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Conceptual evolution of Cancer treatment
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Biomarkers of response to Immunocheckpoints
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How to use a signature to improve sensitivity to anti 10

FFPE tumor tissue
collected at baseline
before receiving
pembrolizumab

Gene
expression data

400-680 genes
on custom platform
- Immune focused -

Discover
genes and
signatures
associated

with
anti-PD-1
response

+ Most samples yield >20 ng of
usable RNA per slide

+ 50 ng of RNA required for 1 assay

Melanoma
discovery set

10-gene “Preliminary IFN-y"
SIgna"'e dweloped m
correlate with clinical response
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Best overallrresponse. RECIST v1.1

Melanoma Melanoma
discovery set validation set
62 Patients
19 Patients independent
data set

5 10 15 20 25 30 35 40 45 50
PNOO01B, UP genes with P < 0.05
for response on NanoString
Correlation matrix of top significant genes in
the discovery set evaluated in the validation set

PDCD1
SLAMF6
CXCL13
cXcL10
Do1
LAG3
STAT1

“Preliminary expanded
immune” (28-gene)
signature: coherent set
correlated with the 10-gene
“preliminary IFN-y” signature
genes (bolded text)

CXCLi1

Ayers et al.JCI. 2017
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What differentiates Anti PD-1 responsive
from non responding melanomas?
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Ribas et al. JAMA 2016
Pembrolizumab KEYNOTE-001 trial. Central radiology review by RECIST v1.1
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What differentiates Anti PD-

1 responsive

from non responding melanomas?

Mutational load and
response to anti-PD-1
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Pembrolizumab KEYNOTE-001 trial. Central radiology review by RECIST v1.1 MSI, microsatellite instability; NSCLC, non-small carcinoma.
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What differentiates Anti PD-1 responsive
from non responding melanomas?
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The Journal of Clinical Investigation

IFN-y-related mRNA profile predicts clinical response
to PD-1blockade

Table 2. IFN-y and expanded immune gene signatures
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CMS subtypes — clinical and molecular correlates

CMS2 — Canonical 37%
High chromosomal instability
Microsatellite stable

CIMP negative
WNT and MYC activation

CMS3 - Metabolic 13%
Heterogeneous chromosomal/

microsatellite status
KRAS mutations
Metabolic reprogramming

Right colon ‘ Left colon

CMS4-Mesenchymal

CMS1 - MSI — Immune 14% Rectum 23%
Microsatellite instability TGFb activation
C.HMP high < Invasion, matrix remodeling
Hypermutation, BRAF mutations Angiogenesis

Immune activation

Guinney J, Dienstmann R et al. Nat Med 2015
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Immune vs Transcriptomic subtypes of CRC

Supervised immune infiltration analysis
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Molecular-driven therapeutic hypothesis
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Giannakis M et al. Cell Reports 2016
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Bladder Cancer is a molecularly
heterogeneous disease

a = Non-papillary

| Papillary
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TCGA, Nature, 2014
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Identification of subtypes of muscle

invasive bladder tumors

mRNA subtypes
Papillary histology
FGFR3 mut
FGFR3 amp
FGFR3 fusion
FGFR3 mRNA
miR-99a-5p
miR-100-5p
Squamous features
KRT5 mRNA
KRT6A mRNA
KRT14 mRNA
EGFR mRNA

EGFR protein
GATA3 mRNA
GATAS3 protein
FOXA1 mRNA
UPK3A mRNA
miR-200a-3p
miR-200b-3p
E-cadherin protein
ERBB2 mut
ERBB2 amp
ERBB2 mRNA
ERBB2 protein
ESR2 mRNA

mRNA/miRNA/protein
mut/amp/fusmn Missing data O

Paplllary/squamous o 0 o

Cancer Genome Atlas Research Network. Comprehensive molecular characterization of urothelial bladder carcinoma. Nature 2014; 507:315-22.

Cluster | “Papillary-like”
Papillary morphology

FGFR3 mutations and elevated
FGFR3 expression

FGFR-TACC3

Cluster Ill “basal/squamous like”
Squamous morphology

KRT14 y KRT5

Uroplakins: Cluster | and Il

ERBB2 mutation/oestrogen receptor
beta: cluster | and Il
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Major overlap between subtypes
identified by different groups

Basal Luminal

Basal Luminal TP53-like

- S S S S S S S S S S S S S S S S e e e S S . e - .

