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Normal Cell

Working Hypothesis

DNA mutations
Aberrant proteins

Cancer cell

Drugs that target the molecular
mechanisms involved in cancer
progression improve outcome
in the absence of
Genomic instability




Selecting the right therapy

Cancer
Patient
Tumour
type
Oncologist
selects
therapy
Therapy ‘ - based on
experience,
‘ histology and
tumour site )

\_

A

Wrong The right drug for Wrong
match the tumour type match

Adapted from D Weaver, On-Q-ity



Specific genetic traits can predict for the success of MTA

Tumor type with oncogenic addiction e.g. Hedgehog inhibitors in BCC
(PTCH mutations), B-RAF inhibitors in melanoma (B-RAF mutations),
ALK inhibitors in NSCLC (ALK translocation) —i.e. “superstars”!

...... ;; s £ ;
H | O
1;5._333’11?.’ H
it8p &) |
| | R
g -
o ] E%"{—glu
il b1l E.'_’g’ il A Best Overall Response
111 E ‘*‘{ 125 Mdanoma stage M1a
! i %3 {-' i g 1004 Melanoma stage M1b
4 i "-/ a Melanama stage M1z
tergassad ! Ra—] 2
=~ g A T
: L 3
s .-f"‘” E 1M
e £
i e 9:.‘
£
2 " Thshold
=50+ forresponse 04
according
<15 toRECIST
» i [
(New Engl J. Med 2010) 4 H H H
2
» e | " i | L.
P 306
(New Engl J. Med 2010) &
¥
a

e e e e e e By B s e B B e sy s B e
4 19 21 23 25 27 29 34 36 37 3% 42 43 44 45 50 51 55 56 57 58 50 6l A2 B3 RS B7 BB T2 7S T

Patient No.


http://content.nejm.org/content/vol361/issue12/images/large/08f1.jpeg

Examples of Registered MTA
based on oncogene de-addiction

Vemurafenib

Dabrafenib




—PLANE el ges L ..
CAONCER M Plateformes hospitalieres de génétique

2014-2019 , .
moléculaire des cancers

Arrivée des thérapies ciblées = Organisation pour fournir des tests moléculaires
a I’échelle nationale

Le programme est piloté par I'INCa et le Ministere de la Santé depuis 2006

) P - AP-HP
» Objectifs > 28 plateformes de Curie
St. Cloud m juif
s sae y . Versailles
= Effectuer des tests moléculaires génétique moléculaire
pour I'ensemble des patients;

= Partenariat entre plusieurs

*  Pour tous les établissements laboratoires répartis dans : Mulhouse
(hopitaux, cliniques...); des CHU et des CLCC

= Assurer un haut niveau de qualité; =  QOrganisation régionale

=  Hémopathies et tumeurs solides -

Coopération entre

= Tests gratuits pour les patients et pathologistes et biologistes

les établissements locaux

En 2013 —>75 000 patients testés ; 85 000 tests réalisés

A Buzyn



Example of gefitinib treatment :
€69M spared cost for the health insurance

EGFR testing for lung cancer patients

€1.7M
15 000 patients - 1 724 patients +
(gefinitib treatment: (gefinitib treatment:
8 weeks DFS; Mok 2009) 38 weeks DFS; Mok 2009)
€ 69M € 35M

Cost of gefitinib treatment
Spared cost of gefitinib treatment

INsTITUT
NATIONAL
pu CANCER Nowak F, Soria JC, Calvo F. Nat Rev Clin Oncol 2012




Current biomarkers facilitating rapid access to targeted therapies

Biomarkers for targeted therapies currently
evaluated in clinical trials (Phases I to III) tested
within INCA platforms

