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Liebe Leserinnen und Leser, liebe Kolleginnen und 
Kollegen aus Forschung und Praxis, 

 
Sie halten die mittlerweile 27. Ausgabe des Oncothermia 
Journals in Ihren Händen. Wir haben 2011 mit der 
Publikation dieses Open-Access-Journals begonnen um 
Informationen zur Oncothermie für Anwender und 
Spezialisten bereitzustellen und einen Einblick in 
Neuigkeiten und aktuelle Ergebnisse von klinischen und 
experimentellen Themen zu geben. Es freut mich sehr 
zu sehen, dass die gegenwärtige Publikation so großen 
Zuspruch erfährt und das Oncothermia Journal sich zu 
einer Referenzquelle für zahlreiche Experten entwickelt. 
Der aktuelle Band stellt einige Inhalte der jährlich 
abgehaltenen 37. International Clinical Hyperthermia 
Society Konferenz in Thessaloniki, Griechenland, dar. Das 
zweitägige Event war ein voller Erfolg, mit intensiven 
Diskussionen über die derzeitigen Herausforderungen 
der Forschung sowie deren Bewältigung. Die meisten 
Vorträge legten den Fokus auf klinische Ergebnisse die 
statistisch belegte Beweise für Fälle von rezidivierten 
Glioblastoma Multiforme enthielten, sowie die 
Möglichkeit von immunogen induzierter Wirkung durch 
modulierte Elektro-Hyperthermie (mEHT), um diese 
schwerwiegende Krankheit zu heilen. Die Kombination 
von Immuntherapie mit mEHT wurde nicht nur im 
Zusammenhang mit Gliomen, sondern ebenfalls 
bezogen auf Ovarialkrebs dargelegt. Auch über 
fortgeschrittenen Bauchspeicheldrüsenkrebs, bei dem 
Betroffene nur geringe Überlebenschancen haben, wenn 
sie mit konventionellen Methoden behandelt werden, 
wurde diskutiert und es wurden signifikante Fortschritte 
für das Überleben dieser aggressiven Krankheit 
aufgezeigt. 
Die vorliegenden Präsentationen wurden durch einige 
theoretische Betrachtungen im Bezug auf Methodik und 
klinische Praxis ergänzt. Ich hoffe inständig, dass die 
derzeitige Ausgabe zahlreiche neue Informationen 
enthält, welche die überzeugenden Entwicklungen der 
vielschichtigen Hyperthermie-Methode belegen. 
Empfehlen möchte ich dieses Journal allen, die mehr 
über den derzeitigen Stand dieser aufkommenden 
Therapiemöglichkeit wissen wollen. 
Ich hoffe, die Inhalte dieses Journals bieten Ihnen 
zusätzliche Möglichkeiten, um Ihren leidenden Patienten 
zu helfen. 
 
Mit freundlichen Grüßen, 
Prof. Dr. Andras Szasz 

 
 
 
 

Dear Readers, Dear Fellow Researchers, Dear 
Colleagues, Dear Friends, 

 
 
The recent volume of the Oncothermia Journal is the 27th 
now. We had started this open-access publication in 2011 
intending to give information for Oncothermia users and 
interested specialists about the actual professional 
news and results in clinical and experimental topics. I am 
pleased to recognize the wide interest of the actual 
publications and see how the OJ started to be a 
reference source for many experts.  
The present volume shows a representing material from 
the 37th annual conference of International Clinical 
Hyperthermia Society held in Thessaloniki, Greece. The 
two-days event was a great success having intensive 
discussions about the actual research challenges and 
possible solutions. Most of the presentations were 
centred on clinical results that showed excellent 
statistical pieces of evidence on relapsed glioblastoma 
multiform cases as well as the possibility of induced 
immunogenic effects by modulated electro-
hyperthermia (mEHT) to cure this serious disease. The 
immunotherapy combination with mEHT was presented 
not only in gliomas, but in ovarian cancer too. The 
advanced pancreatic cancer, which has poor survival in 
conventional treatments, was discussed and significant 
improvements were revealed in the survival of this 
aggressive disease. 
These presentations are completed with some 
theoretical considerations on methodology and clinical 
practice. I do hope that the present volume offers 
numerous new information, proving the strong 
developments of the complex hyperthermia 
technologies. I recommend this volume for everyone 
who are eager to know more about the present status of 
this emerging therapy option.  
I hope this information offers you additional 
opportunities to help your suffering patients. 
 
 
Sincerely yours, 
Prof. Dr. Andras Szasz 
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As the editorial team we are committed to a firm and coherent editorial line and the highest possible printing standards. But it is 
mainly you, the author, who makes sure that the MEHT Journal is an interesting and diversified magazine. We want to thank every 
one of you who supports us in exchanging professional views and experiences. To help you and to make it easier for both of us, we 
prepared the following rules and guidelines for abstract submission. 
 
Als redaktionelles Team vertreten wir eine stringente Linie und versuchen, unserer Publikation den höchst möglichen Standard zu 
verleihen. Es sind aber hauptsächlich Sie als Autor, der dafür Sorge trägt, dass das MEHT Journal zu einem interessanten und 
abwechslungsreichen Magazin wird. Wir möchten allen danken, die uns im Austausch professioneller Betrachtungen und 
Erfahrungen unterstützen. Um beiden Seiten die Arbeit zu erleichten, haben wir die folgenden Richtlinien für die Texterstellung 
entworfen. 
 
1. Aims and Scope 
The MEHT Journal is an official journal of the Oncotherm Group, devoted to supporting those, who would like to publish their results 
for general use. Additionally, it provides a collection of different publications and results. The MEHT Journal has an open-minded 
character, but it should particularly contain complete study-papers, case-reports, reviews, hypotheses, opinions, and all the 
informative materials which could be helpful for the international Oncotherm community. Advertisement connected to the topic is 
also welcome. 
 

• Clinical Studies: Regional or local or multilocal mEHT or electro cancer therapy (ECT) treatments, case-reports, practical 
considerations in complex therapies, clinical trials, physiological effects, MEHT in combination with other modalities, and 
treatment optimization. 

• Biological Studies: Mechanisms of mEHT, thermal-or non-temperature dependent effects, response to electric fields, 
bioelectromagnetic applications for tumors, MEHT treatment combination with other modalities, effects on normal and malignant 
cells and tissues, immunological effects, physiological effects, etc. 

• Techniques of mEHT: Technical development, new technical solutions, proposals. 
• Hypotheses, suggestions, opinions to improve mEHT and electro-cancer-therapy methods, intending the development of the 

treatments. 
 
Further information about the Journal, including links to the online sample copies and content pages can be found on the website of 
the journal: www.MEHT-Journal.com.  
 
1. Selbstverständnis und Ziele 
Das MEHT Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstützen, die ihre Ergebnisse der 
Allgemeinheit zur Verfügung stellen möchten. Das MEHT Journal ist neuen Inhalten gegenüber offen, sollte aber vor allem 
Studienarbeiten, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen Materialien, die für die internationale Oncotherm-
Gemeinschaft hilfreich sein könnten, enthalten. Werbung mit Bezug zum Thema ist ebenfalls willkommen. 
 

• Klinische Studien, regionale, lokale oder multilokale Oncothermie oder Electro Cancer Therapy (ECT) Behandlungen, Fallstudien, 
praktische Erfahrungen in komplexen Behandlungen, klinische Versuche, physiologische Effekte, Oncothermie in Kombination mit 
anderen Modalitäten und Behandlungsoptimierungen. 

• Biologische Studien. Mechanismen der Oncothermie, thermale oder temperaturunabhängige Effekte, Ansprechen auf elektrisches 
Feld, bioelektromagnetische Anwendungen bei Tumoren, Kombination von Oncothermie und anderen Modalitäten, Effekte auf 
normale und maligne Zellen und Gewebe, immunologische Effekte, physiologische Effekte etc. 

