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Editorial

Dear Reader, Dear Fellow
Researchers, Dear Colleagues,

You are reading now the 31st volume of
Oncothermia Journal, the first in 2022.
We are pleased to recognize that the
popularity of our Journal grows as we
have a rapid increase in the number of
Oncothermia users worldwide, and the
i acceptance of this method gradually
rises. The Oncothermia Journal became a regular resource for
many physicians and an excellent option to publish new results.
We follow the existing recently published litera ture and reprint
them.

We are presenting some important preclinical studies of
modulated electro -hyperthermia (mEHT) in this volume. Prof.
Hamar Ks (Schwarcz et al
Hungary) group published results on the apoptosis and the
genetic variation of mMEHT at breast cancer model.

We are pleased to see the extending number of clinical studies
in modulated electro-hy per t her mi a. Prof.
group (Nagata et al., Toyama University, Japan) shows case
reports with successful treatments on advanced breast
cancers.

Prof. KimKs group (Kim et al
Hospital, Seoul, S.Korea) shows the first results of KGOG3030
clinical trial with mEHT complementary application to
chemotherapies for gynecology patients.

Liebe Leserinnen und Leser, liebe Forscherkollegen, liebe
Kolleginnen und Kollegen,

Sie lesen nun die 31. Ausgabe des Oncothermia Journal, die erste
im Jahr 2022. Wir stellen erfreut fest, dass die Popularitat
unseres Journals wachst, da die Zahl der Oncothermie-
Anwender weltweit rapide zunimmt und die Akzeptanz dieser
Methode allméhlich steigt. Das Oncothermia Journal ist fir viele
Arzte zu einer regelmaRigen Quelle geworden und eine
hervorragende Méglichkeit, neue Ergebnisse zu verdffentlichen.
Wir verfolgen die bestehende, kiirzlich veréffentlichte Literatur
und drucken sie nach.

Die Gruppe von Prof. Hamar (Schwarcz et al. Semmelweis
Universitat Budapest, Ungarn) verdffentlichte Ergebnisse uber
die Apoptose und die genetische Variation von mEHT im
Brustkrebsmodell.

Wir freuen uns Uber die wachsende Zahl klinischer Studien zur

Se mme | weodujertey glekijoeHyperthernie. Big Hossghengsgruppe von

Prof. Kanamori (Nagata et al., Toyama University, Japan) zeigt
Fallberichte mit erfolgreichen Behandlungen von
fortgeschrittenem Brustkrebs.

K a n BienGrupperven Prok Kina (Kim etal. Ewha Womans University

Mokdong Hospital, Seoul, Stidkorea) stellt die ersten Ergebnisse
der klinischen Studie KGOG3030 vor, bei der die mEHT
ergédnzend zur Chemotherapie bei gynakologischen Patienten

E wh gingegetzheind.s Uni versity Mokdong

Die Gruppe von Prof. Fiorentini (Fiorentini at al., Azienda
Ospedaliera "Ospedali Riuniti Marche Nord", Pesaro, ltalien) zeigt
wichtige klinische Ergebnisse bei Speiserdhren, Dickdarm- und

Prof. FiorentiniKs group (Fi or en tBaughspeicheldrusenkiehs. Azi enda Ospedalier a
t Ospedali Riuniti Marche NordA, PReGauppg yon Pref.Sragz)(Szashepak.dIngprigcheolnivessitit

clinical results on esopharus, colorectal and pancreatic cancers.
New biophysical results were published on various aspects o f

bi oelectromagnetic applications

al., The Hungarian University of Agriculture and Life Sciences,
Godollo, Hungary) that compares the various technical solutions
of capacitive couplings and shows the therapeutic basis of
electromagnetic resonances. The same group showed some
specialties of fractal physiology and bioscaling and a hypothesis
about the bioelectromagnetics without fields; only potentials
are active.

We hope this volume also provides relevant and up-to-date
information for your daily practice. | would like to draw your
attention to the importance of reading the Oncotherm
Newsletter as well. This monthly summary provides
information of the most recent articles published on
international domains and brings all the news about events and
actualities related to hyperthermia in oncology. These
newsletters also highlight such clinical information like
Oncothermia Journal. We would be happy to hear your opinions
or critical remarks and initiate open communi cation regarding
the Journal or published articles. Your help and attention is
highlyappreciated.

We would like to wish you a successful and prosperous 2022.
Enjoy this 31th volume of the Oncothermia Journal. Follow us in
the new year as well.

e

Dr. Andras Szasz
Professor, Chair, Biotechnics Department of St. Istvan University

fur Landwirtschaft und Biowissenschaften, Godollo, Ungarn) hat
neue biophysikalische Ergebnisse zu verschiedenen Aspekten

b pioelekirampgnetischen sAnwesdurgeno weroffgntichta sdie e t

verschiedene technische Ldsungen fir kapazitive Kopplungen
vergleichen und die therapeutische Grundlage
elektromagnetischer Resonanzen aufzeigen. Dieselbe Gruppe
zeigte einige Spezialititen der fraktalen Physiologie und
Bioskalierung sowie eine Hypothese Uber die Bioelektromagnetik
ohne Felder; nur Potentiale sind aktiv.

Wir hoffen, dass dieser Band auch fiir Ihre tagliche Praxis
relevante und aktuelle Informationen enthélt. Ich mochte Sie
darauf aufmer ksam machen, wie wichtig es ist, auch den
Oncotherm  Newsletter zu lesen. Diese monatliche
Zusammenfassung enthalt Informationen uber die neuesten
Artikel, die auf internationaler Ebene verdffentlicht wurden, und
bringt alle Neuigkeiten Uber Ereignisse und Aktualititen im
Zusammenhang mit der Hyperthermie in der Onkologie. In
diesen Newslettern werden auch klinische Informationen wie
das Oncothermia Journal hervorgehoben. Wir wirden uns
freuen, lhre Meinungen oder kritischen Anmerkungen zu héren
und eine offene Kommunikation beziiglich des Journals oder der
verdffentlichten Artikel zu initiieren. Wir wissen lhre Hilfe und
Aufmerksamkeit sehr zu schéatzen.

Wir wiinschen lhnen ein erfolgreiches Jahr 2022. Viel Spal3 mit
dieser 31. Ausgabe des Oncothermia Journals. Folgen Sie uns
auch im neuen Jahr.

e

Dr. Andras Szasz
Professor und Vorsitzender der Fakultat fir Biotechnik an der
St. Istvan Universitat
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Rules of 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 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 fo r 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 hdchst mdglichen
Standard zu verleihen. Es sind aber hauptsachlich Sie als Autor, der dafiir Sorge trégt, dass das Oncothermia Journal zu
einem interessanten und abwechslungsreichen Magazin wird. Wir méchten allen danken, die uns im Austausch
professioneller Betrachtungen und Erfahrungen unterstiitzen. Um beiden Seiten die Arbeit zu erleichtern, haben wir

die folgenden Richtlinien fur 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 connecte d to the topic is also welcome.

1 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

1 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.

1 Techniques of Oncothermia: technical development, new technical solutions, proposals

1 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 jou rnal: www.oncothermia -journal.com

Umfang und Ziele

Das Oncothermia Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstiitzen, die ihre
Ergebnisse der Allgemeinheit zur Verfiigung stellen mdchten. Das Oncothermia Journal ist neuen Inhalten gegenuber
offen, sollte aber vor allem Studienarbeite n, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen
Materialien, die fir die internationale Oncotherm ie-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, Kklinische Versuche,
physiologische Effekte, Oncothermie in Kombination mit anderen Modalitédten und Behandlungsop timierungen

1 Biologische Studien: Mechanismen der Oncothermie, thermale oder temperaturunabhéngige Effekte, Ansprechen
auf ein elektrische sFeld, bioelektromagnetische Anwendungen bei Tumoren, Kombination von Oncothermie und
anderen Modalitdten, Effekte auf normale und maligne Zellen und Gewebe, immunologische Effekte,
physiologische Effekte etc.

1 Oncothermie-Techniken technische Entwicklungen, neue technische Losungen

1 Hypothesen undMeinungen, wie die Oncothermie und ECFMethoden verbessert werden kdnnen, um die
Behandlung zu unterstutzen

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 kénnen online eingereicht werden: info@oncotherm.org
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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 submitt ed in a format compatible with Word. All figures (illustrations, diagrams,
photographs) should be provided in JPG format.

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 corresponding author should
be listed, email address and full contact information must be provided

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

1 Test: unlimited volume

1 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).

1 References: Oncothermia Journal uses the Vancouver (Author-Number) system to indicate references in the text,
tables and legends, e.g. [1], [23]. The full references should be listed numerically in order of appearance and
presented following the text of the manusc ript.

Manuskripte vorbereiten

Manuskripte missen in englischer Sprache vorliegen. Andere Sprachen kénnen 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 eingefligt werden. Alle Graphiken (lllustrationen, Diagramme, Photographien)
sollten im jpg Format vorliegen.

Manuskripte kdnnen jede Lange haben, miissen aber die folgenden Punkte erfiillen:

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

1 Abstracts : Abstracts missen Zielsetzung, Material und Methoden, Ergebnisse und Fazit enthalten.

1 Text: beliebige Lange

1 Abbildungen und Tabellen: Abbildungen und Tabellen sollten im Text erlautert werden (nummeriert). Jede
Abbildung / Tabelle muss eine erklarende Bildunterschrift haben. Bilder sollten als jpg e ingereicht werden (300
dpi).

1 Zitate: Das Oncothermia Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B.
[1], [23]. Die Bibliographie erfolgt numerisch in Reihenfolge der Erwéhnung 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 ihreseingereichten Artikels und
des dazugehérigen 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 w ill receive an e-mail naotification. 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 Korrekturfahne n fertig gestellt sind, werden die Autoren per E -Mail informiert. Gedruckte Kopien werden nicht
per Post versandt. Um Verzdgerungen in der Produktion zu verhindern, miissen die korrigierten Texte innerhalb von 48
Stunden per E-Mail 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 of the Oncothermia Journal are not available.
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Sonderdrucke und Nachdrucke

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

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 de®ncothermia Journals haben
und der Wahrheit entsprechende Inhalte aufweisen.

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 verdffentlichten Artikel sind in vollem Umfang fiir ihre Texte verantwortlich.
Das Oncothermia Journal Gbernimmt keinerlei Haftung fur 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 wh ich are not connected to the topics of the journal could be
rejected without reviewing.

Bewertung
Die Texte fur das Oncothermia Journal werden durch die Redaktion kontrolliert. Um Konflikte zu vermeiden, werden die
Namen des jeweiligen Korrektors nicht 6ffentlich genannt. Artikel, die nicht zu den Themen des Journals passen, kénnen
abgelehnt werden.

Oncothermia Journal Volume 31, March 2022



Contents

Schvarcz, C. A. et al.: Modulated Electro Hyperthermia Induces a Prominent Local Stress
Response and Growth Inhibition in MouseBreast Cancer 1Sografts ...........cccoeeeinencinenees 8

Nagata, T. et at.: Clinical study of modulated electro hyperthermia for advanced
MELASTALIC DIEAST CANCET ... ettt s n e e e nee e nnas 32

Kidong, K. et al.: Modulated electro hyperthermia with weekly paclitaxel or cisplatin in
patients with recurrent or persistent epithelial ovarian, fallopian tube or primary
peritoneal carcinoma: The KGOG 3030 LAl .......ccccerereriririeinieerieesesiesee e 42

Szasz, A..The Capacitive Coupling Modalities for Oncological Hyperthermia....................... 51

Szasz, A..Therapeutic Basis of Electromagnetic Resonances and SignatModulation ....100

Széasz, A.:Vascular Fractality and Alimentation of CanCer ........ccccovcevvivveveiievseseseseseens 131
Szasz, A.:Allometric Scaling by the Length of the Circulatory Network ..o 147
Szasz, A..Time-Fractal in LIVINg ODJECES ......ccvcieee e 159

Szasz, A.:Time-Fractal Modulation | Possible Modulation Effects in Human Therapy.... 184

Fiorentini, G.: Updates of the application of Regional Hyperthermia in the treatment of
esophageal, colorectal and panCreatiC CANCEIS. ........cccceveeeeeeieeree e e 228

Chi M. A.: Marked local and distant response of heavily treated breast cancer with cardiac
metastases treated by combined low dose radiotherapy, low dose immunotherapy and
hyperthermia: @ CASE MEPOIT ... e bbb 243

Oncothermia Journal Volume 31, March 2022



Modulated Electro Hyperthermia Induces a Prominent Local Stress
Response and Growth Inhibition in Mouse Breast Cancer Isografts
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Simple Summary: Here we investigated the most aggressive type of breast cancer (triple negative breast
cancer (TNBC)) for which no effective therapies exist. Modulated electro -hyperthermia (mEHT) utilizes the
altered bioelectric properties of tumors to implement a select ive energy-transmission of an electromagnetic
field and induce thermal and non-thermal anti -tumor effects. In our present study, repeated mEHT treatment
effectively inhibited growth and proliferation and caused significant, destruction of TNBC tumors when applied
alone without any other therapy in mice. Immunohistochemistry and multiplex analysis revealed that mEHT
treatment induced protective mechanisms, like upregulation of heat shock proteins and other stress -related
genes. Inhibition of these factors may serve as therapeutic approach to enhance the efficacy of mMEHT.We were
able to inhibit one of these protective proteins in cell culture. We aim to study the possibility of enhancing
MEHT and other cancer therapies by inhibiting the identified protective s tress response.

