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Evolution de la mortalitée par cancer

(1968-2003)

Evolution de la mortalité par cancer
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L’évolution des investissements de R&D aux

dans l'industrie pharmaceutique et au NIH (OpEx1 &

PhRMA Member Company R&D and NIH Operating Budget: 1995—2011

360 7 $50.7

549 5%

5479 5474 $46 4

550 - PhRMA Member
Companies’ R&D

Expenditures
540 -

$30 - Total NIH Budget

520 -

Expenditures (Billions of Dollars)

S10 -

S0

T T T T T T T T T T T T T T T T 1
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20M

! . Titre du document
MEDICEM

PPPPPPPPPPP Date 5



a
*
=)
£
he)
c
[
-y FDA tightens
g 100 - regulation
& post-thalidomide
L d
& Ny e FDA clears backlog
c following PDUFA
£ 10 requlations plus small
B bolus of HIV drugs
@ L
Q
w
S
B N e e e
k) Z
5 First wave of
o° biotechnology-
E derived therapies
=z 01 T T T T T T
1950 1960 1970 1980 1990 2000 2010
b Rate of decline over 10-year periods ¢ Adjusting for 5-year delay in spending impact
2.0 100
S 1 ° . Drugs per billion US$ R&D
2 15 ﬂ,"r%‘ﬁ° 2 spending 5 years previously
c S [T
o ac
= 1.0 2 €10
3 2.2
T 0.5 i
g 5 &
& o oo 57 1SS :
= \{ﬁ& B Drugs per billion US$
2-0.5 - =2 ;
9 = R&D spending
— 3
-1.0 T T T T T 7 0 T T T T T ]
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010

. Titre du document
Id)MEDICEM™ . )
< Nature Reviews | Drug Discovery Date 6



1.000.000

Positifs Prototypes  Candidats FIM Enregist

’ ’ | J rement
20000 200 20 10 1
> = = oo
2/3 des
dépenses de
R&D

Un taux d'attrition tres élevé



e Connaissance tres limitée des systemes biologiques
et des mécanismes des maladies

e Efficacité limitée des outils thérapeutiques dans les
maladies les plus fréquentes

e Gestion des données biologiques/médicales et des
outils d’aide a |la décision tres imparfaits ne
permettant pas une prise en charge efficace des
patients
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Drug discovery and development is a « trial
and error » process

Molecule

Cellular
models

Animal models




Les principaux défis dela R&L %qmﬂ

e Comprendre les systemes biologiques et le mécanisme des
maladies et les modéliser




