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Dear Reader, dear Fellow Researchers, dear 

Colleagues, 

Our Oncothermia Journal reached a milestone. You 
have 30 volumes of this informative publication. We 
had a long way to go since 2010 when the first 
volume was published. More and more Oncothermia 
experts and potential users are interested in the 
information transmitted by the Journal. This activity 
is one of the resources for physicians to exchange 
their experience and study how others use 
modulated electro-hyperthermia therapies. 

There are important topics covered in the articles in 
this volume. Dr. Brockmann discusses some critical 
aspects of complex therapies, including PET 
diagnosis, that seems important to plan the 
treatment of Oncothermia. PET informs us about 
metabolic activity and conductivity-based tumor 
selection. 

Dr. Pastore's case reports show very advanced 
metastatic cases successfully treated with complex 
Oncothermia treatments, likely giving clues for other 
doctors to manage the severe stages of cancer. 

Dr. Roussakow talked about a retrospective meta-
comparison of metastatic colorectal cancer showing 
excellent results of Oncothermia in this common and 
severe type of cancer. 

Immunotherapy is one of the emerging areas of 
oncology. We are pleased to see how busy work 
connects Oncothermia with the promising new 
method. Prof. van Gool's articles introduce us to the 
complexity of this therapy and show a remarkable 
immune activation with Newcastle viruses. 

One of the specialties of this volume is a technical 
discussion. Two articles by Dr. Mühlberg show the 
importance of a precise tuning method and advice on 
correcting it. The generalization of her results shows 
some universal aspects of the topic. An essential 
part of this technical discussion is the sources of 
unwanted energy losses, which must be  

 

minimized when the patient is treated with 
Oncothermia. 

I hope this volume also provides relevant and up-to-
date information for your daily practice. I would like 
to direct your attention to the importance of reading 
the Oncotherm Newsletter as well. This monthly 
summary provides you with information on the most 
recent articles published on international domains 
and brings you news about events and actualities 
related to hyperthermia in oncology. Reading this 
news well completes the clinical information 
included in our Oncothermia Journal. 

This volume is bilingual. Some crucial aspects of the 
clinical application of Oncothermia are published in 
German, favoring our German-speaking readers. This 
is a trial to see how the bilingual topic reaches our 
Oncothermia users and how readers accept this type 
of edition. I would be happy to hear your opinion on 
this. Your help and attention would be greatly 
appreciated. 

Enjoy this 30th volume of the Oncothermia Journal. 

 
Prof. Andras Szasz 
Editor of the Oncothermia Journal 
Professor, Chair, Biotechnics Department of St. Istvan University 
Chief Scientific Officer of Oncotherm Group 
  

Editorial 
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Liebe Leserinnen und Leser, liebe Kolleginnen und 

Kollegen aus Forschung und Praxis, 

unser Oncothermia Journal hat mit 30 veröffentlich-
ten Bänden einen Meilenstein erreicht und wir haben 
seit der Publikation des ersten Bandes im Jahr 2010 
einen weiten Weg zurückgelegt. Immer mehr 
Oncothermie-Experten und potenzielle Anwender 
interessieren sich für die Informationen, die das 
Journal beinhaltet. Darüber hinaus wird Ärzten so die 
Möglichkeit geboten, ihre Erkenntnisse 
auszutauschen und zu erfahren, wie andere 
Elektrohyperthermietherapie anwenden. 

In den in diesem Band vorliegenden Arbeiten werden 
wichtige Themen behandelt. Dr. Brockmann disku-
tiert einige kritische Aspekte komplexer Therapien, 
einschließlich der PET-Diagnose, die für die Planung 
der Behandlung mit Oncothermie wichtig erscheint. 
PET liefert Informationen zur metabolischen 
Aktivität und leitfähigkeitsbasierten Tumorselektion. 

Dr. Pastores Fallberichte zeigen sehr fortgeschrit-
tene metastatische Fälle, die erfolgreich mit kom-
plexen Oncothermie-Behandlungen therapiert 
wurden und wahrscheinlich Anhaltspunkte in Bezug 
auf die Behandlung von schweren Krebserkrankun-
gen für andere Ärzte liefern. 

Dr. Roussakow sprach über einen retrospektiven 
Metavergleich von metastasiertem Darmkrebs, der 
hervorragende Ergebnisse durch den Einsatz von 
Oncothermie bei dieser häufigen und schweren 
Krebsart zeigt. 

Die Immuntherapie ist eines der neu entstehenden 
Gebiete der Onkologie. Wir sind erfreut zu sehen, wie 
die vielversprechende neue Methode durch viel 
Arbeit mit Oncothermie verbunden wird. Die Artikel 
von Prof. van Gool führen uns in die Komplexität 
dieser Therapie ein und zeigen eine bemerkenswerte 
Immunaktivierung mit Newcastle-Viren. 

Eine technische Diskussion stellt eine der Beson-
derheiten dieses Bandes dar. Die zwei Artikel von 
Dr. Mühlberg zeigen die Bedeutung einer präzisen 
Abstimmungsmethode sowie Hinweise zu deren 

 

Korrektur. Die Verallgemeinerung ihrer Ergebnisse 
dokumentiert einige universelle Aspekte des 
Themas. Ein wesentlicher Bestandteil dieser 
technischen Diskussion sind die Ursprünge 
unerwünschter Energieverluste. Diese müssen 
minimiert werden, wenn der Patient mit Oncothermie 
behandelt wird. 

Ich hoffe, dieser Band bietet Ihnen relevante und 
aktuelle Informationen für Ihre tägliche Praxis. An 
dieser Stelle möchte ich zudem auf die Bedeutung 
des Oncotherm-Newsletters hinweisen. Dieser bietet 
Ihnen jeden Monat einen Überblick über die neuesten 
Artikel, die auf internationalen Domains veröffent-
licht wurden, informiert Sie über Ereignisse und 
Tatsachen im Zusammenhang mit Hyperthermie in 
der Onkologie und ergänzt die klinischen 
Informationen aus unserem Oncothermia Journal. 

Dieser zweisprachige Band enthält einige wichtige 
Aspekte der klinischen Anwendung von Oncothermie 
in deutscher Sprache und kommt somit unseren 
deutschsprachigen Lesern zugute. Wir möchten so 
herausfinden, ob die zwei-sprachigen Inhalte von 
unseren Oncothermie-Anwendern angenommen 
werden und inwiefern unseren Lesern diese Art von 
Ausgabe zusagt. Ich würde mich freuen, Ihre Meinung 
dazu zu hören und Ihre Hilfe dankend annehmen. 

Erfreuen Sie sich am 30. Band des Oncothermia 
Journals. 

 
Prof. Andras Szasz 
Herausgeber des Oncothermia Journals 
Lehrstuhl für Biotechnik, St. Istvan Universität 
Chief Scientific Officer der Oncotherm Gruppe 
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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 Oncothermia 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 höchstmöglichen Standard zu 

verleihen. Es sind aber hauptsächlich Sie als Autor, der dafür Sorge trägt, dass das Oncothermia 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 erleichtern, haben wir die folgenden Richtlinien für die Texterstellung entworfen. 

1. Aims and Scope 

The Oncothermia 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 Oncothermia Journal is open 
towards new and different contents, 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 Oncothermia community. Advertisement 
connected to the topic is also welcome. 

 Clinical studies: regional or local or multilocal Oncothermia or electro cancer therapy (ECT) treatments, case-reports, practical 
considerations in complex therapies, clinical trials, physiological effects, Oncothermia in combination with other modalities and 
treatment optimization 

 Biological studies: mechanisms of Oncothermia, thermal- or non-temperature dependent effects, response to electric fields, 
bioelectromagnetic applications for tumors, Oncothermia treatment combination with other modalities, effects on normal and 
malignant cells and tissues, immunological effects, physiological effects, etc. 

 Techniques of Oncothermia: technical development, new technical solutions, proposals 
 Hypotheses, suggestions and opinions to improve Oncothermia 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.oncothermia-journal.com 

Umfang und Ziele 

Das Oncothermia Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstützen, die ihre Ergebnisse der 
Allgemeinheit zur Verfügung stellen möchten. Das Oncothermia Journal ist neuen Inhalten gegenüber offen, sollte aber vor allem 
Studienarbeiten, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen Materialien, die für die internationale Oncothermie-
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 ein 
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 und Meinungen, wie die Oncothermie- und ECT-Methoden verbessert werden können, um die Behandlung zu 

unterstützen 

Weitere Informationen zum Journal sowie Links zu Online-Beispielen und Inhaltsbeschreibung sind auf der Website zu finden: 
www.oncothermia-journal.com 

2. Submission of Manuscripts 

All submissions should be made online via email: info@oncotherm.org 

Manuskripte einreichen 

Manuskripte können online eingereicht werden: info@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 of Submission 
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Manuscripts may be any length, but must include: 

 Title Page: title of the paper, authors and their affiliations, 1-5 key words, at least one corresponding author should be listed, 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 a jpg-file 
(300dpi for photos). 

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

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 Länge haben, müssen aber die folgenden Punkte erfüllen: 

 Titelseite: Titel der Arbeit, Autor, Klinikzugehörigkeit, 1-5 Schlüsselworte, mindestens ein Autor muss genannt werden, E-Mail-
Adresse und Kontaktdetails des Autors 

 Abstracts: Abstracts müssen Zielsetzung, Material und Methoden, Ergebnisse und Fazit enthalten. 
 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 eingereicht werden (300 dpi). 
 Zitate: Das Oncothermia Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B. [1], [1-3]. Die 

Bibliografie 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 
publisher. The transmitted rights are not exclusive, the author(s) can use the submitted material without limitations, but the Oncothermia 
Journal also has the right to use it. 

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. 

Elektronische Korrekturfahne 

Wenn die Korrekturfahnen fertig gestellt sind, werden die Autoren per E-Mail informiert. Gedruckte Kopien werden nicht per Post 
versandt. Um Verzögerungen in der Produktion zu verhindern, müssen die korrigierten Texte innerhalb von 48 Stunden per E-Mail 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 Oncothermia Journal are not available. 

Sonderdrucke und Nachdrucke 

Die Autoren haben die Möglichkeit, das Material in elektronischer Form herunterzuladen, Sonderdrucke und Nachdrucke des Oncothermia 
Journals sind nicht erhältlich. 

7. Advertisement 

The Oncothermia 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 Oncothermia Journal and must be legally correct, having checked that all 
information is true. 

Werbung 

Das Oncothermia Journal akzeptiert Werbeanzeigen in allen Sprachen, bevorzugt, aber die zumindest teilweise Gestaltung in englischer 
Sprache. Die Werbung muss eine Beziehung zu den Themen des Oncothermia Journals haben und der Wahrheit entsprechende Inhalte 
aufweisen.  
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8. Legal responsibility 

Authors of any publications in the Oncothermia Journal are fully responsible for the material which is published. The Oncothermia 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. 

Haftung 

Die Autoren aller im Oncothermia Journal veröffentlichten Artikel sind in vollem Umfang für ihre Texte verantwortlich. Das Oncothermia 
Journal übernimmt keinerlei Haftung für die Artikel der Autoren. Die Redaktion hat das Recht Artikel abzulehnen. 

9. Reviewing 

The Oncothermia 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. 
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Abstract 

Uterine leiomyosarcomas in the metastatic phase are unfortunately still burdened with a short period of 
survival. In this paper, I present the case of Mrs. KP, 48 years old, which came to my observation with the 
widespread pre-treated disease. A personalized combination of chemotherapy and hyperthermia has made it 
possible to prolong survival and improve quality of life. 

Introduction 

Uterine leiomyosarcomas mainly affect young adult women. The disease has considerable biological 
aggressiveness and frequently tends to metastasize in the lung and bone [1]. However, it is difficult to obtain 
even a partial disease response after the second therapeutic line. Herewith I report a case of uterine 
leiomyosarcoma treated with chemo-thermotherapy after the fourth therapeutic line. The case shows a 
considerable partial remission in combination with a marked improvement in the quality of life and prolonged 
the expected survival time. The response period was eight months. 

Case report 

KP had a histological diagnosis, after bilateral hysteroannessiectomy, of high-grade uterine leiomyosarcoma. 
After adjuvant chemotherapy and a year's follow-up with no evidence of residual disease, a single lung lesion 
was revealed, which underwent surgical resection. Subsequently, the appearance of a vertebral lesion and new 
lung lesions led to the consideration of multimetastatic disease with the need for periodic systemic 
pharmacological treatment. After the fourth systemic antiblastic treatment scheme she came to my 
observation to set up further personalized treatment. The clinical condition was skeletal and pulmonary 
metastases with obvious respiratory symptoms. The massive pulmonary metastasis with severe impairment of 
respiratory capacity was documented by CT and spirometry tests. The patient had been oxygen support. I 
worked out a protocol for the fifth therapeutic salvage line. The patient received a combination of biweekly 
bevacizumab [2][3] with 3 mg/kg dose, together with a daily dose of 100 mg temozolomide [2][4][5] from the 
first to fifth day of the week. The chemoprotocol was combined with impedance coupled deep capacitive radio 
frequency hyperthermia (EHY2000, Germany) in alternating days of sessions duration of 55 minutes on the 
chest [6][7][8][9][10]. After three months, a CT test showed partial response (figure 1, 2, 3) with a reduction of 
the various disease-related complaints, considerable loss of symptoms, mainly the dyspnoea improved. 

The applied complex treatment was well tolerated without noteworthy side effects and continued with disease 
response for eight months.  

Discussion 

A neoplastic form in the metastatic phase is certainly drastically could suppress survival. Leiomyosarcomas do 
not differ. Getting a disease response in a patient who has already received four treatment lines is a rare, great 
achievement. Generally, the most promising treatment lines are the first two, and most frequently, the 
neoplastic cells become resistant to the third line of the treatment. The combination of original and personalized 
medications showed synergy in this case with the treatment of deep capacitive radio frequency hyperthermia. 
This single success cannot define anything conclusive but can be a notable, interesting inspiration for further 
study. 

Key words: uterine leiomyosarcoma, chemotherapy, oncological hyperthermia, rescue therapy 
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Abstract 

My objective in this article is to present and discuss a clinical case of peritoneal carcinomatosis originated from 
gastric cancer. The case was treated with complex therapy, combined whole-body and local hyperthermia 
treatments with chemotherapy. The applied multimodal approach achieved complete remission of the disease 
with a good quality of life. 

Introduction 

Recurrences and metastases in gastric cancer most frequently involve peritoneal carcinomatosis and are 
regularly detected only in the advanced gastric cancer stage [1]. These cases are often considered incurable. A 
clinical study shows that the mean survival is only 6.5 months [2], or even much less (2.2 months, [3]). A meta-
analysis also shows the poor therapeutic outcome [4]. The patients with this disease have an extremely poor 
prognosis. The conventional palliative treatments' effect could provide some improvement when the disease is 
diagnosed in early stages [5]. These results are significantly worse than cases of other metastases. The 
peritoneal-plasma barrier [6] is probably one of the factors of poor clinical success. The relatively early 
detection could be obtained by pathologic investigation of tissue specimens, which may detect microscopic 
peritoneal carcinomatosis, which is usually not detectable in surgical interventions. The texture analysis could 
be a useful tool also for early diagnosis [7], and the therapy could be optimized with neoadjuvant treatments, 
including the hyperthermic intraperitoneal chemotherapy (HIPEC) [8]. It is also shown that in the cases of 
microscopic carcinomatosis, HIPEC has curative benefit after surgery, too [9]. The German database shows that 
the combination of cytoreductive surgery and HIPEC improves survival more than HIPEC alone [10]. The 
concomitant application, using intraoperative HIPEC with cisplatin is also feasible and safe [11]. 

The high cellular heterogeneity of the intraperitoneal carcinomatosis complicates the disease [12], and probably 
this is why surgery and HIPEC are relatively effective treatments.  

My goal is to present a case showing a non-HIPEC oncological hyperthermia solution with success. The patient 
had advanced peritoneal carcinomatosis of gastric cancer. 