Abstract: Modulated electro -hyperthermia (mEHT) is a selective cancer treatment used in human oncology
complementing other therapies. During mEHT, a focused electromagnetic field (EMF) is generated within the
tumor inducing cell death by t hermal and nonthermal effects. Here we investigated molecular changes elicited
by mEHT using multiplex methods in an aggressive, therapyresistant triple negative breast cancer (TNBC)
model. 4T1/4TO7 isografts inoculated orthotopically into female BALB/c mi ce were treated with mEHT three
to five times. mEHT induced the upregulation of the stress -related Hsp70 and cleaved caspase-3 proteins,
resulting in effective inhibition of tumor growth and proliferation. Several acute stress response proteins,
including protease inhibitors, coagulation and heat shock factors, and complement family members, were
among the most upregulated treatment -related genes/proteins as revealed by next -generation sequencing
(NGS), Nanostring and mass spectrometry (MS). pathway analysis demonstrated that several of these proteins
belong to the response to stimulus pathway. Cell culture treatments confirmed that the source of these
proteins was the tumor cells. The heat -shock factor inhibitor KRIBB11 reduced mEHiinduced complement
factor 4 (C4) mRNA increase. In conclusion, mEHT monotherapy induced tumor growth inhibition and a complex
stress response. Inhibition of this stress response is likely to enhance the effectiveness of mEHT and other
cancer treatments.

Keywords: modulated electr o-hyperthermia; triple negative breast cancer isograft; tumor growth

inhibition; antiproliferative effect; stress response

1. Introduction

I n our previous study we de monkypearttehde rtmi aat (mMdEHUTI) at ierdc

upregulathaostaond ek this defense mechanism resulted in
negative breast cancer ( TNBC) model . Hsp76&iilnhinlgi teifdre c
mEHT [ 1]. I n the present sée udhe moteauwlmarwasf fteoc tisn vaefst m

met hods.

Loeroegi onal deep hyperthermia (mMEHT) is a type of me di c
treatment for cancer patients [2]. mEHT i s haepwl i eddti @ge
i mmunot herapy to enhancepéebefrciefyef8] anthEHUmMmoan al so b
therapi es, e. g., angiogenesis inhibition by Bevacizumab

breast cayperthdimi & decreases-i htheciaklte viagybooedd bygopHKFBuU
the vascular endothel imeldi gt ewt aAnfga otigeme&§VEGKF)nhi bi ti on
potential as a monotherapyn i[sl,c@r.remBEHTY wsnaxera i hd.esq it
coupled electromagnetic field that transmits energy to
bet ween the tumor tissue and healthy tissuesu] 7. fThe
hi gher aerobic glycolysis of -efafneccetr, cteldts,c kinoevn laisg h érre
in the cancer cells and thus elevates electric conducti
the emagnhepbic field is absorbed mainly by the tumor.

MEHT can effectivelepyenddute apappases as demonstrated b
(cC3) exprestsreanatéed m&EmMdrs [1, 9]. MEHT induces a heat
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sheok protein (Hsp70) upregulation in treated tumors [ 1
proliferation indicatedobytihe a¢etknoatien pL1KI1IB], a w

Breast cancer idltyheoecmoastri hgeguearcer type among women W
all breast cancers are tili(psermggat i peogwistermmehloraman &
factor (HER2) receptors on the surfand @BEBR2Zhéeéheedbpbses
ineffective and, as TNBC is the most aggressive breast
therapies are needed to improve the outcome.

The most commonly used mouse TNBGQG omp dmoluss eu tmalninzaer yc eclalr cli

line 410.4 isolated from a single spontaneous tumor in
aggressive and invasive subclones derived from t hes 4104
i sografts in BALB/c¢c mice. Thus, after the inoculation of

under conditions very similar to those of human TNBC [ 1

In the present study we investigat edpltehxe mmeotl heocdusl aart etfhfee
RNA seq, Nanostring) and the protein |evel (mass spectr
mo st significant responses to mEHT was the upregul ati ot
are pahret ionffnatt e i mmune systemKs nonspecific humor al res
have been reported to participate in the immunomodul at:i
by the formation of extraamelclrwleavi mabhmenrt of prt ditee atsuemoirn
haptoglobin, pentraxin). These stress proteins are indu
in different chronic diseases. They are 2®@&l]so Tfetsen pumprt e
regarded collectively as acute phase proteins (APPs). I
maj or source of APPs is the liver, and only scarce | ite
upon tijssye However, these factors can be induced by di
or heat [22] , and they can contribute to disease el i mi:iI
di fferent mechani sms [t2i30,n24df. tThees e ostarl e spsr opdruacct ei ns (pr
and complement factors, as well as heat shock proteins)
progression by supporting carcinogenesi s,s t[uwnmor, garnodwt t
elevation is considered as a poor prognostic frectpmms[e20
proteins such as heat shock proteins [1,09], compl ement

been praposadpromi sing new direction for cancer treat
comprehensively demonstrating the€ndocald protdecnhsomnnofl N8

to treat ment, using multiplex meéhododat Fhet spremorfeée,c wme
KRI'BB11 abrogates compl ement upregul ation (C4). T-hus, C
shock response, complement inhibition may be utilized i

therapeutic effectiveness of mEHT.

Results

2.1. mEHT Reduced Tumor Growth

Fol tuopw measurements of the tumors by ultrasound (US) anct
tumor growth ratreedtned her onEpHT( Fi gurne fi) afaihgr declr ems e d

treatments ditmevbhedmBHO up as measured both by caliper (y
1A). Funb) her e@d ments were able to reduce tumor size. TI
aftertrfeiamement s (US: p < 0.0001, caliper: p = 0.0003) (F

vol umes demonstrated a higheatgdoWtihreatitoeahmerhtasm U ¢
treat ment s: Us: 4.7, ctal é pteed Gt MOneetthmamati me MmEHT US: 2.
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us: 2.0, caliper: 3.0) tumors. The weights of the- excis
treated than in the sham group after tOh2rOe6e) ((pFi=gul.e0 019C]
excised tumors were signifreanedyyvetmadidteasch ami d eh e( FnMEHUTr e
five treatmentts eian ednenomBKET ultrasound demonstrated a s
However sekbyi @dinsand histological analysis, this tissue w
connective tissue. Therefore, this tumor was regarded a
tumor growth (Figure 1Bphbu{FhgurenlDhedatumor we

2.2. mEHT Induced Caspase 3- Positive Tumor Tissue Destruction

The tumor destruction rati o ( TDR) , evaluated i n hema:
remar kable tumor ti ssuetrdeasttedicttiumar § n( ThR: mEEHHT: 78. 9
10. 3%) (Figure 2A,B). Besdindeshet hseh atmh rgereo uspma ITIDRt wmacsr sn ot

t he sthraemat ed ani mals than in the mEHT group (Figure 2C).
stained cled&vdadC8aspaseti vestaioedssecuti daacaSpBasnéeé de peé nd
manner of tumor debBFt)r.uclTthieorc o(nfpil guree s220 of all tumors (H
in the Supplementary Mdeeiveldd (BmQgused8YLElopgdad. & necro
certain Isn ztehd 2@rflesent study TDR strongly correlated wi:
in tumors of similar size (sham vs. MEHT, Figure 2H) de
MEHT treat ment s, corrobor @t iTrDR teH eetv a it-di eopnehmdaesnht & i zwghreor e a s
MEHT group -indevaesnde rzte b wetl attreadat(meamtur e 21 ) .

A 3 treatments B 5 treatments
400 Z : s 400
E . : 8 sham - US E, e B shanr-Us
% _ @ mEHT-US g & mEHT-US
Tz 200 % © sham - caliper Tz 200 © sham-Caliper
g 10 © mEHT - caliper g - # mEHT-Caliper
- : =
c0 5 10E 15 C0 20
Days Fi gurkef fect of repeated
C D el echtyrpper t her mia ( mEHT) t
o00 - oo [— on tumor weizeehtandDi gi t al
- - L. and ultrasound data after
e §4oo o five (B,D,F) treatments (
g o H - Tumor weight (C,D), scal
g 201 o “0a° E" o * excised tumblH)s n(EssHFadm) (A
- p O [ ¢
L &:.' 9 ves MEHT) = 18. sham) 9, n( mE
0 . .
sham MEHT shain WEHT SEM, (A,-Bognfewo correct.i

m
-

(C,D)Wanmey test, *: p <
< 0.001, ****: p < H.0001
5 treated.

.Y.SOHQ‘O-Q}[ .

“‘.". ‘..' "
O PG % 8 0 » a0

o o ov @ @ e e >

mEHT sham
mEHT sham

[

o |w]=]]8]x

2.3. mEHT Induced Heat Shock Protein 70 (Hsp70) Accumulation

Specific Hsp70 i mmuamest &idniamg man sm@BAB) nit e ntslee blriowinng ¢
damaged core are of the tumor. Such | Atremste d( stperoirfsi o)p =¢
(FigucCg. 3A

2.4. mEHT Reduced Ki67 Expression

Most cell nucl ei in sham tumbesKwér7eprateheebyi posimbri e
area (Figure 4A,B). mEHT treatment significantly decrea
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of total cell nucl ei counted in the livingretamed aoenp aw
to thet rsehaatmed group, with a significantly |l ess dense tis
(Figure 4D).

sham mEHT
w
o
T
w
o
x
C 100+ ) °
L L ]
__ 801  op0 _i_ 804 ©o00 —
g % S ® ==
© 60 o °® @ 60 0\ [ ]
: el .
w 404 o 401
: 8
20 o 20 "
o° 0©
0 . . 0 . v
Sham mEHT Sham mEHT
G H | .
250- 100 .
=0.0031
100 P _ *
80 o - E 200 (] = 80 —E—
= 60 ° S0y © g 60; *
B 40 2 - "
= 100 - w 40
20 5 o g Py L ]
[ ]
0+2 2 50 o 20 o
0 200 400 600 o ——
tumor weight (mg) 0 v . 0 . .
Sham mEHT Sham mEHT

Fi gered fect of mEHT treatment on btemat od @ &(iHh&Ehtaii onre dr, a tain
cleaved -Tasp&se i mmunobtaioehensiescttriyon s 24 h after t h
Represent asttiavieneld&E umor s fromrehamd agdourmpEsHTwi t h 0.90
magni ficati oneabDestanunobéedtad (red). TTOR 4 ) hre)€ ad egddtt ieadn s

Representative ¢cC3 (D,E) stained tumors with low (0.90,
tumor weight and TDR (%) in shamuamirmalws t hGwei Ot se s3 ma
MmMEHT tumors (H). Comparison of TDR (%) of sham and mEHT
Whitney thehkgrowmp= ¥: p < 0.05. Cell line: 4T07, 50 trea
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* %%
2.5+ )
—_ o
X
< 2.0
o
o< 151 o
[N
7
= = E 10.
2 o0
£ o .
o 0.51
(14 ®
0ol ToaRe®
Sham mEHT

Fi g@8rEdefct of mEHT treatment on Hsp70 expression 24h aft
tumors from shameanhdd mBHTe with Hsp70 staining (0.960

magni fied at t BK (A). Represent atiave t $ec tdiaomasg eaf t HsnmT (
annotation), 400 magnification (B). Expression of Hsp70
significantly #meradesded uimbormEHT) . I n one case, TDR app

rmained to be evaluated for HspWhd tenepyr ar@dsigag o npMe &1 *° PE
Cell line: 4T07, 50 treated.
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S 2000{ © —
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v 1000+
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Sham mEHT
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5000+

(o]
~_ 40004 O (o)
£ % .
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g
c 20004
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10004
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Fi g4drEef fect of mMEHT treatment othheKiBt7rh emPHEssieat Redmt .af
tumor sections frameahaed amdcdemBwHTh Ki 67 staining (A, B).
Ki 67+ nuclei were evaluated (0.90 magnification,B)bl.a ck
Ar epar oportional number of strongly Ki67 positive (C) anc
ManWhi tney thesgrouapz= %: p < 0.05, **. p < 0.01. Celll I

2.5. Multiplex Analysis of mEHT Effects on Gene Expression

Ne xgtener ati on sequencing of RNA (NGS RNA Seq) was perfo

third MEHT treat ment to investigate gene changes i ndu
di fferentially exprC.ssedor( DIEQg cO(ip)er<d al. 30 <0 3; Fold Cha
map visualization clustered with Kendall Ks Tau distance

DE genes were upregulated due t of it Wne utlpasteegdmeanntds : 0 noen eh uhnu
downregul ated genes appeared (Figure ©5A) A dendogram
Supplementary Material (Figure S2). A Vdllacagah®d( ppl otalwie
presented in ¥abudet i5&8n dforgene expression at the mMRN;/
counting was performed with Nanostring nCounter- Techno
One hundr edf canrd DEhitraryget genes fromaN&Sadatuat wmr dlasost
panel. One hundred and four target genes were identifie
change (up or downregulation) was the same as that dete
( Firge 5C) .
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NGS
5
o1
4
«6
7 3 '2
@
3
8 3
<2
1
0
- © © =) ~ =) ~ -5 5
C :
Nanostring
i
. . é _.%.’:o:
‘-‘4 ...'é éo:.o:.ol *
g R 4: O3
o .ol TORE
& R L
"2 S B B
. 712
0
-5 0 5
logFC
Fi gbHeat map and volcano plot visualization of
clusterization with dendograms (Kendall t auKs
expressednddDEacgording to the next generation
represent sampl es, rows represent genes. Red
plot of all genes according to the NGS oRfNA hsee g
data (C). (B, C) ploglO(p) values plotted agai
horizont al dotted | i nhé:/ gprloougpl.0 (Roe)d =d 01t.s3 Owli Ot 3h. nnt

in Table 1.3Cetlrledtience.: 4T1,
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TablAbslal ute mRNA Count of <cellular stress response fact
shaaamnd mEHT group member s @&Bmd dggleentepse anwsietrha ghreisghest mRNA
and -tbhdeda ween t he Bawbkggoongsval ues measured in negatiyv
were bethivé enGenlel: xtdrTela, t e3d .

