ONCOTHERMIA JOURNAL

> A publication of Oncotherm © ISSN 21916438

Volume 26 - July 2019

120

149

Fiorentini G. et al.: Modulated Electrohyperthermia in Integrative Cancer Treatment for Relapsed Malignant Glioblastoma and
Astrocytoma: Retrospective Multicenter Controlled Study

Szasz O:Bioelectromagnetic Paradigm of Cancer Treatment -Modulated Electro -Hyperthermia (mEHT)
Prasad B. et al.: Quantitative Estimation of the Equivalent Radiation Dose Escalation using Radiofrequency Hyperthermia in Mouse
Xenograft Models of Human Lung Cancer

Minnaar A.C. et al.: The effect of modulated electro -hyperthermia on local disease cont rol in HIV-positive and -negative cervical
cancer women in South Africa: Early results from a phase Il randomised controlled trial

Chung H.J et al..:Iron-dextran as a thermosensitizer in radiofrequency hyperthermia for cancer treatment

Havas M.: Integrative Therapeutic Options for Treating Stage Four Breast Cancer

Minna ar A.C. and Kotzen J.:Modulated electro -hyperthermia as an immune -modulator with checkpoint inhibitors and radiotherapy
Danics L. et al: Repeated treatment with modulated electro -hyperthermia inhibits tumor growth in a triple negative mouse breast
cancer model

Forika G.: Elevated apoptosis and tumor stem cell de struction in a radioresistant pancreatic adenocarcinoma cell line when
radiotherapy is combined with modulated electro -hyperthermia

Karaszi A. et al: Modulated Electro - Hyperthermia As Additional Treatment Option In Oncology - Feasibility Study On Quality - Of- Life,
Imaging And Biomarkers To Support Treatment Planning

Minnaar C.A. et al.: Effects of modulated electro -hyperthermia on disease control and 3 year disease -free survival in locally advanced
cervical cancer patients: Preliminary results

Schvarcz Cs. et al.: Short term treatment with modulated electro  -hyperthermia in triple negative breast cancer bearing mice

Vancsik T. et al.: Modulated electro -hyperthermia promotes doxorubicin cytotoxicity in @ C26 colorectal carcinoma cell line model

Van Gool W.S. et al Can we monitor immunogenic cell death (ICD) induced with modulated electrohypertheria and oncolytivc virus
injections?

Van Gool W.S. et al: Modulated electrohyperthermia as part of immunogenic cell death treatment in pediatric neuro -oncology

Woust P. et al.: Physical potentials of radiofrequency hyperthermia with amplitude modulation

Szasz A.:Immune-effects with local hyperthermia

Szasz O.:Molecular basis of modulated electro -hyperthermia combination with radio - and chemo-therapies

WWW.ONCOTHERMIAJOURNAL.COM



Editorial

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

| am pleased to introduce the recent 26th volume of our
Oncothermia Journal. As usually we are continuing to distribute
the results reached with oncothermia worldwide, reprinting
open access articles and showing presentations of expert
conferences. We are glad to know, that you may use it as a
reference in your practice and also you may discuss it openly,
gftsdfb L W¥TDDAos Dz LsdDZzow =z
The clinical part of the present volume has many new results
again. The study on glioblast oma and astrocytoma, or the
cervical cancer stage -four study and breast cancer article give

a useful presentation of the results with the oncothermia
method. We are excited with the more widespread applications

of immune -oncology, which has increasingly em phasized role
in the present oncothermia applications, including the viral
boosting of the immune system too. Clarifying the molecular
basis of oncothermia together with the new results of electric
field effects are also placed in the spectrum of this volu  me.
6FfT CLs DI ©7F gUFfRALA LDDAFE DA
Poland) showing some presentations. Especially the
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was in the center of attention, and we are happy to show his
work in this volume. Hi s approach explaining the effect of
modulation is a remarkable addition to our present knowledge.
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The present volume offers again the high level of scientific and
medical articles to the readers, representing the best values of
the hyperthermia community and it well shows the great
development possibilities as well as the bright future o f the
method.

| hope this volume serves your benefits and you will read it with
enjoyment.

Sincerely yours,
Prof. Dr. Andras Szasz
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Liebe Leserinnen und Leser, liebe Kolleginnen und
Kollegen aus Forschung und Praxis,

Ich freue mich, lhnen den 26. Band unseres Oncothermia -
Journals vorstellen zu koénnen. Wie ublich verbreiten wir
weiterhin weltweit die mit Oncothermie erzielten Ergebnisse,
drucken Open-Access-Artikel nach und zeigen Présentationen
von Expertenkonferenzen. Wir freuen uns zu wissen, dass Sie
es als Referenz in Ihrer Praxis verwenden kdnnen. Sie kénnen
Fg LAY FasFl LARC z227Ff sdgoA
| ToLAgbTRTolh gFts¥Ff zsToe sdoTe
Der klinische Teil des vorliegenden Bandes beeinhaltet wieder
viele neue Ergebnisse. Die Studie zu Glioblastomen und
Astrozytomen , die Studie zu Gebarmutterhalskrebs im vierten
Stadium und der Artikel zu Brustkrebs ergeben eine nutzliche
Darstellung der Ergebnisse mit der Onkothermie -Methode.Wir
sind begeistert von den sich immer weiter verbreiteten
Anwendungen der Immunonkologie, die bei den gegenwartigen
Onkothermie -Anwendungen eine immer wichtigere Rolle
spielen - einschlieBlich der viralen Starkung des
Immunsystems. In das Spektrum dieses Bandes wird auch die
Aufklarung der molekularen Grundlagen der Onkothe rmie
zusammen mit den neuen Ergebnissen der elektrischen
Feldeffekte aufgenommen.

Wir haben der ESHO'19 (Warschau, Polen) besondere
Aufmerksamkeit geschenkt und einige Prasentationen gezeigt.
Besonders die Prasentation des renommierten Experten, Prof.
Peter Wusts Vortrag, stand im Mittelpunkt. Wir freuen uns,
seine Arbeit in diesem Band zu zeigen. Sein Ansatz, den Effekt
der Modulation zu erklaren, ist eine bemerkenswerte
Ergédnzung  unseres  gegenwadrtigen  Wissens.  Seine
Bemerkungbeziglich des alten Slogens "B iologie ist bei uns,
aber Physik ist gegen uns", zeigt eine neue Art des Verstehens:
"Physik ist unser Freund, aber wir miissen es bemerken."