Molecular subsets of NSCLC

Cancer Molecular target

EGFR mutations

KRAS mutations

HER2 exon 20 mutations
BRAF mutation

PI3KCA mutations
EML4-ALK translocation
KRAS mutations

Colon - rectum BRAF mutation

Lung

O KRAS mutations

O EGF R mutations

O HER 2 mutations exon 20
B BRAF mutations
HEML4-ALK translocation

microsatellite instability if <60 years

HER2 amplification

Breast BRCA1/2 germinal mutations
PI3KCA mutations

BRAF mutation

cKIT mutation

Ond Melanoma

Source: Inca INsSTITUT ancer)
NATIONAL
puCANCER




FGFR & Patient selection: Challenges of single-
gene prescreenig

Molecular Breast

screening in the Samples tested 229 HbIHEEN

Samples tested 95

. FGFR1 amplification 26 .
YBEJ}&B_(LLM FGFR2 amplification 3 ASlFiEANTICIC] Z

amples teste
FGFR1 amplification O
FGFR2 amplification O

Samples tested 147 Samples tested 107
FGFR1 amplification 14 FGFR2 amplification 2

Lecia V. Sequist, American Association for Cancer Research 2014

Molecular
screening in the
TKI258 trial
(N =2

56 centers, global trial

16 months recruitment

{
N

L

Andre F et al Clin Cancer Res 2013



Number Needed to Analyze: Biomarker-Driven Clinical
Research

NNS = 1

(fraction with biomarker X assay specificity

X fraction trial-eligible X fraction giving informed consent)

Example: HER2+ in BC=1/(0.25 X 0.9 X 0.5 X 0.5) = 17.8 patients screened/patient entered
into trial

Example: ALKtx in NSCLC = 1/(0.05 X 0.9 X 0.5 X 0.5) = 88 patients screened/patient entered
into trial

Example: FGFRtx in GBM = 1/(0.03 X 0.9 X 0.5 X 0.5) = 148 patients screened/ patient
entered into trial

Courtesy J Rodon



Number Needed to Analyze: Biomarker-Driven Clinical
Research

NNS = 1

(fraction with biomarker X assay specificity

X fraction trial-eligible X fraction giving informed consent)

Fraction Assay specificity fraction trial- fraction Pt Needed to
with eligible accepting Analyze
biomarker participation
17,8

HER2+ in Breast 25% 90% 50% 50%
cancer
ALK fusion in NSCLC 5% 90% 50% 50% 38
FGFR fusion in GBM 3% 90% 50% 50% 148
(freq 3-8%) 8% 90% 70% 50% 39,7
3-8% 70% 60% 50% 59,5-158,7

Courtesy J Rodon



Molecular screening programs: Concept

Molecular screening

( Trial A
with High Throughput u
Genomics
Target |
identification w
W T
H L7

i:‘“‘/. é

Short term Goal: to develop drugs in population defined by a
biomarker

Andre, Delaloge, Soria, J Clin Oncol, 2011
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Precision Medicine: To identify and hit the target

Targeted therapy according
to the molecular profile

Tumor Specimen

Molecular profiling

Identification of the molecular
alteration



http://www.pathology.vcu.edu/education/dental2/images/case2-7.jpg

Q INSTITUT Ongoing precision medicine programs in France

NATIONAL
pu CANCER
Sponsor | Pilot study 1st generation trials Randomized trials
No NGS NGS
Unified
Unicancer SAFIRO1 SAFIR02 Database:
(Andre TLO 2014) breast .02 Pick-up
iung the winner
Gustave preSAFIR MOSCATO targets
Roussy / WIN (Arnedos, (Hollebecque, WINTHER
EJC, 2012) ASCO 2013) > \
L Berard Profiler MOST :
Lvon 2nd generation
¥ Algorithm for
Curie SHIVA Personnalized
. (Letourneau medicine
Institute AACR 2013) j

Overall : >3 000 planned patients (all tumor types), >1000 already included
Breast Cancer: > 1 000 planned, >90 already treated (preSAFIR / SAFIR / MOSCATO)
Goal: To generate optimal algorithm for individualized therapy


http://www.e-cancer.fr/

SAFIR01: Study Flow

W . Biopsy metastases
in patients PR/SD

under treatment

2 Frozen samples
~ 1 FFPE sample

Comparative genomic hybridisation array and DNA > ®
sequencing to direct treatment of metastatic breast cancer:
a multicentre, prospective trial (SAFIRO1/UNICANCER)