• Oncothermie-Techniken. Technische Entwicklungen, neue technische Lösungen. 
• Hypothesen, Meinungen, wie die Oncothermie- und ECT-Methoden verbessert werden können, um die Behandlung zu 

unterstützen. 
 
2. Submission of Manuscripts 
All submissions should be made online via email: MEHT-Journal@oncotherm.org.  
 
2. Manuskripte einreichen 
Manuskripte können online eingereicht werden: MEHT-journal@oncotherm.org  
 
 
3. Preparation of Manuscripts 
Manuscripts must be written in English, but other languages can be accepted for special reasons, if an English abstract is provided. 
 
Texts should be submitted in a format compatible with Microsoft Word for Windows (PC). Charts and tables are considered textual 
and should also be submitted in a format compatible with Word. All figures (illustrations, diagrams, photographs) should be provided 
in JPG format. 
 

Rules for submission 

http://www.oncothermia-journal.com/
mailto:Oncothermia-Journal@oncotherm.org
mailto:Oncothermia-journal@oncotherm.org
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Manuscripts may be any length, but must include:  
 

• Title Page. Title of the paper, authors and their affiliations, 1-5 keywords. At least one corresponding author should be listed, 
whose email address and full contact information must be provided. 

• Abstracts. Abstracts should include the: purpose, materials, methods, results and conclusions. 
• Test. Unlimited volume. 
• Tables and Figures. Tables and figures should be referred to in the text (numbered figures and tables). Each table and/or figure 

must have a legend that explains its purpose without a reference to the text. Figure files will ideally be submitted as jpg-file 
(300dpi for photos). 

• References. MEHT Journal uses the Vancouver (Author-Number) system to indicate references in the text, tables and legends, e.g. 
[1], [1-3], [1-3]. The full references should be listed numerically in order of appearance, and presented following the text of the 
manuscript. 

 
3. Manuskripte vorbereiten 
Manuskripte müssen in englischer Sprache vorliegen. Andere Sprachen können in Ausnahmefällen akzeptiert werden, wenn ein 
englisches Abstract vorliegt.  
 
Texte sollten in einem mit Microsoft Word für Windows (PC) kompatiblen Format eingereicht werden. Tabellen sollten in einem Word-
kompatiblen Format eingefügt werden. Alle Graphiken (Illustrationen, Diagramme, Photographien) sollten im jpg Format vorliegen. 
 
Manuskripte können jede Längen haben, müssen aber die folgenden Punkte enthalten: 
 

• Titelseite. Titel der Arbeit, Autor, Klinikzugehörigkeit, 1-5 Schlüsselworte. Es muss mindestens ein Autor ausgewiesen sein, dessen 
Email-Adresse und Kontaktdetails angegeben werden. 

• Abstracts. Abstracts müssen enthalten: Zielsetzung, Material und Methoden, Ergebnisse, Fazit. 
• Text. Beliebige Länge. 
• Abbildungen und Tabellen. Abbildungen und Tabellen sollten im Text erläutert werden (nummeriert). Jede Abbildung / Tabelle 

muss eine erklärende Bildunterschrift haben. Bilder sollten als jpg verwendet werden (300 dpi). 
• Zitate. Das MEHT Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B. [1], [1-3], [1-3]. Die 

Bibliographie erfolgt numerisch in Reihenfolge der Erwähnung im Text.  
 
4. Copyright 
It is a condition of publication that authors assign copyright or license the publication rights in their articles, including abstracts to the 
journal. The transmitted rights are not exclusive, the author(s) can use the submitted material without limitations, but MEHT Journal 
also has the right to use it. 
 
4. Copyright 
Es ist eine Publikationsvoraussetzung, dass die Autoren die Erlaubnis zur Publikation ihres eingereichten Artikels und des 
dazugehörigen Abstracts unterschreiben. Die überschriebenen Rechte sind nicht exklusiv, der Autor kann das eingereichte Material 
ohne Limitation nutzen. 
 
5. Electronic Proofs 
When the proofs are ready, the corresponding authors will receive an e-mail notification. Hard copies of proofs will not be mailed. To 
avoid delays in the publication, corrections to proofs must be returned within 48 hours, by electronic transmittal or fax. 
 
5. Elektronische Korrekturfahne  
Wenn die Korrekturfahnen fertig gestellt sind, werden die Autoren per Email informiert. Gedruckte Kopien werden nicht per Post 
versandt. Um Verzögerungen in der Produktion zu verhindern, müssen die korrigierten Texte innerhalb von 48 Stunden per Email oder 
Fax zurückgesandt werden. 
 
 
6. Offprints and Reprints 
Author(s) will have the opportunity to download the materials in electronic form and use it for their own purposes. Offprints or reprints 
of the MEHT Journal are not available. 
 
6. Sonderdrucke und Nachdrucke 
Die Autoren haben die Möglichkeit, das Material in elektronischer Form herunterzuladen, Sonderdrucke und Nachdrucke des MEHT 
Journals sind nicht erhältlich.  
 
7. Advertising 
The MEHT Journal accepts advertising in any language but prefers advertisements in English or at least partially in English. The 
advertising must have a connection to the topics in the MEHT Journal and must be legally correct, having checked that all information 
is true.   
 
7. Werbung 
Das MEHT Journal akzeptiert Werbeanzeigen in allen Sprachen, wünscht aber die zumindest teilweise Gestaltung in englischer Sprache. 
Die Werbung muss eine Beziehung zu den Themen des MEHT Journals haben und der Wahrheit entsprechende Inhalte aufweisen. 
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8. Legal responsibility 
Authors of any publications in the MEHT Journal are fully responsible for the material which is published. The MEHT Journal has no 
responsibility for legal conflicts due to any publications. The editorial board has the right to reject any publication if its validity has not 
been verified enough or the board is not convinced by the authors.  
 
8. Haftung 
Die Autoren aller im MEHT Journal veröffentlichten Artikel sind in vollem Umfang für ihre Texte verantwortlich. Das MEHT Journal 
übernimmt keinerlei Haftung für die Artikel der Autoren. Der redaktionelle Beirat hat das Recht, Artikel abzulehnen. 
 
9. Reviewing 
The MEHT Journal has a special peer-reviewing process, represented by the editorial board members and specialists, to whom they 
are connected. To avoid personal conflicts the opinion of the reviewer will not be released, and her/his name will be handled 
confidentially. Papers which are not connected to the topics of the journal could be rejected without reviewing. 
 
9. Bewertung 
Die Texte für das MEHT Journal werden vom redaktionellen Beirat kontrolliert. Um Konflikte zu vermeiden, werden die Namen des 
jeweiligen Korrektors nicht öffentlich genannt. Artikel, die nicht zu den Themen des Journals passen, können abgelehnt werden. 
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Introduction 
Capacitive hyperthermia is often used in conjunction with radiotherapy and chemotherapy for the treatment 
of cancer. It is applied by the use of electrodes, which can be either changeable or fixed. The main 
frequencies used for this electromagnetic heating modality are 8 and 13.56 MHz. In order to achieve better 
coupling of the electromagnetic energy to the body and, at the same time, cool the surface tissues, all 
devices use a water bolus between the application electrode and the body, commonly with a cooled 
circulating liquid. However, not much work has been performed until now on the treatment planning with 
such devices [1, 2]. 
 
Objectives 
The objective of the current study was to investigate the distributions of the electric field, the specific 
absorption rate (SAR) and the temperature inside a simplified numerical phantom of the human torso with 
an embedded spherical tumor, when the number, shape and positioning of electrodes were changed to 
achieve an optimized treatment. Finally, we also aimed at examining the effect of optimal positioning 
derived with the simplified model on a numerical phantom of realistic anatomy. 
 
