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Disclosures

| will be discussing off-label indications and usage of drugs or biomarker assays
that are currently FDA approved for other indications, or not FDA approved.

e Consultant/Advisory Board
— Merck
— Bristol-Myers Squibb
— Genentech
— Celgene
— AstraZeneca
— Navigate BioPharma
— Foundation Medicine
— Takeda Oncology
— Fulgent Genetics
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Treatment of Advanced Stage Non-small Cell Lung Cancer
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I-O: Evolving Cancer Treatment Modality

« |-O is a fundamentally different approach to fighting cancer that
harnesses the body’s own immune system?

Chemotherapy —

Targeted therapy Radiation

(\

Surgery

I-O, immuno-oncology.

1. Murphy JF. Oncology. 2010;4:67-80.

2. Kirkwood JM et al. CA Cancer J Clin. 2012;62(5):309-335.
3. Borghaei H et al. Eur J Pharmacol. 2009;625(1-3):41-54.

Through I-O research, therapies are being investigated in an attempt to utilize the
body's own immune system to fight cancer!3
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Emerging Challenge in Cancer Immunotherapy
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The Immune Response to Cancer: Very Complex Balance
Between Continuous Activation and Suppression

Mature 4
B Cell &

Activated
B Cells

_d’

1. Abbas AK, et al. Cellular and Molecular Immunology. 7th ed.
Philadelphia, PA: Elsevier Saunders; 2012; 2. Mellman I, et al. Nature.
2011;480:480-489; 3. Boudreau JE, et al. 2011. Mol Ther.
2011;19(5):841-853; 4. Janeway CA, et al. Immunobiology: The
Immune System in Health and Disease. 6th ed. New York, NY: Garland
Science; 2004; 5. Pardoll DM. Nat Rev Cancer. 2012;12:252-264.
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Approved Biomarkers for Immuno-oncology Diagnostics

Topalian et al., 2012, NEIM

Herbst et al., 2014, Nature
pD_Ll IHC Garon etal., 2015, NEIM
Tumeh et al,, 2014, Nature

Weber et al.,, 2015 Lancet

Taube et al., 2014 CCR

TI LS Tumeh et al.,, 2014, Nature

Leet al,, 2015, NEIM

p h enot e ma rke rs — ::::ﬁ:;r:; a:{,azl?gsn'lfigco
yp Th 1/' FN-Y Powles et al., 2015, SITC
Ribas et al., ASCO 2015

Vetizou et al., 2015, Science

Mi C FO b I 0 me Sivan et al., 2015, Science

Hugo et al., 2016, Cell

Other: |PRES/MDSC Kitano et al., 2014, CIR Approved by
the FDA

Leet al,, 2015, NEIM
MSI Overman et al., 2017,JCO

Snyder et al., 2014, NEIM
Van Allen et al., 2015, Science

Mutational burden Rizvi et al,, 2015, Science

Hugo et al,, 2016, Cell

Genomic markers APM/IEN mut. Zaretzky et al, 2016, NEIM

Gao etal, 2016, Cell
Shin et al., 2017, Can Discovery

DNA FISH Ansell et al, 2014, NEIM

Tumeh et al., 2014, Nature Kurt Schalper ASCO 2017

TCRPB clonality Robert et al, 2014, CCR
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Current FDA-approved PD-1 Inhibitors and Diagnostic

Biomarkers in Lung Cancer
N s s el Fr e

March 2015 2" Line advanced stage NSCLC None required DAKO- 28.8
(Squamous Cell Carcinoma) PD-L1 IHC (1%, 5% and 10%)
October 2015 2" Line advanced stage NSCLC (Non- None required DAKO- 28.8
Squamous Cell Carcinoma) PD-L1 IHC (1%, 5% and 10%)
Pembrolizumab October 2015 2" Line advanced stage NSCLC DAKO- 22C3
PD-L1IHC >1% TPS, 1-
49%
Atezolizumab April 2016 2" Line advanced stage NSCLC None required Ventana-SP142,