Case presentation 

72 years old male patient was diagnosed with stomach cancer by gastroscopy in 2009 May. The patient 
performed a partial gastric resection not followed by adjuvant chemotherapy as the removed locoregional 
lymph nodes were disease-free, and there was no evidence of spreading disease in other body regions. In 
November 2009, he began malaise, progressive weight loss, loss of appetite, abdominal pain until he came to 
emergency surgery for intestinal obstruction. The surgeon detected extensive peritoneal carcinomatosis, and 
although he had made a necessary temporal restore, he made a poor prognosis and predicted a very short 
survival. The patient came to my attention for supportive and palliative care. The therapy set at that moment 
was a combination of Capecitabine (1000 mg/m2 bid per os), deep radiofrequency oncological hyperthermia 
(Oncotherm EHY-3010 ML device) twice a week for one hour without rest and three hours whole-body infrared 
hyperthermia (Heckel HT 3000 device) for five consecutive days for a month. The disease went into complete 
remission. The patient gained his weight by eight kg, had good and has continued appetite, with significantly 
improved quality of life. A CT scan documented the remission with contrast. The therapy continued for eighteen 
months with persistent remission. After eighteen months, a resurgence of the disease occurred, which proved 
intractable and led to death after three months. 

Discussion 

The prognosis of peritoneal carcinomatosis of gastric origin is extremely poor in such advanced cases as the 
patient reported above. My strategy differed from the usual hyperthermia applications. My hyperthermic idea 
was a combination of local, cellularly selective modulated electro-hyperthermia (mEHT) [13] and the whole 
body homogeneous heating [14] treatments. Deep radiofrequency capacitive hyperthermia is employed in 
combination with other methods (chemotherapy and radiotherapy) for years now and has proven to be a 



17 Oncothermia Journal, Volume 30, April 2021 

valuable complementary therapy. The mEHT had proven as a local treatment in many clinical studies of various 
cancers [15], [16], and its locality enhanced by immunogenic effects [17]. Case reports proved its particular 
applicability [18], [19], and a Phase II study was performed to show how mEHT is effective in peritoneal 
carcinomatosis with malignant ascites [20]. The whole body hyperthermia with its physiological effect to 
increase the blood flow and through this, the drug delivery to the tumor is also well proven [21]. In contrast, the 
most common chemotherapies in HIPEC are Mitomycin C, Cisplatin, Doxorubicin, Paclitaxel, and 5-FU [22]. I had 
chosen Capecitabine in my hyperthermia protocol, as used by others too [23]. Capecitabine has a proven effect 
on gastric cancer, and it is very indicated for this clinical situation for the favorable tolerability profile [24] [25] 
[26]. 

The temperature rises from 40 to 43°C during the hyperthermic treatments in the irradiated tissue and the 
selected malignant cells. This temperature triggers apoptosis in diseased cells. There is an enhancement for 
any radiotherapy treatment. Locoregional vasodilatation favors the penetration of the drug where needed [27] 
[28] [29] [30] and also there has been a strengthening of local immunity, induced by the heat-mediated release 
of cytokines [31]. Vasodilation is even more crucial in poorly vascularized body districts than the peritoneum. 
Whole-body mild hyperthermia also enhances immune system activity, primarily through dendritic cell 
activation, and promotes drugs' penetration into tissues [32] [33].  

Conclusion 

The case report presented describes an unusual and very favorable clinical history. I had remarkable success 
with this protocol without using invasive surgical or laparoscopic HIPEC application. This case report may 
suggest a new approach to peritoneal disseminated cancer pathology and indeed may be the starting point to 
investigate further the effectiveness of this complex therapy protocol in other tumors with peritoneal 
dissemination. 

Key words: gastric cancer, peritoneal carcinosis, hyperthermia, Capecitabine 
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Abstract 

The therapeutic value of regional hyperthermia (RHT) in oncological treatments has been known for years. 
Several studies report RHT efficacy for tumor response and survival. RHT can also be used in combination with 
chemotherapy (CHT), radiotherapy (RT), chemoradiotherapy (CRT), and immunotherapy, enhancing their benefit, 
also in the treatment of gastrointestinal tumors as esophageal, colorectal, and pancreatic cancer. However, RHT 
has not yet become a common therapy in regular clinical practice due to the difficulty in measuring the 
temperature increase inside the tissues, the long duration of treatment, the need to have dedicated nurses and 
doctors, adequate equipment and facilities.  

Modulated electro-hyperthermia (mEHT) is a recent RHT method that targets malignant cell membranes and 
the extracellular matrix, allowing deep tumor sensitization, notwithstanding the adipose tissue's thickness and 
overcoming the issue of homogenous heating. 

Several studies confirm the advantage of RHT and mEHT association to CRT, CHT, and RT as neoadjuvant and 
palliative setting in esophageal, colorectal, and pancreatic cancer. This article summarizes the available data of 
RHT for these tumors. 

Key words: regional hyperthermia, modulated electro-hyperthermia, colorectal cancer, esophageal cancer, 
pancreatic cancer 

Introduction 

Regional hyperthermia (RHT) efficacy in remission of malignant tumors has been known for decades. RHT 
increases the tissue/body temperature with an external radiofrequency (RF) electromagnetic field. The modern 
technologies of local/locoregional heating offer safe therapies in clinical practice. The mild temperatures of RHT 
(39.5–43°C) show beneficial effects accompanied with increased safety by optimizing the treatment for minimal 
hot spot occurrence [1], [2]. Temperature rise >43°C, indeed, has potential risks, such as damage of surrounding 
normal tissues and enhancement of blood flow that can potentially increase malignant cells dissemination and 
distant metastases [3]. 

Nowadays, an increasing number of clinical studies show RHT efficacy in the treatment of different types of 
cancers. However, the number of clinics using the RHT method in their practice is suboptimal [1]. 

The primary biological rationale of heat utilization is enhancing radiation efficacy, increasing the delivery and 
permeability of various chemotherapeutic medications, and supporting the immunotherapy effects. Heat 
triggers tumor perfusion and oxygenation changes, inhibiting DNA repair mechanisms and stimulating the 
immune system [1], [2]. In association with RHT, local radiotherapy increases tumor immunogenicity and 
systemically acts through immune-mediated abscopal effects [3]. Modulated electro-hyperthermia (mEHT) is a 
recent RHT method that targets malignant cell membranes and the extracellular matrix, allowing deep tumor 
sensitization, notwithstanding the adipose tissue's thickness. The complementary application of regional 
hyperthermia and mEHT with chemo-(CHT) or radiotherapy (RT) is reported to be successful in several types of 
tumors, including esophageal, pancreatic, and colorectal cancers [3], [4], [5]. 

The analysis of elder evidence-based clinical data of the five-year survivals concluded [6], that the 5-year 
survivals have been changing only a little from 1950 to 1995, and these changes depend more on the better 
diagnosis than on the therapy. The contribution of curative and adjuvant cytotoxic chemotherapy to 5-year 
survival in adults (counting 22 different localizations) was estimated to be 2.3% in Australia and 2.1% in the USA 
[7] in 2004 over 20 years. It is a minor contribution to the observed 5 years survival rate, which is over 50% in 
the same time period. 

The progress, of course, was debated: “We are losing the war against cancer” [8], which was immediately 
corrected in a broader view, [9], taking into account the successes in pediatric cancer and in the quality of life of 
the patients during the curative and palliative treatments. This picture was a little diluted: “Perhaps not lost, but 
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certainly not won.” [10]. This was also supported ten years later [11]. The emotional aggravation induces very 
hurting opinions as the double Nobel-laureate L. Pauling formulated it, “Everyone should know that the ‘war on 
cancer’ is largely a fraud” [12]. This is naturally hurting but copmpletely false opinion, which was induced by this 
excellent researcher's heated emotional background. The emotions are not surprising even nowadays because 
cancer is the number one disease in many countries, touching not only the suffering patients but also their 
families, friends colleagues, and motivating despair in society. 

Filtering out the extreme opinions, the statistical data [13] supported the shadowed picture even 20 years ago: 
the mortality data from 1975-2000 are fairly constant, while the incidence (morbidity) slightly grows in the 
same time-internal. (Interestingly, the incidence has a definite peak in the first half of the 1990s in the group of 
males, but the mortality does not follow it.) Unfortunately, neither the incidence-rate nor the mortality rate 
correlated with the five-year survival [6] for the same localization. It showed the imperfectness that cancers 
with high incidence- and high mortality-rate growths, like lung, liver, brain, and pancreas, had low gain in their 5-
year survival in that time. This is the essence of the negative answer to the question [6]: “Are increasing 5-year 
survival rates evidence of success against cancer?” Today the situation had improved dramatically. We have a 
significant improvement in mortality data, significantly elongated survival time characterizes the nowadays 
development, however, in the area of gastrointestinal cancer, especially in pancreatic localization, we see less 
development of successes of conventional therapies than for other localizations in the human body. 

Our objective is to show the possible addition to the conventional therapies by complementary application of 
hyperthermia. We review the updated clinical applications of RHT complementary with RT and/or CHT in the 
therapies of esophageal, colorectal, and pancreatic cancers. We include into this review a new emerging 
hyperthermia method: the modulated electro-hyperthermia (mEHT), which has promising data in 
gastrointestinal treatments [14], [15] in neoadjuvant treatment [16], [17], or complementary to adequate CHT, 
treatment of the frequent colorectal metastases in liver [18]. The feasibility of mEHT in the therapies of 
pancreatic cancer is especially promising [19], [20], [21]. 

Types of hyperthermia 

There are different hyperthermia types: superficial hyperthermia, deep/regional hyperthermia, whole-body 
hyperthermia, interstitial hyperthermia, intraperitoneal laparoscopic hyperthermia, of hyperthermia in the body 
cavities or lumens. [22]. 

Whole-body hyperthermia increases the entire body's temperature up to a maximum of 41.8°C, using thermal 
conduction or radiant infrared techniques. Interstitial hyperthermia places heating electromagnetic devices 
(needles or catheters) directly inside the tumor. This therapy's main advantage is that the heating occurs directly 
inside the tumor, enabling it to reach higher local tumor temperatures and lower normal surrounding tissue 
temperatures. Similarly, hyperthermia can be achieved by inserting heating devices into natural body cavities 
and lumens with tumors [22]. Deep/regional hyperthermia can increase the temperature of a portion of the 
body (at the tumor site) up to the depth of >5 cm with electromagnetic fields, minimizing the heating of the 
surrounding tissue [22]. 

Superficial hyperthermia heats tissues <5cm in depth from the body's surface, using electromagnetic fields. As 
in all types of hyperthermia, the blood flow variability within the treated region also contributes to the 
temperature variation within the tumor region [22]. 

Regional Hyperthermia 

Different methods are used for regional hyperthermia, such as using infrared-A (IR-A) radiation, microwave 
radiation by antenna-array, capacitive, and modulated electro-hyperthermia techniques.   

The water filter IR-A radiation method uses a light source (halogen lamp at 24 V/150W) and a water-filter which 
is built in as a closed cuvette and absorbs the energy, avoiding painful sensations and burns of the skins [23]. 
Both IR-A radiation microwave radiation and capacitive systems are used for superficial hyperthermia to tumors 
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infiltrating up to 4 cm into the tissue, such as melanoma [24]. Two electrodes are positioned on opposite sides 
of the body, and the heat is produced by the electric current flowing between them. The electrodes are placed 
in direct contact with the body surface through a water bolus. 

There are several types of commercially available radiative superficial systems, including flexible microwave 
applicators. They all create heating at frequencies of 434 to 915 MHz and are positioned directly in contact with 
the treated surface [24]. Both methods allow to homogeneous target heating and limiting hot spots. However, 
radiative heating yields more favorable temperature distributions than capacitive heating, especially within 
heterogeneous tissues [24]. 

Modulated electro-hyperthermia 

Tumor blood flow increase is rather limited upon heating; hence, the heat dissipation is slower than that in 
normal tissues. This is why tumor temperature rises higher than that in normal tissue during hyperthermia [3]. 
However, a tumor's homogenous heating to a specified temperature is rather challenging due to the 
heterogeneous distribution of vasculature inside malignant tissue. The tumor blood flow varies widely among 
different tumor types and inside the same tumor, especially in the presence of necrotic areas within the tumor 
[3]. 

A new method has been recently developed to improve the results and reduce thermal therapy's adverse 
effects: the modulated electro-hyperthermia (mEHT) [25]. This method targets malignant cell membranes and 
the extracellular matrix. This allows sensitizing deep tumors, notwithstanding the adipose tissue's thickness, and 
to heating the malignant cells [9] selectively. mEHT uses impedance coupled capacitive arrangement with 13.56 
MHz (EHY-2000+, OncoTherm Ltd., Germany) and has comparable benefits to other types of hyperthermia for 
a variety of tumors: hepatocellular carcinoma, rectal, cervical, brain, lung, and pancreatic cancers, improving 
local disease control and in some cases, the survival [25], [26], [27], [28], [29]. This type of hyperthermia 
increases malignant cells' temperature to 41.5°C for >90% of treatment duration [26]. 

Literature search 

The literature search was performed in this narrative review in the databases PubMed-MEDLINE, Embase, 
Cochrane, and ClinicalTrials.gov. with the search terms: hyperthermia, pancreatic, gastrointestinal, esophageal, 
colon, rectal, colorectal, anal cancer. 934 articles were retrieved. The further selection included only full-text 
articles in the English language, reporting results from the observational or experimental trial about tumor 
response, survival or progression-free survival or toxicity, among these were published in the time interval 
between 2000 and 2020. We selected 38 articles and divided these according to tumor type, and finally, only 
25 original articles were included in tables. The other papers were used for the introduction and conclusions 
sections. 

Esophageal Cancer 

The prognosis of esophageal cancer remains poor, and the overall survival (OS) after potentially curative 
surgery is 5–20% [30], [31]. Several studies on neo-adjuvant chemotherapy (NCHT) alone fail to prove the 
benefit of this pre-operative treatment. However, promising results have been achieved with the combination of 
heat and chemotherapy in this setting [31], [32], [33], [34]. 

NCHT or chemoradiotherapy (CRT) combined with RHT have positive results concerning survival and tumor 
response of esophageal cancer patients (table 1). 
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Table 1) Esophageal cancer 

Author Year Treatment Hyperthermia protocol 
No. of Pts. 

(n) Survival Tumor Response RHT related toxicity 

Sheng 
[34] 

2017 CRT with cisplatin-
based 

regimens+RHT 

Radiofrequency capacitive 
heating device, with 

microwave spiral strip 
applicators, HRL-001, 

within 30 min from RT, or 
2h after CHT 

50 3-year OS=42.5% 
PFS= 34.9% 

ND Pain (G1-2) =38.0% 
 

Nishimura 
[29] 

2015 CRT with 
cisplatin/5- 

fluorouracil, oral 
fluoropyrimidine 

and 
irinotecan+RHT 

8-MHz radiofrequency, 
capacitive heating system 

(Thermotron RF-8), at 
400-1400 W (median 

1200 W) for 50 min once 
or twice a week 

11 1 year OS=72.7% 
2 years OS=54.5% 
5 years OS=9.1% 

CR=27% 
SD=45% 

ND 

Nakajima 
[32] 

2015 CRT with 
docetaxel + RHT 

ND 24 3 years OS=56.3% 
5 years OS=50.0% 

DCR=41.7% 
CR=17.6% 

toxicity G2 occurred 
in six patients 

Hulshof 
[33] 

2009 Neoadjuvant 
CRT with 

carboplatin and 
paclitaxel+ RHT 

home-made AMC 
(academical medical 

center), phased array of 
four 70MHz antennas, at a 

power of 800 W for 1.5 
hour 

28 1 year OS=79% 
2 years OS=57% 
3 years OS= 54% 

CR=19% PR=31% 
SD=23% 

pain (sternal or 
shoulder) or 

general discomfort 
in seven patients 

and in two patients 

Albregts 
[31] 

2009 Neoadjuvant 
CHT with 

cisplatinum and 
etoposide+HRT 

home-made AMC 
(academical medical 

center), phased array of 
four 70MHz antennas, at a 

power range of 
800-1000 W 

26 1 year OS=86% 
2 years OS=76% 

CR=9% Discomfort in 1 
patient and ‘sock-

like’ sensory 
neuropathy (G2) in 1 

patient 

RT = radiotherapy, RHT = hyperthermia, OS = overall survival, SR = survival rate, Clinical benefit = complete response + partial response + stable disease, CHT = chemotherapy, DFS = Disease free survival, 
CRT = chemoradiotherapy, LRFS = local relapse-free survival, n.s. = not significant, ND = not reported 
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Neoadjuvant CRT with docetaxel associated with RHT results in a response rate of 41.7% with a CR of 17.6% 
after surgery. This treatment has low toxicity, and 3- and 5-year survival rates are 56.3% and 50.0%, 
respectively [34]. 

