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Protéine RAS




Géneéralites

» Dernieres décennies: nombreux oncogenes identifiés
» Constitutionnellement actifs nombreux cancer (mutations)

» KRAS: + prévalent (chrms 12)
» Kirsten RAt Sarcoma 2 viral oncogene homolog

GTP

Inactive form i

Active form
\ 4

» Code pour GTPase transductor protein
» Appartient a la superfamille RAS (HRAS, NRAS, KRAS)




Voie des MAPK/ mTORQ




Mutation KRAS et tumorigenese

» Intervient précocement dans carcinogenese

Colorectal cancer

APC KRAS (50%) SMAD4 TP53

| Mormal Il l Early |l l Late l Invasion,

» Famille RAS ; + mute

» KRAS: 86% : codons 12, 13, 61



MUTATION RAS
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Mutation RAS : 50% CCR
Activatrice indépendant de
’EGF-R

=> résistances anti EGF-R

Epidémiologie :
50% CCR
K RAS : 40-50%
N RAS : 5-8%

Impact clinique :
limitation des anti EGF R
aux patients RAS sauvage

Mais...
30-40% de nons
répondeurs => BRAF

Prolifération
Migration
Adhésion

Survie cellulaire
Angiogenese

I Transcription de génes

Protéine RAS :

e 3 isoformes

e Codées par 3 genes
KRAS, NRAS, HRAS







INTRODUCTION - Géneralités

Année 1990 : 5FU seule drogue indiquée pour CCR avec médiane OS 12-15 mois

Depuis, combinaisons (FOLFOX-FOLFIRI) avec meilleure OS (18-20mois) sans
difference entre les 2

Avenement biologie moléculaire => développement des thérapies ciblées




AntiEGFR - Cetuximab

» Anticorps monoclonaux chimérisés

» Pas de relation avec expression tumorale de EGFR

» Essai CRYSTAL 2009: ajout cetuximab au FOLFIRI chez CRCm KRAS codons 12 and 13

Cetuximab Cetuximab
plus FOLFIRI plus FOLFIRI
Subgroup FOLFIRI Alone FOLFIRI Alone Hazard Ratio (95% Cl)
no. ftotal no. median duration (mo)
Progression-free Survival
Primary analysis population 298/599 322/599 8.9 8.0 I—.—4 0.85 (0.72-0.99)
KRAS population 134/277 138/263 9.2 8.7 —{— 0.82 (0.64-1.05)
Mutant KRAS 58/105 43 /87 7.6 8.1 —— 1.07 (0.71-1.61)
Wild-type KRAS 76/172 95/176 9.9 3.7 —— 0.638 {0;50—0.941
Nersl Jursiva 9,9m vs 8,7m
Primary analysis population 412/599 416/599 19.9 18.6 0.93 (0.81-1.07)
KRAS population 187277 180/263 21.2 20.0 :i 0.92 (0.74-1.14)
Mutant KRAS 83/105 6587 17.5 17.7 1.03 (0.74-1.44)
Wild-type KRAS 104/172 115/176 24.9 21.0 —8— 0.84 (0.64-1.11)
— T T

0.5 1.0 2.0

Cetuximab plus FOLFIRI Alone
FOLFIRI Better Better



AntiEGFR - Cetuximab/Panitumumab

» Anticorps monoclonaux chimérisés de EGFR

» Pas de relation avec expression tumorale de EGFR

» Essai CRYSTAL 2009: ajout cetuximab au FOLFIRI chez CRCm KRAS codons 12 and 13

Cetuximab Cetuximab
plus FOLFIRI plus  FOLFIRI
Tumor Response FOLFIRI Alone FOLFIRI  Alone Odds Ratio (95% Cl)
no. ftotal no. response rate (%)

Primary analysis population 281/599 232/599 46.9 38.7 I—.—| 1.40 (1.11-1.77)
KRAS population 140/277 111/263 50.5 42.2 —— 1.38 (0.98-1.95)

Mutant KRAS 38/105 35/87 36.2 402 | ® | 0.80 (0.44-1.45)
I Wild-type KRAS 102/172 76/176 59.3 43.2 —e— 191 (1.24-2.93) I