Fabrice André, Thomas Bachelot, Frederic Commo, Mario Campone, Monica Arnedos, Véronique Dieras, Magali Lacroix-Triki, Ludovic Lacroix,
Pascale Cohen, David Gentien, Jose Adélaide, Florence Dalenc, Anthony Goncalves, Christelle Levy, Jean-Marc Ferrero, Jacques Bonneterre,
Claudia Lefeuvre, Marta Jimenez, Thomas Filleron, Hervé Bonnefoi

Summary
Background Breast cancer is characterised by genomic alterations. We did a multicentre molecular screening study to  Lancet Oncol 2014
identify abnormalities in individual patients with the aim of providing targeted therapy matched to individuals’ pyblished Online

genomic alterations. February 7, 2014
http://dx.doi.org/10.1016/
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Clear enthusiasm of patients and physicians

High level of expectation

Accrual

scheduled

====planned targeted therapies
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Clear enthusiasm of patients and physicians
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Kim E et al, Cancer Discovery 2011
Andre F et al, Lancet Oncol 2014
Le Tourneau C et al, BJC 2014



423 patients enrolled

p| 16 excluded because no biopsy result
h 4
407 with biopsy results
4 excluded becavse metastatic
breast cancer not confirmed
h 4
403 biopsy samples assessed
104 excluded
91 low percentage of tumour cells
> 8 no frozen material
v T other reasons
299 samples with DNA suvitable
for genomic analysis* o .
2 CGH array alone 73% de succes
281 CGH array and Sanger
sequencing
16 Sanger sequencing alone
21 excluded
16 CGH array results deemed
> uninterpretable
2 not enough DNA for Sanger
v sequencing
195 patients with targetable . ey s

v

55 patients received matched
therapy
52driven by genomics
3HER2 amplification on
CGH array

28% des actionables traités



Targetable alterations that led to treatment
proposition

PIK3CA mutation
30% -

/

25% - CCND1 amplification

20% - /
15% - /

FGFR1 amplification

Rare genomic alterations

10% -
AKT1 mutation
FRS2, EGFR, RPTOR, MDM2 amplifications
R 1101 D0, NG PIK3CA, FGFR2, AKT2_ amplifications __________\ __________
WH / IGF1R, ALK, MET amplifications
0% Il HHHHHHH”HHUDD Il nnnnnssnssnsnnnnnsnnnnpfonnnnnnn

High frequency of rare targetable genomic alterations



Efficacy data on 48 patients treated with therapy
matched to genomic analysis

Efficacy n (%)
Targets picked-up:
Objective response 4 (9%) EGFR amplification
AKT gene alteration
SD>16 weeks 8 (19%) FGF-amplified BC
Progression within 16 weeks 32 (72%)
Ongoing therapy SD <16 weeks 4
Erbb2 conversion (n=4) 1 0R
1 long term SD
(10 months)




MOSCATO-01 prospective
molecular screening program

e Monocentric (Gustave Roussy)

e Target Accrual =900 patients

ON- PURPOSE FRESH
TUMOR BIOSPSY & —_ MOLECULAR PROFILING MOLECULAR

—> TREATMENT
PATHOLOGY CONTROL (CGH & NGS) TUMOR BOARD

Median 14 days (95% Cl: 7-35 days)



osJecTivESy - METHODS

FRESH TUMOR MOLECULAR SCREENING CLINICAL

BIOPSY —> PATHOLOGICAL DECISION
CONTROL CGH Array & Sanger & NGS

TREATMENT

e Single site biopsy

e Metastatic site (+++) or primary site

14 — 18 Gauge needle
e Ultrasound or CT guided biopsy, or surgical resection (HNSCC)

e Real time Pathologic Control to determine % of Tumor Cells

G
Presented by: Antoine Hollebecque et al . ASCO 2013 ROUSSY



RATIONALE > DEsieN » osJecTives ZUSMETHODSIED

FRESH TUMOR MOLECULAR SCREENING CLINICAL
BIOPSY —> PATHOLOGICAL - CGH Arrav & Sanger & NGS - DECISION TREATMENT
CONTROL ¥ &
100%
90%
w 80%
8 70%
E 60%
B 50%
us 40%
()
D 30%
=
8 20%
E 10%
0%
Presented by: Antoine Hollebecque et al . ASCO 2013 ﬁ%SJ é‘é@l

