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The cancer-immunity cycle

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation

{(APCs & T cells) @

Infiltration of T cells
into tumors

(CTLs, endothelial cells)
vmph node

Cancer antigen /2\
presentation
(dendritic cells/ APCs)
@ Fecognition of
cancer cells by T cells
(CTLs, cancer cells)

S
Release of @ @

cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells)

Chen et al. Immunity 2013



Balance between inhibitory and stimulatory

receptors dictates T-cell priming

Tumour cell
or APC T cell

T cell targets for modulating activity

Activating Inhibitory
Receptors Receptors
CD28 CTLA-4
0OX40 ) PD-1
GITR D == TIM-3

CD137 = BTLA
CcD27 : CvisTa
HVEI\T{ }‘

CDI37-L
L Agonistic T cell Blocking
CD40-L Antibodies stimulation Antibodies

CD70
Light

Mellman Nature 2011; Pardoll Nat Rev Cancer 2012



Targeting CTLA-4 and PD-1 pathways

our microenvironm

‘ ‘
Activiation
(cytokines, lysis, proliferatiory,
migration otumour)

Dendritic

Wolchock J, et al. J Clin Oncol 2013;31(Issue 15_suppl); abstr 9012*



PD-1/PD-L1 Inhibitors in pretreated

NSCLC

Cheddate 017 ChedcMate 057 KEYMOTE-010 phase 3 POPLAR phase 2" Dwrvalumab  Avelumab
phase 3™ phase 3% phase1b™  phase 6™
MNivolumab  Docetaxel  Mivolumab  Docataxel  Pembrolzumab  Pembrolemab  Docetasel Aterolizumab  Docetasel Durvalumab  Awelumab
2 ma/kg 10 mgfkg
Patients (n) 135 137 2 290 345 346 343 144 143 138 134
Response rate (%)
Al patients 0 9 19 1z 18 13 9 15 15 16 14
E positive n 8 36 13 30 29 B g} 13 xF 16
P11 negative 15 12 10 14 A MNA NA B 10 5 1
Median progression free survival (months)
Al patients 35 o] 23 4-2 349 40 4 27 30 MA 9
PO-11 positive 4-8 3 50 38 50 52 41 28 3o MNA 30
PD-11 negative 42 9 21 42 A MA MNA 17 41 MA 14
Median overall survival {months)
All patients Q-2 &0 13-z 0.4 10-4 137 Bg 1246 o7 A g
P11 positive 10 ] 19-4 i | 14-9 173 B2 155 92 NA 34
PD-11 negative g &1 98 101 MA WA MNA 97 97 MNA 46
Histology SOC SOC Mon-5CC Mon-5CC Al comers All comeers: Allcomers Al comers Allcomers Al comers All comers
Setting Second line  Second Second line  Second Sacond line Sacond line Secondline  Second line Second line  Pre-treated Pre-treated
line line
P11 expression
Positive =0 =0% =5% =0 Highly positive  Highly positive  Highly Tumeour cell 1-3 or tumaour- =25% =1%
=50%; positive  250%; positive  positive infiltrating immune cells 1-3
zl% zlk tE'D‘H-.
positive
z1%
Megative <% 5% <5 5% 1%, {mot 1% {not 1% (not  Tumour cell 0 and tumour- <25 1%
induded) included) included) infiltrating immune cells 0

Perentages rounded. PD-1-programmed death-1. PD- Li- programmed death Bigand- 1. SCC-squamaus cell @ncer. MA-not avalizbie,

Table4: Trials of anti-PD- 1 PO-L1 inhibitors in patients with advanced NSCLC who were pre-treated with chemotherapy

Hirsch et al. Lancet 2015




PD-1/PD-L1 Inhibitors in pretreated

NSCLC

Durvalemab  Avelumab

phase 16

Durvalumab Avelumab

Cheddate 017 Ched:Mate 057 KEYNOTE-010 phase 3 POPLAR phase 2=
phase 3° phase 3 phase 10"
Mivolumab Docetaxel  Mivolumab  Doctaxel  Pembrolzomab  Pembrofrpmab  Docetaxel  Aterolijumab  Docetasel
2mgfkg 10 mgkg
Patients {n) 135 137 Mz 290 345 346 343 <1% 143 1-49%
Docrnanen rata (e
100 . '
00 Pembrolizumab OS by YRR
80 PDL1 expression PR M NCARE
g‘é_ 70 N\ o
- ] .
= LU | L1 \ ' o
S 604 o 509 28 30 NA
= (e
E 504 - 17 41 MA
wv
T 407 126 97 NA
g 304 PS <1% I LI 155 g2 NA
@] —499%,
20 PS 1-49% a7 a7 MA
10— H All comears All comers: All comers
ine  Second line Second e Pre-treated
0 | | I | | I 1
0 4 8 12 16 20 24 28
Months ;“f:t“'_“'_l'a”"m“?:; =25%
No. at Risk
PS =50% 119 92 56 22 5 4 3 0
PS1-49% 161 119 58 15 6 4 0 0 ot TenowcllDadimoss  <I5%
PS <1% 76 55 33 8 0 0 0 0 infiltrating immune cells 0

Perentages rounded. PD-1-programmed death-1. PD- Li- programmed death Bigand- 1. SCC-squamaus cell @ncer. MA-not avalizbie,

&g

B4

46
All comers
Pre-treated

=1%

1%

Table4: Trials of anti-PD- 1 PO-L1 inhibitors in patients with advanced NSCLC who were pre-treated with chemotherapy

Garon E, et al. NEJM 2015



Summary of phase lll studies of
iImmunotherapy in previously treated patients

OAK3
Atezolizumab

CheckMate 0571
Nivolumab

CheckMate 0171

KEYNOTE-010?

