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Immunoprofiling, biomarqueurs et cibles moléeculaires

dans le cancer du poumon non a petites cellules

1. La révolution de la médecine de précision dans le CBNPC
* De la découverte des mutations de I'EGFR au changement de |'histoire naturelle de la maladie
* Evolution des techniques : du séquencage Sanger aux biopsies liquides

* Les biomarqueurs a rechercher en 2017

2. Laseconde révolution de I'immunothérapie

* Impact des inhibiteurs des points de rétro-controle de la réponse immunitaire sur l'algorithme
thérapeutique des CBNPC avancés

* La quéte des biomarqueurs prédictifs : de PD-L1 a la personnalisation de I'immunothérapie



First Revolution of Treatment Personalization
Oncogene Addiction Model: EGFR Mutations
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De la classification histologique
a la classification génomique
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Evolution des techniques
de biologie moléculaire : séquencage Sanger
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Evolution des techniques de biologie moleculaires
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Aujourd'hui : approche ciblée du NGS
Panel Inca
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Illumina lon Torrent (Life Technologles)
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Maximum data yield 1,500 Gb 750 Gb 1,000 Gb 120 Gb 15 Gb 10 Gb 2 Gb ouCANCER
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Dr.M.Pérol 16 juin 2017 - Joufn'ée GECO " Z0T7°



La présence de "drivers" oncogéniques concerne une minorité des CBNPC (tabagisme)

Matériel tumoral disponible en quantité faible
= Gestion des prélevements de petite taille
= Fixation en paraffine : artéfacts si amplification par PCR
= Différents types d'altérations génétiques : challenge technologique
= Marqueurs de substitution +++ : CTC, cfDNA

Sensibilité accrue des techniques : interprétation des clones minoritaires ?
Colt des nouvelles technologies, structuration en bio-informatique

Hétérogénéité tumorale, spatiale et temporelle : limite a la représentativité des
prélevements
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Hétérogénéité tumorale spatiale et temporelle

Intermetastatic heterogeneity Intrametastatic heterogeneity

Jamal-Hanjani M et al., CCR 2015; Swanton C, Govindan R, NEJM 2016
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Applications de |'utilisation de I'ADN tumoral circulant
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* Impact des inhibiteurs des points de rétro-controle de la réponse immunitaire sur l'algorithme
thérapeutique des CBNPC avancés
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AURA3 Primary Endpoint: Osimertinib vs. Chemotherapy
in T790M+ Patients: PFS by Investigator Assessment

1.0+ Median PFS, HR (95% ClI)
months (95% CI)
E 0.8+ Osimertinib 10.1 (8.3, 12.3) 0.30 (0.23, 0.41)
s E Platinum-pemeirexed 4.4 (4.2, 5.6) p<0.001
w
£3 % 80 71
g : %
o2 0.4 60
o g
> 40 31
s 0.2-
* _|_‘—|.|.|_|I_I 201
0 T T T T T 1 0
0 3 6 9 12 15 18 ORR
No. at risk Months
Osimertinib 279 240 162 88 50 13 0
Platinum-pemetrexed 140 93 44 17 7 1 0

* Analysis of PFS by BICR was consistent with the investigator-based analysis: HR 0.28 (95% Cl 0.20, 0.38), p<0.001;

median PFS 11.0 vs 4.2 months.

Mok, NEJM 2016
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Impact of plasma cfDNA on T790M Detection Algorithm

T790M detection on tissue

Acquired resistance to EGFR TKI
T790M . .
o Osimertinib
positive
Tissue re-biopsy
for T790M detection T790M

ST Chemotherapy

New algorithm with cfDNA

Acquired resistance to EGFR TKI T7950M

Sosifive Osimertinib without biopsy

T790M S
T790M Tissue re-biopsy positive simertini

negative for T790M detection
T790M

Activating mutation + o ) negative
. . Activating mutation -
= likely true negative

or low fraction of T790M = possible false negative

Chemotherapy
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* Les biomarqueurs a rechercher en 2017

2. Laseconde révolution de I'immunothérapie

* Impact des inhibiteurs des points de rétro-controle de la réponse immunitaire sur l'algorithme
thérapeutique des CBNPC avancés
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Nivolumab:

Primary resistance
biomarkers

A
100 RECISTv1.1
90- ORR, % (n) 15(17)
80 [95% CI] [9, 22]
704 Disease control rate, % (n) 40 (47)
60+ Median PFS, months (95% Cl) 2(2,3)

Progression -free survival (%)
8
1

PFS rate at 1-year, % (95% Cl)

20(13,29)

T T
0 3 6

Acquired resistance

T 1
12 15

Biomarkers predictive

PFS and Long Term Survival in NSCLC

biomarkers of durable response

Checkmate 063: Nivolumab as = 3rd Line
in Advanced Squamous Cell Carcinoma

Rizvi, Lancet Oncol 2015; Brahmer, AACR 2017

100
B Median 0S (95% Cl), mo
80 Overall (N = 129) 9.9(7.8, 12.4)
-
S
PPy . 1y 0S, 42%
© 404 ;
_ i 2y 0§, 24%
20 | i T 3yO0s, 18% 5y 05, 16%
_ 3 |
0 } T } T T T T T T T T T
0 1 2 3 4 5 6 7 8
) Years
No. at Risk
129 49 27 20 17 16 3 1 0