] v I I

CC1-1 CC1-2 cC24 CC2-2 CC341 CC3-2
SCC-like/Urobasal B Infiltrated mesenchymal  Genomically Unstable Urobasal Infiltrated epithelial Variant

Aine et al. Biological determiants of bladder cancer gene expression subtypes. Scientific Reports, 2015
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Molecular Characterization

Luminal —_

papillary @ .

Luminal © —
infiltrated @ .

TCGA (n=412)

[

Luminal

KRT20+, GATA3+, FOXA1+

Basal/Squamous
KRT5,6, 14+, GATA3-, FOXA1-

=
omnstoopiey (N (oo
v v v

FGFR3 mut, fusion, amp
Papillary histology
SHH+

Low CIS

Low risk
NAC*
FGFR3 inhibitors

* Low likelihood of
response based on

preliminary data (Seiler
etal. 2017)

Low purity

EMT markers (TWIST1, ZEB1)

miR-200 family

Medium CD274 (PD-L1), CTLA-4

Myofibroblast markers
‘P53-like’

Female

Sqguamous differentiation
Basal keratin markers
High CD274 (PD-L1),
CTLA4

Immune infiltrates

|
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Luminal | (@8 .—

Neuronal @. -

EE
e
m E
(1]
3
o
w
SOX2
DLX6
MSI1
PLEKHG4B

E2F3/80X4 amp
High cell cycle

Anti-PD-L1, PD-1, CTLA-4
Cisplatin-based NAC**

** Low response rate

Cisplatin-based NAC

] (Targeted therapy‘?] LAnti-PD-L1,PD-1,CTLA—4

J (Etoposide/CispIatin NAC )

Robertson et al. Cell. 2017.
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IMvigor210 and biomarkers of
Atezolizumab in mUC

+  Atezolizumab (anti-PDL1), the first Cohort 1 (N = 119)* Atezolizumab
FDA-approved PD-L1 inhibitor,! » Cisplatin-ineligible mUC with no prior == 1200 mg IV q3w
has demonstrated efficacy in r;1UC 23 treatment for advanced disease until PD
a disease with high unmet need Cohort 2 (N = 31023 IO L

* mUC with progression on = 1 1200 myg Vg

) _Cllnlcal benefit with cancer . i platinum-containing regimen ll.'m.t” Iloss Off.t
immunotherapy may be associated with clinical beneti
biomarkers such as Tgff genes and Co-primary endpoints (cohort 2):
mutation load4-¢ ORR per confirmed RECIST v1.1 by central review

and per immune-modified RECIST by investigator

+ Key exploratory objectives of this Key secondary endpoints: DOR, PFS, OS, safety

Phase Il study included tumor-associated Key exploratory analyses: intratumoral biomarkers

biomarkers of clinical outcomes
PD-L1 immune cell expression

' Gene signatures in the
Effector T cell, To; PD-L1, programmed death-ligand 1. 1. Press release: t < : t
http://mww.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm50176 umor immune environmen

2.htm. Trial ID: NCT02108652. 2. Rosenberg Lancet 2016. 3. Dreicer ASCO

[abstract 4515]. 4. Balar ASCO [abstract LBA4500]. 5. Rizvi Science 2015. 6. Mutational status and load
Van Allen Science 2015. 7. Peng Nature 2015.
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TCGA Subtype Il Is Associated
With Higher ORR

180 4 + Gene expression data used to classify
RECIST v1.1 IMvigor210 tumor samples recapitulated
75 A response TCGA subtypes’?
X o PD + Responses occurred in all subtypes, but
X 50 - o SD ORR was significantly higher in luminal Il
o) m PR vs other subtypes (P=0.0072)
m CR P
25 - Urothelium
RO
I “ I” IV iR .'E.'J'.[.:] Lr
Luminal Basal FREEE
TCGA, The Cancer Genome Atlas. Data cutoff: March 14, 2016. Reprinted by permission from Macmillan Publishers Ltd:

1. Cancer Genome Atlas Research Network Nature 2014. 2. Rosenberg Lancet 2016. Choi W, et al. Nat Rev Urol. 2014;11(7):400-410, copyright 2014.
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Nivolumab in metastatic urothelial carcinoma after 3% ®
platinum therapy (CheckMate 275): a multicentre,
single-arm, phase 2 trial

Padmanee Sharma, Margitta Retz, Arlene Siefker-Radtke, Ari Baron, Andrea Necchi, Jens Bedke, Elizabeth R Plimack, Daniel Vaeng Marc-Oliver Grimm,
Sergio Bracarda, José Angel Arranz, Sumanta Pal, Chikara Ohyama, Abdel Saci Xiaotao Qu, Alexandre Lambert, SubaKrishnan, Alex Azrilevich,

