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Imm unogener Definition

Zelltod |
"In 2005, the concept of Immunogenic cell
Geschichtliches death (ICD) was introduced to differentiate
cases of Regulated cell death (RCD) that
drive antigen-specific immune responses
culminating in immunological memory from

(1) Generally necrotic RCD instances that
only engage innate immune mechanisms

(2) Generally apoptotic RCD cases that elicit
active immunosuppression"

G. Kroemer, C. Galassi, L. Zitvogel, L. Galluzzi, Nature Immunology (2022) 23: 487
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Zelltod-Phanotypen
Immunogener

Zel |t0d Apoptotische Morphologie Necrotische Morphologie

Morphologien und Klassifikationen

Histon H2B EGFP

Michael Orth, Klinik f. Strahlentherapie und Radioonkologie, LMU Klinikum, unpublished
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L. Galluzzi, 1. Vitale Cell Death Differ (2018) 25: 486
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Zelltod-Mechanismen

Immunogener
Zelltod

Apoptose

Extrinsic pathway

Stimuli (1)
(TNF, TNFSF10, and FASLG)

Radiotherapie

Intrinsic pathway

Stimuli (3)
(DNA damage and metabolic stress)

Death receptors
(TNFRSF1A, TNFRSF10A, and FAS)

lq»FADD

Mechanismen Pro-CASPS8 and pro-CASP10
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Pro- totic BCL2
ro-apoptotic MOMP —

Anti-apoptotic BCL2
(BAX and BAK1) -

(BCL2 and BCL2L1)

Release of the mitochondrial proteins
(CYCS, DIABLO, and HTRA2)

* +APAF1
Pro-CASP9

Effector caspases

(CASP3, CASP6, and CASP7

f

Apoptosis

Tang et al. Cell Research (2019) 29:347
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. Radiotherapie
Zelltod-Mechanismen

Immunogener
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Tang et al. Cell Research (2019) 29:347
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Zelltod-Phanotypen nach Bestrahlung:
|mmunogener HNSCC-Zelllinie nach 1x 4 Gy

/elltod

lonizing radiation
DNA damage

Viable
_— tumor cell
DNA damage
Agpialls - Mitotic

| catastrophe
Excessive (
DNA damage

Zelltodmechanismen nach
Radiotherapie

Apoptotic  Necrotic
modes of modes of
death death

Michael Orth, Klinik f. Strahlentherapie und Radioonkologie, LMU Klinikum, unpublished
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lmm un Qgen er Entscheidende Parameter

/elltod

Zelltodmechanismen nach

Radiotherapie

Zelltod-Phanotypen nach Bestrahlung:

K lonizing radiation

Y DNA damage
y. Autophagy

‘ o, Viable @@)

Senescence o \ =N tumorcy
DNA damage
fopat - Mitotic
| ____ catastrophe

Excessive
DNA damage

o B @
@ )
& 2 J

Apoptotic  Necrotic
modes of modes of
death death

e Physikalisch

e Strahlungsqualitat, LET
¢ Dosis, Fraktionierung, Dosisleistung

e Zellbiologisch
e Ursprung der Zelle und genetisches Repertoire
¢ Funktionalitat von Zellzyklus-Checkpoints
& Zelltod-Regulatoren
e Zellzyklusphase und metabolischer Zustand

e Mikro-Umgebung
¢ Sauerstoffversorgung
¢ Nahrstoffversorgung und pH
¢ Nachbarzellen

e Systemisch
¢ Allgemeinzustand, Alter und Geschlecht
e Tageszeit
e Zusatzliche Noxen
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Zelltod-Phanotypen nach Bestrahlung:
lmmu nogener Therapeutische Modulation durch IAP-Antagonisten
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Debio 1143
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= __ _: :——‘__ ——  Apoptosis
Caspase 3 and/ Active caspase 3
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Birinapant

Fulda and Vucic Nat Rev Drug Discovery (2012) 11:109
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Zelltod-Phanotypen nach Bestrahlung:
Immu nogener Therapeutische Modulation durch IAP-Antagonisten
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Zelltod-Phanotypen nach Bestrahlung:
lmmu nogener Therapeutische Modulation durch IAP-Antagonisten

