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PwC"s vision on Transl ation Research I nitiati ves

Personalised medicine: Translating the promise into

practice

PwC*"s Thought Leadership reports pr
vision on the major trends in the Pharma & Life Sciences industry .

The publications are based on our own research.

Diagnostics 2009 g The new science of Hea|thcaSt
Moving t<?wards personalised personalized medicine: The customization of diagnosis, care and cure
medicine = &

ORI Translating the promise into practice

2010

www.pwc.be/pharma
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Personalised Medicine is gaining pace

Personalised Medicine: Key Characteristics & Drivers

PERSONALISED PREDICTIVE
Genetic and other variations among people An individual “s 1|1 kg
mandate individualised treatment solutions that response to therapy will be determined to
will produce better outcomes. better tailor treatment strategies
A Pay for performance A Knowledge and expertise on

Genomics & Proteomics

PREVENTATIVE PARTICIPATORY
Focus will be shifted from illness to wellness, Patients will take responsibility for their own
which will result in better overall population health and thus will play an active role in
health and cost savings maintaining their health

A Consumer empowerment

PricewaterhouseCoopers 4



Personalised Medicine is gaining pace

Biotech companies are key stakeholders to facilitate
the transition towards personalised medicine
(,niche busters")

Biotech/ Diagnostic
ABl ockbusterso Partners facilitating ANi che bust erg
the transition

Current environment Biotechnology Future environment

« Drugs for large populations with « Filling the pharma pipeline with  Drugs for subpopulations with large
small benefits to each individual in new personalised medicines benefits for each individual in that

that population - In depth expertise in disease population

pathways

Challenges
« Genomics and Biomarkers

 New R&D processes needed

Challenges

Patent expirations : :
. « New technologies and medical
Increasing R&D cost :
devices

Poor outcomes . R&D Flexibility + New distribution models

Globalisation - Patient tailored marketing
approaches

« New reimbursement models to be
designed (support pay for
performance/ support diagnostics)

« Manufacturing reorganisation

Aging
Decreasing Health Care costs
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Personalised Medicine and R&D impact

Translational research

Hit-to- Lead Pre-
Lead Optimisatiop™ Clinical

Translational research
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Personalised Medicine is gaining pace

Personalized Medicine Is gaining pace

The promise of personalized medicine is predicated on:

 Advances in genomics and proteomics

« Completion of the Human Genome Project allowed to study genetic differences
between individuals and what these differences mean in the context of health and
iliness, including susceptibility to disease and likelihood of response to
treatment.

» Advances in protein detection and analysis technologies have enabled detailed
studies of proteins, which provide a deeper context for understanding the health
impact of differences in DNA.

« Technological advances

* Developments in processing power, expanded storage, complex data analysis
software allow the analysis of gene and protein interaction within complex systems
and provide a clearer interpretation of genomic and proteomics data

« A Knowledge Based Organization
» Identification of data sources of huge potential information
» Horizontal integration and integrated information flows between various players
« Creation of a learning organization

PricewaterhouseCoopers



Personalised Medicine is gaining pace

Technological advances are pushing translational
research

Automated
decision
support
systems

Increased
processing
power

Expanded Complex Computer
storage data analysis modelling

EHRSs create the opportunity to share,

Aggregated data can lead to tremendous
insights into health and disease. The
challenge of Complex Data Analysis stems
directly from abundance of data now
available — sorting it and analyzing to turn
into it into meaningful, validated,
actionable information.

pool, and analyze data to identify trends
and accelerate research efforts. The
challenge will be in building the needed
infrastructure, operating and
communicating outside of traditional silos,
standardizing data formats, and protecting
privacy.
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Personalised Medicine and R&D impact

Collaboration where new research is the main focus
and leads to a new area of knowledge exchange and

sclence

Research institutes Governments

Bench
and lab Integrated

Statistics
systems research analysis

. | database <

- Public Health
Data
|
| /
\ |
exchange

/]

Pharma & biotech companies Healthcare providers
Statistics
analysis \

Integrated
Bench trial

and lab databases
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e-Health i
database FU nd I ng

Payers

)
/
’/

Trial design
& protocol
authoring Care applications

ith integrated
{ decision support
- Electronic
medical \

trial data record

Clinical

warehouse

Integrated bioinformatics
platform:

Bioinformatics

«New mechanistic information
too complex for human
memory

*Need informatics platforms
that can integrate across
molecules, pathways,
species and setting

