research

cenfer
pharmaceutical
engineering

We make tomorrow’s drugs possible.

Research Center Pharmaceutical
Engineering (RCPE) = Overview

I2APM Emerging Pharmaceutical Manufacturing Summit
Malta 2017

K1 Competence Center - Initiated by the Federal Ministry of Transport, Innovation and Technology (BMVIT)
and the Federal Ministry of Science, Research and Economy (BMWFW).
Funded by the Austrian Research Promotion Agency (FFG), Land Steiermark and the Styrian Business

Promotion Agency (SFG).



We make tomorrow’s drugs possible.

RCPE - Key Facts

= Research Center Pharmaceutical Engineering GmbH

= Independent research center for pharmaceutical
process and product development

= A nationally-supported, public-owned Institute configures and
operates as a private organisation

= Located in Graz, Austria

Head quarter with state-of-the-art laboratory facilities
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Controlled: Quality is ensured by real-time monitoring of CQAs and “state of control” is
maintained by advanced process control methods

Understood: Mechanistic understanding of process and associated process models exist

Robust: CQAs can be achieved for a broad range of materials, scales and operating
conditions. Not overly sensitive to changes in materials attributes

Intensified: Multiple physical and chemical transformations are carried out simultaneously
(e.g., co-processing, melting and mixing)

Scalable: Process is flexible with respect to the amount of product made and process can
be scaled easily (e.g., time-scaling of continuous processes)

Economic: Complex products and materials can be made using the processes in an
economic way
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WETEIES Processing Biopharmacy
« Mechanical effects | « Bioavailability
» Compactibility, * Liberation

hardness, porosity » Absorption
Change of morphology » Metabolism
i [ > « Distribution
* Elimination

* Nano-particle uptake
* Distribution and

\clearance /

Experimental

- Pore sizer TEM Compaction simulator » In-vitro model (human cells)
D EEY, DSC Small-scale equipment « Ex-vivo model (tissue)
» Texture analyzer, etc. Powder rheology, etc. Pilot lab « In-vivo model (animal/human)
Simulation
* MD, DFT, MC « MD, DFT, MC « CFD, DEM, CFD-DEM * IVIVC
* Group-contributionmodels « Group contrib « FEM, SPH  GastroPlus

» PBPK models
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RCPE Organization

General Assembly
Program Committee Scientific Advisory
Program Commission

Supervisory / Strategy Board Board

Executive Board of Directors

» Business Development » Strategic Leadership > Finance » Internal and External Consulting
» Licensing in/out » Scientific targets > HR > IPRs

ITT1: New Platform
Technologies Arf-)a I Area Il Area I!
Modeling Advanced Prod Process Engi
Predictic Deliver

ITT2: Drug Quality and
Safety Tectgelisy Advanced Mod Material Scit Continuous Man
Simulatio
Biopharmace Processing eng

ITT3: Personalized Medicine Development &

e.g. Geriatrics _
Design & Deve QbD/PA
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RCPE Scientific “Space”

Process Science

= Particle engineering

= Particle processing

* Process modeling & simulation

» Oral dosage forms | ‘ + PAT & process contro
* Inhaled dosage forms gz 4

= Advanced forms

Products

= Primary manufacturing

= |n silico methods

» Regulatory strategy

08.05.2017 Slide 6 I2APM Emerging Pharmaceutical Manufacturing Summit, Malta 2017 #LH_

29

m;
>

-

=
=4
2m

c
=



Capability and RCPE-PSE CoE

We make tomorrow’s drugs possible.

