cell :
3 -Compartment Transwell Assays : [S] Vv 1
Sandwich-cultured Hepatocyte Models i cell: cell :
i i
A A
Transwell™ assays (Caco-2, MDCK-II, N, | P-sA- 1Ll TP | T Yo
. LLC-PK, and other monolayer systems [ S] [ 5]
Sandwich-cultured Hepatocytes blu cell,u
B Substrate in basolateral media
= [Slei Ve /

0

| Iﬁl

basal



Distinguishing between the Type of Data:
“In Vitro Set-Dependent’ vs ‘Intrinsic Parameters’

UoA
(Athens)

\ s
,,,,,,,,,,,,,,,,,,,

Modeling E
biopharmaceutic data

Solubility Dissolution Dissolution

UGoethe

(Frankfurt) Lundbeck

In vitro Transfer Models for the Prediction of
Supersaturation/Precipitation

Integrating
biopharmaceutics with
gastrointestinal physiology
and variability

Duodenum

Stomach

Assessing model @

performance and refinement

credibility at Interplay of Drug
intraluminal level U (Metabolism/Transport)

& Formulation
- S _ {\ (Disintegration,
] TR Assessing mode Model Dissolution) With

Integrating absorption and ! o - performance and refinement

disposition models to . l e crid'bf"tly atl SYStem
simulate systemic exposure systemicleve

Simulating intraluminal
concentrations at
individual level
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Apparent BSV

(Under Single Sampling from Each Individual — as a Hybrid Measure of BSV & WSV)

ittiiiitiii PLOLIE
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MMM o QE DPLDLY
?Iﬂ i ) [‘i ' f/’/b(/f/ Sun Mon T:e W:d Thau. F: s:t
it 0/7 6 7 9 10 ,i'1 12
OO0 ) Aro AT
MMM cee

True BSV WSV

(Based on Mean Values of Individuals) (Under Repeat Sampling from an Individual)



WSV in physiology is independent of a
given drug/formulation and same for a
given condition

(unless they are pharmacologically acting on Gl tract) Transit Time Colon

pH Fasted Duodenum

pH Fasted Jejunum 1

Despite being the same for all drugs/  s# Fasted sejunum 2
formUIations, some of WSV in Mean Small Intestinal Transit

Time
physiology do not propagate to Bile Fasted Jejunum 2
outcome for some drugs/ OH Fasted llourn 1
formulations.

. . Bile Fasted Jejunum 1
(hence, the requirement to run the calculations for several drugs/

formulations with different characteristics) Mean Gastric Emptying Time

Fasted
Global Sensitivity Analysis (GSA, Morris Method, Bile Fasted lleum 1
Simcyp) as the absolute mean (u*) values. Bile Fasted Duodenum
Initial Volume of Stomach
High pu* indicates a parameter with an important influence on the Fluid Fasted
model output (AUC, C__, or T__.).

Bego et al. 2022 AAPS J

]

|

Tmax

m Cmax

m AUC

RN EN|

-—
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Exclusion of Certain Sets
of WSV in Physiological
Parameters of Gl Tract
that Are Incompatible with
PK observations for WSV.

Table - Comparison of
simulated vs observed
intra-subject variability
(Full set of individuals,
Kolmogorov-Smirnov test)

Bego et al. 2022, AAPS J

Observed vs Predicted Distributions

(AUC, Cimax and Thax) (Kolmogorov-Smirnov Test)

= £_ | 2. 2z 2 2 _

S | 2% g2 22 g% |s&%2

2 | 8% |EZ2 [ ES EX | Ef |EZ
] v o v a v

(defa 0.350 No 0.417 No 0.200 Yes

1 | 0200 | es 0.217 Yes 0.150 Yes

2 | 0167 | es 0.150 Yes 0.217 Yes

0.217 Yes

a | 0133 | Yes 0.200 Yes 0.133 Yes

s I No 0.317 No 0.183 Yes

6 | 0183 | Yes 0.250 No 0.167 Yes

7 | 0217 | es 0.167 Yes 0.133 Yes

g8 | 0167 | Yes 0.167 Yes 0.183 Yes

o | 0233 Yes 0.200 Yes

10 | 0217 | es 0.233 Yes 0.183 Yes

11 | 0200 | Yes 0.183 Yes 0.133 Yes

12 I No 0.250 No 0.133 Yes

Tl 0.1’ No 0.333 No 0.217 Yes

14 | 0133 | Yes 0.167 Yes 0.217 Yes
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Relevance of Model Master File
Avoids Starting from Scratch!
Gives Ease of Assessment!

By

Accumulating CONTINUOUS Effort on Using Previous Studies on VARIOUS
DRUGS/FORMULATIONS and Gaining Insight into

DRUG/FORMULATION-INDEPENDENT PARAMETERS

Simcyp Version 20 Release 1 : 100-100 Amorphous - VBE Mode

File Options Tools View Licensing Notifications Help Resources

-
) - - 4 - # 0 =
Open Save Clear Simulation  Prediction  Annotation VBE et
Workspace -
- Workspace 100-100 Amorphous o B
Treatment 1 Crossover 2T2P2S: T172/T2T1
8 Population Wsp-Healthy Vol... ~ All Treatments Crossover 2T2P4S: T1T2/T2T1/T1T1/T2T2
- - - - Crossover 2T3P2S: T1T2T1/T2T1T2
® substrate  Wsp-Tacrolimus_.. ~ Crossover 2T4P2S: T1T2T1T2/T2T1T2T1
Crossover 2T4P4s: T1T2T1T2/T2T1T2T1/T1TIT2T2/T2T2T1T1
@ No. of subje{ Parallel (upto 4-way) Minimum age (years) |20
[lisatment2 Custom Maximum age (years) |50
Proportion of females | 0.5
I® [substrate  Wsp-Tacrolimus.... ~
o Day Clock Time Duration of study (h)
Start 9:00AM |®m 1

o r VBE Trial Design tnd 4 o00AM |m
Bioequivalence Trial Setup

Treatment Dosing Regimen

Treatment Sampling Plan VBE Trials
Analytic Error
Sequence Periods
Nrotal= [20 Period 1 Period 2
Sequence 1
Ni= 10 Treatment 1

Sequence 2
N2=|10 Trea tment 1

Parameters Selected for Within Subject Variability

Add WSV in Period 1
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