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Agenda

The situation as it is today

»What changed in the environment (external factors) ?

»What happened internally in big pharma (internal factors) ?

»What is the result, what the ,lessons learned” ?

»( What is the effect on external stake- and shareholders and on reputation? )

Ways out

» Open Innovation and external co-operations
> Integrated solutions for patients

» Translational medicine

» Personalized medicine

» Others

Overall conclusion
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What Changed?

The Pharmaceutical industry is under pressure

P
Patient needs Payer driven market  Regulation Science
» Acute to chronic » Differential medical * Regulatory burden * Low predictibility in
» Personalized value « Safety thresholds Humans
« Generics * Rise of formularies * Postmarketing * Too concentrated on
+ Payment restrictions requirement a few targets
* Price controls * Longer R&D cycles * Low success rates

* Low overall efficiency
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The Fundamental problem

In spite of remarkable scientific B, =

progress, our capacity to translate SClellce
those advances into health

benefits has decreased i

The number of biological targets has
dramatically increased thanks to
progress made in the field of
genomics

In the biopharmaceutical sector
success rate has dropped from 1/8
to 1/14 and the length of
development has doubled
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The Core issue
A spectacular drop in R&D productivity

NME approvals

Clinical timelines increasing by FDA decreasing Rising R&D costs
Mean clinical Number of NCEs and R&D expenditure
development time (years) NBEs approved per drug ($M)
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1% invested returns ~70cts
on average!
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NME: New molecular entity NCE: New chemical entity NBE: New biological entity
1 2010 data is from Paul et al Nature Feb-10, rest of data from Tufts

SA N O F I “ Source: FDA; EvaluatePharma; Tufts CSDD 2007; Parexel; CMR; Paul et al, 2010,
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The Core issue
The R&D costs
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The ,Cost” explosion — a different calculation...

® Costs for research and development increased dramatically over the years
® Development of a drug: >1 Bill. S - is it the truth?
® Despite new technologies, still high failure rate during clinical phases

Number of . Total R&D
R&D Spending .

Company drugs Per Drug ($Mil) Spending 1997-

approved 2011 ($Mil)
AstraZeneca 5 11,790.93 58,955
GSK 10 8,170.81 81,708
Sanofi 8 7,909.26 63,274
Roche 11 7,803.77 85,841
Pfizer 14 7,727.03 108,178
J & J 15 5,885.65 88,285
Eli Lilly 11 4.577.04 50,347
Abbott 8 4,496.21 35,97
Merck 16 4,209.99 67,36
BMS 11 4,152.26 45,675
Novartis 21 3,983.13 83,646
Amgen 9 3,692.14 33,229

Sources: InnoThink Center For Research In Biomedical Innovation;
Thomson Reuters Fundamentals via FactSet Research Systems
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What went wrong?

The innovation model

= Belief that advances in basic sciences could be easily translated to human disease
= Too many novel but not validated targets in humans

= Alinear process from discovery to development to market with little interactions throughout the
innovation cycle

= Number of research projects focused on « ME-TOO » drugs
= Quantity over Quality
= A strategy of « MANY SHOTS ON GOAL »

... as well as the organizational model

= Large complex organizations inherited from successive mergers

= All research focused on internal research with few interactions with larger world of external
innovation

= Resource allocations driven by functions rather than specific projects and programs

= A disconnect between R&D strategies and the rapid changes in the Scientific, Medical and
Market environments

SANOFI g .



... and what was the result?

Eroom's law in pharmaceutical industry

a Overall trend in R&D efficiency (inflation-adjusted)
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... and the learning?

a Overall trend in R&D effici y (inflati
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pharmaceutical industry can be
discussed
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,Positive“ message:

Even tremendous disasters (Thalidomide, Lipobay, Vioxx) did not significantly modify
the tendency

Negative message:

Whatever the pharmaceutical industry tried to overcome the negative tendency
(retroplanning, productivity models, mergers, acquisitions) did not significantly modify
the tendency
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Why most of the approaches failed?

The ,basic research-brute force" bias

Scannel et all (2012): Diagnosing the decline in pharmaceutical R&D efficiency; Nature Reviews, Drug Discovery, Vol 11, March 2012
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Pharmaceutical industry under pressure

External factors Internal factors

> Patient needs

> Science

» Payer driven market » Productivity

» Regulation » Strategic decisions
1.._5.,;_._..,__._.:_.,,,_.,_3.,_.,_... ' E » Reputation/Image

» ,Saturated” ma\l_rket =] =

» Reputation/Image v

» Shareholder pressure \ V\
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The new textbook of R&D in pharmaceutical industry

R&D
productivity - f (

Value x PoS

Time x cost

)

MEDICAL

Value

OPERATIONAL

Effectiveness

What medical value at what
comparative effectiveness
are we aiming for?

How can we prove, earlier
in a project life, that the
science is translatable to
human disease ?

What is the cost and time
of each program and how
to implement new operating
models?

SANOFI «p
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... and what are the (potential) detail solutions?