Jean Bourhis

/elltod EEIESMD

5-year overall survival (0OS)
in patients (pts) with locally advanced
squamous cell carcinoma of the head

and neck (LA SCCHN) treated with
xevinapant + chemoradiotherapy (CRT) &
vs placebo + CRT in a randomized,
phase 2 study

Jean Bourhis (CHUV, Lausanne, Switzerland),

ZE”tOdmeChanlsmen naCh Christophe Le Tourneau, Benoit Calderon, Laurent Martin, Christian
. . Sire, Yoann Pointreau, Jean-Frangois Ramee, Alexandre Coutte,
RadIOtheraple Pierre Boisselier, Marie-Christine Kaminsky, Jean-Pierre Delord,

Florian Clatot, Xu-Shan Sun, Julie Villa, Nicolas Magne, Olgun Elicin,
Lars Damstrup, Kathrin Gollmer, Philippa Crompton, Yungan Tao

On behalf of the GORTEC investigators
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Zelltod-Phanotypen nach Bestrahlung:
Immu nogener Therapeutische Modulation durch IAP-Antagonisten

Zel |tOd Randomized, double-blind, phase 2 study of xevinapant + CRT vs - 4
placebo + CRT in unresected LA SCCHN Jean Bourhis

+ Xevinapant is a first-in-class, potent, oral, small-molecule IAP inhibitor that is thought to restore cancer cell
sensitivity to apoptosis and thereby enhance the effects of chemotherapy and radiotherapy!

Unresected LA SCCHN

@ Xevinapant 200 mg/day orally® on
days 1-14 Q3W for 3 cycles

cavity, oropharynx, . e Cisplatin 100 mg/m? IV Primary endpoint

hypopharynx, or larynx Q3W for 3 cycles
(T2, NO-3, and M0O) @ IMRT 70 Gy + LRC rate at 18 months
\

smoking history of (2 Gy/day, 5 days/week for 7 weeks) ) from end of CRT

>10 pack-years - .
N=96 ) Placebo + CRT Selected secondary endpoints

. Matched placebo orally on 4
Zelltodmechanismen nach Straticatin actors @ Goys 1143w for 3 cydes Aol R
+ NO-N1 vs N2- - . .
«+ Primary tumor site e Cisplatin 100 mg/m? IV
Q3W for 3 cycles

Radiotherapie (O vh nomc0R0)
@ IMRT 70 Gy
.

— If OPC, by HPV-16 status
(2 Gy/day, 5 days/week for 7 weeks)
J

Stage III, IVa or IVb
disease of the oral

h 4

NCT02022098

ERESMD T
2022 n X
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Zelltod-Phanotypen nach Bestrahlung:
Immu nogener Therapeutische Modulation durch IAP-Antagonisten

ZE| |tOd Previously reported efficacy results!:2 4 |
Jean Bourhis

PFS (3-year analysis)P

100 1 year 2 years 3 years 4 years

80
« Primary endpoint was met: =
p-24
LRC at 18 months after the end of <
CRT was significantly improved with 3
. [0}
xevinapant vs placebo: g o0
OR 2.74; 95% CI 1.15-6.53, P=0.0232 7
@
=
X 40
+ Key secondary endpoint: )
Z ”t d h i h PFS (3-year anaIYSiS) S markEdly t Xevinapant + CRT Placebo + CRT
elitodamechanismen nac improved with xevinapant vs placebo - (hedg) (n=48)
H H Median PFS (95% CI), months NR (37.4-NE) 16.9 (7.5-36.1)
Rad IOt he ra ple Adjusted HR (95% CI) 0.33 (0.17-0.67)
P=0.0019
0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
At risk (Number censored) Months
Xevinapant + CRT 48(0) 43(5) 36(7) 30(10) 28(11) 27(11) 26(11) 26(11) 26(12) 23(1 21(16) 18(19) 10(26) 5(31) 2(34) 1(35) 1(35)
Placebo + CRT 48(0) 39(6 32(7) 24(7) 20(8) 20(8) 19(8) 16(9) 14(11) B(16 7(16) 5(18) 1(21) 1(21) 1(21) 1(21)