Nivolumab Pembrolizumab (2mg/kg or

vs docetaxel

vs docetaxel

10mg/kg) vs docetaxel

vs docetaxel

Phase of study

1/11

PD-L1 selected No No Yes (TPS* 01 %) No
Study size. n 272 582 1,033 1,225
y ' (135 vs 137) (292 vs 290) (344 vs 346 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

Other/unknown 0 0 <1 0
<SS et G (e iR <1vs 2 1vs 2 0.6vs 1.7 vs 13.1 45vs 17.2
arm vs chemo arm), %
SO A I E I 4 6 Not permitted Not permitted

study immunotherapy, %

Median OS, months
HR vs docetaxel (p value)

9.2vs 6.0

0.62 (p=0.0004)

12.2vs 9.5
0.75 (p<0.001)

10.4vs 12.7 vs 8.5
2mg/kg: 0.71 (p=0.0008)
10mg/kg: 0.61 (p<0.0001)

13.8vs 9.6
0.73 (p=0.0003)

Borghaei, et al. ASCO 2016
Herbst, et al. Lancet 2015;

Barlesi, et al. Lancet 2016



OS by PD-L1 expression: CheckMate 057
Nivolumab

A PD-L1 expression was predictive of benefit with nivolumab

100 =g,

90 ~

01 % -Piexpression level

80 —
70 -
60 —
50 -
40
30 - O
20

10 o

Median OS
(mo)
17.2

9.0

100

90

80

70

60

oS (%)

50

40

30

20

10

PD-L1 Median OS (mo)
expression level

05 % 18.2 8.1
<5% 9.7 10.1
010% 19.4 8.0
<10% 9.9 10.3

o>

<1% PD-L1 expression level

Median
0OS(mo)

HR (95% C1)=0.90 (0.66, 1.24)

Time (months)

1 1 1 1 1 1 1 1 1
3 6 9 12 15 18 21 24 27

HR

HR (95% Cl) = 0.43 (0.30, 0.63)
HR (95% Cl) = 1.01 (0.77, 1.34)

HR (95% CI) = 0.40 (0.26, 0.59)

HR (95% Cl) = 1.00 (0.76, 1.31)

Paz-Ares L, et al. Presented at ASCO 2015, Abstract LBA109.

Borghaei et al., NEJM 2015
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KEYNOTE-024 Trial: Pembro v QT
First Line treatment in PD-L1 > 50% NSCLC

Events,n  HR (95% Cl)

100
% Pembrolizumab? 73 0.63
| 70.3% Chemothera 06 [El.f?-ﬂ.ﬂﬁb]
80  54.8% Py P=0.002
™ . | 51.5%
2 50 | | 34.5% Median (95% CI)
g Bl e rrrrrrmrersrrrssrrmsrrenreners DRl - ugtattante L preverresrrsrelerrerre 30.0 mo (18.3 mo-NR)
40- : ! 14.2 mo (9.8 mo-19.0 mo)
30;
201
10;
0 ' . . T T ' r ; r . .
0 3 6 9 12 15 18 21 24 27 30 33
No. at risk Time, Mmorithe
Pembro 154 136 1 112 106 96 83 8i L 22 L 0

Chemo 151 123 107 &8 &0 70 61 55 E)l 16 § 0

Reck et al NEJM 2017
Brahmer et al. WLCC 2017



Chemo + Pembrolizumab in Non-SCC NSCLC
KeyNote 189 Trial

Gandhi KM189
AACR 2018

Overall Survival, ITT feonts HROS%C) P

1004 PombnmiPo—ni-t 31.0% 0.49 <0.00001
90- PlacebolPemPlat  52.4%  \0-28-0-64)

69.2%
80+ 49.4%

704
60-

50 T Median (95% Cl)
40- NR (NE-NE)
11.3 mo (8.7-15.1)

0S, %

30+
204
10-

0

0 3 6 9 12 15 18 21
Months
No. a

410 377 347 27 163 71 18
208 184 148 104 59 28 g 1]

i}

Data cutofidate: Now 8, 2017,

Ghandi et al., NEJM 2018



Probability of Progression-free Survival

No. at Risk

Durvalumab
Placebo

Stage lll: PACIFIC TRIAL

PEFS and OS

No. of Events/

. No. of Events/ Median 12:Mo Mo
Tf"Pt:i.N‘;' M;‘i‘;‘cﬁﬁ lirezgrs 13;'5“?2:;5 Total No. Overall Survival  Overall Survival Rate  Overall Sunvival Rate
. of Patients | " ) ( ) ) { Y ) of Patients (95% CI) 195% C) ([85%CI)
Duvalumab 214476 168 (130-181) 559 (L0-604) 442 (377-505) mo % %
0.4 Placebo  157/237  S6(46-78) 353 (200-417) 27.0(108-345) Durvalumab 183476 NR(B4I-NR) 831 [794-862) 66.3 (EL7-704)
Placsbo  116/237 WT(129-NR) 753 (692-804) 55,6 (48.9-61.8)
04+ 107 Stratfed hazard raio for death, 0,68 (39.73% C1, 047-0.997)
0.74
- n&_
06- E
| £ 07-
05- ! = :
| Durvalumab E 061 ! Durvalumab
i | | :
04 I | é 054 :
| | o ]
0.3+ l | & 04 | Placeba
| ! 3 |
_ : I Placebo B 034 i
U?. | 1 e :
Stratified hazard ratio for disease progression | & g7 !
014 ordeath, 052 (35%Cl,042-085) ! | :
Tworsided P<0.001 | : 014 |
| 1
U‘U ! ! ! I ! ! l ! ! nc 1 1 I 1 II 1 1 | 1 1 1 1 I 1 | 1
0 3 6 9 12 15 18 2 U 1 01 3 6 9 12 015 18 1 M ¥ N OB ¥ B £ 4
Months since Randomization Manths since Randamization
No. at Risk
476 377 101 264 159 12 4 71 4 1 Durvalumab 476 404 431 415 385 M4 343 319 174 10 115 ST 0B 2 0 0
W 1k 7 9 % 5 . ] 0 Placeho BIM0 198 L 10 155 M1 130 W 7 £ 0N 9 3 1 0

