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Clinically established hyperthermia devices

Radiofrequency-based and 
recirculation instruments for different entities

High-intensity focused    ultrasound 
(HIFU)

Local  RF-HT
o Head and neck
o Breast

Deep RF-HT
Allowance of deep 
regional heating
o Abdominal
o Pelvic
o Extremity 

malignancies

➔ In use for STS 
treatment

Bladder HT
o RF-HT
o Recirculation 

devices

HIFU-based HT

Head & neck HT
o under 

development 

RF: radiofrequency; HT: hyperthermia



Hyperthermia

Tumor cell death

Chemotherapy Radiation Therapy

“The old story” 
Hyperthermia complements standard cancer treatment such as 
chemotherapy and radiation therapy in destroying tumor cell
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01 Melanoma1: Improved local tumor control for RT + HT

Achievements in the clinical application of regional 
hyperthermia

02

03

04

Cervical Cancer2: Improved survival for RT + HT

Chest wall recurrence of breast cancer3: Improved local 
tumor control for RT + HT

Soft Tissue Sarcoma4,5,6: Improved survival for 
anthracycline-based CTX + HT, Improved immune 
infiltrate 

05 Non-testicular malignant germ-cell tumours7: Platinum-
based CTX + HT leads to long-term cure

1Overgaard et al. Lancet. 1995; 2van der Zee et al. Lancet. 2000; 3Jones et al. J Clin Oncol 2005;
4,5,6 Issels et al. Lancet Oncology 2010, JAMA Oncology 2018, Eur J Cancer 2021; Eur J Cancer  4Wessalowski et al. Lancet Oncol. 2013 



The Evidenz:
 
High-Risk Soft Tissue 
Sarcoma

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



High-Risk Soft Tissue 
Sarcoma

Extremity

Non-Extremity
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Consensus recommendation

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

Adult Soft Tissue Sarcoma

S3-Guideline: June 2022



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.



Late divergence of 

the survival curves:

Resembling 

observations in 

immunotherapy trials

Neo-adjuvant Chemotherapy plus Regional Hyperthermia for 

Localized High-risk Soft-tissue Sarcoma (EORTC 62961) 



N.E.J.M. (2015)

Checkpoint inhibitors: Nivolumab and Ipilimumab vs Ipilimumab
Late divergence of survival curves 

Progression-free survival



From cold to hot: mechanisms of 
hyperthermia in modulating tumor 

immunology for enhanced 
immunotherapy 
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Bacterial immunotherapy for the treatment of cancer –
William Coley and the birth of cancer immunotherapy
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06Blocking
cell survival

03 Evading 
DNA repair

Hallmarks of Hyperthermia (40°C - 43°C)

01 Sensitization to
chemotherapy

02 Changing tumor
microenvironment

04 Modulating immune
response

05Inducing cellular
stress response

Issels R et al. Int J Hyperthermia 2016



N.R. Datta et al./ Cancer Treatment Reviews 41 (2015)

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



CD8+ T cells

Hsp70

membrane 

expression

Hyperthermia

antitumor
cytotoxicity

Hsp70-
Induction

Tumor

Hsp70 
release

Hsp70:peptide 

complexes

Dendritic 
cells

NK

extracellular Hsp

Hsp70

NK activation 

DC-NK 
cross-talk 

cross-
presentation

CD4+ T cells

T cell activation 
& 

de novo priming

Innate activation Adaptive activation

Multhoff et al., J Immunol. 1997 

Gross et al., Biol Chem 2003 

Gastpar et al., J Immunol. 2004

<41.5°C / 41.5-43°C

Bendz  et al., J Biol Chem. 2007

Pandya et al., Biol. Chem 2009

Jolesch et al., Eur. J Cell Biol 2012

Noessner et al., J Immunol. 2002

Evidence from preclinical models



Hyperthermia induced activation of Natural Killer (NK) and 

cytotoxic T cells (CD8) 