Der vorliegende Band bietet den Lesern wieder ein hohes Maf
an wissenschaftlichen und medizinischen Artikeln, die d ie
besten Werte der Hyperthermie -Community reprasentieren,
und zeigt die grofRen Entwicklungsmdglichkeiten sowie die
glanzende Zukunft der Methode auf.

Ich hoffe, dieser Band gefallt Ihnen und Sie werden ihn mit
Vergnugen lesen.

Mit freundlichen GriiRen,
Prof. Dr. Andras Szasz
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Rules for submission

As the editorial team we are committed to a firm and coherent editorial line and the highest possible printing standards. But

it is mainly you, the author, who makes sure that the MEHT Journal is an interesting and diversified magazine. We want to
thank ev ery 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 stringent e Linie und versuchen, unserer Publikation den héchst mdglichen Standard

zu verleihen. Es sind aber hauptséachlich Sie als Autor, der dafiir Sorge tragt, dass das MEHT Journal zu einem interessanten
und abwechslungsreichen Magazin wird. Wir mdchten allen dan  ken, die uns im Austausch professioneller Betrachtungen und
Erfahrungen unterstitzen. Um beiden Seiten die Arbeit zu erleichten, haben wir die folgenden Richtlinien fir die Texterstellu ng
entworfen.

1.Aims and Scope

The MEHT Journal is an official journal of the Oncotherm Group, devoted to support  ing those, who would like to publish their
results for general use. Additionally, it provides a collection of different publications and results. The MEHT Journal has an open -
minded character, but it should particularly contain  complete study -papers, case-reports, reviews, hypotheses, opinions, and all
the informative materials which could be helpful for the international Oncotherm community. Advertisement connected to the

topic is al so welcome.

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

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

1 Techniques of mEHT: Technical development, new technical solutions, proposals.

1 Hypotheses, suggestions, opinions to improve mEHT and electro -cancer-therapy methods, intendin g 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 webs ite
of the journal: www. MEHT-Journal.com .

1.Selbstverstandnis und Ziele

Das MEHT Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstiitzen, die ihre Ergebnisse der
Allgemeinheit zur Verfigung stellen mochten. Das  MEHT Journal ist neuen Inhalten gegentber offen, so lite aber vor allem
Studienarbeiten, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen Materialien, die fur die internationale
Oncotherm -Gemeinschatft hilfreich sein kénnten, enthalten. Werbung mit Bezug zum Thema ist ebenfalls willkommen.

1 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 ande ren Modalitaten und Behandlungsoptimierungen.

1 Biologische Studien. Mechanismen der Oncothermie, thermale oder temperaturunabhangige Effekte, Ansprechen auf
elektrisches Feld, bioelektromagnetische Anwendu ngen bei Tumoren, Kombination von Oncothermie und anderen
Modalitaten, Effekte auf normale und maligne Zellen und Gewebe, immunologische Effekte, physiolog ische Effekte etc.

1 Oncothermie -Techniken. Technische Entwicklungen, neue technische Lésungen.

1 Hypothesen, Meinungen, wie die Oncothermi e- und ECT-Methoden verbessert werden kdnnen, um die Behandlung zu
unterstiitzen.

2. Submission of Manuscripts
All submissions should be made online via email : MEHT-Journal@oncotherm.org .

2. Manuskripte einreichen
Manuskripte kdnnen online eingereicht werden: MEHT-journal@oncotherm.org

3. Preparation of Manuscripts
Manuscripts must be written in English, bu t 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 form at compatible with Word. All figures (illustrations, diagrams, photographs) should
be provided in JPG format.
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Manuscripts may be any length, but must include:

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

9 Abstracts. Abstracts should include the: purpose, materials , methods, results and conclusions.

Test. Unlimited volume.

9 Tables and Figures. Tables and figures should be referred to in the text (numbered figures and tables). Each table and/or
figure must have a legend that explains its purpose without  a reference to the text. Figure files will ideally be  submitted as
jpg-file (300dpi for photos).

1 References. MEHT Journal uses the Vancouver (Author -Number) system to indicate references in the text, tables and
legends, e.qg. [1], [23], [1-3]. The full references should be listed numerically in order of appearance, and presented following
the text of the manu script.

=

3. Manuskripte vorbereiten
Manuskripte missen in englischer Sprache vorliegen. Andere Sprachen kdnnen in Ausnahmeféllen akzeptiert werden, wenn ein
englisches Abstract vorliegt.

Texte sollten in einem mit  Microsoft Word fur Windows (PC) kompatiblen Format eingereicht werden. Tabellen sollten in einem
Word -kompatiblen Format eingeftigt werden. Alle Graphiken (lllustrationen, Diagramme, Photographien) sollten im jpg Format
vorliegen.

Manuskripte kdnnen jede Langen haben, missen aber die folgenden Punkte enthalten:

9 Titelseite. Titel der Arbeit, Autor, Klinikzugehorigkeit, 1 -5 Schliisselworte. Es muss mindestens ein Autor ausgewiesen sein,
dessen Email-Adresse und Kontaktdetails angegeben werden.

1 Abstracts. Abs tracts miissen enthalten: Zielsetzung, Material und Methoden, Ergebnisse, Fazit.

Text. Beliebige Lange.

1 Abbildungen und Tabellen. Abbildungen und Tabellen sollten im Text erlautert werden (nummeriert). Jede Abbildung /
Tabelle muss eine erklarende Bildunter schrift haben. Bilder sollten als jpg verwendet werden (300 dpi).

9 Zitate. Das MEHT Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B. [1], [1 -3], [1-3]. Die
Bibliographie erfolgt numerisch in Reihenfolge der Erwéahnung im Tex t.

=

4. Copyright
It is a condition of publication that authors assign copyright or license the publication rights in their articles, including abstracts
to the journal . The transmitted rights are not exclusive, the author(s) can use the submitted material without limitations, but

MEHT Journal also has the right to use it.

4. Copyright

Es ist eine Publikationsvoraussetzung, dass die Autoren die Erlaubnis zur Publikation ihres eingereichten Artikels und des
dazugehdrigen Abstracts unterschreiben. Die Uberschriebenen Rechte sind nicht exklusiv, der Autor kann das eingereichte
Material ohne Limitation nutzen.

5. Electronic Proofs
When the proofs are ready, the corresponding authors will receive an e-mail notification. Hard copies of proofs will not be mailed.
To avoid delays in the publication, corrections to proofs must be returned within 48 hours, by electronic transmittal or fax.

5. Elektronische Korrekturfahne

Wenn die Korrekturfahnen fertig gestellt sind, werden die Autoren per Email informiert. Gedruckte Kopien werden nicht per Post
versandt. Um Verzogerungen in der Produktion zu verhinde rn, missen die korrigierten Texte innerhalb von 48 Stunden per Email
oder Fax zuriickgesandt 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 ofthe MEHT Journal are not available.