Material/Methods 
The software platform we used for performing the numerical simulations was Sim4Life Version 4.4.2 
(Zurich Med Tech, Zurich, Switzerland), which implements the Finite Element Method (FEM). A homogenous 
numerical phantom of the torso (cylindrical with elliptical cross-section) was created. The phantom 
comprised two tissues: an internal cylinder with small and large diameters of 40 cm and 72 cm, 
respectively, which was assigned to the electric conductivity of muscle, and a cylindrical shell of 2 cm 
thickness on top, which was assigned to the properties of fat. The realistic model of ‘Ella’ from the Virtual 
Population (IT’IS Foundation, Zurich, Switzerland) was also used and studied; this model represents a 26-
year-old female with the height of 1.63 m and 57 kg. The circular electrodes simulated were of 25 cm in 
diameter. 
 
Results 
 It was confirmed that the number and size of the electrodes induce differences in electric field (SAR) 
distribution. At first, we used two electrodes with different dimensions (circular and rectangular). A different 
geometry was applied with two electrodes with different dimensions (circular and square) with which we 
achieved the maximum local SAR per 100W of absorbed power in the tumor region and lower total 
deposited power in healthy muscle and fat tissue. Using the most efficient model we performed the thermal 
simulation. Through the thermal simulations we confirmed that temperature distribution changes in 
proportion with the applied power and boundary settings. After studying the homogenous models, we 
confirmed the results with the realistic model of ‘Ella’.  
 
Conclusion 
We have shown that starting with a simplified numerical model of the torso, it is possible to achieve an 
electrode configuration, which can be used with realistic patient models to improve power deposition inside 
the tumor while sparing healthy tissues.  
 
References 
[1] V. D’Ambrosio, F. Dughiero. Numerical model for RF capacitive regional deep hyperthermia in pelvic 

tumors. Medical & Biological Engineering & Computing 45:459, 2007 
[2] H. P. Kok, A. N. T. J. Kotte, J. Crezee. Planning, optimisation and evaluation of hyperthermia treatments. 

International Journal of Hyperthermia 33(6):593-607, 2017 
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Hyperthermia in oncology is based on energy-absorption from electromagnetic or mechanical 
sources. The specific absorption rate (SAR) measures the absorbed power (W/kg), and its 
multiplication by the duration of application in seconds gives the absorbed energy (J/kg). The dose 
is directly the absorbed energy, but in most of the applications, it is not a measurable parameter, 
due to the low efficacy of the absorption. The efficacy depends on the technical solution of the 
coupling of energy-source to the target, the surface cooling, and energy losses by the 
transmission, including the reflected power. The temperature is a consequence of the energy-
absorption, and it depends on the thermal homeostatic activity of the targeted tissue. 
Consequently, the inaccuracy of the SAR is mostly a technical problem, while the inaccuracy of 
the temperature is mainly physiological. The SAR is the source of the desired changes in the 
target, so it must be measured or at least estimated for dosing the local hyperthermia. The 
measured temperature is only an orienting parameter about the absorbed energy, and from that, 
we may calculate the SAR when otherwise it is not measurable. The planning is more 
straightforward; the SAR calculation with planning is a direct task, it is not necessary to transform 
it to the temperature of the target. This way the clue of dosing of local hyperthermia is the efficacy 
of the energy-targeting, making it possible to measure the applied dose with eligible accuracy. 
This approach needs well designed and controlled coupling for energy transfer to the tissue. My 
objective is to discuss the conditions of this request 
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Aim 
To motor the efficacy and safety of modulated electro-hyperthermia (mEHT) for the treatment of relapsed 
brain tumors.  
 
Methods 
We collected data retrospectively on 164 patients that were affected by recurrent malignant brain tumors: 
glioma and astrocytoma. Patients were included in the study if: informed consent signed, >18 years old, 
histological diagnosis of malignant glioma or astrocytoma, failure of previous temozolamide-based 
chemotherapy and radiotherapy, indication for treatment with mEHT as palliative setting. 
mEHT was performed using a capacitive coupling technique that allowed to keep the skin surface at 26 C° 
and to reach 40-42.5 C° inside the tumor for > 90% of treatment duration (20-60 minutes) by applying a 
power of 40-150 Watts. 
 
Results 
The study sample included 164 patients with brain tumor, 115 of these (70%) had glioblastoma multiforme 
(GBM) and 50 (30%) had astrocytoma. mEHT was performed to 29 (25%) GBM and 28 (56%) of 
astrocytoma, whereas the remaining patients received the best supportive care (BSC). 
Three months after mEHT, tumor response rate was 24% for GBM and 43% for astrocytoma, whereas it 
was 4% for GBM and 37% for astrocytoma for the BSC group. The median overall survival (OS) was 12 
months (range 5-108) for GBM, and 17 months (6-156) for astrocytoma group. We observed 2 long-term 
survivors in the AST and 1 in the GBM group that were treated with mEHT. 
 
Conclusions 
mEHT may have promising efficacy for the treatment of relapsed malignant glioma and astrocytoma and 
can be a useful integrative therapy
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Introduction 
Despite aggressive local therapy, patients with locally advanced cancer are at significant risk for local 
recurrences and systemic metastases. The risk of local recurrence after operation is largely dependent on 
clinical stage. The predominant cause of metastatic recurrence is occult micrometastases. More effective 
treatment methods are therefore needed for local and systemic controls. For these purposes, hyperthermia 
is limitedly applied to locally advanced sarcoma or high risk peritoneal carcinomatosis patients with 
perioperative chemotherapy. But because of some side effects and low patient compliance neoadjuvant 
chemotherapy with classic hyperthermia has limitations. In preclinical and clinical data modulated electro-
hyperthermia(mEHT) not only suppress local tumor growth but also demonstrate immunologic effects at 
distant sites with negligible side effects. For this reason, there is interest in combining locoregional mEHT 
and systemic chemotherapy before definitive surgical treatment. 
 
Objectives 
The primary objective is whether the neoadjuvant chemotherapy plus mEHT in patients with various locally 
advanced cancer is feasible. The secondary objective is evaluation of safety and side effects of this 
treatment.  
 
Material/Methods 
This is a single hospital, observational and retrospective clinical study. We reviewed the medical records of 
all patients who underwent mEHT at Oasis Cancer Hyperthermia Research Center between January 2017 
and July 2019. The feasibility of patients treated with neoadjuvant chemotherapy plus mEHT as well as 
safety and side effects were investigated. The chemotherapy regimens differed from cancer types and the 
university hospitals they treated.  
 
Results  
Data from 203 eligible patients were collected. The number of patients by cancer types were 101 breast, 
26 stomach, 13 thyroid, 12 colon, 10 rectum, 9 lung, 8 ovary, 6 liver, 5 cervix, 5 sarcoma, 5 pancreas and 3 
oesophageal cancer patients respectively. Among them 21 patients showed receiving neoadjuvant 
chemotherapy with mEHT treatment.  The majority of these patients had stage III or IV disease at diagnosis. 
The number of patients by cancer types were 11 breast, 4 rectum, 3 stomach, 2 ovary and 1 colon cancer 
patients. No patients showed progressive disease during this treatment and all of them could done 
operation. Two breast cancer patients showed complete response. The side effects were tolerable and 
compatible with the type of chemotherapy regimen they received. No additional side effects related to the 
treatment of mEHT was noted.  
 
Conclusion  
There is no clinical trial whether neoadjuvant mEHT with chemotherapy treatment of localized advanced 
cancer feasible. Our retrospective analysis demonstrates that this treatment method can be given safely 
before operation to patients with locally advanced cancers. Although patient numbers were small all 21 
patients could receive operation without disease progression. We believe that this neoadjuvant 
hyperthermic chemotherapy can be offered to patients with locally advanced cancers. Further studies are 
needed to evaluate the patient survival.  
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Cancer incidence in Brazil is as high as in developed countries. The Brazilian Unified Health System (SUS), 
which provides health care to the majority of the population, offers conventional oncology treatments such 
as chemotherapy, radiotherapy, hormonal suppressors and surgery. The possibility to offer modulated 
electro-hyperthermia (mEHT) is not yet being considered by the Government. There is, nevertheless, a 
growing number of cancer patients interested in the benefits of mEHT. Some of them, after being treated 
with traditional methods, see new hope in mEHT. Others see it as a complementary treatment. This report 
does not intend to provide scientific data, but rather a clinical contribution.  
 