RNA

Count Sham mEHT
Genes #5 #6 #11 #14 #16 #26 Avg, #4 #10 #12 #15 #20 #27 Avg.
Itih2 2 3 6 9 1 2 3.8 7 54 63 7 27 27 30.8
Itih4 48 9 9 13 2 4 14.2 196 42 60 20 158 40 86.0
Serpina3n 109 62 186 110 25 96 98.0 1265 614 565 444 1016 352 709.3
Serpina3c 69 37 78 47 12 18 435 284 191 216 64 251 111 186.2
Serpina3m 17 13 16 15 7 8 12.7 85 49 30 19 75 34 487
Fgb 2 7 21 3 4 5 7.0 7 278 116 18 61 118 99.7
Fgg 7 16 9 19 4 5 10.0 4 103 121 18 19 170 72.5
Hp 7782 3082 4825 7449 1505 1632 4379.2 48,983 25,954 16,208 11,680 56,174 16,738 29,289.5
Ptx3 244 87 180 100 15 107 122.2 2024 568 983 566 2202 185 1088.0
Cfd 3224 975 1846 2293 260 402 1500.0 22,431 7571 7408 2341 16,311 4961 10,170.5
C4b 1242 1081 997 1244 166 1443 1028.8 9234 4573 3806 2930 5258 1794 4599.2
Hce 17 28 16 32 6 33 22.0 2 77 47 6 6 49 31.2
Cis1 493 479 744 233 141 345 405.8 2036 1638 1390 841 979 672 1259. 3|

We focused on the upregul atedrbDEdgeée md @.ncT hevdnen & grecraet se gvoer ri

by us, based on a l'iteratureatkwaway h.an&leynwsei sonafol awgpy e
(DELi st Enrichment upR) r e v egaelneeds t(h3a8t gneonsets ) u pcrleugsutlearteedd i
sti mplaaushway (GOpadbhwa96;p val ue: 0.00012, Figure 6). T

present eSdupipnl eomuernt ary Materi al ( Tabrleel aS1e)d. gVeamnre $oaufst a aygovel s

protease inhibitors, comp| e me nhthi fsa @tadwew ynraw edshtiei ngeaftaedde ,t h ¢
further.

MEHT treat ment i ndurcedp oinnsnea t ree ai cnt m uonnes , a moThhgi rateheenr sst riel
related genes were observed to Ipea odiegrstied riisnaxilthliiyvh 21 prletgiuh 4
Serpina3c, Serpina3c), Fcgoga)gultaltd ohr dhéamc tdiemeg lidibigmg!l obi n
compl ement-rehageandees i ncluding secreted patternrekabgdidt
prot3igenPet x3) , classical pat hway (Cls1, C4b) , A IHcer nat
compl ement c¢comgpdmeamgtess. afodl dp val ues safgntilie cahol gmamptriegmu
detected with NGS RNA pSegeanmdcTObdaheslri fg,i avestigate i f
not just at aheo mkiNAt bhet protein | evel, mass spectromet
fromwihten same sampl es. Ei ght out of thirtecehng rAlPtPesi rdelt eevce
and demonstrated significantly wupr d&g@ulratheedat!| esvhed csk wphreont
detected as significantly uprnédipdéatgqdabyi MScabubnnbht éw
I nt . Di f f.e) ogviavleune dprtioadtcdatidends by MS are shown in Table 2.
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25 4

Fi guwrBesponse to stiol
2 pat hway based -on t h
ontology (GO) analysi
g,sﬂ dat a. Dotted l i ne: F
g frames: further anal
: Gene nameess @nd aflwrt h
101 . .
' pat hways conta-ining
related genes analyze
5 DELi st Enri chment _up f
are presented in Tabl
. 0.01, * ok ok p < 0.001.
_______________________________________________________________________________________________ 30 treated.
R R L B R L EEEE R R EE R R EE R AR Y
5§ Ecz§g @ £§5§ u"!‘ggﬁz §§3m°§§5§§
Tabl €e2lL. ul ar stress response upregulated by mEHT treatm
in all multiplex platforms and descriptions of the coc
multiplex methods (NGS RNAddSsgqgnhapdstwiitmg,boMdE) Ilatters.
NGS hits with a similar FC value. Hspala and Hspalb are
treated.
Table 2. Cont.
Nr. Gene Name Description NGS Nanostring MS
LFQ
FC 4 FC P Intensity P
Difference
complement component 4B ; =
11 C4b (Chido blood group) 16 0.03 458 0.001 3.1 29 x 10~*
12 He hemolytic complement 39 0.04 19 0.335 1.2 17 x 107*
13 Cls1 <oimplemientcomporientl. s 34 0.049 33 0.002 Not detected  Not detected
subcomponent 1
Heat shock factors
Hspb1 Heat shock protein beta-1 3.8 0.075 not investigated 2.7 1.1 x10-5
Hspala Heat shock 70 kDa protein 1A 20 0.551 tinvesticated &
Hspalb  Heatshock 70 kDa protein 1B 2.4 0.362 notnyestiga 20 Lae10™
Hsphl Heat shock protein 105 kDa 18 0.761 not investigated 13 0.023
* uniquely expressed in mEHT-treated samples but not in the sham-treated tumors, no FC applies by the nanostring evaluation.
Complement factors
9 Ptx3 pentraxin related gene 5.6 0.046 10.1 75 x 104 Not detected  Not detected
10 Cfd complement factorD) 10.0 0.001 7.8 8.8 x 10—4 2.0 0.001
(adipsin)
Nanostring data provided absolut g aRNArscsofMabéeldlaglaar us:
oriented our research, since those etxarrgeestssi otnh adte s¢pe maeen sf
criteria (p < 0.05, FC >iR2yewktirgatxchud®Ehhusyome ffusmec heed
(Hp), pentr axihre (chPtnxp)l3¥e meaand factors (Cfd, C4b) wi th hic
wi t howear | apping values between the groups (bold letters
Oncothermia Journal Volume 31, March 2022 17



2.6. The Heat-Shock Factor-1 Inhibitor KRIBB11 Reduced C4b Expression In \io

One of the most wupregul ated genes/ proteins with signifi
C4 complement C4b. C4b mRNA was measurable by gPCR from
tumor cells producet Ci4rb. monEdtTh armraemyt memduced a significarl
after treatment in vitro (p < 0.0001; Figure 7A)(212Me de
i nda-5-9FNe( 6net R3ynli t r op-2r-didamiene) redacekdeahesbetkutesponse
cells through i-aaithodk t f agl.drmhTel direda)tor e, we hy po trheelsaitzeedd

compl ement production c&RIB8B8ltlasggtned i tyanKRIyBBEHuced ba
t o mBt hyl sul f owi el®@t g DMS®O)l s in the 37 ~C control group
treatment,-i hdHecenEHT4b elevation was also significantly
treatment (p < 0.0001; Figuated A3i. gMofrieoart| yCWwbt boHsp7
Figure 7B)

>
w

N
o

x 100+
soxity RE=D75

3 DMSO (0.1%) p <0.0001 ®
Il KRIBB11 (5uM)

N
=]

% 10784

4.0 <107

x 1074

-
o

x 1084
20 =10

Relative C4b
mRNA expression
C4b
relative expression

g
o

x 10794

Ctr ‘ mEHT N s s RN K
37°C 42°C R )
Hsp70 relative expression
FigurkeRIBB11 effédémntducedmEKUD production. C4b mMRMWBHT.,el at
normalized to 188S, with KRIBB1l1l treat mehsp70s.exPWMe@s( AY

Mean SEMayTwoaNOVAL5/nmgr=owbp, *: p < 0.05, ***: p < 0.001,

Discussion

I n our previous paper [1l] we presented the LabEHY200 tr

abl e toor mperefl ecti ve mEHT treat ment in a TNBC mouse mode
effects of MEHT, which resulted in elevated tumor ti ssi
after @aesmoprotocol (10 onmt 2ma preErHTd e s crdrrbracsierftrfreec tlso nayf  r
MEHT treatments on tumor progression in a triple negat.i
is the first compr ehebnassievde,i nmuel sttiipd aetxi oamn adffy wticckes oovfe rmaBHT
both the gene and protein |level. Here, we report that mE

rate of the highly aggressive triple negativei dAA0OFI it sy
effect owfe mBBErved reduced proliferat-i oduoéd tmeabipatsed |

tumor tissue damage. Mul tirelae edarddlly giusnoaofs trleevemElT mas
of protease inhibitors and acrosagad ad i omens mords € otmp | eenlelnu | &
are part of the innate i mmune systemKs acute phase reac
have a more complex role, depending on the tumor microe
Tumor growth was significantly inhibited by mMEHT as 0
measurements and confirmed by the dramaticall yremalelder
mi ce. Mor eewveerat edEHTuMoOr s beadgarert d hehrfiifk honlryeat ment . Tt
observed after only two treatments, despite a significal
inhibitory effects of mEHT monot herapy i n ohedkrs ttwdnoe ss.
single (colorectal cancer (CT26) isografts [30,31]) or
MEHT treatments induced sl ower tumor growt h, but no dec

18 Oncothermia Journal Volume 31, March 2022



we applied nnoprneirnavtausrievedetteecti on during the experiments.

tumor size (Table S1) before treatment initiation, over
[ 30, 31]. Similar to our study, fieetuumBdT d4hreian kneqd sofi ni
cancer xenografiMG [r&a3] gdnaodmb8&enografts [ 34]. One pos:c
measurable tumor shrinkage after three treatments, desp
of tbetapic tumor cells. APPs have a major role in apo]
cells and facilitate their crlreeaa e mtgorb y[ 3nbalc rampdcd ade ndrviit
i mmunologically sil entmocrl ecaerlalnsc ewaosf raeppooprttoetdi ct ot ube medi a
of complement factors [37]. Thus, the detected upregul a
of apoptotic cancer cells and tumor shrinkage after fiyv
As we demansitnracdur previous paper [ 1], Hsp70 is a reli
similar to two treatments, in our current paper five mEI
The MS study demonstrated t hte suhpocekgup rgdtHeipAl€f ( Hskb@ & 0 a |
Hspl05), corroborating our | HC data. These proteins wer

no significant di fference between the two grougisngsl,hi s
demonstrating that 24 h after mEHT treat ment the Hsp70
not at the protein |level [ 1] .

n this study we observed a significant tumor size redu
etsruction ratio,-tT®OR)ed nt amer snEHITd not di ffer signi fic
reated tumors. The explanation for the extensive destr
heir | arge size. Spontt aweoxuygrecnodi sshkindwe nitn sfugpptl ypr o
umors such as the 4T1/4T07 [38,39,40,41]. Consequently
ize [42,43,44]. As sham tumors in ourdesvteddypewer d nveroyt
reated tumors were much smaller, but their TDR was con
he increase of tumor t i srseuleatdeeds tirnuctth eo ns hwaans eprradtuepds iibmet t
mEHT @grou

—~ ~ () ~ ~+ ~+ o —

Further more, MEHT was able to diminish Ki67+ proliferat
correlated with aggressiveness and worse prognosi s, esp
mar ker and one aof ftela¢e umebeotd| di sease <classification [
proliferative activity, but also the celll density of th
similar results after a singlecmEHTsbgeafmentbof CBéycd
expression in the already damaged and early apoptotic a
seemed to be -psasriotnigue [Kl 16]7. I n the present statdywgweacdeée md
of viable tumor cells, which may have | ed-ttreatla di mieni
mEHT activated the | ocal prreol daut cetdi ofna cotfor s e v(eprraolt eats e e sis

Serpina3n, Ser3pm,n a3oca,guSeartpioma rel ated factors: Fgb, Fgg,
(Cfd, C4b, Hc, Cls1, Pt x3)) both at the mRNA and prote

significant, wi-¢ hande \vdlghesti kodbdrenmuhbhti phexemga@encing
Nanostring and mass spectrometry ( MS) -cshtandgye. nlReNsAp ivtae utehs
very similar with NGS and nanostring, demonstrating goo
t hemanostring method is that it detects the absolute co
reverse transcription and amplification. Mor eover, gen
di fferentially expressed (DE&) atuepdr egal atheed rgeesmeosns &ve rteo
(GO: 0050896). Thus, in our further studies, we focused
significant induction by mEHT (no overlap in RNAne®py n
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with mass spectrometry may be due to the time | apse bei

protein (MS) expression. Here we would |like to emphasiz
the tumor tissue, i naif c athiersgg Isdaeaelssprreduwdteidonproteins b
gener al view -dbouéntaheutt e vephase-hregagdrcs e ylnatlesi BExtorfa t h
been documented before [49]. Often theset dfernoens tahroes er eagcu
hepatocytes [50]. Production ofespeseephastebesenademonst
us [21] and others [51,52], and in the case of cancer ¢

of firkcroaorema i nduced production ( mMRNA) of ot-RhefSARuUtmampmha:
binding lecti®@adtMiBLg m@matein (CRP)) [53]. A recent revi
patterns of acute phaseoprsotegiprsproddcatnicem swiftbl]varAi pos
finding is that the different patterns are due to prote

The genes we found massively upregul atsesd rteys polblT® ama alf

have a geneoraltectumer role in different types of cancer.
The protease inhibitors (serpins and | TIl Hs) have been ¢
protease inhibitor famihy Aemembed &8s (&eprpnhad8powtotic
[ 56] . Furthermore, high expression of Serpina3 was repo
in melanoma [59]. Serpina3n was described angpascel | sl ae
has been associated with a wide range of di seases such
mouse model [ 60] , and muscle atrophy in mice and huma
i nhibitors dédttdt2e 4, amameSleyr pi NnA3c, m, had very | ow absol
the sham animals, hardly exceedingrlkadclgr ammndaVvasl, ues pyE"
l ow. Thus, we did not investigate these factors further.

