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Summary of presentation

* Work on Best Practice since 2011.
« European Federation of Pharmaceutical Industries and Associations (EFPIA)
working group
> Model Informed Drug Discovery and Development (MID3).
> MID3 publication on Good Practice;
> Comprehensive and agreed across a large number of pharma companies.
o Statisticians in the Pharmaceutical Industry (PSI) Special Interest Group
(SIG)
> Modelling and Simulation SIG Best Practice initiative —
> includes template for specification of modelling and simulation;
> emphasis on flexibility of requirements for Best Practice;
> can be used on its own or as a tool for implementing MID3 Good Practice

* People and Best Practice
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Best Practice, background

* November, 2011: European Federation of Pharmaceutical Industry
Associations (EFPIA) and European Medicines Agency (EMA) organized
workshop on Modelling and Simulation (M&S).

> FDA attendee.

 EMA stressed that levels of pre-specification and justification of assumptions
etc. for modelling and simulation would and should vary depending on
“Importance” of the project and its outcome in the process of approval.

 Rob Hemmings of EMA called for a Best Practice document.
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Best Practice, background

 EMA stressed that levels of pre-specification and justification of assumptions
etc. for modelling and simulation would and should vary depending on
“Importance” of the project and its outcome in the process of approval.
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EMA: “Best practice” depends on importance of project

o EUROPEAN MEDICINES AGENCY

M&S good practices

» Different standards for different exercises
(L,M,H)
« Standard should be high!
— Assumptions (not only mathematical)
— Model building rationale
— Model testing

— Inference
— Sensitivity analyses / Challenge assumptions
— Reporting
EMA-EFPIA Modelling » Detail of regulatory response might be vary
and Simulation Workshop according to impact
Good practices and next steps
Robert Hemmings, EMA
O QU INT' LES Hemmings R. M&S good practices and next steps. EMA-EFPIA Modelling and Simulation Workshop, 30 Nov — 1 Dec 2011, London. 5

Available at https://www.youtube.com/watch?v=BSsaUmMuUAE&index=12&list=PL7K5dNgKnawY 96v4FIgjTwUFAgQUCXrRmw. Accessed 31 March 2016.
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PSI early discussions with EMA on Best Practice

 EMA suggestion: should cover
1. Pre-specification
Analysis
Check of assumptions
Presentation of results
5. Sensitivity analysis
» Conclusions of simulations should be robust to missing data

> w



Best Practice, background

« 2012: EFPIA started working group for “model-informed drug discovery and
development” (MID3).

> Represented: Pfizer, Bayer, Roche, AZ, GSK, J&J, Merck, Bl, Novartis, Novo Nordisk.

« Jan 2016: MID3 publish Good Practice in CPT: Pharmacometrics and Systems
Pharmacology.

> plus supplement listing 103 papers/slidesets: projects using modelling and simulation.

 Meanwhile...

e 2014: Michael O’K submitted draft Best Practice to SIG for review.

» 2015 February: PSI SIG Hackathon to try out the SIG Best Practice proposal.
« 2015 May: SIG Best Practice document presented at PSI annual conference.

« 2015 November: Best Practice document adopted by PSI Board pending
acceptance by Pharmaceutical Statistics.
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MID3 paper on Good Practices

* MID3 paper “Good Practices in Model-Informed Drug Discovery and
Development (MID3): practice, application and documentation.

> Wide industry representation: Pfizer, Bayer, Roche, AstraZeneca, GSK, J&J, Merck,
Bl, Novartis, Novo Nordisk.

> Aim of MID3 working group:

» “to assemble a collection of “good practice” recommendations in order to address the
heterogeneity in both the quality and content of MID3 documentation submitted to European
Regulatory agencies”.

> Aim then expanded to include

» foster integration of MID3 into broader research and development (R&D) environment;
» illustrate use of MID3 applications;
» evaluate the impact of MID3 on R&D efficiency
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MID3 group definition of model informed drug discovery
and development

» “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”.

* The concept that R&D decisions are “informed” rather than “based” on model
derived outputs is a central tenet.

QO QUINTILES 10



Summary of MID3 paper

 Why MID3 is important.
 What MID3 is; its challenges and applications.

 How to do MID3: the core “Good Practice” part of the paper.
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Summary of MID3 paper

 Why MID3 is important.
 What MID3 is; its challenges and applications.

 How to do MID3: the core “Good Practice” part of the paper.
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Summary of MID3 paper — survey of 103 publications
“Illustrative rather than exhaustive”

Select/bridge populations
Differentiation/commercialization
Label: dose and schedule
Risk/benefit fr early outcomes
Understand/predict ADME*
Optimise study design

Find candidate+PK/dose
Target/mechanism

BEOCONEONRQOO

* absorption, distribution, metabolism, and excretion

0 10 20 30 40 20 60
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Summary of MID3 paper

 Why MID3 is important.
 What MID3 is; its challenges and applications.