CANCER CAMPUS / \
GRAND PARIS



General flowchart

89 % de succes

44 % d’actionabilité

50% des actionables traités




Main actionable aberrations

Copy number
alterations (76%)
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Presented by: Charles Ferté et al . AACR 2014



Best response rate (RECIST)
In oriented and treated patients (n=85)*

100 % —
Progressive
Disease
19% (n=16)
2 20 0/0”— 77 ‘||||II 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 ;
I
b 0% -
O .
L
o
B0 o Ll - =
Overall Response Rate (CR + PR) = 15%
Tumor Control Rate (CR + PR + SD) = 81%
Complete
O Response

1% (n=1)
* Excluding classical ALK, EGFR, BRAF, HER2, ER/PR alterations

Presented by: Charles Ferté et al AACR 2014



Tumor Growth Rates (TGR)

Beforel? Baselinel Tumori®l
evaluationt
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Ferté et al, Clin Cancer Res 2013

Opportunity to estimate
the therapeutic effect
independently from the
course of the disease

30



Decrease of the tumor growth rate between
the REFERENCE and the EXPERIMENTAL perioc
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Presented by: Charles Ferté et al . AACR 2014



tumor cells %
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Biopsies characteristics
(based on 215 Needle biopsies)

Percentage of tumor cells

) ; ) Distribution of the Percentage of tumor cells
according to the site of biopsy

according to the site of biopsy
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Liver Lung+pleura Ganglion Bone Other Liver Lung+pleura Ganglion Bone Other

No difference between Liver, Lung and Lymph nodes (p=0.07)

Bone biopsies are not appropriate for molecular analysis



Biopsies characteristics

(based on 215 Needle biopsies)

Cut-Off 2 30% Tumor cells

Cut-Off 2 60% Tumor cells

Diameter of the target lesion (> 30 mm vs <30 mm)
Number of biopsy samples (25 vs <5)

Diameter of the needle (<18G vs 218G)

Ongoing anti-tumor treatment (Yes vs No)

Method to guide biopsy (echo vs CT)

Senior vs junior radiologists

Training (< 6 months vs > 6 months experience in MOSCATO)

Central vs periphery of the target lesion

2.4(1.1-5.1)
1.6 (0.8 -3.2)
1.1 (0.5 - 2.6)
0.9 (0.4-1.7)
1.0 (0.5 - 2.1)
2.3(1.1-4.7)

2.2 (1.0 - 5.0)

42+28% vs
45+30%

0.16

0.8

0.7

0.9

0.02

0.05

0.2

7 (0.97 - 3.0)
1.8(1.1-3.1)
1.1(0.5-2.2)
0.5(0.3-0.9)
0.7 (0.4-1.3)
1.5 (0.9 - 2.6)

1.3(0.76 - 2.3)

0.03

0.8

0.03

0.3

0.1

0.3



Program to Establish the Genetic and Immunologic
Profile of Patient's Tumour for All Types of Advanced Cancer

(PROFILER)
Signed informed consent
e Design: non-randomised, multicentric, Collection of tumour material
cohort study, combined with a Blood sample (PB, serum)
biological sample collection, a l

retrospective clinical data collection

INCLUSION
and with a genetic and immunological Clinical data
biomarkers study 3
e Start date: 28 February 2013 Genomic profiling of the tumour
e Enrolment single center: n=414/2000 NGS ACGH f}g;_‘: IHC
(June!) s
e Adapting tools and manpower l
Reopening Oct 13 Report of genomic and immunological profiling of the
tumour

1}

Molecular Board

Recommendation for a clinical trial,
ClinicalTrials.gov identifier NCT01774409 MOST protocol, or off-label treatment

JY Blay, Centre Léon Bérard



Conclusion (I)

