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Analyses génomiques haut deébit



Pourquoi étudier la génomique dans
le cancer ?

* Latumorigenese concerne toutes les étapes menant a la
formation des tumeurs.

* Cette progression est essentiellement dépendante d’une
accumulation séquentielle de mutations dans les cellules
tissulaires, une partie d’entre elles ayant une capacité de

transformation maligne.
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Tumorigénese
Causes de mutations
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Valdated mutational signatures

Signatures mutationnelles
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Mulplicité des altérations
genomiques

e Laltération de quelques genes suffit a déclencher la tumorigénese

* |l peut exister un terrain génétique favorable au déclenchement du
processus tumoral

* Certains virus peuvent aussi favoriser ces développements (ex. HPV)
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Wang, Linghua, et David A. Wheeler. « Genomic Sequencing for
Cancer Diagnosis and Therapy ». Annual Review of Medicine 65, n° 1
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Découverte des mutations
Séquencage de premiere génération

¥ 1973 Dr Janet Rowley LMC

Séquencage de lére génération

‘ Rowley, J. D. « Letter: A New Consistent Chromosomal Abnormality
Approche Sanger — genes candidats i in Chronic Myelogenous Leukaemia Identified by Quinacrine
. . , . . Fluorescence and Giemsa Staining ». Nature 243, n° 5405 (1 juin
Identification des altérations majeures 1973): 290-93
(drivers) 1982 HRAS et cancer de la vessie
Mutations majoritaires / hotspot YD 2
Séquencage des exons (« exomes ») Reddy, E. Premkumar, Roberta K. Reynolds,

Eugenio Santos, et Mariano Barbacid.
Nature 300, n°® 5888 (11 novembre 1982):

BRAF mélanome
EGFR poumon

149-52.
JAK2, ALK, PIK3CA,
IDH1 glioblastome A point mutation is responsible for the acquisition
KRAS cancer du pancréas of transforming properties by
P AR U Y R R A R A S the T24 human bladder carcinoma oncogene

E. Premkumar Reddy, Roberta K, Reynolds, Eugenio Santos & Mariano Barbacid

Laboratory of Cellular and Molecular Biology, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205, USA

The genetic change that leads to the activation of the oncogene in T24 human bladder carcinoma cells is shown to be
a single point mutation of guanosine into thymidine. This substitution results in the incorporation of valine instead of
; glycine as the twelfth amino acid residue of the T24 oncogene-encoded p21 protein. Thus, a single amino acid substitution
A appears to be suffictent to confer transforming properties on the gene product of the T24 human bladder carcinoma
oncogene.




Découverte des mutations
Séquencage de premiere génération

26 juin 2000 Consortium international public de séquencage
Human Genome Project (HGP) et son concurrent privé lancé
par M. Craig Venter, Celera Genomics Corp

Avril 2003 - premier génome humain entierement séquencé.
HGP sur 15 ans : 2,7 milliards de dollars

Passage a la nouvelle génération
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Figure 2. S-curves for the genome sequencing tool industry.



Découverte des mutations
“Séquencage de masse”

Séquencage génome entier e € iwL"
Identification de réarrangements | o | e
Capacité : 90Gb . % . “%

. ! i . ! i
Ex. Prostate translocation TMPRSS2-ERG mm:ﬁ%f TEm. mﬂl%mm
Tomlins SA et al Science 2005 644-648 = =i

| |
Ex. Poumon translocation EML4-ALK @ @
Soda M et al Nature 2007 561-566 ::

Séquencage de 'exome T |
Sans sélection a priori des genes ———
Capacité : 3Gb

Colit exome : 800€/exome _
Meyerson M, Gabriel S, Getz G.

Advances in understanding cancer genomes

5 through second-generation sequencing.

RNASeq sequencage des ARN Nat Rev Genet. 2010 Oct:11(10):685-96.

Identification des fusions
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« Next Generation Sequencing — NGS »

2005 premiére etude NGS, en 2016 = outil de base

Principe: chaque copie d’ADN seélectionnée (ou non) est clonée puis
séguenceée separement et analyseé informatiqguement par rapport aux

séqguences de référence.
ShotGun => Whole Genome / RNAseq

4 étapes: 1-Préparation de “library” =} Capture => Exome / Panel / RNAseq ciblé
2-Sequencage PCRmultiple=> Panel / fusion Ciblé

3-Bioinformatique
4-Compte rendu clinique

* Le NGS permet de prodwre des séquences
ead)

Liste de variants

(Polymorphisme
et mutations {l
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Next Generation Sequencing /Massive Parallel Sequencing

llumina

Life technologies

rlj

a=
\———'

et L
) lon PGM lon Proton
MiSeq Genome Analyzer [lx HiSeq SOlD (Applied Biosystem) T e
Reference sequence
<hr 1
|
[ s I R — [ | I 1 I I 1 [ |
| = | 1 | | | ] 1 ] |
L 1 1 1 1 L 1
[ H I 1 [ I I 1 I I 1 [
- I 1 L 1 I 1 I 1 L
! 1 1 ] ! 1 | | 1 1 !
| — | |
1 ! 1 1
[ : I 1 [ I I 1L I 1 [
[ H I 1 L 1 I 1
] 1 1 1 |
_: 1
[ I H—1 I I I
! 1 —1 1 1 1 |
[ I H— 1 [ I T 1
H I T 1 I
HO I I 1 [
[ T T T
| 1 1
1 1 1
1
1 1 1
1 1 1
1 | 1
I | 1 H
HomozZwgous ermizygous Transloc
Poirt rmuta Indel . deletion eletion Sain breakpoi

Variants
(SNV)

50% variants 30X
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Patient Technologies Data Analysis Integration and interpretation

point mutation

Smallindels

Genomics
WGS, WES
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RNA-Seq : pathway analysis
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Transcription

Factor binding Next generation sequencing in cancer research and clinical applicatior

Flgure 1 Biological Procedures Online 2013, 15:4  doi:10.1186/1480-9222-154
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Outils et plateformes a disposition



Analyses moléculaires a GR

CLINICAL
4 )
Pathology and Medicine Laboratory departement — 15015189
Molecular Pathology and Genetic Services (Dr E. Rouleau)
- NGS (PGM / lllumina) Q}ﬁgﬁ,{{
- gPCR / FISH / Caryotype ””C““‘:EJ
CLINICAL RESEARCH
Biomolecular Unit — ISO 9001(Dr. L.Lacroix) | ,
ntegragen:
- Sanger, Q-PCR, ddPCR, NGS (S5), Affy... Next Seq500
- Activity by projet (gene panel) Exome — RNAseq
- GR and Collaboration Funding -ICE/Mercury
- National EEQ organisation .NTEGRAgEN
Genomic Platform (Dr.N.Droin)
- PCR, GE, CGHa, NGS (NovaSeq/Myseq)
- Activity by projet (gene panel)
- GR and Collaboration Funding
GUSTAVE/
ROUSSY
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Service de Géneétique des Tumeurs

Clinical activities

4 )

Molecular Pathology
Somatic Genetic

Germline Genetic
Dr B Bressac
Dr O Cabaret
Dr M Guillaud-Bataille

Dr E Rouleau
\ _J

Per year : 3071 patients (2017) (index 2279 / test 792 )
Breast / ovarian 1071
Melanoma 630

Renal 309
Pancreas 76
Colorectal 42

Molecular Solid Tumor Cytogenetic

Oncohematology

Dr S Cotteret Dr N Auger
Dr C Marzac Dr L Lacroix, Dr S Cotteret
Pr AL Bennaceur
Dr E Rouleau Dr A Valent

Per year : 1000 somatic caryotypes

Per year : 950 patients
2300 samples

Per year : 1600 patients
NGS panel 1006

Sanger 200 - MSI 154
HRD panel 195
Endopredict 160
ctBRAF/BRAF Idylla 140

40 persons with 9 biologists, 1 bioinformatic person, 3 engineers

FISH : 740 hematology / 640 solid tumor
Molecular cytogenetique (>100)

GUSTAVE/
and 27 technicians R OUSSY
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CLINICAL RESEARCH : RESEARCH platforM

Technologies

% PLATEFORME de MICROARRAY (Affymetrix™)
- SNParrays Cytoscan/Oncoscan (fixé / congelé / circulant)
-Gene Expression - HTA/ MTA/ RTA (Homme, Souris)
- Puce Epissage

- Puce Pico FFPE
BRAVO / Agilent
“+ PLATEFORMES DE SEQUENCAGE NOUVELLE GENERATION (NGS) NE
- Séquencage Haut débit (HiSeq, lllumina) e
- Exome (Homme, Souris) '
- RNA-Seq (Homme, Souris) i

- ChIP-Seq (Homme, Souris)
- Séquencage Ciblé lon-Torrent (Life) ou MiSeq (lllumina)
- AmpliSeq (CHP2, Oncomine, ADN circulant, design a fagon...)

