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ADDOoPT vision

lan McCubbin, chair of MMIP when ADDoPT proposal was submitted and approved for funding

‘ @ www.abpi.org.uk/our-work/news/2017/Pages/Handing-aver-the-helm-of-MMIP.aspx#

' UKEULife Sciences Transition Programme Posted in category Opinion by Medicines Manufacturing Industry
» Industrial Strategy Partnership on 150272047 &
' ABPIblogs Handing over the helm of MMIP MMIP
e lan McCubbin, Chair of the Medicines Manufacturing Industry Partnership, is stepping
v IS down from the role and reflects on the work achieved by MMIP over the past two years.
v 2014
. 2013 After two years of chairing the Medicines Manufacturing Industry Partnership (MMIP) |
. 3042 am now in the process of handing over to Andy Evans, the Head of AstraZeneca's
. 2011 manufacturing site in Macclesfield. Andy has already thrown himself§ into the role during

what is a very interesting time, for two main reasons.
v Cancer Drugs Fund {CDF) v g

Firstly, MMIP has really established credibility in the medicines manufacturing community,
and with Government and asscciated organisations. In many ways | know that MMIP is
L] seen as a role model for how we should work with government in the Life Sciences

+ Disclosure UK sector. |tis also very timely following the wote to leave the EU and as Government starts
to design the Industrial Strategy and the Life Sciences Industrial Strategy within that.

v Careers in the pharmaceutical industry

¢+ Falsified Medicines Directive (FMD]}

As | reflect on our contributicn, it's clear we have progressed significantly with @ number
of important topics, not least the Advanced Therapy Manufacturing Taskforce (ATMT).

emvircnment. ADDoPT is the Advanced Digital Design of Pharmaceutical Therapeutics, it
creates virtual medicine manufacturing systems to make sure they are effective and
efficient before creating them in the real world.

—

' Resources for schools and ultimately commercialisation and the sector's contribution to the UK economy. The

t Strategy Medicines Manufacturing Innovation Centre will provide an open-access hub where
medicines manufacturing stakeholders can cellaberate, research and pull through
emerging technologies and manufacturing processes into a commercial manufacturing
emvironment. ADDoPT is the Advanced Digital Design of Pharmaceutical Therapeutics, i
creates virtual medicine manufacturing systems to make sure they are effective and
efficient before creating them in the real world.

¢+ International Women's Day

With the support of The Association of the British Pharmaceutical Industry, Biolndustry

Agsociation, Innovate UK Knowledge Transfer Network and of course all the companies T
who have committed their valuable time and energy, MMIP has been able to create |
momentum at exactly the right time. Some may say luck, but to paraphrase Gary Player, L\ | , . P I
W




A digitalisation vision supported by key reports

MANUFACTURING VISION

FOR UK PHARMA

-

Medicine Manufacturing

Industry Partnership

abéf M innovate UK

Advanced Therapies
Manufacturing Action Plan

Retaining and attracting advanced
therapies manufacture in the UK

|r4

Industrial
Strategy

ADDOPT started two years before publication of these reports
recognising / confirming the need for development and
deployment of Digital Design and Digital Operation solutions

MADE
SMARTER.

REVIEW 2017




Digital Design is an integral part of Digital manufacture (Industry 4.0) ...

... is the use of an integrated, computer-based system
comprised of simulation, 3D visualization, analytics and collaboration tools
to create product and manufacturing process definitions simultaneously

https://www.plm.automation.siemens.com/global/en/our-story/glossary/digital-manufacturing /13157

Digital Twin ' Digital Twin Digital Twin
Product Production Performance

Insights from performance

< Validation Real
Ideal Real

production [Fstes
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Continuous improvement

https://www.siemens.com/press/pool/de/events/2018/digitalfactory/2018-04-hannovermesse/presentation-press-conference-prior-to-hm18-e.pdf
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https://www.plm.automation.siemens.com/global/en/our-story/glossary/digital-manufacturing/13157
https://www.siemens.com/press/pool/de/events/2018/digitalfactory/2018-04-hannovermesse/presentation-press-conference-prior-to-hm18-e.pdf