The assoni @af coagul ation factors and cancer was first d

production by breast cancer <cells has been demonstrat e:¢
fibrin formation <contr irbiuxt e dEQM) epxrtordauccetlilounl airn mian e ast
surrounding tumor cells may protect them by acting as &
cells promoted tumor growth [63]. I nhibitiemampy fadirstna
[ 28] and growth [ 63] of breast ndacedr fi Dhusn,0ogenhiulpirteiga
tumor inhibitory effects through diminishing the suppor
mEHT.

Taken togewlper,guttlati on of both protease inhibitors and

the tumor microenvironment (TME). Thus, the 4dmkiabhimeind n
forms by inhibiting the f orimatoiemviofonmeptotadt ifaweitl dma
therapy to the tumor cell s.

The primary role of haptoglobin (Hp) is the binding of |

free hemoglobin is an oxidangs [H§6 ]p.r oH®wd\wse rf,r oirmmn okxri edaast ti
l evel was significantly higher in the tumor tissue ¢ o0my
reported to be tumor promoting by inducing glercatliywd sgnd
reduced tumor size [27]. Thus, Hp inhibition should be
The compl ement system has been considered for a long ti:
Nowadays, itted twedtl acmoglpement i s a complex innate i mmi
role in host homeostasis, inflammation, and defense [ 37
can perform nocanonical functidmsgenhz3]is,suanli |l asnmati mal ¢
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mi grati on, and they can even attenuate i mmunotherapy [
components for cancer treat ment has beenstwarlull adeé agr irloe

complretm@ advocates the <concept of applying mEHT in <co
Bevaci zumab, which has been demonstrated to be benefici
t umor ti ssue, t he mouse complckanteendt e@4d a(sCd4dbne gefnet lwa
genes/ proteins with al/l three methods (NGS, Nanostring
encoded by the C4A and C4B genes in humans, as well as i
gae encodes the acidic form, whereas the C4B/ C4b (Chido
the complement cascade is identical [68]. Production of
in the TME has beer9%el IHodvesverri, bevé [d23ected C4 in cultu
C4 was produced by the tumor cells themselves. Producti
MEHT treatment further upregulated the piodocticonr oboCa
vivo multiplex data. As mEHT induced a heat shock respoi
of HSR by t hes hsopceke i-ifai éccn dhiebaitt or KRI BB11 synergized with
prevpaper. Here, we demonstrated that KRIBB11 significa
effect of KRIBB11. C4 has been reported)td ubmorismgorrOtja nt™M
serum C4 levels mayulaVé&d1ld poogrbdatiamgval th tumor si ze

with VEGFA inhibition inhibited tumor progression [73].
for ms. Furthermore, the alpha chaitnomayw b&87¢tledakdnt bog
inhibiting effects of KRI'BB11 may be beneficial in ant.i
practice.

Pentraxin 3 (PTX3) is another ancient mol ecaXiedatnivoéd vetdr
[ 747, a key player in the innate immunity involved in
component o€ethelaeaxtmatrix (ECM). Most cell types, incl:
The PTX3 i nncelruadceeso meompl ement [ 75] and ECM component s
cancer, PTX3 was induced by hypoxia and -ccearirkeel actheadr awittehr
and metastasis formation [76] . bdA¢bhaugdb,rapoitedporaverd:
accelerated metastasis [77], whereas knockdown suppress
synergi zet wndrh tamdariapi es, including mEHT.

I n conclusion, mppelt ahedmied e CcMEBT) has effective antitu
in our highly aggressive and rapidly growing 4T1/4TO07 t
MEHTnduced significant ti ssue streeks Map70dndndatéeéavegd

casp-dseand by the 1l ocal production of ot her ancient st
protective mechanisms resulted in di-mddiasthedl apapgrteat ipa o
deat hbi tlinohni of the protective heat shock responsdoaikd coc
factor inhibitor, KRIBB11, suggests that inhibitors of
therapies such as mEHT.

4. Materials and Methods

4.1. Tumor Model

410. 41 icred lderived triple negative mur igreownr eianstc eclalnceul

processed for inocul ation as -Besenbbed ptewiloaus[IH9]hy P
demonst r aftiecda nsti gtnumo r 2 nnhBE HT ttiroena taniegretrs enhanced by si mu
heasthock reskRNhNhBB1by In the present studies we investig

treat mendt st emgn effects on t unfoirveprtorgeraetsnsed motns .iaffvhees t e g@e 1 i
mMEHT effects on tumor progression aftean tthiree emoorre fiimreunt
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4TO0O7 tumors. However, tsha dmwelst impelreex paernrd oirmewi tfrrom t he n
more aggressi ve HDl adel Ir elsiune s which are more generally

Si-xko ewegdkl d female BALB/c mice were kwéeph andéi bi2um darc
and water in the animal deplemmelnwe iof WBraisv ec avieltdy i.cnadl o iCemt
animals were narcot{Baxd ewi imtiesofalt uoaméhbl%n d .o,r Dedahufcita lod
2% to manesadahasia, with WWofmpLémbsrld. aCel K &.adnedrder di InOo6c ucl ealtl
/' 50 L PBS (Phosphate Buffered Saline5S5WwWR,holudnz@al A. u.

Switzerland). Il nocul ations werHampétfomr megd i s glec tHama d u o
NV, USA) into threy igrmagiuiofale amammause. On the sixth day a
measured bwpldpgrtahd ultrasound as described earéimr by
experiment (3 mMEHT), measur emeretrs i merces bnaa d eh pa td atgh e fs it xetr |
whil e i nterhne dxmer i ment (5 mEeHTS)urtedmorn sivzeze ywaods her day
after inoculation odnttihle tehxep etrda rmminntat iAonn mal s-t weatwtdk d aand o
shamreatedagrcougsng to tumor size (Figure S3). Tumors \
were removed 24 h after the | ast treat ment .t rMudtt men tes,
wher east elromgef fects of repeat edvestkeiag amereetdat anfetngrs . f IMv € e
euthanized by cervical di slocaandnpreomeesywene rasadatl §
di ameter. One half was dolxetddi odm @ANwo Ifaorr mah @ miluynadessr yL)t da n d
transferred fporocheissstionlgogiTchael ot her half was stored in |
i solation). I nterventions and housing ofNot.heXXavnlilnal1ls9 9@

LXVI1I/2002 aboutomhandrwel far ediorfecanivneasl so,f atnhde tEhuer op e at
procedures were apprSocvieedntbiyf itcheEtNaitciaolnaGommi ttee on Ani

No. PE/MEAIOHGt, e of approval: 01 November 20109.
3x mEHT
Figur.eTi 8eline of in vVivo
Day 0 1 5 6 7 8 9 10 11 12 . .
T protocols. Cell inocul ation
| 1ttt zer o, randomization-andday s
t t t t ot long term experiments. Mc
Cell Randomization Modulated electrohyperthermia Harvest el ectroh yper t her mi a treatn
Inoculation (mEHT) treatments Ultrasound, caliper per for med at d ay 7, @ay 11 i n
5x mEHT 7, 9, 11, 13;teithBh ienxpdrhiemelnc
Day 0 1 5 6 7 8 9 10 11 12 13 14 15 16 Ultrasound, caliper measur
| —pe e performed at day & eamd laxhdi n
L L. ; at day 6, 8, 10, tt2erm4, 1
t _1_ "T 1f t '1 |1 ZIT experi ment . Harvests were p
ino:l:j:tion Randomization | Fo ow-uplo tumorsnz::(Utrasounl,calper] Harvest shoahd dem gn e x pse reitmedqaty 12 a
Modulated electrohyperthermia (mEHT) 16, res peCt i vel y.

treatments

4.2. In Vivo Treatments

Tumors werehbttéeamesd wBth the newly developed rodent modul
described in detaill] . nTharprrpirreoii plues @fa ptehiey [ tcroeuapt!needn,t ainsp

modul at ed, 13.56 MHz electromagnetic field which transf
was established between two electrodes in the inguinal
di ameter-shappaddanst i ¢ case filled with staicel b@lsatse & etl e xtoic
positioned on the tumor. Animals were placed on a heat
electrode, and connected toothgpedratblEdHdryminnod20 &t dé vied e c
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radi ofrequency (RF) cable. The abdominal area below the

before the treatments to enable electric couplinga Trea
temperdtuven way, for 033 miabtwmiho®g 7@wamdmup. Temperatur.
was perfor medc hwvaintnhe2 @ OTTM bher momet er (Oncotherm Ltd., Buda

sensors were placed () ¢2)the skhkenrabouem fomocore temp
heating pad and (4) nearby the treatment setup for roonm
at 400 % during the treatments, Gsi nisti daesrstuhrBeedt ttahle treengpuei rrae

kept in the physi ol BCQi,c amalngehe( 370o.wer electrodeKs tempe
temperature. Room t em@deCr. atbDwrre nwa ss haatm 25 eat ment s, the e
turned of ferbuctonadlilt iootnhs (heat pad temperature, upper el ¢
treatment. A schematic illustration of 9t hBumberas mefntamir
t he tthirmeee treat ment enspem iMnennrt sl 8wetaend BmEHFE 7 i n -ttitme f i v
treat ment experi ment.

TM-200 thermometer

Upper
electrode

Heating pad

Data cable

/
/

" Rectal

< Room
Heating

cable

LabEHY200 Lower electrode (applicator)

FigurSce h®matic illustration of mEHT treatment setup. Mice wer.
isoflurane anesthesia. pblsétupped ehedthrodeuemwas in the inguin
connected with rtodee Iwdiwehr aelreacdi of requency (RF) and a heating
surface (red: skin temp. sensor),roemtuemfibdt aedre heateéag) paas

TM200 thermometer and the data were registered with a compute

As demonstrated in the H&E and ¢cC3 stained sections,
tumors thaol &NiAon was troublesome, and we were not able
from tumors treated three times. Thus, MRNA and protec
treat ment s, when tumor size reducRNAnNnanwhspradtreciamd yi ssalga

possible.

4.3. In Vitro Treatments

In vitro treatments were performed as described by us e

cel | culture with 5 ~ M-AKBRrBBh1 CO#3BB8570%A)Bigmad. 01% DM
Sig#wadrich Co., St . Loui s, MO, USA) for 1h before mEHT.
bag for treatment with the LabEHY 20200 nthétmomapet . i c@nc
Lt Budadr s, Hungary) was inserted iunpt.o Tthhee ubnaigt fwoars tpel nag
cuvette (filled with distilled water), which was insert
(Oncotherm Ltd., Budadgres,ofHuh gar ) . WaAmn s awarsa appl-ied w
modul ati on (AM) as in the in vivo experiments. The t emg

0.8 " C/min. Cells were treadreidvemrwady tmi nmadmltda itne sipPe m adi
Cells were collected 2 h af tReragmeEnHT (t#TeRalt1n8e/n2t0,0 ,I yNoelde cwi |t
I nc., Cincinnati, OH, USA) and processed for RNA isol at
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4.4. Histopathology and Immunohistochemistry

For mdliixemd Bmmbesswere dehydrated and embeddm)d war@acaf
for h e maetoosxiynl i (NH&E) staining or dewaxed and rehydrated
pol yper oxi dase system (Hi st éclss,, HlinsgtBamd)tuladli oy olft dT.u,moR
Ratio (TDR%) on H&E and ¢cC3 and digital evaluation of I
ear |l erThe antibodies Bsed are |listed in Table

Table 3. Antibodies and conditions used for immunohistochem istry and immunofluorescence. pAb:
polclonal antibody, Hsp70: heat shock protein -70, Ki67: marker of proliferation.

Antigen| Type Reference No. Dilution Vendor !
Hsp70 Rabbit, pAb #4872 1:200 Cell Signaling
Ki67 Rabbit, pAb #RM-9106 1:400 Thermo

! Vendor specifications: Cell Signaling (Danvers, MA, USA), Thermo (Waltham, MA, USA).