5-Year Estimates of OS

CA209-003 5-Year Update: Phase 1 Nivolumab in Advanced NSCLC
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Comparative Analysis of Phase ||l Studies

IN Pre-Treated Patients

CheckMate 017 CheckMate 057 KEYNOTE-010 OAK
Nivolumab Nivolumab Pembrolizumab (10mg/kg or Atezolizumab
vs. docetaxel vs. docetaxel 2mg/kg) vs. docetaxel vs. docetaxel
PD-L1 selected No No Yes (TPS 21%) No
e 1 272 582 1,033 1,225
ysize, (135 vs. 137) (292 vs. 290) (346 vs. 344 vs. 343) (425 vs. 425)*
Histology Squamous Non-squamous All-comers All-comers
Line of therapy, %
2L 100 88 69 75
3L 0 11 20 25
>3L 0 <1 9 0
Crossover from chemo arm to study 10, % 4 4 Not permitted Not permitted
12.7 vs. 10.4 vs. 8.5
Median OS, months 9.2 vs. 6.0 12.2 vs. 9.5 5 /k 0 71 ( 0 0008) 13.8 vs. 9.6
mg/kg: 0. p=0.
HR vs. docetaxel (p value) 0.62 (p=0.0004) 0.75 (p<0.001) 0.73 (p=0.0003)

10mg/kg: 0.61 (p<0.0001)

18-months survival 28% vs. 13% 39% vs. 23% 43% vs. 38% vs. 23% 40% vs. 27%

Ndapted from Paz-Ares, WCLC 2016; Borghei, NEJM Barle5| ESMO|2016; er, Lancet 2014; Her, Atezoli b t d in NSCLC in EU
24Pmonths surwvAIr g ﬁ‘r% Pfggf Y _9.5}”!9"9 0&8 19% /¢ ezo&‘uma eicppioveciin i



ORR and PFS in CheckMate-057 Study
Non-Squamous Carcinoma

(015

Nivolumab

Docetaxel

(n=292) (n=290)

ORR and PFS
Nivolumab Docetaxel
(n=292) (n=290)
ORR, % 19 12
Median, months 2.3 42

HR 0.92; 95% CI 0.77-1.11; p=0.3932
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904
80
70
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50
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]
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0
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T T T
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O
-
[{s]

0

No. at risk
Nivolumab 292
Docetaxel 290

o o

Paz-AresL et al. J Clin Oncol 2015;33(suppl):abstr LBA109;
BorghaeiH et al. N EnglJ Med2015;373:1627-39

Median, months 12.2 94

18-month OS, % 39 23

HR 0.73; 95%CI 0.59-0.89; p=0.0015

Overall survival

100 -
90
80
70
60 -
50+ 18-mo OS rate = 39%
404 - T I
304
20
10 -

Overall survival (%)

Nivelumab

0 T T T T T T T T T
0 3 6 9 12 15 18 21 24 27

Months

148 128 107 55 27 4
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Docetaxel 290 244
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Parameters and potential biomarkers
of anti-tumor immune response

PD-L1 expression

HOSTIEhHaraCleErSTICS!
r

andEnvironmen:

¢ IHC, gene expression, mRNA

¢ Biomarkers which characterize the host
environment, beyond tumor
microenvironment, may predict
response to |0 treatment

* On tumor cells

¢ On immune infiltrating cells

* Clinical factors: gender, age, PS, Tumor Immune Microenvironment
histology, smoking status

¢ Biomarkers that identify tumor immune
system evasion beyond PD-1/CTLA-4

e Tregs, MDSCs, IDO, LAGS3, ...

* Microbiome, Germline Genetics

¢ Inflamed tumor, immune desert, immune

Tumor Antigens
excluded phenotypes

¢ Biomarkers (intra- or peri-tumoral)
indicative of an inflamed phenotype may
predict response to |0 treatment

* Biomarkers indicative of hypermutation
& neo-antigens may predict response
to IO treatment

¢ EGFR, KRAS mutations, ALK+

e TMB, MSI-High, Neo-Antigens,
clonality

* CD8+T cell infiltration and functionality
¢ TCR clonality
¢ Immune gene signatures

Modified from Peters, AACR 2017; Topalian, Nat Rev Cancer 2016 DrM Pér0| 16 iJIn 2017 - Journée GFCO 2017



Mécanismes
de surexpression tumorale de PD-L1

a Innate immune resistance

Constitutive oncogenic
signalling induces PDL1
expression on tumour cells

Tumour cell

b Adaptive immune rezictance T cell-induced
PDL1 upregulation

Pardoll, Nat Rev Cancer 2012 Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Challenges for PD-L Expression as a Biomarker

PD-L1 Biology Test

Intra-tumor heterogeneity Different epitopes and antibodies
Dynamic of expression (IFN, treatment) Different platforms

Tumor cells vs. immune cells Different cut-offs
Membrane vs. cytoplasmic expression Reproducibility?