Molecular dynamic

simulation

» Shape
» Defects
» Surface

» Microscopy

(optical & SEM)

» X-ray scattering

» Gas adsorption
» Contact angle

groups
» Wetting

= \When
= Where
= \What

» Shape

*» Size

« PSD

* Density

» Porosity

» Wetting

* Flow

» Segregation
» Adhesion

* RTD

» Assay

» Disturbance
» Start-up &

shut down

* Build-up
+ O0S

» How Particle dynamic
\ simulation )
= \alidate
rrmmum' Feeder Blender Unit 2
‘ e o T
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Blender ¥ Blander
Bower O™ e TabiotPress Depot  Coater
\_ Process dynamic simulation
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» Spectroscopy

* Image analysis

* DLS

» Shear rheology
» Microscopy

» Gas absorption
» X-ray scattering
* Raman

scattering

» PAT
+» Soft sensing
» Throughput

» Energy

* Yield

» Costs

» Statistical data

=

Experimental services
CFD & DEM / SPH modelling

~

-

Application &

)

development

PS

Systems-based Pharmaceutics

) Digital design & operation

The Centre of Excellence for Pharmaceutical
Formulation & Manufacture provides a “one-
stop shop” that combines model-based
analytical technology and experimental

services.

This helps accelerate the development of
drugs and design of their manufacturing

processes
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We make tomorrow’s drugs possible.

Process Analytical Technology (PAT)
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We make tomorrow’s drugs possible.

European Consortium on Continuous Pharmaceutical Manufacturing (ECCPM): RCPE
leads consortium with AZ, UCB, Bayer, GEA, Siemens, Automatik, EVK, University of Gent, U. of
Eastern Finland, U. of Duesseldorf, TU Graz

International Institute for Advanced Pharmaceutical Manufacturing: RCPE (A), CMAC (UK),
C-SOPS (USA)

Continuous Hot-melt Extrusion and Pelletization: Bayer (D)

Continuous filtration, cake washing & particle drying: Novartis (CH)

Continuous drying of crystallization slurries: Novartis (CH)

Fully continuous plant for dry, wet and melt granulation: LLB Bohle Germany (D)
Integrated upstream-downstream continuous process

Continuous capsule filling system

Printing of Drugs
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ECCPM - Structure

Prof Johannes Khinast Massimo Bresciani
Scientific Director ECCPM Director BD/Sci Op
RCPE Scientific and Communication Lead: Wen-Kai Hsiao
<:: Pre-Competitive: Work Shop Series ::>
Use-case | Use-case I Use-case llI

Hot Melt Extrusion Wet Granulation Direct Compaction

Bayer uCB Astra Zeneca

Maag Automatik . GEA 5 University of Eastern 5

Siemens — Ghent University ~ Finland =

EVK - RCPE - RCPE 2

IPPT - 2 )

RCPE g g g
[oX o o

KR: § KR: § KR: §

Johannes Khinast Thomas de Beer Jarkko Ketolainen

RCPE: RCPE: Ossi Korhonen

Jakob Rehrl Dave Doughty RCPE:

Isabella Aigner Wen-Kai Hsiao Wen-Kai Hsiao
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ECCPM — Workshop Series

“Going Continuous”

. . WORKSHOP 2
TDpICS for the next workshop. Topic: Advanced PAT and Real Time

Successful workshop September 2015 on PAT & RTR reeas

- - . September 16 7th, 2015
Developing a risk-based PAT strategy: from | Date: September 16th and 17th, 201
- : £ Location: Graz, Austria

TR
sl B

ol Timo Rolo:
What are Workshop Series

Successful workshop July 2016 on process control and enitorin “Going Continuous”
control strategy What adv

needed?
Regulaton
and measl

WORKSHOP 2016
Topic: From Control Strategy to Process
Control

Topics for the next workshop:

= More than 45 participants at each workshop " Continuous Manufacturing prcess control | {2uc e us
L:ifntt'?l Irategm: designed for Continuous INTERNATIONAL EXPERTS:
. Vianufacturing
8 H Ig h Ievel Speake rS Fit for purpose process control = b 1de Muzzio {Rutgers
Regulatory requirements and opportunities
. in the field of Continu Manufacturing
] Steve Hammond’ Pf|zer InC (U SA) and associated process control S
. - . - Prof rn (University of Technology,
= Sonja Sekulic, Pfizer Inc. (USA)
= Martin Warman, Vertex Pharmaceuticals Inc. (USA) _
For any Input/Questions
- MaurICIO Furtan1 Janssen (USA) Registration for invited participants only Elease con Ct::
Registration fee €750 per participant at
= JOChen Th|eS, Glatt (CH) Event organized by RCPE GmbH
www.rcpe.at
Telefon +43 (0) 316 — 873 — 30901 | Fax +43 (0) 316 — 873 — 1030901
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ECCPM - Industrial Use Cases