» Cost flexibility by increasing variable costs and decreasing fix costs

» Open innovation and external co-operations

» Integrated organisatorial solutions

» Integrated solutions for patients

» Early regulatory contacs

> Translational medicine

» Operational excellence and regionalisation

» Personalized medicine
» CDDO's

SANOFI g
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Open innovation and external co-operations (1)

THE WALL STREET JOURNAL.

Saturday 28 June 2008

"The pharmaceutical industry likes to depict itself as a research-based industry, as the source of
innovative drugs," says Dr. Marcia Angell, author of "The Truth About the Drug Companies."

"Nothing could be further from the truth," she claims.
"Innovation comes mainly from NIH-supported research in academic medical centers.”

“The drug companies do almost no innovation now."
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Open innovation and external co-operations (2)

What is an innovation?

An innovation is ......

..anew idea

.. its translation into a ,prototyp”

.. Iits optimizationto a marketed product
.. and — last but not least — its realisation

Translation into the Life-Science context?

.. The new idea is the new Target

.. its translation results in a Lead-structure

.. its optimization in a Development candidate
.. and its realisation in a Drug

Where are the real experts ?

SANOFI gz
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Open innovation and external co-operations (3)
Individual strenghths along the value chain
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Open innovation and external co-operations (4)
Diverging interests?

,currency “of Universities:

> Publications, \ f'/i\\

» Papers

, Currency” of Industry:

» Products
> Patents

SANOFI gz
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Open innovation and external co-operations (5)

It has already been started.....
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Open innovation and external co-operations (6)
... but we need also new ways of working together

« Common project teams from the beginning

« Common project identity

« Common visions

* Openess and confidence from start

« Common laboratories, daily co-operation

« Exchange of scientists and technicians

* Acceptance of ,not invented here* and other interests
- Clearly defined intellectual prﬁerty |

+Opening of ,t

. etc, etc.....

easure chests”

SANOFI «p
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Integrated solutions for patients (1)
The principle

Figure 2. Examples of convergence

Device - Drug

* Drug-eluting stent that opens and prevents restencsis in coronary and
peripheral arteries

+ Bore grafting scaffold’sponge coated with a growth protein that
promotes bone regeneration

* |mplantable, programmable pump that delivers a drug or biologic in
small, timely doses

* |mplantable polymer wafer that releases a chemotherapy agent to a
specific site

* Implantable neuromodulator that enables the targeted, regulated
delivery of a drug or electrical stimulation

* Transdermal patch that transports drugs locally and systematically
through the skin

* Prefilled, metered dose syringe, injector pen, or inhaler
Diagnostic - Drug

* Screening test for the presence of a specific gene or protein coupled
with targeted drug therapy

* Use of passive pharmaceuticals and radiopharmaceutical tracers as
contrast agents for positron emission tomography (PET) scanners

Diagnostic - Device - Drug

* Glucose monitor with an insulin pump

Source: Deloltte Rasearch
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Integrated solutions for patients (2)
The Diabetes example

Disease management

Blood Glucose
Monitoring
(BGStar", iBGStar )

Patient education

Nutrition

| Reusable (CliksTAR)
Oral therapies

(Amaryl®, Amaryl I\/I®)

. Disposable (SoloSTAR®)
Insulin & P

other injectables

(Lantus®, Apidra®,
lixisenatide)

Pump

Regenerative
medicines
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Translational medicine

.... has ,thousands” of definitions

.... Is the process of turning appropriate biological discoveries into drugs
and medical devices that can be used in the treatment of patients.

But examples are better than explanations.....
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Translational medicine (1) — The PCSK-9 example
Increased PCSK9 Leads To Lower LDLR

Nor I

PCSK9 LDLR

LDLR degradation




Translational medicine (2) — The PCSK-9 example
PCSK9 Antibodies bind to PCSK9, LDL-Receptors increase, LDL decrease

PCSK9 LDLR LDL




Frequency (%)

Translational medicine (3) — The PCSK-9 example
The “translational” aspect: Disabled PCSK-9 results in significantly lowered LDL

No nonsense mutation
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Translational medicine (4) — The PCSK-9 example

... and it works
LDL-C Dose Response (Phase Ib)
e Landmark study demonstrated that Atorvastatin Combo-Rx, heFH & Non-FH Combined
when PCSK9 is disabled,
cholesterol and risk of CHD are Mesn Bercent Ghange fram Baselng

greatly lowered(

in Calculated LDL-C (%)

" A—3—+—3% 31
2

e Preliminary Phase Il data 03 “x
® >65% LDL-C reduction in FH and el
primary hypercholesterolemia on -20 7
top of baseline statin use -30 A
o Generally safe and well tolerated -40 -
o Phase Ill targeted to start Q2 2012 .. _
-70 -
1 15 29 43 57 71 85
‘t t 1 Study Day
—&—Placebo —#— 50mg —&— 100 mg 150 mg

t = Dose administered

G. Swergold et al. Circulation 2011; 124: A16265
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CHD — Coronary Heart Disease, heFH — Heterozygous familial hypercholesterolemia , ACC — American College of Cardiology
(1) Cohen JC. N Engl J Med 2006;354(12):1264-72
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Personalized Medicine (1) — what is it?