A phase II study with chemotherapy (carboplatin and paclitaxel) and radiotherapy in association with RHT as neo-
adjuvant treatment results are in good locoregional control and overall survival for esophageal cancer patients 
that have all R0 resection. Tumor response is complete response (CR), partial response (PR), and stable disease 
(SD) in 19%, 31%, and 23% of patients, respectively. The survival rates at 1, 2, and 3 years are 79%, 57%, and 
54%, respectively. Quality of life is improved for these patients, and the toxicity is low [33]. Similar results in 
survival are reported by another phase I/II study, showing 1- and 2-year survival rates of 69 and 62%, 
respectively [31]. 

Intensity-modulated radiotherapy (IMRT) in association with hyperthermia results in a 3-year progression-free 
survival (PFS) rate and overall survival (OS) rate was 34.9% and 42.5%, respectively, with low toxicity and 
excellent local control of esophageal cancer with supraclavicular lymph node metastasis [34]. 

The results of a meta-analysis comparing the CRT+RHT and RT groups show that RHT increased significantly the 
1-, 2-, 3- and 5-year OS of esophageal cancer patients; decreased both recurrence, distant metastases, and 
gastrointestinal reaction rates [30]. This evidence of CRT+RHT benefits in esophageal cancer neoadjuvant 
therapy is very promising. However, further randomized clinical trials with a more significant number of patients 
are required to confirm these data. 

Colorectal cancer 

Colorectal cancer (CRC) is the third most common cause of cancer death in both men and women in the United 
States [35]. In the past decades, neoadjuvant radiotherapy alone or in association with chemotherapy followed 
by surgery has become standard treatment for advanced rectal cancer [36]. CHT is used to enhance RT effects 
of radiotherapy. RHT is another method to amplify radiotherapy, overcoming the low oxygen concentrations 
that are present in large size tumors and hamper the effect of radiotherapy. RHT, indeed, increases the tumor 
blood flow and hence promotes the RT with the tissue oxygenation [37]. 

Neoadjuvant CRT + RHT results in greater 5-year long-term local control (98% vs 87%, p=0.09) and OS (88% 
versus 76%, p=0.08) than CRT alone in locally advanced non-metastatic rectal cancer [38]. Similar results are 
reported in other studies on neoadjuvant CRT + RHT in locally advanced non-metastatic rectal cancer, resulting 
in 5-year OS ranging 60-87.3% (table 2), distant metastases-free survival (DMFS) and local control (LC) of 
79.9% and 95.8% respectively [39], [40], [41]. 

In particular, a study compares OS of CRT alone or combined with RHT and reports that the complementary 
therapy shows longer OS than CRT alone (5 years OS=76% versus 88% p < 0.08) [38]. This improvement in 
survival is also observed when the neoadjuvant CRT and RHT is performed for anal cancer treatment with 5 
years OS (95.8 vs. 74.5%, P = 0.045), disease-free survival (DFS=89.1 vs. 70.4%, P = 0.027), and the local 
relapse-free survival (LRFS =97.7 vs. 78.7%, P = 0.006) is more favorable than CRT alone [42]. 

As concerning the tumor response, the disease control rates (DCR) of CRT combined to RHT range is 28.5%-
94.8% in rectal cancer patients (table 2) [43], [44], [45], [46], [47]. The association of RHT to CRT in neoadjuvant 
treatment of rectal cancer does not increase the toxicity of CRT, and the hyperthermia-related adverse events 
were mainly of mild-moderate intensity and are reported by 26-34% of patients [43], [44], [45], [46], [47]. 

mEHT in association with CHT is used in a study for the treatment of metastatic colon cancer patients with good 
tumor response rates and survival; indeed, the DCR is 95% at 90 days and 89.5% at 3 months, and PFS is 12.1 
months (range 3.5–32.6 months) [48]. Another study applies mEHT in association with CRT to treat rectal cancer 
patients, reporting minimal, moderate, near-complete, and complete regression of primary tumor of 15.0%, 
51.7%, 18.3%, and 15.0%, respectively [49]. In both studies, the mEHT is well tolerated, with mostly mild 
hyperthermia toxicity [48], [49].
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Table 2) Colorectal and anal cancer 

Author Year Type of tumor Treatment 
Hyperthermia 

protocol No. Pts. (n) Survival Tumor Response 
RHT related 

toxicity 
Ranieri 

[49] 
2020 Metastatic 

colon cancer 
CHT with 

Beva+FOLFOX4+m
EHT 

mEHT with 13.56 
MHz (EHY-2000) 
twice a week (8 

times) 

40 PFS=12.1 
months (range 

3.5–32.6 
months). 

90 days: PR=30% 
SD=65% PD=5% 

DCR=95% 
3 months: 
CR=5.3%, 

PR=26.3%, 
SD=55%, 
PD=10%, 

DCR=89.5% 

mild positional 
pain in four 

patients, 
Erythema in the 
target area in 3 
patients, power-

related pain 
occurred in two 

cases 
You 
[48] 

2020 Rectal cancer Neoadjuvant 
CRT with 5-

fluorouracil or 
oral capecitabine+ 

mEHT 

mEHT with 13.56 
MHz (EHY-2000) 
twice a week (8 

times) 

60 ND minimal, 
moderate, near 
total, and total 
regression of 

primary tumor 
was 15.0%, 

51.7%, 18.3% and 
15.0% 

respectively. 

26.7% 
developed 

thermal toxicity, 
which was 
mostly G1 
(93.8%) 

Zwirner 
[39] 

2018 Locally 
advanced rectal 

cancer 

Neoadjuvant CRT 
with 5-

fluororuracil +RHT 

Deep regional 
hyperthermia once 

or twice a week 

86 5-years 
OS =87.3% 
DFS =79.9 

LRFS =95.8% 

ND ND 

Gani 
[38] 

2016 Rectal cancer Neoadjuvant 
43 CRT with 5-
fluororuracil vs 
60 CRT with 5-

fluororuracil +RHT 

RHT with Sigma Eye 
or Sigma-60 

applicator (BSD 
2000/3D) once or 

twice a week 

103 5-years 
OS= 76% vs 

88% 
p < 0.08 

DFS= 73% vs 
78% 

LRFS =77% vs 
75% 

ND ND 
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Author Year Type of tumor Treatment Hyperthermia 
protocol 

No. Pts. (n) Survival Tumor Response RHT related 
toxicity 

Shoji 
[43] 

2015 Rectal cancer Neoadjuvant 
CRT with 

Capecitabine+RHT 
33 were resected 
16 non-resected 

RHT with 8 MHz RF 
capacitive heating 

device (Thermotron 
RF-8) after RT for 

50 minutes (5 
weeks) 

49 ND DCR=28.5% 
 

One grade 3 
patient had 

perianal 
dermatitis, 

29.7% suffered 
pain, and 2.1% 

had 
subcutaneous 

induration 
Kato 
[44] 

2014 Rectal cancer Neoadjuvant 
CRT+RHT 

RHT with 
Thermotron RF-8, 

Once a week 
(2-5 times) 

48 ND CR=29.2% No 
hematological 

toxicity 

Schroede 
[45] 

2012 Locally 
advanced rectal 

cancer 

Neoadjuvant 
61 CRT with 5-

Fluorouracil+RHT 
vs 

45 CRT with 5-
Fluorouracil 

 

RHT with BSD-2000 
Once or twice a week 

(1-9 times) 

106 ND pCR rate 
16.4% vs 6.7% 

34% 
hyperthermia 

discontinuation, 
due to pain or 

hot-spot 
phenomena, 
urinary tract 

infections, 
hypertension, 
tachycardia or 

severe skin 
toxicity 

Kang 
[47] 

2011 Locally 
advanced rectal 

cancer 

Neoadjuvant 
CRT with 5-FU, 
leucovorin and 

mitomycin C+RHT 

RHT with 8-MHz 
radiofrequency 

capacitive heating 
device (Cancermia 
GHT-RF8) twice a 
week during RT 

214 5 years 
OS=73.9% 
DFS=75.1% 

LRFS= 
93,9% 
DMFS= 
79.8% 

DCR=50.9% ND 
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Author Year Type of tumor Treatment Hyperthermia 
protocol 

No. Pts. (n) Survival Tumor Response RHT related 
toxicity 

Maluta 
[40] 

2010 Locally 
advanced rectal 

cancer 

Neoadjuvant 
 

CRT+RHT 

RHT with BSD-2000 
Once a week 
(1-5 times) 

76 5-years 
OS=86,5% 
DFS=74,5% 

LRFS= 
73,2% 

CR=23,6% 
DCR=94,8% 

G0-2 general or 
local 

discomfort in 
15%, no G3, G4 
Subcutaneous 
burns in 5.2% 

Rau 
[41] 

2000 primary rectal 
cancer (PRC) 

 
recurrent rectal 

cancer (RRC) 

Neoadjuvant 
CRT with 5-

fluororuracil and 
leucovorin +RHT 

RHT with BSD-2000 
Once a week 
(1-5 times) 

37 
 
 

18 

5-year 
OS=60% 

DCR=59% 
 
 

DCR=28% 

none 

Ott 
[42] 

2019 Squamous anal 
cancer 

CRT with 5-
fluororuracil and 
mitomycin C vs 

CRT with 5-
fluororuracil and 

mitomycin C + RHT 

RHT with the BSD 
2000-3D- and BSD 

2000-3D-MR-
Hyperthermia 

System 
once or twice weekly 

(5-10 times) 

112 5 years 
OS= 95.8 vs. 

74.5%, 
P = 0.045 

DFS=89.1 vs. 
70.4%, 

P = 0.027 
LRFS =97.7 vs. 

78.7%, 
P = 0.006 

ND Comparable 
toxicity for 
Grades 3–4 
early side 

effects: skin 
reaction, 
diarrhea, 

stomatitis, and 
nausea/ 

emesis, with the 
only exception 

of a higher 
hematotoxicity 

rate for the 
CRT+RHT group 
(66 vs. 43%, P= 

0.032). 

RT = radiotherapy, RHT = hyperthermia, OS = overall survival, SR = survival rate, Clinical benefit = complete response + partial response + stable disease, CHT = chemotherapy, DFS = Disease free survival, 
CRT = chemoradiotherapy, LRFS = local relapse-free survival, ND = not specified 
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Neoadjuvant CRT in association with RHT and mEHT does not increase toxicity and allows to achieve encouraging 
results in terms of tumor response and survival in the rectal, colon, and anal cancer patients. Further 
randomized studies are required to confirm these data. 

Pancreatic cancer 

Pancreatic cancer has a poor prognosis with a 5-year OS < 10%. This may be because pancreatic cancer is quite 
resistant to RT and CHT because of its hypoxic microenvironment that diminishes sensitivity to these therapies 
[50]. Most used CHT schedules include gemcitabine-based regimes, nab-paclitaxel, and for fit patients, the 
FOLFIRINOX (leucovorin, fluorouracil, irinotecan, and oxaliplatin) [51], [52]. These drugs, however, have high 
toxicity and often low efficacy. For this reason, the association of RTH to conventional CHT and RHT has also 
been introduced for pancreatic cancer treatment, enhancing the drug delivery and diffusion inside the tumor, 
improving blood flow, reducing hypoxia, and inhibiting DNA repair, hence enhancing tumor apoptosis. 

Three studies compared the survival of locally advanced pancreatic cancer after treatment with the combination 
of CRT and RHT versus CRT alone. Their results show that the addition of RHT increased significantly the survival: 
OS=8.8 vs. 4.9 months (p = 0.02), OS= 15 vs 11 months (p = 0.025), 1 year OS=80% vs 57% (p=0.021) and 
PFS=18.6 vs. 9.6 months (p = 0.01) (table 3) [53], [54], [55]. 

The association of CHT to RHT also results in encouraging survival: median OS of 12.9 -17.7 months, 1 year 
OS=41%, and 2 years OS=15% [56], [57], [58]. As concerning the tumor response of locally advanced pancreatic 
carcinoma, the association of CHT to RHT resulted in DCR of 50-61%, [58]. The treatment is well tolerated with 
a toxicity of G2 pain and a skin rash, and 5% grade III-IV toxicity [54], [58]. 

A significant increase in survival is also observed when CRT is associated with mEHT than CRT alone, as reported 
by Fiorentini et al. (OS= 18.0 vs. 10.9 months, p<0.001) [26]. The other two studies report similar survivals on 
mEHT to treat locally advanced pancreatic carcinoma, OS of 8.9-15.8 months and PFS of 3.9-12.9 months [59], 
[60]. mEHT also shows high tumor response in locally advanced pancreatic carcinoma with DCR of 71-96% and 
safety without grade III-IV toxicity [26], [59]. These better tumor response and survival results of CHT and/or 
RT in association with mEHT are also observed in geriatric (>65 years) patients with pancreatic cancer. Indeed, a 
greater DCR, OS, and PFS are reported for the mEHT group and no-mEHT group in this population (table 3) [61].
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Table 3) Locally advanced pancreatic cancer 

Author Year Treatment 
Hyperthermia 

protocol 
No. of Pts. 

(n) Survival Tumor Response RHT related toxicity 

Sarti 
[61] 

2020 mEHT+RT or CHT with 
gemcitabine regimen 

vs 
RT or CHT 

mEHT with 13.56 MHz 
(EHY-2000) twice a 

week (8 times) 

32 OS= 18 months 
(range 10.3-
28.6) versus 
10.97 months 
(range 4.00-

22.16) 
PFS=12 months 
(range 3-28.6) 

versus          
4.53 months 
(range 1.33-

17.57) 
(p=0.003) 

DCR= 85% vs 26% 
(p=0.0018). 

3% of G1-G2 skin 
pain and burns 

Fiorentini 
[26] 

2019 mEHT+RT or CHT with 
gemcitabine regimen 

vs 
RT or CHT 

mEHT with 13.56 MHz 
(EHY-2000) twice a 

week (8 times) 

106 OS= 18.0 
months vs 10.9 

months 
(p<0.001) 

3 months 
DCR= 92% vs 66% 

no grade III–IV 
toxicity 

Iyikesici 
[60] 

2019 CHT with gemcitabine or 
FOLFIRINOX regimen 

+mEHT 

mEHT with 13.56 MHz 
(EHY-3010) at 110-

130W power for 60 
minutes 

25 OS=15.8 
months (95% 
CI, 10.5–21.1) 

PFS=12.9 
months (95% 
CI, 11.2–14.6) 

3 months 
DCR=96% 

None 

Ono 
[56] 

2019 CHT with FOLFIRINOX, 
Gemsitabin plus nab-

Pacritaxel or S-1 +RHT 

RHT with Thermotron 
RF-8, for 50 minutes 

after CHT once a week 
(5 times) 

28 1 year OS=41% 
2 years 
OS=15% 

3 months DCR=57% 
6 months 
DCR=45% 
12 months 
DCR=12% 

18 months DCR=6% 

ND 

  



31 Oncothermia Journal, Volume 30, April 2021 

 

Author Year Treatment Hyperthermia 
protocol 

No. of Pts. 
(n) 

Survival Tumor Response RHT related toxicity 

Maebayashi 
[53] 

2017 CRT with 5-fluororuracil 
or gemcitabine + RHT 

vs CRT 

RHT with Thermotron 
RF-8, for 50 minutes 
at 800-1200W power 
once or twice a week 

(5 times) 

13 1 year 
OS=80% vs 

57% (p=0.021) 

 Lower 
hematological and 

gastrointestinal 
toxicity than CRT 

alone 
Tschoep-Lechner 

[57] 
2013 CHT with gemcitabine 

and cisplatin +RHT 
RHT with BSD-2000 
day 2 and 4, 1 hour 
twice a week for 4 

months 

27 PFS = 5.9 
months 

OS 12.9 months 

DCR=50% no grade III–IV 
toxicity 

Maluta 
[55] 

2011 CRT with gemcitabine 
based regimens+RHT 

vs CRT 

RHT with BSD-2000 
Once a week 
(1-5 times) 

68 Median OS= 15 
vs 11 months 
(p = 0.025) 

  

Volovat 
[59] 

2014 CHT (GEMOX) +mEHT mEHT with EHY-2000 
device 

at 70-150 W on day 1, 
3, 5 of every CHT 

cycle 

26 Median PFS= 
3.9 months. 

Median OS= 8.9 
months. 

