~ GUSTAVE ROUSSY

‘V/,. Institut de cancérologie

“Eg y | LLEJUIF -www.igr.fr

Personalized Cancer Medicine
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What 1s breast cancer ! The old perception
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The New Family of Diseases Perception / Molecular Portraits
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A 5 tumor subtypes (based upon Fig 1)
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What is lung cancer ? The old perception
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Significantly mutated pathways in adenocarcinoma of the lung
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Ding et al. Nature 455, 1069, 2008
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Drug Development 2011

2 In Phase I-ll ‘“forever”’

< Characterize tumors that will allow for very
high specific activity

< Early Detection Resistance

<+ Early development of combinations
(intrapathway AND interpathway)

2+ Fewer and Smaller Phase 11l trials



Specific genetic traits can predict for the success

of targeted agents

Hedgehog inhibitor in BCC
(PTCH mutation) ~veJm 2010

B-RAF inhibitor in melanoma
(V600E BRAF mutation) ~NEJM 2010

A Best Overall Response
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ALK inhibitor in NSCLC
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http://content.nejm.org/content/vol361/issue12/images/large/08f1.jpeg
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THE MELANOMA PARADIGM

INNOVATIVE IMMUNOMODULATION
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100 - KIT

B KIT and NRAS
KIT and BRAF
NRAS

M BRAF

50 -

Percent Aberrant

Non-CSD CSD Acral Mucosal

Curtin, J. A. et al. J Clin Oncol; 24:4340-4346 2006
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Amplified or mutated in 20%-40%

acral and mucosal melanoma

lE u 15% mutation
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Frequent loss
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Adapted from Sosman, Curr. Oncol. Rep. 11, 405 (2009)
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B-RAF INHIBITOR
PLX4032/RG7402
vemurafenib

Keith Flaherty et al
NEJM 2010
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BRAF'$%%t melanoma patient PET scan at baseline and day +15 after
PLX4032 treatment at 320 mg BID
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100 A Vemurafenib Group

250 Disease Stage

225 Unresectable M Mla M M1lb ™ Mlc
200 stage lllc

175
150
125

75

50

25

-25 | PR AN o

Threshold for
RECIST response

% Change From Baseline
(Sum of Lesion Size)
=]

-50 +

eI

Percent Change from Baseline
in Diameters of Target Lesions
~N
w

-75 -

-100

~754
-100

Patients Treated with Vemurafenib

Tumor Regression (Target Lesions) B Dacarbazine Group

Occurred in Majority of Patients (IRC) 250- Disease Stage

2254 Unresectable M Mla M M1b Mlc
200+ stage lllc

175+
150+
1254
100+
754
50

o wm"[UUUUMUIJIJJUUUMLumuumuuumuuumwm”mm__,,ﬂnn,nnnTIT_"nI”

s e

@
(=]

Enia Bmip BMic
W Mo data

B
(=)

[
[=]