0.5 1.0 2.0
FOLFIRI Cetuximab plus

Alone Better FOLFIRI Better
43,2% vs 59,3%



HER3

HER2




MUTATIONS - BRAF

» 5-10% des CCR - V600E (CH3-MLH1)

» Associé phénotype MSI dans 50%

» En cas de CCRm : trés mauvais pronostic

» Pas de prédictif d’efficacité des anti-EGFR

» Survie 10 mois bichimiothérapie + thérapie ciblée

» Survie 20 mois trichimiothérapie + thérapie ciblée => FOLFOXIRI + AVASTIN = ref

Prolifération
Migration
Adhésion

Survie cellulaire
Angiogenése

» Pas impact pronostic en situation non métastatique chez les MSI

» Impact pronostic péjoratif BRAFm est dépendant statut MSI en situation adjuvante

Protéine RAS :
¢ 3 isoformes

e Codées par 3 génes
KRAS, NRAS, HRAS

I Transcription de génes



Cible therapeutique ?

Not
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Clinical trials
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Doublet * anti-
VEGF

Cetuximab +
encorafenib

Clinical trials
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Cible thérapeutique ? BEACON

» Efficacité limitée anti-BRAF seuls : mécanisme de rétrocontrole EGFR et de
compensation par activation de CRAF (activant MEK en aval de BRAF)
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Cible therapeutique ? BEACON

Adult patients with mCRC
* BRAF V60OE mutation

* Disease progression after
prior therapy

« ECOG PS 0-1

* Eligible to receive cetuximab
per local labeling with respect to
tumor RAS status

* No prior treatment with a RAF,
MEK, or EGFR inhibitor

Randomization®
1:1:1

ERBITUX + encorafenib
+ binimetinib (N=224)

ERBITUX + either irinotecan
or FOLFIRI (control) (N=221)

ERBITUX + encorafenib
(N=220)

Treatment until disease progression or unacceptable toxicity

Major efficacy outcome measure: OS

Additional efficacy outcome measures
(as assessed by BICR): PFS, ORR, DoR

* OS and PFS were assessed in all
randomized patients

* ORR and DoR were assessed in the
subset of the first 220 patients included
in the randomized portion of the doublet
and control arms of the trial

$%Randomization was stratified by ECOG PS (0 vs 1), prior use of irinotecan (yes vs no),
and cetuximab product used (US licensed vs EU approved).

3pl association > chimiothérapie: 0S: 9 mois vs 5,4
mois [HR : 0.52, p <0,0001) et TR 26% vs 2% (p
<0,0001)

2bl association > chimiothérapie: OS 8,4 mois et TR
20%

El grade > 3 : 58% des patients 3pl, 50% 2bl et 61% ctrl

3pl et 2bl allongent de plusieurs mois la durée de vie
sans dégradation des indices



Cible thérapeutique ? BEACON

® Critére principal — survie globale : triplet vs contrdle (tous les patients randomisés)
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Chronic Inflammation

4 l g 4

Chemokines: Cytokines: Oxvaen Tension Growth Factors:
CXCL2, CXCL3,etc || TNF-q, IL-1B, etc ygen 'ension || ear, 1GF-1, etc
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Angiogenesis, Evading Immunosurveillance,
Apoptosis Inhibition, Cancer Metastasis
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Colorectal Tumorigenesis
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AntiVEGF (Bevacizumab)

» Anticorps monoclonal humanisé du VEGF

» Essai phase lll : Ajout Bevacizumab au FOLFIRI en 1e lighe CRCm

100+ __ 100-
S 62 \ 106
gé" 80+ 15.6 | 20.3 .g 80—
- :
2 - (7] 60
Z 0 \J Y ‘E \ /
T | —
2 40- c 40+ IFL+bevacizumab
g |FL+bevacizumab -%
8
O 20+ IFL+placebo & 20
4
o IFL+placebo
c 1 I 1 | 0 1 P 1
0 10 20 30 40 0 10 20
Months Months
No. at Risk No. at Risk
IFL+bevacizumab 402 362 320 178 73 20 1 0 IFL+bevacizumab 402 269 143 36 6
IFL+placebo 411 363 292 139 51 12 0 0 IFL+placebo 411 225 73 17 8
Figure 1. Kaplan-Meier Estimates of Survival. Figure 2. Kaplan—Meier Estimates of Progression-free Survival.

