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This presentation is prepared in my personal capacity as a scientist engaged with 

pharmaceutical science for over 30 years. The opinions expressed herein are my own and 

do not reflect the views, policies, strategies of any of the organisations I am affiliated 

with.

Declaration of Conflict of Interest

As the Director of CAPKR (Centre for Applied Pharmacokinetics 

Research my research is sponsored by a group of pharmaceutical 

companies (currently Merck, GSK, Eli Lily, Genentech, J&J, AbbVie, 

EMD Serono, Takeda) in addition to grants from non-for-profit 

organizations or government and research councils.  

As the Chief Scientific Officer and SVP of R&D at Certara, I have 

been involved in overseeing the development of software tools 

which are used by a large group of pharmaceutical companies 

during drug discovery and development; particularly in the area of 

physiologically-based pharmacokinetics (PBPK) and quantitative 

systems pharmacology (QSP).

Disclaimer

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


Topic for the Next 7 Minutes

True:
“M&S Has Matured Enough!”

False:
“M&S Is Ingrained in Pharmaceutical 

Drug Development!”

VERTICAL vs LATERAL

Development of M&S



Different Kind of Cars!     ;     Different Kind of Drivers!

‘The Role of Professional M&S Tool Developers’?

“It is Undeniable Fact” 
that:

User-Friendly (non-open-source/commercial) tools, with large database of systems parameters, and dedicated 
resources to educational needs of users, have played a ‘significant’ role in expansion of Mechanistic Model 

Applications in NDA and IND procedures in drug development.

Scaling up
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‘Scaling’ M&S Requires Less than Racing Cars & Racing Car Drivers!

Bespoke/Hand-Made vs Mass Produced

‘Toys for Big Boys’ vs ‘Modelling for All’



Management Issue & Not Just Science: Ingraining Translational M&S in Pharmaceutical Development

False Starts

Anxiety

Confusion

ChangeVision SkillsIncentives Resources Action Plan

Frustration

Gradual

Change

Courtesy of Dr Mark Holbrook (Senior Advisor, QSTS Team, Certara)

SkillsIncentives Resources Action Plan

Vision Incentives Resources Action Plan

Vision Skills Resources Action Plan

Vision SkillsIncentives Action Plan

Vision SkillsIncentives Resources



Altruistic but Naïve for Scaled Operations: Open Source-Code 

DOI 10.15252/msb.20209982

Mol Syst Biol. (2021) 17: e9982



• Software/platform

• Computing/Program Language

• Model

• Data

• Open source

• Commercial Software

• Open Science

• Sponsors and Beneficiaries

CPT Pharmacometrics Syst.Pharmacol. 2021;00:1–8. 
https://doi.org/10.1002/psp4.12615



Assessing 1000’s Lines of Program for 

Open Source-Code Models? 

“An Imposiible Task”

Alternative Option:

“GLASS BOX”

Full Transparency 
via 

Peer Review by Experts,

Scientific Publications, 

Public Workshops, 

& Full Implementation Documents which Are 

Accessible to Regulators.

BUT,

Quality Assured 

&

NOT EVERYONE CAN MODIFY THE CODE!

NO TO

BLACK BOX



2002                                                                   2020

So Many Comparisons

So Little Insight!

My Model? Your Model? His Model? Her Model? Whose Model?



OrBiTo API Data Files

Filtering and 

grouping based 

on parameters of 

interest.

Simulation 

output as 

submitted by 

contributors.

Extraction of API 

parameters and 

simulation output 

into a summary 

macro sheet.

Allowing 

statistical 

analysis to be 

carried out, 

visualised and 

automated.

The 

Only 

Blinded

Comparison

Approx n=3000 !

anonymised data



Average predictive 
performance did NOT 
clearly differ between 
software packages .

Some APIs showed a high level of 

variability in predictive  performance across 
different software packages. 
This variability could be related to several 
factors such as compound specific properties, 
the quality and availability of information, 
and errors in scaling from in vitro and 
preclinical in vivo data to human in vivo 

behaviour which will be explored further.

The Good, The Bad, and The Ugly

Model vs Data vs Modeller



How M&S Became  

Ingrained in Drug 

Development for 

Assessing Drug-Drug 

Interactions:

• Collaboration - Working 

together was at the heart 

of the matter

• Integration - Whole is more 

than sum of parts!



General components of a PBPK Analysis Package 
for submission to regulatory health authorities.

Green Frame - The PBPK platform components 

that undergo qualification;

Blue Frame - The PBPK Component Files that 

undergo verification.

CLINICAL PHARMACOLOGY & THERAPEUTICS, 

104 (1), JULY 2018

A Consortium Approach: 

Platform vs Model



Topic for the Next 7 Minutes

The Elements of VERTICAL Growth: 

But, Do Not Forget That Someone Should 

Integrate All These of Pieces!

