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Disclaimer

» | am a consultant to pharmaceutical industry
» | like applied & interdisciplinary research



The Idea Behind Using Models
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A Reflection on Where We “...” :

... “Were”:

The learn & confirm paradigm as the basis for

1980s *Modelling & Simulation modern M&S:
1990s Wi 1) What do we want to know?
carly | 2) How confident do we want to be?
y ; *Model Based Drug Development arpe
2000s . 3) What are we willing to assume?
mid #Moadel Infarmed Drug Development |
2000s J

now +Model Informed Drug Discovery & Development [{A ) .
see re °

MID3: “A quantitative framework for prediction and
extrapolation, centered on knowledge and
inference generated from integrated models of
compound, mechanism and disease level data and
aimed at improving the quality, efficiency and cost
effectiveness of decision making” 4



Regulatory Buy-In Along the Way

Applied regulatory science | Evidence
assessment | Dose optimization
Therapeutic individualization | Policy |
Communication

BA/BE Dosage forms Early modeling Advanced PM Pediatric pharmacology
Metabolism (IVIVC, PK-PD) (D/R, E/R, disease Pharmacogenomics
Organ impairment modeling, trial PBPK
Sex effects simulation) Mechanistic safety

Systems pharmacology

Courtesy of Joe Grillo, FDA Latest tool in the tool box



This Calls for Challenges to Be
Overcome

How does your company assess predictions of PD biomarkers and
clinical endpoints when calibrating or validating the model?

Answered: 32  Skipped: 0

qualiuu"a‘ly -
Quantitatively
without...
Quantitatively
with the...
Quantitatively
with same...
Other (please
specify)
0% 10% 20% 30% 40% 50% 60% T0% BO% 20% 100%
AMNSWER CHOICES RESPONSES

Qualitatively 25.00% 8

Quantitatively without consistent criteria 37.50% 12

Quantitatively with the criteria for PD biomarkers different from that for clinical endpoints 21.88% 7

Quantitatively with same criteria for PD biomarkers and clinical endpoints 9.38% 3

Other (please specify) 6.25% 2

TOTAL 32



Challenges To Be Overcome Con’t

How does your company assess the quality of QSP models in the process of model building
in order to establish the confidence in QSP model predictions?

Consistently,
based on...

A set of
pre-establis...

1st and/or 2nd
choice;...

Subjective,
based on...
Referencing
highly-cited...
0% 10%: 20% 30% 0% 50% 60% T0% BO% 0% 100%

ANSWER CHOICES RESPONSES

Consistently, based on pre-established internal criteria regardless of the stage of drug discovery and development 9.38% 3
12

1st and/or 2nd choice; however, this can vary from scientist to scientist or from group to group within the organization 34.38% n
Subjective, based on modeler's experience F.20
Referencing highly-cited models in literature 12.50% <

TOTAL 32
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To Make Matters Worse

Citation: CPT Pharmacometrics Syst. Pharmacol. (2019) XX, 1-6; doi:

REVIEW

Reproducibility of Quantitative Systems Pharmacology
Models: Current Challenges and Future Opportunities

Daniel C. Kirouac'**, Brian Cicali?® and Stephan Schmidt®*

The provision of model code is required for publication in CPT: Pharmacometrics & Systems Pharmacology, enabling quantita-
tive systems pharmacology (QSP) model availability. A searchable repository of published QSP models would enhance model
accessibility. We assess the feasibility of establishing such a resource based on 18 QSP models published in this journal.
However, because of the diversity of software platforms (nine), file formats, and functionality, such a resource is premature.
We evaluated 12 of the models (those coded in R, PK-Sim/MoBi, and MATLAB) for functionality. Of the 12, only 4 were execut-
able in that figures from the associated manuscript could be generated via a “run” script. Many researchers are aware of the
challenges involved in repurposing published models. We offer some ideas to enable model sharing going forward, including
annotation guidelines, standardized formats, and the inclusion of “run” scripts. If practitioners can agree to some minimum
standards for the provision of model code, model reuse and extension would be accelerated.

There is a clear need for standardization!



Maybe There Is a Lesson to Be Learned
From Population Models & PBPK Models?

Population Model PBPK Model

Intrinsic/extrinsic Factors PBPK Model components

System component Drug-dependent
> (drug-independent) component
Lung
. Rapidly perfused .

Extrinsic

ADME, PK, PD and
MOA

organs
Metabolism

Active transport
Passive diffusion
Protein binding
Drug-drug interactions

Receptor binding

Intesti
Huang and Temple, 2008 e | I
@ Individual or combined effects Dosing PBPK Model
on human physiology Elimination

v
Predict, Learn, Confirm, Apply

Drug out

Barrett, ASCPT, 2014

10
Zhao et al. (2011) Clin Pharmacol Ther 89: 259-67



Commonalities & Differences

Commonalities:

1)  Aset of equations (structural model) that adequately describe the (patho)physiological

processes of interest.

