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RT may stimulate the immune system by:

» Broadening up the immune repertoire of T cells
(vaccination effect)

« Attracting T-cells to the irradiated site (homing effect)

* Rendering irradiated cells more vulnerable towards T-
Cells mediated cell kill (vulnerability effect)
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Radiation induces in vitro the hallmarks of immunogenic cell death
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Migration of T-cells in 4T1 Breast Cancer Mouse Model after RT
(2 x 12 Gy)

A c D, E
Day: 0 131415 18 21 26 ]
UNTREATED IR + 8410 Ccos
4T1 celis s.c. R 9HIO mAb - & . . P
12@200'»);'9 | N ar i | TDLN
x2 x3 fumor i o 507 B TUMOA
|-
o~ GO0 (5]
& E —a— Untreated >
£ 5004 = 20
fe ~&— IR+6H10 8 )
O 400+
E o
= 2004 od
° CDs9 cos2L"
Z 2004
° .A”/’—‘\‘
£ 1004
S . : .
13 18 2 28
DCYS after tumor inoculation

Matsumura/Formenti/Demaria et al., J Imm, 2008
Pilones/Demaria/Formenti et al. Clin Cancer Res, 2009

Sistema Socio Sanitario

Fondazione IRCCS i
Policlinico San Matteo Egr?\g)gl%ld




Priming and
activation Trafficking of Ccx3cL
T celis to tumors CXCL9
CD28/87.1 CXCL10
CD137/CD137L CCL5
OX40/OX40L
CD27/CD70 (3)
HVEM
GITR
IL-2
IL-12
Infiltration of T cells
CTLA4/B7 1 ;
PO-L1/PD-1 into tumors
PD-L1/B7.1 . LFA11CAM1
prostaglandins Selectins
Cancer antigen
presentation
Recognition of
;rLNf o (2:) cancer cells by T cells
IFN-ax | 6) T cell receptor
gED):qOL/CD‘zO Reduced pMHC on cancer cells
ATP
HMGB1 \
TLR st
Killing of cancer cells
IL-10 Ny
4 5
:t_13 T cell granule content

PD-L1/PD-1  LAG-3
PD-L1/B7.1 Arginase
IDO MICA/MICB

Release of

cancer cell antigens
B Stimulatory factors

sia Immunogenic cell death TGF- B7-H4
B Inhibit ¢ iz
s Tolergenic cell death \BIITS'#}R NS
Chen and Me"man, Ce” 201 3 Sistema Socio Sanitario

y Fondazione IRCCS i
@ Policlinico San Matteo Eoe'%lggl%l a



Radiation modulates the peptide repertoire,
enhances MHC class I expression, and
induces successful antitumor immunotherapy

Eric A. Reits,! James W. Hodge,? Carla A. Herberts,! Tom A. Groothuis,!
Mala Chakraborty,? Elizabeth K.Wansley,? Kevin Camphausen,?

Rosalie M. Luiten,! Arnold H. de Ru,* Joost Neijssen,!

Alexander Griekspoor,! Elly Mesman,! Frank A.Verreck,* Hergen Spits,!
Jeffrey Schlom,? Peter van Veelen,* and Jacques J. Neefjes!

J Exp Med 2006
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The role of IFN

Wiechselbaum et al, Nat Rev Clin Oncol 2017

Rediotherapy

oo 1ok

Initiates cell death

Releaze of DNA and RNA
into the cytoplasm
T

' '

DNA triggerz cGAS RNA triggers TLRs
to release cCAMP and RLRs

Activation of the STING Activetes transcription of
signalling pathway the type | IFN gene

Activates tranzcription of
the type | IFN gene

'

Production of IFN
«E ial for DC activation and function, DCz in turn prime T cells
* Mediates recruitment and effector function of CD8" T cells
= Activates pro-death signelling in tumour cells
» Essential for maturation and activation of APCz and T cells
= PD-L1 induced by inflammatory cytokines, including IFN
= Prolonged IFN signalling stimulstes tumour prosurvivel mechanisms

in the tumour environment
1
¥ ¥

Infiltration of Efflux of immune cells

» Dendritic cells *Teells

o Mmph‘gex «DCz

= Cytotoxic T cells « MDSCs

. T_.cell: = Cytokines
|— = MDSCs
! |
T cells build up in the MDSCs suppress T-cell
and secrete TOFP and IL-10, tumour regrowth
which both effector
T-cell activation and also
stimulate the suppressive
functions of MDSCz

Initiates release of tumour antigens

Initiates releaze of DAMPs (calreticulin, ATP. HMGB1)
Activation of APCz

Initiates recruitment of IL-1B, TGFP, FGF, TNF and NLRP-3

Generates chemotactic signals that recruit several myeloid cell
populations with distinct roles in T-cell suppression



Radiation redux

Could traditional radiation treatments work in concert with immunotherapy to mount a more

effective assault on cancer?

