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Introducing the IPI
® The challen%e of drug development
B T & B ki

® The IPI vision
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® How the IPI operates
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® The IPIl as a Centre for Industrial Collaboration
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® The IPI as a Centre for Innovation
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® Qur research scope
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® China interactions
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The challenge of drug development
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® 75% of the cost of developing a drug is paying for failures
75% KB 29 7T & 9t F fe e R b

® Even when launched, many drugs have sub-optimal profiles
EIfE Rl RZEFAMAEFZ T IMTFERMMMER

There are significant benefits to patients and industry
In finding ways to address these issues
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41% of Drug Failures are due to
poor biopharmaceutical properties

® Solubility myy¢
® Stability fasett

® Permeabllity 2% 1

® First-pass metabolism-—2¢4tiff
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® A research centre of excellence in predictive pharmaceutics,
focused on accelerating drug development
AN IR 2 5 TG, BOD IR B 2500 A 1R 3
- Product development (formulation and delivery systems) |
- Solid-state pharmaceutical materials and particle science
- A special emphasis on ‘in-silico’ methods (e.g. Al)

® An international centre for commercialisation

— AN R Ry kA
= In collaboration with our partners in UK Government
in industry and the National Health Service

77 % UNIVERSITY OF Delivering solutions in drug development
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MAKING KNOWLEDGE WORK
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sz wees. IPIBuilding and facilities

Level 4
Bioincubator Suite
Offices & Labs

Level 3
Pharmaceutical &

Bio-analysis Labs /ﬁ I.

Level 2
High Performance
Computing
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Level 1
Formulation Science
Labs (& Networking)
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Level O
Materials Analysis
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Structure Analysis
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Zpl rmeceia  HOW the IP1 operates

® A world-class academic research centre

TH A AR O
- Addressing unmet market need
- Professional and delivery focused

® A Centre for new Bloscience Businesses
A R

® A UK government-accredited Centre of

Industrial Collaboration
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Key Areas for Industrial Collaboration

Collaboration

® Pharmaceutical Formulation = )3
- Innovative approaches for new product development
- prototype formulation, reformulation

® Pharmaceutical Analysis ;4 b
- New method development
- Product evaluation
- Product development support

® Product and Technology commercialisation
P AR Y R kA
- New companies : Own technology (Spin-out)
- New companies : 3" party technology (Spin-in)
- A base in Europe
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- i E:’;iii';%sf NEKTAR Galpharm

. ; INTERNATIONALE
Transforming Therapeutics

‘
.m MARBS mulecular profiles Iﬂ@Vﬂ,ﬁk Scientific & Medical Products Ltd

[RED EMBEDDED] DESIGN SCHERING /)

>y smith&nephew BEIE?.SEEH n ALLIANCE m

making medicine work

Innovata plc Syntopix s

TOPICAL ANTINICROEIA

trategemds

Syl‘lg‘erlta &% Bristol-Myers Squibb Company - -
GlaxoSmithKline
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Inneustion some of the companies we are working with...


http://www.astrazeneca.co.uk/
http://www.inovink.com/welcome.htm
http://www.schering.de/scripts/de/index.php
http://www.galpharm.co.uk/int/index.htm
http://www.alliancepharma.co.uk/default.asp
http://www.strategem.co.uk/
http://www.syngenta.com/en/index.aspx
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IP| Research Principle
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Experimental

Validation
Sz FIIE 52

Prediction and
Modelling
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...predict success
...anticipate failure
...accelerate drug development

Novel _ o
Pharmaceutical Pre-clinical & Process
Agents and ) F ! | rocess
Materials Fogulat;ons Clinical Bioanalysis Op;;rﬁszj}tjéon
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Membranes Surface and Crystal Delivery Epldem_lo'logy
and Enai ) S and Clinical

Lipidomics % n%ﬁe;%n Q/gge?rr;s Practice
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Underpinned by Novel/Enhanced Analytical Tools




Priority research projects

Pulmonary delivery fifiiizs 24
Nanotherapeutics 4K EST
Crystal Engineering

Formulating Poorly soluble drugs
Knowledge engineering to link formulation and b‘
device characteristics with patient clinical outcomes

N AR TAR BRG], 2524 % BRI A B 242 1Al ) 2R &
® T(C)M Modernisation 1% 4 ()= 2 i1 AL

® Protein formulation/crystallisation £ [ 5l55] / 45 G4k

® Specific drug development programmes SRR 245411 T K& J7 £ 1)
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in-Pharma

Technologist.com

Breaking News on Pharmaceutical Technology

Pulmonary drug delivery positioned for growth

21/04/2006- The groundbreaking approval of Exubera signals that exciting times are ahead for the pulmonary route of
drug delivery in many disease areas.