1000004 Discordant Concordant positive

10000+
25.8%

10004

SP142

100
18.0%

Concordant negative Discordant
100 1000 10000 100000
E1L3N

i}

Sample

Primary tumor vs. metastases

Archived biopsy vs. fresh biopsy
Age, representability of the sample

Adapted from Martin Reck, ESMO Asia 2015; McLaughlin, JAMA Oncol 2015 Dr M Pér0| 16 iUin 2017 _ Journée GFCO 2017



Unstratified Interaction
expression level HR (95% CI) P-value=

® PD-L1 expressors

@ PD-L1 nonexpressors
@® PD-L1 not quantifiable
[ ]

1

>1% 123 123 059 (0.43,0.82) —— |
Checkmate 057 1% 108 101 080 (066 124 ©O5% —
Non-Squamous >5% 5 86 043 (0.30,063) _ P — !
<5% 136 138 1.01 (0.77,1.34) N
Dako 28-8 >10% 86 79 040 (026, 059) — :
<10% 145 145 100 (076,131 00002 —_——
Mot quantifiable 61 66 091 (061, 1.35) [ E—

Keynote-010

PD-L1 tumour proportion score

. . =50% 204/442 0-53 (0-40-0-70
All histologies; PD-L1 TPS >1% = ( )
Dako 22C3 1-49% 317/591 — 076 (0-60-0-96)
........................................................ .“Fx'.}_._._.M_H;Im_nav_tﬁis.u;h;;[;n;nﬁl_ﬂ._._._._._._._._._._._._._._._._._._".Ra;j;c.“_._._.
Atezolizumab Docetaxel
OAK TC30r1C3 137 (16) 205 ] —_—— 0-41(0-27-0-64)
TC2/3oriC2i3 265 (31) 16-3 10-8 —_— 0-67 (0-49-0-90)
A” comers TCYZZoriCY/3 463 (54) 157 103 —— 074 (0-58-0.93)
TCoand ICo 379 (45) 126 85 —— 075 (0-559-0-96)
Ventana SP142

mr 850 (100) 138 96 —— 073 (0-63-0-87)

D!Z T T T T T T 2I

-— —
Favours atezolizumab Favours docetaxel

Borghaei H et al. N EnglJ Med 2015;373:1627-39; Fehrenbacher, Lancet 2016; Herbst, Lancet 2015; Dr M Pér0| 16 iUin ztgg-/lylmajyéﬁ;fﬁ;éé/egi:mcz]@q7



PD-L1 Staining of Tumor Cells
Concordance of Different Tests

|E| Mean scores for tumor cells B 22
250 A 288
@ sP1a2
0 # E1L2N
- Y P I e Mean of antibodies
ai
s
w304
=
=
=4
=
= 20
&
=
E
2 104
[|_
1I] llﬂ III] EID 4ID SII] EID ?I[l EI.D Blﬂ

Samples, No.

Rimm, JAMA Oncol 2017 Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Dako 28.8

Nivolumab (Checkmate 017)

Nivolumab (Checkmate 057)

Atezolizumab (Poplar)

Atezolizumab (Oak)

Durvalumab (phase I-11)

Pembrolizumab (phase |)

Brahrﬁr, NEJM 2015; Ef aehH etal. N ﬂ J Med 2015;373:1627-39; F
Garon; V m‘& | tp, asenl; rbst, Lancet 2015; Antonia,

Squamous
Non-squamous
All histologies
All histologies
All histologies

All histologies

mtbﬁ}igtawé%;&w

Dako 28.8

Ventana SP142

Ventana SP142

Ventana SP263

Dako 22C3

Dako 73.10

<1% 40% 17%
<1% 46% 9%
TCO + 1CO 32% 7.8%
TCO +1CO 45% 8%
<25% 45% 6.1%
<1% 39% 8.1%

purédhoab and atezolizumdAY not approved id@%c in cur



Checkmate 057: PFS and OS by PD-L1 Expression Level
Risk of "Hyperprogression" with anti-PD1/PD-L1 Therapy

1A
CT evaluations

[ 210% PD-L1 expression level | 210% PD-L1 expression level |
100 - ' 1004
a0 mPFS [mao) 304 mOS (mo)
£0 - Nivolumaly 5.0 20 Nivolumab 19.9
70 4 Docetaxel 37 70 ¢ Docetaxel 3.0
&0 - HR[95% CI)  0.52 (0.37, 0.75) il \
50 - e so] Baseli " ;
seline 15t Evaluation
=] U= PFS “los Evaluat
30 T 1B
20 M ™, 5500 REFERENCEPERIOD  EXPERIMENTAL PERIOD
104 | *'\..—L
HR (95% C1) =040 (027, 0.58] 4000 -
B e o = o o PDL1210% Rl L =
6 3 €& 8§ 12 15 12 21 24 27 % § 1518 ik 5% o8 ar e iaaoo .
Time (months) Time (months) 8 2000 -
85 52 a3 29 24 19 ] 5 2 o 61 58 53 4 19 11 3 0 1000 —
7 41 » 12 4 1 0 0 0 0 - T . R 0