Aim 
Our aim is to present a case study, showing a brief patient history, the evolution of malignancy despite 
conventional treatments (chemotherapy, radiotherapy and immunotherapy) and the results with mEHT as 
well as support therapies. Conventional treatments were undertaken from 2015 to 2017 but were 
interrupted at the end of 2017 due to high toxicity. The treatment with mEHT and support therapies were 
provided from January to April/2018. 
 
Development 
The patient is a white skin, 47 years old male, diagnosed in 2014 by biopsy with Esthesioneuroblastoma (CID 
10 C30). The clinical assessment at the beginning of the treatment with mEHT was: important edema on 
the left side of the face, severe convergent strabismus in the left eye, duplicated vision; patient reporting 
sedentary lifestyle, unrestricted feeding, insomnia, feeling depressive, discouraged, unable to work and 
drive, suffering sequel from previous and recent treatments, and weight loss of 20 kilos.  
 
Protocol 
mEHT -130 W/ 60min 3 times a week, a total of 36 sessions; no chemotherapy or radiotherapy; oxygen 
therapy by Manfred Von Ardenne, galvanic micro-current, pulsed magnetotherapy field, Rife frequency 
therapy (36 session - 20 min), endovenous supplementation of minerals, vitamins, amino acids (500 ml X 
12 session) and curcumin supplementation (SC 24 X 200 mcg, 2 ml), ozone therapy rectal 2 X week, reduced 
intake of simple carbohydrates, Joanna Budwig diet, homeopathic support, and "a more healthy lifestyle”. 
RESULTS: on Pet scan dated April/2018 and the oncological evaluation confirms the total remission of the 
Esthesioneuroblastoma and cervical lymph nodes, total remission of the facial edema, and 90% strabism 
recuction. The clinical impressions show significant improvement of energy and quality of life, and great 
improvement of vision. Still remains a slight strabismus, to be analyzed by the ophthalmologist. The patient 
continues with a low carb diet. He is able to drive safely and returned to normal work activities. Suggested 
oncological follow-up every six months. 
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Although recent progress of chemotherapy for the pancreatic cancer provide improvement of the patients’ 
prognosis, the advanced pancreatic cancer patients in clinical stage Ⅳ is still quite difficult to increase the 
survival rate.  Hyperthermia is expected as an effective treatment for such patients in combination with 
chemotherapy. In order to investigate the effectiveness of hyperthermia using Thermotoron RF-8 combined 
with chemotherapy for clinical stage Ⅳ patients we examined the outcome of the patients in the periods 
until two years from the beginning of this therapy.  The results were compared to the registered data of 
the multi-center of Japan in the patients of stage Ⅳ treated with chemotherapy alone.  The aim of this study 
is to investigate whether hyperthermia contribute to improve the outcome of the pancreatic cancer patients 
in clinical stage Ⅳ. 
 
Material/Methods 
28 patients with advanced pancreatic cancer in clinical stage Ⅳ treated by more than 5 times of 
hyperthermia were examined. These patients had distant metastasis or peritoneal dissemination and were 
treated with several types of combination chemotherapy. Among them, 9 patients had the history of 
surgery for the primary tumour and 21 had no surgery. Hyperthermia using the Thermotron RF-8 heating 
device was administrated for 50 min each time just after chemotherapy 3 or 4 times in a month.  The 
evaluation of outcome of the patients was expressed as CR, PR, SD, PD and overall survival. This evaluation 
was done at 3, 6, 12, 18 and 24 months after the beginning of this therapy.   
 
Results 
In the response to the treatment at 3 months, CR was 0 %, PR was 18%, SD was 39% and PD was 42%.  
Survival rate was 97%.   At 6 months, CR was 0 %, PR was 16%, SD was 24% and PD was 40%. Survival 
rate was 80%.   At 12 months, CR was 6%, PR was 0%, SD was 6% and PD was 59%. Survival rate was 41%.  
At 18 months, CR was 6%, PR was 0%, SD was 0% and PD was 19%. Survival rate was 25%. 2 patients 
survived more than 2 years.  Among 12 patients observed for these two years, two patients survived, and 
one patient is still in the state of CR.  The survival rate in 2 years was 17%.   According to the Japanese 
Association of Clinical Cancer Centers, in the registered data in 2010, 1-year survival rate and 2 years survival 
rate of the stage Ⅳ pancreas cancer patients treated with chemotherapy alone, is 20% and 8% respectively.  
Although the number of the patients in our hospital is small, the outcome of them were superior to that of 
the registered patients in the Japanese Association of Clinical Cancer Centers, who were treated without 
hyperthermia. 
Conclusion:  The results in this study indicate that the treatment of hyperthermia combined with 
chemotherapy have a possibility to contribute to prolong the survival of the patients even in the clinical 
stage Ⅳ. 
 
Introduction 
 In spite of the recent progress of the chemotherapy for the pancreatic cancer patients provide 
improvement of the patients’ prognosis, the advanced pancreatic cancer in clinical stage Ⅳ with local 
recurrence, distant metastasis or peritoneal dissemination is still quite difficult to increase the survival rate.  
Hyperthermia is expected as an effective treatment for such patients in combination with chemotherapy 
(1,2,3). During 3 years and 5 months since 2016, 41 pancreatic cancer patients in various situations were 
treated in our hospital with hyperthermia using Thermotron RF-8.  In this study, we evaluated the result of 
28 patients treated more than 5 times by this therapy.   In order to investigate the effectiveness of the 
hyperthermia using Thermotron RF-8 combined with chemotherapy for the patients in clinical stage Ⅳ, 
including tumour recurrence after surgery.  We examined the outcome of the patients in the periods until 
two years after the beginning of this therapy.  The results were compared to the registered data of the 
multi-center of Japan of the pancreas cancer patients in Stage Ⅳ treated with chemotherapy alone.  The 
aim of this study is to investigate whether hyperthermia contribute to improve the prognosis of the 
pancreatic cancer patients in clinical stage Ⅳ. 
 
Material and Methods 
 28 patients (from 40 to 79 years of age) with advanced pancreatic cancer in clinical stage Ⅳ treated by 
more than 5 times of hyperthermia combined with chemotherapy were examined. 16 cases were male 
patients, 12 cases were female patients. These patients had distant metastasis or peritoneal dissemination 
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and were treated with the several types of combination chemotherapy, FOLFIRINOX, Gemsitabin plus nab-
Pacritaxel or S-1. Among them, 9 patients had the history of surgery for the primary tumour and 21 had no 
surgery (Table 1). 
 

Characteristics of the 28 patients 
 

Gender  
Male 16 

Female 12 
Age, years  

Median 64.3 
Range 40-79 

Metastic state  
Liver 18 
Lung 7 

Peritoneum 8 
Pancreatic resection  

No 20 
Yes 8 

 
Heating device of Thermotron RF-8, which is widely used in Japan, was used for the hyperthermia treatment.  
Patients were administrated for 50 min each time just after chemotherapy 3 or 4 times a month.  Most of the 
patients had the medical history of treatment, including surgery or standard chemotherapy in the other 
hospital before starting our therapy.  Evaluation of outcomes of the patients was expressed as complete 
remission (CR), partial response (PR), stable disease (SD), progress disease (PD) and survival rate. This 
evaluation was done at 3, 6, 12, 18 and 24 months after the beginning of this therapy.   

 
Results 
In the response to the treatment at 3 months, CR was 0 %, PR was 18%, SD was 39% and PD was 42%.  At 6 
months, CR was 0 %, PR was 21%, SD was 24% and PD was 28%.  At 12 months, CR was 6%, PR was 0%, SD 
was 6% and PD was 59%.  At 18 months, CR was 6%, PR was 0%, SD was 0% and PD was 19% (fig 1).  