P<0,001
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PEAK: A Randomized, Multicenter Phase II Study of
Panitumumab Plus Modified Fluorouracil, Leucovorin, and
Oxaliplatin (mFOLFOX6) or Bevacizumab Plus mFOLFOX6
in Patients With Previously Untreated, Unresectable,

Wild-Type KRAS Exon 2 Metastatic Colorectal Cancer

Lee S. Schwartzberg, Fernando Rivera, Meinolf Karthaus, Gianpiero Fasola, Jean-Luc Canon,
I. Randolph Hecht, Hua Yu, Kelly S. Oliner, and William Y. Go

Essai phase Il 2009-2011

Panitumumab/ Bevacizumab + mFOLFOX6
CRCm RAS wt exon 2

2¢ analyse: RAS wt

Critére jugement principal: PFS

Pas différence

Différence en terme 0OS

A Events Median months B Events Median months
n/N (%) (85% CI) n/N (%) (95% CI}
100 == Panitumumab-mFOLFOX6 90/142 (63)  10.9(9.4t0 13.0) 100 == Panitumumab-mFOLFOX6 50/88 (57)  13.0(10.9 to 15.1)
Bevacizumab-mFOLFOX6 94/143 (66)  10.1(9.0to 12.6) Bevacizumab-mFOLFOX6  60/82 (73) 95(9.0t0 12.7)
= Hazard ratio = 0.87 (95% CI, 0.65 to 1.17) = Hazard ratio = 0.65 (95% CI, 0.44 to 0.96)
— 80+ P- 353 - 80 P=.029
@© ©
= =
= =
£ 60 5 60
v (9]
@ @
2 40 D 404
L L
- o
= =
@ @
= 20+ S 20
L L
; }
0 6 12 18 24 30 0 6 12 18 24 30
Time (months) Time (months)
No. at risk No. at risk
Panitumumab- 142 94 a0 13 3 2 Panitumumab- 88 62 30 11 2 1
mFOLFOX6 mFOLFOXé
Bevacizumab- 143 87 38 m 1 0 Bevacizumab- 82 54 24 7 1 0
mFOLFOX6 mFOLFOX6
A Events Median months B Events Median months
/N (%) (95% CI) /N (%) (95% CI)
100 == Panitumumab-mFOLFOX6 52/142 (37)  34.2(26.6 to NR) 100 - == Panitumumab-mFOLFOX6 30/88 (34) 41.3(28.81041.3)
Bevacizumab-mFOLFOX6 78/143 (55)  24.3(21.0t0 29.2) Bevacizumab-mFOLFOX6 40/82 (49) 28.9(2391031.3)
— Hazard ratio = 0.62 (95% CI, 0.44 to 0.89) e ! Hazard ratio = 0.63 (95% CI, 0.39 to 1.02)
2 804 P= 003 = 804 P= 058
— — I
T>u ©
=
= 60 ‘= 60
E a LTI
= =
w wd
= 40 = 40
© © 1
- £
[<3) @ |
= = |
S 20 ! \ \ o 20
T T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
Time (months) Time (months)
No. at risk No. at risk
Panitumumab- 142 125 107 75 44 24 9 0 Panitumumab- 88 78 69 53 33 18 7 0
mFOLFOX6 mFOLFOX6
Bevacizumab- 143 125 108 74 43 18 7 1 Bevacizumab- 82 75 64 a7 30 10 6 0
mFOLFOX6