6. Sonderdrucke und Nachdrucke
Die Autoren haben die Mdglichkeit , das Material in elektronischer Form herunterzuladen, Sonderdrucke und Nachdrucke des
MEHT Journals sind nicht erhéltlich.

7. Advertising

The MEHT Journal accepts advertising in any language but prefers advertis ements in English or at least partially in English. The
advertising must have a connection tothe topics in the MEHT Journal and must be legally correct, having checked that all
information is true.
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7. Werbung

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

8. Legal responsibility

Authors of any publications in the MEHT Journal are fully responsible for the material which is published. The MEHT Journal has
no responsibility for legal conflicts due to any publications. The  editorial board has the right to reject any publication ifit s validity
has not been verified enough or the board is not convinced by the authors.

8. Haftung
Die Autoren aller im MEHT Journal veréffentlichten Artikel sind in vollem Umfang fur ihre Texte verantwortlich. Das MEHT
Journal Ubernimmt keinerlei Haftung  fur die Artikel der Autoren. Der redaktionelle Beirat hat das Recht, Artikel abzulehnen.

9. Reviewing

The MEHT Journal has a special peer -reviewing process, represented by the editorial board members and specialists, to whom
they are connected. To avoid p ersonal 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 topicsof the journal could be rejected without reviewing.

9. Bewertung

Die Texte fir das MEHT Journal werden vom redaktionellen Beirat kontrolliert. Um Konflikte zu vermeiden, werden die Namen
des jeweiligen Korrektors nicht offentlich genannt. Artikel, die nicht zu den Themen des Journals passen, kdnnen abgelehnt
werden.
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Modulated Electrohyperthermia in Integrative Cancer
Treatment for Relapsed Malignant Glioblastoma and
Astrocytoma: Retrospective Multicenter Controlled Study

Giammaria Fiorentini, MD % Donatella Sarti, PhD % Carlo Milandri, MD 2, Patrizia Dentico, MD 2,
Andrea Mambrini, MD 3, Caterina Fiorentini, MD 4, Gianmaria Mattioli, MD ?, Virginia Casadei,
MD’and Stefano Guadagni, MD °

1 8dFfsl tgUFsLQd¥feal WgUFsLqQd adAtadbpaA -LaRCT
2Nuovo Ospedale San Giuseppe, ASL Toscana Centro, Empoli, Florence, Italy
3Carrara General Hospital, Carrara, Italy
4University of Siena, Siena, Italy
5yt AP FogdDBS z7 ¥x!0AdQL3 ¥x!10AdqQL3s ! RaA8

Cite this article as:
Fiorentini G. et al. (2019): Modulated Electrohyperthermia in Integrative Cancer Treatment for
Relapsed Malignant Glioblastoma and Astrocytoma: Retrospective Multicenter Controlled Study,
Oncothermia Journal 26:9 -20

Original article (Open access):
Reprint from:
https://journals.sagepub.com/d0i/10.1177/1534735418812691
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Malignant Glioblastoma and Astrocytoma: g e
Retrospective Multicenter Controlled Study

Giammaria Fiorentini, MD', Donatella Sarti, PhD', Carlo Milandri, MD?,
Patrizia Dentico, MD?, Andrea Mambrini, MD?, Caterina Fiorentini, MD*,
Gianmaria Mattioli, MD', Virginia Casadei, MD'and Stefano Guadagni, MD®

Abstract

Background: There are interesting studies on glioma therapy with modulated electrohyperthermia (mEHT), which combines
heat therapy with an electric field. Clinical researchers not only found the mEHT method feasible for palliation but also reported
evidence of therapeutic response. Purpose: To study the efficacy and safety of mEHT for the treatment of relapsed malignant
glioma and astrocytoma versus best supportive care (BSC). Methods: We collected data retrospectively on 149 patients affected
by malignant glioma and astrocytoma. Inclusion criteria were informed consent signed; >18 years old; histological diagnosis of
malignant glioma or astrocytoma; relapsed after surgery, adjuvant temozolomide-based chemotherapy, and radioctherapy; and
indication for treatment with mEHT in palliative setting. mEHT was performed with capacitive coupling technique keeping the
skin surface at 26°C and the tumor temperature at 40°C to 42.5°C for > 90% of treatment duration (20-60 minutes). The
applied power was 40 to |50 W using a step-up heating protocol. Results from patients treated with mEHT were compared with
those treated with BSC. Results: A total of [49 consecutive patients were enrolled in the study, | 11 (74%) had glioblastorma
multiforme (GBM), and 38 (26%) had astrocytoma (AST). mEHT was performed for 28 (25%) of GBM and 24 (63%) of AST
patients. Tumor response at the 3-month follow-up was observed in 29% and 48% of GBM and AST patients after mEHT, and
in 4% and 10% of GBM and AST patients after BSC, respectively. The survival rate at first and second year in the mEHT group
was 77.3% and 40.9% for AST, and 61% and 29% for GBM, respectively. The 5-year overall survival of AST was 83% after mEHT
versus 25% after BSC and 3.5% after mEHT versus 1.2% after BSC for GBM. The median overall survival of mEHT was |4 months
(range 2-108 months) for GBM and 16.5 months (range 3- 156 months) for the AST group. We observed 4 long-term survivors in
the AST and 2 in the GBM group. Two of the long survivors in AST and | in GBM group were treated by mEHT. Conclusions:
mEHT in integrative therapy may have a promising role in the treatment and palliation of relapsed GBM and AST.