B S e e e s e e e B s e |
-0 -8 -6 -4 -2 0 2 4 6 8 10

| IR e PDL1<10% <10% PD-L1 expression level
100 - Weeks from treatment onset (Baseline)
ag - MPFS | mo)
80 _\ Nivolumab: 21 mos (mo) 0 4B 100
70 Docetaxel 4.z Nivolumab 9.9 )
&0 - HR[95% 1) 1.24 |0.95, 1.61) Rocatauel 103 % T . - -
50 =Ty
50 - l i 3 :
- PFS . 3 Gk
30 -
o] N T g :
| ‘_‘_\""l - .. o -4 » &‘ H CA b
10 10 g .
— HR (95% C1) = 0.96 (0.74, 1.25) = - RS 5
] T T T T T T T T 1 —_— § & | &
o 3 ] g 12 15 18 21 24 27 o 2. 8 A "‘2 (‘5 "53) 2 2% I © =50 - .
ont s
Time {months) RO - - —on.
45 104 % 7B 65 55 4 28 15 1 O -
145 45 330 2 17 13 6 z [
145 126 98 78 5S¢ 4 /W 1B L 3 0 -100
4 73 47 7w 2 1 1 1 [ » T T
- Y Age (years) <35 35-49 50-64

Non HPD HPD Overall Response Rate (%)  15.4% 13.3% 15.4%

Borghaei H et al., N EnglJ Med 2015; Herbst, Lancet 2015 Dr.M.Pérol 16 iuin kel &



PD-L1 <1% (n = 30) PD-L1 21% (n = 38) PD-L1 250% (n = 13)

100 100~ 100
80- 80- 80-
s 907 60- 60-
s 5y 0S, 43%
o
40- 40- 40 pee
5y 0S, 23% 1
5y 0S, 20% !
20- ‘ 20- ‘ 20- | —
| - b |
i ‘ |
0 T T T T ; T T 1 0 : : : T l T T ) 0 T T T T f T T )
c 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Years Years Years
No. at Risk
30 13 7 5 4 3 0 0 0 38 10 8 7 7 7 2 1 0 13 5 5 5 5 5 2 1 0

Brahmer, AACR 2017 Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



*  PD-L1 est un biomarqueur d'enrichissement pour la probabilité de réponse aux anti-PD1/PD-L1

— Biomarqueur continu (exprimé sur 0-100% des cellules tumorales), dont le niveau
d'expression est corrélé a la probabilité de réponse

— Réponse d'amplitude et de durée identique chez les patients PD-L1 + ou PD-L1 — s'ils sont
répondeurs au traitement

* Valeur prédictive positive et négative imparfaites : pour PD-L1 >50%, VPP=37% et VPN=89%
* Standardisation du testing en cours en France

« Aide a la décision thérapeutique en 2°™ ligne pour le nivolumab, requis (= 1%) pour le
pembrolizumab

Facteur décisionnel du traitement de 1°" ligne

Garon Eetal., N EnglJ Med 2015; Herbst, Lancet 2015 Dr.M.Pér0| 16 iUin 2017 _ Journée GFCO 2017



Progression-free Survival (%)

No. at Risk
Pembrolizumab
Chemotherapy

Hazard ratio for disease progression or death,
0.50 (95%5 Cl, 0.37-0.68)
P<0.001

20+
80+
70+
PD-L1 2 50%
60
50+
40 Pembrolizumab
304
204

104 Chemotherapy

o T T T T T 1
o] 3 6 =] 12 15 18

Kaplan-Meier Estimate of OS:
Updated Analysis

Events,n  HR (95% Cl)

Median (95% CI)

Time, months

EETING ‘17  #ASCO17

Reck, NEJM 2016; Brahmer, ASCO 2017, Abstr. 9000; Socinski, ESMO 2016

100 —g
3 Nivolumab Chemotherapy
n=211 n=212
80 — Median PFS, months 4.2 5.9
(95% CI) (3.0,5.6) (5.4,6.9)
\—? 60 — 1-year PFS rate, % 23.6 23.2
<=
) HR =1.15(95% CI: 0.91, 1.45), P=0.2511
L
o 40 —
20 — Nivolumab
Chemotherapy
O T T T T T T T T T
0 3 6 9 12 15 18 21 24 27
Months
No. of patients at risk:
Nivolumab 211 104 71 49 35 24 6 3 1 0
Chemotherapy 212 144 74 47 28 21 8 1 0 0

Positive CHMP opinion for pembrolizumab in 15 line therapy in NSCLC in EU

Dr.MoPérol 1:6°§iirf 2017l &trriede GFCO 2017



Parameters and potential biomarkers
of anti-tumor immune response

PD-L1 expression

HOSTIEhHaraCleErSTICS!
r

andEnvironmen:

¢ IHC, gene expression, mRNA

¢ Biomarkers which characterize the host
environment, beyond tumor
microenvironment, may predict
response to |0 treatment

* On tumor cells

¢ On immune infiltrating cells

* Clinical factors: gender, age, PS, Tumor Immune Microenvironment
histology, smoking status

¢ Biomarkers that identify tumor immune
system evasion beyond PD-1/CTLA-4

e Tregs, MDSCs, IDO, LAGS3, ...

* Microbiome, Germline Genetics

¢ Inflamed tumor, immune desert, immune

Tumor Antigens
excluded phenotypes

¢ Biomarkers (intra- or peri-tumoral)
indicative of an inflamed phenotype may
predict response to |0 treatment

* Biomarkers indicative of hypermutation
& neo-antigens may predict response
to IO treatment

¢ EGFR, KRAS mutations, ALK+

e TMB, MSI-High, Neo-Antigens,
clonality

* CD8+T cell infiltration and functionality
¢ TCR clonality
¢ Immune gene signatures

Modified from Peters, AACR 2017; Topalian, Nat Rev Cancer 2016 DrM Pér0| 16 iJIn 2017 - Journée GFCO 2017



Can We Select Patients on Clinical Factors?