Detail of human ASCL1 gene .
(Human Genome project,

agcactctctcacttctggccagggaacgtggaaggcgcaccgacagggatccggecagggagggcgagtgaaagaaggaaatcagaaaggaaggga
gttaacaaaataataaaaacagcctgagccacggctggagagaccgagacccggegcaagagagegcagccttagtaggagaggaacgcgagacgceg
gcagagcgcgttcagcactgacttttgctgcetgcttctgcttttititttcttagaaacaagaaggcgccageggcagcectcacacgecgagegcecacgegaggcete
ccgaagccaacccgcgaagggaggaggggagggaggaggaggeggegtgcagggaggagaaaaagcattticactttititgctcccactctaagaagtct
cccggggattttgtatatattttttaacttccgtcagggcetcecgcettcatatttecttttctttcectetetgttcetgecacccaagttctetetgtgtccecctecgegggecce
gcacctcgegtceccggategctetgattcecgegactecttiggecgecgetgegeatggaaagcetetgeccaagatggagageggeggegecggecagcagece
cagccgeagcecccagceagceccttcetgecgeccgeagectgtttctttgecacggecgeageegeggeggecgeagecgecgeageggeagegeagageg
cgcagcagcagcagcagcagcagcagcagcagcagcaggegecgcagetgagaccggeggecgacggecagecctcagggggeggtcacaagteag
cgcccaagcaagtcaagcgacagcegctcegtcttcgecccgaactgatgegetgcaaacgecggctcaacttcageggcetttggetacagectgecgcageage
agceggecgecgtggegegecgeaacgagegegagegcaaccgegtcaagtiggtcaacctgggctttgecacecttcgggageacgtcecccaacggege
ggccaacaagaagatgagtaaggtggagacactgcgcetcggeggtcgagtacatcegegegetgeageagcetgetggacgageatgacgeggtgagege
cgccttccaggcaggcegtectgtcgeccaccatctcececccaactactccaacgacttgaacteccatggeeggetegecggtetecatectactecgtcggacgaggg
ctcttacgacccgctcagccccgaggagcaggagcttetcgacttcaccaactggttctgaggggcetecggectggtcaggecectggtgegaatggactttggaa
gcaggtaggttgcattitggggtgggcaggggggtattcttgecttcgtectecctetgagtgtetgtggaagtggggatgtctccaaggagataaggggatttttattt
aaagaatttgtgaaagttggtcgatttcaagtcctagtttgttagtttcagcactggcectctgaaaatggecttgecccaggtctccaaggagtgaagggtagtagtga
ggtgcagagatactggtgaaccgaatactgggacatgttaaaagagatgtctacctgacagactctttccccagacctcecatctcectctaccactagectacac
gttcaaattaacctctcctgttcttttccttatgttatagggtgatcgcacaacctgceatctttagtgcttictigtcagtggegttgggagggggagaaaaggaaaaga
aaaaaaaaagaagaagaagaagaaaagagaagaagaaaaaaacgaaaacagtcaaccaaccccatcgccaactaagcgaggceatgectgagaga
catggctttcagaaaacgggaagcgctcagaacagtatctttgcactccaatcattcacggagatatgaagagcaactgggacctgagtcaatgcgcaaaatg
cagcttgtgtgcaaaagcagtgggctcctggcagaagggagcagcacacgcgttatagtaactcccatcacctctaacacgcacagctgaaagttettgetegg
gtcccttcacctectegecctticttaaagtgcagttcttagecctctagaaacgagttggtgtcetttcgtctcagtagecccccaccecaataagetgtagacattggttt
acagtgaaactatgctattctcagccctttgaaactctgcttctcctccagggeccgattcccaaaccecatggcticectcacactgtcttttctaccattttcattatag
aatgcttccaatcttttgtgaattttitattataaaaaatctatttgtatctatcctaaccagticggggatatattaagatatttttgtacataagagagaaagagagaga
aaaatttatagaagttttgtacaaatggtttaaaatgtgtatatcttgatactttaacatgtaatgctattacctctgcatattttagatgtgtagttcaccttacaactgcaat
tttccctatgtggtttigtaaagaactctcctcataggtgagatcaagaggccaccagttgtacticagcaccaatgtgtcttactttatagaaatgttgttaatgtattaat
gatgttattaaatactgttcaagaagaacaaagtttatgcagctactgtccaaactcaaagtggcagcecagttggttttgataggttgcecttttggagatttctattactg
cctttttttttcttactgttttattacaaacttacaaaaatatgtataaccctgttttatacaaactagtttcgtaataaaactttttcctttitttaaaatg

(a: adenine, t: thymine, g: guanine, c: cytosine)
(size of the human genome ~3,200 Megabases (Mb) or 3.2 x109 base pairs)
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Genome Transcriptome Proteome
~20-25,000 genes - ------—-——_ »  ~100,000 transcripts - — == == ————3 >1000,000 proteins
Alternative promoters Post-translational
Alternative splicing modifications
mRNA editing
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2010
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Nature, 4 march
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Going organic

NUCLEAR A gene catalogue

PROLIFERATION of the human gut
Ban laser uranium microbiome
enrichment?
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Published Genome-Wide Associations (GWA) through 12/2012
(at ps5X102 for 17 trait categories (24 human chromosomes))
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. Digestive system disease

@ Cardiovascular disease

() Metabolic disease

() Immune system disease

O Nervous system disease

@ Liver enzyme measurement

() Lipid or lipoprotein measurement
() Inflammatory marker measurement
() Hematological measurement

() Body measurement

() Cardiovascular measurement

o

@ Other measurement
(O) Response to drug
() Biological process
@ Cancer

@ Other disease

I
() Other trait

i Il National Human
I H|| Genome Research

Institute




Large scale analytical techniques fo l ‘fé
component categories (the OMICS ’U”H\

Post translational

Modifications
Transcription factors  (phosphorylation,
Polymorphisms glycosylation, Inhibitors/stimulators
Epigenetics hydroxylation) Environmental conditions
miRNA

Substrate)
Gene * mRNA ‘ Proteins . Metabolites
Product -
genome transcriptome proteome metabolome

uuuuuuuuuuuu
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Non-biased approaches associated with't
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Prognosis
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, (Gene-expression profiling in epithelial ovarian cancer Panagiotis A et al Nature Clinical
~M=Ppjagtite Oncology (2008) 5, 577-587)
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Knowledge of molecular ne

construct molecular

genome
proteome
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Butyrate

2-Methylbutanoate
I

. Integrate to construct
transcriptome causal probalistic metabolome

molecular networks

>mesicen systems .