Antonia S et al., NEJM 2017 and 2018
Vansteenkiste J. et al., atezolizumab in NSCLC (POPLAR)
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IO Monotherapy benefits a subset of patients

Cheddlate 017 ChedcMate 057 KEYMOTE-010 phase 3 POPLAR phase 2™ Durvalumab  Avelumab

phase 3 phase 3 phase 16" phase 1b™*

Mivolumab Docetaxel Mivolumab  Docetaxel  Pembrolzumab  Pembrolimemab  Docetaxel Atezolizumab  Docataxel Durvalumab  Awelumab
2magfkg 10 mgy/kg

Fatients (n) 135 137 m2 290 345 346 343 144 143 198 134

rata (%)
Allpatierrts 2 g 19 12 18 19 q 15 15 16 14

7 PL+11 positive 21 8 36 13 30 29 B 38 13 F.r 16
PL-11 negative 15 12 10 14 WA A A B 10 5 10
Median progression-fres survival (months)
All patients

P11 positive Nivolumab NSCLC Phase | Cohort
PD-11 negative 5 Year surVival

Median overall su
All patients 100 —
PL-11 positive _
PL-11 negative 80 —
Histology n
. 60 —
Setting

Mediana de

Supervivencia (95% Cl),
meses.

9.9 (7.8, 12.4)

Pacientes
(N =129)

1y OS, 42%

08 (%)

40 —
PO L1 exprassion

Positive

2y OS, 24%

3y OS, 18% 5y OS, 16%
20

|
A

[ Y [

No. at Risk Years
Neqgative 129 49 27 20 17 16 3 1 0

Perentages rounds

Table4: Trials of a Brahmer et al. AACR 2017

Hirsch et al. Lancet 2016



Tumour Microenvironment Types
Based on TiLs and PD-L1

Blood
vessel

Blood
vessel
1©

TCR? l‘ S5

1. Antigen
recognition

MHG :
3. Induction
peptide  “of ppL1

@

@ Macrophage

A e¥e)
Macrophage TUMOL; i~
Blood
vessel t ﬁ
e
f““@

Adaptive immune
resistance

Immunological
ignorance

%

NoncPD1/PDL1

suppression -
PHIEYE Macrophage 0 .TUMiUR.CEhLi 0
v Oncogenic
T pathway mductlon
EGFR mutant NSCLC
T ALK rearranged NSCLC T
(other suppressors?) induction

APC, antigen-presenting cell; CTL, cytotoxic T cell; IFN-2, interferon gamma; M2, M2 macrophage; MDSC, myeloid derived suppressor cell; MHC, major histocompatibility complex;
PD-1, programmed death protein 1; PD-L1, programmed death ligand 1; TCR, T cell receptor; T,1, T helper 1; TIL, tumour infiltrating lymphocyte; Treg, regulatory T cell.
Teng MWL et al. Cancer Res. 2015;75(11):2139-2145.



The cancer inmunogram

TMB

Tumor foreignness
Mutational load

Tumor sensitivity
to immune effectors
MHC expression,

IFN-y sensitivity General immune status

Lymphocyte count

Absence of inhibitory

tumor metabolism Ifnn)une.
LDH, glucose utilization cell infiltration
Intratumoral T cells

Absence of soluble inhibitors

IL-6, CRP Absence of checkpoints

PD-L1

Blank CU et al. Science 2016; 352:658



Somatic mutation prevalence
(number mutations per megabase)

0.001

Tumour Mutation Burden and
Response to PD-1 Inhibitors

v ResponseRe [

50—

ao—|

IO

1o

=,
Cutanmneous
squamous-cell

L)
rMerkel-cell rMoncolorectal
relarorma P P R )y
- -
Colorectal
(P R RA)
-
Ronal-call ol O bjective Response Rate
- (mno. of patients evaluated)
Cervical o SO0
Hepatocellular = - Vrothelial = 1LO0O
= - NSCLC (squarrmous)
. W SCLC (monsgUAaARoaSs) < SO0
rMesortheliornma - Head and neck O 1OoO
=y = Endormetrial
Sarcoma - i - Esophagogastric - Srmall-cell lung Turmor Mutaticonal Burden
- A i ] =l
- S lioblastorma (o Turmors armnaly= »

=
- Prostate
- Breast = 100

=
Uveal Adrencoortical - 1000
Pancreatic Serrm-cell e
- = - Colorectal (KR RE)

=8

T T T T T
1o 20 320 O S50

rMediamn MNMo. of Coding Somatic Mutations per MEB

Alexandrov et al., Science 2013
Rosemberg et al., Lancet 2016
Yarchoan et al., NEJM 2017