RADIATION ALONE
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COMBINATION THERAPY
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QV U School of Medlcme ;
‘ Hypothesis:
lonizing radiation can stimulate anti-tumor immunity —by generating an in situ
vaccine - and combination with immunotherapy may uncover this effect

Day: O 21 S 31
67NR RT FIt3-L (0.5mg/kg)
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R [
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RT

BALB/C mice injected at two separate sites with thg syngeneic mammary carcinoma 67NR cell line
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RT+FIt3-L : systemic anti-cancer effects
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Abscopal Effect is abrogated in nude mice
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RT + ipilimumab: single fraction vs. fractionated RT
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Radiation and dual checkpoint inhibition activate non-
redundant immune mechanisms in cancer
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Resistance to anti-CTLA-4 and radiation depends on

PD-L1 expression in melanoma patients
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Twyman Saint-Victor et al, Nature 2015
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DNA exonuclease Trex1 regulates
radiotherapy-induced tumour immunogenicity

Claire Vanpouille-Box!, Amandine Alard?t, Molykutty J. Aryankalayil’, Yasmeen Sarfraz', Julie M. Diamond’,
Robert J. Schneider?, Giorgio Inghirami?, C. Norman Coleman?3, Silvia C. Formenti' & Sandra Demaria*
20GyX1
8GyX3 ti CTLA-4
+ anti CTLA4 b

cGAS/STING

i ™
= >

IFN type 1
s

Abscopal effect

Vanpouille-Box et al, Nat Comm 2017; Formenti et al, IJROBP 2017

Irradiated tumor as Lack of successful
an in situ vaccine vaccination

/\

No abscopal effect
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Converting ‘Cold’ Tumors into ‘Hot’ Ones

High-dose
radiation?

X
.
/ Hot tumor
* Tolerogenic DC u M1-TAM

Cold tumor * Acthmted EX- 54 m2-Tam
. Effector T cell

Trends in Cancer

Low-dose
radiation?

Demaria S et al, Trends in Cancer 2016




Different clinical strategies: overcoming resistance?

(A)
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RT + GM-CSF in metastatic solid tumors

Enrolled patients (n=41)
Day 1 8 15 2 29 36 43 49-56 Age (years) 62.0(54-5-69-5)
Week 1, 2 Week 4,5 Sex
Male 8 (20%
i e P
radiotherapy radiotherapy Female 33(80%)
Week 2,3 Week5, 6 Number of previous therapies
Ercammny I Cr-a— it 103
progressing
disease Chemotherapy 3(2-4)
v v v Number of measurable lesions
Within 4 weeks from study End of week 3: assess clinical Weeks 7-8:
entry: baseline PET-CT response with orwithout imaging assess clinical Chest 2(1-3)
response and .
PET-CT response Abdomen 0(0-0-5)
. . Pelvis 0(0-0)
O Radiation site 1 Any site 3(2-4)
O Radiation site 2 - - -
A Measured abscopal lesion Number of patientswith lesions
= 3 lesions 21 (51%)
| 4-6 lesions 15 (37%)
>6 lesions 5(12%)
Data are n (%) or median (IQR).
Table 1: Baseline patient characteristics
Sistema Socio Sanitario
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RT + GM-CSF in metastatic solid tumors

Patients Patients Patients  Patients assessable Patients assessable
diagnosed completing not for best abscopal for best abscopal
scheduled assessable response responsewho
therapy for best completed their
abscopal scheduled therapy
response
PD SD PR (R PD SD PR (R
Non-small-cell  18(44%) 13(32%) 2(5%) 2 10 2 2 1 7 2 2
lung cancer
Breast cancer 14 (34%) 11(27%) 1(2%) 2 6 5§ 0 2 4 4 0
Thymic cancer 2 (5%) 2(5%) 0 0o 2 0 0 0 2 0
Urothelial @ancer 2 (5%) 0 0 2 0 0 0 0o 0o o0
Ovariancancer 2 (5%) 0 12% ©0 1 0 ©o0 ©0 ©0 0 0
Eccrine cancer 1(2%) 1(2%) 0 1 0 0 0 i1 0 0
Cervical ancer  1(2%) 1(2%) 0 1 0 o o0 1 0 0
Small-cell lung 1(2%) 1(2%) 1 0 0 0 1 0 0 o0
cancer
Total 41(100%) 30(73%) 4(10%) S5 21 9 2 4 13 8 2

PD=progressive disease. SD=stable disease. PR=partial response. CR=complete disease.

Table 2: Best abscopal responses based on patient diagnoses and completion of scheduled therapy

Golden et al, Lancet Oncol 2015
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RT + GM-CSF in metastatic solid tumors

100 — Non-responder
—— Responder
e
"
=
?U
o
>
(@)
0 I I |
0 2 4 6 8
Years
Number at risk
Non-responder 30 4 3 1
Responder 11 4 2 1

Golden et al, Lancet Oncol 2015
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Safety and Clinical Activity of Pembrolizumab and Multisite
Stereotactic Body Radiotherapy in Patients With Advanced

Solid Tumors

Jason J. Luke, Jeffrey M. Lemons, Theodore G. Karrison, Sean P. Pitroda, James M. Melotek, Yuanyuan Zha, Hania A.
Al-Hallag, Ainhoa Arina, Nikolai N. Khodarev, Linda Janisch, Paul Chang, Jyoti D. Patel, Gini F. Fleming John
Moroney, Manish R. Sharma, Julia R. White, Mark ]. Ratain, Thomas F. Gajewski, Ralph R. Weichselbaum, and
Steven J. Chmura
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Change of
Unirradiated Lesion

Correlation between IFN-related immuno-score and
non-irradiated tumor response
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Luke et al, JCO 2018
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How to potentiate RT-immunotherapy combination?