- Amplicons (produits de PCR) / Capture
7900 - VIA VIl ~ Qs3D | = |

“* PLATEFORME Q-PCR / DIGITALE-PCR

- 7900 / VIA VII (Life Technologies)

- Quant Studio 3D (Qs3DLife technologies)
- - Biomark (Fluidigm)

. STILLA - Stilla Technologies (Cristal DigitalPCR)

< SINGLE CELL (Fluidigm™)
-C1 -STA
- DNA-seq

L - RNA-seq R * m—
- Biomark i EZer;flen Biomark fon Torrent/PGM :
C1 Fluidigm - Fluidiom
- 96:96 | 192:24 | 48:48 uidigrm G U STAVE /
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2014 2015 2016 2017
Tiss-TGS 526 895 811 1059

MP tumeurs solides [== = =3 &

CytoScan 0 479 424 450
OncoScan 0 0 24 281
WES 114 83 238 255
3500 RNAseq 111 296 349 395
3[[]0 2500
I RNAseq Sans w500 - W.ﬁ
2 50 D WES/R NAseq 1000 HCDNA-TGS
. WES - l W Tiss- TGS
2000 m OncoScan Come s awww
1500 B CytoScan i
® cfDNAddPCR Sans : .
WES/RNAseq [ u Tiss TGS
1000 m cfDNA-TGS SNPa
0 - T T
2014 2015 2016 2017 cf ADN
800
700
Délai < 10jrs (8,2 pour moscato) 600
500
m ct DNA -research
. . 400
Responsable : Ludovic Lacroix . = CTC-ctONA ddPC
. . B CTC-ctDNA-NGS
Biologistes : S Cotteret, N Auger, E Rouleau 200 ‘

15 personnes : 4 biologistes, 9 techniciens, 2 | j

Ingén |eurS 2014 2015 2016 2017




MP Hematologie

DI GRIO)EE B 2015 B3 2016 B3 2017 K3 Suivie de I'évolution du nombre d'échantillons

RT09413  S-Hemo 90 71 33 réceptionnés dans les différentes projets du module
RT09613 EISAI* 22 / / d'Hématologie.
RT15313 Servier_LLC 3 12 0 450
RTO7614  Titrage NPM-ALK 62 75 54 20 " Sarcomes
RT11514 LNH-EP1 47 83 104 " Myeloide_PCRdigitale
RT11814 R&D NGS 0 5 0 350 mCeVi

Seq Waldenstrom* 60 200 m MDS*
RT12014  MDS* 6 ® Myeloide_PCRdigitale
RTO5716  ACHILE_ADNCcirculant 14 54 54 250 M Epi-RCHOP
RT09216 Epi-RCHOP / 6 36 200 ACHILE_ADNCcirculant
RT09216 CeVi / 20 18 M Seq Waldenstrom*
RT09516  Sarcomes / / 5 150 R&D NGS
RT01017  Myeloide_PCRdigitale / 5 3o = LNH-EP1

TOTAL: 304 371 307 B Titrage NPM-ALK

* projet académiquet et industriel de séquencage 50 m Servier LLC

Contrat Industriel :
n°RT  Projet 2015 2016 0 W EISAT
2015 2016 2017

RT11015  MCLCD70/CD27 (l‘lfp) (1‘5,,, (fop)

Activité de médecine personnalisée en Hémato

Secteur 8

*158 réceptions
104 LNH-EP1
54 Achile

*166 extractions d’ADN 141 librairies 55 CR générés

56 échantillons a + 30% CT validées pour LNH-EP1
52 cfDNA 68 librairies tumorales
58 échantillons (non tumoral) 25 librairie « normales »
48 librairies sur cfDNA

) GUSTAVE/
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Implication dans le projet France Génomique

CAD

CREFIX

SeqOIA-LBM

Poc0 PP OPROOPNOPRSROPOTOOPOROROOTOOPOERRERSDS

Un LGM par
périmetre
universitaire

SeqOIA-GEN
Séquencage POST-
Partenaire analytigue:
industriel inferprétation
et compte-
SeqOIA-T rendu
Bioinformatique (SeqOIlA-

HTHNE e

. .
:.....-....-....-...........-....-....-.....‘-...‘............

Pre-
" analyfique
CURIE (n=" (SerIA_

LMG)

_ Etablissements hors,
GCS regional et
national

CrefIX= Centre de référence technologique, d’innovation, et de transfert / CAD= Collecteur analyseur de données
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GENOME : 3,4 billion bases (Gb)
EXOME : 1% du génome 30Mb
>26 000 GENES

QQ

Genome Exome Etude ciblee
3,000,000,000 base pairs 30,000,000 base pairs Qq g enes
(20,000 protein-coding genes)
GUSTAVE/
ROUSSY
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Outils

Cancer Genes Exome (WES)
Panel (CGP)

10-30 genes 400 genes

S

0 to 20 variants 30 to 800 variants

|
I
Diagnostic Clinical research
PTF de PTF de Recherche Fr’ance !Vlédecine
génétique translationnelle/clinique Génomique 2025

> Production de nombreuses informations
génomiques

GUSTAVE/
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Outils

Hotspot genes Full-length genes Copy number genes Gene fusions (inter- and intragenic)

AKT1 FOXL2 AKT2 ATM 1P53 MSHE AKT1 PPARG ALK NF1
ALK GATA2 M TOR AKT3 BAP1 TSC1 NBN AR TERT AXL ROS 1 NOTCH1
AR GNAT1 MYD8sg AXL BRCA1 Tsc2 NOTCH2 CCND1 AKT2 BRAF AKT2 NOTCH4
ARAF GNAQ NFE2L 2 CCND1 BRCAZ2 ARID1A NOTCH3 CCNE1 AKT3 EGFR AR NRG1
BRAF GNAS NRAS CDKé CDKN2A ATR PALB2 CDK4 ALK ERBB2 BRCA{ NTRK2
BTK HNF1A PDGFRA ERCC2 FBXW7 ATRX PMS2 CDK6 AXL ERG BRCA2 NUTMA1
CBL HRAS PIK3CA FGFR4 MSH2 CDK12 POLE EGFR BRAF ETV1 CDKN2A PDGFRB
CDK4 IDH1 PPP2R1A H3F3A NF1 CDKN1B RADS50 ERBB2 CCND2 ETV4 ERB84 PIK3CA
CHEK2 IDH2 PTPN11 HIST1H3B NF2 CDKN2B RADS51 FGFR1 CCND3 ETV5 ESR1 PRKACA
CSFi1R JAKT RAC1 MAP2K4 NOTCH1 CHEK1 RAD51B FGFR2 CDK2 FGFR1 FGR PRKACB
CTNNB1 JAK2 RAF1 MDM4 PIK3R1 CREBBP RAD51C FGFR3 CDKN2A FGFR2 FLT3 PTEN
DDR2 JAK3 RET MYC PTCH1 FANCA RAD51D FGFR4 CDKNZ2B FGFR3 JAK2 RAD51B
EGFR KDR RHEB MYCN PTEN FANCD2 RNF43 FLT3 ESR1 NTRK1 KRAS RB1
ERBB2 KIT RHOA NTRK1 RB1 FANCI SETD2 IGF1R FGF19 NTRK3 MDM4 RELA
ERB83 KNSTRN SF3B1 NTRK2 SMARCB1 MLH1 SLX4 KIT FGF3 PDGFRA MET RSPO2
ERBB4 KRAS SMO PDGFRB STK11 MRE11A SMARCA4 KRAS NTRK1 PPARG MYB RSPO3
ESR1 MAGOH SPOP PIK3CB MDM2 NTRK2 RAF1 MYBLA1 TERT
EZH2 MAP2K1 SRC ROS{ MDM4 NTRK3
FGFR1 MAP2K2 STAT3 SMAD4 MET PDGFRB
FGFR2 MAPK1 U2AF1 TERT MYC PIK3CB
FGFR3 MAX XPO1 TOP1 MYCL RICTOR
FLT3 MED712 MYCN TsC1

PDGFRA T5C2

PIK3CA

" FGFR1 amplification

05

MERCURY

500408 108409 150409 200409 250009 308409



Nature du matériel étudié

* Tissu congelé — biopsie dédiée

* Tissu fixé et inclus en paraffine (FFPE)
* Prélevement sanguin — constitutionnel
* Plasma — ADN circulant

>

PLASMA
ADN circulant libre

Mutations somatiques et
O/ constitutionnelles ’

SANG — CELLULES NUCLEES
Mutations constitutionnelles X
A 4

><

TUMEUR SOLIDE
Mutations somatiques et
constitutionnelles

CCCCCCCCCCCC



24

Importance du prélevement

Squamous CeII Ca Adenocarcinoma Necrosis Fibrosis

Adequate Biopsies Inadequate Biopsies
GUSTAVE/
ROUSSY
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ADN circulant

Exosome

TISSU TUMORAL | | TISSU NORMAL
Nécrose | | ADN
Apoptqse | | constitutionnel
Sécretion |

e

Sécrétion physiologique

Inflammation

|
ADN tumoral | | Traumatisme...
ﬁ | Durée de demi-vie
Nécrose (ga'e | 2h (114 min)
|
|