Many drugs, such as hormones, that are currently used to treat a range of chronic diseases, can only be given by injection and an
effective alternative delivery method will be welcomed in many patient groups.

The January approval of Exubera is the first time that a drug has been approved using pulmonary delivery to treat a systemic
disease and the decision now opens the door for this delivery method to be used in wider disease applications.

“In the current climate, it is tough to get new drugs approved, particularly inhalation products, due to the limitations of this route,”
said Leslie Williams, an inhalation technology expert and president & CEO of the specialist pulmonary inhalation technology
company Ventaira.

“One can’t underestimate the opportunity this presents for new treatments to be developed that can be delivered by the lungs to
treat diseases that are not related to the lungs,” she told In-PharmaTechnologist.com.

The pulmonary drug delivery market is currently worth $13bn (€10.5bn) and is tipped to grow to $25bn over the next decade as it
encompasses new therapeutic areas, with diabetes playing a large part of that growth.

Other budding therapeutic areas include multiple sclerosis (MS) and certain antibiotics and antivirals.

The approval is set to spark revival in the drug reformulation business, which had been growing steadily between 2000-03 but has
since slowed down.

One company working in this area is Ventaira, focused on finding novel formulations of existing off-patent compounds that can be
delivered by the pulmonary route to treat chronic diseases.

Later this year, Ventaira will begin Phase Il trials with its new inhalation device and formulation of a steroid for asthma/COPD called
Mystic.

According to Williams, the device will deliver the drug in a consistent dose with 80 per cent accuracy, compared to current devices
that are inefficient in delivering an adequate dose, with only 10 to 15 per cent of the drug getting into the lungs.

“Reformulation is an area that many big pharma companies are now looking at as a way to manage the lifecycle of existing
blockbuster drugs,” said Williams.

“There is enough room for all of us in this space, as there is no one drug delivery device that does everything,” she said.
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http://www.in-pharmatechnologist.com/

Pulmonary Delivery

® Recent launch of Exubera (inhaled insulin) is an important precedent
it EfifIExubera (WA 2D & — A EER M

® Potential for other pharmaceutical / biopharmaceutical agents to be
given in inhaled form

T HoAt Al AN AR ) 24 B RN 25 24 1) m] g ik
® Particle engineering (supercritical fluids, co-crystals for combination
therapy, micro emulsions)
PR TR GBI HEAR, g G L= ARG, WEBO
® Novel inhaler and nebuliser design
B AR A\ A% AL 25 8 1R e v
® Exploring relationship between patient use and product/device

characteristics
IR IR AT R A= 5/ BB HRE R Z B e R
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Nanotherapeutics

® Generating therapeutic nanoparticles it By Hl gh K ik
- High turbulence nano-milling i i i) 24 A 1 %
- Microfluidics  #UHRFEAR
- Supercritical fluids Il A H AR
- Sonication etc ik PR g 5

® Engineering co-crystals and ‘stealth particles’
el ey NS S e A

® Understanding nanotherapeutics T fi#4kEETr
- Targeting at cellular level # i) 4 it 2% 5]
- Dissolution, bioavailability ¥ H &, A=#R) F =
- Toxicity &%
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Crystal Engineering

® Nanoparticle production
® Crystal structure prediction

® Particle formation using Supercritical fluid technology
(SCF)

® Co-crystallisation and epitaxy
® Habit and surface modification

® Polymorph control and selection
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Formulating poorly soluble drug

® New technology for nanosuspension formation
® Stabilisation of amorphous materials
® Co-crystal formation

® Complexation and lipidic dosage forms




Knowledge Engineering to link drug
and device with patient outcomes

® Current approaches to formulation are highly empirical
=T A P PARPAe | SR Y VR

® Differing patient responses to drugs accepted as the norm
FEHFRIBE v B2 AN ] AT 245 P ) AN [R] s N AR R 52 A FINE

® Links between product variability (e.g. particle size), device performance
(e.g. inhaler), patient compliance and (patient-specific) clinical outcomes
have traditionally not been well-understood
G R TCIER e 2w (P, BRIED) , RERPEGE (B, WAL
RN RIRCE A CREE IR AR s PRI T Rz 1) ) AR S R