CheckMate 0171 CheckMate 0572 PR
Unstratified Unstratified T™MB DIS-tI'IbU'lIOH by
N HR N HR Smoking Status
Owverall 272 0.59 - 1 g2 075 - : .
1 |
Age (years) I 1 1000 oo \
<65 152 052 —a— 339 0.81 - 5004 . I '
=65 and <75 91 056 —e—, 200 063 —e—| 2 400; : ¥ .
=75 29 190 —1 e 4 090 —er— g 2% g
I S 2001
Gender | " = . -
Male 208 057 - ! 319 073 o E 100+ | .
Female 64 067 —e— 263 0.78 —»-! 2 ’
Baseline ECOG PS I ! = 507
] .
0 6d 048 48— 179 0.64 ——| s “le s
1 1 H
=1 206 0.54 - 402 0.80 -~ Z . ",
Smoking status : : ' .
: ; 10 : '
Currentformer smoker 250 0.59 —a— | 458 070 - |
1 1
MNever smoker 17 NA 1 118 1.02 —— '
025 05 10 20 40 025 05 10 20 4 Current Former Never Unknown
HR +95% CI HR + 95% CI Smoking Status
Mivolumab +— Docetaxel Nivolumab -+— Doceta

Brahmer, NEJM 2015; Borghaei, NEJM 2015; Peters, AACR 2017 Dr_M_Péro| 16 iuin 2017 - Journée GFCO 2017



Impact of Gut Microbiota
on Host Anti-cancer Immunity

Commensal microbiota: Bifidobacterium species
can improve anti-tumor immunity and response to
Lamina propria DG uptz anti-PD-L1 antibody in vivo

of mircrobiota or derivec
soluble factors

Modulation of microbiota~,
composition and/or

intestinal barrier post
chemotherapy or ICB

-’\ g

Microbial
translocation to
secondary lymphoid
organs (eg. post CTX)

CD8-depleted

40007 @ Untreated 4000+ @ Untreated
- 9 BF o © BIF
Mesentaric "’E 3000 @ oPD-L1 E 30004 © oPD-L1

N Augmented DC function 5 @ BiFwaPDL1 Py 5
facilitates DC priming/activation ~ g E I’ ek, £

of Th1/Th17 cells or CTL in lymph 3 20001 v S 2000~
nodes or tumor Z - S
o - /, —

5 o g ] o £ 1000-
'—

0- T

e RN P PP A9 e A
Day Post Injection

@ @ \_/v Day Post Injection
Enhanced T cell

tumor control in s
synergy with therapautic Sivan, Corrales et al;

Science. 2015

Pitt, Ann Oncol 2016; Sivan, Science 2015; Gajewski, ASCO 2017 Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Parameters and potential biomarkers
of anti-tumor immune response

PD-L1 expression

HOSTIEhHaraCleErSTICS!
r

andEnvironmen:

¢ IHC, gene expression, mRNA

¢ Biomarkers which characterize the host
environment, beyond tumor
microenvironment, may predict
response to |0 treatment

* On tumor cells

¢ On immune infiltrating cells

* Clinical factors: gender, age, PS, Tumor Immune Microenvironment
histology, smoking status

¢ Biomarkers that identify tumor immune
system evasion beyond PD-1/CTLA-4

e Tregs, MDSCs, IDO, LAGS3, ...

* Microbiome, Germline Genetics

¢ Inflamed tumor, immune desert, immune

Tumor Antigens
excluded phenotypes

¢ Biomarkers (intra- or peri-tumoral)
indicative of an inflamed phenotype may
predict response to |0 treatment

* Biomarkers indicative of hypermutation
& neo-antigens may predict response
to IO treatment

¢ EGFR, KRAS mutations, ALK+

e TMB, MSI-High, Neo-Antigens,
clonality

* CD8+T cell infiltration and functionality
¢ TCR clonality
¢ Immune gene signatures

Modified from Peters, AACR 2017; Topalian, Nat Rev Cancer 2016 DrM Pér0| 16 iJIn 2017 - Journée GFCO 2017



Lee CK, JTO 2017, 12:403

lmpact des mutation

s

= " C Ane Aacenaie il »
alld ":J 2sSSalsS anti-¥

o L DD e
S EGFR sur

a survie

D1/PD-L1 vs. docetaxe

Study Weight  Hazard Ratio[95% ClI| Hazard Ratio
EGFR wild-type
Checkmate 057 26.0% 0.66 [0.51, 0.86] - &
Keynote 010 52.0% 0.66 [0.55, 0.80] ——
POPLAR 11.0% 0.70 [0.47, 1.04] -
Subtotal (95% Cl) 89.0% 0.66 [0.58, 0.76] <P
EGFR mutant
Checkmate 057 6.0% 1.18 [0.69, 2.00] -
Keynote 010 3.8% 0.88 [0.45, 1.70] -
POPLAR 1.1% 0.99 [0.29, 3.40]
Subtotal (95% Cl) 11.0% 1.05 [0.70, 1.55] ey
Total (95% CI) 100.0% 0.70 [0.61, 0.80] i
05 07 1 15 2

