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Clinically established hyperthermia devices

Radiofrequency-based and
recirculation instruments for different entities
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“The old story”
Hyperthermia complements standard cancer treatment such as
chemotherapy and radiation therapy in destroying tumor cell

KLINIKUM

Hyperthermia

‘ R

Chemotherapy adiation Therapy

[ Tumor cell death ]




Achievements in the clinical application of regional
hyperthermia
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Q Melanoma': Improved local tumor control for RT + HT THE LANCET
@ Cervical Cancer?: Improved survival for RT + HT THE LANCET
Chest wall recurrence of breast cancer3: Improved locall JOURNAL oF
tumor control for RT + HT CLINICAL
ONCOLOGY
Soft Tissue Sarcomar5:8: Improved survival for THE LANCET JAMA EJC
@ _om.throcycllne-bosed CTX + HT, Improved immune  Oncology Oncology
infiltrate
@ Non-testicular malignant gemrcell tumours’: Platinum- THE LANCET
based CTX + HT leads to long-term cure Oncology

1Overgaard et al. Lancet. 1995; 2van der Zee et al. Lancet. 2000; 3Jones et al. J Clin Oncol 2005;

456 |ssels et al. Lancet Oncology 2010, JAMA Oncology 2018, Eur J Cancer 2021; Eur J Cancer “Wessalowski et al. Lancet Oncol. 2013
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The Evidenz:

High-Risk Soft Tissue
Sarcoma

Median: 3-year follow-up Median: 11.3-year follow-up

Neo-adjuvant chemotherapy alone or with regional | Neoadjuvant Chemotherapy Plus Regional Hyperthermia and |
hyperthermia for localised high-risk soft-tissue sarcoma: | Long-term Outcomes Among Patients With Localized High- |

a randomised phase 3 multicentre study Risk Soft Tissue Sarcoma _ . ,
The EORTC 62961-ESHO 95 Randomized Clinical Trial
Rolf D Issels*, LarsH Lindner*, Jaap Verweij, Peter Wust, Peter Reichardt, Baard-Christian Schem, Sultan Abdel-Rahman, Soeren Daugaard,

Christoph Salat, demens-Martin Wendtner, Zeljko Vujaskovic, Riidiger Wessalowski, Karl-Walter Jauch, Hans Roland Dir, Ferdinand Ploner, Rolf D. Issels, MD, PhD; Lars H. Lindner, MD; Jaap Verweij, MD; Rudiger Wessalowski, MD: Peter Reichardt, MD; Peter Wust, MD; Pirus Ghadjar, MD;
Andrea Baur-Melnyk, Ulrich Mansmann, Wolfgang Hiddemann, Jean-Yves Blay, Peter Hohenberger, for the European Organisation for Research | Peter Hohenberger, MD; Martin Angele, MD; Christoph Salat, MD; Zeljko Vujaskovic, MD; Soeren Daugaard, MD; Olav Mella, MD; Ulrich Mansmann, MD;
Hans Roland Dirr, MD; Thomas Knésel, MD: Sultan Abdel-Rahman, PhSc: Michael Schmidt, MD; Wolfgang Hiddemann, MD; Karl-Walter Jauch, MD;

and Treatment of Cancer Soft Tissue and Bone Sarcoma Group (EORTC-STBSG) and the European Society for Hyperthermic Oncology (ESHO
f > f P( ) P y f P a4 ) Claus Belka, MD; Alessandro Gronchi, MD;
For the European Organization for the Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group and the European Society for Hyperthermic Oncology




High-Risk Soft Tissue

Sarcoma
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Extremity: hazard ratio

for death of disease or its
treatment with NACT plus RHT
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Adult Soft Tissue Sarcoma o

S3-Guideline: June 2022

5.79. Evidenzbasierte Empfehlung

empfehlungsgrad  Neoadjuvant chemotherapy for patients with soft tissue sarcomas of the pelvis,
A abdomen and extremities should/can be combined with deep hyperthermia
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Question:

How can the addition of regional hyperthermia to systemic
chemotherapy lead in responding patients to a long-term
survival of a disease that usually causes lethality by distant
metastases?

Hypothesis:

Identify features associated with long-term survival achieved
through the addition of regional hyperthermia to neo-adjuvant
chemotherapy.