 
Figure 1: Outcomes were evaluated in 3, 6, 12 and 18 months after the beginning of hyperthermia therapy. Each number indicated the percentage of the patients in the same 

periods. 

 
 
The outcome is getting worse, but at 6 months nearly 50% of the patients were keeping PR or SD, and at one 
year 41 % was still alive. Up to now, we observed 12 patients for more than two years.  Among them, two 
patients were alive, and one of them is still in the state of CR. The survival rate of 1 year and 2 years were 
41％ and 15% respectively. According to the registered data in 2010 of Japanese Association of Clinical Cancer 
Centers, 1-year survival rate and 2 years survival rate of the stage Ⅳ pancreatic cancer patients treated with 
chemotherapy alone is 22.7 % and 6.1 % respectively (Fig 2).   
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Figure 2:  Survival rate until two years in our cases, and that of Japanese Association of Clinical Cancer Centers, (total 70 centers). 

 
 
Even though the number of the patients in our study is small, the outcome of the patients were superior to 
that of the registered patients in Japanese Association of Clinical Cancer Centers, who were treated without 
hyperthermia. In our study, 3 cases showed the quite good response to this therapy. 

First case 

58 years old male patient. Diagnosis is invasive pancreas ductal carcinoma in the pancreas head with multiple 
liver metastasis. Chemotherapy was administered using the regimen of GEM＋nabPTX by every 4 weeks for 
2 years. Hyperthermia was started two months after the beginning of the chemotherapy. It was done on the 
same day after the chemotherapy. Before treatment, low density tumour was located close to the duodenum. 
After 1 year, the primary tumour disappeared, and after 2 years, the head of the pancreas was still tumour 
free.  Liver metastasis was observed before the treatment, but 1 year later, those disappeared, and 2 years 
later the patient is still tumour free. Before the treatment, the CA19-9a tumour marker level was quite high; it 
was 26,494 unit/ml. But 3months after starting hyperthermia, the tumour markers (CEA, CA19-9) decreased 
within normal level.  This situation continued at 2 years after starting this therapy. These results indicated 
that this patient is in clinical CR (Fig 3).  

 

Figure 3:  CT findings of the pancreas, liver and the tumour marker for two years in case 1 

Second Case 
The second case is a 65 years old male patient.  The diagnosis is pancreatic cancer in the body to tail, with 
multiple liver metastasis. For the first chemotherapy, the regimen of GEM＋nabPTX was administrated every 

4 weeks and was continued for four months.  After that, regimen was changed to GEM＋S1. It was 
administrated every 3 weeks.  This regimen is still continued until now. Hyperthermia was started at the same 
time as chemotherapy. The treatment was performed on the same day just after the chemotherapy. In the CT 
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findings, multiple liver metastasis and primary tumour is located in the pancreas body to tail as a low-density 
lesion before the treatment.  In contrast,7 months later, metastatic tumour in the liver is markedly contracted.  
The primary tumour could not be detected. The level of tumour marker before the treatment, especially the 
level of CA19-9 was extraordinarily high, 551,790 U/ml, but 7 months after starting the hyperthermia, it 
decreased to 6,257. Therefore, the situation of this patient is considered to be PR (Fig 4). 

 

Figure 4:  CT findings and the level of tumour marker before treatment and 7 months after the start of the treatment. 

 
We estimated the temperature in the stomach during hyperthermia in this patient, using gastric catheter 
inserted sensor of temperature. The power of the radiofrequency for this patient was maintained about 1200 
W. The maximal temperature was just over 44℃ by prone position.  
 
Third Case: 
58 years old male patient.  The diagnosis is pancreatic cancer in the tail with invasion to the spleen and kidney 
with multiple liver metastasis. For the chemotherapy, the regimen of FOLFIRINOX was done during the first 3 
months, after that it changed to GEM＋nabPTX, and continued until now. FOLFIRINOX was done every 4 weeks 

for 3 months, GEM＋S1 was done every 4 weeks.  Hyperthermia was started at 2 months after the beginning 
of the chemotherapy. Treatment was done on the same day after the chemotherapy. In the CT findings, a big 
tumour was located in the tail of pancreas invading into the spleen and metastatic liver tumour was observed. 
5 months after starting the therapy, the tumour was reduced and also the metastatic liver tumour was 
contracted. The tumour markers (CEA, CA19-9) were decreasing gradually during 6 months after starting 
hyperthermia.  These findings indicate that this patient is also in the situation of PR (Fig 5). 

 

Figure 5:  The record of estimation of temperature in the stomach during hyperthermia. Left axis is the power of RF (watt). Light green area indicates the change of the level of 
RF. Right axis is the temperature (℃). Horizontal shaft is time (min). Red line is the change of the temperature. 

 

Discussion 
 It is generally important to decide the diagnosis in the early stage to provide good prognosis for malignant 
disease.  Many cases of pancreatic cancer do not have the subjective symptoms in the early stage; therefore, 
patients do not always have a chance to receive surgery. According to the data of pancreatic cancer registry 
in Japan, respectable pancreatic cancer in the early stage account only 10% of all cases (4). The patients with 
no indication for surgery or recurrent cases after surgery are mainly treated with chemotherapy. 
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The regimen of the chemotherapy is on the way of progression (5,6), however it is still in the poor prognosis 
of the highly advanced cancer of stage Ⅳ, which have distant metastasis or peritoneal dissemination.  
Vascularity in the lesion of pancreatic cancer is relatively low in comparison with the other malignant tumour. 
That is one of the reasons why the effect of the treatment is limited, when the patients were treated with 
chemotherapy alone.  Hyperthermia combined with chemotherapy is expected as an effective treatment for 
such patients to improve the outcome (7). In this treatment, the temperature of the target area is one of the 
important points to know the working situation of this treatment. It is not easy to estimate the temperature of 
the organ located in the deep part of the body directly. Pancreas is also quite difficult to do. We tried to estimate 
the temperature in the stomach during hyperthermia in a patient, using gastric catheter inserted sensor of 
temperature. Although this is not the temperature in the pancreas itself, it is considered to be nearly reflected 
the temperature of the deep area. In this case, the maximal temperature of the stomach was 43 to 44 ℃ during 
the treatment by RF power of 1200 Watt. These results were one of the evidences, which support the 
effectiveness of hyperthermia in this patient.  The total outcome of our study is not yet satisfactory; however, 
the survival rate was improved in comparison with that of the registered data of the multi-center of Japan of 
pancreas cancer patients in stage Ⅳ treated with chemotherapy alone. Although the number of our cases 
were quite small to do the exact statistical analysis, the results indicated that hyperthermia treatment has a 
possibility to improve the prognosis even if in stage Ⅳ pancreatic cancer. 

Conclusion 
Hyperthermia treatment combined with chemotherapy have a strong possibility to contribute to prolong the 
survival of the patients even if in the clinical stage Ⅳ.  
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Background 
Pancreatic adenocarcinoma is one of the cancers with the poorest prognosis, resulting in a <10% survival 
rate at 5-years. Modulated electro- hyperthermia (mEHT) combines the heat-therapy with an electric field 
and has been increasingly used for cancer therapy alone or in combination with radiotherapy and 
chemotherapy. Clinical researchers show that hyperthermia is feasible not only for palliative care but has 
also therapeutic effects in pancreatic cancer. 
 
Purpose 
To monitor the efficacy and safety of mEHT for the treatment of pancreatic cancer.  
 
Methods 
We collected data retrospectively on 170 patients affected by stage III-IV pancreatic adenocarcinoma, and 
106 were considered for this study. The sample was divided in two groups: patients that did not receive 
mEHT (no-MEHT) and patients that were treated with mEHT.  
mEHT was performed using a capacitive coupling technique keeping the skin surface at 26 C° and 40-42.5 
C° inside the tumor for > 90% of treatment duration (40-90 minutes). The applied power was 60-150 Watts. 
mEHT was performed in association with chemotherapy in 32 (82%) of patients whereas 7 (18%) received 
mEHT alone. The majority (54%) of no-mEHT group received a second line chemotherapy, whereas 31 (46%) 
did not receive any further treatment. 
 