Apoptose (g'g'e @ | Diehl, F. et al. Circulating mutant DNA to
Sécretion g9 g assess tumor dynamics. Nat. Med. 14,
Exosome 985-990 (2008)
( X :
| Métabolisation multiple (foie, rein, rate)

ADN constitutionnel
ADN tumoral circulant Contamination pré-analytique

TTI“ W

ADN circulant

ADN constitutionnel
circulant

S e e 3

SOMATIQUE CONSTITUTIONNEL




Principe de la médecine
personnalisée



Interprétation d

es variants

« actionabilitée »

FDA-recognized biomarker predictive of response to an FDA-
approved drug in this indication

Standard care biomarker predictive of response to an FDA-
approved drug in this indication*®

Standard care biomarker predictive of response to an FDA-
approved drug in another indication but not standard care
for this indication

AN

Compelling clinical evidence supports the biomarker as being
predictive of response to a drug in this indication, but neither
biomarker nor drug is standard care

"

Compelling clinical evidence supports the biomarker as being
predictive of response to a drug in another indication, but
neither biomarker nor drug is standard care

Compelling biologic evidence supports the biomarker as
being predictive of response to a drug, but neither biomarker
nor drug is standard care

Standard care biomarker predictive of resistance to an
FDA-approved drug in this indication

Level

Compelling clinical evidence supports the biomarker as being
predictive of resistance to a drug, but neither biomarker nor
drug is standard care

Level

Compelling biologic evidence supports the biomarker as
being predictive of resistance to a drug, but neither biomarker
nor drug is standard care

i<

Standard
Therapeutic
Implications

*Includes biomarkers
that are recommended
as standard care
by the NCCN or
other expert panels
but not necessarily
FDA recognized
for a particular
indication

Investigational
Therapeutic
Implications

Possibly directed
to clinical trials

Hypothetical
Therapeutic
Implications
[on the basis of
preliminary,
nonclinical data

Standard
Therapeutic
Implications

Hypothetical
Therapeutic
Implications
On the basis of
preliminary,
nonclinical data

Gene alterations were considered
‘actionable’ based on predicted
function, taking into account of
gain or loss of function and when
targetable directly or their pathway
upstream or downstream

FrrY

GUSTAVE/
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Modele du cancer du poumon

Figure 2 ' g - \ . HER2 =T e EEel .
BU > cd;‘:tli‘nlb' > Crll?;slﬁb’ ‘r‘ E::::;nab emtansine * EGFR inhibitor in NSCLC ?;Ll; I::; :_':;Eﬂl;:.:nr::lﬁ';;}:gmﬂ
EGFR Sensitizing | | Alectinib® > Cehoseminie® | |5 Dacomiidei? ~|{EGFR mutation) Lancet tncal 2012 g '

» S:z:llnll:: » Lorlatinib 2 MET 3% g/

> Afatinib * B ol > Mutation:% > Crizotinib * i 4

~ Osimertinib * HER22% | » Cabozantinib ? 1+ III[

» Necitumumab * OtE:F:% > Ceritinib 2 J‘ [ |

~ Rociletinib? g ROS12% |5 |oriatinib? ul

BRAF2% | » DS-6051b?

/"“”‘ BRAF
NTRK11% | » Vemurafenib?
> Dabrafenib ?

-

B-RAF inhibitor in NSCLC
{\EGIJDE BRAF mutation) ssmo 2o14
i

MEK1 <1% REY
» Cabozantinib 2

» Alectinib ?
> Apatinib ?
» Vandetanib ?
» Ponatinib ?
> Lenvatinib 2

1 (ROS1 rearrangment)

K
i

NTRK1
MEK1 PIK3CA > Entrectinib ?
» Trametinib 2 > 1Y3023414 2 » LOXO-101?
1 Phusel 3:-Plimse N\ > Selumetinib * » PQR309* » Cabozantinib ? =18 NSCLEC
2-Phasell 4 - Approved » Cobi tadhs 1 » DS-6051b !

Tsao — J Thorac Oncol 2016

Biomarker Need for standard drug :
EGFR mutations (KRAS mutation?) BRAF/MET/MEK1/HER2 mutations GUSTAVE /
ALK / ROS 1 fusions MET/ HER2 Amplification ROUSSY
RET fusion ; NTRK1 fusion cancercameus  ff '\




Concept de Médecine Personnalisée

Théranostique=>Méd. Stratifiée=>Méd. personnalisée=>Méd. de Précision

F | 2R

Tumor Specimen N Molecular profiling
T ey i

Identification of the molecular
alteration

Targeted therapy according
to the molecular profile

il

e
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Le concept de « Precision Medicine » change du paradigme basé sur la
classification essentiellement histologique des cancers vers une

classification moléculaire des cancers. GUSTAVE /

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

Criblage moléeculaire en recherche clinique
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Trial or program name and origin Genomics analysis Cancer types Tumor sample analyzed Nb patients Clinical trial
techniques

reference

TGS, Solid tumors eligible for . .
CGHa, WES, RNAseq Phase | trials Fresh tissue biopsy 2000 NCT01566019
.. M%JLTIPLI . Sarcoma and advanced Recent FFPE bloFk 5 100 (goal: 235,000
Bergonié (pilot for Genomic WES colon mon) or fresh tissue I -
Medicine Plan 2025, France) biopsy g y
PERMED
Paoletti, WES Advanced solid tumors Fresh tissue biopsy 460 NCT02342158
France
ProfiLER 01/02 Recent FFPE block (<3
. . NCT 01774409
Leon Berard, TGS, WES Advanced Solid Tumor mon) or.fresh tissue 2000 /NCT03163732
France biopsy
TGS, Solid tumor relapse Fresh tissue biops 600 NCT02517892
CGHa, WES, RNAseq P Psy
Profiling Breast Cancer RPMA, TGS, IHC, was, ietastatic Breast Cancer

or Advanced Gynecological Fresh tissue biopsy 500 NCT02470819

Avera McKennan Hospital RNA-seq, WES . .
Malignancies

WES, RNAseq Pediatric Fresh tissue biopsy 600 NCT02613962

CoPPO WES, SNP Array and Fresh tissue biopsy 500 NCT02290522
RNA-seq

Diffuse Intrinsic Pontine

BIOMEDE WES, RNAseq Glioma Fresh tissue biopsy 250 NCT02233049

Gustave Roussy, France

MASTER Advanced states of all

NCT Heidelberg WES, RNAseq, WGS histologies and rare Biopsy >550 =
tumors
EXaCT-1
at WES metastatic cancers fresh tissue biopsy 97 -

Weill Cornell Medical College




Impact du profilage génomique et orientation thérapeutique

Sample Platform Fresh Germ- Nu:nber and % cof
Size Biopsyvs line “atched” Patients
FFPE Control in Genotype-
Matched Clinical
Trials
Gustave Roussy | 1,035 40-75 gene panels | Fresh biopsy | Yes 199/1035 = 19%
MOSCATO (Life) + CGH
(Agilent) + RNA
Seq
Institut Curie 741 46 gene panel Fresh biopsy | No 195 randomized/741
(Life) + CNA =26%
(Affymetrix) +IHC
BCCA 100 Whole genome Fresh biopsy | Yes 1/100 = 1% /
MD Anderson | 2,000 11-50 gene panels | FFPE No 83/2000 = 4%
(Life) /
Princess 1,640 23-48 gene panels | FFPE Yes \ 92/1640 =5.6%
Margaret (lumina, Life) \
CNA = Copy number alterations; IHC = Immunohistochemistry GUSYAVE

Massard et al. Cancer Dis 2017; LeTourneau et al. Lancet Oncol 2015; Laskin et al. Cold Spring
2015; Meric-Bernstam et al. J Clin Oncol 2015; Stockley, Bedard et al. Genome Med 2016.




Implémentation du
WES / RNASeq en recherche clinique
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Techniques

Exome sequencing

e Capture SureSelect XT Clinical
Research Exome (54 Mb) (Agilent
Technologies®)

* Sequencing paired-end 75 bases.

* Bionformatic:

Image analysis and base calling : lllumina Real Time Analysis
(2.7.3) with default parameters.

Elandv2e (lllumina, CASAVA1.8.2) ( then GATK/Mutect)
+ In—house algorithm
Variants annotation + Variant Effect Predictor

Normal cov depth 80X
Tumor cov depth 100-150X

RNAseq
* TruSeq® Stranded mRNA kit (illumina)

e Sequencing paired-end 75 bases.

* Bionformatic:
— TopHat2.1.0, including Bowtie2.

—  TopHatFusion—post algorithm + in-House script to
annotate and translate the fusions+blast.

— SNV & Indels : Samtools/BcfTools (Broad Institute).
— Annotation idemDNA

RNASeq > 8 Gb (55 M PE)

GUSTAVE/

ROUSSY
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Process intégre

GUSTAVE/
ROUS 5‘!"

e et ,.l'

INTEGRAgEN

Capture

sheared M*
—Dl:::m ook i IO adaitintylated cRN
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..