Favors PD1/PDL1 inhibitor

Favors docetaxel

Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Correlation between somatic mutation
frequency and response to anti-PD1/PD-L1

a
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T T T
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1 10 50 100 Somatic mutation frequency (per ME)
FoundationOne panel? ( ions/MB)

Zehir, Nature Medicine 2017; Frampton GM, Nat Biotechnol 2013; Yarchoan et al., Nat Rev Cancer ZOWr_M.Pér0| 16 iuin 2017 - Journée GFCO 2017



Percent Progression-free

100

Mutational Load is Predictive
of anti-PD1 Clinical Benefit

Validation Cohort

— High nonsynonymous burden
— Low nonsynonymous burden

50
0 T T T T T 1
4 8 12 16 20 24
Months
All Tumors
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L
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200 A
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[ Transversion high (TH)

Transversion low (TL)
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BRCAZ (stopgain)

-
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o
o
o
|
-
-
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Objectie PR PR PD SD PR PR PD SD PR PR PR SD PD PR SD PD PD PR PR PR SD SD PD PD PD PD PD SD SD PR SD PD PD SD
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Ongoing
response
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Rizvi NA et al. Science 2015;348:124-8. Reprinted with permissionfrom AAAS, © 2015
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100 {o3—,
90 1
80 1
701
60
50 1

PFS (%)

40 A
30
20 1
10

No. at Risk
Nivolumab
Chemotherapy

PFS by Tumor Mutation Burden Subgroup
CheckMate 026 TMB Analysis:

Nivolumab Chemotherapy
n =47 n =60

Median PFS, months 9.7 5.8
(95% CI) (5.1, NR) (4.2, 8.5)
HR = 0.62 (95% CI: 0.38, 1.00)
Nivolumab
Chemotherapy
High TMB o
0 3 6 9 12 15 18 21
Months
47 30 26 21 16 12 4 1
60 42 22 15 9 7 4 1

Peters S et al., AACR 2017

Nivolumab in First-line NSCLC

Nivolumab Chemotherapy
n=111 n=94

100 {48,
. Median PFS, months 4.1 6.9
90 1 (95% CI) (2.8, 5.4) (5.5, 8.6)
801 HR = 1.82 (95% ClI: 1.30, 2.55)
70
60
504 Low/medium TMB
40
30 1
20 - emotherapy
10- . Nivolur’r)ab
0- |

111 54 30
94 65 37 23 15 12 5 0 0

0 3 6 9 12 15 18 21 24

Months
15 9 7 2 1 1

Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Analysis of the Association Between TMB and PD-L1 Expression
CheckMate 026 TMB Analysis: Nivolumab in First-line NSCLC

. 100 Nivolumab Arm
[ . : ] ¢ . L
2 L. .. . 8.4, . |HignTMB
-~ L]
B 8 '.:': i ;:. g sge 75 High TMB,
= * 8 ! . ' . ' . 1 3.0 PD-L1250%
E .: e o 3 e . H———
3 $ -3 s s+ 3 Vo ¢ - |Low/medium TMB =
e <
§ * ' $ ! . : : * H * ¥ » 50
2 . : . (] Iﬁl:
E . . * ° H * LI}
) 3 ° LS
o * e o ° High TMB,
= . 25 PD-L1 1-49%
g ' ' o Low/medium TMEB,
- . . L PD-L1 1-49%
: Low/medium TMB, |—}
. 0 PD-L1 250%
e o 75 100 0 3 6 9 12 15 18 21 24
. Months
PD-L1 (% tumor expression)? No. at Risk
High TMB, PD-L1 250% 16 13 10 8 8 6 2 0 0
No association between TMB and PD-L1 expression High TMB, PD-L1 1-49% 31 17 16 13 8 6 2 1 0
in patients with 21% PD-L1 tumor expression Low/medium TMB, PD-L1250% 41 21 12 6 2 2 1 0 0
Low/medium TMB, PD-L11-49% 70 33 18 9 7 5 1 1 1

Peters S et al., AACR 2017 Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Mismatch-repair deficiency predicts response to anti-PD1

regardless of tumor type
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Parameters and potential biomarkers
of anti-tumor immune response

PD-L1 expression

HOSTIEhHaraCleErSTICS!
r

andEnvironmen:

¢ IHC, gene expression, mRNA

¢ Biomarkers which characterize the host
environment, beyond tumor
microenvironment, may predict
response to |0 treatment

* On tumor cells

¢ On immune infiltrating cells

* Clinical factors: gender, age, PS, Tumor Immune Microenvironment
histology, smoking status

¢ Biomarkers that identify tumor immune
system evasion beyond PD-1/CTLA-4

e Tregs, MDSCs, IDO, LAGS3, ...