Results 
106 consecutive patients were enrolled in this study, median age of the sample was 65 (range 31-80) years.  
After three months of therapy, tumor response in mEHT group was: partial response (PR) in 22 (56%) 
patients, stable disease (SD) in 15 (38%) patients and progression disease (PD) in 2 (5%) patients. Tumor 
response in no-mEHT group was: partial response (PR) in 4 (11%) patients, stable disease (SD) in 11 (31%) 
patients and progression disease (PD) in 21 (58%) patients.  
The median overall survival (OS) of mEHT group was 17.23 (range 2.6-30.4) and 11,33 months (range 0.4-
56.25) for non-mEHT group. 
 
Conclusions 
mEHT may improve tumor response and survival of pancreatic cancer patients. 
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Introduction 
 
As a result of the cancer immunotherapy revolution more than 2,000 immuno-oncology agents are 
currently being tested or in use to improve responses. Not unexpectedly, the 2018 Nobel Prize in Physiology 
or Medicine was awarded to James P. Allison and Tasuku Honjo for their development of cancer therapy by 
blockade of co-inhibitory signals. While success stories of terminal cancer patients achieving complete 
remissions are accumulating, not enough research has been done into the risks of the new therapies. Since 
the use of immunotherapy is becoming more common and is beginning to develop into first- and second-
line treatments, autoimmunity is emerging as the nemesis of immunotherapy. Immune-related adverse 
events (irAEs) could affect any tissue; their incidence may reach up to 96% of patients; and toxicity is dose-
dependent. While the combination of two immune checkpoint inhibitors (ICIs) increases efficacy, the 
incidence of severe adverse events is also increased. Apparently, ICIs cannot be restricted to the targeted 
anti-tumour T cell population. The long-lasting objective of cancer regression can only be achieved by 
paying a price: tolerance to healthy self-tissues is compromised. 
 
Objectives, Material/Methods 
In the face of an ipilimumab-induced pan-lymphocytic activation, a therapeutic paradigm shift is required. 
The task is not to desperately put the genie back in the bottle by immune suppressive treatments, but 
instead harnessing the autoimmune forces by an off label low-dose combined anti-CTLA-4 and anti-PD1 
antibody blockade, which is supplemented with conventional interleukin-2 (IL-2) stimulation and 
hyperthermia. 
 
Results 
The proof-of-principle of the low-dose-combination therapy was demonstrated in a heavily pre-treated 
triple negative breast cancer (TNBC) patient with far advanced pulmonary metastases and severe shortness 
of breath, who had exhausted all conventional treatment. Her pulmonary metastases went into complete 
remission with transient WHO I-II diarrhoea and skin rash. She lived for 27 months after starting the low-
dose-combination therapy. Since then, 111 stage IV cancer patients with a variety of cancer types have been 
treated. A retrospective analysis of these single cases demonstrated that the overall response (OR) rate 
was 48% with an objective response (ORR) of 33%, while irAEs of WHO grade I, II, III and IV were observed 
in 21%, 14%, 7% and 2% of patients, respectively. 
 
Conclusion 
Since the low-dose-combination protocol consists only of approved drugs and treatments, these single 
patient responses can be confirmed or refuted in prospective controlled clinical trials. 
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Introduction. 
The prognosis for patients with glioblastoma multiforme (GBM) remains poor in spite of modern 
neurosurgery, radiotherapy and addition of chemotherapy. Results from the use of checkpoint blockers are 
disappointing. There is need for active immunization strategies in order to create an anti-tumor immune 
effector function and an immune memory against GBM for the installation of long-term protection.  
 
Objectives 
We integrated 5-day treatments with injections of Newcastle Disease Virus (NDV) and moderate modulated 
electrohyperthermia (mEHT, 50 min, 40-55 Watt) into the maintenance chemotherapy with 5 days 
temozolomide (TMZ), after which we continued with full vaccination cycles including NDV injections, mEHT 
sessions, autologous DC vaccinations with IO-VAC® and immunomodulatory strategies. The objective of 
this study is to report on the results obtained from patients receiving such complex individualized 
combination treatment.  
 
Material/Methods 
We found in our database (01/05/2019) 71 adults with primary GBM treated with multimodal 
immunotherapy as part of the first line treatment. For 34 adults, NDV and hyperthermia was administered 
during TMZ maintenance chemotherapy.  
 
Results 
There were 10 females and 24 males with median age of 58 years (range 20-67). Median Karnofsky 
performance scale was 75 (range 60-100). Six patients are still under treatment. In median, 2 (range 0-13) 
DC vaccines, 25 (range 0-117) hyperthermia treatments and 28 (range 7-115) NDV injections were 
administered. Five from 28 patients who finished immunotherapy did not reach DC vaccination due to 
progressive disease. Median PFS was 10.46 months. Median OS was 23.44 months with 2-year OS of 48% 
(CI95%: +18, -20). There were no major treatment-related toxicities.  
 
Conclusion 
Multimodal immunotherapy including moderate modulated electrohyperthermia is feasible for patients 
with first diagnosis of primary GBM. The treatment can be integrated in the standard therapy and continues 
thereafter. Median PFS and OS, and more importantly the % long-term OS seem to be improved. The data 
can form a basis for a prospective controlled clinical trial.  
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Introduction 
Ovarian cancer remains a serious disease with bad prognosis, mainly due to spreading disease before 
diagnosis. Surgery, chemotherapy, and anti-angiogenesis are essential for first line treatment. At time of 
relapse or metastasis, only palliative treatments can be performed. Active specific immunotherapy, 
however, give some glimpse of hope. 
 
Objectives 
The objective of this study is to report on our experiences obtained from ovarian cancer patients receiving 
multimodal immunotherapy as individualized treatment approach.  
 
Material/Methods 
Since the approval in May 2015 for GMP production of autologous Dendritic cell vaccines loaded with 
autologous tumor antigens (IO-VAC®), patients with ovarian cancer were treated with multimodal 
immunotherapy, consisting of injections with Newcastle Disease Virus (NDV), modulated 
electrohyperthermia (mEHT), IO-VAC® and immunomodulatory strategies like ATRA, low dose 
cyclophosphamide or checkpoint blockers. 
 
Results 
We found in our database (01/05/2019) 9 females with ovarian cancer (5 serous, 2 mixed, 2 not 
documented). Median age at diagnosis was 39y (range 29-64y). Two patients included immunotherapy at 
time of first event, while the others presented at later events (1, 2 and 4 patients resp. at event 2, 3, 4). All 
except 2 patients presented with FIGOIIIB or higher. In median 2 (range 0-4) vaccination cycles with IO-VAC® 
were administered, 17 (range 7-43) sessions of NDV injections and mEHT treatments, and 1 (range 0-5) total 
body hyperthermia sessions. One patient received high dose ATRA to block myeloid-derived suppressor 
cells. At time of analysis, 5 patients were still alive and OS data were calculated from first diagnosis and 
from start IO-VAC®: Patient 1 (FIGO IV, Event 1): +44m, +40m; patient 2 (FIGO IIIC, Event 4): +133m, +20m; 
Patient 3 (FIGO IIIB, Event 3): +58m, +18m; Patient 4 (FIGO IIIC, Event 2): +29m, +7m; Patient 5 (FIGO IV, Event 
4): +49m, +3m. Other 4 patients died: Patient 6 (FIGO IA, Event4): 37m, 4m; Patient 7 (FIGO IV, Event 1): 12m, 
7m; Patient 8 (FIGO IIIC, Event 4): 69m, 2m; Patient 9 (FIGO IIB, Event 3): 75m; 11m. All treatments were 
performed in an ambulant setting. Treatment was feasible and safe. There were no toxicities. 
 