Mutated Peptides are presented to

the Inmune System

cancer mutation neo-antigens and immunogenicity

Hypothetical normal protein peptide sequence: X COCILQLMPE S X0

Examples: Non-lImmunogenic Immunogenic Point Mutation InDel
Point Mutation
SR LEIHMP F SR KK W AR PF SR
WK LALAPF SV MM SE R Y KWK K MM X f
1 45 B I LM
1 1 4
Peptide ]_l:’lvﬁl_n_l 23 B78g ]_rf\ﬁ_n.l
23 6789 23 6789

MHC |

1 4"'!5

Frame Shift

P FE LM TR R0

Ay

23 E?Bg

Chen and Mellman. Nature 2017
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80 100

60

20

A

Owverall Survival (%)

-

HLA Cigosity
The influence of genetics

Cohort 1 H Cohort 1
8.
MR=14(102-19) " HR =160 (103-243)
P=0036 P=005
3 »
3
55
&
a
3
g
0
N
n . 0 20 0 00 o0
-~ Heterozygous at all loci and without LOH
=== Helerozygous at all loci === Heterozygous at all loci and with LOH in at least one locus

= Homozygeus in at least one locus

Chowell et al., Science 2018



Mutational landscape determines
sensitivity to PD-1 blockade in NSCLC

DCB: Durable clinical benefit (partial or stable
response lasting >6 months)
NDB: Non-durable benefit

POLDI (deleterious)
BRCA2 (stopgain)

<—|

25 5 DCB NDB NR
in & § g Indels, frameshifts
g2 £7%
s 2o 3 £ [0 7 Synonymous
S T3
S g ) % B B . Nonsynonymous
LA 9x
%]
g3

@ Transversion high (TH)

Transversion low (TL)

<

1000+

“€— RAD5IC (deleterious)

<€—IG3 (stopgain)
<€—RADI7 (stopgain)

500

<«<€— POLE 4 (deleterious)
<<— PRKDC (deleterious)

Total exonic mutation burden

0=
| swaym i lafslalslel7lsloluolnlnlnlualisii]sliolan]a]on]as]olos]oe]ar]as]20]30]s1]52] 53] 34]

Cohort vbDDVVDVYVDDVDDV V VDDV VDDDV V VDV V VD VDD

Objective
Response

PFS(months) 8 14 2 8 14 16 2 4 15 13 4 8 2 4 8 3 3 1027 10 8 7 2 2 1 2 2 4 6 8 4 2 2 6

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

Ongoing response ++ ++ +H ++ ++ ++ +H o+
Smoking

Rizvi et al, Science 2015
TMB and PD-L1 blockade sensitivity



Clonal Neoantigens
Predictor for anti-PD-1Treatment Benefit

2

 chonal o
N secigl neg

A PO e R ELT LT S T
g =

8 &

e [ITHECARERCRRCRER HBARHRREREN - il

B

|

|I. . JI I| |
" i I|I

Durable benefit with No durable benefit with
pembrolizumab pembrolizumab

McGranaham et al., Science 2016



Checkmate 227: TMB as predictor of response with nivo+ipi

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Nivolumab plus Ipilimumab in Lung Cancer
with a High Tumor Mutational Burden

M.D. Hellmann, T.-E. Ciuleanu, A. Pluzanski, J.S. Lee, G.A. Otterson, Nivolumab anti-PD1
C. Audigier-Valette, E. Minenza, H. Linardou, S. Burgers, P. Salman, H. Borghaei, T i _
S.S. Ramalingam, J. Brahmer, M. Reck, K.J. O’Byrne, W.J. Geese, G. Green, Iplllmumab ant-CTLA-4
H. Chang, J. Szustakowski, P. Bhagavatheeswaran, D. Healey, Y. Fu, F. Nathan,

and L. Paz-Ares
This article was published on April 16,

2018, at NEJM.org.

A Progression-free Survival B Duration of Response
Hazard ratio for disease progression or death, Median Duration
0.58 (97.5% Cl, 0.41-0.81) (95% Cl)
g 1007y P<0.001 - 1004 mo
= 901 B & 904 3 Nivolumab+Ipilimumab NR (12.2-NR)
5 804 L 4 5 4 Chemotherapy 5.4 (4.2-6.9)
B 70 1A 5 801 Lo
o g 504 2?}1 E‘ 704 ] FERTY 468 Nivolumab +ipilimumab
g"Tﬁ 50 Nivolumab+ = 60 I\ jp—ao-® o
a2 T h - 43 ipilimumab © 4 b i
£ & 40+ A s N - . £ » - !
T0 304 qﬁ. ' - s 404 A :
£ e | T 309 . i s—a Chemoth
3 204 T :»;my:l}/\ Chemotherapy 2 204 s oo mememerpy
® 104 o ' Tagh, a 104 !
o 0 ! ® 1
T T T T T T T 1 - 0 ; ; ; ; . ; !
0 3 6 9 12 15 18 21 24 0 3 6 8 12 15 138 n
Months Months
No. at Risk No. at Risk
Niyq\umab+ 139 85 66 55 36 24 11 3 0 Nivolumab + 63 56 46 32 22 10 5 0
ipilimumab ipilimumab
Chemotherapy 160 103 51 17 7 6 4 0 0 Chemotherapy 43 32 15 5 2 2 1 0