ERESVD ™

Suns et al. Lancet Oncol. (2020) 21:1173
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Zelltod-Phanotypen nach Bestrahlung:
Immu nogener Therapeutische Modulation durch IAP-Antagonisten
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Jean Bourhis

Zel |tOd Addition of xevinapant to CRT nearly doubled 5-year OS*

OS (5-year analysis)©

100 1 year 2 years 3 years 4 years S years

80
ES
i
+ The risk of death was more than g 60
halved with xevinapant vs placebo =
¢
=
X 40
+ Median OS prolonged with @
I I h H h xevmapant VS P|acebo o Xevinapant 4+ CRT Placebo + CRT
Zelltodmechanismen nac (n=48) {n=48)
. . 20 Median OS (95% CI), months NR (40.3-NE) 36.1 (21.8-46.7)
Radiotherapie Median folow-up (range), months 60,4 (7:170.5) 393 (48.71.0
Adjusted HR (95% CI) 0.47 (0.27-0.84)
P=0.01017
0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
At risk (Number censored) Months
Xevinapant + CRT 48(0) 46(2) 44(2) 42(2) 41(2) 36(2) 34(2) 31(4) 31(4) 29(4) 29(4) 28(4) 26(5) 24(5) 22(5) 22(5) 9(18) 2(25)
Placebo + CRT 48(0) 41(5) 35(6) 33(6) 31(6) 30(6) 27(6) 24(8) 22(8) 20(8) 15(9) 13(9) 12(9) 12(9) 12(9) 10(9) 4(15) 1(18)

ERESVD ™™
2022
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Zelltod-Phanotypen nach Bestrahlung:
lmmu nogener Therapeutische Modulation durch IAP-Antagonisten

/elltod
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Bai et al. Pharmacol Ther (2014) 144:82
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Immunogener Zelltod und der Krebs-Immun-Zyklus:
| mmun Qge ner Produktive Antigen-spezifische, systemische Anti-Tumor-

Immunmechanismen
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R. Mole BrJ Radiol (1953) 26:234 L. Galluzzi et al. J Immunother Cancer (2020) 8: e000337
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Systemische Anti-Tumor-Immunitat:
lmmun ogener Regulierter Zelltod, Antigenitat und Adjuvantizitat

Expression of

Ze | | tO d Tumor-associated Tumor

antigens neo-antigens
Overexpressed Reactivated Damaged Mutated Oncovirus
antigens embryonic gens i
antigens
e 2 -r

£55 1 Formation of
Nuoleus 2 loaky micronuciel

— Typellnterferon o
Eionr e ?.'%%“mf: ~ Response l ®
@ —
N e
Exposure and Release
of DAMPs
Cytokines Proteins Metabolic Nucleic
. intermediates acids
Zelltod und Anti-Tumor- LR GIORE RS T S e N o
IL-6 S100 A12 HSP90 1
Immunantwort S1008  GPos [
*c 9000 O -~ &



W\
Deutschen Gesellschaft INNOVATIV. EFFIZIENT. — }

fir Radioonkologie MENSCHLICH. GOy M

Regulierter Zelltod, Antigenitat, Adjuvantizitat und eine
lmmun ogener permissive Tumor-Mikroumgebung

29. Kongress der RADIOONKOLOGIE ' \
o Ol \z\

RCD
/elltod _ + + + +
Antigenicity
- - + + +
Adjuvanticity
- + - + +

Microenvironment
= +— H & :

Effect

Silent Inflammation Tolerance Priming Execution

Wi HE5
bg'rm_m 1\_:}6/

M2-like TAM

/ 6\\\ e 0\

13% °g @@@ \‘N

@
M1-like TAM

Zelltod und Anti-Tumor- ¢
Immunantwort

Normal —~

cell Tumor cell  pendritic cell | Dying tumor
Tolergenic cell

dendritic cell

G. Kroemer, C. Galassi, L. Zitvogel, L. Galluzzi, Nature Immunology (2022) 23: 487
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Radiotherapie:
| mmun Ogen er Einfluss auf die Tumor-Mikroumgebung

Irradiated TME
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Zelltod und Anti-Tumor-

Metabolites DAMPs Growth factors
Immunantwort Cytokines Metabolites Cytokines } SASP
Surface receptors Cytokines Surface receptors