Conclusion 
Multimodal immunotherapy can contribute to improved OS. Further studies on larger groups of patients 
with longer follow up are needed to demonstrate the efficacy of multimodal immunotherapy in ovarian 
cancer. 
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Introduction  
Magnetic particle hyperthermia (MPH) is a novel, minimally invasive, therapeutic modality, used as a cancer 
treatment, that employs a magnetic fluid (also termed ferrofluid) as the heating source. A magnetic fluid 
is a stable colloidal suspension of magnetic nanoparticles (MNPs) that can be injected directly into the 
tumor or delivered to the tumor via passive or active targeting upon intravenous administration. Once 
accumulated to the tumor area, MNPs are exposed to an external alternating magnetic field (AMF) that 
causes reversal of their magnetic moments, activating mechanisms of energy deposition in the form of 
heat [1].  
 
Objectives  
The main objective of the present work is the development and evaluation of numerical models for the 
description of the phenomena that take place in a MPH in vitro system. In particular, we aim at the estimation 
of the spatial distribution of the magnetic field and the spatiotemporal temperature distribution by taking 
into account all the appropriate field and heat transfer boundary conditions.  
 
Material/Methods  
In order to simulate the physical phenomena, two numerical models were developed in COMSOL 
Multiphysics. In the first model the “Azimuthal Induction Currents” interface provided in “AC/DC” Module, 
was used in order to obtain the magnetic field distribution corresponding to a 2-turn circular and 8-turn 
squared coil geometries, while in the second model the transient analysis of the “General Heat Transfer” 
interface provided in “Heat Transfer” Module was employed to calculate the MNPs volumetric power 
dissipation (by importing Rosensweig’s model [2]) and obtain the time-dependent heating curves. The 
ferrofluid concentration used was 4 mg/ml for an aqueous solution of 10 nm magnetite MNPs, dispersed in 
1 ml of water, while the AMF amplitude and frequency were 30 mT and 765 kHz, respectively, for the 2-turn 
coil, and 60 mT and 365 kHz, respectively, for the 8-turn coil. 
 
Results  
The solution of the electromagnetic problem provides the magnetic field distribution for the experimentally 
applied current amplitude and frequency. The role of coils geometry is also presented since COMSOL takes 
into account the coil geometrical characteristics, ignored in the analytical expressions. Moreover, the 
solution of the Heat Transfer problem gives the spatial distribution of temperature in the various 
subdomains of the MPH system like the ferrofluid, the vial, the coil and the surrounding air while the time-
dependent heating curves are obtained after 30 minutes of treatment and are compared to the 
corresponding experimental ones observed under the same conditions. The spatiotemporal distribution of 
the MNPs volumetric power dissipation is also estimated for the non-adiabatic conditions, studied in the 
present work, validating Rosensweig’s model [2].  
 
Conclusion  
Proper use of simulations can lead to better understanding of complex physical processes, further progress 
in the development of novel MPH equipment designs, replacement of invasive temperature measurements 
and establishment of updated hyperthermia treatment protocols. In silico testing and evaluation of material 
properties and innovative methods can substantially accelerate their approval for clinical use and result in 
better treatment quality. 
 
References 
[1] Dutz, S. and Hergt, R. (2014) Magnetic particle hyperthermia—a promising tumour therapy?. 
Nanotechnology., 25(45), 452001.  
 
[2] Rosensweig, R. E. (2002) Heating magnetic fluid with alternating magnetic field. J. Magn. Magn. Mater., 
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Introduction 
Microwaves (frequency: 0.3–300 GHz) have long been used in cancer therapies such as microwave 
coagulation therapy and hyperthermia therapy. In these therapies, microwave irradiation is used to kill 
tumour cells by raising cellular temperature. These therapies have been used for treatment of various 
cancers for a long time. In recent years, microwave irradiation technology has been developed further, and 
it has been reported that the yield and reaction rate of many chemical reactions can be increased by 
microwave irradiation at a much lower temperature as compared to a conventional heating method such 
as water bath heating1. Therefore, we hypothesized that microwave normothermic irradiation might affect 
biological phenomena in cells. 
 
Objectives 
We previously developed a microwave irradiation system that could irradiate cells under normothermic 
conditions by controlling the outputs and frequency precisely2. We then investigated the cell death 
pathways in HL-60 cells, induced during microwave irradiation under normothermic conditions. After being 
exposed to our microwave irradiation system, the cells were killed through "caspase-independent 
apoptosis”3. In this study, we investigated the cell death of other cultured cancer cells by microwave 
irradiation such as T98G (for human glioblastoma cells), MDA-MB-231 (for human breast cancer cells), and 
KATO III (for human gastric cancer cells). 
 
Material/Methods 
T98G, MDA-MB-231, and KATO III cells were seeded in 35 mm culture dishes containing 2.5 mL of media, at 
a density of 1 × 105 cells/mL. Microwave irradiation (2.45 GHz) was applied for 1 h, and the temperature of 
cells was maintained at 37 °C. However, the temperature inside the applicator, during these experiments, 
was set at 10 °C. Following irradiation, the cells were moved to a CO2 incubator, where they were incubated 
for 6 h before used in the following assays; Caspase 3/7 assay carried out by using Caspase-3/7 Assay Kit 
(AnaSpec, San Jose, CA, USA) and Annexin V-PI assay performed by using an Annexin V-FITC Apoptosis 
Detection Kit (Nacalai Tesque).  
 
Results  
According to the microscopic observations, the number of late stage apoptotic cells (both Annexin V and PI 
positive) had increased in all cell types, while early apoptotic cells (Annexin V positive, PI negative) were not 
observed. The adherent cell types, T98G and MDA-MB-231, were cast off by microwave irradiation, further 
indicating that cells were near death. Moreover, after microwave irradiation, the activity of caspase 3/7 did 
not increase significantly in any of the cell types. 
 
Conclusion  
The results indicate that cell death pathways activated by microwave irradiation in the examined cells may 
be similar. However, further investigations should be performed to better understand the effects of 
irradiation on each cell type in detail. 
 
References 
[1] Sawada T. and Yamada T. (2018) J. Jpn. Petrol. Inst., 61(2), 121-128. 
[2] Asano M., Sakaguchi M., Tanaka S., et al. (2017) Effects of normothermic conditioned microwave 
irradiation on cultured cells using an irradiation system with semiconductor oscillator and thermo-
regulatory applicator, Sci Rep, 7, 41244. 
[3] Asano M., Tanaka S., Sakaguchi M., et al. (2017) Normothermic microwave irradiation induces death of 
HL-60 cells through heat-independent apoptosis. Sci Rep, 7(1), 11406. 
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In the advanced metastatic stages of the malignant diseases the standard curative therapies usually fail, 
and the patient receive palliative care only. In the case of modulated electro-hyperthermia (mEHT, 
tradename oncothermia) this situation is common. The patients come to mEHT when no other curative 
therapy is available, and mEHT tries to turn the simple palliation to the curative therapeutic approach again. 
This could be with resensitization of the standard conventional therapies or applied mEHT in monotherapy 
regime together with the best supportive care. The treatment setup in these cases is very individual, it 
depends on the previous treatments and their results, the reason of the inapplicability of conventional 
methods (like organ failure, hemato-complications, refractory status, intolerable side effects, comorbidities, 
etc.). Due to the broad spectra of the patients and the missing availability of other active treatment for 
comparison form randomized, the double arm is impossible. 