Dait’

INTEGRASEN

i

-

3

~

Cycle 1: Add sequencing reagents
First base incorporated
Frozen m:::.r:mmtwm
30% cellularity Crete 2 n«mm.m.w..m/
DNA/RNA 500ng
ICE Project GUSTAVE/
INTEGRASEN = e = ROUSSY.
@dca’. ;E %—-E:"_‘-E;.:g-‘:; ==t:c= B = s f
.w .
: Normalized
93 ional bias
— ] o LI e Report
e S e — | ] 1R For Tumor board
—_— ; S J"" 77T vy aall S __.”: " . .
T T Tl discussion
Integragen Pipeline (OSCAR/ICE) )

\ Pour SNV, CNV, Fusion detection

J

06/12/2018

In silico Target.
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Délai de rendu des résultats

12 to 23 days for libaries preparation+bioinformatique analysis

Délais Plateforme Gustave Roussy

ire colonne pour plus d'infas

" B 18 &
"7
- o 16
15 & 5
: 0 - 12
| . . - . ﬂ

Bdai 2077 Judn 2007 Juillen 2007 Aour 200 T Sepreenbee 2017 Dcrobee 2017 Hovembre 20017

Délais Bioinf (en jours) [l Délais Labo (en jours)

+ time between : - consent to biopsie (median 15 days)
- biopsie / control / N.A extraction / transfert (5 days)
- analyses (12 to 23 days)
- reporting to molecular tumor board (5 days)

in total 1 to 1,5 month from « prescription » to discussion

GUSTAVE/
ROUSSY

CANCER CAMPUS / \
GRAND PARIS



Comparaison au Cancer Gene Panel - CGP

Additionnal Information with WES for 35 of cases
Few actionable target (29%)

Correlation between Targeted - TSVC and Exome - GATK frequencies. slope=0.942. cor=0.910. n=4826

27
o _ I WT g

[T
[

[
(ST

MNumibar of patients

-
-

—_ >

?:J 8 g | TGS and WES ¥

o O § WES anby - + - +

o S i,

-9 e

o L7

R Additionnal Information with WES for 1/3 cases
52 °

F

20% H Hotspots

oy ‘
o .‘ =3 100%
i 60% = Unknown
® ® W - 100 £ Actionable
a0% Pathogenic
WES allele frequency

0%
TGS and WES WES only, WES only, all

WES sensitivity: 94% (121/129) repertonly  fnterect
Good correlation between WES and TGS AF
- Only low Allele Frequency are not detected 4.8 to 13.4%
- Information about somatic / constitutional Status GUSTAVE/

12/6/2018 - Few additionnal targetable variants. 5CQCHU§7S/Y\

GRAND PARIS



- Mutational load

Informations supplémentaires par rapport au CGP

— Median

Number of exon mutations

& S s ~ Last 164 cases

100

0,
g Moscato Data ) >10 mut/Mb (8,5% des cas)
53 10 : : ¥ -
g (2 -
H RN :
NRHaEEEE I
-7 : - . : . |= FRS— mllllllllII-III““_“““I.“"IIIII"
- - 1470 ¥NMUI DB WY DRI 0 L T 0

Nb of somatic mutations / Nb of bases >4X.
(Somatic mutations filters : Stop-Start-Missense-Splice SNPs and Inframe/Frameshift indels ; Somatic score > 4,
Tum.VAF25% (<4% in N), Mut Count, Pop frequency <1% IG DB & <0.5% in EVS & 100G & Exac DB)

MUtatiOnaI Signatures Slgnature mutatlonnelle 107 mutations

2
o1
0.08
B
0.0z .._
o
MSI y I ” QD, etC . :ﬁi:::i;;m...

WES additional informations and neo-epitope prediction

L GUSTAVE/
In silico percentage of tumor cells ROUSSY
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RNASeq: détection des fusions

RNA-seq Fastqg

.|
e ACGACGGCTCTCCTGGGCTGAGAT CT [Rl + Rz}
GGCTCTCCTGGGCTGAGAT CTTGY
CTCTCCTGGGCTGAGAT CYTGTTICTY
CTCCTGGGCTGAGAT CTTGTTCTTGATT
AG TCTTAATTTY
o D o |

|dentification of 15 fusions
in 92 patients described in
the litterature as associated
with the pathology.

. Defuse
: g Fusion
Tophat2 Fusion | ChimComp | scoring st
- CRAC ,
Annotation
filtering

10-15% Cases with
actionnable Fusion
NGS_mut

RNA_transloc

IHC
CGH_loss

CGEGH gain AVE/
5SY

CANCER CAMPUS
ORANU PARIS
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Détection des variants
a partir de ’ARN

- [M? l-] th17:7,877.390.7.572,757 w <« r S0 XE
= — =w» [Monoallelic expression

i

— Reads with C
(mutated|

. DNA

—Reads with T

Reads with C . RNA
(mutated)

Reads with T |

TGS allele fréguency
20 40 60 80 100
TGS allele frequency
20 40 60 80 100

. o
0 20 40 60 80 100 0 200 40 60 80 100
WES allele frequency RNAseq allele frequency

A B
FIGURE 5. Comparison of WES versus TGS validated variants. Only variants validated by an expert geneticist were included. A, Number of
patients with at least 1 variant found in both WES and TGS (“TGS and WES” line) or at least 1 variant found in WES and not TGS (“WES only”
line). WES delivered additional information in 38% of patients (second and fourth bars). B, Classification of all variants validated by an
expert geneticist, excluding nonpathogenic variants. Variants were classified as actionable when in an actionable gene or in a gene
belonging to an actionable pathway. The first bar corresponds to variants found both in WES and TGS. The last 2 bars correspond to
variants found in WES but not covered by the TGS panel. Among all the WES variants identified in a list of cancer-relevant genes (third bar),
only a selection of variants was deemed relevant to be included in the clinical report (second bar).



RNAseq — développement de signatures

Target expression

PCR RMAseq
ID Cancer ESR1 ESR1 ERBB2 ERBB2
type (IHC) (RNAseq) (IHC) (RNAseq) [} C;:c:f HPV1E | HPW1E | HPW33 HPV16 HPV18 | HPW33

654 Breast + 0 HEN - -
658 Breast + 536 HEN - - -
662 Breast + 646 HE&N - .
678 Breast = B53 H&N 378 - 14482
681 Breast + 666 HE&MN 842 - o421

5 BT0 H&MN - - -
694 Breast ' 653 HaN . - -
702 Breast + 708 HEN B 5
723 Breast +++ 721 HEMN - - -

Development of expression profile

Enrichmant scores

:1““"’“!1“
La
HE m
pai - Cluster « hot »
tgﬁﬁm Cluster « cold »
M2188
it
m " Biogpey

i:b 5EIII:I 1ﬂIDD ‘IEIIII

PFS (days) GUSTAVE/

ROUSSY
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Programme associé au WES / RNAseq

NGS_mut

MOSCATO-02
— TGS + SNPa — short TAT
— RNAseq for all cases (RIN>6,0 ; >500ng)
— WES on selected cases.
MATCH-R
— TGS + SNPa — short TAT

RNA_transloc

IHC

amp CGH_loss

GH_gain
— WES/RNAseq for all cases (if QC ok) coe
« MAPPYACT
— WES/RNAseq for all cases -
* Other _ biomede-RARE-EXORARE e
— (WES/RNAseq) S wi\
/& N
1219 RNAseq F | ‘ 3
805 WES in clinical research work flow %K l\ Y i
AR
\?\j‘*mm-««*‘fj /



Exemples des programmes de
meédecine personnalisé



. Building the workflow to perform Tumor molecular portraits for
therapeutic decision in PreC|S|on Med. Programs

(KT W e

B Blopafh

Image . Mutation — —

Guided 0 Bio- Multidisciplinary

Biopsy* B TR lab informatic Tumor Board

CT-scan A Mutation Analysis - - e

Echo N IHC gusTAVE/ ) Decision - -

FISH ROUS GUSTAVE
RI K CGHa,GE L o S
[ ®
Goal - 15 working days
2008, 2009 2010 2011 2012 2013 2014 2015 2016/17
S
T e Moscato (screening trial - Phase 1)
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=6
= >
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=
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e Q@ NGS PGM
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From Molecular screening to Precision medicine

Molecular triage - SAFIR 01 André et al. 2014 Lancet Oncol.
Testdrugina MBC - 423pts Planchard et al.
Biomarker-defined | | - MSN lung /MSN Melanoma  esmo, 2072 3
High throughput population >1000pts / 300 Profiles  Completed by
Genomics Specta EORTC Prg
- MOSCATO 01 Massard et al.
Phase | - >1110pts Canc Discov 2017 |
freat 8 - MOSKIDO (part of MOSCATO)  tartrampft et a.
Pediatric program CCR 2017
- MOSCATO 02

- MAPPYACTS (WES/RNAseq)
- MATCH-R (Resistance to Targeted TTT)
- EXPRESS (exceptional responder)

Andre, J Clin Oncol, 2011

Discovery phase:
Pick-up the winner targets
Give-up the looser targets

GUSTAVE/

ROUSSY
cancercawus '\



Programme MOSCATO-02

Molecular Screening Analysis Used as Decision
Tool for Targeted Molecular Treatment

e Estimated Enrollment : 1050 participants

e Official Title: Study Start Date : October
2011

e Estimated Study Completion Date : October
2019



MOSCATO

* Primary Outcome Measures :

— Progression free survival (PFS) using a targeted treatment selected by
molecular profiling compared to the PFS for the most recent regimen

— Progression according to RECIST criteria or clinical progression or death of any
cause

 Secondary Outcome Measures :

— Number of patient who received a targeted treatment oriented by molecular
profiling

— Number of patient who received a targeted treatment oriented by molecular
profiling

— Progression free Survival, Overall Survival and Response Rate [ Time Frame: Until
progression, up to 1 year ]

— Comparison of Progression Free Survival, Overall Survival and Response Rate between
patients with targeted treatment and others enrolled patients.