Keywords
relapsed malignant glioma, modulated electrohyperthermia, survival, tumor response, astrocytoma

Submitted May 22, 2018; revised October 9, 2018; accepted October 12,2018

Introduction

. . . ' Azienda Ospedaliera “Ospedali Riuniti Marche Nord”, Pesaro, Italy
Hyperthermia has been applied since the 1970s when heat “Nuove Ospedale San Giuseppe, ASL Toscana Centro, Empoli, Florence,

was shown to kill tumor cells because they are more sen- Italy
sitive to heat than healthy cells. In the past decade, hyper- icarmﬁ General Hospital, Carrara, ltaly
thermia has been applied to several types of cancers with ~ ,oniversity of Siena, Siena, haly
. i 1 University of L'Aquila, L'Aquila, Abruzzo, Italy

encouraging results in both tumor response and safety.
The most frequently used methods of hyperthermia for Corresponding Author:

treat " . rticl NP Giammaria Fiorentini, Onco-Hematology Department, Azienda
cancer ired .HlCIl are magnetic na@pa Le e.S (rnNPs), Ospedaliera “Ospedali Riuniti Marche Nord”, Via Lombroso |, Pesaro,
external radiofrequency, hyperthermic perfusion, modu- 61122, ltaly.
lated electrohyperthermia (mEHT), frequency enhancers Email: g fiorentini@alice.it

@ (D) | Creative Commons Non Commercial CC BY-NC: This artide is distributed under the terms of the Creative Commons Attribution-

NonCommerdial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commerdial use, reproduction
and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages
(https://us.sagepub.com/en-us/nam/open-access-at-sage).
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associated with a magnetic field, and catheter-mediated
hyperthermia. *”

The combination of traditional hyperthermia (41°C to
43°C) to radiotherapy (RT) or systemic chemotherapy
improves and prolongs the clinical benefits of the single
metheds.® This synergistic effect is due to apoptosis indue-
tion, angiogenesis inhibition, chemo- and radiosensitivity
activation, high drug concentration induction inside the
lesion, and an inerease in the tumor sensitivity to frmmuno-
therapy.™ Gliomas form the majority of brain tumors
(80%), and glioblastoma multiforme (GBM) represents
65% of these tumors.'® The prognosis is rather poor due to
the infiitration of the surrounding brain tissues and the
resistance to chemotherapy and BT Astrocytomia tumors
(AST) have a better prognesis than GBM'%; however, the
ncidence is lower than GMB.

Surgery, adjuvant temozolomide (TMZ) and RT is the
first treatment option for gliomas, and RT combined with
chemotherapy and TMYZ is the standard therapy when sur-
gery is not indicated.'>* Adjuvant therapy with RT in com-
bination with TMZ is effective in prolonging survival';
however, the disease recurrence rate is very high (37%)."

There is no standard treatiment option for recurrent glio-
mas. Choosing the therapy afier progression is very chal-
lenging and options melude combinations of surgery,
re~-irradiation  (re-RT), chemotherapy, anti-angiogenic
agents, and combination therapies of hyperthermia with che-
motherapy or RT.'*"® In this case, surgery can be performed
only for voung and fit patients with small-size relapses.

There are mteresting studies on glioma therapy with
mEBHT, which combines the heat therapy with an electric
field '™ and the literature shows that radiofrequency com-
bined with conventional hyperthermia is an effective treat-
ment for brain twnors®** Bran tumor therapy with an
electric field is approved by the US Food and Drug
Administration (FDJA)* Clinical researchers have not only
found the mEHT method feasible for palliation but have also
reparted evidence of therapeutic response. **%%% Literature
reports good tolerability with rare adverse events and irnprove-
ment of sarvival and quality of life*™® We have previcusly
reported beneficial effects from mBEHT treatment in our previ-
ous study on palliation, with evidence of turor response and
a slight inerease of overall survival'*” In this article, we
describe the efficacy and safety of mBEHT on relapsed malig-
nant GBM and AST in a larger number of patients, and com-
pare the results with results obtained from patients treated
with conventional palliation as best supportive care (BSC).

Materials and Methods

Patient Selection

This was a retrospective observational multicenter cohort-
controlled  study, including 4 Ttalian hospitals: Pesaro,

Table 1. Description of AST Patients Group.

Farameters (AST) n %

Males 20 526
Fermales 13 47.4
mEHT treated 24 63.2
MGMT methylated I 8.9
MGMT nonmethylated I 8.9
MGMT ND 14 422
1IDH1 mutated I3 342
IDH! wild type I 8.9
IDHI ND 14 369
Events 15 395
Age, years (range) 22-80 —

Survival, months (range) 3-156 e

Abbreviations: AST, astracytorna mEHT, madulated
electrohyperthermia; MGMT, Oé-methylguanine-DINA
methyltransferase; 1DH 1, isocitrate dehydrogenase |; ND, nen detected.

Carrara, Empoli, and L’Aquila, 3 of which had mEHT
devices (Pesaro, Carrara, and Empoli). Inclusion criteria
were diagnosis of GBM or AST relapsed after surgery, adju-
vant RT and TMZ therapy and no second line therapy per-
formed; =18 years old; informed consent signed;, Eastern
Cooperative Oucology Group (ECOG) performance status
0 to 3; and normal values of standard hematological
parameters.

From April 2003 to January 2018, 187 patients with
GBM and AST were sent to our centers, 31 of these were
Jost to follow-up and were not evaluable for tumor response
and survival. Seven were not refractory to treatment and
were still in remission, and mEHT was used to delay tumor
progression. Finally, 149 patients were included in the
study: 111 (74%) had GBM and 38 (26%) had AST. The
mBEHT was administered as palliative care to 28 (25%)
GBM patients and 22 (58%) AST patients (Tables | and 2).
The remaining patients (83 GBM and 14 AST) received
BSC, including dexamethasene, 18% glycerol infusion,
mamnitol, holistic therapy, and psychosocial suppaort.
Nitrosoureas or cisplatin-based chemotherapies were
allowed in the BSC protocol. The BSC group mcluded 28
(30%) patients (GBM) that received chemotherapy: 12
rechallenge of TMZ, 8 nitrosurea, and § cisplatin-based
chernotherapies. Chemotherapy was not used for mEHT
group. The patient’s intention to treat was the selection
basis for the mBEHT group.

Device Description and mEHT Protocol

The study was performed with modulated electro-hyper-
thermia {mEHT; (EHY-2000 Plus device; CEDIZ3,
Oncothern, Troisdorf, Germany). mEHT was used to obtain
predefined heating with an electric field, "™
field power in an energy-controlled rnanner.

16,17,
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Table 2. Description of GBM Patients Group. Table 3. Treatment Parameters.