DCR=71% no grade III–IV 
toxicity 

Ishikawa 
[58] 

2012 CHT with 
gemcitabine+RHT 

RHT with Thermotron 
RF-8 at 1100 to 1500 

W power for 40 
minutes once a week 

18 Median OS=17.7 
months 

ORR=11.1% 
DCR= 61.1% 

G2 pain and a skin 
rash 

Ohguri 
[54] 

2008 CRT with 
gemcitabine+RHT vs 

CRT 

RHT with Thermotron 
RF-8 at 900W power, 
once a week 1–3 hours 

after RT and during 
CHT 

29 Median OS=8.8 
vs. 4.9 months, 

P = 0.02, 
Median 

PFS=18.6 vs. 
9.6 months, P = 

0.01 

ND 5% grade III–IV 
toxicity 

RT = radiotherapy, RHT = hyperthermia, OS = overall survival, SR = survival rate, Clinical benefit = complete response + partial response + stable disease, CHT = chemotherapy, DFS = Disease free survival, 
CRT = chemoradiotherapy, LRFS = local relapse-free survival, DCR = disease control rate, mEHT = modulated electro-hyperthermia, ORR = overall response rate 

 



32 Oncothermia Journal, Volume 30, April 2021 

These data suggest that RHT increases CRT and CHT benefit both in median OS and DCR in locally advanced or 
metastatic pancreatic cancer with low toxicity. Further studies to investigate CRT and RHT in locally advanced 
pancreatic cancer include the HEATPAC trial, a phase II randomized trial [62]. 

Summary 

In association with radiotherapy and/or chemotherapy, regional hyperthermia may increase median OS, PFS, and 
tumor response of patients with esophageal, colon, rectal, anal, and locally advanced or metastatic pancreatic 
cancer. The mEHT is a relatively new regional hyperthermia method that targets tumor cell membranes and 
extra matrix tissue to increase cancer tissue temperature and sensitize it to cancer therapies. This method has 
relatively few published studies. However, the results are interesting and comparable to those of other RHT, 
amplifying both chemotherapy and radiotherapy's benefits in all the considered tumors and it is well tolerated. 

Conclusion 

The data presented in this narrative review are from retrospective and prospective studies and suggests that 
regional hyperthermia in association with radiotherapy and/or chemotherapy may increase median OS, PFS, and 
tumor response of patients with esophageal, colon, rectal, anal, and locally advanced or metastatic pancreatic 
cancer. mEHT is a relatively new method of regional hyperthermia that targets tumor cell membranes and extra 
matrix tissue to increase the temperature inside cancer tissue and sensitize it to cancer therapies. This method 
has few published studies in gastrointestinal cancers. However, the results are comparable to those of other 
RHT, amplifying both chemotherapy and radiotherapy's benefits in all the considered tumors and is well 
tolerated [63]. 

The studies presented have a heterogeneity as concerning the RHT protocols, for this reason, it is difficult to 
compare the results of different studies. Standardized RHT protocols and more randomized clinical trials are 
needed for each tumor type to address this issue.  
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Abstract  

This paper demonstrates an opportunity to assess the suitability of an adjustable passive impedance matching 
network. Various complex impedances shall be transformed to nominal fifty-ohm reference impedance at a 
given constant carrier frequency. The terminating impedance for optimal matching and gradual mismatching 
(different degrees of matching) were calculated using mathematics software MATLAB for a matching network's 
known parameter range. The chosen method, together with the cheap solution, presents a descriptive 
visualization of the matching network's working principle and resolution capacity. Therefore it can be used as a 
supporting opportunity for matching network optimization. This network is used for cancer treatment by 
modulated electro-hyperthermia (mEHT). The accurate matching allows the energy's dosing into the target, 
which is selected by the body's impedance heterogeneities. The immunogenic effects follow the well-selected 
energy absorption. 

Introduction 

Cancer is the number-one deadly disease for humans. Significant efforts and substantial resources are involved 
in solving this challenge worldwide. A broad spectrum of various approaches exists in treating malignant 
diseases. Among them, the most known, conventional treatments are surgery, chemotherapy, and radiotherapy 
[1]. Many additional therapies are emerging to increase the treatment efficacy, elongate survival, and 
significantly increase the quality of life (QoL) of the suffering patients. One of the complementary methods is 
hyperthermia, aiming to sensitize or even synergetically increase the conventional therapies' effect. 
Hyperthermia is usually an isothermal mass heating approach, with the intention of high-temperature activity as 
a condition to increase the efficacy of the conventional therapies. The majority of heating effects use 
electrodynamical actions in a non-ionizing regime, and many of them are active in the radiofrequency (RF) range. 
The technical challenge of these heating processes is optimizing the energy-absorption in depths, focus on the 
tumor without safety problems; avoid burns on the body's surface or hot-spots inside. In order to solve this 
problem, modulated electro-hyperthermia (mEHT, trade name oncothermia) was introduced. The mEHT method 
breaks with the isothermal concept and applies heterogenic selection, targets the malignant cells without direct 
heating of the tumor's entire mass.  

However, this complex cellular manipulation with the applied electric field needs very necessary technical 
conditions. The crucial point is to direct the energy by impedance matching. In heterogenic heating, the 
temperature was the usual dose of energy-absorption. The measurability of temperature in the tumor causes 
many complications. In heterogenic selection, the tumor's temperature cannot be the control parameter; the 
target's energy absorption decides the dose [2]. The request of the preciosity needs a well-tuned energy-
delivery, involving challenges in the technical realization. The objective in this article is to show some parameters 
of impedance matching in human cancer treatment.  

Technical background 

The electromagnetic RF energy is capacitively coupled to the body part, when the tumor is located, positioned 
that the RF-current flows through the cancerous lesion [3]. The carrier frequency is 13.56 MHz belonging to a 
radio band that is freely usable for industrial, scientific, and medical (ISM) purposes. The capacitive coupling 
carefully impedance matched, optimally using the minimal impedance by resonant arrangement. The RF-source 
is an E-class (switching-mode) amplifier [4]. The patient (which has only a capacitive component in the imaginary 
part of the impedance) becomes a part of the entire electrical network. Therefore, the patient is considered 
complex impedance due to the engineering convention being transformed to a 50 Ω reference impedance by 
using a passive matching network (tuner). The fixed carrier frequency allows the resonant impedance matching 
to the load, which is the targeted human tissue.  

The system dimensions allow a near-field impedance matching [5]. When the medium impedance changes, a 
part of the propagated wave is reflected, which has to be minimized. Incoming and reflected waves interfere 
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and create standing waves that represent mismatching. In this case, the system does not completely transfer 
the available power to the load. However, for cancer patients' mEHT treatment, a continuous and maximum 
possible power transmission is indispensable to ensure dosage assessment and control. A proper impedance 
transformer is required to counteract the mismatching that matches the load impedance to the reference 
impedance. Due to the switching mode resonant amplifier, the correct matching is also a strict request. The 
patient as the load can have widely different impedances depending on size, muscle and fat content, body hair, 
origin, treatment location etc., so that a variable impedance transformer with a large latitude of adjustment is 
necessary. The impedance change during the treatment also could be large enough to correct the matching. The 
impedance transformer/tuner in mEHT exists and shall be examined for its applicable bandwidth of a broad 
range of patient impedances. The matching of patient impedances appears as a special challenge; even 
impedance matching, in general, is a much-discussed topic [6], [7]. However, most of the precise matching fit 
the fixed antennas, allowing a constant tuning to unchanged impedance. While the patient impedances are 
multifarious by patients and by treatments, the tuner has to work over a wide range of load parameters. 

The compensation of an imaginary part and transforming of a real part to a 50 Ω reference impedance requires 
two independent adjustable tuner parameters. The impedance matching during the treatment has to be made 
dynamically due to constantly changing patient impedances caused by respiration and other physiological 
changes, including the tumor's change. Therefore, perfect matching cannot be achieved, the tuner has to follow 
the rough changes and the matching regulation follows a fuzzy logic. In the course of this for the given patient 
impedance, different tuner parameters constellations can lead to the same degree of matching that is here 
called as a problem of an ambiguous assignment. This additionally exacerbates the controlling of the tuner. The 
tuner’s optimal matching means that it compensates the impedance of the load (𝑍𝐿𝑜𝑎𝑑) with its impedance 
regulated (𝑍𝑇𝑢𝑛𝑒𝑟) impedance, having the 𝑍0 reference without imaginary part, Figure 1. [8]. 

 𝑍𝑇𝑟 = 𝑍𝑇𝑢𝑛𝑒𝑟 + 𝑍𝐿𝑜𝑎𝑑 = 𝑍0  (1) 

 

 

Figure 1. Distribution of the voltage amplitude along the wire versus the matching resistor {Standing Wave 
Ratio, SWR}, [8] 

This paper shows the possible load (patient) impedances for different degrees of matching that were calculated 
by mathematics software MATLAB [9] with the aid of circuit simulation program “Serenade” [10] for a given 
adjustable tuner with known parameters range and a constant carrier frequency of 13.56 MHz. The operating 
principle, together with the resolution of the tuner and the load impedances, in synchrony with their best possible 
degree of matching, are visualized graphically. Furthermore, the problem of ambiguous assignment of tuner 
parameter constellations and degree of matching is presented. 

The mathematical evaluation of adjustable tuner suitability is a well-illustrative method beneficial for fault 
finding and optimization of the tuner.  
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General challenge 

Reflections are the consequence of medium impedance changing and can be suppressed by matching each 
other's impedances. Within an RF circuit, impedance matching has to be considered - generally between source, 
load, and transmission line. Therefore the common reference impedance 𝑍0 of usual 50 Ω ohm has become 
established [11] that facilitates the matching by constructing sources and transmission lines with impedance 𝑍0. 
The reference impedance is also referred to as a line, nominal and reference impedance. In the calculation, the 
E-class resonant RF-source is also fixed to 50 Ω nominal reference impedance. Figure 2 shows the basic circuit 
setup for mEHT treatment where the reference impedance is 50 Ω, and the generator delivers the entire power 
if 50 Ω transformed load impedance 𝑍𝑇𝑟 are connected. The following considerations assume stable reference 
impedance and carrier frequency. 

 

Figure 2. Circuit setup. 𝑍0 reference impedance, 𝑍𝐿𝑜𝑎𝑑 load impedance, 𝑍𝑇𝑟 transformed load impedance. 
𝑍𝑇𝑟 = 𝑍𝑇𝑢𝑛𝑒𝑟 + 𝑍𝐿𝑜𝑎𝑑; 𝑍𝐿𝑜𝑎𝑑 = 𝑍𝐿𝑜𝑠𝑠 + 𝑍𝑃𝑡𝑠; 𝑍𝑃𝑡𝑠 = 𝑍𝐻𝑒𝑎𝑙𝑡ℎ𝑦 + 𝑍𝑇𝑢𝑚𝑜𝑟  

 

The tuner has a grounding shortcut, so its impedance and the impedance of the complete load is transformed 
to a parallel ⟺ serial transition. The notes 𝑍𝑇𝑢𝑛𝑒𝑟 and 𝑍𝐿𝑜𝑎𝑑 are the transformed impedances. 

 

In complete tuning satisfies: 

 𝑍𝑇𝑟 = 𝑍𝑇𝑢𝑛𝑒𝑟 + 𝑍𝐿𝑜𝑠𝑠 + 𝑍𝐻𝑒𝑎𝑙𝑡ℎ𝑦 + 𝑍𝑇𝑢𝑚𝑜𝑟 = 𝑍0 (2) 

This simply summation works only when the tumor-size corresponds with the electrode size. When it is not the 
case, the ratio of the 𝑅𝑃𝑡𝑠 = 𝑍𝐻𝑒𝑎𝑙𝑡ℎ𝑦/𝑍𝑇𝑢𝑚𝑜𝑟 modifies the simple addition. Presently we assume that 
𝑅𝑃𝑡𝑠 ≅ 1. 

This is the engineering task, the reference point, and the nominal 𝑍0 reference impedance is to solve the complete 
tuning, make the engineering task of matching perfectly. The medical task is more complex than the tuning of 
the hardware; that is, targeting the tumor in depth. The request from the equipment to treat patients is to have 
perfect tuning (maximize the effect of the RF-generator) and minimize the hardware losses 𝑍𝑇𝑢𝑛𝑒𝑟 + 𝑍𝐿𝑜𝑠𝑠. When 
the technical request is fulfilled, the task is focused on the patient's net energy source (“medical source”). 
Consequently, the medical task starts at the applicator on the patient, and the medical challenge is concentrating 
on the 𝑍𝑇𝑢𝑚𝑜𝑟. 
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Technical challenge 

The occurring wave reflection due to mismatching can be quantified by complex reflection coefficient Γ. 

 
Γ =  

𝑍𝑇𝑟 − 𝑍0

𝑍𝑇𝑟 + 𝑍0

 (3) 

Its absolute value can lie between 0 and 1, where 0 means perfect matching. In the case of reflection incident 
and reflected wave interfer and create standing waves. The voltage standing wave ratio 𝑉𝑆𝑊𝑅 describes the 
ratio between the maximum and minimum voltage of standing voltage wave. It can also be calculated using the 
reflection coefficient. 

 
𝑉𝑆𝑊𝑅 =  

1 + |Γ|

1 − |Γ|
 (4) 

𝑉𝑆𝑊𝑅 attains values of 1 and higher where 1.0 corresponds to perfect matching. The amount of power loss 
caused by reflections is expressed by return loss 𝑅𝐿 that describes the ratio between incident 𝑃𝑖  and reflected 
power 𝑃𝑟  and can also be gained from 𝑉𝑆𝑊𝑅.  

 
𝑅𝐿 = 10 log10 (

𝑃𝑖

𝑃𝑟

)  (5) 

 
𝑅𝐿 = −20 log10 (

𝑉𝑆𝑊𝑅 − 1

𝑉𝑆𝑊𝑅 + 1
) (6) 

By equating formula (5) and (6), the ratio between reflected and incident power can be calculated: 

 𝑃𝑟

𝑃𝑖

=  (
𝑉𝑆𝑊𝑅 − 1

𝑉𝑆𝑊𝑅 + 1
)

2

= |Γ|2 (7) 

An example: let us calculate when the reference impedance 𝑍0 = 50 Ω and load impedance is transformed to 
𝑍𝑇𝑟 = (60 − 𝑗10) Ω. In this case, we receive the reflected power of about 1.6 %, taking the reflection coefficient 
from (3) and the subsequent ratio between reflected and incident power from (7). The task is to minimize |Γ| and 
the 𝑉𝑆𝑊𝑅.  

The transformation of complex load/patient impedance requires two independent adjustable tuner parameters 
𝐶1 and 𝐶2. The transformed load impedance 𝑍𝑇𝑟 depends therefore on three parameters – the two tuner 
parameters and the load. The reference impedance of 𝑍0 = 50 Ω together with 𝑍𝑇𝑟 determine the 𝑉𝑆𝑊𝑅 value. 
The relations in general: 

 𝑍𝑇𝑟 = 𝑓(𝑍0, 𝑉𝑆𝑊𝑅)  (8) 

 𝑍𝑇𝑟 = 𝑓(𝑍𝐿𝑜𝑎𝑑 , 𝐶1, 𝐶2)   ↔  𝑍𝐿𝑜𝑎𝑑 = 𝑓(𝑍𝑇𝑟 , 𝐶1, 𝐶2)   (9) 

From (3) and (4) the perfect matching (𝑉𝑆𝑊𝑅 = 1.0) can only be achieved if 𝑍𝑇𝑟 equals 𝑍0. Every possible 
constellation of tuner parameters and deduced 𝑍𝑇𝑟 can be calculated in the perfect matching. However, in 
mismatching (𝑉𝑆𝑊𝑅 > 1.0) the calculation of load impedance becomes more complicated. Like (4) shows, only 
the absolute value of the reflection coefficient (|Γ|) is of interest to calculate the 𝑉𝑆𝑊𝑅. The challenge happen 
realizing that the different 𝑍𝑇𝑟 values can cause the same |Γ|. Therefore it is not possible to calculate the 
transformed load impedance 𝑍𝑇𝑟 in case of 𝑉𝑆𝑊𝑅 > 1.0. The relation between 𝑉𝑆𝑊𝑅 value and transformed 
load impedance 𝑍𝑇𝑟 forms ring structures (Fig. 3.), allow the arbitrary direction of 𝑍𝑇𝑟 vectors keeping the 
absolute value (𝑍𝑇𝑟 = 𝑍0 + 𝑍𝑟) where |𝑍𝑟| is the radius of the circles in Fig. 3. determined by a constant 𝑉𝑆𝑊𝑅 >

1.0.  
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Figure 3. The relation between 𝑉𝑆𝑊𝑅 and transformed load impedance 𝑍𝑇𝑟. The actually shown 
transformed load is realized at 𝑉𝑆𝑊𝑅 = 3. 