1.

Overcome barriers to antigen release and antigen-
presentation at treated site (appropriate RT dose, type | IFN
release)

Enable T-cells trafficking and cytotoxic T-cells killing in non-
irradiated tumors

By-pass antigenic heterogeneity among different metastases
(broadening of TCR repertoire)

Counterbalance the immunosuppressive effects/T-cell
exhaustion (suppress PD-1 axis)
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RT on Immunological Compartments?

8% | e UniveRsiTY OF
SYDNEY

In room MRIgRT Clinical Examples

» Imaging breast lymph nodes

(B) T1-FFE (water-only image)
(C) T2-VISTA

(D) T2-TSE (water-only image)
(E) T2-FFE

(F) DWI (b = 1000 s/mm?)

Courtesy Jan Lagendijk
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FAV

GHSG study on early stage HL

20 Gy IS-RT Restaging 1 Restaging 2
anti- anti- anti- anti- anti- anti-

anti- anti- anti- anti-
PD1 PD1 PD1 PD1

AVD Cycle 1 AVD Cydle 2 AVD Cyde 3 AVD Cycle 4

AVD AD  AVD AD  AVD AVD  AVD AVD
D1 D15 D1 D15 o1 o015 o D18 ‘

Fondazione IRCCS
&< Policlinico San Matteo
5519
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Stage I/ll follicular lymphoma: spread of bcl-2/IgH+ cells in
blood and bone marrow from primary site of disease and
possibility of clearance after involved field radiotherapy

Pt Baseline  Treatment IFU IIFU INIFU IVFU VFU VIFU VIFU VIIFU IXFU XFU
1 mA RT OA OA OA OA OA OA OA A OA A
2 OA RT OA OA OA OA OA OA OA A OA A
3 OA RT A

[4 HA RT OA] DA OA OA OA OA OA
5% HA RT HA HA HA HA HA HA mA
6 mA RT OA OA OA OA OA OA OA
7 A RT DA OA OA OA OA OA
8 OA RT

[9* HA RT OA| OaA OA OA OA
10 HA RT mA NA HA mA HA mA mA
11** HA RT
12 HA RT NA mA NA

[13 HA RT OA| DA OA
14 OA RT
15 OA RT
16 HA RT mA mA NA mA mA
17 OA RT
18 OA RT
19* HA RT IA_‘ mA HA HA

20 A RT A OA OA OA OA
21 0A RT

[22 A RT OA| DA DA
23 HA RT NA mA NA
24 OA RT

Pulsoni et al, BJH 2007
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“MIRO’” study (Molecularly Immuno-Radiotherapy Oriented)

FLOW CHART
Bcl-2 ) Bcl-2 Bcl-2
PB-BM INRT 24 Gy PB-BM PB-BM
* g 6 months

@'Y
FL l / 5
Stage

I/1 l*
PR -

(ofatumumab)
x8
% In case of conversion from to ==p anti-CD20 (ofatumumab) x 8
Courtesy A. Pulsoni, FIL Follicular Lymphoma Group Sistema Soclo Sanftario
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Microenvironment

Surface markers

Lenalidomide

T-cell exhaustion

Anti CD20 moAb

Ofatumumab
GA-101

Actionable mutations
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Possible innovative uses of low dose RT for
advanced stage FL

' Immunecheckpoint inhibitors +/-
Rituximab?

EEE) | enalidomide +/- Rituximab?

mmmm) Repeated RT?
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The immunocytokine L19-IL2: An interplay between radiotherapy and long-lasting
systemic anti-tumour immune responses

Nicolle H. Rekers (2**, Veronica Olivo Pimentel®*, Ala Yaromina®, Natasja G. Lieuwes®, Rianne Biemans?,

Catharina M. L. Zegers?®, Wilfred T. V. Germeraad®, Evert J. Van Limbergen?, Dario Neri¢, Ludwig J. Dubois (%%,
and Philippe Lambin®®**
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Radiation Sensitizes Tumor Cells to CAR T Cell Immunotherapy
CJ. DeSelm,' M. Hamieh,” and M. Sadelain’; ‘"Memorial Sloan Kettering
Cancer Center. New York, NY, >Memorial Sloan Kerttering Cancer Center,

New York, NY

Results: Neoadjuvant radiation two days before CAR T cell treatment,
even at a low dose of 2 Gy, dramatically increases the rate of tumor
cell killing relative to no radiation (57% vs 96% tumor death at a ratio
of 1:1 effector/tumor cell, P<0.001).

Although radiation alone results in significant tumor cell death, the
tumor cells surviving RT are more sensitive to CAR T cell mediated
killing, at a wide range of CAR T cell/tumor cell ratios.
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RT&Immunotherapy: a bright future?