Matthew D Galsky
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Higher values of the 25-gene interferon-y signature were
associated with a greater proportion of responders to
nivolumab and higher PD-L1 expression http://dx.doi.org/10.1016/51470-2045(17)30065-7
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IMmotion150 (Phase Il) Trial Design

First-Line Treatment

Atezolizumab 1200 mg IV Crossover

A treatment
Theatimat e, + bevacizumab 15 mg/kg q3w permitted:

locally advanced Atezoli b
or metastatic R - ezolizuma
ROG Wlas Atezolizumab 1200 mg IV q3w g = o0

PD

N =305 '
mmmg Sunitinib 50 mg (4 wk on, 2 wk off)

. IMmotion150 was designed to be hypothesis generating and inform the Phase lll study
IMmotion151

. Coprimary endpoints were PFS (RECIST v1.1 by IRF) in ITT patients and patients with 2 1%
of IC expressing PD-L1

. Exploratory endpoints included interrogation of the association between outcome and
TME gene signatures

IC, tumor-infiltrating immune cells; IRF, independent review facility; ITT, intention-to-treat; TME,

tumor microenvironment.
2 Crossover from atezolizumab monotherapy not allowed in Europe.
McDermott, JCO 2016; McDermott, ASCO GU 2017.

McDermott D, et al. IMmotion150 biomarkers: AACR 2017
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Transcriptome Map of Angiogenesis and
Immune- Assomated Gengs In RCC Tumors

PD-L1 IHC

(e.g., CD34, KDR, PD-L1 IHC
VEGFA) ICO

IC1
W oic2
B cs

Angiogenesis ‘

Immune,
Antigen
Presentation

3
(e.g. CD8A, IFNG, 5
PSMB8)
1
0
1
2
3

Myeloid

Inflammation (e.g. IL6, PTGSZ2, IL8)
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ORR Correlates With PFS in Gene
Expression Subgroups

Angiogenesis Signature T-effector Signature
60% - BEE PR
HEN cr
50% -
40%
n'd 33Y
30% -
% 39Y%
20% -
129 259
209 249 0
0% 12° 1 6%
0% 12% % '
oo 794 % 9% 12% 5%, 2% 50, 119 0%
High Low High Low High Low High Low High Low High Low
n=44n=41 n=43n=42 n=44 n=42 n=41n=44 n=45n=40 n=42n=44

Sunitinib Atezo Atezo + bev Sunitinib Atezo Atezo + bev

Confirmed IRF-assessed ORR.

McDermott D, et al. IMmotion150 biomarkers: AACR 2017
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Molecular Correlates of Differential Response to
Atezolizumab + Bevacizumab vs Sunitinib in mRCC

Qe

9
(Y (O Tumor cells
@ T-effector cells
Angiogenic T-effectorHigh T-effector”‘gh':(: \'\;I::lzllz:is
Myeloid Inflammationtow Myeloid
I InflammationHigh
Sunitinib Immune
Clinical o

o Atezolizumab Suppressed
A Y Y | —
- Atezolizumab + Bevacizumab

McDermott D, et al. IMmotion150 biomarkers: AACR 2017



|4-f/0 7 VALL D’HEBRON

Institute of Oncology

Discordant Tumor Cell PD-L1 Expression Between
Primary Kidney Cancer and Mets

Primary Metastasis

— Discordance in 21% of cases

— PD-L1 positivity was heterogeneous and
almost exclusively detected in high nuclear
grade areas (P <0.001)

— Assessment as a predictive biomarker for
PD-1 blockade may require analysis of
metastatic lesions

— Pathologists should select high grade
tumor areas for PD-L1 IHC analysis to avoid
false negatives

Callea M et al. Cancer Immunol Res. 2015,;3:1158-1164.
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Integrative clinical genomics of metastatic cancer
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Conclusions

* Interrogation of disease biology by whole transcriptome profiling
showed distinct biological associations with PFS and OS benefit and
may potentially identify patient populations that derive benefit from
Immunotherapy

 Data from metastatic cancer expands our understanding of the biology
of immune response to different cancers

 We need to develop a signature that could work in most of the tumors
to identify those patients who will respond to 10 therapy.

* |tisimportant to know which non-genomic features (patient immune
system) also contribute to response 10 therapy
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