The middle point on Fig. 3. shows the clear assignment between 𝑍𝑇𝑟 and 𝑉𝑆𝑊𝑅 values when 𝑉𝑆𝑊𝑅 ≡ 1.0. For 
𝑉𝑆𝑊𝑅 > 1.0 the |𝑍𝑇𝑟| has to be determined first. The tuning challenge is huge due to the 𝐼𝑚{𝑍𝑇𝑟} could be 
extremely large, while the shrinking real-part tends to 𝑍𝑇𝑟 = 𝑍0, when 𝐼𝑚{𝑍𝑇𝑟} = 0. Consequently, the load 
impedance in the circle has to be calculated for every constellation of tuner parameters. Note that 𝑍𝑇𝑟 values 
are in pairs of positive or negative admittance at the same |𝑍𝑇𝑟|. Introducing the parameter 𝑉𝑆𝑊𝑅𝑥_𝑐𝑖𝑟𝑐 describes 
the circle function on the corresponding set of impedances 𝑍𝑇𝑟 causing a 𝑉𝑆𝑊𝑅 of value 𝑥. In contrast to that 
𝑉𝑆𝑊𝑅𝑥_𝑎𝑟𝑒𝑎 characterizes that area that includes all load impedances 𝑍𝐿𝑜𝑎𝑑 which can be transformed to a 
minimal 𝑉𝑆𝑊𝑅 of value 𝑥 (best possible, optimal matching).  

Based on the ultimate trans-match model [12], the tuner circuit could be realized like it is a circuit shown in Fig. 
4. The 𝐿 is the constant coil inductivity and 𝐶1 and 𝐶2 are adjustable rotary capacitors. Capacity 𝐶1 consists of 
two identical condensers controlled symmetrically, while 𝐶2 is independent. Consequently, two separate 
parameters define the tuning by individual control of the tho capacitive components. In calculation, we use a 
resolution of 100 steps for each. The existence of the two parameters corresponds to the real and imaginary 
parts of the matching. The number of the parameters defines the angle of 𝑍𝑇𝑟 by the vector components in the 
circle of radius |𝑍𝑇𝑟| when 𝑉𝑆𝑊𝑅 > 1.0.  

 

Figure 4. Tuner circuit with adjustable capacitors 𝐶1 and 𝐶2 and constant coil inductivity 𝐿.  

The transformed load impedance 𝑍𝑇𝑟 can be calculated using figures 2 and 4. Thus the load impedance 𝑍𝐿𝑜𝑎𝑑 at 
constant  carrier frequency 𝑓𝑐 is 
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𝑍𝐿𝑜𝑎𝑑 =

1

1
1

1
𝑍𝑇𝑟

− 𝑗𝜔𝐶1

−
1

𝑗𝜔𝐶1

−
1

𝑗𝜔𝐿

−
1

𝑗𝜔𝐶2

 
(10) 

where 

 
𝜔 = 2𝜋𝑓𝑐    (11) 

First, the transformed load impedances 𝑍𝑇𝑟  for the specified 𝑉𝑆𝑊𝑅 value has to be found. In full matching 𝑍𝑇𝑟 =

𝑍0. Consequently, when the system is well-tuned (𝑉𝑆𝑊𝑅 =  1.0; 𝑍𝑇𝑟 = 𝑍0), the load can be calculated:  

 

𝑍𝐿𝑜𝑎𝑑 =

𝑗𝜔𝐿𝐶1𝑍0

𝐶2
+

2𝑍0

𝑗𝜔𝐶1
+ 𝑗𝜔2𝑍0𝐿 −

𝐿
𝐶2

+
1

𝜔2𝐶1𝐶2
−

𝐿
𝐶1

𝑗𝜔𝐿 +
1

𝑗𝜔𝐶1
+ 𝜔2𝑍0𝐿𝐶1 − 2𝑍0

 (12) 

(Conventionally 𝑍0 = 50 Ω, so we use this value for model-calculations.) 

After that, all load impedances for all constellations of tuner parameters 𝐶1, 𝐶2 and equally distributed and 
quantitatively satisfactory 𝑍𝑇𝑟 on the 𝑉𝑆𝑊𝑅𝑥_𝑐𝑖𝑟𝑐  the circle can be calculated. The result of that depends on the 
amount of 𝑍𝑇𝑟 points numerous single impedance areas (for each 𝑍𝑇𝑟 point one area) that are overlapping and 
evolve the entire area – the 𝑉𝑆𝑊𝑅𝑥_𝑎𝑟𝑒𝑎. From the gathered impedance points extracted from the border of 
𝑉𝑆𝑊𝑅𝑥_𝑎𝑟𝑒𝑎. The density of impedance points in the area gives information about the resolution of the tuner and 
with known 𝐶1, 𝐶2 and 𝐿 values for a specific 𝑍𝑇𝑟 the operating principle of the tuner can be comprehended. This 
information is also used to visualize the ambiguous assignment of tuner parameter constellations and the 
degree of matching. 

With the aid of the circuit simulation program “Serenade” the 𝑉𝑆𝑊𝑅𝑥_𝑐𝑖𝑟𝑐  functions were interpolated. The tuner 
circuit shown in figure 4 and complex load impedance were implemented, and the reference impedance of 50 Ω 
and the carrier frequency of 13.56 MHz defined. Furthermore the constants and adjustable parameters with 
their ranges in the tuner were set. For six different complex user-defined load impedances 𝑍𝐿𝑜𝑎𝑑 and the 
determined goal 𝑉𝑆𝑊𝑅 value the 𝐶1, 𝐶2 constellations were simulated. For each gathered 𝑍𝐿𝑜𝑎𝑑, 𝐶1, 𝐶2 
constellation the transformed load impedance 𝑍𝑇𝑟 was calculated. All six single simulations had the same goal 
𝑉𝑆𝑊𝑅 of value 𝑥 so that the resulting 𝑍𝑇𝑟 points drawn in complex plane lay on the 𝑉𝑆𝑊𝑅𝑥_𝑐𝑖𝑟𝑐 circle. By method 
of least squares using Gauss-Newton algorithm, the circle was interpolated and its function with radius 𝑟, real 
axis shift 𝑚1 and imaginary axis shift 𝑚2 be extracted. 

 𝑟2 = ( 𝑥 − 𝑚1)2 + ( 𝑦 − 𝑚2)2 (13) 

The circle function can also be expressed by polar coordinates where 𝜑 describes the angle between 𝑍𝑇𝑟 
impedance vector and real axis counterclockwise. 

 𝑥 = 𝑚1 + 𝑟 ∙ cos 𝜑 (14) 

 𝑦 = 𝑚2 + 𝑟 ∙ sin 𝜑  

In 3.6° steps, the coordinates of 100 equally distributed and quantitatively satisfactory 𝑍𝑇𝑟 points per circle were 
obtained. The number of 𝑍𝑇𝑟 points is freely selectable, whereby a higher number of points provides a finer 
border of the calculated entire impedance area. 

In ideal conditions the 𝑉𝑆𝑊𝑅 = 1, and the possible 𝑍𝐿𝑜𝑎𝑑 impedances have a large set of values. For perfect 
matching 𝑍𝑇𝑟 has to equal 𝑍0 that is assumed to be constant 50 Ω. Therefore the load impedance is 𝑍𝐿𝑜𝑎𝑑. It 
depends only on the two adjustable capacitors 𝐶1 and 𝐶2: 𝑍𝐿𝑜𝑎𝑑 = 𝑓(𝐶1, 𝐶2).  For 100 𝐶1 and 100 𝐶2 values the 
load impedances 𝑍𝐿𝑜𝑎𝑑 can attain 10000 impedance points shown in a complex plane below. The different 
adjusting of tuner capacitors and their resulting changing of load impedance 𝑍𝐿𝑜𝑎𝑑 is marked Fig. 5. This means 
that all of these loads could be ideally matched with 𝑉𝑆𝑊𝑅1.0_𝑎𝑟𝑒𝑎. 
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Fig. 5. The complex 𝑍𝐿𝑜𝑎𝑑 at 𝑉𝑆𝑊𝑅1.0_𝑎𝑟𝑒𝑎. The load impedance 𝑍𝐿𝑜𝑎𝑑 depends on the transformed load 
impedance 𝑍𝑇𝑟 and the two adjustable capacitors 𝐶1 and 𝐶2: 𝑍𝐿𝑜𝑎𝑑 = 𝑓(𝑍𝑇𝑟 , 𝐶1, 𝐶2). 

When 𝑉𝑆𝑊𝑅>1, then the reference points form a circle in the actual calculation as expected by Figure 3. For a 
defined step size of 𝜑 the x and y values (resistances and reactances) of reference points could be generated 
(Figure 6.). Subsequently, their impedance areas are calculated. The contour points were detected and collected. 
The last step was evaluating the contour of the single contour points representing the border of the specified 
VSWR area. 

 

Figure 6. 36 reference points for 𝑉𝑆𝑊𝑅 =  1.4. An arbitrary 𝑍𝑇𝑟 is shown. 
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For suboptimal degrees of matching like 𝑉𝑆𝑊𝑅 =  1.4, the load impedance ZLoad depends not only on the 
capacitor values C1 and C2 but also on the transformed load impedance ZTr, ZLoad = f(ZTr, C1, C2) (Figure 7.). The 
transformed load impedance ZTr can actually attain infinite values laying on an impedance circle corresponding 
to the specified VSWR value. Therefore infinite single load impedance areas result. 

 

Figure 7. The 𝑉𝑆𝑊𝑅1.4_𝑎𝑟𝑒𝑎  no perfect matching Every tenth single area from 100 calculated. Every single 
load impedance area was calculated for 10000 different 𝐶1, 𝐶2 constellations. 

The single impedance areas create an entire impedance area that border was detected for the specified 
𝑉𝑆𝑊𝑅 value in Figure 8. 

 

Figure 8. The borders of entire load impedance areas for chosen 𝑉𝑆𝑊𝑅 values. 
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The calculated impedance area for perfect matching from figure 5 is related to capacitor values C1 and C2. In 
this case the single impedance area corresponds to the entire impedance area because the transformed 
impedance load ZTr has to equal the reference impedance of constant 50 Ω, Figure 9.   

 

a) b)  

Figure 9. 𝐶1 and 𝐶2 dependence on 𝑉𝑆𝑊𝑅1.0_𝑎𝑟𝑒𝑎. 

The calculated single impedance areas from figure 7 are shown with their related C1 and C2 values. However, 
the load impedances not only depend on the adjustable capacitor values C1, C2 but also on the transformed load 
impedance ZTr. The overlapping single impedance areas plotted above form a volume, implying that the same 
load impedance ZLoad can be tuned to a specified VSWR value greater than one by different C1, C2 constellations 
Figure 10. 

 

a)  b)  

Figure 10. 𝐶1 and 𝐶2 dependence on 𝑉𝑆𝑊𝑅1.4_𝑎𝑟𝑒𝑎 .  

The different density of load impedance points in figure 5 delivers two statements. The first is that the tuner 
sensitivity is different within the impedance area. Load impedances within this area with very low or high real 
part or low imaginary part can be tuned finer in general than impedances with the high imaginary part. This leads 
to the second statement that an extension of tuner parameter range has only effect graphically seen for the 
upper border of impedance area by adding lower 𝐶2 values. In contrast to that, all other possible range 
extensions of 𝐶1 and 𝐶2 do not enlarge the area due to the increasing density of points towards the borders. If a 
higher resolution within the impedance area for perfect matching is desired the 𝐶1 and 𝐶2 steps have to be 
minimized. 

As expected does a lower degree of matching results in a larger load impedance area indicated by figure 7. 
However, the area extension is not symmetrical in all directions that, due to non-existing impedances with the 
negative real part, is comprehensible. Partly an overlapping of single impedance areas is shown that indicates 
that two possible 𝐶1, 𝐶2 constellations for one load impedance 𝑍𝐿𝑜𝑎𝑑 lead to the same transformed load 
impedance 𝑍𝑇𝑟.  

The plotted borders for chosen 𝑉𝑆𝑊𝑅𝑥_𝑎𝑟𝑒𝑎 in figure 8. show, that generally, load impedances with high real and 
low absolute imaginary part are more straightforward to match than those with low real part and high absolute 
imaginary part. 
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Considering the problem of ambiguous assignment of tuner parameters and degree of matching so can be said 
that for a perfect matching in figure 9 every load impedance in this area has exactly one 𝐶1, 𝐶2 constellation and 
unique assignment prevail. In contrast to that figure 10 shows the 𝐶1 and 𝐶2 dependence for a worse degree of 
matching. A specified load impedance in the 𝑉𝑆𝑊𝑅>1.0_𝑎𝑟𝑒𝑎 area can be transformed by different 𝐶1, 𝐶2 
constellations and the assignment is not unique anymore. For worse degrees of matching this problem 
intensifies. The problem can be seen from another direction. For a measured 𝑉𝑆𝑊𝑅 value and known 𝐶1, 𝐶2 
values obtained from step motors positions the load impedance 𝑍𝐿𝑜𝑎𝑑 cannot be determined that exacerbates 
the controlling of the tuner. It shall be pointed out again that all considerations suppose stable reference 
impedance and carrier frequency.    

Technically essential to solving that the 𝑍𝑇𝑢𝑛𝑒𝑟 is minimal when matches the 𝑍𝐿𝑜𝑎𝑑   to the Z0  reference. Other 
technical challenges are connected to the minimalization of the𝑍𝐿𝑜𝑠𝑠 

Medical challenge 

The complex medical task starts at the applicators, which are included in the medical task as an important 
energy transmitter, constructed for human physiology, ergonomy, and medical practice, see Fig. 11. On the other 
hand, the applicator has technical tasks also. The impedance matching sharply depends on how the transmitting 
electrodes are connected to the human body.  

 

Figure 11. The RF-current flows through the body. The medical challenge starts at the applicators. 

Important behavior of the applicators is the perfect shape adaptation avoiding the high impedance of the 
transmission. The carefully selected materials and structure of the applicators minimize the losses. The broad 
range of electromagnetic heterogeneity of the body is the next barrier Fig. 12. The only easing of the challenge 
is the missing inductive factor in the body, so the impedance of tissues has only negative reactance. 

a)  b)  

Fig. 12. The main, macroscopic electromagnetic heterogeneities of the body. (a) The layer structure (the 
essential micro-heterogeneities of the various tissues are not shown.) (b) The resultant impedance 
vector (Only some macro-heterogeneities are shown for clarity.) 

However, in capacitive coupling on a larger volume (like belly, chest), Eddy-current could generate a slight 
induction, as shown in Figure 13.  
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Figure 13. The induced Eddy current in a large part of the body by RF capacitive coupling. (It depends, of 
course, on the frequency, the current conduction, and sizes of the body-part. 

Measurements in various healthy human volunteers show this tendency in Figure 14. The possible Eddy current 
inductivity in the belly significantly differs from other body-parts. 

a)

 

b) 

 

c)

 

Figure 14. Impedance measurements on human volunteers with capacitively coupled different plan-parallel 
electrode sizes fit the size of the body-part. (a) the results depend on the person. (b) example of the wrist 
measurement. (c) The black markers show the averages. 

The technical solution has to serve the medical task to provide optimal energy in the tumor considering the 
broad range of the individual variation of the impedances. This task is a considerable challenge that needs 
technical and physiological, biophysical, and medical considerations. The solution could be the mEHT, which is 
designed to handle all the demanding details.  

The mEHT method is one part of the cancer therapies. The treatment goal is to deliver energy absorbed at the 
tumor-cells and start the antitumor-effect by eliminating the selected cells and liberating their genetic 
information to form an antigen-presenting process developing a tumor-specific immune-reaction by in-situ 
effects, without ex-body laboratory manipulation [13].  

The massive micro and macro heterogeneity of the living tissues block the isothermal heating, but it allows the 
selection. The selection uses the bioelectromagnetic, thermal, and structural peculiarities of the malignant cells 
and their microenvironment (mE) [14]. The guiding selection factor are the impedance differences between the 
malignant and healthy cells [15]. The real part of the impedance is strongly influenced by the cells' ionic content 
and their mE. The malignant cells mostly metabolize much more intensively, which is measurable by positron 
emission tomography (PET). This shows the extreme glucose demand of the tumor, producing ATP in a 
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fermentative way. This mode of ATP production is speedy and straightforward but considerably less effective 
than the standard Krebs-cycle in mitochondria [16]. The mitochondria function is suppressed, and it is stated as 
the primary cause of cancer [17]. Due to their huge energy-demand for cellular reproduction, so the ionic 
component around them well differs from their host. The imaginary part of the mE is determined by the missing 
(or damaged) networking of malignant cells. The cancer cells are mostly autonomous. They are individual, 
separated “fighters” for the energy to survive. This autonomy changes their mE, the missing cellular 
connections, and the disordered structure of aqueous electrolyte around them will increase the relative 
dielectric constant (𝜀𝑟) of the mE region. The disorder is mE “dismantles of multicellularity” [18]. The impedance 
drastically changes by the higher conductivity and higher dielectric constant than standard. The two effects 
support each other [19], and RF current flow recognizes it due to the noticeable changes.  