TC=Tumor cell

IC = Immune cell
Combine both
Percentage and
Subjective intensity++

Pembrolizumab October 2016 1t Line advanced stage NSCLC DAKO-22C3 PD-L1 IHC
>50% TPS* -
TC3=TC>50%
Pembrolizumab with May 2017 15t Line advanced stage NSCLC (Non- None required IC3=1C>10%
Carboplatin/Pemetrexed Squamous Cell Carcinoma) TC2/IC2=TC or IC>5%

TC1/1C1=TC or IC>1%

Durvalumab Stage Il Non-small cell lung cancer none Ventana- SP263,

maintenance TC=Tumor cell
Membrane staining

*

Tumor proportion score
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Current Biomarker Approach for Selecting
Patients for Immunotherapy

KEYNOTE-24 : I-L Metastatic NSCLC w/ PDL-1 IHC > 50% TPS (Dako 22C3)

Overall Survival: Updated Analysis
Events,n HR (95% CI)

1o Pembrolizumab? 73 0.63
904 1
{ o0 a0 0.47-0.86
801 E gﬂgﬂi: Chemotherapy 96 {p= 0.002'}
701 i 51.5%
o 807  34.5% Median (95% Cl)

0s,

S e I SR e 30.0 mo (18.3 mo-NR)
| i s 14.2 mo (9.8 mo-19.0 mo)

407

307

207

101

0 3 6 9 12 15 18 21 24 27 30 33
Time, months

No.atrisk Keynote-024 updated OS analysis: Brahmer J, et al.

Pembro 154 136 121 112 106 96 B9 B3 §2 22 5 Ii] WCLC October 2017, Yokohoma Japan
?
Chemo 151 123 107 88 80 T0 61 55 31 16 & 0
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Current Biomarker Approach for Selecting
Patients for Immunotherapy

Challenges with clinical PD-L1 biomarker evaluation

1. How different are these PD-L1 IHC assays when compared
to each other, in terms of their staining characteristics

2. Can these assays be interchanged when used to determine
the PD-L1 status of patient’s tumor

3. Is PD-1 status reproducible, i.e., spatial and temporal
heterogeneity
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Comparability among Five PD-L1 IHC Assays
Based on Tumor Cell Staining

Whole cohort NSCLC, Cytology excluded

"IEIEI

EIU

¥ Tumar Staining
% Tumar Staining

Each circle represents the mean of all scores (glass slide & digital combined)

Blueprint phase-2 study: M.S. Tsao. et al. WCLC October 2017, Yokohoma Japan
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Real-world Distribution of PD-L1 Tumor Expression
by Assay Type
PD-L1 biomarker IHC assay results (N=1728%*)

FDA-approved IHC assay, n (%)

PD-L1 tumor Laboratory-developed
SXPression, ko 22C3 Dako28-8 \Ventana SP142 tests, n (%)
categorized t (N=1335) (N=90) (N=75) (N=323)
<1% 478 (35.8) 37 (41.1) 46 (61.3) 127 (39.3)
1-49% 376 (28.2) 25 (27.8) 16 (21.3) 107 (33.1)
>50% 481 (36.0) 28 (31.1) 13 (17.3) 89 (27.6)

*Some patients had >1 test and are represented in >1 column
Tp<0.0001 for y? test comparing results across the 4 assay types, and Velcheti et al. WCLC October 2017, Yokohoma Japan
n=0.053 for y2 test comparing results across 3 assay types, excluding the Ventana SP142
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Current Biomarker Approach for Selecting Patients
for Immunotherapy

Challenges with clinical PD-L1 biomarker evaluation

1. How different are these PD-L1 IHC assays when compared
to each other, in terms of their staining characteristics

2. Can these assays be interchanged when used to determine
the PD-L1 status of patient’s tumor

3. Is PD-1 status reproducible, I.e., spatial and temporal
heterogeneity
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Tumor PD-L1 Heterogeneity

E1L3N SP142

: gy, o p
¢ \."0.' ‘e .".'m,y'?“ . !