GUSTAVE/

ROUSSY
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MOSCATO

* Inclusion Criteria:

— Solid tumors ; Stade IV ; Local relapse or
metastatic ; Uncurable

— Age > 6 months
— PS 0/1 or Lansky play scale >= 70%

— Minimum one treatment line, no limit in the
prior number of treatment line

— Evaluable or measurable disease

CCCCCCCCCCCC



MOSCATOO01

* High through-put analysis in a high volume phase | center

* Monocentric

* Target accrual => 1000 patients J

FRESH TUMOR —> MOLECULAR SCREENING —> CLINICAL _5 TREATMENT

DECISION
BIOPSY — PATHOLOGICAL CGH Array & NGS & WES & RNAseq

CONTROL

Max 21 calendar days GUST .: E/

Antoine Hollebecque et al., ASCO 2013; Charles Ferte et al, AACR 2014 CANCER CAMPUS / \

GRAND PARIS



Molecular Screening for Cancer Treatment Optimization (MOSCATO 01)
a prospective molecular triage trial.

Christophe Massard, Stefan Michiels, Charles Ferté, Marie-Cécile Le Deley, Ludovic Lacroix, Antoine Hollebecque, Loic Verlingue, Ecaterina lleana,

GUSTAVE/ Silvia Rosellini, Samy Ammari, Maud Ngo-Camus, Rastislav Bahleda, Anas Gazzah, Andrea Varga, Sophie Postel-Vinay, Yohann Loriot, Caroline
R 0 U SSY Even, Ingrid Breuskin, Nathalie Auger, Bastien Job, Thierry De Baere, Frederic Deschamps, Philippe Vielh, Jean-Yves Scoazec, Vladimir Lazar,
AN M ! \ Catherine Richon, Vincent Ribrag, Eric Deutsch, Eric Angevin, Gilles Vassal, Alexander Eggermont, Fabrice André and Jean-Charles Soria
Hollebeque A Ferté C et al. Geoeger B. et al. Soria et al. Hartrampft et al. Massard et al.

et al.ASCO 2013 ASCO 2014 ASCO 2014 MAP 2015 /2016 CCR 2017 Canc Discov 2017

Prospective molecular screening program to optimize the decision-making for
patients susceptible to be enrolled in early clinical trials

ON- PURPOSE FRESH

Monocentric {Gustave Roussy) S (.:“ — Y, — Mo
1110 patients '
PFS 1 PFS 2
PFS 2
Standard Therapy ‘mm}gruum 513
) 4 PFS1

Tumor Tumor

Progression Progression GUSTAVE/
ROUSSY

CANCER CAMPUS i
GRAND PAKIS



GUSTAVE/
ROUSSY MOSCATO 01: a prospective molecular triage trial.
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Biology driven orientations and treatments

Excluding standard therapies
(focus on top 80%)

BE Treated
25 — B Not treated
>0 - Excluding conventional indications for MTA, eg:
. - EGFRI for EGFR activ. mut lung adenocarcinoma
X 15 - ALKi for ALK+ NSCLC
; ' - HER2i or Ab for HER2 amp breast carcinoma
8 - BRAFi for melanoma, NSCLC...
% 10
O
Q
| -
L
05 —
.00 —

BRAF
KRAS
MET
RB1
AR

NRAS

MDM2
PIK3CA/PTEN

—

N N
S 8 =z £
o MmO w v O
¥ o O o =
ELULI._ %

FGF3/FGF4
PTEN
FBXW7
KRAS/P53
NOTCH2

nAalle e

-> Top actionable aberrations belong to the PI3K/AKT, FGFRs/FGFs, HERs, NOTCH pathways



Top alterations per histological subtypes: examples

Melanoma

Suppl fig 1

PTEMN

PIR3ICA

Target

NOTCH

S
=
=
P
th

0.50
Number of patients

0.756

Breast

)
s
=]
m
||

1 _IIII

L]

4 6
Number of patients

[=-]

Head and neck

[=]

ERBB2
PIK3CA
MET

RAF

® PIK3ICB
NOTCH2
g NOTCH
KIT

FGF
EGFR
CDK

[

=

)

2
Mumber of patients

Target

T P P2 P ot P v

PIKACA
PTEN
NOTCH
ERBB2
RB1
RAS
PIKACE
EGFR
ALK
AKT1

Target

_._._n_n-_nI

Digestive

|

u‘
&

ryep————

=

2.5 5.0

Number of patients
Gynecological, female

.

B

(=]
L&)

4 &
Number of patients

Lung

N
|

I
I
_Z

_z
I
I

A Y

=]
—
=
i)

2 3
Number of patients

<

-



Change from baseline (%)

Meilleure réponse (RECIST) et Ratio PFS1/PFS2
pour les patients orientés et traités (n=193)

; 194 77 33 18 1 8
Target family

m ALK
W EGFR
= FGFR
W HER2
o " MAPK
O - MET

m NOTCH

PEE——

| — e
E——

| S =
———

R ——

33% PFS2/PFS1 > 1.3
(two-sided 95% Cl, 26%—39%)

= Other
B PI3K-AKT-mTOR

(37% for high level of evidence ttt)

Patients ranked by descending PFS2/PFS1

.........«n-a..-.mumm-mrmr-ll'nni'“leiwIm

'

5 A 2 12 0 12 2
Progression-free survival times (months)
10 2 30 40

0
PFS1+ PFS2 (months)
| -11% ORR (95% Cl, 7%—17%) )
Figure 3. Efficacy on primary endpoint. A, Kaplan-Meier curve of e
_5 2 % S D (: > 6 3 % TC R) PF%Z/PFSL Crosses denote censored data. Green line denotes PFS2/ = (tizf:d:ZSé{AP;Silg;_];g?‘:%)
PFS1>1.3.B, Individual PFS1 and PFS2 times, ordered by descending 1 ’
- 1 7% P D ( & 20% N D ) PFS2/PFS1 (n=194). Crosses denote censored data. Patients above the o

blue horizontal line have PFS2/PFS1 > 1.3.
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Objective response in phase | trials usually ranges from 5 to 10%*

* Horstmann et al, N Engl J Med 2005
Italiano et al, Annals Oncol 2007 0 1 2 3 4 5
Olmos et al, J Clin Oncol 2012 SRANELEAN o
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Programme SAFIR02

* Evaluation of the Efficacy of High Throughput
Genome Analysis as a Therapeutic Decision Tool

— SAFIR02_Breast Estimated Enrollment : 1460 participants
— SAFIR02_Lung : Estimated Enrollment : 650 participants

* Actual Study Start Date : April, 2014

e Estimated Study Completion Date :December/
February 2022

CCCCCCCCCCCC



in Lung and Breast metatstatic cancers

(PI. JC Soria for Lung & F.André for Breast)

Study : Randomized, Multicentric phase Il Biology-driven treatment VS standard maintenance CT.
Molecular analysis: CGHa (180K) and NGS (PGM — 50 genes — 300X)
Timelines: 3 years(Lung)/ 2 years(Breast) Follow-up: 12 month TTT duration : until progression or toxicity

ELIGIBLE SAMPLES PER PRIORITY ORDER

1. Frozen sample (before oycle 2) of
metastasis or primitive tumor

2.  FFPEsample of metastasis or
primitive tumor N=230

3. CtDNA serum sample {ideally before
chemotherapy)

o ———— — —
AZDL 931 Vande ' anib Selumetinib

+ cytoblocs

Standard
practice

SAUOFMILS

SUBSTUDY 1

Pemetrexed

Targetable
molecular
alteration

platinum
Based regimen

4 cycles
Progression or toxicity
o) |
o Arm B2 Standard maintenance

Pemetrexed Standard

— o e practice
N _180 THOVT- S0 LIVTIOU S - o

& Qus




SAFIR02

Amplification / deletion
CGHa / SNPa pangenomic
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958 inclusions

55% cellulanté
insuffisante
(n=110)

~

15% éc
biopsi
analy
(n=92

2.5% en
cours
(n=24)

40.5% avec
(n=383)

36% sans cible
(n=343)

