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New Dimension in Lung Cancer Therapy

* Surgery

* Radiotherapy

* Chemotherapy

* Molecular targeted therapy

* Immunotherapy
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Immunotherapies for the treatment of cancer Hammerman et al, 2012 ‘
el M NSCLCs are
* Immunotherapies stimulate or modulate the host immune system to mount an i it Heavily
attack against a tumour!
mutated

« BCG: bladder cancer ..“S’I'H}'”“}”“‘Hwil-‘»
+ IL-2 and IFN-a are used in some cancers; substantial toxicities associated with these S 2 L e
cytokines, however, have limited their wider application®

|

* Novel immunotherapeutic approaches are under investigation:12
+ Therapeutic vaccines priming the immune response
+ e.g, MAGE-A3 (vaccine targeting MAGE-A3)?, TG4010 (vaccine encoding MUC-1and IL-2)?,

IMA901 (peptide vaccine)®, racotumomab (anti-idiotype vaccine)®, sipuleucel-T (Provenge, cellular .
e vaccine)’. nelipepimut.s (E75/NeuVax, paptide vaccine)t Adenocarcinomas
+ Agents targeting T-cell checkpoint dysregulation? in Never smokers

+ e.g, nivolumab (anti-PD-1), pembrolizumab (anti-PD-1), MPDL3280A (anti-PD-L1),
MEDI4736 (anti-PD-L1), ipili (anti-CTLA-4), i (anti-CTLA-4)

mutations
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Clinically evident tumors must have evaded
immune recognition/killing

* Avoided immune surveillance
« clearance of readily recognized tumor cell clones
« Structural alterations of tumor antigen presentation to avoid immune
recognition
* In ~5-10% of human tumors:
Deletion/mutation of MHC class |, b-2 microglobulin, TAP1

* Functional alterations to avoid immune recognition

* For 90-95% of human tumors, we see: These defects can
« Failure to induce a response theoretically
* Failure of responding T cells to effectively kill tumor targets be overcome

EEEE) + Both soluble and cell surface immune-regulatory factors

Tumor loss of Class | MHC presentation i Regulation of T Cell
Responses Via Multiple Co-
Stimulatory and Inhibitory

Interactions

Frasmamemarane
o Is this why
Cytosol T e \
um?ur i T cell response to antigen is
vaccines 1 mediated by peptide-MHC
have not it — recognized by TCR (first signal —
been e = L specificity)
a success? B7 family of membrane-bound

ligands bind both co-stimulatory and
inhibitory receptors (second co-
stimulatory signal)
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Tumour immune cell infiltration

‘Overall tumour immune
cellinfiltration

oo

pu———

Sunvival (%)

o B 10 180
Time (months)

DOES NOT appear prognostic

Ker, etal Histopathol 1998; Johnson, etal. Lung Cancer 2000;
Suzuki etal. Clin Can Res 2011; Bremnes, etal. J Thorac Oncol 2011
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Tumour immune cell infiltration
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DifferentTILs may confer good prognosis i
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Immune cell populations & prognosis

T-cell numbers in TiLs have prognostic significance in NSCLC!
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T cell activation can be augmented by
targeting immune checkpoints

« T-cell responses are regulated
Activating Inhibitory though a complex balance of
receptors . receptors inhibitory (“checkpoints”) and
activating signals

+ Tumours can dysregulate
checkpoints and activating
pathways, and consequently the
immune response

+ Targeting checkpoints and
activating pathways is an
innovative approach to cancer
therapy, designed to promote an
immune response

T-cell activity

naapted

PD-1/PD-L1 interactions
feature amongst those
regulating immune cell
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function ofhamer POLT /
: Interferon gamma
PD-1is found on W
Tumour cell expression
lymphocytes
Of PD-L1

PD-L1 is found on many
cells including
lymphocytes,
macrophages, stromal
cells..........and

tumour cells

Markers of immune function: cell surface molecules

* The inhibitory

(checkpoint) molecule L
PD-L1 is associated with
poor prognosis in %

patients with NSCLC2
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PD-L1 expression and survival among
advanced NSCLC patients treated with

chemotherapy
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High levels if PD1 or PDL1
protein expression (IHC) may inhibit
Immune response

Chen, etal. Clin Cancer Res2012

Block PD1 or PDL1
Immune damage to tumour

Intra-tumoural PD-L1 expression and response to
PD-1/PD-L1 blockade

Nivolumab ot a Topalian et o, NEIM 20127 26 21% % o
eoL32808 Unknown Herbst et o, 350 2013 140 % % 1%
Nivolumat 2 Brabmer et 3l ASCO 2014 1 i 15% 1%,
Nivolumat w R el CMSTO 2014° 52 2% aw 10%
Niolumat a Ramalingam et al.CMSTO 2014¢ w 1% 2% 1%
WPoL3280 NSCLC Unknown Soria tal, M0 20147 5 NA % 20%
D736 a Brabmer etal, A5C0 20140 155 16% 5% i
pembrolzumab a Garon et £5M0 20147 129 % % 10%
Pembroizumab a1 Garon et o, E5MO 2014 236 a% 2% %
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RR-RECIST1.1 RR-rRC
Total 2 50% PD-L1 staining
19-49% PD-L1 staining  PD-L1 negative

Strong PD-L1 positive staining was considered > 50% of tumor cells, and weak was
defined as staining between 1% to 49% of positively staining tumor cells. Negative had
no tumor staining for PD-L1.

