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Preface and acknowledgements

During the past decade clinical evidence on the beneficial use of additive local and regional hyperthermia
procedures as part of multimodality treatment approaches for several malignant diseases has increased
significantly. With the publication of relevant clinical trials and analyses, additive local and regional
hyperthermia procedures regained attention globally among oncological professionals and its potential
beneficial effect is described in several guidelines. Therefore, the evidence-based use of hyperthermia
treatments is reimbursed by health insurances in various countries. Today, hyperthermia plays a role in
the treatment of chest wall recurrences after breast cancer, locally advanced cervical cancer, locally ad-
vanced and recurrent rectal cancer, high risk soft tissue sarcoma, anal carcinoma and bladder cancer.

Recent technical advances are contributing to improved quality assurance. With the help of CT- or MRI-
based planning systems, the temperature distribution in the target area can be preplanned and optimized
before the patient is exposed, and in the clinical setting, the calculated heat distribution can be verified
with a dedicated MRI scanner for non-invasive thermometry. Meanwhile, hyperthermia treatment qual-
ity assurance and delivery standards had been improved and published by a dedicated team of physicists,
technicians and clinicians.

Thisbookletis dedicated to the interested reader without any expertise in local and regional hyperthermia.
It is designed to provide instant access: The first part of the book gives a compact overview on the defini-
tion of hyperthermia, the physical mode of action for controlled tissue heating, and the biological effects
associated with hyperthermia. In the second part, hyperthermia procedures and clinical indications are
described and practical recommendations for the treatment delivery and quality assurance are given. In
the third part, clinical results for the combined use of hyperthermia with radio- and/or chemotherapy are
summarized. A special spotlight is set on the role of hyperthermia in the treatment of childhood malignan-
cies. This part of the booklet is completed with the presentation of currently open or future clinical trials.

We hope that the interested reader will enjoy reading and will get fast access and understanding for the po-

tential of quality-assured local and regional hyperthermia procedures in combination with oncological
standard treatments.

Erlangen, January 2024 Oliver J. Ott
Rolf D. Issels
Riidiger Wessalowski



Authors

Editors

Prof. Dr. med. Oliver J. Ott (Editor)
Dept. of Radiation Oncology
University Hospital Erlangen
Universititsstrafle 27

91054 Erlangen

Germany

Chapters 2.1., 3.1, 3.3., 3.4, 5.2., 6.

Prof. Dr. med. Dipl.-Biochem. Rolf D. Issels (Co-Editor)
Dept. of Medicine III

LMU University Hospital

LMU Munich

Marchioninistra8e 15

81377 Munich

Germany

and

Helmholtz Zentrum Miinchen
Institute of Molecular Immunology
CCG Hyperthermia
Marchioninistrafle 25

81377 Munich

Germany

Chapters 3.2, 5.1., 6.

Priv. Doz. Dr. med. Ridiger Wessalowski (Co-Editor)

Dept. of Pediatric Oncology, Hematology and Clinical Immunology
University Hospital Disseldorf

Moorenstrafle 5

40225 Diisseldorf

Germany

Chapters 4., 6.

Co-authors

Dipl.-Ing. Sultan Abdel-Rahman
Dept. of Medicine III

LMU University Hospital

LMU Munich
Marchioninistrale 15

81377 Munich

Germany

Chapter 2.2.



Prof. Dr. rer. nat. habil. Udo S. Gaipl
Dept. of Radiation Oncology
Translational Radiobiology
University Hospital Erlangen
Universititsstrafie 27

91054 Erlangen

Germany

Chapter 1.3.

Dr. rer. nat. Andreas Jordan
MagForce NT GmbH
Max-Planck-Strae 3

12489 Berlin

Germany

Chapter 2.1.

Univ.-Prof. Dr. med. Lars H. Lindner
Dept. of Medicine III

LMU University Hospital

LMU Munich

Marchioninistrafle 15

81377 Munich

Germany

Chapters 2.1., 2.2, 3.2., 5.1.