Parameters {GEM} n % Practical Parameters Value
Males 68 &l.3 Step-up power, ¥ {from-to) 40-150
Females 43 387 Average energy dose, kj 540
mERT treated 28 152 Therapeutic temperature, “C 40-42.5
MGMT methylated 25 235 Treatment time/session, minutes 60
MGMT nonmethylated 27 4.3 Treatment frequency (weeldy) 3
MGMT ND 59 53.2 Treatment cycle, weeks 8
IDHT mutated 13 1.7 Follow-up time, months 16
IDHT wild type 19 17.1

IDHI ND 7% 71.2

Events 86 775 of the mEHT sessions, which was indicated by the device
Age, years, range 27-86 - and controfled by the phantom measurement. The median

Survival, months, range 2-108 e

Abbraviations: GBM, glioblastorna multiforme: mEHT, medulated
electrohyperthermia; MGMT, Oé-methylguanine-DMNA
methyltransferase; [DH |, isocitrate dehydrogerase |; ND, non detected,

therapeutic temperature used in the mEHT treatment was
estimated to range from 40°C to 42.5°C as previously
reported.’ ¥ The mBEHT technique operates with
amplitude-modulated short-wave radiofrequency at a car-
rier frequency of 13.56 MHz. The technique combines
impedance coupling with the technique of capacitive cou-
pling. The device has 2 electric capacitive plates (elec-
trodes): one under the patient in the treatment bed, and one
movable electrode, which is positioned over the patient’s
target anatorical area to be treated. The electrodes have a
water bolus to make the best transfer of energy, to distvibute
the electric current inside the tissue following the actual
form of the patient’s body, and to keep the skin temperature
safely cooled by cooling the surface with the bolus. The
preset skin temperature was 26°C and it did not exceed
39°C at the point of skin contact during the treatment. The
electrode was 20 cm in diamaeter and round in shape.
Preprocedural medication administered to all patients
before each mEHT to avoid brain edema was 250 mL of
glycerol 18% and dexamethasone 12 mg. The selected area
was treated 3 times per week for 8 weeks. At 3 months, the
tumor response was assessed on computed tomography
(CT) or nagnetic resonance imaging (MRI) scans and ifthe
respouse was positive (complete response [CR], partial
response [PR], or stable disease [SD]) then the 8-week
course of treatment was repeated. The treatment time and
the applied power were increased in each session according
to the patient’s tolerance to heat. The first treatment was
always performed applying 40 W for 20 minutes (48 kJ
energy). Time was gradually raised from 20 to 60 minutes
and the power was mereased according to a step-up power
protocol from 40 up to 150 W (340 kT) over 2 weeks >
This protocol achieved an cstimated average tempera-
ture inside the rumor volune of »40°C for more than 50%

Oncothermia Journal, Volume 26 July 2019

number of mEHT treatments/patient were 22 (range 11-62).
Summary of the technical mEHT parameters of the treat-
ments is shown in Table 3,

Qutcome Measures

MRI or CT scans were performed every 3 months to study
the efficacy of the treatments. Tumor response was assessed
with the response evaluation criteria in solid twmors (RECIST,
v.1.1). The ECOG performance status scale was used to eval-
uate the functional recovery. Overall survival (O8) was com-
puted from the date of initial diagnosis to last follow-up or
death of the patient. Adverse events were recorded indicating
intensity and duration, using the Common Terminclogy
Criteria for Adverse Events v3.0 (CTCAE) Data on
Qo-methylguanine-DIN A-methyliransferase (MGMT) meth-
ylation™ and isocitrate dehydrogenase 1 (IDH1] mutational
status™ were collected when available {Table 3). The median
total follow-up time was 16 months (range 1-156 months).

Statistical Analysis

We used descriptive and Kaplan-Meier nonparametric sta-
tistical estimates. The statistical significance was measured
by Student’s ¢ test, z test for proportions, and log-rank test
for Kaplan-Meier curves; £ < .05 indicated statistically sig-
nificant difference between samples.

Results

Sample Characteristics

Median age was 60 vears for GBM (range 33-80 years) and
50 years (25-71 years) for AST group. Both subgroups
(GBM and AST) followed the normal distribution and the
gender ratio had no significant differences, so the statistical
evaluation had an optimal basis. Data for MGMT methyla-
tion and IDH! mutational status were not available for
many patients. A summary of the demographic data is
shown i Tables 1 and 2
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Table 4. Tumor Response and Survival of AST Group.

Results (AST) mEHT (n) mEHT (%) BSC (n} BSC (%)
CR 2 8 0 0
PR 8 33 ! 7
SO 6 5 5 36
FD 4 17 9 b4
N 2 8 ! 7
G5, months median (range) 16 (3-156) — 16.5 (3-120) —

Abbreviadons: AST, astrocytoma; mEHT, modulated dectrehyperthermia; BSC, best supportive care; TR, complete response; PR, partial response: S0,
stable disease; PD, progressive disease; ND, non detected; O8, averall survival.

Table 5. Tumor Response and Survival of GBM Group.

Results {(GBM) mEHT (n) mEHT (%) BSC (n) BSC (%)
CR | 4 2 3
PR 6 21 2 2
D 8 29 12 14
PD 13 46 62 75
ND 0 0 5 6
Q8. months, median {range) 14 (2-108) —_ 3 (2-84) —_

Abbreviations: GBM, glicblastoma multiforme; mEHT, modulated electrohyperthermia; BSC, best supportive care; CR, complete response; PR, partial

respanse; 3D, stable di

Tumor Response

At the 3-month follow-up period, the AST patients of
mEHT group showed 2 (9%) CR, 8{36%) PR, and 6 (27%)
S S was also considered a positive response due to the
relapsed nature of the disease in this study. For this reason,
the overall positive response of AST (CR + PR -+ 5D) was
72% atter mBEHT {Table 4, Figure 3A) and is significantly
higher than the 37% observed afler BSC (PR = 6% and SD
= 31%) (P < .005). Also, the objective response (CR + PR)
(45% vs 6%, P = 005} was significantly higher than that of
the BSC group. Progressive disease (PIY) was observed in 4
(18%) patients m mEHT and m 9 (56%) of BSC. At the
J-tonth follow-up period, the GBM showed 1 (4%) CR, 6
(21%) PR, and SD § (29%), with an overall positive
response of 54% in the mEHT group, and 13 PD (46%)
{Table §, Figure 3B). The GBM treated with BSC had 2
(2%) CR, 2 (2%) PR, and 12 {14%) SD); whereas PD) was
observed in 62 (75%). Owerall positive response of GBM
treated with BCS was 19% siguificantly Jower (P < 05}
than that of mEHT group.

Two characteristic cases of AST and 1 case of GBM
treated with mEHT are shown in Figures 1 and 2, respec-
tively. Figure 1A and B shows refapsed AST (grade III) cases
in a 24-year-old man and Figure 1C-F shows relapsed AST
{(grade I} in a 32-year-old man. The tumcss in both cases
were well controlled locally. Figure 2 shows the MRI of &
patient {male, 54 years old) with relapsed GBM {grade IV).