Gandhi L, et al. AACR 2014. Abst
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Pembrolizumab
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POPLAR: PD-L1 Expression Subgroups
Interim OS Atezolizumab >1L
I (% of enroll ients
0.46
TC3oriC3(16%) —— ¢
0.56
TC2/3 or IC2/3 (37%)
0.63
TC1/2/3 or IC1/2/3 (68%)
L.12
TCO and ICO (32%) JE PO
0.77
ITT (N = 287) e
02 T
Hazard Ratio®
“Unstratified HR for subgroups and stratified HR for ITT. In favor of atezolizumab In favor of docetaxel
S 5



http://www.clinicaltrials.gov/ct2/show/NCT00730639

Figure 1. OS by nivolumab dose
in NSCLC patients

Examples of PD-L1 NSCLC Sample
Immunohistochemical Staining*
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Gandhi L, et al. AACR 2014, A

Checkmate 057: OS and PFS Hazard Ratios by Baseline PD-L1 Expression

NIVO  DOC Unstratified
n n

PD-L1 expression level HR (95% CI) P-values

0.064
0.0004
0.0002

ble at baseline

1.06

* Interaction p-value from Cox proportional hazard model wih treatment, PD-L1 status and treatment by
PD-LL slalus ineraction.

P: s et al, ASCO 2015

2015 PPS Biennial Meeting

Figure 3. Characteristics of responses by histology
in patients with NSCLC treated with nivolumab

Squamous

Hon-squamous

CheckMate 057: Non-Squamous - OS by PD-L1 Expression
on level 25% PD-L1 expression level 210% PD-L1 exp on level

59(043,0.

Paz-Ares et al Abstract LBA109 CheckMate 057 (NCT01673867)

NIVO  DOC Unstratified
n n HI

PD-L1 expression level (95% Cl) P-value®

(0.43,0.82)
(0.66,

0.0646
HRs

Favour
Nivolumab
over Docetaxel

0.0002

0.0227

in
PD-L1 ‘positive’

Non-Squamous

cell carcinoma
3 ,1.61)

(0.73,1.56)
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CheckMate 017: Squamous - OS and PFS Hazard Ratios by PD-L1 Status

Patients,n Unstratified
HR(95% CI)

PD-L1 expression NIVO poc

=

(033, 1.02)
070 (0.49,0.99)
0.45 (0.23,0.89)

DRAFT. Highly confidential

Spigel et al Abstract #8009 Checkmate 017
OS and PFS Hazard Ratios by PD-L1 Status

Patients,n Unstratified
HR(95% Cl)
NIVO poc

0.69

All hazard ratios

Favour Nivolumab
over Docetaxel
antiiable at baseline
Regardless of
PD-L1 status

in Squamous cell
carcinoma

DRAFT. Highly confidential

PD-L1 Expression on TC and IC is a Potential
Predictive Biomarker for Atezolizumab in NSCLC

ic3
. + SP142 IHC assay is sensitive and

specific for PD-L1 expression on both
Tczr.::m TCandIC
Intrinsic PD-L1 expression n « Distinct TC and IC sub-populations
tumor cells (TC) exist at each of four cutoff levels?
Teuzl | iczs (Gettinger et al., ASCO 2015)

+ PD-L1 expression on TC and IC was

: 3 =N independently predictive of response
: k (Hom et al., ASCO 2015)
[ Tcoand |
Lok )
Adaptive PD-L1 expression in PD-L1 expression levels

tumor-nfiltrating immune cells (IC)  and TC/IC overlap in POPLAR

T as percentage of tumor cells and I
TC1U2/30r ICL/2/3 = TC or I 2 1% PD-L1%; TC

s percentage of tumor area. TC3 0% or IC 2 10% PD-LL+; TC2/30r IC213 = TC or IC 2 5% PD-LL+i37
<19 PD-L1%, res, N

7 IC0 = TC and IC

ovs2008 « ASO@ M
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OS by PD-L1 Status

5% PD-L1 Expr 10% PD-L1 Expression level

Time (mont Time (months)
ANIVOPD-L1+

ANIVOPD-L1-

DRAFT. Highly c

Biomarker not predictive in Squamous (CheckMate 017)
but predictive in Non-Squamous (Checkmate 057)

Same drug, same biomarker
Current/Former smokers
— 017 - 92 057 - 79.5% (EGFR/ALK in 17.59
— ~25-30% of 057 cases NOT tobacco driven?
Greater mutational load in 017 squamous cell cancers?