Checkmate 227: TMB as predictor of response with nivo+ipi

A Tumor PD-L1 Expression

PD-L1 Expression of z1% PD-L1 Expression of <1%
100-48.4 Hazard ratio for disease progression or death, 100+ Hazard ratio for disease progression or death,
& 90 0.62 (95% Cl, 0.44-0.88) 90 0.48 (95% Cl, 0.27-0.85)
£ s [ 80-
8= 704 70
£ 60 60
o Nivolumab+ Nivolumab+
€z 50 ipilimumab 50 ipilimumab
£ & 401 P 404 - P
= U?) 4 H 0—©C ©
z 304 304 i
E 204 Chemotherapy 204 !
= lod 104 '3 Chemotherapy
a , |
0 T 1 0 T T T f T T T 1
0 3 24 0 3 6 9 12 15 18 21 24
Months
No. at Risk
Nivolumab + 101 65 50 40 26 16 7 2 0 38 20 16 15 10 8 4 1 0
ipilimumab
Chemotherapy 112 73 35 13 6 5 3 0 0 48 30 16 4 1 1 1 0 0
B Tumor Histologic Type
Squamous Nonsquamous
100+ Hazard ratio for disease progression or death, 100 Hazard ratio for disease progression or death,
& 504 0.63 (95% Cl, 0.39-1.04) 904 @ 0.5 (95% Cl, 0.38-0.80)
5 80+ 80
o 704 704
O
;.%3.:. 60 60 Nivolumab+
&OE 50 . 50 ipilimumab
£ E 40 136 Nl\./f)lumab+ 404 :
ERCEE T ! ipilimumab 30 :
a 1 1
K 207 i 20+ act Chemotherapy
= 1 1
& 104 L Chemotherapy 104 ! -
0 T T T i T T T 1 0 T T T i T T T 1
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Months Months
No. at Risk
Nivolumab + 44 26 17 14 9 6 3 2 0 95 59 49 41 27 18 8 1 0
ipilimumab
Chemotherapy 56 33 13 2 1 0 0 0 0 104 70 38 15 6 6 4 0 0

Hellmann MD,é Paz-Ares L. New Eng J Med 2018



TMB and Tumor PD-L1 Expression Identify
Distinct and Independent Populations of NSCLC

TMB and tumor PD-L1 expression?

Tumor PD-L1 expression
160 1

- TMB 010

[e2]
o

TMB <10 mut/MbP

TMB (number of mutations/Mb)

N
o
.v. ee o ..‘

N
o

01 ' ®
0 20 40 60 80 100
PD-L1 expression (%)

aSymbols (dots) in the scatterplot may represent multiple data points, especially for patients with <1% tumor PD-L1 expression. The black line shows the relationship between TMB and PD-L1
expression as described by a linear regression model; PAmong patients in the nivolumab +ipilimumab and chemotherapy ath:

Hellmann MD,é Paz-Ares L. New Eng J Med 2018



Chemo + Pembrolizumab in NSCLC
Non SC®eyNotel89 Trial Non SC&eyNote407 Trial

Events HR(O%C) P Eients HR(95WC) P

0
0 PembroPemPlat  31.0% w%ﬂﬂ<mm1 ot 06h 06 00
PlcehoPemPit 524% 00 (0494085
!l Placeho +Chemo  42.7%
. 2% 01
04 i)
l "
g il ¢ o
rg i Medan 95 ) R . Median (35 C)
0 NR [NEAE 0 4 | 15,90 (13,24
13 mo (87451 | ! 11.3mo (3.5-148)
X Ely | |
1 ] | |
w : o
0 T T T T T 1 O N ll . :l i
003 8 9 N BB 0 3 6 9 12 B 18 2
. Manthe Months
No. at Risk No. at Risk
m moow m w0 moo% % WM e ) 0
®ooom oW w8 % i % BB b 4 0
Data cutoffdate: Nov 8, 2017 Data cutoffdate: Apr 3, 2018.

Ghandi et al., NEJM 2018 Paz-Ares et al., NEJM 2018



Not all patients are benefitting fron QT+IO
KeyNote 189/407 Trial Benefit according to PD-L1 expression

Gandhi KMN189
ASCR 2018

Ovwverall Survival by PD-LL1 TPS

TPS <1% TPS 1-49% TPS =50%
HR HR HR
Ewvents (95% CI) P= Events (95% CI) P Events (95% CI) P
Pembro/Pem/Plat 38.6% 0.59 0.0095 28.9% 0.55 0.0081 25.8% 0.42 0.0001
Placebo/Pemi/Plat 55.6% (0-38-0.92) A48.3% (0.34-0.90) 51.4% (0.26-0.68)
100 61.7% 100 4 71.5% 100+ 73.0%
an 4 52 2% o0 50.9% o0 48.1%
80 80 4 =0
g 111 T TUTT FTTTI W}
O 7o+ TR T T " 7O
_ B0+ L1 _ B0 _ B0+
(X} 50 H w50 I T S (X} 50 Summmm T "
= an i . = an = an
=0 4 30 30 4
20 4 Median (95% CI) 20 4 Median (95% CI) 20 4 Median (95% CI)
104 152 mo (12.3.ME) 10 4 MR (NE-NE) 104 mr (NE-NE)
12.0 mo (7.0-NE) 12.9 mo (8.7-NE) 10.0 mo (7-5-NE)
o u]
u] k] 5] =] 12 15 18 21 o 3 I =] 12 15 15 21 u] 3 = =] 12 15 18 21
B Months N Months N Months
No. at Risk No. at Risk No. at Risk
127 113 104 79 42 20 =] [n} 128 1149 108 a4 52 21 E=) o 132 122 114 96 a6 25 = o
53 54 45 3z 21 & 1 o 55 54 47 3z 17 5 z o 7o =¥ 50 35 14 13 4 o