\‘.s'\' o T . 7 TR : 2% ""',, . .
TN e
e 0 Y N, p ',.‘. /\,o

kN
ol ')'.'e',a"'i' (8 e v .‘:.;3 ‘

¥ - ? A i

.‘h"'l‘b‘ B | 1'.“"1';,‘: ' :ll"“*”
e \:I.wi.!"af N ‘n:..'ih\s-‘. e SEe
RN RER oL IO A R T b

st UL

r
ian
(O

Negative

S ¢ ‘,lu.;ﬁ"tg.
PARY S ot '.1"’0 (AT,

‘t“?o"w” “' W
% {ﬁ
X 1 Immunofluorescence shows
fzj stroma and epithelial staining are
2 often concordant and adjacent
a Green = Cytokeratin
Blue = Nuclei
Red = PD-L1 (SP142)
«  Heterogeneity — multiple tumors and * Defining a positive result (cut-offs):

o Cell type expressing PD-L1 (immune cell

multiple passes within a tumor Yersus lutieror both)

. Interval between biopsy and treatment o Location of expression — cell surface versus
g . . intracellular versus stromal
* Primary versus metastatic disease o Intensity, percent of cells ‘positive’
: S H o Distribution - patchy versus diffuse, intratumoral
* Antibody and staining conditions fereiis perphiers McLaughlin J et a JAMA Oncol 2016
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Approved Biomarkers for Immuno-oncology Diagnostics

Phenotype markers

Genomic markers

accc-cancer.org

PD-L1 IHC

TILs

Th1/IFN-y

Microbiome

Other: IPRES/MDSC

MSI

Mutational burden

APM/IFN mut.

DNA FISH

TCRB clonality

Topalian et al.,, 2012, NEJM
Herbst et al., 2014, Nature
Garon et al.,, 2015, NEEM
Tumeh et al., 2014, Nature
Weber et al.,, 2015 Lancet

Taube et al, 2014 CCR
Tumeh et al,, 2014, Nature
Leet al., 2015, NEJM

Seiwert et al., 2015, ASCO
Shankaran et al., 2015, ASCO
Powles et al., 2015, SITC
Ribas et al,, ASCO 2015

Vetizou et al.,, 2015, Science
Sivan et al., 2015, Science

Hugo et al., 2016, Cell
Kitano et al., 2014, CIR

Leet al, 2015, NEJM
Overman et al,, 2017, JCO

Snyder et al., 2014, NEEM
Van Allen et al.,, 2015, Science
Rizvi et al., 2015, Science
Hugo et al., 2016, Cell

Zaretzky et al., 2016, NEJM
Gao etal, 2016, Cell
Shin et al., 2017, Can Discovery

Ansell et al,, 2014, NEIM

Tumeh et al., 2014, Nature
Robert et al., 2014, CCR

Approved by
the FDA

Kurt Schalper ASCO 2017
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Novel Quantitative Techniques for Evaluation of PD-L1

Interaction Score: 4078

PD-1/PD-L1 INTERACTION SCORE

*'. Qs }F.Q. :
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Tumor oy TAM TILs " Interaction o

CK PD-L1 DAPI DAPI Assessment
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Tumor mask PD-L1 mask PD-L1 DAPI

Interaction Score =

PD-1+ cells co-
localized with PD-L1+
cells

al. WCLC October 2017, Yokohoma Japan

accc-cancer.org




Novel Quantitative Techniaues for Evaluation of PD-L1

A Type 1= Low CD3 Type 2=High CD3/low GZB & Ki-67 Type 3=High CD3/high GZB orKi-67

B Progression-free survival C Overall survival
10 Log-rank P=0.043 10
z WTvpe1n=19 z Log-rank P=0.003
S oe [Type2n=7 = os [Type1n=19
8 WType3n=13 8 [Type2, n=7
g- 06 g i lType3n=13
oo o1}
L o4 £
> > 04
3 2 g i
=S 02 o= ]
v N o2 L‘ Schalper, et al. WCLC October 2016,
ob Vienna Austria
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NSCLC Tumor Mutation Burden Associated with
Clinical Benefit with Pembrolizumab