mFOLFOX6




FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab as

A Intention-to-treat population

first-line treatment for patients with metastatic colorectal - R
cancer (FIRE-3): a randomised, open-label, phase 3 trial .
_ _ E 75 — 250  100months 88-10-8
Valker Heinemann, Ludwig Fischer von Weikersthal, Thomas Decker, Alexander Kiani, Ursula Vehling-Kaiser, Salah-Eddin Al-Batran, = — 242 103 months 9.8-11.3
Tobias Heintges, Christian Lerchenmuller, Christoph Kahl, Gernot Seipet, Frank Kullmann, Martina Stauch, Werner Scheithauer Jrg Hielscher, - |
Michael Scholz, Sebastian Muller, Hartmut Link, Norbert Niederle, Andreas Rost, Heinz-Gert Haffkes, Markus Moehler, Reinhard U Lindlig, 7
Dominik P Modest, Lisa Rossius, Thomas Kirchner, AndreasJung, Sebastian Stintzing g 50+
:
Essai phase Ill randomise 2007-2012 =
Compare Bevacizumab/Cetuximab
o S P
. s . | T | | | |
Associe FOLFIRI en 1¢ ligne CRCm o 1 24 3% 48 6 7
Mumber at risk
FOLFIRI plus cetuximab 297 100 19 10 5 3 o
KRAS Wt pour exon 2 FOLFIRI plus bevacizumab 295 99 15 = 4 0 o
C RASwild-type population
1007 Events _Median 05% 1
22 analyse pour RAS wt — 144 104months 95122
— 143 10-2 months  9-3-115
F 757
I
5
Critere jugmement principal : g *1\‘
45
Taux reponse Mﬂ
. a | | | |. | |
Pas difference (62% vs 58%, P = .18) o 12 24 3% 48 & 7
Time since randomisation (menths)
Mumber at risk
FOLFIRI plus cetuximab 171 64 14 8 4 2 o
FOLFIRI plus bevacizumab 171 57 8 3 1 o o

\ .
B Intention-to-treat population

100+ Events Median 95% Cl
— 158 28.7months  24.0-36-6
— 185 15.0months 227-27-6
75
£
z
=
R
g
o]
25+
0 T T T T T T
0 12 24 36 48 &0 72
Mumber at risk
FOLFIRI plus cetuximab 297 218 m 60 29 g o
FOLFIRI plus bevaczumab 295 214 111 47 18 2 o
D RrASwild-type population
1004 Events Median 95% I
— o1 33 1months 24.5-39.4
— 110 25-6 months 227-286
754
3
5 50
g
&
257
a T T T T T 1
] 12 24 36 48 &0 72
Time since randomisation (months)
Mumber at risk
FOLFIRI plus cetuximab 171 128 1 39 20 & 0
FOLFIRI plus bevaczumab 171 137 68 26 9 1 0



JAMA. | Original Investigation

- - - - - -+ i
Effect of First-Line Chemotherapy Combined With Cetuximab ST R
or Bevacizumab on Overall Survival in Patients With KRAS 1ST LINE FOLFIRI ) N
- - [ | i

Wild-Type Advanced or Metastatic Colorectal Cancer COLORECTAL cotrox K—> Che'::v';:i‘:tu”r:;“;ab +
A Randomized Clinical Trial CALGB 80405 UNSELECTED D croree / :
Alan P. Venook, MD: Donna Niedzwiecki, PhD: Heinz-Josef Lenz. MD: Federico Innocenti; Briant Fruth, BS: Jeffrey A. Meyerhardt, MD, MPH: l -

Deborah Schrag, MD, MPH; Claire Greene: Bert H. O'Neil, MD; James Norman Atkins, MD: Scott Berry, BSc, MD, MHSc, FRCPC; Blase N. Polite, MD: Chemo + bevacizumab ‘
Eileen M. O'Reilly, MD; Richard M. Goldberg, MD; Howard S. Hochster, MD; Richard L. Schilsky, MD; Monica M. Bertagnolli, MD; L ]

Anthony B. El-Khoueiry, MD: Peter Watson. MD: Al B. Benson Ill, MD: Daniel L. Mulkerin, MD: Robert J. Mayer. MD: Charles Blanke, MD, FRCPC 2005 _201 2