* Immune system and squamous versus glandular epithelia?

+ Does the immune status or immune microenvironment differ between these
patients?

« Immune infiltrates in and around tumours differ.

+ Does the mutation burden make a difference? Are immunomodulatory
mechanisms different?

« Are the cut offs correct? Are 1, 5 & 10% too low?

TC3 and IC3 Represented Distinct Sub-Sets of NSCLC

-

PO-L3 TC2 and G2

PO-L1 TC1 andIC1

PO-L1 TCO and 1C0.
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PD-L1 Expression on TC and IC Were Independent Predictors of

POPLAR: A Randomized All-comer Phase Il Stu dy Response to Atezolizumab in NSCLC
« Archival or fresh tissue required for pre-dose testing * In PCD4989g, TC3 and IC3 n i ions, each
benefiting from treatment with atezolizumab
« TC scored as percentage of tumor cells positive — any intensity
« IC scored as percentage of tumor area with positive cells — any intensity PO-L1 Status
+ TC3o0rIC3=TC 250% or IC 2 10% PD-L1+ WeB@SE) CR0 (RS
o IC3 (n=12) 50% (21%-79%)
« TC2/30rIC2/3=TCorIC 2 5% PD-L1+ TC3 o IC3 (n = 21) 48% (2696-70%)
« TC1/2/30rIC1/2/3=TCorIC 2 1% PD-L1+ All treated patients (n = 88) 23% (14%-33%)

TCO and ICO = TC and IC < 1% PD-L1+.....not actually negative

Additional data on the association between PD-L1 expression in TC or IC and
response to atezolizumab to be presented by Horn et al (abstract 8029), Spigel et al
(abstract 8028) and Spira et al (abstract 8010), ASCO 2015
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TC3 Tumors Were Characterized By Significantly Lower
Total Immune Infiltration Compared With IC3 Tumors

PD-L11C3 Represented CD8-Rich Tumors

IC3 Tumor

TC3 Tumor
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- ICin TCO and ICO tumors may reflect the presence of a non-functional immune infitrate
+ PD-LL IC3 represents tumors with high CD8+ T-cell nfitration

I t ' + TC3tumors are low D8infilrate

Summary of Major Characteristics of TC3 and IC3
NSCLC Tumors MPDL3280A Phase la: Response by Smoking and Mutational
Status

PD-L1TC3 vs IC3NSCLC
tumors have distinct
tumor TME

EGFRStatus (NSCLC;n

erRwT - 7% These cases also
have lower
PD-L1 expression
Gainor etal, ASC0 2015

tus (NSCLC; n =53)

Unknown

1C. o s e co G, mpotsccnaricy; TC, o ot
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PD-L1 immunohistochemistry as a biomarker

* Is it the correct marker?

T-cell responses are regulated though The type and microanatomical
location of immune cells present
has prognostic value

a complex balance of inhibitory
(“checkpoints”) and activating signals

Activating Inhibitory
receptors receptors

S100+Dendritic cells

Sunvival (%)

T-cell activity

Al 15
Resting

T-cellrarnnncac ara vaculatad thoch Tha tima Aand micrasnatamical

a cor Immune Gene signature as a global measure of
(“ch¢ tumour-directed immune activity?
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Activating —
feceptors ) Mutation burden
y
CD28 ¥ Rizvi etal. Science 2015

S
0OXx40
S100+Dendritic cells

PD-L1 immunohistochemistry as a biomarker

« Is it the correct marker?
« Does the oncology community trust immunohistochemistry?
* No!
« Are our (oncologists) expectations of a biomarker in this setting
reasonable?

* No!
+ Biological il - ‘anol ’ not ‘digital’

* Artificial cut offs — ‘noise in the system’
+ 10 therapy NOT like inhibiting addictive oncogenes

PD-L1 immunohistochemistry as a biomarker

« Is it the correct marker?

* Does the oncology community trust immunohistochemistry?

« Are our expectations of a biomarker in this setting reasonable?
* Four drugs, four biomarkers, all for ‘PD-L1’




Four drugs, Four biomarkers...

* Pros and Cons of companion diagnostics

« ‘Skiing off piste’
ore Programmed Death Receptor 1 and Its Ligand
* Comparability of assays Immunchistochemistry in Lung Carcer

* Technically In what state Is this art?
* Qualitatively Kerr et al, 1 Thorac Oncol April, 2015
* Predictively

* Communication with Oncologists

* Is your lab equipped?

IASLC Pathology Committee

Images courtesy of E. Lipson, MD. The Johns Hopkins Uriversity School of Medicine,
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Focal Active Colitis

Ulceration in Descending
Colon

2005;12:1005-1016.