PFS (%)

accc-cancer.org

-i. High nonsynonymous burden

L
Low nonsynonymous burden

100

- Transversion high
(smoking signature)

= Transversion low
(never smoking signature)

Mos

Rizvi NA, et al. Science. 2015;348:124-128.
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NSCLC Tumor Mutation Burden Associated with Clinical
Benefit with Pembrolizumab
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NSCLC Tumor Mutation Burden Associated with Clinical Benefit
with Nivolumab in First-line NSCLC

Nivolumab Arm Chemotherapy Arm
100 Low  Medium  High 00 TEm Low  Medium  High
w0 lL n=E2 n=49 n=47 a0l . n=41 n=53 n =60
- Median PFS, months 4.2 3.6 0.7 {  Median PFS, months 6.9 6.5 5.8
and (5% CI) (15.56) (27.6.9) (51, NR) 20 &, (95%Cl) (5.4, NR) (4.3, 86) (4.2, 8.5)
707 | 70 - ]
E 60 1 B0 -
w50 - 50 |
[T
2 40 40 Low
30 - 30 -
20 4 oo 20 - .
Low o Hiah
10 1 ' J S N— 4 10 - L ig
2 = -
0 - |Medium 04 . . . | | | I:Il'ledlum
0 3 6 g 12 15 18 21 24 o 3 G 9 12 13 18 21
Months Months

Peters S, et al. AACR 2017
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NSCLC ctDNA based Tumor Mutation Burden Associated with
Clinical Benefit with Atezolizumab (OAK trial)

bTMB 216 bTMB <16
5 100 \ — Atezolizumah (N = 77) E“’“ 1™ «=s: Atezolizumab (N = 215)
3 ¥ = Docetaxel (N = 81) = % ==+ Docetaxel (N = 209)
% a0 — + Censored % s | + Censored
s
I:,I'z'_:l 7O - Eﬁ 70 - :nl
EIEJ 60 — @ B0~
™ 50 = |-|I- 80 — (I
% 30 % 30 J _
o 20 o 20 .
£ 4o = 10 - el
L o - s i e
0 - 0 — Tl m = .- -
1 1 | | | 1 1 | | | 1 I | | | | 1 | 1 | | | | | | |
6 2 4 & & 10 12 14 16 18 20 22 0 2 4 8 8 10 12 14 16 18 20 22 24 26
Months Months

Gandara D, et al. ESMO 2017
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Microb

B mmm Enriched in R: Objective response (PR and SD)
BN Enriched in NR: Objective response (PD or death)

CAG00301, 3187, Akkermansia muciniphila _
CAG00453, 1942, unclassified IE————
CAG01245, 780, Firmicutes I
CAG00469, 1928, Eubacterium sp. CAG 146 I
CAG00871, 1362, Lachnospiraceae N
CAG01090, 1026, unclcssnﬁod Firmicutes IS
CAG00274, 2209, Erysip 5_2_5¢4FAA IS
CAG00134, 2690, Cloacibacillus porcorum I
CAGO00347, 2087, Enterococcus faecium I
CAG00363, 2056, Intestinimonas N
CAG01227, 815, unclassified I
CAG00821, 1461, unclassified Clostridiales IINNEEG—_—_—_————
CAG00646, 1668, Alistipes I
CAG01223, 819, unclassified Firmicutes IEEEEGEG—_—_—__——
CAGO00355, 2067, Bacteroides sp. CAG 661 I
CAG00328, 2113, Alistipes indistinctus INEEEEG—_—__——
CAG00966, 1209, Firmicutes bacterium CAG 552 I
CAG00892, 1324, Firmicutes I
CAGO00530, 1821, Prevotella I
CAG00391, 2019, unclassified Clostridiales I
CAGO0676, 1643, unclassified Firmicutes I
CAG01308, 666, unclassified Firmicutes INEEEEGEG—_—_—__—
I CAGO01112, 1003, unclassified Clostridiales
I CAG01004, 1161, Prevotella
I  CAG00960, 1213, Clostridium sp. CAG:921
I CAG00658, 1661, unclassified Firmicutes
I CAGO00473, 1920, Prevotefla sp. CAG:617
I CAG00308, 2153, unclassified
I CAGO01161, 934, unclassified
I CAG00137, 2673, Clostridiales
I CAG00048_1, 1403, Clostridiales
I CAG00008, 8646, Clostridium bolteae