1st generation trials are feasable even at a natio-wide level

Molecular screening programs allow enrichment of phase I/l
trials in patients presenting genomic alteration

Objective responses are observed with the strategy in
patients with advanced stage disease across multiple tumor
types, but activity is not disruptive

Optimal programs include NGS in the context of broad
availability of bioactive drugs



Molecular profiling a growing reality: academic and privately-driven

Ongoing precision medicine programs in France:

The Lung Cancer Mutation Consortium VI
— % s NATIONA i i i
11t J@ NATIONAL 9 trials (high throughput genomics)
ﬂ ,-J: Sponsor | Pilot study 1st generation trials Randomized trials
P M No NGS NGS 1\
g — pomes Unicancer

@ warniion.
M5t

-

Unified
. SAFIRD2 Database:
breast Pick-up
SAFIR02 the winner
- lung targets
WINTHER > \

Gustave
Roussy / WIN

.,
{* ,’ MY CANCER GENOME-.
":_l GENETICALLY [ NFORMED CAMCER MEDICINE LBerard Profiler MOST 2nd generation
Lyon Algorithm for
Curie SHIVA Persngp?lized
- Institute [W medicine
Molecular Profiling J
. Is Changing the Fight
Against Lung Cancer. Overall : >3 000 planned patients (all tumortypes), >1 000 alreadyincluded
- Qo N
SPECTA &SEORTC FOUNDATION  CARIS
= — = MEDICINE

LIFE .‘iC]]iNC_'L:S‘I,A'

oncology



Conclusion (ll)

e Molecular profiling is increasingly part of patient’s care
— Either by analysis of their diagnostic sample
— or by their participation into prospective molecular triage trials

e Clear enthusiasm of patients (recruitment curves)

e Great heterogeneity of practices accross the world
— different models in different countries
— different funding possibilities

« Multiple challenges remain
- optimal setting - optimal technology

- patient selection - access to therapies (+++)
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Precision Medicine:
From Molecular screening to personalized medicine trials

Molecular screening ‘ Personalized medicine

High throughput
Genomics

Andre, J Clin Oncol, 2011

Test drugina
Biomarker-defined
population

Stratified medicine:

Evaluation of drugs in populations

defined by a biomarker

Database
+
Preclinical
studies

Algorithm for
Personalized
medicine

Trials testing

algorithm

Tursz, Nat Rev Clin Oncol, 2011

Personalized medicine:
Evaluation of bioinformatic algorithms
to identify the targets




INSTITUT
Hm}'m:uu
pu CANCER

Ongoing precision medicine programs in France

Sponsor | Pilot study 1st generation trials Randomized trials
No NGS NGS
Unified
Unicancer SAFIROL SAFIR02 Da.tabase:
breast Pick-up
SAFIR02 the winner
Gustave preSAFIR MOSCATO lung targets
Roussy / WIN | (Amedos, (Hollebecque,
EJC, 2012) ASCO 2013)
L Berard Profiler MOST :
Lvon 2nd generation
¥ Algorithm for
Curie SHIVA Personnalized
. (Letourneau medicine
Institute

AACR 2013) j

Overall : >3 000 planned patients (all tumor types), >1000 already included
Breast Cancer: > 1 000 planned, >90 already treated (preSAFIR / SAFIR / MOSCATO)
Goal: To generate optimal algorithm for individualized therapy



http://www.e-cancer.fr/

WINTHER concept

Patient with metastatic cancer

TUMOR BIOPSY & MAT

Histology Control |

!