Personalized medicine is a medical model emphasizing in general the customization

of healthcare, with all decisions and practices being tailored to individualized patients

in whatever ways possible. Recently, this has mainly involved the systematic use of
genetic or other information about an individual patient to select or optimize that patient's

preventative and therapeutic care’

> ... toimprove the efficacy of a medication

- - - e
> ... to improve the safety of a medication ';?j‘ »"

» ... toimprove the dose regimen of a medication
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Personalized Medicine (2) — more actual than ever

Ehe New YJork Times
May 14, 2013

My Medical Choice

By Angelina Jolie

LOS ANGELES

Y MOTHER fought cancer

for almost a decade and

died at 59. She held out

long enough to meet the

first of her grandchildren

and to hold them in her arms. But my

other children will never have the chance

to know her and experience how loving
and gracious she was.

We often speak of “Mommy’s mom-
my,” and I find myself trying to explain
the illness that took her away from us.
They have asked if the same could hap-
pen to me. I have always told them not to
worry, but the truth is I carry a “faulty”
gene, BRCAl, which sharply increases
my risk of developing breast cancer and
ovarian cancer.

My doctors estimated that I had an 87
percent risk of breast cancer and a 50
percent risk of ovarian cancer, although
the risk is different in the case of each
woman.

Only a fraction of breast cancers resuit
from an inherited gene mutation. Those
with a defect in BRCA1 have a §5 percent
risk of getting it, on average.

Angelina Jolie is an actressand director.

Once I knew that this was my reality, I

- decided to be proactive and to minimize

the risk as much I could. I made a deci-
sion to have a preventive double mastec-
tomy. [ started with the breasts, as my
risk of breast cancer is higher than my
risk of ovarian cancer, and the surgery is
more complex.

On April 27, I finished the three months
of medical procedures that the mastecto-
mies involved. During that time I have
been able to keep this private and to car-
ry on with my work. :

But [ am writing about it now because
I'hope that other women can benefit from
my experience. Cancer is still a word that
strikes fear into people’s hearts, pro-
ducing a deep sense of powerlessness.-
But today it is possible to find out
through a blood test whether you are’
highly susceptible to breast and ovarian
cancer, and then take action.

My own process began on Feb. 2 with a.
procedure known as a “nipple delay,”
‘which rules out disease in the breast
ducts behind the nipple and draws extra
blood flow to the area. This causes some
pain and a lot of bruising, but it increases
the chance of saving the nipple.

Two weeks later I had the major sur- ..
gery, where the breast tissue is removed
and temporary fillers are put in place.
The operation can take eight hours. You
wake up with drain tubes and expanders
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Personalized Medicine (3) — Is it already implemented?
Yes in specific PK-populations

Antidepressiva-Wirkstoffe: Welche Dosis ist die richtige?
Dosisanpassung im Vergleich zu 100 Prozent Standarddosis

200

0

Imipramin  Doxepin  Maprotilin Trimipramin Desipramin Nortriptylin

schlechte Metabolisierer | Intermediir-Metab. B Schnell-Metab. B Ultraschnell-Metab.
Quelle: Johann Wolfgang Goethe-Universitat, Frankfurt am Main
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Personalized Medicine (4) — Is it already implemented?
Yes in specific PD-populations

| Clear focus on Oncology |

And there are several
other areas to be

Wirkstoff Indikation Test
Abacavir HIV ®)
Anastrozol Brustkrebs G
Arsentrioxid Leukamie 0
Azathioprin Transplantation @
Carbamazepin Epilepsie @
Cetuximab Darmkrebs 0
Dasatinib ALL 0
Exemestan Brustkrebs Q
Fulvestrant Brustkrebs Qo
Gefitinib Lungenkrebs o
Imatinib ALL/CLL Q
Lapatinib Brustkrebs (P
Letrozol Brustkrebs o
Maraviroc HIV o
Mercaptopurin  Leukamien @
Nilotinib CML Q
Panitumumab  Darmkrebs o
Tamoxifen Brustkrebs (£}
Toremifen Brustkrebs o
Trastuzumab  Brustkrebs (p)

P Pflichttest E Test empfohlen . Wirkung
Quelle: www.vfa de/personalisiert

considered....

Anzahl der in Deutschland aktuell zugelassenen Arzneimittel
mit verpflichtender oder empfohlener Personalisierung

1 20
T e
: [ L
s
T
15 [ ] Test auf Nebenwirkung 16
[ Test auf Wirkung
Onkologie HIV Immunologie/  Epilepsie Gesamt
Transplantation

O Nebenwirkung
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Personalized Medicine (4) — Is it already implemented?
No in most of the common diseases

Nevertheless, expectations are high....

... but there are still open questions....
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Personalized Medicine (5) — Impact on Pharma Industry

o — ent M
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Overall conclusion

Presence

- WARNING

CHALLENGES
AHEAD
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