The application of bioelectromagnetic differentiation in biological tissues attracts the attention of researchers 
[20]. Various publications show considerable differences between the impedance parameters of malignant 
tissues from their healthy hosts. The current density image by MRI (RF-CDI) well visualizes the increase of the 
RF-current density in tumors [21]. The in vivo measurements show that the necrotic cell-destruction approx. 
linearly depends on the conductivity in the range of 10 Hz –  1 MHz [22]. (24 tumors of the 𝐾12/𝑇𝑅𝑏 rat colon 
cancer.) The conductivity of 𝑉𝑋 − 2 carcinoma and normal rabbit liver tissues ex-vivo also shows the differences 
[23]. The impedance variation shows good resolution of tumor-in the mice by control comparison with MRI [24]. 
In human measurements with coaxial line sensor, the heterogeneity well proven in ductal and lobular tumors 
compare them to the surrounding tissues in 0.02 − 100 MHz range [25]. The breast tissues were very intensively 
examined to replace the ionizing radiation in mammography with more safe electromagnetic tomography [26], 
[27]. The water content of the tissue also has considerable addition to the electric behavior of tumor [28]; which 
makes extra selection factor due to the water content is significantly higher in the tumor than its host. 
Furthermore, the extracellular fluids in mE form bound water, which has larger values of  and  than free 
water. Pleasant help, that the Debeye model comparable with the measurements [29], and when it modified, 
the similar Cole-Cole model describes the situation [30]:  

 Debeye:                     𝜀∗(𝜔) = 𝜀∞ +
𝜀𝑠−𝜀∞

1+𝑖𝜔𝜏
 

Cole-Cole:                 𝜀∗(𝜔) = 𝜀∞ +
𝜀𝑠−𝜀∞

(1+𝑖𝜔𝜏)1−𝛼 
(15) 

The Cole-Cole model well approximates the heterogenic changes like organelles, cellular edemas, ischemic 
tissues, gap-junctions, etc. [31] by deformation of the clear semicircular shape. The Cole-Cole formulation well 
demonstrates the importance of the electromagnetic heterogeneities in the target [32]. The conduction 
differences in the micro-range also used against pathogens in food-processing [33]. For example, the frequency 
dependence of energy absorption by insects used against rice weevil [34]. 

The heterogeneity affects the relaxational processes in a broad spectrum of frequencies [35]. However, the 
frequency dispersion modifies different parts of the tissue and cells, and gives a possibility for further selection 
by low frequency (𝛼 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛), radio frequency (𝛽 & 𝛿 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛𝑠 ), and microwave frequency (𝛾 −

𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛) processes [36]. The usefulness of the 13.56 MHz is not only because it is a part of the medically 
allowed ISM frequencies, but also because its geometrical selectivity [37], as well as its special position in the 
boundary of the 𝛽 & 𝛿 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛𝑠.  

The 𝛽 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 targets the membrane-electrolyte structures of cells, performing Maxwell-Wagner 
relaxation [38]. The interfacial polarization of the cell membranes [39], consequently, the charge distribution at 
the cellular of interfacial boundaries [40] play a central role in the process. The charge buildup causes the 
characteristic variation of the 𝛽 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 [41]. A transition occurs from 𝛼 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 to 𝛽 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 in 
ex-vivo haddock muscle [42] a few hours after its removal from the fish. It was increased in the same period of 
time, according to The different tissue decomposition process mechanisms causing the change in this frequency 
range. The upper-frequency boundary of 𝛽 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 has additional peculiarity usually noted as 𝛽1 −
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𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛. The torque of biological macromolecules caused by the proteins keeping their orientation against 
the disordering electromagnetic effects form large dipole moments, which do not follow the high-frequency 
changes [43]. The vast heterogeneity of the biological tissues causes multiple effects on the excited molecules, 
like the conformational change of the polymers [44], the macromolecular relaxation interaction with the ionic 
effect in the vicinity of them [45]. 

The 𝛿 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 is just overlapping the high-frequency end of the 𝛽 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 [46]. The dipolar moments 
of proteins and other large molecules (like cellular organelles, biopolymers) distinguish this frequency interval 
[47]. It is a second Maxwell-Wagner dispersion (𝛿) act on suspended particles, diffusion of charged molecules 
surrounded by a cell [48], near membrane bounds completed with protein-bound water, and cell organelles 
such as mitochondria [49], [50]. Electromagnetic selection of the malignant cells guides the energy delivery. 
The 𝛽/𝛿 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 of the carrier frequency allows to distinguish the variance of the impedance of these cells 
[51], orients the attack on the membrane reaction of the impedance selected cells [52], [53], primarily for the 
groups of transmembrane proteins [54], [55], [56]. The 13.56 MHz lies inside the 𝛽/𝛿 − 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛, so it offers 
a natural choice for medical electromagnetic applications [57]. The selection was shown on molecular levels, 
too [58], [59]. Importantly the bound water on the membranes and proteins also has a special absorption 
increase in the 10 MHz range [60]. The applied electromagnetic treatment synergically applies the field-effect 
together with the increased temperature by the absorbed energy [61], depending a lot of biophysical interactions 
in the microenvironment of the targeted cell [62]. The plasma membranes' heterogeneity has various origins, 
but the decisional is a mixture of transmembrane membrane proteins with membrane-lipids, forming clusters, 
called lipid rafts. Many molecular and physiological processes are determined by the heterogeneous lipid 
domains serving as molecular sorting platforms [63]. The malignant cells have a denser lipid-raft population on 
their membranes than their healthy counterparts [64]. Consequently, membrane heterogeneity has a crucial 
role in the selective energy-absorption of malignant cells - see Figure 15. 

 

Figure 15. The electromagnetic heterogeneity of the selected tumor-cell as a target of the 𝛽/𝛿 −

𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛. Abrevations/references: 𝜀𝑒𝑥 and 𝜎𝑒𝑥 are the relative permittivity and conductivity of 
extracellular electrolyte in the microenvironment of a cell [65]; 𝜀𝑒𝑥

𝑡𝑢 and 𝜎𝑒𝑥
𝑡𝑢 are the relative permittivity 

and conductivity of extracellular electrolyte in the microenvironment of a tumor cell [27]; : 𝜀𝑚 and 𝜎𝑚 are 
the relative permittivity and conductivity of the cell-membrane [66] ; 𝜀𝑖𝑛 and 𝜎𝑖𝑛 are the relative 
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permittivity and conductivity of intracellular electrolyte of a cell [65]; 𝜀𝑟−𝑖𝑛 and 𝜎𝑟−𝑖𝑛 are the relative 
permittivity and conductivity of intracellular side of raft proteins [67],[68];𝜀𝑟−𝑒𝑥  and 𝜎𝑟−𝑒𝑥 are the relative 
permittivity and conductivity of extracellular side of raft proteins [69],[70]. The apoptotic way is shown 
by various publications [71], [72], [73]. 

The membrane structure may drastically change by variation of temperature producing a phase-transition of 
the configuration [74]. The membrane goes through a Gel/Sol transition from a denser to a more fluid state at 
a defined temperature. The rearranged packing of unsaturated phospholipids results from a higher fluidity [75]. 
The transition decision involves the lipid rafts [76]. Note that the well-known break on the Arrhenius plot [77] 
could be formed by phase transition [78]. 

The phase transition is not as simple in living conditions as happens in most non-living situations. The conditions 
of living reactions governed by various enzymes which catalyze and ease the transition, lowering the usual 
energy-gap between the reactants (𝐴1) and products (𝐴2). The transition-state theory involves quantum-
mechanical considerations [79], [80], [81] to describe the excited enzymatic state (𝐴∗), allowing tunneling to 
avoid the energy to jump through the high peak [82] (Figure 16.). The complex 𝐴∗ state could have direct jump 
into final products 𝐴2 with unidirectional transition probability 𝑘3. However, the complex 𝐴∗ state is unstable in 
the backward direction with 𝑘2 transition probability: 

 
𝐴1 

𝑘1
→

𝑘2
←

 𝐴∗
𝑘3
→ 𝐴2 (16) 

The enzymatic process has a “point of no return”, when the reversing of the transition became impossible. This 
interdisciplinary approach [83] explains the experiment-based classical Arrhenius law. In case of increasing 
temperature like hyperthermia requests it, this phase-transition process determines the structures [84], which 
were later verified independently, [85], [86]. 

 

Figure 16. The direct transition between 𝐴1 and 𝐴2 is impossible due to the energy barrier. The height of 
the barrier was lowered by enzymes and also by the electric field-assisted transition. The 𝐴∗ transition 
state is a complex molecular reaction, and the field pushes it to the point of no return to finish the 
transition process.  

The transition state could be created by electromagnetic reactions (or its reaction complexes with molecules); 
the temperature effects have certain similarities with electric field action [87].  

The main step of the energy targeting is the selective absorption on the transmembrane proteins, which is 
surrounded by the isolating lipid-bilayer of the membrane material [88]. The clustered transmembrane proteins 
(membrane rafts) absorb the energy, which is shown by model calculation too [89]. The malignant cells follow 
dominantly apoptotic way of death [90] in mEHT. The absorbed energy by transmembrane proteins ignites 
particular signal-pathways to promote the programmed cell-death (apoptosis) [91], which could happen with a 
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synergy of conventional chemotherapies [92]. Molecular investigation shows the significant difference between 
conventional heating and mEHT [93], [94]. The missing homeostatic harmony in cancer is also a selective factor. 
Modulation is applied to recognize the homeostasis spectrum, selecting the nonharmonic parts of the target 
[95]. The amplitude modulation (𝐴𝑀, < 20 kHz) of the RF carrier frequency intensifies the tumor-specific 
absorption [96]. Despite the small energy absorption [97], the membrane demodulates the signal and causes 
damages in the cytosol [98]. The complex action of mEHT well synergizes the “thermal” and “nonthermal” 
effects [99], with high selective preciosity [51]. The “gentle” elimination process allows liberating the genetic 
information of the malignant cells by developing damage-associated molecular pattern (DAMP) [100]. The 
energy absorption triggers immune effects by specific apoptosis, the immunogenic cell-death (ICD) [101], [102]. 
The transferred genetic info allows maturating antigen-presenting cells (APCs) to produce helper and killer T-
cells for systemic antitumor effect on micro and macrometastases (abscopal effect) [13], [103]. In this way, the 
local treatment could be extended systematically to the entire body when the tumor-specific immune reaction 
develops, killing CD8+ T-cells prepared by the antigen information from cancer cells by ICD, [104], Fig. 17. The 
systemic (abscopal) effect is proven in preclinical [105], and in clinical applications [106]. This process well fits 
the trend of the development [107]. 

 

Fig. 17. The mEHT method has a series of effects. The first step is the accurate matching for energy-control, 
and then the impedance differences make the selection. The hyperthermic step happens when the membrane 
raft absorbs the energy. In consequence, a set of signals to death is triggered (immunogenic cell-death), which 
prepares antigen-presenting possibility, forming tumor-specific immune reaction. 

Conclusion 

The proper oncological hyperthermia needs high-preciosity matching and target-selected energy-absorption. Its 
resolution capacity, the load impedances for a given degree of matching, the effect of tuner parameter adjusting, 
and the problem of ambiguous assignment of tuner parameters and degree of matching were visualized. 
Thereby the conceivable extension of tuner parameter ranges and their optimization limits could be 
demonstrated. For further optimization of the tuner, the illustrated problem of ambiguous assignment could be 
used to improve the degree of matching during the tuning for known VSWR value and tuner parameters read 
off motors step positions. The modulated electro-hyperthermia (mEHT) is devoted to this particular task. The 
challenge involves an accurate matching to provide the energy from the source to the patient, allowing the 
conventional energy-dose, the same concept as the ionizing radiation applies. The uncontrolled energy loss 
makes the energy-based dosing of the treatment impossible.  The adequately matched circuit promotes the 
selection mechanisms, and the energy is provided to the membrane rafts of the malignant cells causing 
immunogenic cell death. This type of cellular process gently liberates the genetic information of the malignant 
cells, which could be used for antigene presenting and promote building up a tumor-specific systemic immune 
reaction. This paper showed a beneficial opportunity to assess the suitability of a present adjustable passive 
impedance matching network in a mathematical way. Consequently, the proper matching optimized the 
electromagnetic effect on the selected cells and made possible the abscopal effect through the immune-
modification. 
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Abstract 

Our study concentrates on the high-preciosity type of RF-energy transmission by capacitive coupling (impedance 
matching). We describe the main fitting parameters, the correct impedance matching pitfalls, and generalize the 
obtained results for various applications. The careful calculation and the discussion of the matching in detail 
have particular importance in therapeutical applications because the “load” is the patient who changes by the 
therapy. A further challenge is that the patients and their treated bodyparts have a broad scale of impedances 
that forces a frequent complete reset of the matching before starting the treatment. The present calculation 
gives some clues to optimize the system in a broad impedance regime. 

The needs for particular practical application  

The energy is used for therapy in oncology (hyperthermia) as a complementary treatment to conventional 
therapies. During the treatment, the technical challenge is that the RF-generator's maximum power shall be 
transmitted to the patient during the treatment. This request needs three optimizations: 

1. Apply the most effective RF-source to avoid the energy-loss in the source. We chose the E-class 
amplifier to minimize this loss. 

2. The maximum power (best efficacy) of the circuit, when the load resistance (𝑍𝐿) is real (the imaginary 
part of its impedance is zero), and it is equal with the inner impedance of the source (𝑍𝑆). Conventionally, 
we choose 𝑍0 = 50 Ω as common impedance. 

3. Due to the near-field approach in the impedance matching, the conventional fit by minimizing the signal's 
phase-shift by the load creates the optimal energy transmission. With a careful mechanism instead of 
the less accurate measurement of the phase-shift, we may use a power meter to measure the 
forwarded and reflected powers and calculate the high efficacy of transmission. 

Transmission Lines – Theory 

The applied carrier frequency is 13.56 MHz, chosen as a medical RF-frequency in the radio band that is freely 
usable for industrial, scientific, and medical (ISM) purposes. The wavelength of this wave in a vacuum is about 
𝜆0 = 22.1 m. The propagation through material shortens the wavelength. For example, the wavelength in a coax 
cable with 𝑍0 = 50 Ω  wave impedance at this frequency will be 𝜆𝑐 ≈ 13.6 m. The wave impedance denotes the 
relation between a voltage and a current wave propagating through the cable in forward direction.  The wave 
impedance at all points of the cable depends on frequency but has nearly a constant real value at high 
frequencies like 13.56 MHz. When the cable is considerable short (about less than one-tenth of the wavelength), 
the voltage and current amplitude are nearly the same at all points of the cable. For longer cables the voltage 
and current amplitudes are depending on the location along the cable. In that case, the term “transmission line” 
is used for the cable. 
A source with inner impedance 𝑍𝑆 is connected to a transmission line with 𝑍0 wave impedance that is terminated 
by a load 𝑍𝐿 – see Fig. 1. 

 

Fig. 1. The simplified drawing of the studied RF circuit. 
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The generator in the matching case is directly loaded by 𝑍0 - equivalent with the tuned multicomponent load. 
The 𝑍𝑆 and 𝑍0 are serially connected to each other. The voltage signal travels through the transmission line after 
switching on the source. The current signal has to be in phase with voltage because of the 𝑍0 = 50 Ω resistive 
wave impedance. Both signals propagate through the cable. The terminating impedance 𝑍𝐿    is placed at the end 
of the cable. If this load differs from the transmission line's wave impedance, the voltage and current suddenly 
have to jump in their amplitude and phase. Simpler said: Something goes into a port, but something else appears 
at the port's other end. To bring equilibrium into this equation, we need the reflections. So when a wave is 
propagating through a transmission line that is terminated by an impedance differing from 𝑍0 there will always 
be reflections. 