“And that's why we need a computer.”




Knowledge of molecular network syste %% ,
disease treatment ”I

Genetic
perturbations

Disease

Environmental
perturbations

Molecular network
systems
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Knowledge of molecular network syste %% ,
disease treatment ”I

Genetic
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Disease

Environmental
perturbations

Molecular network
systems
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Les principaux défis dela

e Comprendre les systemes biologiques et le mécanisme des
maladies et les modéliser

e Mettre au point des médicaments qui prennent en compte
la complexité des systemes biologiques et des maladies



The drug-protein interaction dogma




Structure-based dr

> Tyr158

Structure Based Drug Design: The iterative process whereby compounds generated by molecular modeling
are synthesized and crystallized with their target protein. The interactions between the lead compound and the
protein can then be analyzed and the knowledge gained by this analysis will be used to synthesize new lead

O meoicempounds with higher affinity to their target protein.
~_ PARIS REGION 28



Structures of boceprevir and telaprevir and 3-D structure of NS3 protease-
inhibitor complex of HCV

P2
D O e
o
0 N\)\r%
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P, cap P 1
3
telaprevir

Side chains of the active site Ser (Ser139) and two mutation sites (V158 and V163) are depicted 7
on the Connolly surface of the NS3 protease. Qiu P et al Nucleic Acids Res., 2009 A



Drug combinations to overcome network complexity
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Most marketed drugs bind to several molecular targets

Uopaminergics

Bipartite network where drugs
(gold) are linked by grey edges to
their known targets (violet) and by
red arrows to their discovered off-
targets (cyan). Grey edges denote
binding at 1 M or better, where
these affinities are known. Node
sizes increase with number of
incident edges. Target
abbreviations: 5-HT x, serotonin
receptor type x; 5-HTT, serotonin
transporter; 1+, 1 adrenergic
agonist; 1-, 1 adrenergic
antagonist; 3+, 3 adrenergic
agonist; 1, 1-receptor; CA,
carbonic anhydrase; DAT,
dopamine transporter; HIVIRT,
HIV-1 reverse transcriptase;
hERG, human Ether-a-go-go
related gene channel; K+,
potassium channel; NET,
noradrenaline transporter; NMDA,
N-methyl-d-aspartate receptor;
VMAT2, vesicular monoamine
transporter 2.

(Keiser MJ et al. Nature 462: 175-

181, 2009)

necy

— New association
——a Old association

(O New target
@ 0id target

() Drug

Muscarinics

<
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B adrenergics

Histaminergics
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Les principaux défis ¢

e Comprendre les systemes biologiques et le mécanisme des
maladies et les modéliser

e Mettre au point des médicaments qui prennent en compte
la complexité des systemes biologiques et des maladies

e Cibler les populations en fonction des altérations

moléculaires spécifiques de leur maladie et de leur risque
d’effet indésirable (médecine personnalisée/biomarqueurs)

)d)MEDICcEM™
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Knowledge of molecular network system

Genetic
perturbations

Environmental
perturbations
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disease treatment and preventic

Disease
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All patients with same diagnosis

08§ 0% g

(Mc Leod H, Evans WE. Ann Rev Pharm Tox 41: 101-121, 2001)



Gefitinib (Iressa, Astra Zeneca) in combination with
paclitaxel and carboplatin in advanced non-small-cell lung
cancer: phase lll trial — INTACT 2

1.0 1 - G efitinib 500 mg/d
— @G efitinib 250 mg/d
— Placebo
0.8 -
o
£
=
g 0.6
(Vs
-
8
s 0.4 4
Q.
o
.
0:2 -
n T T v ' ; l
0

4 8 12 16 20 24
Survival Time (months)

Months 0 4 8 12 16 20
At risk 1093 898 642 464 153 1

(Herbst RS, Giaccone G, Schiller JH, et al. Gefitinib in combination with paclitaxel and carboplatin
in advanced non-small-cell lung cancer: a phase Il trial — INTACT 2 J Clin Oncol 2004;22:785-94) d



EGFR
mutation
negative

(Mok TS et al Gefitinib or Carboplatin—Paclitaxel in Pulmonary Adenocarcinoma

A overall
1o Hazard ratio, 0.74 (95% Cl, 0.65-0.85)
2 P<0.001
é 0.5 Events: gefitinib, 453 (74.4%); carboplatin
a ’ plus paclitaxel, 497 (81.7%5)
2 _
6
gs 0
[
B & 047
% Carboplatin
L plus Gefitinib
E paclitaxel
0.0 T T T T T 1
0 4 8 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 60d ELE] 212 76 24 5 ]
Carboplatin plus 608 412 118 22 3 1 0
paclitaxel