* Microbiome, Germline Genetics

¢ Inflamed tumor, immune desert, immune

Tumor Antigens
excluded phenotypes

¢ Biomarkers (intra- or peri-tumoral)
indicative of an inflamed phenotype may
predict response to |0 treatment

* Biomarkers indicative of hypermutation
& neo-antigens may predict response
to IO treatment

¢ EGFR, KRAS mutations, ALK+

e TMB, MSI-High, Neo-Antigens,
clonality

* CD8+T cell infiltration and functionality
¢ TCR clonality
¢ Immune gene signatures

Modified from Peters, AACR 2017; Topalian, Nat Rev Cancer 2016 DrM Pér0| 16 iJIn 2017 - Journée GFCO 2017



Existing Immune Response Does Matter: Immune Signatures

100 4 T./IFNG gene signature subgroups
:\3 80
©
= 60- T.«/IFNG high
E Hazard ratio, 0.43
) (95% ClI, 0.24 t0 0.77)
= 40-
o
) - . [ e
S - Atezolizumab (T_/IFNG high) bemy 71
© 204  ---- Atezolizumab (T,/IFNG low) G PR Tei/IFNG low
—— Control (T,,/IFNG high) "":_‘_ —_— Hazard ratio, 1.10
-=== Control (T_;/IFNG low) (95% ClI, 0.68 to 1.76)
0 -
o 2 4 6 8 10 12 14 16 18 20
Months

Fehrenbacher, Lancet 2016 Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017



Tumors "Immunophenotype"

The cancer immunity
cycle

Immune
excluded

Priming &
activation

Tumor
3 infiltration
Immune 2 A / \

|

\ 71 (. | Mutational load
Antigen Tumor
presentation recognition

TiLs
CD8 T cells/IFNy
PD-L1/checkpoints

Angiogenesis
Reactive stroma
MDSCs

Adapted from

Chen & Mellman, Immunity, 2013
Kim & al. Ann Oncol, 2016

Antigen Tumor

Low MHC class |
release killing

Respond favorably to Convert to inflamed phenotype with combinations
checkpoint inhibition

Hedge et al., CCR 2016; Courtesy of O. Michielin
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ancer Immune Phenotypes
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Composite, Integrative Biomarkers

The Cancer Immunogram

Tumor foreignness
Mutational load

Tumor sensitivity
to immune effectors
MHC expression,

IFN-ysensitivity General immune status

Lymphocyte count

Absence of inhibitory

tumor metabolism Immune
LDH, glucose utilization cellinfiltration
Intratumoral T cells
Absence of soluble inhibitors

Absence of checkpoints

IL-6, CRP P11

Blank, Science 2016; Huang, Nature 2017

g PD-1* CD8 (max, weeks 3-8)
—— KiG7/TB = 1.94
100 B0
P=014 ® §1Uﬂ'- —— Kig7/TB < 1.94
ELE | Ratio=1.94 ,* E
— —_ - o = T7h
£ 601 E d |
£ i doqe® ‘e g
S 217 § | . ;
20 ,r .ILDS-:Qzﬁmumhs =
ILDS::-225rm|#|s a
>184 <184 3 18 20 b 40 b 0 6 12 18 24 30 36
KiG7/TB ratio Tumour burden Months from landmark.
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* |l est peu probable qu'un biomarqueur unique puisse refléter la globalité de
I'interaction entre la tumeur et le systeme immunitaire de I'hote

PD-L1 est un reflet imparfait de cette interaction (anti-PD1/PD-L1)

Nécessité de biomarqueurs composites : TMB, PD-L1, signature IFN gamma, TILs ...

* Problématique des biomarqueurs potentiels

Identification rétrospective sur de petits sous-groupes de patients issus des essais cliniques
Absence de validation prospective

Valeur pronostique (infiltration lymphocytaire)

Standardisation ?

Applicabilité a la pratique clinique (technologie, bioinformatique, co(t ...)
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Potential Therapeutic Interventions

T cell infiltrate

Functional = '

K Vaccines \ K Anti-angiogenic \ K NK based strategies\ K Checkpoint inhibitob

* Oncolytic viruses agents (VEGF, * MEKi PD-1, LAG-3, TIGIT,
* TLR, NLR, STING, endothelin, ...) * Re-initiating immune TIM-3

INFa, GM-CSF, CD40 * Targeting the cycle (i.e. immune = IDOi, TDOi, arginase
= 4-1BB, OX40, GITR, II- p-environment desert) inihibitors

2, CTLA4, CD137, 1I-2 (CAFs, MZ, ...) * MEKi
* Targeted, chemo or * Bispecific MAB

radio-therapy * BiTEs

k Engineered Tcells  / \ + CARs / \ j \ b
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De nombreuses combinaisons et voies d'action
sur la réponse immunitaire

Cancer cell

Non-immune Hallmark mechanisms of Immunotherapies
therapies synergy in immunotherapy
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= >
Immunogenic cell death
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T cells and reversion
ﬂ'u_ PD-1 PD-1 B et “ [co137]

Attenuation of

immunosuppression in
the tumour
microenvironment:

= T, cell function / /
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Combination of Anti-CTLA4 and Anti-PD1/PD-L1
Ogc

Actlvaﬂlon
(cytokines, proliferation,
migration to the tumor site

Tumor m|croenV|ronment

PD-1/PD-L1 blockade
UI.IVI.Perol 1b [uih ZULl/ - Journee GFLU 2U1/

CTLA-4 blockade (ipilimumab, tremelimumab)



Nivolumab + Ipilimumab in 1% line of NSCLC
Response Rate by PD-L1 Expression Level
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Chemotherapy Impact
on Antitumor Immune Response