Furthermore, sometimes highly personalized therapies combined with mEHT block the collection of the 
homogeneous group and limit its double-arm randomization. Due to the above problems, many clinical 
trials have prospective or retrospective datasets without comparison to the control-group formed by the 
same cohort as the active one. The measured single arm naturally contains the relevant information; 
however, in most of the cases, it is impossible to obtain it from the complex survival curve without a 
reference. Our objective is to discuss the situations of the single arm evaluation. We give a method for the 
mining of information from single arm study to increase the level of evidence of the measured dataset. The 
basic idea of the data-separation is the appropriate parameterization of the non-parametric Kaplan-Meier 
survival pattern by the psychometric poly-Weibull fit. With the Weibull decomposition of the survival curve, 
we can fit at least two subgroups of patients. The weighted sum of the decomposed fractions could be 
optimized analytically and determining the best parameters of the components and the best composition 
ratio of the weighted sum is also possible. We will show how the method works in a real clinical 
environment through mEHT as a complementary method, applied curatively when no other conventional 
curative therapies are available. The decomposed function of the non-responding group provides an 
excellent agreement with the historical controls in the investigated group of patients with pancreatic cancer 
and non-small-cell-lung-cancer studies.  
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Hyperthermia is not sufficient as sole treatment. Even though there are experimental studies on 
cancer cells and in animals showing that hyperthermia may kill cancer cells, in patients up to now 
the results are not satisfactory. 
 
But hyperthermia may serve as an important tool to improve the efficacy of conventional 
treatments like chemotherapy or radiation. This has been shown in numerous studies in particular 
in advanced, recurrent or metastatic disease. But to achieve good results it is not enough to just 
perform hyperthermia. A skilful setting of hyperthermia and conventional treatments is crucial. 
 
There are not only different types of hyperthermia (superficial, deep-regional, whole-body 
hyperthermia), there are also several different drugs of chemotherapy and different techniques 
of radiation which must be put together in a correct order to achieve best possible success.  
 
For first- or second-line treatment of cancer there are in general guidelines clearly showing 
possible success rates of certain treatments whereas in heavily pre-treated patients there are no 
guidelines anymore. So individual treatment concepts have to be set up. 
In three exemplary patients (pancreatic cancer with peritoneal carcinosis, recurrent synovial 
sarcoma and non-small-cell lung cancer) treatment strategies are explained and the outcome 
discussed. 
 
Patient 1: Diagnosis: Pancreatic cancer with peritoneal metastases 
 
Oncological history: 
11/15 Advanced cancer of pancreatic tail. Distal pancreatectomy, splenectomy, left 

colectomy. 
01/16 FOLFIRINOX 12 cycles.  
03/17  Carcinosis of gall bladder. Cholecystectomy. Pembrolizumab for 10 cycles. 

Progressive peritoneal carcinosis.  
10/17  T-cell immunotherapy, PD. 
12/17  Ileus and jaundice. Removal of parts of small intestine removed. Ileostomy. Bile duct 

metal stent 
02/18 Subileus, nasogastric tube, parenteral nutrition (Image 1) 
 

 
Image 1 
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Problem:  The patient was heavily pre-treated with chemotherapy (Folfirinox), immuno-           

therapies and several surgeries. He came to us in a terminal situation, was not able 
to eat anymore and had a nasogastric tube because of continuous vomiting. The 
tumor marker CA19-9 was >5.000. The patient was extremely weak and in pain. No 
treatment options and no likelihood of response to chemotherapy anymore. (Johns 
Hopkins center, USA) To decide about a treatment in such a difficult situation it is 
necessary to consider all relevant factors. (Image 3) 

 
 
 
 
 
Solution:   
03/18 Local and whole body hyperthermia (Oncotherm EHY 2000, Iratherm 2000) In 

combination with Gemcitabine. Parenteral nutrition and complementary 
treatments. 

 
Result:  Decrease of tumor markers. Normal food uptake and bowl function, good quality of 

life again.  
 
10/18  Maintenance therapy with Capecitabine and hyperthermia. 
04/19          Cholangitis and stenosis of bile duct stent. Placement of 2 plastic stents into the 

metal stent. Continuation of Capecitabine and hyperthermia. 
06/19 Lasting PR, Ca19-9 at 73,6ng/ml, good quality of life. 
 
Comment: Given the situation of this patient in the beginning a survival beyond a few weeks was 
not likely. Now 1 ½ years after first admission the patient is still alive and in a good condition. 
Only the combined treatment adding hyperthermia to chemotherapy can explain this outcome. 
After Gemcitabine alone in his condition such a result never would have been expected. (Image 3) 

Image 2 
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Patient 2: Diagnosis: Synovial sarcoma of left knee 
Oncological history: 
01/16 Lump at left knee, at biopsy synovial sarcoma 
03/16  Resection, stage pT2R0  
04/16  Radiation of the distal right femur 
12/16  Local recurrence above the field of radiation 
01/17  Resection of recurrence, Radiatio and brachytherapy 
06/17 Grossly swollen left leg, thrombosis of the vena femoralis caused by large tumour 

metastases in the left groin. 
08/17   Chemo-immunotherapy with Doxorubicin and Olaratumab, PD 
10/17   Carboplatin and Gemcitabine, PD 
12/17  Pazopanib, PD 
02/18 One cycle of Ifosfamide high dose, not tolerated (encepalopathy). 

 Progression of the disease resulting in a tumour of more than 11 cm diameter in the 
left groin reaching into the pelvis, compressing bladder and ureter and growing 
around the blood vessels and nerves of the left leg. 3 more large masses along and 
around the arteria femoralis down the left thigh, the lowest mass a few centimeters 
above the inner left knee. (Image 4) 

Image 3 
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Problem:  Metastatic sarcoma of the left knee spreading into the lymphatic tissues along the 

left thigh up to the pelvis. Progression after 3 lines of chemotherapy and immuno-
therapy. The last chemotherapy with Ifosfamid in high dose he almost had not 
survived. No other treatment options now than left hemipelvectomy and 
amputation of the left leg. (Image 5) 

 

 
Solution:  Continuation of Ifosfamide but in lower doses (2,2 g/ m²/ 24 hrs x 3 days) combined 

with local hyperthermia (Oncotherm EHY 2000) to the metastatic sites at pelvis 
and left thigh. 

Result:  Very good partial remission. The patient was free of pain, could walk again without 
crutches, the swelling of the leg had come down. (Image 6) 

Image 5 

Image 4 
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Comment: Because of the good response amputation was not necessary anymore. Limb  
saving treatment was now considered. This result can only be explained by the additional  
treatment with hyperthermia. 
But the patient didn’t want to have surgery because od possible damage. (Image 7) 
 

 
 
Patient 3: Diagnosis: NSCL (adenocarcinoma) with metastases to the brain (EGFR pos.) 
Oncological history:  
01/11  Adenocarcinoma of the left lung with brain metastases (T3, M1), surgery of the 

brain metastases, chemotherapy with Carboplatin and Vinorelbine, radiation of the 
lung tumour and the brain.  

07/11  Progression of the brain metastases, treatment with Gammaknife. 
10/11  Progression in the lung, Pemetrexed 
02/12  Progression in the brain and the lung, treatment with Gammaknife for the brain. 

Treatment with Tarceva for the lungs, progressive disease. (Image 8) 

Image 6 

Image 7 
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Problem: Progressive disease after multiple chemotherapies and targeted therapy. He 

suffered from caugh and chest pain. No treatment options anymore, the tumor was 
considered as resistant to further chemotherapy. (Image 9) 

 
 
Solution: Whole body and local hyperthermia in combination with Taxotere in moderate 

doses. 
Result: Partial remission of the pulmonary disease, no new activity in the brain 
Further development: 
03/15 Stereotactic radiation of the remaining lung tumor  
Since 10/15 normalization of tumor markers, no evidence of active disease. (Image 10) 

Image 8 

Image 9 
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Comment: In this patient the likelihood of response to further chemotherapy was little and if at 
all only for a short time. Hyperthermia in this case very likely helped to overcome resistance and 
enabled long term survival. The patient has now been free of disease for more than 4 years (since 
March 2015), he is in a good quality of life. He comes every 6 months for check-up. 
 
Conclusion 
Even in heavily pre-treated patients there is a chance to achieve a good and long-lasting treatment 
success. Hyperthermia in these cases seems to be the crucial tool. The setting in each situation 
has to be a specific combination with adapted programs of conventional treatments like 
chemotherapy and radiation. 
  

Image10 
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