Neo-adjuvant Chemotherapy plus Regional Hyperthermia for
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Localized High-risk Soft-tissue Sarcoma (EORTC 62961)
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Checkpoint inhibitors: Nivolumab and Ipilimumab vs Ipilimumab M«unikum

Late divergence of survival curves

A Intention-to-Treat Population
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B Patients with PD-L1-Positive Tumors
100
90—
80—

Progression-free Survival (%)
"
=]
1

Nivolumab
Nivolumab plus
ipilimumab

Ipilimumab

No. at Risk

Nivolumab 80 76
Nivolumab plus ipilimumab 68 63
Ipilimumab 75 69

Months

71 57 56 54 51 49 49 43
61 53 52 47 4 42 42 39
66 40 33 24 22 21 21 17

38 32 16 13 5 4
34 24 16 12 3 1
6 15 9 6 3 2

T 1
16 17

C Patients with PD-L1-Negative Tumors
100—

90—
804
704
60|
50
40—
30
20—
10+
0 T

Progression-free Survival (%)

el T —

Ipilimumab

Nivolumab

Nivolumab plus
ipilimumab

0 1

No. at Risk

Nivolumab 208 192
Nivolumab plus ipilimumab 210 195
Ipilimumab 202 183

178 108 105 93 88 80 76 74
181 142 134 123 112 106 105 96
166 82 72 59 44 39 35 31

Months

63 50 31 24 9 5
8 79 42 36 13 9
2 22 12 8 3 1

T T T T 1
16 17 18 19 20 21

RN
~
o

Combined Nivolumab and Ipilimumab
or Monotherapy in Untreated Melanoma

J. Larkin, V. Chiarion-Sileni, R. Gonzalez, ].J. Grob, C.L. Cowey, C.D. Lao,
D. Schadendorf, R. Dummer, M. Smylie, P. Rutkowski, P.F. Ferrucci, A. Hill,
J. Wagstaff, M.S. Carlino, J.B. Haanen, M. Maio, |. Marquez-Rodas,
G.A. McArthur, P.A. Ascierto, G.V. Long, M.K. Callahan, M.A. Postow,
K. Grossmann, M. Sznol, B. Dreno, L. Bastholt, A. Yang, L.M. Rollin, C. Horak,
F.S. Hodi, and J.D. Wolchok

N.E.J.M. (2015)




From cold to hot: mechanisms of




Bacterial iImmunotherapy for the treatment of cancer — ko
William Coley and the birth of cancer immunotherapy

_ Hew York Times - July 23, 1508

ERYSIPELAS GERMS
“ ASCURE FOR CANCER

Dr. Coley's Remedy of Mixed,
- Toxins Makes One Diseaso :
Cast Out the Other. ,

MANY CASES CURED HEREI

Physician Has Used the Cure for 15
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Probably 150 Sure Cures.
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Hallmarks of Hyperthermia (40°C - 43°C)
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0] Sensitization to
chemotherapy

Blocking
cell survival

02 Changing tumor
microenvironment

Inducing cellular 9§
stress response

Evading
03 DNA repair

4 Modulating immune

Issels R et al. Int J Hyperthermia 2016 response



“The new story”
Immunological anti-tumor modes of action

ey
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N.R. Datta et al./ Cancer Treatment Reviews 41 (2015)
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Evidence from preclinical models

Innate activation Hsp70 Hsp70:peptide Adaptive activation
extracellular Hsp complexes

Hsp70 /a_>& c

release } Cross-
NK activation | Presentation

Dendritic
cells

_ DC-NK x
T cell activation

antitumor &

HSp70- membrane

expression

: cytotoxicity de novo priming
= .
Hyperthermia CD8* T cells
<41.5°C/ 41.5-43°C

CD4* T cells

Multhoff et al., J Immunol. 1997

Gastpar et al., J Immunol. 2004
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Bendz et al., J Biol Chem. 2007

Gross et al.. Biol Chem 2003 Pandya et al., Biol. Chem ZQO9
Jolesch et al., Eur. J Cell Biol 2012

Noessner et al., J Immunol. 2002



Hyperthermia induced activation of Natural Killer (NK) and
cytotoxic T cells (CD8)

ional Hyperther TAA
- HSP70
(41-43°C) o C € Tumor-associated antigens
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Activation and lysis
of tumor cells

NK Cells

@

HSP70-Peptide
complex

CDS8* T cell

NK cells activation and

) T cell primin Issels et al., Int J Hyperthermia 2020
lysis of tumor cells ALY , yp