® Data-mining (artificial intelligence) technology applied in the IPI are

finding important new knowledge
\PIN 8 R (N LR RE) BARTE T E R B AR
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INTEGRATION IS THE KEY - THE KNOWLEDGE
TRIANGLE

Rules
(Expertise)

Modelling
and
Optimisation

Computer
Simulation

Data Theory
® e (Experience) (Understanding)

Institute of
Pharmaceu tical
Innova tion



IVIVC for inhalation therapy
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i trends observed but full understanding of all causes of variability and

vveiperformance not fully defined




Taole 2 Th st of variables evaluated vsing ARNs and associaied data ranges

The data range

Variables
Gender F,M
Age (years) 24 - 55
Body surface area (m?) 1.69-2.23
Amount of particles in size range 14.8 - 21.8u m inhaled (1 g) 3.5-328
Amount of particles in size range 9.8 — 14.8u m inhaled (1 g) 11.6 - 87.8
Amount of particles in size range 6 — 9.8 1 m inhaled (1 Q) 39.9-973
Amount of particles in size range 3.5-61 m inhaled (1 g) 42.2 - 250.4
Amount of particles in size range 1.55- 3.5 m inhaled (1 g) 34.2-170.1
Amount of particles in size range 0.93 — 1.55u m inhaled (1 g) 9.6 -374
Amount of particles in size range 0.52 — 0.93r m inhaled (1 g) 48 -37.7
Amount of particles in size range less than 0.52 1 m inhaled (1 g) 2-155

Breath-enhancement

Yes (1)/No (0)

Mode of nebulization

Constant(0)/Dosimetric (1)

Urinary salbutamol excreted at 30 minutes post inhalation (1 g)

4.1-35.3
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Statistic modelling approach
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Q Artificial neural network approach
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Traditional Medicines
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® Knowledge engineering tools provide %l T.F: T-E
- means of understanding relevance of actives,
excipients and 'impurities’
- Insight into links between therapy and clinical
effect
® World class analytical facilities {i: 725 43 #r % jifi
- Molecular and structural characterisation
- Separation science
- Bioanalysis
® Providing regulatory advice to MHRA Chemistry and
Pharmacy standards [ MHRA$Z A7 &4k T A 243500 5 T
[RIEX
® Research project examples include China TCM
Metabonomics; Apiceuticals
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Crystallisation of proteins in Drug Delivery

® Regulatory approvals of biological agents now exceeding
those for small molecules
SR HRIF CEBIEL T Ny T 2459

® Many proteins/large molecules are only available Iin
Injectable form

W2 HEANMS T RTINS I More or less
® Particular stability/handling/processing | oo New drugs opproved
|SSU€S [ E:;t:\;:rma Big g:'n::fr:: o
R PEARAE PRI T 200 i 60 30
® Ongoing research to develop stable 0 .

crystal forms and alternative 40 20

formulations B
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Specific Drug Development programmes

® Humanised monoclonal antibody
as potential anti-cancer and
anti-thrombosis agent

® Antibody acting on beta-1-integrin
showing promise in reversing
emphysema, rheumatoid arthritis

® |nstitute of Cancer Therapeutics — now open
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China business strategy (1)

® Science exchange through collaborative research, PhD
programmes etc i BHt G E AT 10 H A5 SIS AR AT
- e.g. Therapeutic nanoparticles; in-silico formulation; Quality by Design

® Providing advice to Chinese companies on regulatory
compliance, formulation design, manufacturing optimisation
[ vp [ A R AR A, R e, AR IR R 95

® Business development partnerships, where possible using

scientists and facilities in China
RN EEI R, Rl geR i A A N AR 2%
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China business strategy )

® Helping Chinese companies and entrepreneurs to exploit novel
technology in global healthcare markets

11 By e (] A\ A A b SO A T ) 4K T 32 8 R

® Strategic research partnerships (e.g. CNANE)
s SRR (B, 2K TR

® Licensing and commercialisation of technology into Chinese
markets

£ E T BT ER I kA

® New joint venture companies 4.5 % 23 1
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® |PI technology, expertise and
experience of global markets
IPIFIEAR, T, MeRWmHaR

® Extensive opportunities for Chinese
companies, institutes and inventors
Xt E LA RV RIS

® Specific capabilities in the IPI in
pharmaceutical formulation, product
development, technology
commercialisation
IPIEETHIFIFF R, FrremmiFa, MEARREL

® \We are keen to work with you!
BRIMBAESBEE!

In summary...
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