ADDOPT scope

Improve / optimise for impact

Product
Performance

Product and
Process Design

Materials properties Surface chemistry

. . Release profiles
Manufacturing classification

Particle attributes Downstream

Processing rules .
. Formulation
Quiality systems

Primary Manufacturing - Secondary Manufacturing
Active Crystallisation Milling

Ingredient » Filtration » Blending » & @ M_f'k‘ »
(API) Washing Compaction N “,d e
Drying Coating e

Processes Products Patients

Design and control of optimised development & manufacturing processes
through data analysis and first principle models

m A systems-based approach to pharmaceutics

m Horizontal integration: Manufacture = Product Performance (breaking down silos) —~ N\ ]/ <
m Vertical integration: Length Scales & Design - Operation A DD P T



See delegate pack for a more detailed description of the vision

and benefits for patients and the pharmaceutical industry

Our ability to model physical and biophysical properties of tablets
without making prototype formulations demonstrates the

Digital Design, Virtual Systems and Digital Twins

potential of digital approaches to vastly improve the
efficiency of drug development

Creating virtual medicines and medicines manufacturing systems to ensure they are
effective and efficient before creating them in the real world

The ADDoPT Vision

The ADDoPT vision is the creation of virtual
medicines and medicines manufacturing systems -
products and processes - to make sure that they are
effecrive and efficient before creating them in the
real world. The key element in the digital design
workflow is the creation of a virtual representation
or “Digital Twin” of a preduct or process based
upon a mathematical model that predicts its
performance. This allows a vastly more efficient and
effective design process.

Traditional practice involves an iterative design
cycle consisting of building a physical protorype
and its real-world testing. Through repetition of
the cycle, a workable solution is reached and the
product is developed, without kmowing whether
more robust and/or more efficient solutions exist.
In ADDoPT, Digital Twins have been developed on
the basis of predictive sci ( hanistic models)
with data analytics used to address gaps in the
mechanistic understanding. Once calibrated, using
greatly reduced physical experimentation, these
Digital Twins can predict the performance of
products or processes across a far greater design
space than was used in calibration and with respect
to a much wider range of material attributes and

28th March 2019

process parameters to identify those which are truly

The ADDoPT project has

developed and implemented advanced

digital design techniques that streambine drug

design, development and manufacturing processes

critical. Consequently, performance of the Digital
Twin can be evaluated without the continual need
for the production and testing of a physical
protorype (efficiency gains) and robustmess can be
more comprehensively evaluated and optimized
with respect to raw material and physiological
variability. Rapid iteration of the digital design test
cycle then leads to an optimum virtual product
that can be replicated with confidence in the real
world. Ehminating the physical make-test cycleis
inherently much more efficient in material, time
and cost. Our ability to model physical and
biophysical properties of rablets such as hardness
or bioavailability without making prototype
formulations demonstrates the potental of digital
approaches to vastly improve the efficiency of drug
development.

Benefits to Patients and Industry

Digital design has the potential to significantly
improve the speed and efficiency of
Pharmaceutical product and process development.
This is important given current industry trends.

Until now clinical trials have typically been lengthy
and are often unsuccessful. The advent of more
targeted precision medicines allows for smaller trials
and improved chances of succezs. Whilst in the past
clinical development was almost always on the
critical path to launch and commercialization, we
are now seeing more examples where development
of the commercial product and its manufacturing
process are the rate limiting steps on the path to
market. The efficiency of Digital Design offers
pharmaceutical product and process development
groups a way of addressing this ing chall

An implication of Precizion Medicines is that more
products will need to be developed: better targeted
medicines will improve efficacy for specific patient
populations but will reduce the size of population
that each medicine will serve. In order to meet the
needs of the overall population more products will
have to be developed overall, and the demands on
product and process development groups will
increase in an already resource and cost constrained
environment. Digital Design offers these groups the
opportunity to achieve a step change increase in
productivity in order to address this challenge.