B EGFR-Mutation-Positive

Lo~ Hazard ratio, 0.45 (95%: Cl, 0.36-0.64)
g P<0.001
5‘ 0.8 Events: gefitinib, 97 (73.5%); carboplatin
B : plus paclitaxel, 111 (86.0%)
2 _
gg 0.6
[
%@ 04
£ Carboplatin Gefitinib
E 0.2 plus
] paclitaxel
o
0.0 T T T T T 1
o 4 £ 12 i3 20 24
Months since Randomization
No. at Risk
Gefitinib 132 los 71 il 11 3 0
Carboplatin plus 129 103 37 7 2 1 0

paclitaxel

C EGFR-Mutation-Negative

1o+ Hazard ratio, 2.85 (95% Cl, 2.05-3.98)
3 P=0.001
= 0.8 ™ Events: gefitinib, 88 (96.7%); carboplatin
g ' . plus paditaxel, 70 (32.4%)
o
g‘@_’ 0.6-
[
TR 044 S
1 \
= Carboplatin plus
= 0.2+ A paclitaxel
£ Gefitinib "
0.0 T T T T T 1
0 4 8 12 16 0 24
Months since Randomization
No. at Risk
Gefitinib a1 21 4 2 1 0 0
Carboplatin plus 85 58 14 1 0 [+] 0
paclitaxel

D Unknown EGFR Mutation Status

Lo— Hazard ratio, 0,68 (95% Cl, 0.58-0.81)
g P<0.001
&= <0,
5 0.8 Events: gefitinib, 268 (65.4%]); carboplatin
-3 ’ plus paclitaxel, 316 (80.2%%)
g;ﬁ 0.6
[
a2
@ 04
:‘—? Carboplatin Gefitinib
= 0.2 plus
2 .
] paclitaxel
& = .
0.0 T T T T T 1
0 4 3 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 336 234 137 43 12 2 ]

Carboplatin plus 394 251

paclitaxel

67 14 1 0 0

Figure 2. Kaplan—Meier Curves for Progression-free Survival.
Kaplan—Meier curves for progression-free survival are shown for the overall population (Panel A), patients who were positive for the
EGFR mutation (Panel B), patients who were negative for the EGFR mutation (Panel C), and patients with unknown EGFR mutation sta-
tus (Panel D). Analyses were performed on the basis of the intention-to-treat population. With respect to the overall population, results
of the supportive secondary analyses (including a log-rank test, which is valid under the null hypothesis even when hazards are not pro-
portional, and analysis in the per-protocol population) were consistent with the result of the primary analysis. Hazard ratios were calcu-
lated with the use of a Cox proportional-hazards model, with the WHO performance status (0 or 1, or 2), smoking history (nonsmoker
or former light smoker), and sex as covariates. EGFR denctes epidermal growth factor receptor.

361:947-957, 2009)

EGFR
mutation

positive
L




Les principaux déf ,\\

e Comprendre les systemes biologiques et le mécanisme des
maladies et les modéliser

e Mettre au point des médicaments qui prennent en compte
la complexité des systemes biologiques et des maladies

e Cibler les populations en fonction des altérations
moléculaires spécifiques de leur maladie et de leur risque
d’effet indésirable (médecine personnalisée/biomarqueurs)

e Mieux prédire le devenir du médicament dans I'organisme et
ses effets indésirables potentiels
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What makes a drug ?

Toxicology/clinical

Pharmacology .
OTE y

Métabolism/
Pharmacokinetics/
Stability/Formulation

Economical
and regulatory
framework



General concept of pharmacokinetic/phs

(PK/PD) modeling

Conc.

Id)MEDICEM™
L - FARIS REGION

Pharmacokinetics
Concentration vs.Time

Time

Pharmacodynamics
Concentration vs. Effect

Effect

Conc (log)

PK/PD
Effect vs. Time

Effect

Time

39
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PK/PD mc

Peritoneal
Blood CAP l Tumor Cell
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Tissue \._I_J ; :

Kel ‘ \ | :

E“mlﬂﬂtlﬂ'ﬂ mm ----------------------------------------------------------------------
Pharmacokinetic Model Pharmacodynamic Model

Tsuchihashi M et al , Journal of Controlled Release 61, 1999, 9-19
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What makes a drug ?