=Nominal and one-sided. Data cutoffdate: Now 8 2017

Progression-Free Survival by PD-L1TPS
(RECIST v1.1, BICR) L33

TPS <1% TPS 1-49% TPS =50%
HR HR HR
Events (95% CI) Pa Events (95% CI) P Events (95% CI) Pa
Pembro/Pem/Plat T2.4% 75 0.0476 54 7% 0.55 0.0010 51.5% 0.36 =0.00001
Placebo/Pem/Plat 85.7% (0-53-1.05) 75.9% (0.37-0.81) BO.0% (0.-25-0.52)
100 9. 1% 100 37.5% 100+ 44.9%
a0 15.7% 20 19.6% =Tu 15.4%
80 80 - 804
70 - 7o 70
. B0 . =0 . BO4
w50 oy 50 s 50
w ekl il
S 40 4 S 40 S 404
=0 =0 4 —"u.u_u_l_, =04
20 + o, 20 meaian (95% Cn — . 20 median (95% CI)
n 4 9.0 mo (7.1211.3) J9.4 mo (9.071378) S|
o _LI 18148 mo (4.7-6.9) 10427 mo (3.1-6.0
u] T v . o T T v T v J u] v v T v v ]
o 15 18 21 u] 3 ] 9 12 15 18 21 u] 3 =] =] 12 15 18 21
N . Months N Months
No. at Risk No. at Risk No. at Risk
127 88 B0 =1 12 3 2 o 128 101 24 a7 =1 2] z i) 122 112 as &0 23 7 1 o
53 44 27 16 4 o o o =) 44 23 11 ] 1 o o FO 43 25 11 5 z 1 o

=Mominal and one-sided. BICR, blinded, independent central rewiew. Data cutoffdate: Mow 2, 2017,

Gandhi et al., NEJM 2018
Paz-Ares et al NEJM 2018



CM 227- PD-L1 Negative Tumors
Chemo + NivolumabTrial

All Randomized Patients (Squamous and Non-squamous)

100 ¢ Nivo+chemo Chemo
(n=177) (n=186)
80 - Median PFS,2P mo 5.6 47
HR 0.74
(95% Cl) (0.58,0.94)
;\: 60 -
]
L
0 40 -
1-y PFS = 26%
20 - 8
1yPFS = 14% ! * ® Nivolumab + chemotherapy
; & Chemotherapy
O | | | | | | |
0 3 6 9 12 15 18 21
Months
No. at risk
Nivo +chemo 177 134 72 48 31 13 2 0
Chemo 186 121 56 22 11 6 3 0

495% CI: nivo + chemo (4.6, 6.7 mo), chemo (4.3, 5.6 mo); ?In the nivo + ipi arm (n = 187), median (95% Cl) PFS was 4.4 (3.1, 6.0), 1-y PFS was 29%, and HR vs chemo was 0.79 (0.62, 1.01) 6
Hellmann MD et al, (Paz-Ares L) New Eng J Med 2018;

Borghaei H et al. ASCO 2018



CM 227- PD-L1 Negative Tumors
Chemo + NivolumabTrial

¢ a. muMband <1% Tumor PID1 Expression TMB <10 mut/Mb and <1% Tumor PCL Expression
Nivo + chemo Chemo Nivo + chemo Chemo
(n =43) (n =48) (n = 54) (n = 59)
100 . 100 . -
Median PFS,2 mo 6.2 5.3 Median PFS,» mo 4.7 4.7
80 HR 0.56 80 HR 0.87
< (95% Cl) (0.35, 0.91) (95% CI) (0.57, 1.33)
< 60 60
n
L
o 40 40
Nivolumab + Nivolumab +
20 ! chemotherapy 20 1y PFS = Chemotherap
A 1:y PES = 8% | Chemotherapy 1y PFS = | Chematherapy
0 . . . ' : : . 0 . . +69% } . . .
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Months Months
No. at risk No. at risk
Nivo+ chemo43 36 21 14 9 5 2 0 Nivot+ chemo 54 38 19 13 6 3 0 0
Chemg 30 16 4 1 1 1 0 Chemd9 39 16 6 6 3 1 0

AT MB OutMb: ORR was 60.5% with nivo + chemo
and 20.8% with chemo

ATMB <10 mut/Mb: ORR was 27.8% with nivo + chemo
and 22.0% with chemo

Hellmann MD et al, (Paz-Ares L) New Eng J Med 2018;
Borghaei H etal. ASCO 2018



Standard of practice: Foundation One

Comprehensive genomic profiling assay
315 genes

1.1 Mb of coding genome

Correlation to WES:

FoM cutoffs:

TMB!°*" 1-5 mut/Mb
TMB™Med 5-10 mut/Mb
TMBNgh >10 mut/Mb

Exome: 38Mb
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Chalmers ZR et al, Genome Med 2017



Other available NGS panels for TMB calculation

PV GIIEREE Horizontal
Brand for diagnostic Technology Genes Bibliography
Nee coverage

TruSight Tumour lllumina Hybrid capture
TST170 A (DNA+RNA) Srrialiile
AmpliSeq Thermo Amplicons

Comprehensive Fisher No ([F))NA) 409 1,7 Mb

Cancer Panel

Gatalica Z EJC

CGP+ Sureselect 2018
ST Caris Molecular Agilent No Hybrid capture 592 1,4 Mb Vandervalde A
Int Cancer Med
2018
: Rizvi H et al,
MSK-IMPACT MSKCC Yes Hybrid capture 468 1,22 Mb 3CO 2018
TruSight Oncology . .
TSO500 llumina No Hybrid capture 523 1,95 Mb
Oncomine Tumour Thermo Amplicons
Mutation Load Fisher No (DNA) Al LLL

QiaSeq Human
Comprehensive Qiagen No
cancer panel

Single primer

extension (+UMIs) 275 0,83 Mb

For Research Use Only. Not for use in diagnostic procedures.