The primary benefits of Digital Design are in d

process modelling allows for an evaluation of the

impacts of input product variability on product
performance as part of the modelling process.

-

The benefits of Digital Design to industry flow through to
patients in the form of foster access to and enhanced
availability of new medicines and better assured supply

From Digital Design to Digital Operations
The fruits of Digital Design will be most fully reapad
through an integrated Digital Operations approach
to manufacture. Having a calibrated digital twin of
the manufacturing system and equipment that
identfies and predicts the key relationships between
m ial charac process parameters and

speed and efficiency of development however ather
benefits are apparent over traditional heuristic and
purely data driven techniques currently widely used
in development to underpin Quality by Dezign.
Digital Design techniques generally need fewer
experiments as the scientific knowledge captured in
mechanistic models acts as a priori information. This
leads to experimental and material efficiencies.
Additionally, mechanistic modelling techniques
allow for a more rigorous assessment of robustness
and key and quality variabily bling a

more holistic approach to addressing ‘xaw material
variability: Typically process optimization work is

done with input materials of fixed quality or limited
material variability. The use of Digital Design and

product performance allows medicines
manufacturers to readily identify the manufacturing
and control systems that are needed to assure
product quality. Subsequently, the digital twin can
streamline process optimisation, accelerate

technol fer and underpin both advanced

EY F

process itoring (inferred ments for
quality attributes that cannot be reliably measured
in-line or at-line) and model predictive control to
ensure the robusmess of ongeing manufacture.

»> Thecase studies outlined
in this brochure demonstrate that
a shared ambition to achieve step-change

improvernent in pharmaceutical product and process
development has led to real examples of improvement that are already bringing real

ADDOPT DIGITAL DESIGN SHOWCASE, LONDON

benefits to industry and patients today




Development of digital design and digital operation tools using

mechanistic understanding, big data and hybrid approaches

Tools developed using
Mechanistic understanding Big data

m Datais typically not
Solid form assessment — CSD-Materials (WP5) UbiC]UitOUS nor cheap

Select / screen /
assess Molecule

Aggregating data from a mixture of sources bu | k density

for Design & Operation. (WP6) to develop, design, and operate processes. (WP6)

m > Hybrid models

- . Solubility prediction (WP3&5)
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Digital Operation
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Process monitoring
& control



Application of digital design and digital operation tools > 15 pharma led case studies

DIGITAL MANUFACTURE

Digital Design

Digital Operation

R&D / Engineering

Operations

Process design, Particle Select / screen /

Process monitoring

Mechanistic understanding
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See delegate pack for summaries of six case studies

Understanding Powde¢
Continuous Processin

and better decision making|

Drivers

The manufacture of solid oral dose
pharmaceutical forms is underpinned by
need for good powder flow. Most Active
Pharmaceutical Ingredients (APIs) are fo
wery fine solids and do not inherently flon
and so additional treatment by wet or dry
granulation is frequently needed to rends
flowing blends.

Industry trends towards more complex 4
continuous processing further increase tt
for a better grasp of the links between

measurable particle properties and result
behaviour, and the means to predict one
other as early as possible in the developn

workflow.

Approach

This work has taken place in parallel witk
the context of the development of a
Manufacturing Classification System’, mc
on the FDA Biopharmaceutics Classificar
System. This will allow materials to be cl:
for processability according to the APl pc
properties and the level of drug loading.
material's position in the claszsification th
informs the choice of processing route, o
whether further particle engineering is re

1. MCS Working Croup (20:8): Menufocturing classiffioat

‘real world, Pharmaceutical Devalopment and Techna
10.3080/1083 7450 20180534863

Mechanistic Modelling o
Powder Feeding

Predicting flow performance and miti

Drivers

Powder feeders are an integral part of mamny
pharmaceutical industry solid dosage form
processing trains and are particularly critical
continuous processing equipment, where am
fluctuation in the rate of delivery risks being
propagared into downstream blending. Man:
feeder performance is often less than
straightforward when dealing with active
pharmaceutical ingredients {APIs) in particu
due to their challenging flow properties.