PD, progressive disease; ND, non detected; O8, overall survival,

Survival

The response rates of AST and GBM are shown in Figure
3A and B, respectively. The Kaplan-Meier estimates of
the treatment survivals are shown for AST and GBM in
Figures 4 and 5, respectively. The median OS of AST was
16.5 months (range 3-120 months) and 16 months (range
3-150 months) in the BSC and mEHT groups, respec-
tively (# = .0005) (Figure 0). Figure 6 shows the advan-
tage of mEHT over BSC in terms of survival for AST.
Swrvival rate of AST at the first and second year in the
mEHT group was 77.3% and 40.9%, respectively. The
S-year OS of AST was 83% atter mEHT versus 25% after
BsC.

The median OS5 for GBM was 14 months (range 2-108
months) after mEHT and 9 months (range 2-84 months)
after BSC (Figure 7) (F = 047).

We observed 4 long-term swrvivors in the AST and 2 in
the GBM group. Two of the long survivors in the AST and
1 in the GBM group were treated by mEHT, with an OS of
156, 62, and 105 months, respectively. The long survivor of
BSC group had a survival of 84 months.

Most patients reported a better quality of life (evaluated
by subjective responses as reported during follow-up visits)
after wBHT. Six patients had an objective clinical response
and therapeutic benefit by mEHT measured by decreased
ECOG values from 3to 1in 2 (9%) AST and 2 (7%) GBM
patients and from 3 to 0 in 2 (9%) AST patients.

Oncothermia Journal, Volume 26, July 2019
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Figuma |. Magnetic resonance imaging of astrocytomas: case | (male 24 years), relapsed astrocytoma grade Il {2, b) and case 2 (male,
32 years), relapsed astrocytoma grade Il {c, d, e, f).
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Figure 2. Magnetic resonance imaging of glioblastoma. Relapsed glioblastoma that received 20 hyperthermia sessions with partial
regression of tumor and edema (B, D, F).
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Safety of mEHT was also studied. Previously, it was
hypothesized in some experts’ opinions that mEHT could
not safely heat tumor cells while keeping normal tempera-
ture in non cancerous tissues.

mEHT toxicity was mostly mild (grade 1). We observed
in the entire mEHT group (28 GBM and 22 AST) 1 (2%)
headache, 1 (2%) scalp burn, and 5 (10%) seizures. All
patients who reported seizures had experienced this symp-
tom from the beginning of the disease. Seizure occurred
during mEHT treatment in 1 case. The others had a seizure
more than 1 hour after the treatment. Three patients had
absence seizures and 2 had tonic-clonic spasm for a few
minutes (range 1-3). Seizures were resolved with medica-
tion, including diazepam 10 mg in 100 mL of saline and
levetiracetam in tablets without any further episodes. The
small total number of adverse events (5%) in this study sup-
ports the strong safety profile of mEHT.

Cardiac evaluation was performed for all patients with
electrocardiography and echocardiography before and after
the cycle of mEHT. No significant variations were observed.

Discussion

Relapsed glioma has a poor prognosis, and there are cur-
rently no standard treatments available. The main limitation

Oncothermia Journal, Volume 26 July 2019

Figure 4. Kaplan-Meier plots for astrocytoma (AST). (A) after
best supportive care (BSC) treatment and (B) after modulated
electrohyperthermia (mEHT) treatment. OS, overall survival.

of systemic drugs is blockage from reaching their target by
the blood-brain barrier.” The absence of a standard treat-
ment exposes the patients to physician choices, which range
from surgery (not always indicated) to second-/third-line
chemotherapies, re-irradiation, biodegradable carmustine
wafers, gene therapy, and mEHT 121317:1821.2426

The method of mEHT is effective in relapsed gliomas
because the electric field-induced heating damages the tumor
cells®®! and increases apoptosis.®** The basis of the hyper-
thermia effect is that tumor cells are more semsitive than
healthy cells to heat with the svnergy of an electric field.
Conventional hyperthermia works by applying a uniform,
homogeneous overall heating up to 42°C to 43°C to targeted
areas, and it can be used in association with chemotherapy or
RT*7 The mEHT method heats selzcted malignant cells up to
42°C to 43°C, but the whole average temperature is lower
than that obtained with the conventional method. This mild
hyperthermia increases blood flow, #****** which is neces-
sary to support complementary chemotherapy and RT.
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Figure 5. Kaplan-Meier plots for glioblastoma multiforme (GBM). (A)
after best supportive care (BSC) treatment and (B) after modulated
electrohyperthermia (nEHT) treatment. OS, overall survival,

AST OS p=0.0065
1.2

[ x censors ——psC — —menT

08 1_1
1
06 L LX |
I_l' I
04 ] b o e e

0.2 1
0 T T

0 50 100 150 200

Probability

05 (months)

Figure 6, Overall survival (OS) of astrocytoma (AST) in best
supportive care (BSC) and modulated electrohyperthermia
(mEHT) groups.
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that mEHT is safe and well tolerated, rarely resulting in
mild pain, bums, or discomfort. The rare adverse events
were observed for only 7 patients (14%) out of the whole
mEHT group (28 GBM and 22 AST) and were temporary in
duration. No signs of damage to healthy tissues during
mEHT therapy were observed.

The overall positive response (CR + PR + SD) of AST
after mEHT was 72% and is significantly higher than the
37% observed after BSC (P < .005), as is the objective
response (CR + PR) (45% vs 6% P > .005). The overall PR
of GBM after mEHT is 54% and is significantly higher than
that of 18% obtained with BSC (P= .001) as is the objective
response (25% vs 4%, P =.016). This may suggest a better
effect of mEHT than BSC. Efficacy of mEHT in terms of
tumor response and survival are comparable to those
obtained in other studies and in our previously reported
results of mEHT.'®*® Some authors report a response rate
66% for GBM after mEHT; however, they observed only
SD or PR and no CR.'*"7*4%¢

The median duration of relapse-free survival of the
mEHT (AST + GBM) group was longer (16 months, range
6-120 months) compared with our previous study, which
was 10 months.' This may be due to the larger number of
patients enrolled. Tumor response was associated with an
improvement in performance status in 6 (12%) patients of
the mEHT group (AST + GBM).

Oncothermia Journal, Volume 26, July 2019
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Figure 8. Overall survival (OS) according to astrocytoma
(AST) patients’ age: (A) after best supportive care (BSC)
treatment and (B) after modulated electrohyperthermia (mEHT)
treatment.

The median OS for GBM is 14 months (range 2-108
months) after mEHT and 9 months (range 2-84 months) after
BSC, whereas the OS of AST is 16 months (range 3-156
months) after mEHT and 16.5 months (range 3-120 months)
after BSC. These results on the median OS are similar to that
of 19.5 months reported in our previous study’ and are
higher than the 2.1 to 7.9 months reported by Silva et al*® in
their study on magnetic hyperthermia used as a palliative
therapy in recurrent gliomas. OS was comparable to results
reported by Sneed etal”? (31% at the 2-year follow-up); how-
ever, that study used invasive processes, while mEHT treat-
ment is a non invasive therapy. The difference in the 5-year
OS of 83% after mEHT versus 25% after BSC in the AST
group seems a relevant and important parameter.