Imagine that the wave is the first time reflected because the load does not match the wave impedance. The 
forward and reflected wave overlap. The relation of the overlapped voltage and current waves – in amplitude 
and phase –describe the transformed load impedance at each point of the cable. In the case that the transmission 
line has a length of 𝜆𝑐/2  and reflections occur due to mismatch, the transformed load impedance at the 
beginning of the transmission line equals the terminated load impedance. Therefore, this transmission line is 
also known as 1:1 transformer. From the source’ perspective it is connected to the transformed load impedance. 
If the source impedance 𝑍𝑆 does not match the transformed load impedance there will appear a further 
reflection.  This we call re-reflection. The other part that is not re-reflected is transmitted to the generator that 
can regulate its output signal now. So for mismatching at both ends of the transmission line, there will be several 
reflections. 

Reflections cannot always be avoided and are not a curse in general. In the case of a quarter-wave-transformer 
two transmission lines with different wave impedances 𝑍1 and 𝑍2 are connected with a third transmission line – 
the so-called quarter-wave-transformer. As the name indicates, its length corresponds to one-fourth of the 
wavelength. Furthermore its wave impedance 𝑍qw has to meet the condition 𝑍qw = √𝑍1𝑍2.  There are reflections 
– infinity much – that in sum act like a reflection of zero so that the entire power is delivered to the load. Of 
course, the cable attenuation has to be considered. When a wave propagates through a cable, it will always be 
attenuated. 
In the following, we would like to explain how voltage and current signals propagating through a transmission 
line can be expressed. We assume a signal with amplitude 𝑦max and phase shift 𝜑 at angular frequency 𝜔 that 
only depends on time: 

 𝑦(𝑡) = 𝑦𝑚𝑎𝑥 ∙ cos(𝜔𝑡 + 𝜑) (17) 

The wave propagation through transmission lines attenuates the signal. So the amplitude exponentially 
depends on the distance 𝑧 from the starting reference point in the cable – see Fig. 2.  

 

Fig. 2. Attenuated harmonic wave at two points in time with difference Δ𝑡 [1] 

  

 
[1] Leone, M., 2018. Theoretische Elektrotechnik: Elektromagnetische Feldtheorie für Ingenieure. Wiesbaden: Springer 

Vieweg, pp. 349-411. 
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The modified signal with constant attenuation 𝛼 is: 

 𝑦(𝑡, 𝑧) = 𝑦0𝑒−𝛼𝑧 ∙ cos(𝜔𝑡 + 𝜑) (18) 

where 𝑦0 is the signal amplitude at the beginning of the transmission line (at 𝑧 = 0 position).  
Note that the attenuation constant has to be inserted in the unit Neper [𝑁𝑝]. 

1 𝑑𝐵 =
ln (10)

20
 [𝑁𝑝] ≅ 0.115 𝑁𝑝 

If we investigate the previous picture, then we see a harmonic signal that is location-dependent. The `frequency` 
of this signal depends on the wavelength that is shortened when entering the material. The wavelength is linked 
with the phase constant 𝛽, like 𝛽 =

2𝜋

𝜆
. The signal can be completed now:  

 𝑦(𝑡, 𝑧) = 𝑦0𝑒−𝛼𝑧 ∙ cos(𝜔𝑡 − 𝛽𝑧 + 𝜑) (19) 

If we express the signal in complex form, we get the vector 𝑌: 

 𝑌(𝑡, 𝑧) = 𝑦0𝑒−𝛼𝑧 ∙ 𝑒𝑖(𝜔𝑡−𝛽𝑧+𝜑) = 𝑦0𝑒𝑖𝜔𝑡𝑒𝑖𝜑𝑒−(𝛼+𝑖𝛽)𝑧 = 𝑦0𝑒𝑖(𝜔𝑡+𝜑)𝑒−𝛾𝑧 (20) 

where 𝛾 = 𝛼 + 𝑖𝛽 = 𝑖𝑘 is the propagation constant, and 𝑘 is the wavenumber. The amplitude can be summarized 
and is complex. 

 𝑌(𝑡, 𝑧) = 𝑌0(𝑡, 𝑧)𝑒−𝛾𝑧    where     𝑌0(𝑡, 𝑧) = 𝑦0𝑒𝑖(𝜔𝑡+𝜑) (21) 

Now we differentiate between forwarded (+) and reflected (-) signal, and the potential (𝑈) and current (𝐼) looks:  

 𝑈+ = 𝑈+0 ∙ 𝑒−𝛾𝑧         𝑈− = 𝑈−0 ∙ 𝑒+𝛾𝑧 

𝐼+ = 𝐼+0 ∙ 𝑒−𝛾𝑧             𝐼− = 𝐼−0 ∙ 𝑒+𝛾𝑧 
(22) 

Note that the reflected signal behaves oppositely as the forwarded (mirror imaging at vertical axes) – the 
negative sign in exponent gets positive.  

The sum of the forwarded and reflected signal is the resulting signal. 

 𝑈(𝑧) = 𝑈+(𝑧) + 𝑈−(𝑧)    and     𝐼(𝑧) = 𝐼+(𝑧) + 𝐼−(𝑧) (23) 

 
𝑈(𝑧) = 𝑈+0 ∙ 𝑒−𝛾𝑧 + 𝑈−0 ∙ 𝑒+𝛾𝑧    and     𝐼(𝑧) = 𝐼+0 ∙ 𝑒−𝛾𝑧 + 𝐼−0 ∙ 𝑒+𝛾𝑧 (24) 

The wave impedance 𝑍0 is: 

 
 𝑍0 =

𝑈+0

𝐼+0

=
−𝑈−0

𝐼−0

 (25) 

The wave impedance for higher frequencies is a constant real value. Then the current can also be expressed by: 

 
𝐼(𝑧) =

𝑈+0

𝑍0

∙ 𝑒−𝛾𝑧 −
𝑈−0

𝑍0

∙ 𝑒+𝛾𝑧 (26) 

The complex reflection Γ coefficient at an arbitrary point at the transmission line can be calculated as: 

 
Γ(𝑧) =

𝑈−(𝑧)

𝑈+(𝑧)
=

𝑈−0

𝑈+0

∙ 𝑒+2𝛾𝑧 (27) 

The reflection coefficient at the end of a transmission line with length l is: 

 
Γ(𝑙) =

𝑈−(𝑙)

𝑈+(𝑙)
 (28) 
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The resulting voltage and current at a terminating impedance 𝑍𝐿 have to be the same as the summarized voltage 
and current at the end of the transmission line. 

 
𝑍𝐿 =

𝑈(𝑙)

𝐼(𝑙)
=

𝑈+(𝑙) + 𝑈−(𝑙)

𝐼+(𝑙) + 𝐼−(𝑙)
=

𝑈+(𝑙) + 𝑈−(𝑙)

𝑈+(𝑙) − 𝑈−(𝑙)
∙ 𝑍0 (29) 

The reflection coefficient inserted into the previous equation we obtain: 

 
Γ(𝑙) =

𝑍𝐿 − 𝑍0

𝑍𝐿 + 𝑍0

 (30) 

The absolute value of Γ(𝑙) ranges in [0,1] interval, where the zero is the perfect matching. In the case of reflection 
incident and reflected wave interfer and create standing waves. As already meantioned, the transmission line 
depending on its length acts as an impedance transformer for the load. We would like to derivate the reason for 
this here. In Fig. 3 a transmission line with wave impedance 𝑍0 is terminated by a load impedance 𝑍Th.  

 

Fig. 3. The load 𝑍Th closes the line at the end of successive drop of voltage 

The voltage and current signals can be expressed as the following: 

 𝑈1 = 𝑈+0 + 𝑈−0                    𝑈2 = 𝑈+0 ∙ 𝑒−𝛾𝑙 + 𝑈−0 ∙ 𝑒+𝛾𝑙 

𝐼1 =
1

𝑍0

(𝑈+0 − 𝑈−0)              𝐼2 =
1

𝑍0

(𝑈+0 ∙ 𝑒−𝛾𝑙 − 𝑈−0 ∙ 𝑒+𝛾𝑙) 
(31) 

Forwarded and reflected voltage can then be expressed as: 

  𝑈+0 =
1

2
(𝑈2 + 𝑍0𝐼2)𝑒+𝛾𝑙                𝑈−0 =

1

2
(𝑈2 − 𝑍0𝐼2)𝑒−𝛾𝑙 (32) 

The voltage and the current at the beginning of the transmission line are then: 

 
𝑈1 =

1

2
(𝑈2 + 𝑍0𝐼2)𝑒+𝛾𝑙 +

1

2
(𝑈2 − 𝑍0𝐼2)𝑒−𝛾𝑙 = 𝑈2

𝑒+𝛾𝑙 + 𝑒−𝛾𝑙

2
+ 𝑍0𝐼2

𝑒+𝛾𝑙 − 𝑒−𝛾𝑙

2
 

𝐼1 =
1

2
(

𝑈2

𝑍0

+ 𝐼2) 𝑒+𝛾𝑙 −
1

2
(

𝑈2

𝑍0

− 𝐼2) 𝑒−𝛾𝑙 =
𝑈2

𝑍0

𝑒+𝛾𝑙 − 𝑒−𝛾𝑙

2
+ 𝐼2

𝑒+𝛾𝑙 + 𝑒−𝛾𝑙

2
 

(33) 

Now with the relations, the signals result in the mathematical form of the transmission line equations. 

 
𝑈1 = 𝑈2 cosh (𝛾𝑙) + 𝑍0𝐼2 sinh (𝛾𝑙)                  𝐼1 =

𝑈2

𝑍0

sinh (𝛾𝑙) + 𝐼2 cosh (𝛾𝑙) (34) 
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The ratio of these two signals describes the impedance 𝑍𝑖 at the beginning of the transmission line. 

 

𝑍𝑖 =
𝑈1

𝐼1

=
𝑈2 cosh (𝛾𝑙) + 𝑍0𝐼2 sinh (𝛾𝑙)

𝑈2

𝑍0
sinh (𝛾𝑙) + 𝐼2 cosh (𝛾𝑙)

 (35) 

Note that the load impedance can be expressed by: 

 
𝑍Th =

𝑈2

𝐼2

 (36) 

We obtain now the transformed load impedance that depends on the load, wavelength and length, and 
attenuation of the transmission line.  

 

𝑍𝑖 = 𝑍0

𝑍Th

𝑍0
+ tanh (𝛾𝑙)

1 +
𝑍Th

𝑍0
tanh (𝛾𝑙)

 (37) 

In the following, some exceptional cases of impedance transformation by a transmission line are presented. For 
all cases, the attenuation of the transmission line is assumed to be zero. 

1.) 𝑍Th = 𝑍0 𝑍𝑖 = 𝑍0 

2.) 𝑍Th = 0       (tanh(𝑖𝑥) = 𝑖 ∙ tanh(𝑥)) 𝑍𝑖 = 𝑖𝑍0 ∙ tanh (𝛽𝑙) 

3.) 𝑍Th = ∞ 𝑍𝑖 =
𝑍0

𝑖 ∙ tanh (𝛽𝑙)
 

4.) 𝑙 =
𝜆

4
 𝑍𝑖 =

𝑍0
2

𝑍Th

 

5.) 𝑙 =
𝜆

2
 𝑍𝑖 = 𝑍Th 

Power Transmission – An Example 

In this section, we would like to explain how the power is propagated from the RF generator to the load. The 
"therapy" load 𝑍Th here represents all that is behind the connecting cable – including the applicator arm, both 
applicators with boluses, and the patient. In perfect matching 𝑍0 = 𝑍𝐿 = 𝑍𝑇 + 𝑍𝑇ℎ the circuit is tuned, and the 
therapy load 𝑍𝑇ℎ completed with the tuners impedance 𝑍𝑇 to fix the 𝑍0 = 𝑍𝐿 requirement. As shown in the 
previous section, our connecting cable with 𝜆𝑐/2 length is a 1:1 impedance transformer. It means that connecting 
the cable input to the spectrum analyzer shows us the therapy-load impedance 𝑍Th as well – see Fig. 4. 
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Fig. 4. The RF-circuit with the details discussed in the text 

In the following example, the load impedance is assumed to be: 

 𝑍Th = (20 − 30𝑖)Ω (38) 
Further, we want to assume that the insertion loss caused by the tuner is 5 % and for the connecting cable of 
𝜆𝑐

2
= 6.8 m length is 0.5 dB. The efficacy factor of the tuner is therefore 95 % and for the connecting cable is 

89.13 %. (Note the power transmission 𝑃𝑖𝑛

𝑃𝑜𝑢𝑡
= 10

(
0.5 𝑑𝐵

10
) ) 

The coax cable between the RF generator and tuner is assumed to be such short that there are no reflections 
and the only cable where reflections appear is the connecting cable. For a load 𝑍Th at the end of the connecting 
cable, the reflections depend on the wave impedance of the cable and load impedance. The reflection coefficient 
can be calculated as: 

 
ΓTh =

𝑍Th − 𝑍0

𝑍Th + 𝑍0

 (39) 

The wave impedance is: 

 𝑍0 = 50 Ω (40) 

It follows: 

 
ΓTh = −

6

29
−

15

29
𝑖      |ΓTh| = 0.5571 (41) 

Note: The reflection factor describes how much the signal’s voltage and current respectively is reflected by the 

load. In power consideration, we are interested in the power transmitted to the therapy-load.  

 𝑃refl

𝑃forw

= |ΓTh|
2

= 0.3103 (42) 

At the end of the connecting cable are 31.03 % of power reflected due to the unperfect match between wave 
and load impedance. The following table shows the wave propagation through the system. At the beginning, we 
have 100 % power between generator and tuner. Because of the tuner, only 95 % of original power is measured 
between the tuner and connecting cable. Because of the connecting cable loss, only 84.67 % of the original  
100 % source power is measured between connecting cable and load. Due to the mismatching of impedances, 
reflections appear at the end of the connecting cable. So that from the original power, only 58.40 % is 
transmitted to the load. The other part is reflected. Consider that the load also includes the arm of the therapy 
applicator where due to radiation further loss appears so that even less power reaches the patient.  
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The reflected wave propagating through the cable to the tuner is attenuated due to the cable loss. Only 23.41 % 
power is measured between the tuner and connecting cable. Now we do not know how much is re-reflected. Let 
us assume that the treatment is performed when 𝑉𝑆𝑊𝑅 = 1.1. This acceptable value is measured between the 
generator and the tuner, supposed that the matching is well done. From the VSWR value, we can obtain the 
reflection coefficient by applying the formula: 

 
|Γ𝐺| =

𝑉𝑆𝑊𝑅 − 1

𝑉𝑆𝑊𝑅 + 1
=

1.1 − 1

1.1 + 1
= 0.047619 (43) 

When we start with a forwarded power of 100 %, we can calculate the reflected power with a known reflection 
factor between the generator and the tuner. 

 𝑃refl

𝑃forw

= |Γ𝐺|
2

= 0.002268 (44) 

Consequently, obtaining a 𝑉𝑆𝑊𝑅 = 1.1  the reflected power measured between generator and tuner has to be 
0.2268 %. We also know that the tuner attenuated this low power. The power between the tuner and connection 
cable is 0.2387 %. From the 23.41 % reflected power reaching the beginning of connection cable, only 0.2387 % 
can be transmitted; otherwise, there will be a higher 𝑉𝑆𝑊𝑅 value measured. So, the other 23.1713 % has to be 
re-reflected. This is the point where we can calculate the necessary re-reflection factor at the cable beginning 
at tuner sight (connection cable beginning at the tuner): 

 𝑃refl

𝑃forw

= |Γ𝑇|
2

= 0.9898 (45) 

This result is for the further calculation of re-reflections used. The re-reflected power propagates through the 
connection cable. It is attenuated so, and 20.65 % reaches the end of the cable where again it is partly reflected 
and so on. Fig. 5 visualizes the consecutive power transmission. 
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Fig. 5. The cascade process of the energy-losses. 

Calculating the sum of all power reaching the load: 

 𝑃load = 58.40 % +  14.24 % + 3.48 % + 0.85 % + 0.21 % = 77.18 % (46) 

Now we would like to check the VSWR value between generator and tuner. The forward power is: 

 𝑃forw_GenTun = 100 % (47) 

The reflected power is: 

 𝑃refl_GenTun = 0.2268 % + 0.0570 % + 0.0095 % = 0.2933 % (48) 

The reflection factor is, therefore: 

 

|Γ| = √
𝑃refl_GenTun

𝑃forw_GenTun

= 0.0542 (49) 

The VSWR value can be determined by: 

 
𝑉𝑆𝑊𝑅 =

1 + |Γ|

1 − |Γ|
= 1.11 (50) 

so our calculation is verified. 