1° endpoint: Overall survival
IE Overall survival among patients with KRAS wild-type colorectal P

cancer (primary cohort) AMENDED JUNE, 2008 :
100, Chemo + cetuximab
B ) I i . _—
“,_‘. Adjusted HR (95% CI), 0.88 (0.77-1.01); P=.08 <7 ( \
™ 157 LINE FOLFIRI
a0+ \ MET / ADVANCED or
COLORECTAL FOLFOXx [
=4 60 .
= N Chemo + bevacizumab
al
[ =] .
& 40 Chemotherapy + cetuximab -
ASCO, JUNE 2014 Chemo + cetuximab h
Chemotherapy + bevacizumab 0OS = 29.9 months
207 41ST LINE Y PFS = 10.4 months
-y MET / ADVANCED FOLFIRI
0 | | | | | | "" COLORECTAL FOLEOX CONCLUSION: I;E:)I.:.l‘lsFFERENCE
0 12 24 36 48 60 72 84 KRAS wt MD choice : :
Ti Codons 12 & 13 Chemo + bevacizumab
IMe, mo OS = 29.0 months
No. of patients at risk N =1137 PFS = 10.8 months
Chemotherapy + 559 442 317 187 94 42 10 3 - - -
tr:91.re1-cizun’|atl::II1Ir ESMO, SEPT 2014 Chemo + cetuximab
Chemotherapy + 578 450 338 215 122 55 15 2 09’S=_32-0 months
cetuximab 1ST LINE PFS = 11.4 months

MET / ADVANCED FOLFIRI

Response rate: 59,6% (Cetux) vs 55,2% (Beva); p=0,13 - FoLFOX [ SONCLUSION: NO DIFFERENCE
P - 0700 y £70 » P=U, All RAS wt MD choice

0OS = 31.2 months
PFS = 11.3 months

‘ Chemo + bevacizumab

A




\
Influence de la chimiotherapie néoadjuvante

Adjuvant Chemotherapy With FOLFOX for Primary Colorectal P=0.002

Cancer Is Associated With Increased Somatic Gene Mutations N .
and Inferior Survival in Patients Undergoing Hepatectomy for i, No Adjuvant Chemotherapy

Metachronous Liver Metastases  4nn Surg 2012 g e N
Andreas Andreou, MD,* Scott Kopetz, MD,T Dipen M. Maru, MD,§ Su S. Chen, MD,§ Giuseppe Zimmitti, MD,* é e
Antoine Brouguet, MD,* Junichi Shindoh, MD,* Steven A. Curley, MD,* Christopher Garrett, MD,7 g H""'H-—-'--ﬁ_ . }P
Michael J. Overman, MD,T Thomas A. Aloia, MD,* and Jean-Nicolas Vauthey, MD* 6 Adjuvant 5-FU -
Adjuvant FOLFOX
0.21
0.0 T - . T T . . T T
0 12 24 36 48 60 72 84 96 108
Months
No Adjuvant
Mutation Chemotherapy (N = 41) 5-FU (N = 41) FOLFOX (N = 47) P*
Patients with somatic gene mutations 13 (32%) 12 (29%) 27 (57%) 0.011
KRAS 8 (20%) 9 (22%) 22 (47%) 0.008
BRAF 1 (2%) 2 (5%) 0 0317
NRAS 1 (2%) 0 3 (6%) 0217
CTNNBI 0 1 (2%) 0 0.339
FBWX7 2 (5%) 1 (2%) 0 0317

PIK3CA 4 (10%) 5(12%) 3 (6%) 0.640
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Non-Location Based Variables  HR (95% C1) P g s
Metastatic at Diagnosis 1.52(1.30-1.77) <0.0001 c
Mucinous/SignetHistology ~ 1.49(1.24-1.80) <0.0001 2 8 2
BRAFV600 Mutation 1.83(1.36-2.46) <0.0001 g
KRAS 1.32(1.13-1.54)  <0.0001 s 8 |
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Loree et al. Clin Cancer Res. 2018
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Anti-VEGFR Anti-VEGF mAb T cell

kinase inhibitor O (Bevacizumab)
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Microsatellites




Instabilité microsatellites

» EPIDEMIOLOGIE :
» 15 a 20% des CCR sporadiques
» Constant dans le syndrome de Lynch