Dr. med. Valeria Milani
Dept. of Medicine IIT
LMU University Hospital
LMU Munich
Marchioninistrafle 15
81377 Munich

Germany

and
Medical Center FFB
Leonhardsplatz 2

82256 Fiirstenfeldbruck
Germany

Chapter 1.3.



Dipl.-Ing. (FH) Margareta Santl
Dept. of Medicine IIT

LMU University Hospital

LMU Munich
Marchioninistraf8e 15

81377 Munich

Germany

Chapter 2.2.

Dr. rer. nat. Manfred Schmidt
Dept. of Radiation Oncology
University Hospital Erlangen
Universititsstrafle 27

91054 Erlangen

Germany

Chapters 1.1., 1.2.

Prof. Dr. med. Sabine Semrau
Dept. of Radiation Oncology
University Hospital Erlangen
Universititsstrafle 27

91054 Erlangen

Germany

Chapter 5.2.

Hana Dobsicek Trefnd

Biomedical Electromagnetics Group
Dept. Electrical Engineering
Chalmers University of Technology
412 96 Goteborg

Sweden

Chapter 2.3.

Dr. rer. nat. Tungte Wang
Dept. of Medicine III
LMU University Hospital
LMU Munich
Marchioninistra8e 15
81377 Munich

Germany

Chapter 2.2.



10 Contents
Contents
- Principles of Hyperthermia 13
1.1. Definition of Hyperthermia. ..........ooii e 13
1.1.1. Different Temperature REGIMES. . . ... vttt ettt e et e et iaenes 13
1.1.2. Heating TeCNNIQUES . . .o e ettt et ettt e e et e 14
1.1.3. REfEIENCES . . o 14
1.2 Physical Basics and Hyperthermia Applications ......... ... 14
1.2.1. Electromagnetic Irradiation. .. .....oou et e e 14
1.2.2. Interaction of Non-lonizing Electromagnetic Radiation with Matter........................ooooe 16
1.2.3. Practical Realizations . ... ... euet e e 17
1.2.4. Planning and Optimization . .......ouoine ittt e et e 20
1.2.5. Harmful Effects of Non-lonizing Radiation.............oiuiiiiin it 21
1.2.6. Further Heating TeChNIQUES . . ..o i ettt e e 21
1.2.7. [ (==Yl =T 1 T o N 22
1.2.8. RO EIBNCES . . ettt 23
1.3. Biological Rationale of Hyperthermia ....... ..o 23
1.3.1. Biological Rationale and Mode of Action of Hyperthermia ..o 23
1.3.2. Interaction of Hyperthermia and Chemotherapeutic Agents ............coiiiiiiiiiinnennn... 24
1.33. Interaction of Hyperthermia and lonizing Radiotherapy ............coviiiiiiiiiniiiin . 24
1.3.4. Immune Modulation by Hyperthermia ..........oooiiiin i e 25
1.3.5. REfEIENCES . . o 26
- Techniques, Clinical Use and Quality Assurance 29
2.1. Hyperthermia Treatment Techniques. .. ... ..ot 29
2.1.1. ClassiCal TECNNIQUES. . ...ttt e e e e ettt 29
2.1.2. RECENT DEVEIOPMENTS . . .ttt ettt ettt e ettt et 31
2.1.3. RO EIENCES . . ettt et e 33
2.2. Practical Recommendations. . ... ...t 35
2.2.1. Treatment Planning ... ...ttt e e e e
2.2.2. Treatment MONITONING . . .. e ettt e ettt e et e
2.2.3. Treatment Documentation
2.24. Requirements and Characterization of EQUIDMENT. . ......ovuiin i 42
2.2.5. ST LY ASPECES . ettt ettt e e 43
2.2.6. Hyperthermia Staff RequUirements. .. ..ot e 43
2.27. RO EIENCES . . ettt 43
2.3. QUAIIEY ASSUIANCE. v ettt ettt ettt et ettt e ettt et ettt et et 44
2.3.1. Heat DOSIMETIY ... e 44
2.3.2. The Hyperthermia QA Guidelines and Their Principles ........... ..o 45
2.3.3. Thermometry and Verification .. ......ouii e e 47
2.35. LU BT = ot - 48
2.3.6. REfEIENCES . . o 48
- Clinical Results of Quality-Assured Hyperthermia 51
3.1. Hyperthermia Alone ... ... e 51
3.2 Chemotherapy and Hyperthermia...........oouiuiiiii i 51
3.2.1. Peritoneal carcinomatosis of epithelial ovarian cancer (EOC) .........ccovviiiiiiiniiieninannn 51