Let us suppose we would like to measure the 𝑉𝑆𝑊𝑅 value between the tuner and connection cable. At this point, 
we discuss first the power meter itself. The power meter works in a way that a part of forwarded and reflected 
power is decoupled. It can consist of a short coax cable, and an additional wire is inserted in parallel to the inner 
conductor. This way, the power meter characterizes the impedance. If we insert it between the tuner and 
connection cable, the power meter actually extends the connection cable because both have the same 
wave/characteristic impedance. By measuring the forwarded and reflected waves with a power meter between 
the tuner and connection cable, we obtain the cable-parameter. Then the measured forwarded power is more 
than what we originally supposed: 

 𝑃forw_TunCable = 95 % + 23.1713 % + 5.65 % + 1.38 % + 0.34 % = 125.54 % (51) 

The reflected power in this case is: 

 𝑃refl_TunCable = 23.41 % + 5.71 % + 1.39 % + 0.34 % = 30.85 % (52) 

We see the high forwarded power greater than 100 % and the strong reflection. In the case of a large degree 
of mismatch, we will measure impossible results. Due to the resulting 𝑈max value, the electrical length of the 
supply line changes as a result of inductive and capacitive load changes, so the vector diagram of voltage and 
current also changes. Our measuring instrument determines the power in relation to the wave impedance,  
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 𝑃𝑤 =
𝑚

2𝑍0
,   𝑈𝑚𝑎𝑥

2  (53) 

where m is the traveling wave ratio, which is the reciprocal of the SWR, and 𝑍0
,  is the wave impedance. With the 

same power on the line, 𝑈max can be up to 1/√𝑚 times, which could cause the apparent impossibility.  

This effect could be observed experimentally in measuring between the tuner and connection cable. The 
reflection coefficient and VSWR value are then: 

 

|Γ| = √
𝑃refl_TunCable

𝑃forw_TunCable

= 0.4957                   𝑉𝑆𝑊𝑅 =
1 + |Γ|

1 − |Γ|
= 2.97 (54) 

Power Transmission – Generalization 

First, we have to define some quantities. 

Quantity Description Previous 
Example 

𝜂𝐶 Power transmission efficacy connection cable 0.8913 

𝜂𝑇 Power transmission efficacy tuner 0.9500 

R𝐿 
Power reflection at connection cable end due to load impedance 
mismatching 0.3103  

R𝐺 Measured/defined power reflection between the generator and tuner 0.002268 
 (𝑉𝑆𝑊𝑅 = 1.1) 

R𝑇_𝑚𝑒𝑎𝑠 Measured power re-reflection at connection cable beginning at the tuner2 0.4957 

R𝑇 Power re-reflection at connection cable beginning at the tuner3 0.9898 

The first four constants are given or can be easily calculated. The last two of them have to be determined from 

formulas we will have constituted at the end of this section. Note that we use for power reflection |Γ|
2

= 𝑅. The 
next step is the generalization of the calculated values. 

Coefficient Description Previous 
Example 

𝐴0 Forward power from the generator 𝐴0 = 100 % 

𝐵𝑛 Forward power between tuner and bed cable 𝐵0 = 95.00 % 

𝐶𝑛 Attenuated forward power at the end of connection cable at the load sight 𝐶0 = 84.67 % 

𝐷𝑛 Transmitted power to the load 𝐷0 = 58.40 % 

𝐸𝑛 Reflected power at the load 𝐸0 = 26.27 % 

𝐹𝑛 
Attenuated reflected power at the beginning of connection cable at tuner 
sight 𝐹0 = 23.41 % 

𝐺𝑛 Transmitted power to the tuner 𝐺0 = 0.2387 % 

𝐻𝑛 
Attenuated transmitted power in backward direction between generator 
and tuner 𝐻0 = 0.2268 % 

Note Re-reflected power becomes the next B – coefficient-> new cycle 𝑛 𝐵1 = 23.1713 % 
  

 
2 It describes the relation of the cumulated re-reflected power (including the initial forwarded power) to the cumulated 

reflected power. 
3 It describes, how much power is re-reflected fo a single reflected wave.  
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In the following, the relations between the coefficients are constituted. 

𝐴0 ∙ 𝜂𝑇  = 𝐵0 
∑ 𝐷𝑛

𝑛

= 𝑃𝑙𝑜𝑎𝑑  

𝐵𝑛 ∙ 𝜂𝐶  = 𝐶𝑛 

𝐶𝑛 ∙ 𝑅𝐿  = 𝐸𝑛 
1

𝐴0

∑ 𝐻𝑛

𝑛

= R𝐺  𝐶𝑛 ∙ (1 − 𝑅𝐿)  = 𝐷𝑛 

𝐸𝑛 ∙ 𝜂𝐶  = 𝐹𝑛 

𝐹𝑛 ∙ R𝑇  = 𝐵𝑛+1 

∑ 𝐹𝑛𝑛

∑ 𝐵𝑛𝑛

= R𝑇_𝑚𝑒𝑎𝑠  𝐹𝑛 ∙ (1 − 𝑅𝑇)  = 𝐺𝑛 

𝐺𝑛 ∙ 𝜂𝑇  = 𝐻𝑛 

The most interesting parameter is, of course, the power transmitted to the load. However, first, we will have a 
look at what the measured reflection R𝑇_𝑚𝑒𝑎𝑠  is at the cable beginning at tuner sight. 

R𝑇_𝑚𝑒𝑎𝑠 =
∑ 𝐹𝑛𝑛

∑ 𝐵𝑛𝑛

 

∑ 𝐹𝑛

∞

𝑛=0

= ∑ 𝐸𝑛𝜂𝐶 =

∞

𝑛=0

∑ 𝐶𝑛𝑅𝐿𝜂𝐶 = ∑ 𝐵𝑛𝑅𝐿𝜂𝐶
2 = 𝑅𝐿𝜂𝐶

2 ∑ 𝐵𝑛

∞

𝑛=0

∞

𝑛=0

∞

𝑛=0

 

R𝑇_𝑚𝑒𝑎𝑠 =
𝑅𝐿𝜂𝐶

2 ∑ 𝐵𝑛
∞
𝑛=0

∑ 𝐵𝑛
∞
𝑛=0

 

R𝑇_𝑚𝑒𝑎𝑠 = 𝜂𝐶
2𝑅𝐿 

Note that the measured reflection R𝑇_𝑚𝑒𝑎𝑠 between the tuner and connection cable does not correspond to the 
actual reflection factor R𝑇 at this point. We will determine this factor in the following. 
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R𝐺 =
1

𝐴0

∑ 𝐻𝑛

𝑛

 

1

𝐴0

∑ 𝐻𝑛

∞

𝑛=0

=
1

𝐴0

∑ 𝐺𝑛𝜂𝑇

∞

𝑛=0

=
1

𝐴0

∑ 𝐹𝑛𝜂𝑇 ∙ (1 − 𝑅𝑇)

∞

𝑛=0

=
1

𝐴0

∑ 𝐸𝑛𝜂𝐶  𝜂𝑇 ∙ (1 − 𝑅𝑇)

∞

𝑛=0

=
1

𝐴0

∑ 𝐶𝑛 𝜂𝐶  𝜂𝑇𝑅𝐿 ∙ (1 − 𝑅𝑇)

∞

𝑛=0

=
1

𝐴0

∑ 𝐵𝑛 𝜂𝐶
2 𝜂𝑇𝑅𝐿 ∙ (1 − 𝑅𝑇)

∞

𝑛=0

=
𝜂𝐶

2 𝜂𝑇𝑅𝐿 ∙ (1 − 𝑅𝑇)

𝐴0

∑ 𝐵𝑛

∞

𝑛=0

 

∑ 𝐵𝑛

∞

𝑛=0

= ∑
1

𝜂𝐶

𝐶𝑛 = ∑
1

𝜂𝐶𝑅𝐿

𝐸𝑛 =

∞

𝑛=0

∞

𝑛=0

∑
1

𝜂𝐶
2𝑅𝐿

𝐹𝑛 = ∑
1

𝜂𝐶
2𝑅𝐿𝑅𝑇

𝐵𝑛+1

∞

𝑛=0

∞

𝑛=0

 

𝐵𝑛+1 = 𝜂𝐶
2𝑅𝐿𝑅𝑇 ∙ 𝐵𝑛 

∑ 𝐵𝑛

∞

𝑛=0

= 𝐵0 + 𝐵1 + 𝐵2 + ⋯ 

𝐵0: 𝐴0𝜂𝑇 

𝐵1: 𝜂𝐶
2𝑅𝐿𝑅𝑇 ∙ 𝐵0 

𝐵2: (𝜂𝐶
2𝑅𝐿𝑅𝑇)2 ∙ 𝐵0 

∑ 𝐵𝑛

∞

𝑛=0

= 𝐴0𝜂𝑇 + ∑(𝜂𝐶
2𝑅𝐿𝑅𝑇)𝑛 ∙ 𝐴0𝜂𝑇

∞

𝑛=1

 

𝜂𝐶
2𝑅𝐿𝑅𝑇 < 1   →    apply rule of geometric series 

∑(𝜂𝐶
2𝑅𝐿𝑅𝑇)𝑛 =

1

1 − 𝜂𝐶
2𝑅𝐿𝑅𝑇

− 1

∞

𝑛=1

 

∑ 𝐵𝑛

∞

𝑛=0

= 𝐴0𝜂𝑇 + 𝐴0𝜂𝑇 (
1

1 − 𝜂𝐶
2𝑅𝐿𝑅𝑇

− 1) =
𝐴0𝜂𝑇

1 − 𝜂𝐶
2𝑅𝐿𝑅𝑇

 

1

𝐴0

∑ 𝐻𝑛 =
𝜂𝐶

2 𝜂𝑇𝑅𝐿 ∙ (1 − 𝑅𝑇)

𝐴0

∑ 𝐵𝑛

∞

𝑛=0

=
𝜂𝐶

2 𝜂𝑇
2𝑅𝐿 ∙ (1 − 𝑅𝑇)

1 − 𝜂𝐶
2𝑅𝐿𝑅𝑇

∞

𝑛=0

 

convert to 𝑅𝑇 …  𝑅𝑇 =
𝜂𝐶

2 𝜂𝑇
2𝑅𝐿−𝑅𝐺

𝜂𝐶
2𝑅𝐿(𝜂𝑇

2−𝑅𝐺)
 

Of course, we are especially interested in the power delivered to the load. 

𝑃𝑙𝑜𝑎𝑑 = ∑ 𝐷𝑛

𝑛

 

∑ 𝐷𝑛

∞

𝑛=0

= ∑ 𝐶𝑛 ∙ (1 − 𝑅𝐿)

∞

𝑛=0

= ∑ 𝐵𝑛𝜂𝐶 ∙ (1 − 𝑅𝐿) = 𝜂𝐶 ∙ (1 − 𝑅𝐿) ∑ 𝐵𝑛

∞

𝑛=0

∞

𝑛=0

 

∑ 𝐵𝑛

∞

𝑛=0

=
𝐴0𝜂𝑇

1 − 𝜂𝐶
2𝑅𝐿𝑅𝑇

 

𝑃𝑙𝑜𝑎𝑑 =
𝐴0𝜂𝐶𝜂𝑇 ∙ (1 − 𝑅𝐿)

1 − 𝜂𝐶
2𝑅𝐿𝑅𝑇

 

  



116 Oncothermia Journal, Volume 30, April 2021 

Verification of the generalization - recheck the previous example 

After the previous generalization, recheck the power-transmission example calculated before. 

Load impedance 𝑍𝐿 = (20 − 30𝑖)Ω 

Reflection factor at load 
for 𝑍0 = 50 Ω:  |Γ𝐿| = 0.5571 

𝑅𝐿 = |Γ𝐿|
2

= 0.3103 

Power transmission efficacy – connection cable 𝜂𝐶 = 0.8913 

Power transmission efficacy - tuner 𝜂𝑇 = 0.9500 

Reflection factor between generator and tuner 

𝑉𝑆𝑊𝑅 = 1.1 
for 𝑍0 = 50 Ω:  |Γ𝐺| = 0.0476 

𝑅𝐺 = |Γ𝐺|
2

= 0.002268 

Delivered power of the generator 𝐴0 = 100 % 
  

Measured reflection between tuner and connection 
cable 

R𝑇_𝑚𝑒𝑎𝑠 = 0.2465 → 𝑉𝑆𝑊𝑅 = 2.97 

Reflection factor at the tuner 𝑅𝑇 = 0.9923 

Transmitted power to the load 𝑃𝑙𝑜𝑎𝑑 = 77.32 % 

The power is nearly the same as in the previous example calculation, but here the values are a bit higher because 
after a lot of reflections, a small power was added. The 𝑉𝑆𝑊𝑅 value between the tuner and cable is the same 
for both calculations. The reflection factor at this point is (formula) a bit higher here. Otherwise, the power 
transmitted back to the generator increases, and therefore the VSWR value was limited too. 

Special cases 

We will consider the following three special cases: 

 no connection cable attenuation 
 no reflection at load 
 no re-reflection at the tuner 

The results: 

no connection cable attenuation 
𝜂𝐶 = 1.0 

𝑃𝑙𝑜𝑎𝑑 = 94.76 % 

no reflection at load 
𝑅𝐿 = 0 

𝑃𝑙𝑜𝑎𝑑 = 𝐴0𝜂𝐶𝜂𝑇 = 84.67 % 

no re-reflection at the tuner 
𝑅𝑇 = 0 

𝑃𝑙𝑜𝑎𝑑 = 𝐴0𝜂𝐶𝜂𝑇 ∙ (1 − 𝑅𝐿) = 58.40 % 

The important role of cable attenuation due to multiple reflections looks essential. When the therapy-load 
matches better to the connection cable, then more power is delivered to the load. In the case that the load does 
not match the cable, there has to be a strong re-reflection, causing considerable loss of energy. 

Conclusion 

The matching of the load in the RF-circuit is a complex task. The matching process must fit multiple 
interconnected parameters, which work collectively and make a sensitive balance of optimum. The therapeutic 
application's main challenge is the time-dependent load, so the standard fixed antenna matching does not work. 
The changing patients and their coupling and the changing by the therapy's effect all could drastically modify 
the tuning conditions, and the coupling worsens, deviates from the optimum. Only the proper real-time adjusting 
allows long-time stability for the therapeutic efficacy. The above-generalized parametrization makes it possible 
to follow the situation in real-time. The reaction time is limited by RC time-constant of the circuits, but in the 
human physiological changes allows a few minutes delay.  
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Comment 

The mEHT method selects the cancer cells in the 
targeted volume. One of the selection's essential 
factors is the higher conductivity in the tumor cell's 
microenvironment than in other regions. The 
radiofrequency current flows into the path where 
the resistance is low (the conductance is high). The 
high metabolic rate of cancer (primarily 
fermentative glucose consumption, Warburg effect) 
produces ionic species in the neighborhood of cancer. 
Measuring the glucose metabolism, which is the 
primary effect of PET diagnostics, gives a piece of 
direct information about glucose intake, which is 
proportional to ion production. In this way, the PET 
indicates the areas where the radiofrequency 
current will have a high density at the treatment. The 
PET intensity suggests the efficacy of the initial 
selection mechanism of mEHT. Dr. Bockmann’s 
article discusses the PET process, giving a hint for 
the selection mechanism of mEHT. 

Kommentar 

Die mEHT-Methode wählt die Krebszellen im 
Zielvolumen aus. Einer der wesentlichen Faktoren 
der Selektion ist die höhere Leitfähigkeit in der 
Mikroumgebung der Tumorzelle gegenüber anderen 
Regionen. Der Hochfrequenzstrom fließt da lang, wo 
der Widerstand niedrig ist (bzw. die Leitfähigkeit hoch 
ist). Die hohe Stoffwechselrate von Krebs 
(hauptsächlich fermentativer Glukoseverbrauch, 
Warburg-Effekt) erzeugt eine ionische Spezies im 
näheren Umfeld des Krebses. Die Messung des 
Glukosestoffwechsels, der der primäre Effekt der 
PET-Diagnostik ist, liefert eine direkte Information 
über die Glukoseaufnahme, die proportional zur 
Ionenproduktion ist. Auf diese Weise zeigt das PET die 
Bereiche an, in denen der Hochfrequenzstrom bei der 
Behandlung eine hohe Dichte aufweist. Die PET-
Intensität legt die Wirksamkeit des anfänglichen 
Selektionsmechanismus von mEHT nahe. 
Dr. Bockmanns Artikel diskutiert den PET-Prozess 
und gibt einen Hinweis auf den Selektionsmechanis-
mus von mEHT. 
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