Percent Change from Baseline
in Diameters of Target Lesions

<75
-100

Smallest % Change from Bassline
8 &8 & 8

Patients Treated with Dacarbazine

D
=
T




@~ GUSTAVE ROUSSY

‘V/ Institut de cancérologie

VILLEJUIF - www.igr.fr

PFS 1.6-5.5 mts 0S 9.6-13.2 mts

Gain: 3.9 mts Gain 3.6 mts*
HR 0.26 HR 0.62

A Progression-free Survival
| 1.0~ — i
100 Hazard ratio, 0.26; 95% Cl, 0.20 to 0.33; Dacarbazine
_ 904 P<0.001 0.9 - = Vemurafenib
& 30+
£ 701 0.8 -
2
3 60
wn -
® 504 Vemurafenib (N=275) 0.7
&
5 40 0.6
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c T T T T T T T T T T T 1 g
0 1 2 3 4 5 6 7 8 9 10 1 12 0.3 i
Months i
No. at Risk 0.2 =
Dacarbazine 274 213 85 48 28 16 10 6 3 0 0 0 0 0.1 - H
Vemurafenib 275 268 211 122 105 50 35 16 4 3 0 0 0 - :
B Subgroup Analyses of Progression-free Survival 0.0 ! ! ! 1 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Subgroup No. of Patients Hazard Ratio (95% Cl) A
All patients 549 b E 0.26 (0.20-0.33) 9.6 13.2 {médiane)
Age : . i
g<6$ yr 421 —— 0.26 (0.20-0.34) Nombre a risque Temps (mois)
=65 yr 128 — E 0.26 (0.15-0.45) Dacarbazm.e 338 305 274 242 215 191 1692 150 122 101 79 62 46 31 22 15 6 4 1 0 O
AESEXOUp i Vemurafenib 337 336 335 326 313 299 280 259 245 223181 147 112 8 54 35 17 10 3 0 O
<40 yr 100 —_— 0.32 (0.18-0.56)
41-54 yr 185 —— 0.22 (0.15-0.34)
55-64 yr 136 —t— ' 0.24 (0.14-0.39)
65-74 yr 90 —_—— ; 0.14 (0.06-0.31)
=75yr 38 —_— 0.54 (0.24-1.21)
Sex s
Female 240 —— ! 0.26 (0.18-0.38)
Male 309 —— 0.25 (0.18-0.34)
Region i
North America 147 —— 0.30 (0.19-0.47)
Western Europe 328 —— : 0.24 (0.17-0.32)
Australia or New Zealand 61 —_— 0.28 (0.13-0.61)
Other 13 ] 0.00 (0.00-NR)
ECOG status E
0 365 ——i ' 0.21 (0.15-0.29)
1 184 —_— 0.34 (0.23-0.51)
Disease stage '
nc 24 ; 0.06 (0.01-0.54)
Mla 55 —_— 0.23 (0.08-0.63)
M1b 102 —_ 0.34 (0.19-0.59)
Milc 368 —+ ' 0.24 (0.18-0.32) al . N Engl \] Med 2011
11IC, M1a, or M1b 181 —_— 0.31 (0.20-0.48)
Lactate dehvdrogenase level 1 ) d ate OCtO b er 2011
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SUCCESS AND FAILURE
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Multiple Mechanisms of Prexisting or Acquired Resistance to
BRAFinhibitors Identified

IEFTTER LETTER |
A . doi:10.1038/naturc09627

COT drives resistance to RAF inhibition through

* .
Melanomas acquire resistance to B-RAF(V600E) MAP kinase path tivati
€ patnway reacuvation

inhib' ion by RTK or N-RAS i

ltlon y Or E: upre tlon Cory M. Johannesse: n ?*_Jesse S. Boe lm . So Young Kim"?*f, Sapana R. Th oma.w , Leslie Wardwell?, Laura A. Johnson'

Caroline M. Eme ey \1 colas Stransky’, \lexandnaP Cogdlll Jordn Barr tina" C:ordaro(‘aponu.,n Haley ll:eron\rms
Ramin \azanan *, Hubing Shi'**, Qi Wang" \1angjukorg , Richard C. ]\0\3 !, Hane Lee™”, Zugen Chen®*, Mi-Kyung Lee'”? Ryan R. Murray***%, Kourosh Salehi- Ashtiani’*, David E. HHIF*%, Marc "da] . JeanJ. Zhao™", Xiaoping Yang',
2 Ozan Alkan', Sun moon Kim™* Jc:m.xfcrL Harris'? (“hn tophcr] \hlsor » Vic E. Myer®, Peter M. Finan®, David E Root

Narsis Attar” Hoon an SaLegar ", Thinle Chodon™~, Stanley F Nelson™* (‘ram MeArthur, Jeffrey A. Sosman®, Thomas M. Qobem Todd Golub'+ 3 Keith T. E Flahe — Relnhard Dummer' 3arbam  Weber®, William R. Sellers®
Antoni Ribas™"* & Roger S. Lo"” Robert Schlegel®, Jennifer A. Wargo®, William C. Hahn™*** & Levi A. Garmway

Cancer Cell
JOURMAL OF CLINICAL ONCOLOGY BIOLOGY OF NEOPLASIA

Acquired Resistance to BRAF Inhibitors Mediated

gy % RAF Kinase ﬁ'é':(d‘ lr:ihln(eillgqloﬁnl‘l:a’lgla(n Be Overcome Dissecting Therapeutic Resistance to RAF Inhibition in
y Cotargeting an B Melanoma by Tumor Genomic Profiling

