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Immune checkpoint blockade in advanced metastatic NSCLC

PD-1 inhibitors
-Nivolumab
-Pembrolizumab

CTLA-4 inhibitors
-Ipilimumab
-Tremelimumab

PD-L1 inhibitors
-Atezolizumab
-Durvalumab
-Avelumab

Cancer cell




Checkmate 816 trial The NEW ENGLAND
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Agents being tested in combination with PD1/PD-L1 inhibition

CXCR4

FGFRl

BRAF <77 TAA & ‘ VEGFA
11 4 " :; 52
VEGFRs 4@ 20 Chemo-
11 TR *radtotherap }
%4?’ Y

Chemotherapy
283

Radiotherapy EGFR |
114 23

LAG3
NY-ESO-1 P CD20 , 25

22
0 VEGFR )’* 4 Neoantigen
7 GM- CSF

Meso;helin

Source: CRI



Integration of radiation therapy and immunotherapy
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Challenges in using radiation therapy as an immunomodulating agent

= The optimal dose of subablative RT for enhancing the
Immune response in cancer is under investigation.

= Optimal sequencing of therapeutic agents is unclear.
= The mechanism/s by which RT enhances the efficacy
of iImmune checkpoint blockade are context dependent

and incompletely understood.

= Need for biomarkers that predict which patients will
respond to the therapy.



Orthotopic Kras®12P;p53/ (HKP1) lung adenocarcinoma
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Treatment with anti-PD1 antibody increased OS in HKP1 mice

HKP1
mice
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Cohorts of
HKP1
mice

uCT guided delivery of radiation to HKP1 lung.
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4 Gy- RT is associated with activated T cell phenotypes
(Day 1 post RT)
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8Gy RT is associated with increased apoptosis

/Cleaved caspase-3
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RT falls to effectively control tumor growth
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4Gy RT increased PD-1in GzmB* CD8 T cells and

IFNY*/TNFa* in CD4 T cells.

oGy
— 4Gy GzmB-

— 4Gy GzmB+

CD8 T Cells

30.2vs. 64.4

PD-1

CD4 T cells

22.0vs. 64.2

0Gy
— 4Gy IFNy TNFa~
— 4Gy IFNy" TNFa®



RT-mediated immune activation is not durable.
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Treatment window for combination treatment
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Combination treatment sustained T cell infiltration/activation and generated
central memory T cell phenotypes (Day 7 post RT)
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Normalized BLIs

4Gy RT in combination with PD1 inhibition delays tumor
growth and improves survival
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Normalized BLIs

0.5 or 8 Gy RT fails to delay tumor growth or improve survival
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What are the mechanisms by which 4Gy RT
Improves efficacy of PD-1 blockade.
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Identification of lung resident club cell gene signature in RT treated HKP1 lungs
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Sub-ablative RT activates club cells in the lung microenvironment.

8 Gy MFI of CC10
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Conditional genetic ablation of Club cells
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Club cell deficiency blunts immune responses and abrogates
therapeutic efficacy
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Electron microscopy of club cells sorted from RT treated
HKP1 lungs show increased secretory vesicles.
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Synaptsome associated protein 23 (SNAP23) regulates
Intracellular vesicle fusion to membranes
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Club cell-specific conditional KO of synaptsome associated

protein 23 (SNAP23)
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Club cell specific SNAP23KO Jungs maintain bronchiole integrity

Bronchiole architecture
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Club cell secretome: a major determinant of therapeutic efficacy
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Expression of club secretory proteins.
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Club cell secretome: a major determinant of therapeutic efficacy.
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Club cells and inflammatory mediators

Club cell cocktall Club cell deficiency

pg/mL PGE2 IL-IB 200 oo e

100 ~

150 g é
2500
20001
1500 _ 50 - ?
1000 ’ F=0.0ii8 otaé é

5001 E -50 T T T T T T T T

(pg/mL)

° ' ' ok
Cont Club cocktail PGEZ 6000
/mL ’_ETdoou
m ~
pg n IL-1B § o
P=0.1218
1007

* P TNFa

O " L] ~~
Cont Club cocktail =
E
pg/ml ~
oo INFau
60' T T T T
_ + + + +
20- x P=0.087 8 Q
DT, ™
201 ? O O N
0 S58 ¢
Cont Club . oon D
cocktail Tumor Tumor

naive



scRNA-seq uncover activation of myeloid suppressor cells
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Myeloid cells and their immunosuppressive activity.
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Club secretory proteins reduced immunosuppressive
activity of Myeloid cells
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BALF from RT treated mice reduces immunosuppressive
activity of Myeloid cells
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Randomized phase Il neoadjuvant trial of durvalumab with SBRT In
patients with resectable NSCLC (NCT02904954).