Contents 1
3.2.2. Non-muscle-invasive bladder cancer (NMIBC) ......vvuiiniiii e 52
3.23. High-risk soft tissue sarcomas (HR-STS) of adults. ......... ...t 53
3.2.4. Localized relapse or metastatic disease of soft-tissue sarcoma ............ccoevveviiiennnnn... 54
3.2.5. Pancreatic CanCer .. ... 55
3.2.6. Breast CanCer ...ttt e 56
3.27. (@1 4 oY = o <] 56
3.28. [T [ ol @ 3 Ve 56
3.2.9. 21T T Y o Tl 57
33. Radiotherapy and Hyperthermia ... e 59
3.3.1. Breast CanCer ...ttt e e e e 59
33.2. Rl CaNCEY ettt et 60
333. (@1 4 1o Y Q= ol 3 o o' - 62
334. FUIREr RESUILS . . oot e e e e e et e 63
3.35. 21T T Y o Tl 63
34. Radiochemotherapy and Hyperthermia. ......... ... i 64
3.4.1. BrEast CaN Ol ottt e e e 64
34.2. R T<T e 2= =T oY =T 64
343. (@0 4V 1o Y = ol 3 Yo o' - 65
3.4.4. Y T - T Ve 66
3.4.5. Bladder CanCer . vttt ettt e e e 67
34.6. Esophageal Carcinoma .. ...t e 68
347. Further Fields of RESarCh .. ... .. ..ot e e e 69
3.4.8. RO I ENCES . . et 69

- The Role of Hyperthermia in Pediatric Oncology 71
4.1. T Tt o] o T 71
4.2. Locoregional Radiofrequency Hyperthermia in Children and Adolescents.................. 71
4.2.1. Application of Hyperthermia and Thermometry .........ooiiiiiiii i 71
422, ANAlYSiS Of TEMPEIATUIES . . ..ttt ettt ettt e e e e e et e e e e et e et ee e eeens 73
4.23. Hyper-PEl Treatment Schedule. . . ... o e 73
4.3. T 0112 o o 13 74
4.4. RESUILS .ttt e 75
44.1. EXperimental STUAIES . . . ..ot 75
44.2. ClINICAl STUAIES . . e ettt e e e e e e e e e 76
4.4.2.1.  Radiofrequency Hyperthermia and Chemotherapy ............cooiiiiiiiiiiiiiiii s 76
4.4.22. Radiofrequency Hyperthermia and Radiotherapy...........couiiuiiiiiiiii it 77
4.5. Technical Approach and Perspectives . ......o.vuvueuetiini et ee i 79
4.6. Surgical Techniques for Isolated Hyperthermic Perfusion with High-Dose Chemotherapy .. 82
4.6.1. Isolated Hyperthermic Limb Perfusion .............ooueiiiieiiii i 82
46.2. Hyperthermic Intraperitoneal Chemoperfusion. ..............veiiiiiii i 82
47. L@ =TI XY ot 3 83
4.8. RO EIENCES. .ttt e 84

- Current and Future Clinical Trials 87
5.1. Chemotherapy and Hyperthermia......... ... o i 87
5.1.1. R I ENCES . .ttt 90