Jessie Villanueva,' Adina Vultur,' John T. Lee,' Rajasekharan Somasundaram,' Mizuho Fukunaga-Kalabis,' Hikhd Wapl, w‘.'r."a&'.‘lr!l.'?rl Micharl F. Besger, Mamhew [ Deels, AR5en Sawper, Penlie Pachimard,
Angela K. Cipolla,' Bradley Wubbenhorst,? Xiaowei Xu,? Phyllis A. Gimotty,* Damien Kee,* Ademi E. Santiago-Walker,' saral M. Keler, Cory M. faleanezses, Lawna B, MecCeanlt!, willyim C, Hal, Mamhew Meperion,

Richard Letrero,” Kurt D'Andrea,” Anitha Pushparajan,” James E. Hayden,' Kimberly Dahiman Brown,® Sylvie Laquerre,” @ Lewd &, Garaway

Grant A. McArthur,® Jeffrey A. Sosman,® Katherine L. Nathanson,? and Meenhard Herlyn' ™

» PDGFRp overexpression: 4/11 biopsies from relapsed patients?

» NRAS mutations (Q61K orR): 2/15 samples?

> Elevated COT expression which reactivated ERK signaling: 2/3 samples?

» Increased levels of IGF-1R and pAKT: activated PI3K pathway signaling (1/5)3
» Acquired a MEK mutation at C121S which reactivates the ERK signaling (1/1)%

1. Nazarian R et al. Nature 2010; 2. Johannessen CM et al. Nature 2010;
3. Villanueva J et al. Cancer Cell 2010; 4. Wagle N et al. J. Clin. Oncol. 2011;
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Sqguamous Cell Carcinoma (Skin)
Thigh: Week 6

« Histopathology: Low-
grade squamous cell
carcinoma

* |n 20-25% of patients
e |nduced In first 4 months

(?)

[ =ndvidualptevent SCC: Time to Event < 12-14 weeks \

= second event

| I I I I I I |
0-2 2-4 4-6 6-8 8-10 10-12 12-14 >14

N

Kefford et al, Sydney 2010




Molecular Alterations in Melanoma

MEK Inhibitors (ASCO 2012)

KIT Amplified or mutated in 20%-40%
M acral and mucosal melanoma

W 15% mutation
/—' B-Raf ... 920%-65%
V600E
SOS / 1 1 mutation

Ras
GDP C-Raf — | MEK

}
_ ERK
. . é

MITF |
\ ELK

pl16 CDK2/4 *____Amplified
in 30%

25%-50% loss ! Cyclin D

Freque'nt loss
Amplified
in 30%

Adapted from Sosman, Curr. Oncol. Rep. 11, 405 (2009)



Molecular Alterations in Melanoma

BRAF + MEK Inhibitors (ASCO 2012)

Amplified or mutated in 20%-40%
l acral and mucosal melanoma

W 15% mutation
/—' B-Raf ... 920%-65%
V600E
SOS / 1 1 mutation

Ras
GDP C-Raf — | MEK

}
_ ERK
. . é

MITF |
\ ELK

pl16 CDK2/4 *____Amplified
in 30%

A
]

25%-50% loss Cyclin D

A
1

Freque'nt loss

Amplified
in 30%

Adapted from Sosman, Curr. Oncol. Rep. 11, 405 (2009)



Maximum % reduction from baseline measurement

Combination: BRAF (GSK436) plus MEK inhibitor (GSK212)

60 - GSK436 75 mg BID/GSK212 1 mg QD
GSK436 150 mg BID/GSK212 1 mg QD

40 - GSK436 150 mg BID/GSK212 1.5 mg QD
- | B GSK436 150 mg BID/GSK212 2 mg QD
20 -
40 -
-60 -
-80 -

-100 -

5 CR: 3 confirmed, 2 waiting follow-up
4 pts not shown on plot: 2 PR, 1 SD, 1 PD Kefford et al



1.0

0.8 4

O
o
1

o
AN
1

Estimated survival function

Dabrafenib vs Dabrafenic+Trametinib

Progression-Free Survival

mo.
Med HR (95% CI),
\'1_‘_" (mos) P-Value PFS rate
Mono D 5.8 9%
150/1 9.2 0.56 (0.37,0.87),0.006 26%
150/2 9.4 0.39 (0.25,0.62),<0.0001 41%

0.2 4 L] Ll
I
Med follow up time 14 mo
0.0 -
| | | | |I | |
0 3 6 9 12 15 18
Patients at risk Time since randomization (months)
54 46 25 13 2 0
54 47 33 26 11 1