4.5. RNA Isolation and RT-PCR

RNA isolation was performed with TRI reagent (Mbhgcubar
the manufacturerKs instruct itornasns clrs dlead &lphya cRaNtAH iwpBN Ar eRe
Transcription Kit ClAdpmslbiaeddn, BIiCAsy sUtSeAms., The amplified c¢DJ
RTPCR. Me sRsNeAsgewer e dbtescstoempl es by SYBERCRGrwietnh bSassoceAdd vRTh
Uni versal SYBER- Green Super-mi meaRPRCRt bet EEXIPB nRadis hid ®Rrea
CA, USA). Expressions were normaliisted io T&BleThe pri me

4.6. Next-Generation Sequencing and Bioinformatic Analysis

Table 4| Primers used for RT-PCR.

Gene Symbol Gene Name Primer Pairs
185 185 Fwd: CTCAACACGGGAAACCTCAC
[Mus musculus] Rev: CGCTCCACCAACTAAGAACG
Cat Complement component 4b Fwd: AACCCCTCGACATGAGCAAG
2. [Mus musculus] Rev: TGGAACACCTGAAGGGCATC

Five sham antdr gatveed nmeEaHiipl es wer e chosen bafsetdhe ni 4 dilea tqai
and t he rel ative Hsp70 expression t(esaddnemnts) , a menas ke
i mmumnehh ochemistry. RNA i ntegwdrtey aasnsde sRsNeAd choyn cteme rRNA o8¢
with the 2200 TapestatbBSant §AGI heat TAchW&WAdPghed, t he RNA
3.0 FIl uo(dmet empo Fisher ScMAnt UBAT , Wa et hDaNm@,s e | treat me
Scientific, Wal t hamZerMA,r RNSAA)r, e ntohvea | Ri(blol USA)i nand Sahe DK
Strande®deRNAI braries ( Roche Di aUfSrPAgst we B ¢ pndpanagolaics
manuf ®&actker protocol s. The tqghueal liitbyr aarnide sq uvaenrtei td/e toefr mi ned
DNA100O ScreenTape es y2s2t0eOm Twiptelst ati on ( Agil ent Technol o
ds DNA HSKiAtss awi t h Qubit 3.0 shleuorSemetneérn f{ Th&ambhBimar MASs
were diluted to 1. 6-epmd fseru2n8bcnygcd wistadorf@d@@h Out put v2
Next Seq 550 Sequencing SystU&m) (attaomdnag ©Sant Beocelga nRiswA ¢
sequenced reads >wel eM dpeemul damplesked mmaed byapseng the Ne
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Sof twaret,hevhfFdsttQ Tool kit (Il lumina, San Diego-,an@iAhe USA)
50éends with a qualaidsy wse¢ dr ene€«dO0OquRl ity 82obp wB80Oeahdl 5éi

Reads were compared with the Mus musculruesl eraesfegr enTcAeR gve?

[ 80] . After alignment, the reads wa@reaeas sachiei antuendb ewi tohf
aligned within each geHESev@ist camlunv@d6.ukp hg[ &8 hle. Gene ¢
using the tr iMmmad umsatf TWMM) nor mali zati on method of the
Rv3.6.0, BiwXx.onduc&]r. For statistical testiursg,ngthehedatoa
approach [83] in the | imma packagepr&4fpentEdMasot mahszed
( TPM) valcuheasngeFo(lRIC) valcwearsp agectmlwpesn tlkeesulting from a | ir
and modti édsteapues, were produced by thealiumma @Padlbaded.r
were used for filtering the differentially e>xmr ePsusheMe d(,D
Uni Prot , Pr ot ei nc oAdtilnags ,g ennoensp,r optreeivni ously wunidentified (
and those that had no/insufficient |iterature (lack of
excluded frroandluydihs. Remai ning DE genes were grouped i
Functional analysis was performed to consider the funct
(GO) database. Detection of fuhontitbealdi eherehmiealt!| wasx p
|l ist enrichment) and towards the top of the Ilist when a
di fferentially expressed (ranked |list enrichmeinttyg afpptllye
GO analysis of significant upregul ated genes (DELi stEn
nor mali zed NGS RNA Seq data with Kendall tauKs method a°
of Al bert a, Cana8g) dp88] seRawgBRNArated as part of this
t he European Nucl eotide Archive (https:// www. ebi.ac. uk

accession number PRJEB43813.

4.7. Mass Spectrometry Analysis

Mass spectrrometi sy odnthe same samples used for NGS was |
et al . [19]. Briefly, liquid chromaitM&dM&P hwnwiltyli samwdem
an E-A8¥WoLC 11 HPLC wunit (Ther mo

Fi sher Sci entMiAf i {JSAWalctohugprh,ed with an Orbitrap LTQ Vel os

Scientific, Waltham, MA USA). Samples containing 0.1%
Eascyol umn, Thermo Fischer ScientifiarawWeslt olRalam CB&a d®h ,co
analytical column (New Objective, Il nc., WoltwO%, ( WAy ) UBRA)n
|l inear gradient of acetonitrile in a 0.1% formic acid s

mass spectra were acquired with the Orbitrap mass anal
resolution of 30,000. The MS/ MS-espegyraoWwbiei omalai dé d
fragmentation of the nineomosandnteoeereddM& @preaursesol ut

a

precursor ions with assigned charge states (>1) were se|
was set to a repeat count of 1, repeat dur at iaonnaloyfsi 3Q
Max Quant proteomics soft wdraenc(kv elrnssitant ult.e6 .fOo.rl 3B;i oMahxe mi st
was used for database search and quantification by spect
against a Mubbnimpuodulduast abase (database date 15.10.2017
searches, methionine oxidatéeomi 0all58806&t Phataod E+roébeln
modi fications. Carbami domet hyl aegti oans od fciyxsetde inmmoedsi f(i+c5artOi2c
at arginine and |lysine residues was used as enzyme spec
was all owed. I n addition, precursor ion and fragment [
respectively. A reversed database search was perfor med,
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and protein identifications. Raw data and database sea
PXD024150) [87] .caRédloat iovfe igeanntiiffiied pr dtreeien g uvaans i @drcfaari
algorithm in MaxQuant.

4.8. Nanostring Analysis

RNA samples from the same tumors used for sequencing (
chosen for genlei ceaxtpirem sby nnamostring. RNA concentration
(Thermo Fisher Scientific, USA). RNA samples with adequ
nCounter- gene panel (NanoString, Redwoagdy,nelA,walsS A)o. mpTohs

genes identified by NGS as differentially expressed wit
deficient information according to the Iiterature were |
Sttaa on for further processing. The gene expression prof
Digital Analyzer. Results were quantified using the nSc
USA) . Background was deter memgadi wetlprebhaeshprovided by
calculating the background I evel at maxi mum negative co

4.9. Statistical Analysis

GraphPad Prism software (v.6.01; GraphPad Softtiwar e,anlang.

UnpairedVhManey nonparametric tests were performed in t}
groups.-upolkkawmi nati ons were st atwasyt iAANAOVIAy wd vt ahl uBaotnef de r wiotr
Di fferences werestioonsidersedgsitfttcant as * p < 0.05, **

Data are presented as mean ° SEM.

5. Conclusions

Here, we demonstrated -hyhmer tnhoedrunhiaaa e(dmEHTe)c tefof ect i vely i

proliferation. Moreover, mMEHT activated sever al stress
response, complement factors such as C4, fibrinogens, h:
KRI'BB11 + mEHTIi n consbyinneartgiiosnt imayeflfeexwa da n vi vo, potent.i
Therefore this wildl be the focus of our future work. I n
to enhance the effectivity of anti canlcienri ctahh é rya paipepsl,i eidr
treatment modal ities | ike chemo, radi o and i mmunotherap

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers13071744/s1, Figure S1. Hematoxylin-eosin (HE) and cleaved caspase3 (cC3)
immunohistochemistry stained sections of all tumors by groups, 24 h after the fifth mEHT treatment. Figure
S2. Heat map dendogram of the differentially expressed (DE) genes with labels after 3 mEHT treatme nts.
Figure S3. Tumor volumes measured by ultrasound at randomization (day 6 after inoculation). Table S1.
Upregulated genes in the response to stimulus pathway as identified by the gene ontology (GO) analysis. Table
S2. Upregulated genes in stress response related pathways as identified by the gene ontology (GO) analysis.
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Abbreviations
APPs Acute phase proteins
C4 Complement component 4
cC3 Cleaved caspase3
DE Differentially expressed
EMF Electromagnetic field
FC Fold change
H&E Hematoxylin and eosin
HER2 Human epidermal receptor growth factor receptor 2
Hsp70 Heat shock protein 70
IHC Immunohistochemistry
LFQ Label-fr ee quantification
MEHT Modulated electro -hyperthermia
MRNA Messenger ribonucleic acid
MS Mass spectrometry
NGS RNA seq Next-generation sequencing ribonucleic acid sequencing
RF Radio frequency
RT-gPCR Realtime quantitative polymerase chain reaction
TDR Tissue damage ratio
TNBC Triple-negative breast cancer
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Table I. Patient statistics and metastasis.

Case Age, years Surgery Stage ER PgR HER2 Metastasis CT HT RT Total
1 58 Bp+Ax 2A - - - Skin, lung, LN 4 1 1 6
2 66 Bt+Ax 3A + + = Lung, liver, bone 7 2 1 10
3 63 Bt+Ax 2B + + 2 Lung, LN 0 2 0 2
4 45 Bp+Ax 2B + + 2 Bone, LN 1 2 2 o)
5 74 Bt+SLN ! + + e Liver, bone, LN 2 1 0 3
6 68 ) 4 + - - Lung, liver, bone 0 4 2 6
7 75 ) 4 + - - Skin, lung 3 0 1 4
8 49 Bt+Ax 4 + - - Lung 0 2 0 2
9 66 Bt+Ax 2A + - = Lung, liver, bone 4 2 1 7

10 71 Bt+Ax 3A + + = Skin, muscle 0 0 0 0

Bp, partial mastectomy; Bt, total mastectomy; Ax, axillary lymph node dissection; SLN, sentinel lymph-node; ER, estrogen receptor;
PgR, progesterone receptor; LN, lymph-node involvement; CT, chemotherapy; HT, hormone therapy; RT, irradiation therapy; HER2, human
epidermal growth factor receptor type 2; (-), no surgical treatment; +, positive; -, negative.

Table II. Statistics of the mEHT treatments.

Case Total mEHT, n mEHT/w. n mEHT period, weeks mEHT dose, kJ
1 36 3 12 13,464
2 90 3 30 33,660
3 47 2 23.5 17,578
4 87 9, 435 32,538
5 73 3 243 27,302
6 46 y/ 23 17,204
7 8 2 4 2,992
8 40 2 20 14,960
9 15 2 1.5 5,610

10 44 2 22 16.456

Total mEHT, total number of mEHT; mEHT/w, number of mEHT per week; mEHT period, periods of mEHT (weeks); mEHT dose, total doses
of mEHT (kj): mEHT, modulated electro-hyperthermia.
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Table ITII. Complementary therapies and local responses.

Case Combination Response CEAL, ng/ml CEA2, ng/ml
1 TDM-1 PR 8.1 5:1
2 mTOR, PTX+BV PD 2928 2098
3 ©) SD 36 45
4 mTOR, Erib., PTX+BV PD 115.1 262.7
5 ) PD 129 451
6 mTOR PD 1455 624.8
7 irradiation PR 34 38
8 ) SD 32 35
9 AlI Fulvestrant SD 39 40

10 -) PR 10.6 2.1

mTOR, mammalian target of rapamycin; TDM-1, Trastuzumab emtansine; Erib, Eribulin; PTX, Pacritaxel; BV, Bevasitsuzumab; AI, Aromatase
inhibitor; PR, partial remission; SD, stable disease; PD, progressive disease; CEA, Carcinoembryonic antigen; (-), no combination therapy.
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left axillary Iymph nodes were perfor med. However, the
and |lymph node metastases. She was positive for the exp
ther@py Gy) was pgeref olrenigd roemsi dual breast tumor area, a
clavicul ar regi on. Hor mone therapy (aromatase inhibito
therapy. A flupmoedeoxynglenmd esgs Yo ns daomorgeveal ed | eft chest
metastasis). Left cervical, subclavian and right axill a
intravenous chemotherapy of trastuzumab was amrddnitnd sttlea s
treat ment s. Combinati on chemotherapy with trastuzumab,
however, intolerable diarrhea occurred. Since an exace
treatment, the drug-lwaksowehanged heoeTWBs no i mprovement

Finally, MEHT was used forl.adAsuva ntte dtlhletr agpfy tutse ngo rMibDivh a
treat menlt) (oifrbcve every 3 weeks and mEHT t hirni csekian wenevka,sia
met astases was observed (Fig. 1B) . During mEHT, right
without direct intervenitnomeadHodveafetrer-t2rembommmbs efapoat
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tumor metashasbraedhtal tplexus. The patient was alive wi
treat ment .

Table IV. Results of statistical analysis.

Factor PR+SD PD P-value
Age, years 63.6 63.3 0.953
Stage 0.737

1 0 1

2 3 1

3 1 1

4 2 1
Total mEHT, n 316 74.0 0.006
mEHT/w, n 240 25 0.312
mEHT period, weeks 148 30.2 0.002
mEHT dose, kJ 11,843 27,676 0.002
Pre-treat, total 35 6.0 0.199
Pre-CT,n 1.8 25 0.689
Pre-CEA, ng/ml 5:51 1415 0.017
Post-CEA, ng/ml 3.85 285.6 0.009

Total mEHT, total number of mEHT; mEHT/w, number of mEHT per
week; mEHT period, periods of mEHT (weeks); mEHT dose, total
doses of mEHT (kj); pre-treat, number of treatments before mEHT;
pre-CT, number of chemotherapies before mEHT; pre-CEA, CEA
before of mEHT; post-CEA, CEA after mEHT; PR, partial remis-
sion; SD, stable disease; PD, progressive disease; mEHT, modulated
electro-hyperthermia.