= 5-FU
G hosphamide -
< Fderabin aid

* Paclitaxel

* Anthracyclins
Sreifs

* Bevacizumab
* Sorafenib

* Sunitinib

Posltive hypothesis

1. Hodge JW. Semin Oncol 2012;39:323-39. 2. Drake CG. Ann Oncol 2012;23(suppl 8):viii41-viii46.3. Ménard C, et al. Cancer Immunol Immunother 2008;57:1579-87. 4. Hannani D, et al. Cancer J 2011;17:351-8.
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Keynote 021 : cohort G
Carboplatine-pemetrexed + pembrolizumab

- Garborpempembre -
N 60 63

» | orR 55% 29% p=0.016 |
. PD-L1<1Y 79 1
- Carbo-pemetrexed- =it % 3%
a0 H 100 —— Pembroli b plus chemoth | o, o, o,
. pembrolizumab — Cromomerpyaione POL1=1% 54% 38%
i 30 PD-L1 1-49% 26% 39%
E
Eo 20 PD-L1250% 80% 35%
70 HR 0.53 (0.31-0.91),
= PFS, months 13 8.9 p=0.0102
M 1 year OS 75% 72%
B so-
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o Emb“ﬁ'fmugl?fé?l'rf; 60 (0) 43(5) 20 (20) 1(36) 0(37)
S [« . -
- Chematherapy 63 (0) 32 (10} 13 (21) 1(29) 0(30) * 0.69 (036 131)
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Number at risk
(nrumber censored) Time from randomisation {months)
Pembrolizumab pius
chematherapy 60 (0} 53(2) 32(18) 5(42) 0(47)
Chemotherapy 63 (0) 57 (1) 31(20) 6(43) o (49)
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Following Steps of Immuno-Oncology in NSCLC

The Second Wave

ARCTIC CheckMate 017
CheckMate 057
KEYNOTE-010
POPLAR

OAK
Javelin 200

3'dine 2094 ihe

* Many ongoing trials are combination studies
* Many have completed accrual

Adapted from M. Boyer, WCLC 2016

KEYNOTE-024 BR31
CheckMate 026 KEYNOTE-091
KEYNOTE 189, 042, 407 ANVIL
IMpower 150, 130, 131, PACIFIC
132,110, 111 IMpower010
Checkmate 227

MYSTIC

NEPTUNE

Javelin 100

Adjuvant

Ongoing studies
Completed studies
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A Primary or adaptive resistance B Acquired resistance

Alteration of Escape mutations

signaling pathways: in IFN signaling
+ MAPK JAK1/IAK2
+ PI3K
+ WNT

+IFN Loss of target
Lack of antigenic

mutations eg., ACT

De-differentiation

with loss of tumor
antigen expression

Alterations in
antigen processing
machinery

Constitutive PD-L1
expression

B2M mutations
leading to loss
of HLA

Loss of HLA
expression

antigen expression,

Lymph node

TIM3
LAG3

cD80/ ‘ s

CD86  CTLA4 |

*

APc Camm

Tumor microenvironment
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Tumor cell intrinsic

Sharma, Cell 2017

Tumor cell extrinsic (microenvirpnment&
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~ 15 a 20% des adénocarcinomes pulmonaires dépendent d'une addiction oncogénique

Panel actuel des biomarqueurs permettant d'axer le traitement sur I'inhibition de la voie oncogénique dés la 1° lighe, mais aussi en
2éme yoire en 3¢Me |igne

Modification de I'histoire naturelle de la maladie mais émergence invariable de résistances

Nécessitant des analyses séquentielles de la pérennité ou de la transformation de la voie oncogénique

Hétérogénéité tumorale croissante au fil des traitements : nécessité d'élargir le spectre des analyses biologiques moléculaires

La révolution de I'immunothérapie

Expression de PD-L1 par IHC : biomarqueur d'enrichissement imparfait, mais facilement réalisable et validé
Recours nécessaire a d'autres biomarqueurs probablement composites

Validation prospective et transposition a la pratique clinique difficiles

L'évolution des techniques de biologie moléculaire

Elargit le champ de la biologie moléculaire a partir d'un seul préléevement et facilite les analyses séquentielles (ADNCc)
Mais nécessite un recours croissant aux ressources bio-informatiques et aux RCP moléculaires

= intégrer un volume majeur de données a |'histoire naturelle de la maladie et I'évolution clinique des patients

= établir la pertinence du recueil de ces données
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Evolution of Advanced NSCLC Treatment
2017 PD-11:1-49%

Today (2013)  Targetstoday Targets In the future
. .
EGFR ALK ROS1 | A
KRAS BRAF HERz  RET DDR2  MET FGR1  PI3K
and others and others
2008 Adenocarcinoma Large-cell carcinoma Squamous cell carcinoma

N tht |
Pogiigd : ”"
S wn, u'i,'ﬂ,'f,
i

2000 MNon-small-cell lung cancer

Adenocarcinoma and treatable oncogenic alterations with approved ' Small-cell lung cancer

T Squamous cell carcinoma with oncogenic alteration
drugs (EGFR mutation and ALK translocation)

I Adenocrdnoma W Large-cell carcinoma ' Squamous cell carcinoma without oncogenic alteration
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Discussion

Avec le soutien du

Groupe Francais de
Cytogénomique Oncologique
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