Increasing Atezolizumab benefit with higher
bTMB cut-points in OAK Trial

Progression-Free Survival i OAK Overall Survival i OAK
Population PFS HR (95% CI) n (%) Population OS HR (95% CI) n (%)
—— bTMB =4 0.89(0.73, 1.08) 441 (76%) —— bTMB =4 0.70 (0.57,0.87) 441 (76%)
—— bTMB =6 0.83(0.67, 1.03) 371 (64%) —— bTMB =6 0.71 (0.56, 0.90) 371 (64%)
—— bTMB =8 0.79(0.62, 1.00) 302 (52%) —_—— bTMB =8 0.70 (0.54,0.91) 302 (52%)
—— bTMB =10 0.73(0.56, 0.95) 251 (43%) —— bTMB =10 0.69 (0.52, 0.93) 251 (43%)
—— bTMB =12 0.73(0.54,0.97) 211 (36%) —— bTMB =12 0.68 (0.50, 0.94) 211 (36%)
—— bTMB =14 0.68(0.50, 0.92) 188 (32%) —— bTMB =14 0.66 (0.47,0.92) 188 (32%)
—— bTMB =16 0.65(0.47,0.92) 158 (27%) —— bTMB =16 0.64 (0.44,0.92) 158 (27%)
—_—— bTMB =18 0.66 (0.46, 0.95) 136 (23%) —_— bTMB =18 0.61 (0.41, 0.90) 136 (23%)
L J bTMB =20 0.61(0.40, 0.93) 105 (18%) < bTMB =20 0.65 (0.41,1.03) 105 (18%)
L g bTMB =22 0.57 (0.35,0.91) 84 (14%) L 2 bTMB =22 0.67 (0.40, 1.13) 84 (14%)
L 2 bTMB =24 0.54(0.32,0.91) 69 (12%) L 2 bTMB =24 0.53 (0.30, 0.94) 69 (12%)
L 4 bTMB =26 0.51(0.28,0.95) 54 (9%) L 2 bTMB =26 0.50 (0.27, 0.95) 54 (9%)
—o— BEP 0.87(0.73, 1.04) 583 (100%) —o— BEP 0.64 (0.53,0.77) 583 (100%)
—— T 0.95(0.82, 1.10) 850 —— ITT 0.73 (0.62,0.87) 850
0.2 1.0 1.5 0.2 1.0 1.5
HR HR
+—— ——» < »
Favors atezolizumab Favors docetaxel Favors atezolizumab Favors docetaxel

A Enrichment of PFS benefi't was observed i n
whil e OS was consi stent bet ween the bTMB (

GandaraDR et al.., Nat Med 2018



Issues at implementation of TMB into routine
clinical practice

Expertise and technology
Bioinformaticians

Open algorithms
Standardization/Harmonization studies
Availability of sequencers of high capacity
Data storage with encrypted data

Time around time
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Cancer Genotypes shapes the immune
landscape
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Underlying Genomic Aberrations
KRAS and LKB 1 wasas | KB] loss links serine metabolism to

‘}3;\ DNA methylation and tumorigenesis

as i

PSAT1: Phosphoserine aminotransferase 1
SGOC: Serine glycine one carbon
3

%
0 l%? SAM: S-adenosyl-methionine
bonyess A fa

&
) &

) 019‘ 5909/1 PO-L1 induction’
0&:" :‘:: Immune
@ Response, atiation u-roon
leﬂ / — Prcsinlanun
ki —y Retrotransposon
b \
% death
CM-057 A
. " 1004 P=0.0018, log-rank test Group | mPFS
70 P=0.047, Fisher’s exact test : " s
(14 = Bm
8 60 s KP 3.0m
<
w 3 K-only 2.7m
@ 50 E
5 40 & - KL
~ =
& 30 S - KP
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£ 20 g
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KL KP K-only Months
KL 54(0) 11(2) 5(3) 4(3) 2(4) 28 18) 1) 0(4)
Growp | K KP K-only KP  S6(0) 26(3) 14(6) S(10) 5(14) 1(15) 0{15) O{15) O0{15)
ORR | 0%(0/6) | 57.1%(4/7) 18.2%(2/11) K-only 64(0) 29(0) 20(3) 9(8) 3(13) 2(14) 2(14) 1(14) 0[15)

Skoulidis et al., Cancer Discovery 2018



Relevance of a specific genomic aberration
on the immune landscape

Hypothesis: Over-expression of CD73 in EGFRm tumors
creates an immunosuppressive microenvironment

Adenosine

‘\/\// E \ ‘ AMP\ Adenosine

7 ApA L/f\AMP 073’

D26 | CD73\ a
/,,r—r' )~ ) N —oM—o
\ : A /CD39 ATP cel

\ Tumor 110
cell |

Regulatory ‘
activity

Effector function v l | F N'Y S | g n atu re

Anergic T cells ‘

Induced Treg A | benefit from anti-PD-1(L1)