CaseAlDPrerld woman had observed the presence of a mass i
to ignore it. Two reédaersedgovop e was versity hospital

di scharge and bleeding from the protruding right breast
patient was recommended to undergo chemetrhlheyapputhseshmonm

these treatment plans, out of fear of developing advers
treat ment . However, after the tumor isnterlelaisnegd oidnorsi zeh ev
MEHT monotheAtapt he start of mMEHT, an initial bl ood test
antig®@8n(CAR)16f 132 U/ ml. CT and magnhetic resonance i ma
tumor measuring 15 cm in di2aA)et eSrweilnd itnhge orfi ghhte barxe d dta r()
observed; however, distant metastasis to other organs w;
week for 6 mont hs, resulting in tumor shrinkggd, tas habes
achieved PR (Fig. 2B). The preoperative diagnosis was
mastectomy (combined resection of the chest skin and pa
and sedomgdkrakisplant ati on. I ntraoperative findings reve:
muscle was mild and that it was possible to avoid total
color was excised, and thestoalmogi ¢ca&lslextneoaga tmaveg.i nT hva sa x|
di ssected to |evel I, and it was wevalwuated that only
postoperative course was unremarkabl e, and shel ovgisc a@li s
di agnosis of the resected specimen was pT3N1l (level I,

was removed at the curative margin, due to the effectiwv
af fixed teocttohney mpaasrtt and grafting was performed from the
the tumor did not reccur. The CEA level nor ma-Bi a¢d ot o

normalized to 18.6 U/ ml 3 mo nhtsh sa fatfetre rt hteh es usrugregreyr,y .s hNei n
of the disease (Fig. 2C).
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Discussion

As the general |l ifestyle of people changes, the type a
clinical course¢refatmeamde¢sr have idi sersified. Fur talcecremar e,
information has allowed patients to select their prefer.]
some individuals from receivingoroanveatiiwe al r ¢ ditemermpti € sv
maintaining a nor mal |l ife despite the occurrence of C i
antitumor treat ment strategy and sometimes <could be ar
convemdli treatments (surgery, radiation or chemotherapy
suchas <checkpoi ntspenchiifbiict oecyt otcoaxniccer T | ymphocyfTesl lor c
therapy.

Figudrmerepresentative ca Fi gurAe s2e.cond represen
skin metastasis from th showing the presence
before mMEHT treat meenspor di ameter. (B) Followin
very well to the treat a wke)e, t he t umor redtu
invasively penetrated mont hs. (C) The tumor
muscl e. curative margin due t¢

I n general, cancer calslly m@mmdl irfaenrdaotnel ya utTchreontoyt oskel et o
mal i gnant <cells have an inherent instability; therefore
Utilizing this feature, the concept ofis hylperapeumi a am@rf
have been developed (17), including heating t he l esi
biewl ectromagnabsorphengyheating of tWWeoramicghern itsemee ndt
t hem, mai mlcy ngy | oodl necrosi s, such as the hypertherm
Mor eover, many experiment al studies have shown that the
flow derail t he developed t empesat wrlleo s &iosftorciubsuitnigo n, T hd
vasodil atation that occurs in the vivid part of the tu
possibly facilitating the delivery of chemotherapgutic
the efficacy of ionization radiation therapies by del i
flow, it has several di sadvant ages, including deliverir
di ssemination of stthg mhki bhaot stleam, thereby increasi:
(19). On the other hand, the amegdwigleyn ede vce lvoepsesde |tsu mchrast e
increasing the severity of hypgrxdvat ha nidn atshsats tp anrgt raoafp itdh e
i s

i s

the reason why |l ocal <control is significantly good f
decreased due 2t69 .met astases (22

Due to the complex physi ®lmpdi dcealt afed @ dstha ad¢ kh eammh |t theo meetots t 8
bl ood flow, as well as by other methods, the effects of
insufficient for a |ifetime increase in tbHe odl| ifAniowal At e
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| ocal control following radiation therapy alone vs. t
recurrent breast cancer were reported to be 41 vs. 5909
medi cal doctomsuewh®o d¢omat various types of cancer, incl
advanced cases, without further conventional treat ment
met hod, including the safe andBasseecdur@n htylpese hbamkgr du
conducted in accordance with basic and clinical researc
cell s, i nducing programmed cel l death (apoptosisht in v
and prompting extrinsic padsovaiyast e¢d maloadaiwclea rd apmaatgteer n's
cel | death (28,29), tslperceby cpr odnumieng etacrhdrons (30) and
i nhibition of proteethale Rypeoempthlagrymivda ai sutbédpat ocel |l ul ar
enhance hyperdtuhceerdmiagpopt osi s via the ATP/ AMPK/ mMmTOR signa
been reported that the inhibition of pregecfoivedRASddph
pancreatic cancer (33). Unfortunately, the combination
present study resulted in PD in all tesmstrbaweaeet, fiotr
breast camwidrh anauddés pl e organ metastases. More studies w
combined treatment of mTOR inhibitor and mEHT. The foll
this therapeutic principle:cain)ceVerwi thhi gah |hoena tpionve re f(fLi5i
electromagnetic waves do not result in burns on the ski
deep within the body, such as those in the pancreas (36
Due to the |l ack of awareness and delay in discovery, el
very progressive stage, with skin invasion or other met
consider the rifslksuragred ybemdf iathga iccancer drug treat ment f
therapies with standard protocols fail, only palliative
is recommended as a valid opti o swiwtiht hf eavd vaachweerds ec aenfcfeerc
I n conclusi on, it was reported in the present study tha
met astatic breast cancer where pretreatment is ineffec
ef fectcsoudmd be combined with various treatments for a | o
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Abstract. The present study (KGOG 3030) aimed to evaluate the safety of modulated elect ro hyperthermia
(mEHT) therapy with weekly administration of paclitaxel or cisplatin in female patients with recurrent or
persistent epithelial ovarian, fallopian tube or primary peritoneal carcinoma. A total of 12 patients were
randomized into the paclitaxel or cisplatin arm at a 1:1 ratio. Patients received weekly administration of
paclitaxel (70 mg/m2) or cisplatin (40 mg/m2) intravenously on days 1, 8 and 15, and underwent mEHT therapy
for 1 hondays 1, 4, 8, 11, 15, 18, 21 and 24 for eachweek cycle. The primary endpoint was the occurrence of
dose limiting toxicity (DLT). The secondary endpoints were treatment emergent adverse events (TEAEs),
objective response rate, carbohydrate antigen 125 (CA125) response rate, progression free survival (PFS) and
overall survival (OS). In total, 16 patients were recruited, but four patients dropped out. None of the 12
remaining patients (6 each in the two arms) experienced DLT. Overall, 0 and 4 grade 3 TEAESs (anemia, nausea,
neutrophil count decreased and plate let count decreased) occurred in the paclitaxel and cisplatin arm,
respectively. Furthermore, one confirmed partial response and two CA125 responses were observed in the
cisplatin arm. The median PFS time in the paclitaxel and cisplatin arms was 3.0 months (range, 1.7 4.6 months)
and 6.8 months (range, 3.9 11.8 months), respectively, while the median OS time was 11.5 months (range,
8.4 28.8+ months) and not reached (range, 3.9 38.5+ months), respectively. In conclusion, mEHT therapy with
weekly paclitaxel or cisplatin appeared safe and warrants further investigation. The present trial was
registered with www.clinicaltrials.gov on January 22, 2015 (trial registration no. NCT02344095).

Key words: cisplatin, induced hyperthermia, ovarian epithelial carcinoma, paclitaxel, toxicity

Introduction

Recurrent ovarian cancer is incurable and, accordingly,
from clinical trials of ovarian cancer, the mediannd over
fifth recurrence was 17. 6, 11.3, 8.9, 6.2 and 5.0 mont h:
urgently required for such patients. Radi of requency hyp
using radiofrevhidrcy termearsgyw.een applied for the treat mer
remains conflicting. For instance, in a randomized tria
received chemot herapy wi t h RFHIiIi @arc hiraawed I eétatnert htorsmo r:
chemotherapy alone (2). However, in a randomized trial (
di fference in survival bet ween those who received RFH w
alone. I n addition, acute toxicity was significantly wo

Modul at ed hyepleerctthreor mi a ( MEHT) i s a type of RFH t hat
ampl imadlel ated 13.56 MHz <carrier omdenmffiremgqalen®&¥H(4mMEHTS
admini stered 8oni ;86s mpar7)We etko wed ey , unli ke convention
radiofrequency is selectively absorbed by the tumor cel
that Lthel a&ar response to mEHT is different from that toc
conventional RFH, mEeTp eancdt el nvta t ppast hcwaasypsa saend i nduces apop
hypothesized that the oncdliddieceatf écomot hmEH®f mapynbent

To the best of our knowl edge, only 3 trials investigat
published to date. Although the trials were on dbfferen
mMEHT was beneficial for achieving a higher response ra
treat ments and was highly feasible (7). However, evidenc
chemot herapy in téaereidmeaameart o owrrently Il acking (10)
evaluate the safety of mEHT therapy with weekly paclitay
or persistent epithelial ovari am,r cfianlolnbapi an tube or pri
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Materials and methods

Tri al design and randomization. The present trial ( KGOG
at three tertiary hospitals (Seoul Nati onal Universit
Severance Hospital, Seoul; Ewha Womans University Mokdol
February 2015 and November 2017. The study was conduct
Hel sinki and its | at eort ocmd n dwaesn tasp, p raonvde dt hbey ptrhe | nsti tu

each hospital (Seoul National Uni velrdi7t/ ?®GBundapgoMaspdn
Sep 2014, Yonsei University Gangnam2Gex2®2 anaep Howypli tddt
January 2015; Ewha Womans University Me®0iOc9a | aCepnrtoevra |l RiBa

December 2014) and registered at www.clinicaltrials.gov
Written iommMsamedwas obtained from alll subjects. The pr
Consolidated Standards of Reporting Trials guidelines (
There is already a widely wused protocol for mMEHT ther aj
combd nei t h various chemotherapy modalities were encount e
used protocol for mEHT therapy (1 h; 2 sessions per we
addition, it was decidedenst off o cthesntothevarmpyl ad@dsadopt a
|l evel (70 mg/ m2 for paclitaxel, 40 mg/ m2 for cisplatin)
therapy with a dose | evel of |dhmmdtnhge r)aopwia g ltoupss E@BE/AETD. il nf
patients, 3 more patients were enrolled. I f DLT occurre
safe enough for use in a further invege®tsicpdtaitom.n.TMeree e\
antaceg number of patients was 12 (6 in each arm).

The opti mal chemotherapy drug to be combined with mEHT

undeter mi ned. I n vitro studies suggested that ry(plka.,th3).
Furthermore, weekly paclitaxel administration is an eff
thorough review of the Iiterature and distédy)si dao, debet:i
which drugeskectled bersfurther investigation at the comp
and cisplatin arms were | aunched and compared wusing r.
paclitaxel arm or the <cisplkatriaandaormm zaatt i@anlwithattihmspsi
factor. Randomi zation and notification of results were

randomi zation resul't was not conceal ed.

Eligibility and interventifoml. | ofwhse iinc |Ruesciuornr ecnrti toerr ipae rwse
fall opian tube or primary peritoneal <carcinoma; ii) t umg¢
antigen (CA)125; and iii) Eastern Cooperaflbye dabDnddleogy
exclusion criteria were as follows: i) Tumor | ocated in
neurotoxicity or history of severe neurotoxicity; iv) h
or emal i mpl ant s. The number of previous chemotherapy r
due to slow accrual, the Iimit was changed to <4 in Aug

Patients in the paclitaxel arampyr evd @ ihveme ek |l gy laecd i ¢ fa x mE |

each cycle lasting 4 welikstanmifnes wdre oadmi mingdt emdd t o |
70 mg/ m2 of paclitaxel was intravenously infuse® thorofl
completion of paclitaxel i nfusi on, MEHT therapy was in

weekly (days 1, 4, 8, 11, 15, 18, 21 and 24 per cycle)
MEHT therapy sess.i oDurliansgt etdh e6 OmEHTn t her apy, patients wer
30cm diameter <circular MEHT electrode was attached to
targeting of the tumor was performed. nSctraeasendg tfa olmd 06 OW
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patient felt hot or had any discomfort, the energy was

that | evel throughout the duration of the session. When
MEHT t hwasapyer formed sequentially (starting at the abdo
Patients in the cisplatin arm received 4 cycles of mEHT
cycle lasting 4 weeks; 40 mg/ m2 ofr cl siplani dawsasljn8ra
weeks. The mEHT therapy protocol was the same as that f
Endpoints. The primary endpoint was the occurrence of

eval uable patients deff i meeadh asr m.heDlbTc cwasr ence of any of t
requiring inotropics or intensive care unit admission;

3 weeks (excepthememobhdgi ¢itpPpxidoittoy gmaotd er elc oowrer2z wi t hi n
alopecia); and iv) death. Evaluable patients were defin
The secondary endpoints were safety and preliminary eff
gradca d ncidenceemdr dertatancdnédr se events (TEAEs) evaluate
Criteria for Adverse Events version 4.0 (16). The effi
with measurable diseasespeneeoakEvaltedtiuenngritther iR& i n Sc
CAl1l25 response rate in patients wiftrhe eelsewravtievdalb a(sReH 3)n ea |

Assessed for eligibility (n=20)

Excluded (n=4)
- Not meeting inclusion criteria (n=4)

Y

Randomized (n=16)

I

Yy [ Allocation ] A4
Allocated to paclitaxel arm (n=6) Allocated to cisplatin arm (n=10)
“ Received allocated intervention (n=6) “ Received allocated intervention (n=10)
[ Follow-Up ] v
J
Discontinued intervention (n=4)
* Withdrawal of consent (n=3)
" Progression of disease during cycle 1 (n=1)
v [ Analysis ] v
\ S
Analysed (n=6) Analysed (n=6)

Fi g8rFd owchart depicting the movement of patients throug
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Th
Du
co
t h

e CA125 response was defined as a decrease of >50% fr

ring treatment, physical exami nateiroyn cayncd eCAIAT S eredtre
mpleted, patients were followed up every 3 months wunt
e discretion of the physician.