NSCLC (stages IB-IIIA)

Antibody Antibody
Durvalumab . 3 wks Ao Twks
(n=30) | E—

Antibody Antibody E§| E>>
Durvalumab | 2 wks | Juks =

e 'F—

(n=30)



SBRT+ Durva (003) Responder
Post-treatment

Pre-treatment

[

30)

Durvalumab plus SBRT (n

[J PD-L1 expression not determined

[ PD-L1 expression 21%

30)

Major and complete pathological responses

[ Mutant EGFR

Durvalumab monotherapy (n

[ Durvalumab monotherapy [ Wild-type EGFR [ PD-L1 expression <1%

Il Durvalumab plus SBRT

H

£90eaing
gS0eAInq
¥Soeaing
6Eoenng
LEoeang
SEoeanq
T€0eMNQ
6zoenng
1oeang
0goeMn(
6voeang
zkoening
Tzoemng
£10BAINQ
gooeAINg
tooenng
zEoenng
z5o0eAang)
650eanq
TooeAINg
£Zooemng
g1oemnq
6ooeAINg
[roeaing
groeang
gtoeaIng
gvoenng
Szoemnq
pzoean(

osoeang
ggoemng
T508MNQ
yEoenng
Iroenng
gzoeang
gzoenng
Tgoeang
oboeang
ozoennq
Stoemnq
zroennq
geoeang
0foenng
gooennq
fooeang
Ztoeang

Lzoenng
otoeANg
ZSoeang)
gzoeang
S50emng
Skoenng
£S0ening
gEoeaIng
9oemng
gsoeang
ghoeang
Sooenng
zooeanq
9TORAINQ

EGFR status
PD-L1-expressing
cancer cells

1|
[
o~
]
[
=
s
s
a
Q
=
(=]
JR— |
(=]
i
a
=
=
a
—
=}
=

Altorki ...

[ —
[}
[

SBRT/Durva

Durva

04
-50+
100+

(94) unissadBad Jown|



Increased plasma CC10 levels post SBRT in responders to
therapy
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Summary

A specific dose of subablative RT was identified that increased T cell infiltration and effector phenotypes.
RT as a single agent did not generate durable anti-tumor immunity.

RT in combination with PD1 blockade conferred tumor regression and improved survival in mouse NSCLC
models

Uncovered immune-modulating functions of RT-activated lung resident Scgblal*club cells.
Identified importance of RT-activated club cell seretome in improving the efficacy of ICI.

A set of 8 club cells secretory proteins inhibited immunosuppressive myeloid cells, reduced pro-tumor
inflammatory mediators, and enhanced anti-tumor immunity to improve the efficacy of ICI.

Notably, CC10, a member of the club cell secretome was increased in the plasma of NSCLC patients who
responded to RT in combination with ICI.

Our data suggest that future neoadjuvant radioimmunotherapy clinical trial in NSCLC may consider RT
doses that can effectively mediate activation of lung resident club cells to achieve maximal therapeutic
efficacy.

Club cell factors may be developed as inhibitors of myeloid suppressor cells.
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Figure 1. The secretome of club cells reduced accumulations of CAFs co-
localizing with HKP1 tumor.

Representative stitched immunofluorescent images of 0Gy (mock) and 4Gy-RT-radiated
HKP1 lobes from wt control mice (Scgblalc®/ Snap23*) and mice harboring club cell-
specific Snap23 knock-out (Scgblalce/ Snap23M). Sections were stained with a-SMA (a
fibroblast marker, green,) and E-cadherin (tumor islets, red). Scale bar:100uM



4Gy-RT did not enhance the efficacy of PD-1 inhibition
in HKP-1 subcutaneous tumors.
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