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Lateral Expansion / Wider Use of Mechanistic Multi-Layer Models 
The Road for Natural Progression of Systems Model 

To
Model Master File

‘Toys for Big Boys!’     replaced by     ‘Modelling by All for All’ 
Philosophical Stops

on the way to ….. 

….. Reach to the Necessity of 
Model Master Files



Philosophical 
Stop No 1

Clin Pharm Ther 2012 - 92 (1): 50-61





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

Philosophical 
Stop No 2

Br J Clin Pharmacol 2014 -79 (1): 48-55





Pharmacometrics Syst. Pharmacol. 2021
Philosophical 

Stop No 3

Biopharm Drug Dispos 2021 42: 107-117



Baker M. 
Nature.2016
533:452-454

52% 
Significant

Crises!

3% 
No 

Crises!

7% 
Don’t 
Know!

39% 
Slight 
Crises!

Trust in Scientific Outcomes: The Issue of Reproducibility

http://www.manchester.ac.uk/index.php


Counter-Intuitive Nature of Open Source-Code Models:

DOI 10.15252/msb.20209982
Mol Syst Biol. (2021) 17: e9982

“Open” 
Sounds Nice & Positive!

BUT NOT SO
If we apply it to safe place for 

keeping precious possessions:

“Easily Accessible” 
&

“Unsecure”
Hence

“Vulnerable” 
to

“Adulteration”





2022 - 39(8):1733-1748 Evaluation 
of 

Submissions

Sebastian Frechen, & 
Amin Rostami-Hodjegan

Distinguishing 
between:

• Validation 
• Verification
• Qualification

• Model Credibility?



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

Assessing Platform vs Model

Shebley et al 2018 Clin Pharm Ther 104 (1): 88-110

Frechen, & Rostami-Hodjegan, Pharm Res 2022



Philosophical 
Stop No 4

Biopharm Drug Dispos 2023 – UNDER REVIEW

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

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



Reusability Concept for Models (rather than Software)

A  computational model is considered entirely 
reusable if it may be utilised as a simulation 
component within other mathematical models, 
with its physical scope being the sole constraint

Rodrigues Matos T, et al. (2013) On a 
reusable and multilevel methodology 
for modeling and simulation of 
pharmacokinetic-physiological 
systems: a preliminary study. Comput 
Biol Med. 43(10):1512-22.

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

Reusability The reutilisation of (I) the model in its entirety, (II) the systems components, (III) the drug-
dependent components, (IV) the modelling strategy, or (V) Leveraging the aforementioned

Partial Reusability (II), (III), (IV) or (V)  above

Full Reusability (I) above

External Reusability Reusability by researchers outside the organisations affiliated to original model 
development

Internal Reusability Reusability of involving researchers from the same institution involved in the development 
of original model
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External Reusability: An Essential Requirement 
for

An Ideal 
Model Master File

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



Unresolved 
Issues  - For 
Debate & 
Discussions

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)?

2022 - 39(8):1733-1748



Wrong Philosophy!

There is

NO UNIQUE

‘Predictive Dissolution’

That Caters for ‘All’ Clinical Conditions





Interplay of Drug 
(Metabolism/Transport)
& Formulation 

(Disintegration, 
Dissolution) with 

System

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



Likelihood

BE Interval (80-125%)

Predicted Outcomes

Median of VBE's

Overlay of Clinical Data
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Implications for 
VBE Studies & 
Predicting the 
Likelihood of 
Passing the 
Criteria with Given 
Number of 
Subjects

WSV = BSV

WSV = Best Match for Cumulative Frequency Plots



True BSV     
(Based on Mean Values of Individuals)

WSV
(Under Repeat Sampling from an Individual)

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



Global Sensitivity Analysis (GSA, Morris Method, 
Simcyp) as the absolute mean (μ*) values. 

High μ* indicates a parameter with an important influence on the 
model output (AUC, Cmax or Tmax).

WSV in physiology is independent of a 
given drug/formulation and same for a 
given condition 
(unless they are pharmacologically acting on GI tract)

0 1 2 3 4

Initial Volume of Stomach
Fluid Fasted

Bile Fasted Duodenum

Bile Fasted Ileum 1

Mean Gastric Emptying Time
Fasted

Bile Fasted Jejunum 1

pH Fasted Ileum 1

Bile Fasted Jejunum 2

Mean Small Intestinal Transit
Time

pH Fasted Jejunum 2

Transit Time Colon

pH Fasted Jejunum 1

pH Fasted Duodenum

Tmax

Cmax

AUC

µ

Despite being the same for all drugs/ 
formulations, some of WSV in 
physiology do not propagate to 
outcome for some drugs/ 
formulations. 
(hence, the requirement to run the calculations for several drugs/ 
formulations with different characteristics)

Bego et al. 2022 AAPS J



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

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

Bego et al. 2022, AAPS J

http://www.manchester.ac.uk/index.php


Relevance of Model Master File

These Can be Incorporated in 
Any User-Friendly Model 

Master File Specifically Built 

for 

VBE

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 
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Thanks for Listening

Questions?
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