MOLECULAR PROFIL

Mutational aberrations CGH

"n'. |II I'.
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% of cancer
and normal

cells

I

Transcriptomic

Aberrations




WINTHER concept

Computational
tools — Algorithm
and genes_drugs
database

3. Genetic distance converted into drug:
scoring

Over =
expressed Under Predictive
e‘r:es expressed QLI I
9 genes efficacy ¥ |
score
Patient data
I d VI d I
AKTI BERCS CONDI CONE! COKZ
AATATS g oM hor R ams B0 Esm1 ezt 2em
- e > K. MCLI POKCA PTEN
D ru eﬁlcac oS DT TR S ASRNEAaTS
CDKN1B CORZS 1 COLAAIEP CORDIC
A OYPLA CYPiCts CYPICY CYPIDE
CYP2F] CYPIAS CYPIAS DUSPI DUSPS g e
oy 271 EGF EGE EPOR £PS1S 5382 210 SRR e
. ) T | % ESRIFGHGADDIA azn 601 31 10| @
N bel [OSLE B3 GUCYID NINGE IPNS Koy O23%  Luncl (-2 49) COLAAIEP (-2 30 CYPIF1 (857, 3839
umber JS LIVRMADEC MAPE MUKI MPKBE CTPIAS (1220 PR 3 1) FRB3 (2 3, 74D NPT
of Target PTEN PTGS2 QSOX1 REMT RPAI SN SKI ]
genes aamus | g, Y yan 2 n m
PIMETRINID | DHFRFAS PGS GAXT GGH RIMIT i e 2
Target prrieey SLCISA1 TPS3 TYMP TYMS.
Pl ()
genes = 5
ALDOC DL bR peRcs
Do a .
(Gloevec. Givec) . ns
RPSEKBI TNFRSF 1B VEGFA WT1 | e L )

Doctor’s
decision




Personalized Medicine trials:
testing the algorithm for target identification

. ; : Informed
Patients with refractory
 — consent
cancer (all tumor types) ]

}

Tumor biopsy

}

NGS+
Cytoscan HD
+HC Therapy based on molecular profiling
- Approved molecularly targeted agent
A 4
Informed
Bioinformatics consent
signed
! ] _
Conventional therapy based on
Non eligible Mqlecular Eligible oncologist’s choice
atient Pl patient
P board

Specific
° therapy
available

C. LeTourneau BJC 2014



Treatment algorithm

Molocuiar altorations ——

KIT, ABL1/2, RET

PIZKCA, AKTH
AKT2/3, mTOR, RICTOR, RAPTOR
PTEN

STK11

INPP4E

BRAF
PDGFRA/E, FLT3
EGFR

HER-2

SRC
EPHAZ, LCK, YES1

ER, PR
AR

Mutation/Amplification

Mutation/Amplification

Amplification

Homozygous deletion

Heterozygous deletion + mutation or IHC
Homozygous deletion

Heterozygous deletion + mutation
Homozygous deletion

Mutation/Amplification
Mutation/Amplification
Mutation/Amplification
Mutation/Amplification

Mutation/Amplification
Amplification

Protein expression =10% IHC
Protein expression >10% IHC

Imatinib
Everolimus

Vemurafenib

Sorafenib

Erlotinib

Lapatinib + Trastuzumab

Dasatinib

Tamoxifen or Letrozole

Abiraterone J

institutCurie



YES

(69 patients - 429%)
NO

(94 patients - 58%)

D
LM

institutCurie



Molecular alterations retained

for the randomization

PI3K/AKT/mTOR
pathway

(35%)

Hormone
beceptor

pathway
(58%)

mAR

m ER/PR

m PI3KCA mutation

m PTEN loss/deletion

®m AKT amplification/gain
PI3KCA mutation + PTEN
loss
STK11 mutation & loss
AKT gain + STK11 loss

m PDGFRA amplification/gain

HER2 amplification/gain O
institutCurie



UNI Personalized Medicine trials:
B testing the algorithm for target identification

H Biopsy metastatic site: /
SAFIROZ trlal next generation

sequencing Targeteg.the:apy
Array CGH Target defined by 1st Aletnetiue o
51 molecular alterations

generatio
virtu

Her2-negative
metastatic breast
cancer no more
than 1 line
chemotherapy

Chemotherapy
6-—8 cycles

No alteration

Followed up but not included

e 210 randomised, around 400 screened e Sponsor: UNICANCER
e Hypothesis: median PFS 3 to 6 months e Funding: FONDATION ARC
e Sister trial in lung cancer e Pharma partner: AZ

e Algorithm validated on encyclopaedia cell
lines



m"cr SAFIR 02]ung-IFCT1301

Biopsy metastatic site:
Next generation sequencing
Array CGH N= 230

——
~"Selumintinib “ AZD2014

Targeted therapy @ V2L
According to  @vaLE
Molecular alteratio

- ~ AD8931

Molecular
alteration
Excluding
EGFR mut and

vALK t

metastatic NSCLC fisrt Chemotherapy
line chemotherapy 4-6 cycles

Pemetrexed if Non-SCC

EGFR TKI if SCC

No
alteration

Followed up but not included
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MATCH-R trial