«Import information from
clinical trials, health care data

«Develop in silico models

*Robust platforms needed to
support the above



Personalised Medicine and R&D impact

Biobanks play a significant role and drive collaboration

Lead Pre-
Optimisatiop”” Clinical
A A

| [ 1

X-Omics Drug Diagnostics
delivery
Biobanks Biobanks
< >

Bioinformatics Platform

Biobanks usually operate very much upstream of the bio-pharmaceutical value chain
(drug discovery) or very much downstream of the R&D process (drug development)

PricewaterhouseCoopers 10




Personalised Medicine and R&D impact

... and |l eads to a new ar ea
and science

The data housed inside biobanks can potentially reduce the [aUERCIV N
time needed to develop a drug or diagnostic by providing [EESGUUENEEIRUIM:IL
the critical samples and information needed during

toxicogenomic studies utilizing

: these samples may lead to the
research and development. Biobanks can accelerate creation of safer and more

development, by providing scientific and business users with RPN It Tt o
a more seamless understanding of data, from molecule to

clinic. Large scale genotyping

experiments may uncover the
reason why some patients
respond, and some do not, to
a particular medicine.

Researchinstitutes Governments

Flnding

Moreover, these samples may
help in the drug approval

Translational process by identifying which

resesreh patient population will respond
e 0L\ — positively or negatively to an
S i experimental drug.

For these reasons and many

i o G [l R o ; ‘ more, biobanking is an

S important bridge between
basic and applied research
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Personalised Medicine and R&D impact

Translational research will be key for hypothesis
testing and lead optimisation

Lead Pre-
Optimisatiop”” Clinical

Research
Genomics Organisations
Health Care
Providers

Clinical Data
Collection
Biobank
Trial Data

Integrated Data Management Platform

Biobank tissue data
collection

Clinical

Data Mining

Knowledge Development

PricewaterhouseCoopers 12




Personalised Medicine and R&D impact

Virtual R&D / Virtual man — getting to know ourselves

A single, validated predicting mathematical/computer

Models model of the molecular and cellular components of the
Build and validate human body to:

predictive animal and * Identify which disease targets are relevant

human models to gain «  Simulate the effects of medicinal molecules on
confidence in the specific disease targets

approach «  Predict ADME, side effects, dose and the optimal

balance between efficacy and safety in a virtual
environment

e Construction of in silico models for preliminary

Pathophysiology

Utilise new testing and simulation, to get studies right the
technologies to build first time

understanding of

disease ) The Step Physiome Living Human
pathophysiology and Consortium Project Project

systems biology The human body

as a single
complex system

Integrative function In-silico model of
of cells organs and the human
organisms musculoskeletal
system

PricewaterhouseCoopers 13



Personalised Medicine and R&D impact

Personalised medicine decreases cost and time In
clinical R&D

Clinical R&D

Hit-to- Lead Pre-
Lead Optimisatiop™ Clinical
[I. Study Initiation

e Site feasibility to be
adapted according to
additional translational
research requirements
during pre-screening:
quality, skills, training,

[ll. Study Execution

« Patient recruitment strategy

|. Study Development

* New study designs

required focusing on
efficacy rather then safety.
» Additional PRE- screening
phase to determine
patients genomics

infrastructure, legal
(sample).
New partnerships

IV. Study Close Out

Data base integration
(translational research and
clinical)

Regulatory filing/discussion

and informed consent
management

Increased site monitoring
workload

Complex and ongoing
global sample management

Drug logistics




Personalised Medicine and R&D impact

Translational research and Quality by Design

Lead Pre-
Optimisatiop”” Clinical

Process
development

Manufac-
turing

Translational research

Quality by Design

Critical Path




AThe role of Quality by Design

Quality by design supports a science-based
approach to product and process development

FDA Initiative on Pharmaceutical Quality for the 21st Century
FDAOGs PAT @esigh and cortrol of pharmaceutical products and processes.

F D A &dtical Path initiative: to accelerating pace of introduction of new technology /
science

“Quality by De product and precess performantce characteristics are
scientifically designed to meet specific objectives...