 How to do MID3: the core “Good Practice” part of the paper.

QO QUINTILES

14



Summary of MID3 paper

» Challenges and opportunities
> How to get MID3 accepted and used throughout.

> How to argue systematically and scientifically for value of MID3
» use “High, Medium, Low” impact categories for MID3 projects.

QO QUINTILES
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Summary of MID3 paper

 Why MID3 is important.
 What MID3 is; its challenges and applications.

 How to do MID3: the core “Good Practice” part of the paper.
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Summary of MID3 paper

 Why MID3 is important.
 What MID3 is; its challenges and applications.

* How to do MID3: the core “Good Practice” part of the paper.

QO QUINTILES

17



Summary of MID3 paper: Good Practice

« Recommended documentation of planning, conduct, and reporting of MID3
analyses.

QO QUINTILES
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MID3 headings for Good Practice

Components of Good Practice plans

Analysis plan

* Introduction

» Objectives

« Data plan

» Data exploration

 Methods
* Model building
* Selection+evaluation
e Qualification

o Assumptions
* Results

QO QUINTILES

Simulation plan

Introduction
Obijectives
Additional data

Methods
e ldentify model
e Limitations
e Qualification

Assumptions
Results

Report

Synopsis
Introduction
Objectives
Data

Methods

Assumptions

Results
Applications/simulations
Discussion

Conclusion

Appendices
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MID3 headings for Good Practice

Components of Good Practice plans

Analysis plan Simulation plan Report

Introduction Introduction Introduction
Objectives Obijectives Objectives
Data plan Additional data Data

Data exploration

Methods Methods Methods

* Model building * |dentify model

* Selection+evaluation e Limitations

e Qualification e Qualification

Assumptions Assumptions Assumptions

Results Results Results
» Applications/simulations
* Discussion
 Conclusion

» Appendices
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MID3 headings for Good Practice — includes
recommendations for each heading

Components of Good Practice plans

Analysis plan Simulation plan Report
e Synopsis
e Introduction * Introduction * Introduction
» Objectives » Objectives » Objectives
« Data plan « Additional data  Data
» Data exploration
 Methods  Methods  Methods
Model building * |dentify model
Selection+evaluation e Limitations
Quialification e Qualification
o Assumptions o Assumptions o Assumptions
 Results » Results » Results

» Applications/simulations
« Discussion

« Conclusion

» Appendices
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Best Practice in modelling and simulation

MID3 PSI
* When to use simulation * When to use simulation
» Key elements for a good plan » Key elements for a good plan
e Quality control  Quality control
* Iterative nature of the MID3 * Iterative nature of modelling and
process simulation

QO QUINTILES
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Best Practice in modelling and simulation

MID3 PSI
» Agreed across 10 companies. « Authored by SIG, to be adopted
by PSI.
 Emphasis on integrating MID3  Emphasis on providing a tool for
Into the general pharmaceutical Best Practice for the working
development process statistician
* Three planning documents. * One specification for a project.
e Lists key recommended  Emphasis on flexibility —
elements. specification should include key
elements or justify their
absence.
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Best Practice in modelling and simulation

MID3 PSI
 Emphasis on hypothesis  Allows for possibility of hypothesis
generation rather than testing.

hypothesis testing. » Suggests including “less likely”

scenarios in simulations.

« Tends not to go into detail on » Considers technical detall, e.g.,
technical requirements. operating characteristics; use of
confidence intervals; measure of
stochastic variablility in simulations;

randomisation seed: software version.

* Includes guidance on when to include

simulation.

QO QUINTILES
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Best Practice in modelling and simulation

MID3 PSI
 Emphasis on hypothesis  Allows for possibility of hypothesis
generation rather than testing.

hypothesis testing. » Suggests including “less likely”

scenarios in simulations.

« Tends not to go into detail on » Considers technical detall, e.g.,
technical requirements. operating characteristics; use of
confidence intervals; measure of
stochastic variablility in simulations;

randomisation seed: software version.

* Includes guidance on when to include

simulation.