HSP70
Regional Hyperthermia

(41-43°C)
Tumor-

  cells

TAA

Tumor-associated antigens 

Perforin/Granzym B

NK Cells

NK cells activation and

      lysis of tumor cells 

Activation and lysis 

of tumor cells

T cell priming 

MHC I

NKG2D

HSP70-Peptide

complex

CD8+ T cell

MICA/B

Issels et al., Int J Hyperthermia 2020



Checkpoint blockade at the tumor site depends on the 

infiltration of immune cells  

PD-L1: Programmed death receptor ligand

PD-1:  Programmed death receptor

TREG: FOXP3 regulatory T cells

APC:  Antigen presenting cells

Anti-PD-1
Pembrolizumab
Nivolumab

Anti-PD-L1
Atezolizumab
Durvalumab
Avelumab



a cold tumor …

37°C

Combination therapy applied to

Question: Does regional hyperthermia in addition to 

standard chemotherapy change tumor immune infiltrate ?

… that becomes hot

40 – 43°C

Imunogenic

tumor

Non-

immunogenic 

tumor



Immune infiltrates: 
translational research 
program of the EORTC 
62961/ESHO RHT 95 
randomised clinical trial 

Induction treatment
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Analysis of immune infiltrates

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
CD8
o High: ≥ 10 cells / HPF
o Low: < 10 cells / HPF

Subgroup Analysis of the EORTC 62961  - ESHO 95 study

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



Tumor-infiltrating immune cells (TILs)

paired + unpaired 

biopsies

Total N=137

N=84

Biopsy 1

N=53

Biopsy 2

paired  

biopsies

N=14

Biopsy 1
N=14

Biopsy 2

Total N=28

Change of Immune Infiltrate Pre- to Post-Treatment Biopsies
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Role of tumor infiltrating lymphocytes (TILs)

Post-treatment biopsies

High TILs after treatment correlate with improved outcome

Issels R, Noessner E, Lindner L et al. Eur J Cancer 2021
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Role of tumor infiltrating CD8 cytotoxic T cells 

Post-treatment High CD8
  NAC +RHT versus NAC

Post-treatment Low CD8
 NAC + RHT versus NAC

High CD8  after NAC + RHT correlates with improved DFS

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



Strictly confidential – any disclosure to 3rd party strictly prohibited without prior written approval.

Regional hyperthermia with radio-chemotherapy: 
prognostic impact of the post-treatment T cell composition and spatial 
organization in soft tissue sarcoma patients 

CD8+ T cell panel staining Th panel staining

Multiplex immunohistochemistry

Examination of T cell sub-populations

N = 21
o Extremity STS

o RT 50-50.4 Gy

o IFO 6 g/m2

Paired tissue samples 

Rupp L et al. Front. Immunol. 2023
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Influence on intratumoral T cell densities

Post-treatment:pre-treatment T cell ratio (intratumoral specimens)

High CD3+ and CD8+ T cell infiltration in post-treatment biopsies are 

associated with improved DFS

Rupp L et al. Front. Immunol. 2023
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Influence on peritumoral T cell densities

Intratumoral:peritumoral T cell ratio (post-treatment specimens)

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

increased DFS

Rupp L et al. Immunol. 2023
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Trafficking 

Antigen 

presentation

Antigen 

release

T cell 

priming

CTLA-4

TGF-ß

MDSC

Treg

Milieu

Infiltration 

Recognition 

T-CELL 
GENERATION

T-CELL 
INFILTRATION

TUMOR CELL 
KILLING

Elimination

X
PD-(L)1

Hyperthermia in the context of the cancer immunity cycle

Hyperthermia

<41.5°C / 41.5-43°C

Hsp70

Chemokines

cytokines

Stress 
ligands

Treg reduction, DC activation, vascular flow 

Pleiotropic effects of hyperthermia synergize with checkpoint blockade

Cold tumors → hot 

Modified from Chen DS, Mellmann I. Immunity 2013

Noessner & Teschner Onkologie Heute 2021
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