StatisticalAlanadtyatiissti cal anal ysevservwdroen Rer f(olrBrivd dCourspi.n
variables were presented as the median and range. Cat
percentages. PFS and OS werMeiegt imeatheodd . usi ng the Kapl an
Results

Baseline characterisntcswerdae neodcraui t eed fpart t he present
movement of the patients throughout the study is provid
arm did not complete the first cygdientanaln dwemr ea snoonts efvoal
di scontinuation of the 4 patients were as foll ows: Pat.i
(cycle 1 day 1, withdrawal of consent), patient @&r(cycl
progression) and patient 4 (cycle 1 day 8, withdrawal 0
in the 4 patients. The 4 patients were excluded from th
The baseline a@efhatlaet 22i svatsable patients are summari z¢
years andgntaede hsghous type was the most common histol
chemot herapy regimens ranged from 1 1 essbt aanntd omo srte forfa cptac
Safety. None of the 12 evalwuable patients experienced D
common TEAEs were constipation, dyspepsi a, h 68a dTakcAhEes a n
occurred i ni nt haer mci sTpH et e3 waenreemi @r a(dne=1) , nausea (n=1),
thrombocytopenia (n=1). The common TEAEs were neutropen
in the paclitaxel and cispl ati n easrpmnesctarveelsyummari zed i n

Table I. Baseline q&mracteristics of the patients.

Variable Paclitaxel + mEHT (n=0) Cisplatin + mEHT (n=6)
Age, years 67 (53-71) 61 (56-72)
Body height, cm 155 (143-163) 153 (149-156)
Body weight, kg 60 (50-64) 55 (47-86)
Origin of cancer

Ovary 5(83) 4(67)

Peritoneal 1(17) 2(33)
FIGO stage

3 467 5(83)

4 233 1(17)
Histologic type

High-grade serous 4(67) 5(83)

Clear cell 117 0(0)

Low-grade serous 0(0) 1(17)

Carcinosarcoma 1(17) 0@
Number of previous regimens 2149 2 (1-5)
Treatment-free interval from previous treatment, months 5(1-16) 6(0-27)
Sensitivity to platinum

Sensitive 2(33) 1(17)

Resistant 2(33) 4(67)

Refractory 2(33) 1(17)

Values are expressed as the median (range) or n (%). mEHT, modulated electro-hyperthermia; FIGO, International Federation of Gynecology
and Obstefrics.

Effi.cakfy the 12 patients, 9 patients (5 in the paclitax

at

46

baseline. Of t he 9 patient s, 1 confirmed parti al
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(pl atriensuinset agit a d ehd &) . The duration of response was 4 n

patients (4 in the paclitaxel ar m, 5 in the cisplatin
CA125 responses (2 in the cirepl at agrtadadn]j gdoodo hs wewer @l ab
duration of response was 4 and 10 mont hs. Progression \

paclitaxel and cisplatin &rmfs meaas h3.)0 aman t6h & 1(m@a nndoen, t (hls.g
respevcetl y. /Motf ft lod Swetptember 12, 2018, 5 of the 12 patier
cisplatin arm). The median OS in the pacli@2@&8xel+ anoditdissg
and not reach3®&. 5 +tamsyye,, r3e.s9pectively (data not shown) .

Discussion
Table IT. Treatment-emergent adverse events in the paclitaxel arm. a pr evious study, chemothe
conventional RFH was reported
Type Gradel Grade2 Sum t han chemot herapy alone for
Abdorminal distEnsion 1 0 1 advanced ovarlan'cancer (2). Ho
Abdominal pain 0 1 1 knowlge , no previous study h a
Alopecia 1 0 1 efficacy and safety of <chemott
Anggeaa g 1 ' 'MEHT for ovarian cancer. There:
Constipation 1 1 2 ) ] ) )
Creatinine increased 0 1 1 1's novel and it is the first
Dysarthria 0 1 1 efficacy of chemotherapy combi
Dyspepsia - 0 2 tren@tnt of ovarian cancer.
Dyspnea 0 1 1
Fatigue 1 0 1
Flank pain 0 1 1
Heaibchs 5 ] 3 The results of th.e pres'ent pha
Hyperkalemia 1 0 1 MEHT therapy combined with wee
Hypocalcemia 1 0 1 safe enough to proceed to be
;aei‘l‘l“ommco“mde“eased (1) (—; i clinical trials. Specifically,
Peripheral sensory neuropathy 0 1 1 Ppaclitaxeslpland n arms, and only
Productive cough 1 0 1 were observed. Therefore, bot h
Toothache 0 1 I tolerable. The safety of RFH
Tremor 0 X 1 h h h b d
Wound complication 1 0 1 chemot erapy as een reporte
Sum 13 13 26 a trial on RFH therapy combi ne
, , = ipatients with | osambaly a&&Vande
Patients who experienced multiple treatment-emergent adverse _
events were counted more than one time. cancer, grade 3 or 4 neutropen
of the patients (18). In a rand
plus chemotherapy with chemotherapy alone i nt wedwa nacremis
(2). Collectively, these findings and the results of th

combined with chemotherapy.

To the best of our knowledge, no study has reportpy supe
alone in the tr erad gnesmtta mtf @vartiiannunc ancer. I n the present
weekly chemotherapy showed intermediate efficacy. Oof th
(response rat e, 1 1o%) .C ARLe2s5p ownasse obbasseerdved i n 2 of 9 patie
observed in the cisplatin arm. Speci fically, in the ¢
responded (response rate, 25 %) , and 2 otvél paexkinbist end
response (40%). This suggests that when combined with 1
toxi c, it was also more efficacious than paclitaxel. S
suggest eydp etrhtante rhmi a enhanced the cytotoxicity of cisplat
Thus, mEHT therapy combined with weekly cisplatin admin

i nvestigation.
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Of note, one r andedo | paritciadll yr esopmdrige and two CA125 respol
study inrpbastaom patients inatimet ciaslpltaaeshi mgmt héd eaf hig

plus weekly cisplatin reportedrsi s46@%tr esapddesnses r iatntde ritaii
achieved by weekly dosing was suggested as a mechani sn
weekly dosing and synergy between cisplatin and mEHT ma:
obserivned he present study.

The present study has certain | imitations. First, the s
patients per group. Therefore, the safety of therapy shc
deci si bast her investigations. As another | imitation, th
did not investigate the maximum tolerated dose of mEHT.
a recent study indiceted mMEXHT imetdetitmelatdment of recur
for 1 h (7), and that dose is similar to the energy use
the present study waentteratstiudywas a mul ti

OQur group asswphsaequemygt phase 2 trial, testing the effic
for recurrent ovarian cancer, andsemd$i tiarcays iasintdalnt bes udyga

separately.

I n conclusion, mEHT therapy with weekly paclitaxel or <c
or persistent epithelial ovari an, fallopian tube, or ;
investigation in clinical trials.
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Abstract

The troecgalonal oncol ogi cal ey perttrbemrarginee t h@s mea raiondd = f or Tk
di fferences involve conceptual considerations and tech
transfer is capacitive <coupling, concentrating Tthhee el ¢
realization of the -ucpapiascidiiwiedecd uipdtiongt weetdi fferent cat
heating: 1) the homogeneous (conventional) heating, usi
het erogeneousgheatl ogartygi absorbed energy for dos4 ng. T
wave matching, absorbing the wave for energy transfer.
selecting the malignant cells by their adkeerogmadgmoeti img
me mbr amd t density, a ntde mgpiofr fad r e(npathmwdtoigo c pattern) ar i
objective is to compare and discuss the details of the
Keywords

Pl aWav e Mat ching, | mpedance Mat chi ng, Apoptosi s, DAMP
Heterogeneity, Membrane Raft

1. Introduction

1.1. Strategy in the Fight against Cancer

Life is based on energetinvalrloymempeéemal sgosnemms,j owberdet er mi
general systlemikastdbrereorgf [the early effortssyetemewfbbest
on the deep embedment of its processes in the environme
the physical |l aws wor k well to 2explThien emlee gevokcatignap
intensively i nteracts wi t h i ts environment , exchangi
electromagnetic parameters. Simply speéaking: tohhemsthecyyA
Sze@®Byorgyi descaendregy thel dtifenship using the analogy t h:
goes through the jungle, what is important is how the |j
water, and oxygen, keeping the monkesguratleseTheilnigvitrhge
complexly controll ed,i st o Dhasiemtsaisn locmpeacdtaddy cancers, b
ri sk the systemKs relative instababltgh hbemebdsmasni boidy

enhancing the negative feedback contr dlos.c oNhpletnispaltee aacntdi
the damage caused by cancer.

Healthy homeostasis struggles to control the malignancy
start intracellularly controlling tHhHencDNAIrmeplgiecnaltjian .ab
mitochondrialb5 dysofrunet hem 6Jf,nt aadelalddliari oh&]l | alelxmaralkes |
mal i gnancy.

The malignancy in this general meaning is a distortioc
multicellular organization being broken. Thefbaéakitmgnoo
independent of their locations within the body. I n this
the cells unleashed from their net works abandon the |
preva@&fl sCédncerous and bacteri al pro]l.i fEmeati omser haveelaf |
gual iltPi,esi nf the sense that theumati gnaoel kel &s ealcglahi &m
process is general, not only with the |l oss of cellul ar
structures. The unicellular individualism develops the
making thesei geddss moma&n vt hose in the multicellular net
active boundary between wunicellular and multicellular
structure, promoting primilfli véddowweaescritpeionmil prbgy awmist
The atavistic development is support edr ebsyo utrhcee sermwidrdoendme
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proliferation. Still, the active use decreases the valu

processes (like diffusion, flows in aqueous solution, e
conditionsatihg peoli heti vely changes its environment,

materlfal sThe cancer is affordkeyd Bbhérhesd] ywenoehr bnimes t
by strengthening angiogenesi s, injury current, and nume
arguments for the | ikening of thlkeB.cahhksey shbieen pabdbecsesy t ec
t he tlmmora wound and stimulates its environment to heal
healDP. |

We are in a war algh.i nBhe téhnd afs stetmisdbefalrfrs éhdmby wvar Ks s

decision may be borrowed from the military: attack the
its strongest forces. The most vital force of the malig
side is the autonomy of the proliferated cell s, and t
cooperation of rtehgeulhaetaelst,hyc ocnetirlosl s, and supplies the mer
cells are tindividual fightersA competing against al |l

proliferate. This tlonelinessA belbdwi.orT hmayk ensi stshet hrea lciog
from the network. The missing network otherwise helps t
and forming micro and macro metastases. Foll owing this
el nmit e the cancer cells throughout the body.

1.2. Some Tactical OWeaponso

To follow the strategic goal to attack the malignant ce
t o choose from. The | ack of coher emmoade f B ad shppcaretl | 1t
mi croenvironment. This modification could be used to se
are a result of the cellsK autonomy:

0The individual cells are more vul reedrweolrlke tHread tthlye cedll I
their extra absorbed energy with the neighbors, while t
the absorbed energy can be overloaded.

0The autonomy meafsmibiraobenihier crethdnt nd ilti keormlny owietam a
connections. Ththrei dvgahlsetc umade t he bonds in the network
transmembrane proteins remain unconnected and free to m

O0A |l arge part of the homeostatic control i s missing due
allows the wuse of met abolic mechanisms which are rare |
with the cell has | mes mmpblryadgef andt becal

0The autonomy promotes <cellul ar motility that uses the
separated from the group, these cells more vulnerable.