PSI Best Practice document can be used as a tool or template
to implement Best Practice as described by MID3 and/or PSI.
MID3 and PSI SIG share vision of good practice harmonised

O QUINTILES across the uses of modelling and simulation.
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PSI Modelling and simulation SIG Best Practice
document

Short: 11 pages

Contains sections as follows
 Definitions

» Scope of the document

* Objective

* Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification

QO QUINTILES
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
o Definitions

» Scope of the document

* Objective

* Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification
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Definitions of modelling and simulation

* “Project to answer specified scientific and business questions using model(s)
with estimates that:
> have a stochastic element, and/or

> have combinations of attributes that are not present together in a single dataset or in
the individual assumptions used by the model, and/or

> extrapolate beyond the directly specified assumptions and/or beyond the support
provided by the data used by the model.”

e vs. MID3 definition above:

> “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”
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
 Definitions

» Scope of the document

* Objective

* Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
 Definitions

» Scope of the document

* Objective

 Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification
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Introduction: when to include simulation in a project

» Closed-form approaches vs. simulation.

QO QUINTILES
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Introduction: role of the specification in Best Practice

» Specification enables
> users to answer in advance the question “will this modelling and simulation project
answer my research question™?

> team members to act consistently to achieve the planned outputs;
> sponsor to assess whether the project achieved its goals.

QO QUINTILES
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
 Definitions

» Scope of the document

* Objective

* Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
 Definitions

» Scope of the document

* Objective

* Introduction

 The project specification
> Quality control
> Presentation of results

» Changes to the specification
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Checklist for a best-practice specification — include
these, or say why not

e Summary — optional

* Introduction, including
> clinical/statistical background,
> objectives,
> metrics/criteria for conclusions.

« Simulation and analysis/design
Scenarios assumed and assumptions made, including sensitivity analyses.

v

v

State and justify assumptions (including some less likely ones).
Data sets

v

v

Analysis

v

Operating characteristics

v

Logistics — the execution environment, location of the programming code.

QO QUINTILES
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
 Definitions

» Scope of the document

* Objective

* Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification

QO QUINTILES
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A selection of key elements for the specification

« Statement of objective

 Clinical background

 Criteria for conclusion

* Input data described

» Assumptions for scenarios described

» Assumptions for scenarios justified

Model assumptions stated

Model assumptions justified

Model assumptions checked

Sensitivity analyses presented
* Any sensitivity results unfavourable to thesis?
 Limitations described

« Analysis described

QO QUINTILES
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More technical attributes assessed in survey

» Software stated
« Software version given
» Seed(s) stated

Programming code available

QC process described

Measure of simulation uncertainty

Results include confidence intervals (CIs)

» Any operating characteristics assessed
> e.g. type | error, power, coverage of Cls

QO QUINTILES
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PSI Modelling and simulation SIG Best Practice
document

Contains sections as follows
 Definitions

» Scope of the document

* Objective

* Introduction

» The project specification
> Quality control
> Presentation of results

» Changes to the specification

QO QUINTILES
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Best practice — during, after, and next time around...

» Quality control — level of QC should be appropriate

> from review of specification (low-impact project)

> to independent programming of project (some high-impact projects)
* Presentation of results

> may vary depending on audience — plan in advance outputs for each audience
> use of confidence intervals

» Changes to specification

> Specification should be auditable, e.g.,
» revision history
» formal amendment (as in protocol amendment)
» include old versions as appendices

QO QUINTILES
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Principle: do what is necessary for Best Practice, but
not more

» SIG document allows the flexibility necessary for Best Practice in this area
where the regulatory and scientific importance of the projects varies widely.

QO QUINTILES
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Example best-practice specification for low-impact work

[Planning and Reporting for Projects that
Involve Modelling and Simulation
Best Practice Document

Appendix B: example specification with a low level of detail
Using simulated data to verify an estimate of probability of success

Specification of simulations

B.1 Introduction

Given five treatment development programs with known probability of success, it 1z desired to
know the probability of zaro succeszes and of four and five succeszas. Thase probabilities have
been caleulated analytically. It is requested that 2 simulation be nm to venfy that the analyziz
is comrect.

Smes this iz 3 ons-off query on whoss avidence alone no dacizion will ba mads, this 1= judzed
a project of low importance. Therafora the clinical background is not describad; nor are metrics
and criteria for decizions appropriate.

B.2 Simulation and analysis/design

Az noted, this projact iz of low importance and no dacision will be made by it zlone. Therefors
the deseription of the slaments of the simulation and analysiz will not be detailed and some
elemants are not applicabla.

B.2.1 Scenarios assumed and assumptions made

Probabilities of 0.1, 0.2, 0.2, 0.03 and 0.4 were given for programs 1-3, respectively. Smes the
objectrve was zimple wverification of an existing calculation, no justification 1s given hers of
theze probabilities. Since the question answered is theoretical, just ons given scenario is used.
B.2.1.1 Sensitivity analyses

The= project 1= not required to aszess assumptions, so sensitivity to assumptions 1= not planned

to be analyzed via sensitivity analyses
B.1.2 Data sets generated

Tamporary sets of bmary outcomes will be genarated. Data will not be bootstrappad becanze a
simpla verification iz sufficient. Three million bmary outcomeas are simulated for sach program.