54 52 36 29 15 1



PFS Subgroup Analyses

Combination D+T 150/2 vs Monotherapy D

Subgroup No. of patients i Hazard Ratio (95% Cl)
Overall 108 i 0.39
V600E 92 i 0.43
V600K 16 i 0.19
Age i

<65 85 L 0.40

>65 23 i 0.41
Sex ii

Male 63 i 0.48

Female 45 i 0.27
Baseline disease stage ii

11IcMO/IVMIa/IVMIb 33 : 0.28

IVMIc 75 i 0.45
Baseline LDH i

<ULN 59 0.25

>ULN 49 0.63
No brain met history 102 0.38

I I I I I I I |
o0 02 04 06 08 10 12 14 16

Combination D+T 150/2 better Monoth'erapy D better




Estimated survival function

Overall Survival

o Median HR, P-Value > M2 OS5
rate
10 - Mono D NR
_'_'—l_'_—l,—._, 150/1 NR 098, Ns  70%
150/2 NR 0.67, NS 68%
| I—
0.8 - iy 799
e
0.6 - ULV F——
______________________________________________________________________________________ . IR | i| i| ‘
0.4 -
Med follow up time 14 mo
0.2 -
43/54 (80%) Monotherapy D crossed to 150/2
0.0 -
0 3 6 9 12 15 18
Patients at risk Time since randomization (months)
54 54 50 44 28 4
54 52 46 43 27 3
54 54 52 47 31 7



Vs _ Institut de cancérologie

@~ GUSTAVE ROUSSY

“@SmW VILLEJUIF -www.igr.fr

Drug Development 2011

< Tumor by evolution is “moving target” which
requires repeated portraits and thus
sequential biopsies

* Heterogeneity and innate resistance
* Acquired resistance
* Additional mutations

* MONO-DIMENSIONAL THINKING ABOUT
PATHWAYS



A map of human cancer signaling

Qinghua Cui', Yun MaZ?, Maria Jaramillo®, Hamza Bari', Arif Awan', Song Yang?®, Simo Zhang®. Lixue LiuZ, Meng Lu®,
Maureen O'Connor-McCourt®. Enrico O Purisima'® and Edwin Wana™5*

p53 region Ras region TGFp region

Aal
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URKHEAL
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THE MELANOMA PARADIGM

MUTATION DRIVEN DRUG DEVELOPMENT
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IMMUNOTHERAPY ESTABLISHED
“targeted therapy”

ANTI-CTLA4



% it de cancérologte Anti CTLA-4 Monoclonal Antibodies
b Perpetuate T Cell Activation
Reawaken silenced Immune Response

IL-2

T-cell @ o
TCR

Antigen A cD28

N\

TCR

MHC

ll ICD28 I CTLA-4

B7
TCR

Antigen

Antigen

MHC

APC
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pilimumab in Melanoma in 2nd line

Ipi + gp100 (A)
Ipi alone (B)
gp100 alone (C)

Comparison HR p-value
Arms Avs. C 0.68 0.0004
Arms Bvs.C 0.66 0.0026

Survival Rate Ipi + gp100 N=403

| year 44%
2 year 22%
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Ipilimumab + DTIC in Melanoma in 15t line.
IMPACT MEDIAN SURVIVAL 2.1 MONTHS