An accessible predictive model of feeder
performance would enhance both drug prods
development and manufacture, increasing th
speed of development, reducing the associats
costs, and improving process robustness.

Approach

A model based upon the best currently avail:
the public domain literature for powder flow
been incorporated into a user-friendly interf:
suitable for use by “super-users” (scentists
primarily focused on pharmaceutical materia
with some degree of comfort in the use of
modelhng tools), and by subject matter expe
modelling specialists.

- I

Lattice Energy Predictic
Data Approaches

Understanding and predicting AP s

Drivers

The sophisticarion of modern therapies has
driven drug dizcovery towards higher mole
weight, lower solubility compounds.
Understanding and predicting solubility ea
the development cycle using lattice energy
indicator property can provide business
advantage by streamlining candidate zelect
and linking up thinking between medicinal
chemistry and drug development.

A new modelling toel allows lattice energie
be predicted for the crystalline form of ar
of molecular variants. This gives a measure
likely solubility directly from 2D strucrure,
allowing candidates to be ranked with no n
for experimentation.

Approach

Solubility of any crystalline matenial is the
of a balance of selvarion and solid state pac
effects, so effective modelling needs to con:
solid-state az well as molecular properties.
done under ADDoPT has affirmed the
importance of the solid-state contribution |
solubility and provided a practical model tc
account for them.

Early Stage Prediction | Optimising Crystallisati
Habit and Physical Prop

Morphology

Accelerating and de-risking drug de] Designing processes to deal more effi

Drivers

This case study addresses the need to acce
and de-risk drug development pathways a
reduce development costs by providing a ¢
earlier indication of any potential issues
associated with the expected crystal morp!
of drug candidates. Early signalling of suct
will enable preventative work, including
triggering more detailed modelling, to be
out off the development critical path.
Longer term, linking the underlying predi
capability developed with other crystallisa
‘models will contribute to improved experi
design. Taken together, these benefits wou
effectively increase overall resource efficie
and hence capacity to progress a pipeline «
preduct development projects.

Approach

‘With the aim of predicting crystal morphc
properties (and limited mechanical proper
from a single crystal structure, database ar
visualization scripts have been developed '
CCDC to interface with and harmess the
‘morphological predictive ability of Leeds'”
Habir software, and bring these tools to be
live drug candidates within Pfizer.

Drivers

Active Pharmaceutical Ingredients (APIz) of
needle-like shape tend to impact powder
flowability and, with industry trends toward:
more challenging APls, higher drug loadings
meore continuous manufacture. are often
considered as high risk and a source of diffic
in the manufacture of a pharmaceutical dosa
form. As a result, the technical challenge of
designing upstream processes, notably
crystallisation, iz important to ensure that gc
flow 1s achieved for downstream processes su
as formulation. A model-based approach off
the prospect of both a more efficient optimis
worlkflow and improved plant uthsation by
having better understood and cpumised
crystallisation processes.

Approach

This study addresses the challenge of dealing
APIs which tend to crystallise as long needle
during simple seeded cooling crystallisation.
These form cohesive powders in bull which
extremely difficult to handle in downstream
formulation processes.

Current practice involves a great deal of
experimental work to develop erystallisation
processes with wet milling temperature cych

g

A Process Model for Twin Screw

Granulation

Using

Twin screw granulation offers a flexible and
effective continuous formulation route, but the
near-infinite potential varations in screw
elements and set-up that provide such useful
configurability also make it highly challenging to
cover all the options in a solely practically-based

approach to platform optimisation.