Patients with + biomarker tumor exposed to a targeted therapy and an initial response

Sensitive Resistant

In vitro Cell lines Mouse avatar Tumor biopy or effusion
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General goals of tumour molecular profiling

e Tumour molecular profiling can help decipher cancer biology

at the individual level and identify:

— Oncogenic drivers and predictors of efficacy

— Lethal subclones & intratumor heterogeneity
— Mutagenesis processes & DNA repair defects

— Dialogue between cancer cells and immune system



Co-existing mutations: a major challenge?

p< 2.2e-16

] A - In Cell lines

* GDSC (Genomics of Drug
Sensitivity in Cancer)
80 drug-gene-alteration pairs
for 20 drugs and 19 targetable
genes

|

Source
* CCLE (Cancer Cell Line
Encyclopedia)
16 drug-gene-alteration pairs
for 4 drugs and 5 targetable
genes

+ Mutation
Gene « Amplification (CNV > 4)
alteration * Loss (CNV<2)

Sensitivity to targeted agents
3+

" 3 e e brug nAUC (Scaled AUC)
= = - response
| . o
driver alone Driver + v Wild type
other mutation (no driver)

Co-existing mutations are associated with resistance

Lefebvre & Yu Cancer Pharmacogenomics and Targeted Therapies 2014

Each color represent one drug/target couple



How the use of genomic tests could help avoiding
resistance ?

e Does intratumor heterogeneity predict resistance to
therapy ?

e |sit possible to detect the lethal subclone in primary
tumor using deep sequencing... and kill it ?

e |sit possible to detect the appearance of lethal
subclone by using circulating DNA... and kill it ?



Does intratumor heterogeneity predict resistance to
therapy ?

P=0.006
100y,

~J
83}

Subclonal driver
absent (n = 28)

. CLL treated
with fludarabine

N
(&)}

High ITH

% alive without retreatment
3
|

Subclone;l dr'iver
present (n = 39)

0 20 20 80 80
Months from first therapy
Intratumor heterogeneity could define a disease resistant to therapy

Landau, Cell, 2014



Is it possible to detect the lethal subclone in primary tumor ?

Lethal clone presentin a
minority of cells in the

primary tumors
Il\itial presentation Tumor progression Autopsy
Indgx genomic alterations ! Lymph node metastasis Distant metastases
i ' (obtained at RRP) PTEN | FTEN
sfop . (obtained a SPOP sPOP
3 | TP53 TP53
AR AR Liver
ATRX
Additional alterations j— L
ymph node

(0,
0 O \L: = Clonal selection _
! Lung metastasis

U@j (biopsy)
; =17 years - -

Primary tumaor

Phylogenetic scale

'Time after RRP

Docetaxel Abiraterone acetate

easr
Mitoxantrone
Radiation

Radical prostatectomy Goserelin acetate
Bicalutamide

Zoledronic acid

GVAX ‘ GWVAX

Etoposide
Cisplatin

Ultradeep sequencing could detect the lethal minority subclone in
primary tumor

Hafner, J Clin Invest, 2013



Bridging oncogene de-addiction with
complementary systems

TcR repertoire
Oncogenes ol | Pant mtation immune
system

Genomic scar:
DNA repair
defect

Intratumour
heterogeneity

As each genomic landscape is unique, we do not have
any more homogenous cohorts to register a drugin a
population