2) A set of parameters that adequately capture “the data”.

Differences:

Population Models

PBPK Models

Data-driven model structure

Empirical body compartments

Drug-dependent rate processes
Physiologically empirical parameters
Parameter-based sensitivity analysis
Statistically-robust model selection criteria

Well-established modeling tool

Anatomically-driven model structure

Physiological organs, blood flow

Drug-independent system properties
Physiologically mechanistic parameters
Physiology-based sensitivity analysis
Process & product verification

Rapidly evolving modeling tool
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PBPK platform qualification

PBPK Model Verification
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Shebley et al, 2018.


Presenter
Presentation Notes
These so-called “middle-out” models, which are also known as hybrid multilevel models, take the advantages and strength of two other approaches. Therefore, they are not just restricted to explaining the observed data but they intend to go backwards (in explaining the clinical observations) in order to go forwards beyond the perimeters of the initial clinical study using the prior in vitro and system information. This provides the necessary “qualification” for the model to be used with confidence for “Pre”-dictions. This reverse translation approach can begin with the clinical data (if the purely bottom-up models are not built)
but goes backwards to use that data to create models that were not previously developed, but can now be readily created, providing immense benefit in understanding those clinical study results. Even when the bottom-up model exists, using the clinical data to revisit some aspects of the system or drug data is beneficial.

Deductive reasoning, also deductive logic, logical deduction is the process of reasoning from one or more statements (premises) to reach a logically certain conclusion

Abductive reasoning (also called abduction,[1] abductive inference,[1] or retroduction[2]) is a form of logical inference which starts with an observation or set of observations then seeks to find the simplest and most likely explanation. In abductive reasoning, unlike in deductive reasoning, the premises do not guarantee the conclusion. One can understand abductive reasoning as inference to the best explanation
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PBPK platform qualification

m Platform qualification
Design qualification (DQ)
Installation qualification (IQ)

m Qualification of virtual population
m Development of the system-dependent parameters

m Integrative middle-out approaches may suffer from structural
identifiability issues

m Require a matrix of evidence from various datasets, e.g. different
drugs

Shebley et al, 2018 and Rostami-Hodjegan, 2018.
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PBPK Model Verification - Reverse Translation

m PBPK model development is an iterative process that may
involve multiple cycles of “predict, learn, confirm.”

1 Going backwards in order to go forward with confidence

Reverse Translation:
Goes Back to Pre-Clinical -. Forward Projection:
& Other Clinical Studies Use the Reverse
S Translational Steps with
Middle-Out Analysis to

Project beyond the Scope of
Initial Clinical Observations

into Analysis of Clinical Observations

Rostami-Hodjegan, 2018.
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| think We Are on the Right Track

QSP

A) iv model

Moded
evaluation

Qualification
Method®

B) po model

Modify
absorption
related model

structure

Maoxd el
evaluation
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Regulatory Documents

FDA draft guidance focuses

on the format and content of

reporting PBPK analyses for
regulatory submissions.

16

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

Addlirional copies are available from:
fice of Communicanons, Division of Drug fnformar o
Center for Drug Evaluaion and Research
Food and Drug Administrarion
10001 New Hampshire Ave., Hillandale Bldg ., 47 Floor
Silver Spring, MD 20993-0002
Phone: §55-543-3784 or 301-796-3400; Fax: 30143 1-6353
Email: druginbia oo _hs gov
P R LSS SO

U5, Departme nt of Health and Human Se rvices
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

August 2018
Clinical Pharmacology

Shebley et al, 2018.
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Regulatory Documents

Verification requirements at
different levels of regulatory
impact — “Verification-for-
intended-purpose”

17
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EUROPEAN MEDICINES AGENCY
MEDICINES HEALTH

SCIENCI

13 December 2018
EMA/CHMP/458101/2016
Committee for Medicinal Products for Human Use (CHMP)

Guideline on the reporting of physiologically based
pharmacokinetic (PBPK) modelling and simulation

Draft agreed by Modelling and Simulation Working Group April 2016
Draft agreed by Pharmacokinetics Working Party May 2016
Adopted by CHMP for release for consultation 21 July 2016
Start of public consultation 29 July 2016
End of consultation (deadline for comments) 31 January 2017
Agreed by Modelling and Simulation Working Group October 2018
Agreed by Pharmacokinetics Working Party October 2018
Adopted by CHMP 13 December 2018
Date of coming into effect 1 July 2019

Shebley et al, 2018.
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Food For Thought — Impact of Data
Source on Inference Making

Inductive reasoning: Bias:

Because HRT lowers LDL,
it is cardioprotective

Because HRT is
associated with lower
MACE risk, HRT is
cardioprotective.

-

hanistic information into
Id models

Data Source:
Real World Outcomes Data

Data Source:
Preclinical & RCT Data
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