The purpose of this case study was to see to what
extent modelling could be used to reduce the
number of practical trals needed without
sacrificing the amount of process understanding
obtainable across the full range of design space.
A lower experimental burden (cost of matenals
and time in experimental design, execution and
analysiz) equates to increased efficiency in

development and cost reduction.

Approach

An early version of an advanced mechamstic
moedel using a populaton balance based
approach to describe the complex set of
simultaneous rate processes occurring within a
twin screw granulator was implemented within a
worksheet environment by P5E for evaluation to
see how close it was to utility as part of a normal
AZ development workflow.

odels to optimise implementation of new technology platforms

4

A cutting-edge
modelling approach can
dramatically reduce experimental

burden without sacrificing process understanding

Key Features

* An advanced mechanistic model has been
evaluated in a flowsheet environment
facilitating rapid, virmual experimentation in
place of expensive and time-consuming
practical experimentation

* A sufficiently predictive model was achieved
using just 5 trials instead of 24

# The study demonstrates the potential for
early, virtual process platform optimisation

The tool was used on a retrospective example to
assess the potental for reduced experimental
requirements. Whilst the case study was fairky
limited in scope - a practical design space
including two screw configurations was used to
predict behaviour in a third - a sufficiently
successful demonstration would be a significant
step forward and a good indicator of future
utility in further process understanding work.

An ADDoPT Case Study featuring
«collaboration between PSE and AZ



ADDOoPT outcomes relevant to digital design and digital operation are

available as new software tools or enhancements to existing tools ...

m Have also worked on integration of
| tools from various parties, e.g.
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See delegate pack for an overview of the project outcomes, many in the

form of software tools, accessible by ADDoPT and non-ADDoPT partners

Ahighly competitive knowledge value supply chain: helping protect
UK manufacturing and ready to support growth

UNIVERSITY OF #r
C»‘\.MBRIDGE

P
e Hartree Cantre
et s e

rESOUICES a

pharmaceutical materia

ADVANCED DIGITAL DESIGN OF PHARMAGEUTICAL THERAPEUTICS + Advanced computing, big dm“a'l!’“ﬁ and Al + Predictive models for pnwdmﬂuwamlny l.mde(]m\-‘ shear

technologies and expertise: machine learning rate conditions, and associated response surfaces which
X . models built on bespoke data, e.g. particle image can be deployed in production
A UK-based knowledge value supply chain for the smalyss, cheminformatics D s on i commaction of
pharmaceuncal sector and beyond » Adv d scientific ing, g modelling and pharmaceutical powders into constitutive models that
mﬂmmufmnhcuhrsmesmdmdamg can be used to simulate tableting
Building upon UK excellence in big data, mechanistic modelling, process optimisation and fundamental properties for input into the digital » A deeper understanding of tablet coating thickness
control, ADDoPT has been a catalyst for innovation across the specialist solution-providing design warkflow variability in batch spray coaters, and associated
businesses and knowledge-base partners at the heart of the project 'Mm“];m* In optimising soffware and its production-deployable response surfaces
applications for « g resources (in-h + Simplifiad analytical models to predic _to-band
i t + New subsets of CSD data, including the CSD Drug the Hartree Centre's) - oF

coating thickness ratios for tablet of different shape
+ Training in prog ing, software applicati based on their orientation distribution during coating
and Al using machine learning to extract maximum

Subset - a collection of all published crystal structures

o.l'appwvedsma]lmlecnled.rug providing an

» New unit operation models: CSTRs, PFRs, nD PEE of pt g of the 1 and crystallographic value from data
crystalliser for predicting size and shape distributions, . # A wide range of computational science and YUNIVERSITY OF LEEDS =7
jet mill, HSWG & T5G Wmﬁcs}ﬁ;km&?:ﬁm enginesring expertisa to produce solutions that + Digital workflows through VisualHARBIT/Mercury for the
» Enha to unit op ion models: dry mill, jet drive innovation, reduce R&ED costs and streamline design of solid-form and particulate surface properties
mill, film coating, pressure filter, agitated filter dryer, PERCEPTIVE [ 17200 bility nahdy prototyping

from molecular and crystallographic data

» A triaged grid-search and molecular dynamics tool set for
predicting solvation and molecular structure within
solutions and at erystal/selution interfaces