To achieve QbD objectives, product and process characteristics important to desired
performance must be derived from a combination of prior knowledge and experimental
assessment during product development. ”

“ | rMQblaapproach the product is designed to meet patient needs and performance
requirements; the process is designed to consistently meet product critical quality attributes;
the impact of starting and raw materials and process parameters on product quality is
understood; and critical sources of process

Dr. Janet Woodcock, Am. Pharm. Rev., 2004
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AThe role of Quality by Design

Quality by Design promotes knowledge and

understanding

Product Development
Knowledge

Level of Sophistication

Details Resolved

HIGH

es
MECHANISTIC
MODELS

MEDIUM EMPIRICAL
MODELS

HEURISTIC RULES
LOW “Rules of Thumb”

HISTORICAL DATA DERIVED FROM

TRIAL-N-ERROR EXPERIMENTATION

Source: Ajaz Hussain, Ph.D. and David Horowitz, Esq. CDER, FDA

PricewaterhouseCoopers

To move away from empirically-
derived trial-and-error methods to
rigorous, mechanistically based
and statistically controlled
processes

Risk-based decisions, based on
mechanistic knowledge and
understanding

Knowledge as basis for regulatory
flexibility

17



AThe role of Quality by Design

Quality by Design supports product lifecycle
management

Quality by Design

Lead Pre-
Optimisatiop”” Clinical

Product Quality Lifecycle Management

Product Tech Commercial Continual
development transfer manufacturing Improvement

Quality by Design principles

» Quality target product profile

» Critical Quality Attributes

» Design Space

» Control strategy and batch release (to control the environome)
* Ri sk assessment: l i nking CQA"s to materi al and pro

Knowledge Management




AThe role of Quality by Design

On the "Critical Path" to medical product

development

Applied science to addr

« Assessment of Safety —
how to predict if a
potential product will be
harmful?

« Medical utility:
Proof of Efficacy --how
to determine if a potential
product will have medical
benefit?

e Industrialization —how to
manufacture a product at
commercial scale with
consistently high quality?

PricewaterhouseCoopers

Critical Path

Lead Pre-
Optimisatiop”” Clinical

ess 3 key dimensions:

Material
selection  Invitro Safety
and . .
strL_lc_ture . » Human and animal testing follow-up
activity animal
relation-  testing
ship
In vitro In vitro
and and
compute animal » Human efficacy evaluation
model : models
evaluation
Characte- _
Physical » risation » Man_ufacturlng _sca_le-up » Mass_
design small-scale refined specifications production
production

Dr Janet Woodcock, IFPAC 2007




The new regulatory approach

Live testing and live licensing

Lead Pre-
Optimisatiop”” Clinical

Process
development

Manufac-
turing

Translational research

Critical Path
Quality by Design

Live licensing >




The new regulatory approach

Live testing and live licensing will shorten and de-risk
the R&D process

Old approach T Intensive all-or-nothing regulation
Lead Pre-
o EETEDIEDEDYEED R
o e @ @ ¢
tific sion

advice of CTA/ CIM CIS Launch
/ pre- IND
IND

CIM = Confidence in mechanism
CIS = Confidence in safety
IND = Investigative New Drug

New approach i Collaborative, evolving, automated regulation CTA = Clinical Trial Application
MAA = Marketing Authorisation
Instant Application

faut omat edo
Clm‘ A
Development loop for

extended target

‘ populations and

Discussion and regulatory activities
agreed plan cIS

of action with Li ch

Health Authorities with Living Licence




The new regulatory approach

Live testing and live licensing possible due to
translational knowledge

« Target population is selected based on a diagnostic test (based on biomarkers) and
genome test

« Therapy is optimised for the target population, resulting in a higher performance of the
therapy (outcome based on clear endpoints)

« Collaboration with Payer, based on agreed performance, and data transparency

« Collaboration between partners (researchers, health professionals, diagnostics, IT/data
providers, clinical research centres)

 Risk sharing between payer and partners

PricewaterhouseCoopers 22



The new regulatory approach

R&D costs versus revenue curves will be altered
based on live testing / licensing

SO DDDDBD

v
@

-

qC) Future R&D

q>) cost/revenue

o curve- with s

live licensin :
J ﬁep wise revenue

increases on automated
approvals

Faster to
market -

% Traditional

7 reduced spend 28D

o in initial R&D cost

@ /revenue
curve
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The new regulatory approach

Automatic phased approval changes the game and
creates win win opportunities for all