1 cible au moins

mutation ciblée n %
KRAS mut 51
ST11 mut
BRAF mut 1] 19 5|
PIK3ICA mut 13 4|
EGFR amp 12 3|
NF1mut 1 3|
FGFR1amp 10 3|
HERZ mut 7
IGF1R amp
PIK3CA amp
EGFR amp
FGF4 amp
AKT2 amp
’,.,-""' PTEN del
EGFR mut
NRAS mut
RICTOR amp
FGFR3 amp
HER3 it
FRS52 amp
VEGFA amp

Fod [Pl | Bl | Bl | Pl [ LAS LA | LA LA LA B LR LT
Y00 T S A T e O T A A )

AZDB93]; 24 5

Retrait ciblage ampli FGFR
(décision SC Juin 2018)

Décisions therapeutique

olaparib; 1

Vandetanib;

N/ 1a

701 profils de _
patients revus en AZD5363; 28 ° i
MTE AZDAS47; 17 [/ e _—
MDIDI"‘, &0 Cibles hors
SAFIR0Z; 17
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Programme MAPPYACTS

MAPPYACTS

A multicentric, prospective proof-of-concept study MoleculAr Profiling for Pediatric and Young Adult
Cancer Treatment Stratification

Primary objective:

To screen the maximum of relapsed or refractory pediatric patients
To provide them with their individual molecular genetic tumor profile and
Orient them towards matched innovative targeted agents

Main inclusion criteria:

Informed Consent prior to sample acquisition intervention

Patients with confirmed solid tumor or leukemia which is recurrent or refractory to standard
treatment and eligible for an early clinical trial

In case of solid tumor, lesion must be accessible for biopsy or surgical resection or cytological
puncture

Age: 2 6 months at relapse and < 18 years at initial diagnosis
Performance Status: > 70% / Life expectancy = 3 months
Adequate organ function

GUSTAVE/
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MAPPYACTS

Estimated Enrollment : 700 participants
Study Start Date : December 2015

Estimated Primary Completion Date : December
2020

Primary Outcome Measures :

— The percentage of patients with recurrent or refractory
pediatric solid tumor or leukemia that could be attributed
to treatment with matched targeted agents



MAPPYACTS - Inclusions

800 - . . o
Inclusions curve and previsions
700 - -
L
Cumulative Inclusions _ -
- L -
600 — — =300 profiles in 3 years (345 Irelagd -
patients) _ .
500 {4 = = =600 profiles in 3 years (690 |ta|y PR PR L L
patients) Amdmt _-7 291
------ Projection (end 12/2019 v -
200 - jection (end 12/2019) 15 600 pts Pk
L
centers v _ e
300 - - -
ESMART _---
200 - 9 ' -7
centers - i
o0 - = 15 patients/month
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YooYy YIOAOYYQIYFeTLIYIQYIIIQITITIOTSILIIIAT Y
S F SRR N PR R RN SRR SRR PR SRR SR Y

February 2016 — 30 September 2018:

490 patients included in 14 French and 1 Italian centers
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MAPPYACTS - Study Population

 Median age: 12 years (range: 1- 33)
* Delay initial diagnosis to registration: 1.8 years (0.1 -22.6)
 Gender: 291 male (62%)

LYMPHOMAS 21; 5

% DISEASE
~ LEUKEMIA  n Osteosarcoma 44
B-ALL 16 LEUKEMIA Rhabdomyosarcoma 47
T-ALL 10 37,9 % i
Ewing sarcoma 43
AML 10 Other sarcoma 40
Other 1
SARCOMAS
174; 37%
° CNS TUMORS n
OTHER SOLID TUMORS | n | High grade glioma
Neuroblastoma 54 Embryonal tumor 10
Nephroblastoma 16 Medulloblastoma 31
Carcinoma 15 Low grade glioma 16
Other 21 Ependymoma 26
Other 10
GUSTAVE/
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MAPPYACTS — Sample Analysis

INCLUSION n = 490 patients From 8 Feb 2016 to 30 Sept 2018
Screening failure:n=9 —
All in first months

INTERVENTION n = 523: 29 patients have 2", 2 had a 3™ intervention
Biopsy 55%

———=> Recently realized n=26

No malignancy: 4 € » Withdrawal of consent: 1
Insufficient material (<30% tu cells) : 73 (14%) €———
Caveat: HD, NB BM > Recently in Moscaton=1

v

GENETIC ANALYSIS n=411

WES and RNAseq n = 366
WES only n=41

RNA seqonlyn=2
RNA seq + paneln=1
Gene Panel n=1

A J

MTB and CMTB presentation in 411 patients:

N = 367 contributive
N = 44 non contributive for WES or RNAseq

GUSTAVE/
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Actionable Molecular Alterations

Sarcomas
m Non contributive Alterations in Sarcoma per Pathways
analysis
® No obvious target B Apoptosis (TP53, MDM2)

g8 B O el m Cell cycle (CDKN2A/B, CDK6)

m Chromatin remodeling
(SMARCB1, STAG2)

M Developmental pathways

(NOTCH)
B DNA damage repair (BRCA,
ATM)
HRAS, NRAS, MAP2K4)
R lOe G D el B PTEN/PI3K/AKT/mTOR (PIK3,
Ewing sarcoma 43 PTEN, TSC1/2, AKT)
Other sarcoma 40 B RTK (EGFR, PDGFR, FGFR,

IGFR, NTRK, RET, ERBB)

H Transcription factor (MYC,
CMYC, MYCN)
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Actionable Molecular Alterations

CNS Tumors Alterations in CNS tumors per Pathway

® Non contributive B Apoptosis (TP53)
analysis

B No obvious target H Cell cycle (CDKN2A/B, CDKS6,

CDK4)

60%

H At least one target B Chromatin remodeling

(SMARCB1, STAG2)

B Developmental pathways
(PTCH1)

B DNA damage repair (BRCA,

ATM)
= MAPK (BRAF, NF1, KRAS,
CNS TUMORS | n | HRAS, NRAS)
High grade glioma 36 m PTEN/PI3K/AKT/Mtor (PIK3,
Embryonal tumor 10 PTEN, TSC1/2, AKT)
B RTK (PDGFR, FGFR, NTRK,
Medulloblastoma 31 MET, ERBB2)
Low grade glioma 16 B Transcription factor (MYCN,
DICER1)
Ependymoma 26
Other 10

GUSTAVE/
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MAPPYACTS CMTB Report

Ready for routine use: 16 (5%)
NPM1/ALK , KIAA1549-BRAF, ETV6-NTRK3, KANK2/NTRK2, CCDC6-RET
fusions; BRAF p.V600E, PTCH1

Investigational: ~40%
CDK4 ampli, CDKN2A/B del, PI3KCA, PTEN loss, FGFR ampli/mut,
MYC ampli, ATR, ATM mut, SMARCAL...

Histone mut, CNA gains, TP53 mut,

Resistance mutations:
SMO p.1408V, NTRK3 p.G623R

Oncogenic without level of evidence:
TP53 mut?, VUS, subclonal events

Oncogenic not targetable:
EWS/FLI1, PAX/FOXO1

GUSTAVE/
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Programme MATCH-R

* A Prospective Trial to Study the Evolution of Clonal
Architecture of Tumors From Patients Treated With
Molecular Targeted Agents (MATCH-R)

= Despite the impact of targeted therapies and
immunotherapies in cancer treatment, the patients
experience tumor progression owing to drug resistance.

= Goal : understand the molecular mechanisms underpinning
primary or acquired resistance to targeted therapies and
immunotherapies.



MATCH-R

Estimated Enrollment : 600 participants

Study Start Date : December 2014

Estimated Study Completion Date :December 2022
INCLUSION

= Patients with unresectable or metastatic cancer
= 5 cohorts open:

Cohort 1: Single post drug biopsy in patients with drug’s acquired resistance
(PD after a PR/CR or a SD for at least 6 months)

Cohorts 2-5: pre and post drug biopsies for selected populations:

prostate

bladder

immunotherapy in lung cancer

targets (EGFR, ALK) GUSTAVE /
ROUSSY
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ANALYSIS

" Tissue biopsy:

MATCH-R

RNAseq + PDXs

" Liquid biopsies mandatory

"= Complete clinical characteristics records

Before treatment

During treatment After treatment

(#3] [ —[¥9]

eeeeeee

sequencing

ell lines In vivo PDX RNA + Exome fpNA In vitro Cell lines In vivo PDX RNA + Exom cfDNA
sequencing

targeted NGS, SNP array, WES and

GUSTAVE/
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MATCH-R

June 29 2015 to October 10", 2018 => 370
patients included

. . . ) . . 500 Expected and real inclusion
Analysis failed in 82 (24%) patients, are pending in 370 Patients
21 i
There were no grade 5 toxicities

Tumor cells content was <10% in 33 patients (9%), EESE NI R DE R RN RS R R DD N
median was 50% (0-95), 50% for the liver (n=52),

nodes (n=47), or lung (n=101) biopsies, 40% for

prostate (n=54) biopsies

o Included n=370 %
J | ‘

Pending n=21

Tumors grafted n=154

Molecular portrait

Successfully performed PDX models n=48 (31%)
n=349 (94%)

WES n=260 (75%)

RNAseq n=230 (66%)



MATCH-R

Main primary tumors PDX models n=48
200 | 47

150 ‘Lung n=15 Tested for drug resistance
£ =12
2100 - % Prostate n=12 o A o
S — atched patient’s tumor
50 °° Blad(.je.-r n=9 resistance n=11
0- Bellini n=3 FGFR, EGFR, ALK, MEK,
Lung Prostate Urothelial Other n=9 MDMZ, NOTCH1 inhibitors
Resistance Mechanisms
MATCH-R inclusion Treated with Kinase inhibitor Resistance mechanisms
N=370 N=109 Identified (N=84 Kil)

MATCH-R successfully delivers molecular characterizations (94%).
Resistance mechanisms are identifies in 77% of the cases.
This study generated PDXs models (success rate 31%) that mimic the patient’s tumor resistance.
This ongoing trial will be amended to better suit potential future collaboration.