Surface receptors

Rodriguez-Ruiz et al. Nature Immunology (2020) 21: 120
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Radiotherapie:
lmm un Ogen er Seneszenz in Tumor- und/oder Normalgewebszellen

/elltod

Gesunde Brutsepithelzellen nach 1x 10 Gy

Zelltod und Anti-Tumor-
Immunantwort

Nikko Brix, Klinik f. Strahlentherapie und Radioonkologie, LUM Klinikum, unpublished
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Radiotherapie:
lmm un Ogen er Seneszenz in Tumor- und/oder Normalgewebszellen

SCIENCE ADVANCES | RESEARCH ARTICLE

/elltod

Radiotherapy orchestrates natural killer
cell dependent antitumor immune responses
through CXCL8

Thomas Walle*4%*, Joscha A. Kraske'®, Boyu Liao'®, Bénédicte Lenolr’®, Carmen Timke'?,
Emilia von Bohlen und Halbach®*”*%, Florlan Tran'®"", Paul Griebel'®, Dorothee Albrecht’,
Azaz Ahmed>’®, Meggy Suarez-Carmona’®, Alejandro Jiménez-Sanchez'?, Tizlan Belkert'*,
Alexandra Tietz-DahlfuB’, Ayse Nur Menevse', Gabriele Schmidt'®, Manuela Brom'*,

Jens H. W. Pahl®, Wiebke Antonopoulos'®, Matthlas Miller’, Ramon Lopez Perez'*,

Felix Bestvater'®, Nathalia A. Glese'®, Philipp Beckhove'?, Philip Rosenstiel'’, Dirk Jiger™**7,
Oliver Strobel'®, Dana Pe’er'>'7, Niels Halama®>**'*'° jurgen Debus®2%?',

Adelheld Cerwenka®, Peter E. Huber'-%2'*

@ CelPress Cancer Cell

Inflammatory fibroblasts mediate resistance
to neoadjuvant therapy in rectal cancer

Zelltod und Anti-Tumor-
Adele M. Nicolas,'” Marina Pesic,'-? Esther Engel,’->* Paul K. Ziegler,* Markus Diefenhardt,”>° Kilian B. Kennel,'-?

| mmuna ntwo rt Florian Buettner,”%’ Claire Conche,’-” Valentina Petrocelli,’-* Eiman Elwakeel,” Andreas Weigert,”* Anna Zinoveva,'-*
Maximilian Fleischmann,”** Bjorm Haupl,”*” Cem Karakutuk,” Hanibal Bohnenberger,” Mohammed H. Mosa,'-*
Lars Kaderali,'” Jochen Gaedcke,'' Michael Ghadimi,'’ Franz Rodel,”** Melek C. Arkan,’-* Thomas Oellerich,”"
Claus Rodel,”- " Emmanouil Fokas,-"--" and Florian R. Greten'-"-%'".



29. Kongress der RADIOONKOLOGIE

Deutschen Gesellschaft INNOVATIV. EFFIZIENT.
fur Radioonkologie MENSCHLICH.

Die Liicke zwischen Praklinik und Klinik

| MMmun Oge ner Praklinische Modelle

Z | |t d * Genetik, Heterogenitat
e O e Transplantation vs. autochthones Wachstum

Praklinische Radiotherapie

e Dosis, Fraktionierung
| e Sequenz: Neoadjuvant vs. adjuvant
e Lymphknoten

| ..

Praklinisches Trial-Design
Zelltod und Anti-Tumor-

Immunantwort \ e Endpunkte: Tumorwachstumsverzdgerung vs. lokale Kontrolle vs. Gesamtiiberleben

e Randomisierung
‘ e Geschlechtsunterschiede

| e ...
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Die Liicke zwischen Praklinik und Klinik

| MMmun Oge ner ‘ Praklinische Modelle
Zelltod

SYM 31: Interd|52|pI|nares Symposium mit
der Strahlenbiologie:
Radioimmuntherapie - wo stehen wir,
wohin geht es?

I Samstag 09:15, Kollonadensaal West -

Immunantwort |

e Endpunkte: Tumorwachstumsverzdgerung vs. lokale Kontrolle vs. Gesamtiiberleben
e Randomisierung
‘ e Geschlechtsunterschiede