Use Case 1: Hot-melt Extrusion Use Case 2: Wet granulation Use Case 3: Direct compaction
4 I N7 o ™ (Q\ P b r +1
a8 additves s A brca o BAYER [ y o i " =h
; V' gy | SIEMENS - : ~ e i e
iy @-==5 , | | automatik - idorriy ﬁ
] — %\ W S UNIVERSITEIT
extruder + melt pump. | ::_ EVK=. G
Downstream unit / I'_r__. s
e AstraZenecd 2 R
= Hot-melt extrusion/pelletizing is = CM equipment available based on wet Qﬁ
inherently continuous p=| extrusion granulation (GEA ConsiGma) A=
= Solubility enhancement for poorly water = Support migration from batch to = Simplest process path to CM
soluble compounds with IR tablet as continuous processing . .
targeted product = Minimal back-mixing and buffer to
ot = QbD approach to process development damp out disturbance
. allenges: . - . ,
9 . Challenges: * Highly dependent on material
" Formulation and process development for = Formulation and process development to processability
successful pelletizing mitigate variability in API batches - Chall _
= Formulation for fast dissolution (pellet) = Individual unit operation trial and alienges:
= Formulation and process development for optimization " Interfaces (residues and dead zone)
successful tableting (elastic pellet) = Technology/process transfer = Long run process robustness/effects
= Develop PAT solution and control strategy = Full line operation support = In-line PAT method development

Wiy | L )
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Evolving Challenges for CM

Costs : Regulatory
Suppl! Unit

upply ‘ Supply
chain Op chain

Material Patient-
e Upstream or Primary Processes centricity

Downstream or Secondary Processes
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Integrating CM early on in pharmaceutical development, i.e., “What formulation strategies enable
CM?" or “How can CM simplify formulations?”

Standardization of selected materials for CM (e.g., MCCs, Mg$St, etc.) with USP

Integrating continuous API synthesis and secondary manufacturing (e.g., spray drying and filling
into capsules or NANEX)

Co-processing and multi-functional materials

Individual manufacturing for patients based of personal needs, i.e., “fresh medicines”
Adaptive formulations based on excipient variability

Open innovation

ECCPM 2.0
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= Consolidation of lesson learnt

= Develop platform knowledge, UCB UC ends AZ UC ends

?.e. tool kits to facilitate CM_ Detailed negotiation ~ B2Ye" U{ends \® 2018
|mplementat|on (e.g. material wnt:aftil:::ed @ @ ECCPM2.0 fully
science knowledge base, 2017 implemented
long-term PAT dynamics, etc.

g y ) .0 =ic

: Clp
ECCPM2.0 concepts ?\‘9“\'?@(‘“
A

finalized
\ \ Start first
_ Project definition project
15t launching ECCPM2.0 ECCPM2.0
TC 2016
Interested partners so far...

2016

I = .

NacEAame2 o ., Hs

GENT Centre of Excellence

/ \” UNIVERSITY OF
Astrazeneca% Eﬁ \’ EASTERN FINLAND

08.05.2017 Slide 15 I2APM Emerging Pharmaceutical Manufacturing Summit, Malta 2017




I— research
center . N
EE pharmaceutical We make tomorrow’s drugs possible.

engineering

RCPE — Expanding Collaboration

Industrial partners SC|ent|f|c partners
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Prof. Dr. Johannes G. Khinast
Director — Science

e-mail: khinast@tugraz.at
phone: +43/316/873/30400

Dr. Thomas K. Klein

Director — Legal and Finance
e-mail: thomas.klein@rcpe.at
phone: +43/316/873/30900

Massimo Bresciani

Director BD and Sci Ops
e-mail: massimo.bresciani@rcpe.at

phone: +43/316/873/30915
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