# Solubility prediction through machine leaming linked

amd ablet ENGINEERING =
» Sensor models: New laser backscatter (CLD) and laser d a chi es
N y D
diffraction models N « New workflaws mtegraungpharmaMVWIﬂl gPROMS @ o
* New gPROMS platform capabilities: support for HPC FP to enable the transfer from digital design to digital
clusters, OPC client interface, multi-start parameter

specialist

rion an optomieation, st sbaky o Lasmeh operation for monitoring, contrel and optimisation * Development of 2 digital information flow for model with experimental big-data and molecular descriptors
estimation optimisation, al 13 . -basad pharmaceutical design, manufacture and - Mm])hnlnglca] P@.ﬂammmg for pmdlmunnf
physical property packages from gPROMS i::ﬁmﬂmphﬁmllmng:em(ormpmm:ﬁ performance, linking current models and identifying crystal size/shape evolution during processing
FormulatedProducts directly connected to lab or pilot scale process units opportunities for new developments # An integrated CFD, population balance and multi-zonal
-[nlaﬁceﬁ:(devehpmmtnfhybndmodelsmmﬁnjng . usahility of PharmaMV through dashboard » Generation of bespoke digital design information modslling platform for prediction of batch erystallization
data driven (statistical) models and istic models WEJM Kflows and templates, providing the flows for industrial end-users, helping them to link and spray drying processes at lab and pilot plant-scales
* ESAFT thermodynamic property prediction: user with the information required at the point of need their current models, share information on model

» Agitated filter drying simulation capability incorporating

development of flash algorithms for SLE (solubility);

K » Digital twin training courses available to support the status, and identify opportunities to use new toals filtration/sedimentation integrated with contact/
extensions to databank . -
L . L . implementation of the new digital design workflow Snppnrltoa.cademlcparmﬂsmgengraung convective drying models
* Joint industrial case studies, mteractive courses « Created a platform for users to implement models and fally relevant from innovative + Prediction and control of particle sizs through milling
algorithms, via Python with secure traceable modaldevelopmenﬁ processes through new breakability assessment
integration with PharmaMV # Linkages between particle propertiss of the active techniques and breakage functions
+ Cloud-based connectivity to run PharmaMV on MS molecule and wider drug product manufacturing, » Simulation-based design of operating conditions and
Azures, AWS and potential for Apps to be developed on stability and performance, to help optimise particle ial properties for c powder blenders
mﬁmanﬂpmdepwupmyammr informing Siemens MindSphera design + Morphologically based powder flow models linked to X-
downstream behaviour and design of drug products + Case studies demonstrating digital worldlow for -l)mcﬁslmmvledgeanﬂlmdentandmgcapnue rayt grap t5 for si ing the
« Ability to systematically and routinely apply these new crystallization, twin screw wet-granulation and providing ion-rich visual mnsohdanmandpumssngofcohemmﬁceted
methodologies, enabling assessment over large datasets continuous direct compression processes quahuuwmenhanunc_mddsagamsn_\rhmhmten particles in powder theomaters within screw feedars
and1 pes of p " 1 stre the scope and assumptions of computational models
« Enhanced interoperability of Visual HABIT and CCDC

functionality through CSD programming interfaces _ Contributing to job
creation and safeguarding in the

pharmaceutical supply chain, and

enhancing UK skills and capabilities in new tools and

www.addopt.org
ADDOPT is a collaboration instigated by the Mesicines Manufacturing Industry Partnership, and part funded under the Advanced

methodologies for Digital Design and Operations - i e 4 y P i par i
‘Mamufacturing Supply Chain Initiative, a BEIS initiative delivered by Finance Eirmingham and Birmingham City Council.
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