The relationship ofage to the resultsis interesting (Radiation
Therapy Oncology Group [RTOG] classification®”). In the case

Oncothermia Journal, Volume 26 July 2019

Figure 2. Overall survival (OS) according to glioblastoma
multiforme (GBM) patients’ age: (A) after best supportive care
(BSC) treatment and (B) after modulated electrohyperthermia
(mEHT) treatment.

of BSC treatment for AST patients, age is a crucial parameter.
BSC treatments are significantly better in survival for
younger patients than for older (7= .04); while the mEHT
treatment in AST patients is not affected by age as con-
cerns survival (P = 82) (Figure 8). In the case of GBM
patients, neither BSC nor mEHT treatments are influenced
by the age of patients (P = .75 and P = .39, respectively)
(Figure 9).

The main limitations of this study are the absence of ran-
domization and the retrospective collection of data. The
general sample of consecutive patients without arbitrary
exclusions may be considered as control sample; however,
there was no randomization as this was a retrospective
observational study. Further multicenter randomized and
prospective studies with a greater number of patients are
needed to confirm these results.
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Abstract

One of the most frequently applied bioelectromagnetic effects is the deep
heating of the living species with EMF energy. Despite its long history,
hyperthermia is a rarely applied oncotherapy. The reason is its controversial
results and complicated control. One of the solutions is concentrating the
electromagnetic energy nanoscopically on the parts of the malignant cells in-
stead of heating up the complete tumor-mass. This approach is a kind of
non-uniform energy absorplion, providing energy liberation only in the se-
lected regions. The energy-absorption of the malignant cells targets the
membranes and creales a siluation far [rom thermal equilibrium. The selec-
tion of the malignant cells is based on their decided differences from their
healthy counterparts. The distinguishing parameters are the electromagnetic
properties of the components of the malignant tissue which are the physi-
ologic differences between the malignant cells and their healthy counterparts.
The targets realize nano-range heating, using natural nanoclusters on the
cell-membrane without artificially implementing them. This energy absorp-
tion gencrates consequent reactions, like programmed cell-death (apoptosis)
continued by immunogenic cell-death involving extended immune reactions.

The applied radiofrequency current is amplitude modulated by time-fractal
modulation pattern. The accurately matched impedance realizes the
sell-selective mechanisms which are promolted by stochastic resonances. This
complex method is a new kind of hyperthermia, named mEHT. Our objective
is to analyze the problems of the selective, non-equilibrium energy absorp-
tion, and present a solution by the electromagnetic mechanisms for an effec-
tive and controllable hyperthermia in oncology.

Keywords

Electromagnetic Effects, RF-Current, Warburg-Effect, Szent-Gyorgyi-Effect,
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1. Introduction-Hyperthermia Challenges

Modern hyperthermia treatments in oncology use electromagnetic effects over-
heating the living object completely (whole body) or partly (regionally or local-
ly). Oncological hyperthermia is intended to be an ideal combination therapy; it
provides synergies with most of the conventional treatment modalities, boosts
their efficacy and helps to desensitize the previously non-effective treatments.

The history of hyperthermia in oncology has been hectic and controversial
[1]. In consequence, the general professional skepticism blocked its application
for a long time. Hyperthermia is a constrain energy-delivery, forcing the ho-
meostatic equilibrium to change. From this point the control of the processes
became complicated. The adequate dose and protocol of the method and the re-
producibility of the results are a complex task; its thermal status is far from equi-
librium.

There are multiple physiologic feedbacks trying to re-establish the lost ho-
meostasis. The main correction factors in the thermal control are the blood-flow
and the surface regulation processes, like the sweating, orientation control of the
hair in the skin, etc. The local heating immediately activates the physiological
controls, first of all, the blood-flow, creating intensive heat-exchange conditions
to construct a local out-of-equilibrium situation.

The locally or systemically increased blood-flow tries to compensate the
growing temperature and cools down the target volume. The blood-flow drasti-
cally modifies the specific absorption rate (SAR), irrespective of how accurately
it was focused on the tumor-mass. In consequence, the SAR and the temperature
mapping of the targeted volume could be significantly different. Therefore,
competition starts between the cell-killing potential of the heat and the can-
cer-supporting potential of the gained blood-supply by higher temperature of
the targeted volume.

The focus of the RF-energy is not an easy task, but not impossible. However,
the focus of the energy does not mean the focus of the temperature. The temper-
ature is naturally spread by the convective and conductive heat-flow, derived
from the temperature gradient and controlled by the physiologic constrains.
Temperature-spread is a natural process, its termination is impossible. The time
limit is only the heated volume. This is how the ablation techniques work. Also,
the isotherms of the heating can be defined only with the help of the time-factor.

Following the temperature distribution is a safety issue, it is important to
block the local burn of the healthy tissue, while allowing the temperature for ne-
crosis in the tumor. The temperature control shows the temperature spreading
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well, as well as the formation of the unwanted and uncontrolled hot-spots [2],
[3].

Together with the problems of the temperature measurement in depth of the
body to control the target, the technical solutions of the energy delivery are also
challenging, due to the fact that the deep-heating needs complicated bioelectro-
magnetic considerations. The energy has to be delivered in depth without over-
heating the healthy layers between and has to be focused in depth on the hetero-
geneous and non-regular form of the tumor. The penetration depth of the bio-
logical material has frequency dispersion, quickly shortened by the growing fre-
quency, and so contradicting with the demand of high frequency for precise
beaming. The bolus-transmitters have to be constructed and non-absorbing but
well transferring of the applied electromagnetic effects and the temperature of
the body surface has to be limited under the blistering threshold.

To provide enough energy in depth, it needs power of >20 W/kg [4], which is
far over the surface tolerance. Usually intensive cooling of the surface is applied
to avoid the blisters on the skin. This method has also various physiological
feedbacks. When the cooling is too large, the feedback isolates the skin from the
deeper cooling, reducing the blood-flow in the subcutane layer under the cooled
area. The extra impedance requests higher voltage to provide the same power in
the depth as before, increasing the skin jump of the electric field vector perpen-
dicular to the surface. The increased potential will increase the risk of burn.