Pharma & healthcare sector Health authority

« Faster market access « Complete transparency on the

« Automatic phased approval and development of the molecule

reimbursement after achievement of « Costs for treatment can be forecasted
predefined outcomes in more detail
 Earlier return on investment « Reimbursement is granted based on

predefined outcomes

« Access to all information gathered
through live testing

« Only costs for patients who are
,el i1 gi ble® for the

24



The new regulatory approach

Continuous improvement and innovation

F ﬁ

Lead Pre-
Optimisatiop”” Clinical
Process
development

Translational research
Critical Path

Quality by Design

Manufac-
turing

Live licensing >




The new regulatory approach

The emerging science of safety

« Evaluation of new products has been largely empirical in nature, but biomarkers can
bridge mechanistic understanding and empirical outcomes
« New science offers the opportunity of improved prediction:
 Genomics, proteomics, system biology will provide mechanistic understanding
* Developing mechanistically-linked biomarkers
* Use of in vitro systems to evaluate off-target effects on pathways
 Feed-back from healthcare outcomes will provide input

 Epidemiologic studies (e.g., pharmacoepidemiology) linked to human mechanism
studies (e.g. genomics)
» Libraries of outcomes (benefits and harms) for construction of disease models

Source:
Janet Woodcock, M.D. Deputy Commissioner and Chief Medical
Officer Food and Drug Administration February 5, 2008

PricewaterhouseCoopers 26



The changing pharma and health care landscape

The Life Sciences and Health Care Landscape is
changing towards a patient centric model

Pharmaceutical value chain

(4] Hit-to- Lead Pre-

% Lead Optimisatiopr” Clinical

b Healthcare provider value chain

© i -

%

= Payer mo d el

=2 Raising Provision Hit-to- Medical Bill

&) finance of cover Lead services mgt ~ payment

B

o

@

(&)

3

c p— Patient centric

T :

> collaborative model
5 (with intertwined value
T chains), incentivised by

a disease marker
iImprovement
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The changing pharma and health care landscape

Translational Research may result in significant
Increase of Basic Research and Clinical Practice

Research that bridges from bench to bedside

Type | Translational research Type Il Translational research

New clinical
best practices

Potential remedies
Basic ' Clinical '

research trials

Clinical
practice

Findings influence Results influence

research hypothesis trials and research
hypothesis

Clinical experience influences basic research strategies

The purpose of translational research is to This testing process seeks to more fully
test, in humans, novel therapeutic strategies integrate basic science and clinical practice
developed through experimentation

PricewaterhouseCoopers 28



The changing pharma and health care landscape

The development of personalised medicine
partnerships impacts R&D

A
Research driven Service driven Sales driven
partnerships partnerships partnerships

Examples: @ Examples: Examples:
- Nerf N xS - Roche-Galapagos - \I;/Ig?‘;/etis-

- IBBL - GSK- ThromboGenics

Biotech ' Research

PPP"s enhance k no Wwarteedslgips will optimise Personalised medicine

development. development times and reduce R&D requires ney
Personalised medicine will costs and development risks.

lead to: (I) Virtual man, (I1) Personalised medicine will lead to (i)

Semantic modelling (I11) Decreased patient populations

Translational research and required, (ii) New (Adaptive) clinical

biobank trial study designs, (lll) HTA

approach

Start-up Initial Greivth Sustainable Growth




The changing pharma and health care landscape

Bioclusters: Regional biotechnology

Establishing a methodology and performance indicators for assessing bioclusters and
bioregions relevant to the KBBE area

DG Research, European Commission

Carried out PricewaterhouseCoopers EU Services EESV
by:
Objective: to examine the reasons behind the success of

regional biotechnology clusters in the context of
global economy

Sample: 16 internationally leading biotechnology clusters
from Europe, North America and Asia

Key a comprehensive tool that can be employed by

deliverable: policy makers to measure the performance of
regional biotechnology entities for more efficient
allocation of future funds.

Duration: October 2009 — December 2010

PricewaterhouseCoopers
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Conclusions

The advent of personalised medicine is creating numerous opportunities and requirements:

 Collaborative models inside and outside the life sciences value chain should be further
explored. The sooner partnerships are set up in the R&D life cycle, the better

 New expertise should be developed on:
Data Mining/Translational research/Semantic approaches/ Knowledge management /
Process design and quality management

» Close collaboration/interaction with regulatory bodies is needed already at an early stage
of the development process to define appropriate legal-ethical frameworks, harmonisation
and approval.

PricewaterhouseCoopers 31
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