A
XOO—QQ Censored
904 R ® Censored
. 804
& 50
2
: 60
5 50 L
2 401 S“..‘ Ipilimumab-dacarbazine
£ 304 Teeeen
20+ ina  Toeema
Placebo-dacarbazine =~ TTTT S t==--eol
104 Tt OEHD- @008 000 @O
0 | IR T R A e S TR YR S R TN AN S SN TS CrRE R SN GO SO S T P
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Months
No. at Risk
Ipilimumab-dacarbazine 250 230 199 181 157 131 114 104 91 85 79 74 68 61 59 56 56 52 41 31 17 10 4 2 O
Placebo-dacarbazine 252 229 190 160 136 116 89 78 72 64 56 47 44 42 42 37 34 31 26 19 11 7 5 3 O
B
1009+, Censored
£ 90 Q ® Censored
g L3
[ 804
-] \
@ 70 i
2 i
® o ¢
& | ¢
3 ?
= 40+ ]
k-
3 30 ©.,
2 ® Ipilimumab-dacarbazine
§ 20 &,
2] - W)
< " ®. - —ee@B==
& 109 placebo-dacarbazine  TC CE---68 SO~
0 IS R SELE TR [P SRS YR FTER DO S
0 2 4 6 8 10 12 14 16 18 20 22
Months
No. at Risk
Ipilimumab-dacarbazine 250 199 8 70 57 45 40 35 30 25 16 10 6 4 3 2 10
Placebo-dacarbazine 252 205 72 52 39 30 20 16 15 13 10 7 2 2 1 1 10
€
100—-@-'__‘ Censored
904 ® ® Censored
= 804 g
i 4
gg 704 g |
@ H : 2
8 g 60 - Ipilimumab-dacarbazine
£ 9 o i b
.E- & 50 9 -
22 07 S
§ & 304 Placebo-dacarbazine !
Beoorenmens
€5 g '
104
c T T T T T T T T T T T ; T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Duration of Response (mo)
No. at Risk
Ipilimumab-dacarbazine 33 38 33 30 27 23 22 20 17 8 4 1 1 1 0
Placebo-dacarbazine 26 23 20 14 12 10 9 8 7 6 2 1 1 0 O R b tC t | N E I J M d

2011.



Therapy intrinsic "—_'_?'—Immunogenic“-’:‘f =0

- chemotherapy
PN sl b b

Tumor intrinsic | o0 0 ogehié—'::_zl
cell death

Host intrinsic | Responsé o™

Ammunogemc signals of i

Tumor-host | ¢ - o ]nﬁltrati |

interface Q&mmune effeCL,[&
~ Therapeutic success -
[ - —

Zitvogel, L. et al. (2011)
Immune parameters affecting the efficacy of chemotherapeutic regimens

Nat. Rev. Clin. Oncol. nature e
nature FrET
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< Ipilimumab: 4 injections in 3 months: 88.000 EUROS
- All melanoma patients are candidate
- At least 80% will get this : NO BIOMARKER

<+ Vemurafenib for BRAF-mutated: 6 months 56.000 EUROS
- 50% will not progress: another 3 months: 81000 EUROS
- 50% will not progress: another 3 months 112.000 EUROS
- At progression: eligible for reinduction ipilimumab?: add 88.000

4

L)

* BRAFinh +MEKinh: price??
* BRAFinh + Mekinh + Ipilimumab Price ???

L)

4

L)

L)

4

“++ Vemurafenib + Ipilimumab:
—> > 170.000 - >200.000 EUROS

L)



< In entertainment and in health care you pay up front

< Everybody should have the right to go to Disneyland during
the last year of life

<+ Disneyland tickets are 150.000 Euros

< What will society do?
- Provide tickets at this price with equal access for all
- Demand price that would allow equal access for all

Of note: in 2022 the whole health care budget in India could be spent on
dealing with diabetes type Il management alone
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BIG IMPACT
in (small) well defined populations
(newly defined diseases)
will decide drug development processes

economic models of molecular medicine
are uncertain

especially if we fail to create CURES
(requests involvement immune system)



Duplication of Effort

Fragmentation of Research
No single institute/nation can do It all

Worldwide Innovative Networking
in personalized cancer medicine

WIN 2012 Symposium
Paris, France, June 28-29, 2012

Networking/Consortia
IS a Must
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The Worldwide Innovative Networking (WIN) Consortium

[] il B &
invites you to attend WIN 2012, the 4th WIN Symposium, to
be held in Paris, June 28-29, 2012. This symposium will be the
- ¥ next in the successful series of annual meetings dedicated to

personalized cancer medicine. The WIN Consortium was crea-
ted to accelerate the pace and reduce the cost of translating

EUROCAN Translational Research it R

try - pharma, biotech, diagnostic - to jointly address the
”, challenges of personalized cancer medicine. Join this out-

P I t f e standing event featuring high-ranking speakers, represen-
a O r m VZAINA ting all cancer care stakeholders. They will address ways to

S improve the efficacy of cancer therapeutics at the level of

the individual patient by using biomarkers and innovative

cancer therapeutics in the most effective way.”

Dr. John Mendelsohn, Chairman WIN Consortium,
UT MD Anderson Cancer Center

www.winconsortium.org
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THANK YOU

COME VISIT CANCER INSTITUTE GUSTAVE ROUSSY