Third generation trials

TcR repertoire
immune

O n C O g e n eS | rearrangement S ’ F/’i:n-.t wutation Sys t e m

TKI Immunecheckpoints
Genomic scar: Intratumour
DNA repair heterogeneit
defect ° y
DDR Ultradeep Seq

modulators cfDNA



Challenges of tumour molecular profiling

e The optimal technology is yet to be universally adopted

e The optimal setting for analysis (metastatic vs locoregional vs
resected) is still debated

e Best patient population to enroll (refractory, sensitive...) TBD
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Perspectives 2015/2016 :
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(1) Data production

SAFIR 02 lung-IFCT1301 data interpretation challenge
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Good et al. Genome Biology 2014, 15:438
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Amplifications focales d'oncogénes (CGH)

e Taille maximun < 10 Mb (100 génes)
e Fold change > X8 et/ou LogRatio > 2

e A interpréter (au cours du MTB) en fonction de :

- la cellularité tumorale

- la qualité de la CGH

- de la ploidie (Puce SNP Affimetrix)

- versus génome entier (valeur « Log »)

- versus le bras chromosomique

- versus la région subcentromérique (valeur « relativelog »)

| Bieche



How do we define actionability?

Annals of Oncology Advance Access published October 24, 2014

Prioritising Targets for Precision Cancer Medicine

Fabrice Andrel, Elaine Mardisz, Max Salmg, Jean-Charles Surial, Lillian L. Siud, Charles

35
Swanton™
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How do we define actionability?

TABLE 4 Level Evidence Scale for target prioritization

I : Molecular alteration  Alteration validated in the

validated in several disease under consideration,
robust early phase trials targeted therapies have

or at least one phase lll shown to be uneffective in
randomized trials patients who are lacking the

genomic alteration

IIl: Molecular alteration  Alteration validated in the
suggested in single and  disease under consideration,
underpowerad phase I/Il targeted therapies have
trials shown to be uneffective in
patients who are lacking the

genomic alteration

Il : Target suggested by Preclinical studies include

preclinical studies
animal models

I\: Target predicted but Genomic alteration is a

lack of clinical or known cancer related gene

preclinical data

no evidence that the

therapy does not work in

the absence of the

maolecular alteration

no evidence that the

therapy does not work in

the absence of the

maolecular alteration

preclinical studies that lack

human samples, cell lines and either cell lines or animal

models

Genomic alteration is not

known as cancer related

gene

Level | molecular
alteration, but not in
the disease under

consideration.

Lewel | molecular
alteration, but not in
the disease under

consideration.

NA

AJB: patients must be
treated with the
targeted therapy

C: patients must
enter clinical trials
testing the targeted
therapy

patients must enter
clinical trials testing

the targeted therapy

Inclusion in clinical

trials is optional

Inclusion in clinical

trials is optional
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Optimal setting of molecular profiling ?

< Surgery < \ /

Neo Adjuvant Locally Metastatic
adjuvant Advanced




Partial perspective of molecular profiling trials in lung cancer

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

BATTLE-1 BATTLE-2

g ]
<
2 SAFIR02
= IFCT1301
=
SPANISH ‘ 1 to 3 Gene-candidates Lung-
ERCCL1-
- O Multiple Gene-candidates L

‘ Large panels-NGS

TASTE-IFCT0801

RTOG
1306

TRACERX

RESECTED

ALCHEMIST

111B

Many other adjuvant trials



Cancer patients
2.8 M | year
In the EU




Cancer patients
2.8 M | year
In the EU

7

Genomics applications:
- Expanding actionability
- Developing new algorithms




Genomics applications:
- Molecular screening programs
- Prognostic signatures
- Predictive tools for better
= Surgery
= Radiotherapy
/ = Adjuvant therapy

Cancer patients
2.8 M [ year
In the EU




Cancer Patient in the near future

Tumor Biopsy/ blood

MOLECULAR PORTRAIT

// \\

- Targeted therap
Diagnostic Prognosis Chemotherapy =1E - ,
unothera
—— ' sensitivity sensitivity g
e ¥ PD1/PDL1
’ ‘ - IAVAII TT A A/G-\A{s\ OX40
Cancer? Other
Yes/No Pathways

Need for treatment ? Which treatment and when ?
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