Toxicology/clinical

Pharmacology .
OTE y

Métabolism/
Pharmacokinetics/
Stability/Formulation

Economical
and regulatory
framework



Main reasons for project termination

2002-2007 (117 projects)

Clinical safety
21

Toxicology 1806

37
31%

fficacy
30

Strategy 26%

16 MPK Legal & Patent
14% 9 4
8% 3%

50% of pharmaceutical R&D projects are terminated
>meoics for safety reasons
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Days on Troghazone
(Watkins P. Toxicol Pathol 33, 1-5, 2005)



What Is idiosyncratic toxicity ?

<=mmm Scvere liver injury
(1/1000-1/10000)




Idiosyncratic toxicity occurs when several (risk) factors
converge

Environment
Drug Diet
Dose/exposure/durgtic Alcohol

Structure/metaboli

Tobacco
Other~xenobiotics...
Occupational agents

Genetic factc
Gender
Age
Weight/nutritional
status
Immunological status
Intestinal microbiote
Underlying disease




RISING DISEASE BURDEN

RISING COSTS

Shift to Prevention and Personalized ve ,”

phase of health

Susceptibility Screening Diagnosis Prognosis

Treatment ‘

FUTURE

Baseline Risk Preclinical Progress of Disease Clinical Disease and Progression
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Genetic

perturbations

Environmental

perturbations simple perturbation complex network
Risk prediction Ultra early Late diagnostic
and prevention diagnostic

—

Increasing disease complexity and cost

MEDICEM
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From polyps to colorectal carcinc

hyper-
proliferation

"""v.——-—
Koo G S
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More than 95% of heavy drinkers develop fatty liver, but only up to 35%
develop more severe forms of ALD, including fibrosis, alcoholic hepatitis,
cirrhosis, and HCC.

Risk Factors: Comorbidity:
* Female * Viral hepatitis
* Obesity * Hemochromatosis
* Dietary factors | « HIV
* Polymorphisms
* Drinking pattern
* Smoking

Chronic
alcohol
abuse

Normal liver Stosls . sls - Cirrhosis - i HCC

Increasing disease complexity and cost

Gastroenterology 141, 1572 — 1585, 2011



Diseases result from the combination of host and
environmental factors

Host

Environment

Genetic factor Diet
Gender Pathogens
Age Alcohol
Weight/nutritiona Tobacco
status Drugs

Environmental agents

Immunological status
Occupational agents

Intestinal microbiote
Underlying disease

Complex algorithms for individual risk prediction
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Cwitter:

facebook

medical
information

Health data sources

RN

mobile apps

patient data

) | medical devices
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Integration of differe
multimodal and multi

Clinical decision
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Figure 1: Cloud Computing Market for Medical Images, the US, Revenue ($m), 2010-2018

A
E i
ELE
L]
2 5N -
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o
Pl -
150 -
104 -
EU‘ . I I
2010 2011 2012 20175 2014 2015 2016 2017 2010
B Cloud Based Storage and Disaster Recovary Markat B Cloud Basad Sharing and Communicaton Software Market
B FACS on Clouwd

Source: Globallata, Annual Reports, Company Websites, Mews and Press Releases, Research Papers, Primary Interviews
with Key

Opinion Leadears
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Telemedicine”

multiple
applications of
telemedicine
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Evidence-based approach to need for catheterization (cath) and
revascularization after STEMI

STEMI
| 2 v ;|
Primary Invasive Strategy Fibrinolytic Therapy No Reperfusion Therapy
———4 ——
Cath No Cath EF less than EF greater
Performed Performed 0.40 than 0.40

e +_, —]

Eligeptend | | EE lows G High-Risk |  [No High-Risk

than 0.40 0.40
Featu Featu
Catheterization and Soes] Sttt
v v Revascularization as ‘_I
v No High-Risk| | High-Risk Indicated
Featurest Featurest 1
Revascularization as I
Indicated ’ Functional <
Evaluation
ECG Interpretable ECG Uninterpretable
|
.4 v
Able to Exercise Unable to Exercise [¢————® Able to Exercise
Pharmacological
l l Stress
A—————4A
Submaximal Symptom-Limited Adenosine .
Exercise Test Exercise Test or Dipyridamole Dobutamine Exercise Exercise
Before Discharge || Before or After Discharge Nuclear Scan Echo Echo Nuclear
\ !/
o~
Catheterization and — ,v,ﬁ o V
Revascularization as : sci'\:::?:*l cany L Clml':cﬂznsi;%“ Sewe
Indicated
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Key role of complementary
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