1. Identifying Unmet Needs

2. Thinking Outside the Box

3. Addressing Technical Issues



Framework & Vision

Vertical Dive
(Example from Specific Areas)

Records on Progress



More Mechanistic Sub-Models of Organs

Modern PBPK Models Can Contain Many Routes of Administration and Specifications for Each Organ:



PBPK/IVIVE: Breaking Down the Information to Enable Rebuilding Virtual Clinical Studies

Intracellular

Cytokine,

Chemokine, 

Regulatory Path

Cells

Tissues

In Vitro Tools to Assess 
the Interplay 

of 
Drug & System



Green 

=

Drug 

Parameters

Blue 

= 

System 

Parameters

Ability to Analyse Data and Obtain ‘Intrinsic Parameters’ 
(Dedicated In Vitro Data Analysis Tool are Required)

Say NO to Single Point Semi-Quantitative 
Measures

Wave Goodbye to

A to B / B to A Ratio!



Mind  
THE GAP!

“Specific to Biopharmaceutics Area 
& 

Formulation Science”

Understanding the Interplay of Systems with the 

Excipients & Formulation

in addition to

API

(Drug Itself)



Robust Mechanistic M&S 

Requires Systems Data!

Protein Abundance & Inter-Correlations in 

Health & Disease 

Drug Metabolism Disposition 2020

Clin Pharmacol Ther 2020



Yes, Robust Mechanistic M&S Requires Systems Data!

Protein Abundance & Inter-Correlations in Health & Disease 

BUT …..

Such Details Are 

SPARSE

for 

Non-Oral Routes of 

Administration



CPT Pharmacometrics Syst. Pharmacol. 2021

FY 2020 Generic Drug Regulatory 

Science Initiatives Public 

Workshop, May 4th 2020

On A More Positive Note:

The Vision by the Regulatory Agency, 
the Encouragement from Case 

Examples, and a Similar Path to Novel 
Ways for Establishing BE Are  in Place:

Welcome to the V-BE World!



Annul Rev. 
Biomed. Eng.
(2008) 
10:195–220

What About Other Routes of Administration:

NOT Short of Models: Well Established But ….



Computational Fluid Dynamics 

(CFD) Models

There are many CFD models for pulmonary 

drug deposition of inhaled particles. However, 

there are not sets of agreed physiological 

parameters to go with such models.

Integrating Pulmonary Drug Deposition 

with Local Drug Disposition 

CFD Should Joins Forces with PBPK

PBPK models for pulmonary administration (e.g. Gaohua et al,

2015) consider the permeability-limited aspects where

formulation effects can be accounted for. They also consider

inter-correlations of system parameters to simulate true

population variability better. However, biological values of

human transporters and enzymes in the lung tissue are missing

and CFD models are rarely integrated with PBPK models.

…… Short of Systems Data (in Health & Disease)/

Integration/Verification/Consensus/User-Friendly Tool

The FLUENT CFD Package (2003) Fluent Europe Co., Ltd Sheffield, UK

Bala´sha´zy et al. Radiation Protection Dosimetry 105 (1–4). 129–132 (2003)



Models for topical administration consider many non-

linearity issues related to dose and rate of absorption (Le

Merdy et al, 2020b). However, these models do not consider

any local metabolism or transporter-mediated efflux or

uptake and formulatiom impact on these.

Ocular Drug Disposition 
Intracameral injection involves multi-step clearance (Fayyaz 

et al, 2020), with vitreous and vitreoretinal barriers (Tavakoli

et al 2020), all poorly understood.

…. the Same Story: Short of Systems Data 

(in Health & Disease)/Integration/Verification/

Consensus/Options for User-Friendly Tool!



Virtual Bioequivalence 

(VBE)

&

Inter-Occasion/Within-

Subject (IOV/WSV)

J Pharm Sci 2019 

June 2021

Biopharmaceutics Work Bench: Last Stop for VBE



Finding IOV/WSV Combinations of Physiological 

Parameters which are INCOMPATIBLE with 

Observed IOV/WSV of PK



The Gold Mine of RTR Studies 
(Reference-Test-Reference Cross-Over BE)

FDA DATABASE OF VARIOUS DRUGS

and 

VARIOUS FORMULATIONS 

to 

Gaining Insight into 

DRUG- & FORMULATION-INDEPNDENT 
IOV/WSV of the Physiology and Biology!

These Can be Incorporated 

to 

ANY User-Friendly 

M&S Tools 

Specifically Built 

for 

VBE
(Instead of Arbitrary IOV/WSV)



Summary Points (in 1 Minute)

1. CONSENSUS on Existing Selection of Models for 

Scale Up and Routine Use

2. INTEGRATION of More Systems Data to Platforms 

from ‘Open Data Initiatives’

3. MODELLING In Vitro Experimental Data & Taking the 

Outputs as Input for Quantitative VBE Models

4. INCENTIVES by Publicising Accepted Robust/Verified 

Models to Increase Wider Use and Show Reduced Risk

5. REVERSE TRANSLATION of Historic Clinical Data 

for Obtaining IOV/WSV of Physiology & Using Bayesian 

Fitting as Part of Common Mechanistic M&S VBE 

Tools 

6. ALLOW Occasional Off-the-Main Road M&S by F1 

Drivers Exploring Knowledge Gaps & New Limits 

7. DEFINE Guides (SOP’s) & Licences for Established 

M&S Tools by Drivers Who Are on the Main Road



30

Thanks for Listening

Questions?