I CAG00211, 2389, Firmicutes bacterium CAG:227
I CAG00168, 2534, Clostridiales bacterium VE202-14

I  CAG01214, 832, Blautia
I CAG00175, 2509, Bacteroides clarus
I  CAGO00835, 1444, Proteobacteria
I  CAGO00065, 3272, Blautia

I CAG00116, 2783, Bacteroides nordii
I  CAG00141. 2649, Parabacteroxdes distason:s

r T3 T T T T T T 1

. w p 3 ~ - o~ 3 S w0 -

g 83 3 =° °c s 38 8

o o " o o
Signed p-value
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C ' Enriched in patients PFS >3 mo
I Enriched in patients PFS <3 mo

CAGO01308, 666, unclassified Firmicutes I
CAG00469, 1928, Eubacterium sp. CAG:146 I
CAG00453, 1942, unclassified I
CAG00646, 1668, Alistipes I
CAG00301, 3187, Akkermansia muciniphila I
CAGO00363, 2056, Intestinimonas I
CAG00064, 3310, unclassified I
CAG00116, 2783, Bacteroides nordii I
CAG01090, 1026, unclassified Firmicutes I
CAG00945, 2321, Bacteroides xylanisoivens NN
CAG01262, 750. Blautia I
CAG01227, 815, unclassified I

CAGO00670, 1648, unclassified Firmicutes I
CAG00862, 1390, Firmicutes bacterium CAG:129 I
CAG01245, 780, Firmicutes .
CAG00676, 1643, unclassified Firmicutes
CAGO0604, 1714, Firmicutes bacterium CAG:110 I
CAG00559, 1776, unclassified Clostridiales I
CAG01200, 863, Clostridiales I
CAG00913, 1291, unclassified I
CAG00854, 2572, Ruminococcaceae I
CAG00629, 1684, Firmicutes bacterium CAG:124 I
CAG00317, 2130, Clostridium sp. CAG:230 I
CAG00555, 1782, Flavonifractor I

CAG00994, 1171, unclassified Firmicutes I

CAG01342, 613, ified R
CAG00250, 2262, Ruminococcus sp. CAG:353 I
I CAG00690, 1629, unclassified cmmmoa

I CAGO00141, 2649, Parabacteroides dista:

I CAG00048_1, 1403, Clostridiales
I CAGO00168, 2534, Clostridiales VE202-14
I  CAG00720, 1590, Anaerotruncus colihominis
I CAGO01401, 522, Lachnospiraceae
N CAGO00981, 1189, Erysipelotrichaceae

0.01

f 1 T T T 1

- = o~ - o b=

g 83 2 3 s 8 § £
Signed p-value

B Routy, et al. Science. Nov. 2017

I CAGO00211, 2389, Firmicutes bacterium CAG 227
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iome and Immunotherapy

Patients with metastatic melanoma, PD-1
~45 patients

—=  *P<0.01
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Responders to PD-1 had higher gut microbiota diversity
than non-responders.

Wargo, et al. ASCO 2017
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Conclusion

e PDL-1 testing and MSI are the only approved
diagnostic tests for selecting patients for PD-1 axis
inhibitors.

e |nterrogating the tumor microenvironment using
phenotype/immunology and genomic metrics could
provide future strategies for selecting patients for
single agent and combination I-O therapy.

accc-cancer.org
Association of Community Cancer Cent




Thank you for participating in the webinar. Presentation slides
and archived recording will be available at accc-iclio.org
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