Quelques cas cliniques illustant
I'impact de cette organisation



Cas clinique 1

Cholangiocarcinome intra-hépatique
meétastatique

*  Femme, 30 ans, sans antécédents, hépatalgies
- Cholangiocarcinome intra-hépatique métastatique

e GEMOX : réponse initiale puis progression a 8 mois
* FOLFIRI : progression
e 2 HGA sanguin : bas

e Screening AcSé : pas d’altération ROS1, ALK, MET, BRAF
(V6600E)

e Portrait moléculaire tumoral : translocation impliquant
FGFR2 et CCAR1 (cell division cycle and apoptosis regulator 1)

= Inhibiteur spécifique de FGFR

GUSTAVE/
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30yrs Cholangiocarcinoma Patient vemoprs/ \
with FGFR2-CCAR1 fusion treated with FGFR inhibitor

T

AR

Evaluatlon at 2 months




Cas clinique 2

Cholangiocarcinome intra-
hépatigue métastatique

* Intra hepatic Cholangiocarcinoma

* 65vy/ofemale

* Medical History

June 2016: diagnosis of an Intra hepatic cholangiocarcinoma with hepatic
metastases

July 2016 — Sept 2016: Folfirinox (x 6 cycles). Best response = PD
Oct 2016 — Dec 2016: Gemcitabine (2 month). Best response = PD
10 Jan 2017: Tumor biopsy for molecular profile

07 Feb 2017: double NF1 mutation

11 Feb 2017: C1D1 Trametinib

GUSTAVE
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Information Prélévement :

N° Histologique : 17H00338 N®Bloc : K02
Données Cliniques : cholangiocarcinome
Site de prélévement : FOIE Date de Biopsie: 10/01/2017
Ctrle Histologique : 20% de cellules tumorales
évaluation : DrJ-Y.Scoazec Conservation : Congelé
Concentration : 18,1 ng/ul

regule 16/0122017

Information Analyse : Sequengage NGSeqCan : panel Mosc3 -4 genes

Gene RefSeq Exans Panel Gene RefSeq Exons Panel Gene RefSeq [Exons Panel
ABL1 NM_007313. 447 HP2 FGFR4 NM 002011 2tolf SAFD2 NF1 NM 001042¢  1to5& SARZ
AKT1 NM_005163. 36 sapozachz J FLTA NM 002019 1to30 SAFDT NFEZL2 NM_006164.: 2 AR
AKT2 NM_001626.. 3 SAF2 FLT3 NM_ 004119, 11-14-16-20 o2 NOTCHI WM 017617 24-27834  swoa+cp2
RKT3 NM_D05465.1 3 SAFDZ GNAT1 um_ncmsv.f 5 HP2 NOTCHZ  NM_D24408. 34 AR
ALK NM_004304. 201026 sar2+cur2 JIGNAQ NM 002072, 588 P2 NOTCH4  NM 004557, 1to30 54F02
APC NM_00D038° 16 (partiel)  cHe2 GNAS NM_000516¢ B89 P2 NPM1 NM_D02520.1 12 CHFE L. , ,
ATM NM_00005.3+34336-30-50 oo JIHNFIA  NM_000SS. 384 o JINRAS NM 002524, 2tod  swoecer: Variations de séquence observées:
::1 :mﬁ:::i' ;_1:1?_;. m;spz IP[I):E m:ﬁ:::' Im:l mt: .:n: m :m:m?ﬁﬁ:ﬁ :::j‘:: Pasition Chr Gene Nucléotique Frequence Couverture Prot. RefSen]2 - Réf.  Remarques
BRCAZ NM_000059.:  2to27 SAFD2 IDH2 NM_002168.; 4 CHP2 PIKIR1 NM_181523.10-12-14&15  sar2 . § - Variant
COH M ooase) 389 o JJINFPAB NMOD8EE. 51027 senr  [EPPFIRIA MM 025 585 sasn CMIT20653138 NI e51966eT % FERAZIX-Var 287X pLeul733is exzoﬁﬂ ! pathogéne
CDKNZA  NM_00077.4 2 HR2 JAK2 NM_004972: 14 HR2 FTEN NM_D00314:  1ta9  sw2echR2 NM 00104249 .
CSFIR NM 005211 7822 i JAK3 NM_000215.]  4-13-16 i PTFN11 M 002834, 3813 serozechi chri7:29592315 NF1 c4793_4798delCTTCCA 35% ref409X-Var218X p.Thr1598_Ser1599del T22 ] Vﬂl‘lﬂl"ﬂ
CTNNB1  NM_NM 3 suow [JKDR NM ODZS3. 1to30  swoescern [IRBH NM_DOG32LAAL- 141708 oz exon3 rathogene
DORZ NM_ 0010147 4t019 SAFD2 KEAP1 NM_203500.  2to6 SAF2 RET NM_020975. 0-11-13-15-1 sarma2 +cHR2
EGFR NM_005228.7-12-15-18ta; saraz+chez [ KIT NM_000222. 311-13-15-17 saozociez I ROSH NM_D02944. 38 34F02

e Conclusion :
ERBB2 NM_004448. 8-19to21  sarozschez KRAS NM_033360..  2tod sarz ey SMADS NM_D05359.  3a6-8a12 CHPZ -

ERBB3 NM_001982: 1to28 SAFI2 MAPZKI  NM_002755.: 283 SHFD2 SMARCB1  NM_003073. 2-4-5-9 CHP2

ERBE4 NM_005235. 310815823 sarzecwrz IMAPZKA  NM 0030100 1toll SAF2 SMO MM 005631, 3-5-6-8-11 CHP2
22 amouss! 16 o IMAPHI  nMomon: 1020 s [ISRC wMmoosarr” 1 e
FBXWT  NM_ 3632 2tol2 sS40 MET NM_0011275:1el)-11-14-1¢ saoz o [STRI NM_D0O455.  1to9  sazschie
FGFR1 NM_023110.4-7-12- 14815 sar2+cur2 | MLHH MM_DCI]MQ.; 12 2 TP33 NM_ 000546 1todl  sao2scHpz i . L X o X . L
FGFRZ MM 000141, 7-9-12814  sarorscarz JMLL3 NM_170606. 80843 S0 5C1 NM_O00368. 1023 i Présence d'une double mutation oncogénique du géne NF1. Elles sont probablement bi-allélique au vu de la frequence allélique et du mécanisme
FGFR3  NM_000142.7-6-14-16&18 ssraz+cirz I MPL NM_ODS373.. 1 o) 5C2 NM_ 000548 2tod2 a2 d'inactivation.

MTOR NM_ 004958  1to 58 SR VHL NM_000S51:  1to3 SAFO2 # CHF2

Données sur I'analyses PGM

Reference du Run :
Nom du Run d'analyse : Run-R_2017_01_18_08_47 59 _user_S5-00631-44-RT05516-RT11013_batch622_20170117

BareCode name : lonXpress_038 Analyse réalisée par : Validé 1 5012017
Sample name : M2229 K02 G.FAUCHER aldele
Analysis setting :
Variant Caller Version : Generic - S5/S5XL (520/530) - Sematic - Low Stringency
Targeted regions ref.: Mosc3_Design_CHP2_plusSaf02_v2_20140320 BED
Hotspot regions ref.: Mosc3_hotspots CHP2_plusSaf0220131203 BED
Configuratio : Mosc3_Design_CHP2_plusSaf02_v2 20140320 effective BED
Couverture par Amplicon : Couverture par Base 'HotSpot” :

Nb amplicons: 1,425 Nb Bases - 138,164

% Amplicon "on target”:  96.45% % base "on target’:  91.93%

Moyenne Couverture : 1,013 Moyenne Couverture : 1,15 /

Uniformité de couverture : ~ 97.33% Uniformitté de couverture :  97.85% G U S TAV E

%age 3 100X:  98.60% Y%agea 100X : 99.03% ROUSSY
%age 3 500X:  80.00% Y%agea 500X : 82.11% \
CANCER CAMPUS /

GRAND PARIS




Cas clinique 2

02.Feb.17 01.Jun.17

Stable Disease (-20%)