» IMPACT CLINIQUE :

» Facteur de bon pronostic (prouvé pour les stades Il et lll)

» Inefficacité du 5 Fu en monothérapie
» Persistance du bénéfice du FOLFOX

» EN PRATIQUE :

» Intérét pour le stade Il => pas de chimio adjuvante si 0 facteur de mauvais pronostic

A No Adjuvant Chemotherapy

100

90 - o ggen CT UL SR s Lo
80-
703
607
504
40-5
303
20

Microsatellite stability or low-frequency
microsatellite instability

Overall Survival (%)

103 P=0.004
[ A e e o e e o (Y
1 2 3 * 5 6 7 8
Years after Randomization
No. at Risk
Microsatellite stability or low- 245 238 220 200 176 137 105 82 53
frequency microsatellite instability
High-fraquency microsatellite 42 42 39 38
instability



CLASSIFICATION MOLECULA




VALEUR PRONOSTIQUE/PREDICTIVE
MUTATIONS - MSI

» MSI High : 15% des CCR

» Bon pronostic aux CCR non métastatiques (récidive + métastases rares)

» Résistance au 5FU en adjuvant = pas de chimiothérapie adjuvante pour stade |l

» Caractere hypermuté = forte infiltration immunitaire
» Donc forte infiltration lymphocytaire par antiPD1 ou PD-L1

» Immunothérapie ++++



BIOLOGIE MOLECULAIRE

Instabilité génétique (15%) = MSI Instabilité chromosomique (85%

30% de Lynch

Bon pronostic : (CCRm : 5% MSI) Mauvais pronostic
Colon droit +++ Femme +++ Colon gauche +++ Homme +++
Hyperméthylation promoteur MLH1 59-, 2p-, 17p-, 18q-
(formes sporadiques) Mutation APC
Mutations BAX, bcat, TGFb, BRAF Mutation RAS

CIMP+ Mutation p53




CMS1 14

MSI immune

MSI, CIMP high,
hyperméthylation MLH1,
SCNA low

BRAF mutés

Colon droit

Forte infiltration
immunitaire

Bon pronostic en absence
de métastases
Mauvais pronostic si
evolution métastatique

(faible survie aprés rechute)

CMS2 37%
Canonical

Altérations somatiques
(SCNA high)

Colon gauche

MSS

CcCMS3 13
Metabolic

Type épithélial

Mutation RAS

MSS/MSI

Pronostic
intermédiaire

CMS4
Mesenchymal

Altérations
(SCN
TGFb
Angi

Colon

23%



Splenic flexure

Transverse colon /
|

MSI et cote

(ascending) Left colon

B (descending)

Hindgut (left-sided)

Caecum

A) M CIMP-high MSI-high  ® CIMP-low/0 MSI-high
CIMP-high MSS = CIMP-low/0 MSS — Sigmoid colon

— Fig. 1. Schematic diagram of the most commonly used definition

Rectum _ of left- and right-sided regions of the colon and rectum.
Rectosigmoid [ o
Sigmoid colon 7 A [ Leftsided regions

Descending colon [B R z
Splenic flexure e
Transverse colon o s 60

Hepatic flexure

- Right-sided regions .
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CLASSIFICATION MOLECULAIRE

CMST CMS2 CMS3 CMS4
MSI immune Canonical Metabolic Mesenchymal

14% 37% 13% 23%

20 % n’appartiennent a aucun sous type



IMPACT PRONOSTIC CLASSIFICATION CMS

» Situation non métastatique : pronostic favorable pour CMS-1 = CMS-4

» Situation métastatique : mauvais pronostic pour CMS-1
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Figure 2. Impact pronostique de la classification CMS en situation métastatique a
partir de 313 patients RAS WT de V'essai FIRE-3.



IMPACT PREDICTIF CLASSIFICATION CMS
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Figure 3. Impact prédictif de la classification CMS5 sur I'efficacité du bevacizumab
et du cetuximab a partir des données de FIRE-3 et de CALGB.

Draprés Stinzing 5 et al. et Venook AF et al.