Due to the challenges, many prospective clinical trials of conventional hyper-
thermia are questioned [5]. A recognized specialist of hyperthermia formulated a
long time ago [6]: “The mistakes made by the hyperthermia community may
serve as lessons, not to be repeated by investigators in other novel fields of can-
cer treatment.”

The modulated electro-hyperthermia (mEHT, trademark: oncothermia) offers
a new paradigm with nanoscopic heating having adequate answer to the present
complex challenges.

2. Method-Selection Parameters in Nanoscopic Range

During conventional hyperthermia applications the macroscopic heating con-
centrates on the equal (homogeneous) temperature of the entire targeted volume
or at least it constructs isothermal (isodose) patterns. The above described phy-
siological feedbacks and the very inhomogeneous malignant target make this
aim impossible. mEHT as new paradigm of hyperthermia technology declares
the non-equal heating, it does not try to reach any macroscopic “isotherm” ac-
tionsas usual goal in ionizing radiation. The isotherms are consequences of the
“bad reflex” of the equilibrium effects. Due to its heterogeneity, heating in bio-
systems are anyway far from equilibrium, when the physiological feedback as
well as the normal thermodynamical rules are contracting of the macroscopic
equilibrium. The method, mEHTdoes not heat the complete tissue in the tar-
geted volume equally [7]. It concentrates the liberation of the absorbed energy
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on the cellular membranes and on the extracellular electrolytes of malignant
cells [8]. The microscopically inhomogeneous heating is far from the thermal
equilibrium [9]. MEHT applies cellular approach selectively, heating up the ma-
lignant cells individually liberating the incident energy in nanoscopic range at
the cell-membrane [10]. The energy-absorbers are the membrane rafts, which
are clusters of transmembrane proteins, populating the membrane of malignant
cells more densely than of the cells of the healthy counterparts. This method
does not need any artificially implemented nanomaterials into the target, it uses
natural nanoscopic clusters of membrane rafts [11]. Experimental verification of
this method shows the significant inducement of apoptosis by this method on
lower average temperatures than the isothermal heating does, [12].

The heating energy is not liberated in a sudden single step but is regulated in
multiple small energy-absorption processes. This makes it possible to control the
energy-liberation and to avoid the overheating the healthy parts. The accurate
selection of malignant cells is a key step in the proper mEHT. There are robust
electromagnetic differences between the malignant and healthy cells iz vivo. The
biological processes and structures of the healthy cells are distinguishably dif-
ferent from the malignant ones. These differences make it possible to accurately
select the cancer-cells by their electromagnetic behaviors and actively destroy
them without damages on their healthy neighborhood.

The main physiological differences between malignant cells and their healthy
counterparts are:

1) Differences in the metabolic rate of the malignant and healthy cells
(Warburg effect, [13]), which create higher conductivity of tumor than its
neighborhood. The increase of the current density in the tumor could be visu-
alized by the measurements of real processes by radiofrequency current density
image (RF-CDI), [14] [15] [16] [17]. The Electric Impedance Tomography (EIT)
measures and images the tumor based on the impedance differences [18]. This
effect could be applied in prophylactics like mammography [19]. Further in-
crease of the conduction selectivity is the positive feedback by growing temper-
ature, [20]. The measured gain of selectivity is active [21], which means 14% in-
crease by heating of 36°C — 43°C.

2) Differences in the dielectric constant of the extracellular electrolyte and
membrane-bound water of the malignant and healthy cells (Szent-Gyorgyi effect,
[22]); which allows the selection of malignant cells by their autonomy caused
higher dielectric permittivity. The cell-cell adhesion is decreased by the increas-
ing permittivity, [23], which harmonizes with the autonomic malignant cells
(disorder in extracellular matrix [24]) and their decreased membrane potential,
[25]. The order-disorder phase-transition indicates two different states of the
cells: their autonomy status (called alpha-state) and their connected collective
status (beta-state), [26].

3) The above two are combined with delta/beta dispersion (Schwan effect) [27]);

to select the transmembrane protein clusters (rafts) of malignant cells. There are
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various forms of frequency dependent energy-absorption mechanisms exist,
[28], creating variation of the dielectric properties, [29]. The g-dispersion [30]
(known as interfacial polarization effect) is between 0.1 - 100 MHz, it is charac-
teristically determined by the membrane capacities of the cell and the intracellu-
lar organelles, bound-water to membrane etc. Responses in this interval are
well-connected to the cell-membrane changes. The bound water to the mem-
brane has the upper frequency part of the f-dispersion, denoted by &, [31], and
so this part is well-selective for the various cell-membrane states. Selective
treatments have to be chosen in range of g-dispersion, [32]. Especially, the dif-
ference between the malignant and healthy tissue is that all the electrolyte and
membrane properties differ, [33] [34]. The proper selection uses the dipole re-
laxation of beta-dispersion connected to the membrane bounded water, [35].

4) Structural differences (pathological pattern recognizing) between the ma-
lignant and healthy tissues (fractal physiology effect, [36]). The morphology is
an important factor of the cellular organization, [37], and varies by kind of tis-
sues. Cellular structures have coordination constrains preferring special coordi-
nation arrangements [38], and form self-organized collectivity [39] [40]. The
tendency of proliferation is low in the population having small number of cells
[41]. A critical cell density is necessary when starting significant cell division,
similarly to the observed self-synchronization of chemical oscillators [42]. Do-
minantly, a favorable topological position (cyclic symmetry of the coordination
number) chooses the actual division [43]; justified experimentally too, [44].
Healthy cells work collectively, their energy-consumption, as well as their
life-cycles and the availability of resources are controlled in collective way by the
various forms of the self-organizing, [45]. The organization process is governed
by special “social” signals [46] commonly regulating and controlling the system.
The self-organizing in topology is connected to a fractal-structure, which also
appears in the dynamic self-similar stochastic behavior of the system, [47].

The special selection effects described above are accurately applied in mEHT,
briefly summarized in Figure 1. However, the dose of energy is crucial for all the
selection steps. Applying too much energy realizes the classical hyperthermia, it
heats up all components of the target, the treatment loses its selection ability.
The popular wisdom is valid: the difference between the medicine and poison is
only the applied dose.

3. Results-Technical Realization of Nano-Heating

MEHT uses the above selection factors targeting the malignant cells with high
efficacy, heating it to high temperature very locally (nanoscopic range) and sti-
mulating the immune reactions against the malignant metastases. While the
conventional hyperthermia focuses on and targets a macro region, the nano-
heating of mEHT process, is similar to the ionizing radiation concept, which also
acts nanoscopically on the DNA of the cells. Radiotherapy destroys the DNA
strands, nanotherapy of mEHT destroys the cell-membrane of the malignant cell
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