GUSTAVE/
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Precision medicine for patients with advanced biliary tract cancers:
an effective strategy within the prospective MOSCATO triaI

Loic Vi

Alterations in billary tract cancers
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= 3 "= - B Traichod itk
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Figure 2. Description of the moleculat

: alterations found in the cohort of all aBTC
patients, colored by type of alteration
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Figure 3. Maximum percent change from
baseline of the patients in the targeted
treatment group (RECIST 1.1), colored by
pathways. Early clinical deterioration has
been arbitrarily put at 100%. The patient
treated successively by 2 treatment types
is identified by a

CQverall survival foraB TC patients

o
= Mdian 05 TT: 17 maaths (C195 = 15 - NR] ]
| Median 0% Controls: § montie (CFS = 4 NR) -
—H] Harard Ratio = 0.29, CHS|R11 - 0.76] .
& Poyplpe = 0,008
11 L—
E —— Targeted treatments
E = = HNot orientated
B
=
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8
| .
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@
o
o
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=
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Time from inclusion [monthes)
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Fargried trestmarts 18 1% [} ] 3 2 H

Figure 4. Kaplan-Meier curve of overall
survival (No at risk: number of patients
at risk, OS: Overall Survival, NR: Not
Reached)

« We could orientate 23 patients out of 43 (53%) to matched MTAs and treat 18 patients (42%)

« We found convergent signs ofclinical benefit for treatment matched to the biology of aBTCs: TAVE /

: * ORR 33%, PFS ratio >1.3 for 50% ofthe patients 4
» Lower risk fordeath (HR, 0.29; 95%CI, 0.11-0.76; p = 0.008).



Cas clinique 3

Cancer du pancréas meétastatique

e MrS, 44 ans, cancer du pancréas métastatique
* Antécédents

— Cancer colorectal et de prostate chez le péere a 58 ans
— Cancer chez le grand-péere et la tante paternels

 DPC puis gemcitabine adjuvante

e 1° bilan: 2 CA19-9, métastases hépatiques et ganglionnaires
— FOLFIRI-3 : RO puis PD
— FOLFIRINOX : PD
— Gemcitabine + nab-paclitaxel : PD

® PS 0, adénomes sébacés multiples

e PAL 147, RAS par ailleurs

* |dentification d’une mutation MLH1 et d’une instabilité des
microsatellites

GUSTAVE
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Cas clinique 4

Observation

* Inclusion dans l'essai MK3475-158 (pembrolizumab, cohorte dMMR)
* Tres bonne tolérance, RO prolongée

12/02/2016

27/04/2018

GUSTAVE/
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Cas clinique 4

Observation

15/01/2016 12/03/2018

* 35 cycles recus = arrét protocolaire a 2 ans,

surveillance trimestrielle
GUSTAVE/
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Landscape of DNA Damage Response (DDR) Genes Alterations
|n Pruspectwe MOSCATO and MATCH R Trials

Ch '_tnphe _' I Antoine Holle| iot, Lind: i i, Etienne Ry

MADRID ‘4t
B12 SEPTEMBER 2017
.

BACKGROUND

DDR deficiency is a hallmark of cancer ’ 1y
DDR alterations ocaur egulady in solid umars. - 156 alterations in 107 pis [9.8%) and i Figure 1. Distribution of pts according to Survival and Responseto |10
It ganed more atisntion with emegence of IO 20 DOR genes have been identiiied | primary tumors (Total N= 107}
and DDR inhibitors such as PARP inhibitors.. | = Whole cohort
_ Table 1. Patient Characteristics ‘
- -From the time of bicpsy, median O5 of the cohort
- Describing — T and dinical H (%} i . was 11 months {25% C.1 8-13 months)

characieristics of pafients (pts) hamoring i Age atbiopsy [years) . -33107 pts across 12 primary tumors {including
DDR gene alterations with spedal focus on Median 57 - ., bladder, breast, lung and mio-rectal tumors) have
mismatch repair (MMR) and response o H.Enge 458 ' [ | :I been treated with 1O, MEdlm PFS with I3 was 8.5
immunotherapy (107, Sax " months (895% C.1. 24-10.5 months) with ORR of

fetelel)

A METHoDs [ 2 ) wpose R
METHODS M Eh F;B- : ; response
F F”ff}r‘*ﬁf F o P o a;*‘«o fﬁ' -Median PFS in the 17/33 pis with PV was 11

{:("

. . il -\.lﬁ
1082 pts with metsstaic solid tumors enrclled ¢ 112 Of previous thempies @ Tt & J 1»»* months (95% Cl. 07-23 months) with ORR of
in  two pospecive  tisls MOSCATO pecian : 1178% (317): 1 CR. 2 PR and & SD as best|
[NCTO1566018) and MATCHR [NCTO 251 7293) nge 18 Table 2- Distribution of alterations accordingto DDR  response
had tumor bicpsy between Dec. 2011 and Oct N —— pathways (Bold) and most frequently altered genes
2018 All [N=107) Patbway  Gens P vuF (] Fotal POLE/MMR aberrations
ye 33(31) oA ' ;
Technigues of molecular profiling: ) T2(87) HR BRCAI 1 ; - )
» Targeted Mext Generstion Segquencing (TGS HA g:g'. i *The 27 pis with 35 MMR and POLE slterations
N= 1090} MMRd (N=27) ) "o : sorozs 11 difierent primary tumors induding mast
* Compamtive Genomic Hybddization amay Yes 14 {52} e = = = - — frequently aolorectal, GU and breast. Foureen
(O L Lt e 13[43:. ; L f : patients received immunotherapy.
Whole Exome Sequending (WES- HE'.E S ' wwn : _- -Median PFS was 85 months with 10 and 62
PARF Inhibitors, T j : : manths with conventional therspy. One CR, 1 PR
Alterations in 40 genes searched: T.HE' 5(8) MMHH M . and 4 50 were observed with 1O, whereas 0 CR,
% Pathogenic Vadants [PV} Vadsnts causing o 102 (25) e L 1 E 1 3 PR and 4 50 were chserved with conventional
protein tuncation or known o be deleterous Platinum CT in HR alterations” MMER therapy
missense variants acoording to datsbases such Yes 83(71.5) T“:*:;“I: 1 L o i
8s LOVD, BRCAshare and OncckB. 153 25(28.5) e & by ® 156

¥ Varants with Unknown Pathogenidty (VUPE e e
Mot reported missense variank

CONCLUSION

ROUSSY
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Nouveau programme PCM2.0



Nouveau Programme Precision Cancer Medicine

COMPRENDRE ORIENTER VERS les INNOVATIONS

PCM RECHERCHE PCM GUIDE PCM RESEAU*
= Résistance / sensibilité Un portrait moléculaire Un portrait moléculaire
.&i Evolution Clonale pour patients « avancés » pour patients « avancés »
-OQ Diagnostics rares a Gustave Roussy dans réseau et inclusion

et inclusion dans les essais dans les essais de GR

)
Y Caractérisation complete: Panel de génes Panel de genes
_§ WES, RNAseq, Immuno, sur FFPE et ctDNA sur ctDNA
@ Single cell,.......
g \[;ef'”_‘als_on F-)ar conorte avec les comites avec les partenaires de GR
% - abo'nsa'tlon ' ltiol déploiement des et avec Igs comités
= 'opsies mu tiples _ essais baskets
a. ° aupresdesindustriels

e ODIN

Organisation, structuration, exploitation des
données de génomique et d’'immunologie g%SJé\éE/

CANCER CAMPUS / \
GRAND PARIS

*réseau territorial en cours de création



RCP moléculaire institutionnelle

Une RCP hebdomadaire commune
DMO/DITEP le mardi de 11 a 13h

2 modes d’entrées pour présentation dossier
Tous les portraits faits a GR (PCM GUIDE ou

MATCH) / externe
Un CR est edité et envoyé au clinicien.

CCCCCCCCCCCC



Conclusion

Accessibilité de I'information génomique

Développement des plateformes France
Medecine Génomique

Importance de circuits fiables d’analyse

Importance d’un réseau pour proposer des
traitements dédiés

Coordination via les RCP moléculaires



Responsabilité genomique

<«

FOUNDATIONOQNE

Genomic Alterations Identified?

ERBE3Z RATSW

FBXW? RATO0Y

KRAS Al4eT

AF1 R2450* —subclonal®, RE16*
ARIDIA EB%98*, 0625* — subclonal*
BRAF D554G

CUL? E246*

EPHAS ETOL*

JAKT K496N

KLHLE 5306L

LRP1A R3IGIBW

MAPZK4 E107*

POLE PIBGR

R8I E137*, E237*

RNF43 R337*

RO51 ET3ED

TP53 R213*

Additional Findingst
Microsatellite status MS-5table
Tumar Mutation Burden TMB-High; 43 Muts/Mb

PATIENT RESULTS

22 penomic findings

15 therapies associated with potential clinical benefit

0 therapies associated with lack of response

Séquence de traitement ?
Patient incluable ?
Quel essai clinique ?
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