Checkpoint blockade at the tumor site depends on the I kLN U
Infiltration of immune cells

M

Anti-PD-1
CANCER  Anti-pD-L1

Pembrolizumab ‘ -P' A ppat CELLS

Nivolumab Atezolizumab
D L b
TORLL Rt Y 2 urvaluma

Avelumab

TREG MACROPHAGE

TCR = O . HC

PD-L1: Programmed death receptor ligand
PD-1: Programmed death receptor
TREG: FOXP3 regulatory T cells

APC: Antigen presenting cells



Question: Does regional hyperthermia in addition to I KLINIKUM
standard chemotherapy change tumor immune infiltrate ?

Combination therapy applied to

a cold tumor ... .. that becomes hot

Non-

Immunogenic
tumor

37°C 40 - 43°C
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_ European Journal of Cancer 138 (2021) 123—132

Available online at www .sciencedirect.com

ScienceDirect

journal homepage: www.ejcancer.com

Original Research

. . . Immune nfiltrates in patients with localised high-risk soft
Immune infiltrates: P s

tissue sarcoma treated with neoadjuvant chemotherapy

trans I atl on al researc h without or with regional hyperthermia: A translational

research program of the EORTC 62961-ESHO 95

p o g Fam Of th e EO RTC randomised clinical trial
62 96 1/ES H O R HT 95 Rolf D. Issels “*', Elfriede Noessner ™', Lars H. Lindner ,

Michael Schmidt “, Markus Albertsmeier 4, Jean-Yves Blay ©,
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Ulrich Mansmann #, Michael von Bergwelt-Baildon ‘, Thomas Knoesel’
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Analysis of iImmune Infiltrates
Subgroup Analysis of the EORTC 62961 - ESHO 95 study

N =109

o 84 pre-treatment biopsies
o 53 post treatment biopsies
o 28 paired biopsies

TMAs for TILs, CD8, FOXP3,
PD-1, PDL-1

Score:

TiLs

o High: > 5 cells [ HPF
o Low: < 5 cells [ HPF
CDS8

o High: 210 cells [ HPF
o Low: < 10 cells [ HPF

109 patients been randomized
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69 samples
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NAC

53 patients

N=38
Biopsies 1

31 patients

N=31
Biopsies 2

15 patients

7 patients

Response by imaging after 4 cycles therapy

'

Surgery

Issels R, Noessner E, Lindner L et al. Eur J Cancer 2021

68 samples

N=46
Biopsies 1

N=22
Biopsies 2

Response by imaging after 4 cycles therapy

I

Surgery




Change of Immune Infiltrate Pre- to Post-Treatment Biopsies

30

20

Tumor-infiltrating immune cells (TILS)

Total N=137
N=84 N=53
Biopsy 1 Biopsy 2

paired + unpaired
biopsies

“1 Biopsy 1 Biopsy 2

Total N=28

N=14 N=14
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2 o e o
o

paired
biopsies
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Role of tumor infiltrating lymphocytes (TILS)

High TILs after treatment correlate with improved outcome
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Post-treatment biopsies
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Issels R, Noessner E, Lindner L et al. Eur J Cancer 2021



Role of tumor infiltrating CD8 cytotoxic T cells M nom
High CD8 after NAC + RHT correlates with improved DFS
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Regional hyperthermia with radio-chemotherapy:
prognostic impact of the post-treatment T cell composition and spatial
organization in soft tissue sarcoma patients
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Multiplex immunohistochemistry

N = 2] A
o Extremity STS

o RT 50-50.4 Gy

o IFO 6 g/m2

Paired tissue samples
CD8+ T cell panel staining Th panel staining

Rupp L et al. Front. Immunol. 2023



Influence on intratumoral T cell densities
High CD3+ and CD8+ T cell infiltration in post-treatment biopsies are

associated with improved DFS

Post-treatment:pre-treatment T cell ratio (intratumoral specimens)
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Influence on peritumoral T cell densities M nom

Increased ratio of intra- to peritumoral CD8+ cells linked to
increased DFS

Intratumoral:peritumoral T cell ratio (post-treatment specimens)
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Hyperthermia in the context of the cancer immunity cycle L ivikum

Pleiotropic effects of hyperthermia synergize with checkpoint blockade
Chemokines &
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Modified from Chen DS, Mellmann I. Immunity 2013 *
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