B.1.3 Statistical analysis
The number of mstances of zero, four and five successes was caleculated for each of the 3
million simulations, and tha probability of zero, four and five successes in a simulated nstance
was caleulated and plotted.

B.2.4 Operating characteristics

Given that thiz modelling and simulation tazk 15 to be a samity check, the number of zimulations
required to zchisve a given accuracy with 5% confidence will be approximated. The probability
of five succeszas 15 small (<1/100) =0 2 precision of 0.001 iz desired. Using the formula of
Burton er al. (2008), with alpha=0.05, and approxmmating the variance of the probabilifies as
S4p(l-p) where p==0.2, 3 million simulations will provida pracizion of approximately 0.001.

B.2.5 Logistics

The K language package myiBmayEP will be used to simulate the binary outcomes. The
package allows for correlations betwreen the cutcomes, but thiz was not requirad for the primary
objectrve. R version 3.0.1 will be used. S2e Appendix for the B code used. The s=2d nsed was
1

B.3 Quality control
Given that this meodelling and simulation task 15 of low mmpeortance and will not of itself lead
to a decision, the specification will be submitted to the requestor of the calculation, but no
fiurther QC of the production of results 1s planned. The cutput will be checkad against the
requestor’s caleulations.

B.4 Presentation of results

A table will be presentsd of the probability of zero, four and five successes among the five
programs, caleulated as the proportion of mstances of zero, four and five succeszes in 3 million
smmulations of the five programs. The number of mstances will also be plotted o 2 histogram
with one stack for each level of successes, a stack for zero suecesszez, 1 syceess, . _and =0 onup
to five successes. These ontputs are judged sufficient to act as a check of the analytic estimates,
which iz the objectiva of this project.

The precision of the result (standard error) will be presented m a footmete to the plot. Given the
inclusion of pracision, no confidence intarvals will be presentad. Given the theorstical naturs
of tha problem and the correspondmg simplicity of the simulation, no bias is to be sxpected m
the simulation-based estimatas,

The reszuli= of the modelling and simulation will not be stored. The B code will be stored m
[location]. A note of the contents of the table output will be ncluded 2= 2 comment m the B
code.

QO QUINTILES
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Example best-practice specification, high-impact work

Planning and Reporting for Projects
that Inveolve Modelling and Simulation
Best Practice Document
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PSI proposed Best Practice document

» PSI| SIG Best Practice document

> Authored by volunteers from the SIG
» SIG members from variety of pharmaceutical companies.

» All authors of the Best Practice document from contract research organizations.

» Agreed to be adopted by Board of PSI.

> Aim of document
» Define Modelling and Simulation;
» when to use modelling and simulation vs. closed form solutions;
» elements of a specification for a modelling and simulation project;
» managing changes to the specification.

QO QUINTILES
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MID3 paper on Good Practices

* MID3 paper “Good Practices in Model-Informed Drug Discovery and
Development (MID3): practice, application and documentation.

> Wide industry representation: Pfizer, Bayer, Roche, AstraZeneca, GSK, J&J, Merck,
Bl, Novartis, Novo Nordisk.

> Aim of MID3 working group:

» “to assemble a collection of “good practice” recommendations in order to address the
heterogeneity in both the quality and content of MID3 documentation submitted to European
Regulatory agencies”.

> Aim then expanded to include

» foster integration of MID3 into broader research and development (R&D) environment;
» illustrate use of MID3 applications;
» evaluate the impact of MID3 on R&D efficiency

QO QUINTILES 45



Best Practice for modelling and simulation, the work of
the two groups, MID3 and PSI

» Agreement all aspects of the process
e Some differences in emphasis
* The two groups are working together to promote good practice

* The two groups will participate at session on Best Practice at 2016 annual
conference of the statisticians professional body PSI, London, UK

QO QUINTILES 46



Best Practice for modelling and simulation, the work of
the two groups, MID3 and PSI

» Agreement all aspects of the process
e Some differences in emphasis
* The two groups are working together to promote good practice

* The two groups will participate at session on Best Practice at 2016 annual
conference of the statisticians professional body PSI, London, UK

MID3 and PSI SIG share vision of good practice harmonised
across the uses of modelling and simulation.
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Essential to a successful modelling and simulation
project

» Integrate the quantitative experts, the clinical experts and the other decision-
makers

 The whole team is needed, to decide on
> what aspects of development program to assess

assumptions

scenarios

how to interpret results

what new alternatives to assess

V V V V
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