EGFR activation induces CD73 expression, Immunosuppression

1 Adenosine | T cell activation/
effector function

Martin, F et al. Trendsin MolMed. 18:2012; Borghaei, H., et al. NEJM 73:2015. Fehrenbacher, et al. Lancet. 387:2016;
LucaAet al. Nat Rev Cancer13:2013; Herbst,R.S., etal. Lancet.387:2015;  Ohta A and Sitkovsky M. Front. Immunol., 2014.
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MEDI9447+Anti-PD1: demonstration of
synergistic effect

MEDI9447 + Anti-PD-1: Additive Activity at Optimal Doses
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(%) Change from Baseline

Adenosine Receptor Inhibitors
CPl-444 + Atezo

80

60

40

20

-20

¥ CPI-444
B Combination (CPI-444+atezolizumab)

B S . o o P o S Y ST R Sy S T e e ARSI A SR ASE sl

i
S
I

-60

-80 -

B Resistant/refractory to prior 10

- Naive to prior 10

PD-L1 Positive / Negative

Patients

Disease Control Duration
>

>

vv

O Partial Response (PR)

% Stable Disease (SD)

O Progressive Disease (PD)
P Ongoing at Data Cutoff

| | | |

6 8 10 12

o
N
N

Treatment (Months)

Fong et al., ASCO 2017



Targeted agent not directed against
a genomic aberration:
|O Agents + Antiangiogenics

Nintedanib improves anti-tumor efficacy in combination Phase I: Pembroliz 200 mg D1+ Ramucir. 10 mg/kg/21d
with anti-PD-1 in syngeneic lung tumor models sensitive N=27. 78% Adenocarcinoma. > 2" Line
and refractory to 10 inhibition PD-L1+: 41% (PD-L1 > 50%: 26%* by 22C3)
nintedanib Anti PD1 *

Color by: PDL1
= Negative
= Not Reported

s \""*ﬁ 1 PEEN RR: 30%. DCR: 56% ;= =
VEGF S E x@Q MU Grade 3 TRAE: 7% o

Confirmed SD, Unconfirmed PR
> On Treatment

promotion of MDSCs®
Vessel normalisation®

77 % of evaluable patients

| experienced a decrease in target lesions

i T T P NCT02856425: Phase | Trial of Pembrolizumab

5 j: | e veecanis« Ant o1 and Nintedanib (PEMBIB) :

— NCT03074513 Phase Il Trial of Atezolizumab and
o . et - - . - . g Bevacizumab (15 mg/kg)

_ . o . . Herbst et al. al. ESMO 2016
Pembrolizumab-+ramucirumab is not in the label of ramucirumab in The Netherlands



Bifunctional PD-L1/TGF b Inhibitor
M7824

Tumor cells

Mesenchymal-like

NK cell ' tumor cell
TAM \ ) ”
Dendritic
cell p R : EMT (leading to metastasis and resistance
Tumor angiogenesis o therapy [including checkpoint inhibition]) Fibroblast
Cytotoxic
T cell \ [
Suppression of immune response M7824 TGF- trap moiety sequesters /—\
TGF-B to inhibit downstream signaling drug access
TGF-g*
=
T cell
M7824 Tumor cells

M7824 anti-PD-L1 mAb moiety
blocks PD-L1 interactions with PD-1

.

PazAreset al. ASCO 2018



Results from a second-line (2L) NSCLC cohort treated with M7824

(MSB0011359C), a bifunctional fusion protein targeting TGF- and PD-L1

L.G. Paz-Ares', TM. Kim?, D. Vicente®, E. Felip®, D.H. Lee’, K.H. Lee®, C-C. Lin’, M.A. Di Nicola®, R.M. Alvarez®, I. Dussault'®, C. Helwig™, L.S. Ojalva™, J.L. Gulley', B.C. Cho™

Figure 2. Efficacy according to RECIST v1.1 adjudicated by IRC

iy

A All doses: ORRverall patient

A

population 21.5%

High dose: ORR 37% and 86% for
PDL1+ and P@1 high,
respectively

Figure 5. Response by immune phenotype
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Figure 3. Change in target lesions from baseline by PD-L1
status adjudicated by the IRC

Changs InSum of D m %)
bbb mupeoooBEE B0

i

=
=

=
b

Ot et el TS -E

H

L L 1
FH%EEEH

]
Immuredesrt Pmmeariced  nlamed indlormings Mot armotad
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Get Cold Tumors Inflammed
Microbiota

Commensal microbiota: Bifidobacterium species can improve
anti-tumor immunity and response to anti-PD-L1 antibody in

VIVO
CD8-depleted
4000 -@- Untreated 4000~ @ Untreated
@ BIF s @ BIF
30004 @ oPD-L1 - E 20004 @ aPD-L1
@ BIF+oPD-L1 . S @ BIF +aPD-L1
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Tumor Volume (mm®)
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o @)
@) o
1 |

1000+

Tumor Volume (

Day Post Injection . .
Day Post Injection

Sivan et al., Science 2015



NSCLC+RCC+UC
Progression-free survival

Patients who had received antibiotics
showed decreased PFS and OS following
anti-PD-1/PD-L1 treatment

Median PFS
No ATB: 5.2 mo

ATB:34 mo
p<0.014
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NSCLC+RCC+UC
Overall survival

_— Median OS
=i No ATB : 20.8 mo
80 ATB: 122 mo

p<0.004
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Derosa et al., Science 2018