0Consequent!| ydembhmrd ema&s giyvely incraastheinoembhbigequoitreet
to produce the daughter cells and to support the entire
0The basic chemical reactions areaogt, ohAndybremdty hac mt
and constant multiolemnl|lky emdtropymy,s prroducing easily dis

in measurable electromagnetic signals.
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The above points are interconnected, and the ttactical e
of the popularlysapplki ad foéhomen

6 Change the conditions by special, strict diets (like G
wor king equilibrium. However, in many cases, it works a
inducesmegawi ve feedbacks from the I|living object. The
constraints together with the fight against the diseas
system and could |l ead tosiitde edlflexpse, causing serious
0 An interesting tactic is to put out the fire with fir
rate of the malignant cells without allowing an increas
hyperthto mlacally heat the malignant ti ssue, and force
repl acement of the energy. This method is against the
bl obdow. The higher | ocal Itoedndpew attduorwao dtirhcer & aas ggse ttehde vio | u
blood delivers nutrients, and oxygen, so the method cou

6 Some proposed treatments favor fasting or suppliyngng th

carbohydratesK consumption and expecting that the | imit
The above treatments do not wor k, mai nly because the |
dynamic characters, sd ot hehea otpipmrsi ¢ &@si ITyhet wremer al prob
met hods is that the complexity is not accounted for in t
mechani sms, due to the lack of compleedkhpwhegdgbgaywfhtesr
Brecht: t The aim is not to open the door to the infini
main reason for the poverty in §Fieddhe iphyshei ctonBeert
formul ated the same: tThe greatest enemy of knowledge i

The sgarle of the tactical eéemestdi ssribetedl|l bypsecgahbch

the tformal knowledgeA of the complexity, declaring thei
processes. This could be characterized by dadheusddatemen
Nowadays, it becamMe.a science tooOA |

1.3. Oncological Hyperthermia

Hyperthermia in oncology appeartedgi praorceisesrets rmedi anerdd .c
become a vital } home  rbeamehd ynAg, tfbraoththestsh boit®eh udi ng- t he

temperature bath and Finish sauna. Hi ppocrates first de
me diirce. The use of heat therapy to cure cancer has si nce
appearance of electromagnetism in medicine renewed the
various <cancer s. Twoe ntah en eclaet cetyreoar m abgsrhextditwdiidg appl i cati or

heating which-rregd wintad ihry plead dler mi ab o(dLyR HhTy)p,e rat rhde rtnhi ea w hV\oBl
the categories of chemotherapy and r adiadtnheenrtaspy tihrnygleu d eh
is also a |l arge category wkitdumdaipfst etrteent maiec hdi £thé¢r eamspe
technical solutions.
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Con:

1. Defines isothermal temperature
2. Increases the efficacy of drugs
3. Promotes cellular permeability
4. Has immune triggering

1. Applicable for selected patients
2. Limited by physiclogy (s42°C)
3. Could increase metasiases

4. Long process

Temperature characterized Non-temperature characterized

energy source
isothermal (electric field)

isodose

Local-regional
hyperthermia

non-lsothermal

I-Ieterugenenus
eating

Nano-selection (magnetic particies)
Capacitive (impedance match)

isothermal

lsothennal
heaﬂng

Radiative (anterna array)
Capacitive (plane-wave)

Pro:
1. Disease specialization

2. Definite selection

3. No temperature measurement
on (except HiFu):

Linvasive applications
2.Complicated post treatment

Pro: Pro:

1. Increases the drug permeabilit 1. Selects precisely

2. Increases the oxygen for radio 2. Minor impact on heathy
3. Delivers more drug for chemo 3. Mild mass temperature
4. Increases drug taking activity 4, High particle temperature

Con: Con:

Llincreases the glucose delivery 1.Cell death is rarely immediate

2.Jump of E-field could burn 2.Personal sensitivity influences

3.Difficult controlling it 3.Heat flow is uncontrolled
Uncreases the dissemination

Fi gudxTehe maj or categories of hyperthermia met hods.

The relati vel yphsyisnpdleo gpihcyasli chedat i ng concepts do not meal
complexity of human plhiyndee@lddagy,k sa nod tththee rhoormeost atic reg
possibilities. i De sbpeitnteef itthse opfr ochveeant i ng i n cancer treat men
demonstrated how the control of treatmehbodystbbhnebyi hhei
intention. This complication made the -denwvetlopime,nt havfi no
great successédP.and fwaisl cHnesar[ from the beginning of onc
cetlstortion must have a high temperature, hi gher than
restricts the high temBeEer athircéh admpsl innoavteidont oowfar Ws mi | d
promoting the reactivation of the immune system. Contr a
in the tumor. When the high temperature targetps otdluee ehee

unintended necrotic burns with serious damage to the tr

Consequently, the energy absorption during the heating
No unified protocol for thienedriaugetscoholtbgiltadtd yhaeta

The category thyperther madsoirpdl wohe snet hwidesyus aederggh i ni
its own protocol. It is veryvariimdantasr dfnearmgpdlemsgeig@dle moho h
depending on the targets of the drug, has different pro
and even fatal events such as poisoning. Homogeneous t
di fferents ptotacoe Isenslitiove ceélection. For exampl e, c
intravenously (i.v.), at different doses to the doses ac
administration. |l sodose homoge mdistoy,noats uisne dr aidni omchsetr alpn
seed, or nanoparticle administration. We are sure that
in their dose and protocol, sharply depentdhond. obeftihmeiim
gener al dose and protocol for all hyperthermia met hods
Their effects are different, so the dose and protocol h
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The heating technirgeses$tdefetimenel f hecal treatment. Just

or radiotherapy, which include many different treatment
technical aspects. We have seen thédtodgxphypiend heheni auima
di fferent results than the same temperature in any |l oca
is not enough to categorize the technical solutions.

A water bath is used in manyhgppet hmemt al modelk i 8 0 mad
heating solutions. The various electromagnetic heatin
bi oelectromagnetic action of the technology determines
consi dtehe kind of energy delivery, the method of heat
physiological reactions, together with their inhomogene
di stribution a2g§,naindt hdhhesemehphracteristics dieowl alfhgel
technical solutions must handle how the proatuwdreda. energy

1.4. The Electromagnetic Coupling Modalities

Variants -tofamesifeergyreal i ze the absorption in the target.
to the Ftignuget Phe homogeneity of the absorption defines
The inductive arrangements havectwoehta(indutedmsur Oaat
and the otheeatiwsematmadgml s for heati ng.-curnr elnitviagd onbg ¢!
approaches are applied. Life does not have natur al i nhe
('t ke nanoparticles, seeds, eradd <,9. e tl it Jerr meaail te rEtdnddybh et iemre r
extr a high magnetic field, and t he i nduced current h
i nhomogeneities inside the body. Consequently, bot h il
conmnvtei onal relative antenna solution radiates the elect
is less sensitive to heterogenic structures, so is uUusua
i sothermal volumespliThg bapatwoti maj obp ki nds -wafv ee naenrtgeyn ntar
process, which aims to achieve similar isother mal absol
applications; 2) the i mpedance couegdanmge gmho ngs ©,f whiech a
i sother mal kind of capacitive coupl i ngwawe,uiwheisl ehitghhe einn
matching (mimics the galvanic match), uses |l ess energy
expilted and dominate. The galvanic couplliimigng iamplyi datuicc
the simple discrete resistor situation. The galvanic co
electrodes i nwvexitvesloyl iwi tchondt act with the bodyKs surface
(a) (b) Source ©  source (d)
(antenna)
iGic ‘ . (condenser) Souicé

(coil) (resistor)

p — = s = ol o o o
W e | ) S TARGET |
\/ T.‘ . s |. EANS (voltage)

O v N
(e) inductive (f) ~ (g) (h) capacitive
i S Frccocit)
(A L N S L.. k sy
current radiative I ... galvanic

Fi gabdlehe maj or couplingeméedohatsXEdart Hogwale alkiovwisng()ncetnar get
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(h) Heterogeneous (| ravbisnogr)p tti aorng e tntd udheése edti efifgeyrvear i ous co
Applications using capacitive and radiative (microwave)
technical realization of the treat ments; however, due
i ncrefasér equency, mi crowave solutions are mainly appl:i
coupling of energy delivery has become the most frequen
the techni guwd |iedf Mtdiggueeerdcly. 6 6o fMHz, approved for industria
(I'sSM fr exylu.enziyf)f efrent effects in the huomant hap pcloiucpd tiinogn se
the applieBi gecédn8que,
Magnetic Electromagnetic Capacitive Coupling Capacitive Coupling
induction radiation plane-wave match impedance match
I
B B | ¥
Eddy current Antenna array Double electrode Water-bolus system
Magnetic particles Antenna phase array Quadruple electrode Smart-electrode-system
feurrent) sument to g Body Body
’/\ \36“ ‘f/;-/ (crosssection) (eross-section)
(==} v pi=—=—a)
~ Body ?a"“% - 1 -
h 0 Capacitive 7 x Capacitive \
D& )& plates oy plates
: e
e / & 2 5 =
v“ o Antenna array Body - 5 .
Coll around around the body ¥ (cresssection)
the body
o
1
i
i
i
i
i
1
v
Fi gdadlehe troecgalonal treatment croseadisonoofketleetbotheg for el
2. The Capacitive Coupling
Two kinds of capacitive couplings exist, depending on
structur eKs met hod and the electroniical tlkeavbodygmearst pian
regul ated electric circuit. The concept of the compl et
complete system, not only the capacitive arrangement of

2.1. Plane Wave Matching

Theonventional sol wataiveen mantvcohlivnegs, pilnamehdpah at hel aptil aneaKs
as per the st-aodand @ametéoda This solution does not cor
electric circuit el emeast swi aind tthleeiernvimtoeamaat . I m) this
compensates for the |l ost energy. Due to the ried aliigh, yw
the cu®reéest |l pw. The product of vol pawé&r andd@iOremthidefi
the reactance (the power rof0Eed Bhhetpessiobldd iisming del
fit of the voltage with current is chia®)odhercampl &y v ale
In case of dielectrim ¢ o®emedDuaend/oon hreadiossiesnsthe)i mped
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from the radV®frseoquuerecyt ol the target 0) sdéacgiebesTheheart
(i sol)atsiiesd i vity, and the conductiveY)yparetf i heafitmed rizyactthe

syst em-c(otnisria Avdd) . The <circuit for -wahwe hsyysetremeh as a mphyn
capacitances additéeshnsali viotibde target in the human body
constant in a more e«dmpluiidattd dnewalodn(sii mert met hod [

The time constant, in the case of plane wave solution,
del ay could cause a challenge when t-hhaet @ehyetio.l) garcealquwih
reactione tplnene Thave met hod applies conventional antenn

reaction time has no relevance.

The pwawme mat chi negwarvaedi dtogsbesRofe pdgy on, and dir ectdehaetaht i ng
(CEM43pddade i scteexdhb.e This matching technol @yt eampresr att aur e ¢
t hiexef fective percentages of the temperature measurement

The wave matching induces exttemanyvmi saidoataddi nglhe s$bghn
enerlgyss, and this could produce safety issues for opera
is that it could tune on the air without a patient in t

2.2. Impedance Matching

The i mpedance matchouwmmgl ionfg cdagpeasc i notveuse the wave conce
approaches the galvanic touch of the electrodes. The nc
coupldi ngYJQ whleirse the galvanic poditse ntttimel rcty v(oA mpasg)e.) ,| ma ntdh
pat Kencompl e x impedahee i hagi nary part Il i mi tis cohpl eedf f e
galvanically, it modi fies ©he yJam%ik malA erfefsiocniaenncte psoow eurt
compoBsemapproaches the mini naplatmpmedad2mage \npa rma xo fmi tzlees t h
the patient. The Frzeesroon gprhcaes eucaeTtss e Aeé®rd y[24 . The |l ow i mag
part decreases the voltage

and increases on the same ratio the RF~current, [ 25] [26]; because O —, and’Y R 1

Approaching the proper i mpedance matching, the solutio
mi micking the skinKs galvanic contact as much as possi
vol umeKs tardalcweanitc situation, without any isolating m
current. The i mpedance matching aims to mimic the gal\
mi ni mizes the reactive part tehred Imaxdi.mi zes the real powe
The main principle of iimpedance -ma-kebchigngs ttloatapwao wlad
avail abheasowve electr-oenlaignenry.c Bmerigyvasi ve met hod (whert
the body) i sA,albsuct tigtasl viamviacsi vity has multiple medical ¢
infections, ulcer formation, and inflammati on. One of t
which has remarkable succexkesWitnh | micail malsmahér dy moo s$5 ]
all ows the concentration of th2§ en®ugytonthkesmbbrcyghnant
better efficacy and offers a safla Itegssattneannt ibre chaiughee rt hr
cases, at theplsiaenat ipowerwlhipl e the current is increased.
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The full arrangement of i mpedance matchidngod mi ai¥ni z€ket h

mi ni mal |l oss allows optimizattiiomeoobstahe. réedhetsmalti el w
to the physiological c¢changes allows prompt adaptation t
in preclinical experiments have a significantsidfg higher
The i mpedance matching needs a conductixermednitaflbewse¢ih
it. Consequently, nehensydhttemi ¢cdamntotont when a patient doe
zone. The technique therefore induces mini mal radiati on

Due to thecdrorertd, RtFhe pati ent becomes dn naed aepcttirviec tcuonn
electric circuit, representing active electrical i mpeda
absorbentA but an active electric element of the serial

2.3. Comparison of Capacitive Couplings

I n gener ali,t iavlel coaupd i ngs are equal based on the for mal
technical details differentiate them. THeivherathioomogeoe
or heterogeneous heating in the target.

Compari vgriaets of capacitive couplings requires a det
materi al design differences of the <circuits. Al capa

transmission to the targetetiemphasiezianogi ¢t meK edleedtrnima c
electrodes with the target volume placed between them.

The plane wave capacitive coupling transmits the radioc
radi ofrequency is eveni Ejr@u.rsai 4ptoepdu Itahrr ohuygphe rtthhee rami a t ec h
radi ati-waevelan¥@ti bot[the high voltage for radiation ne.
a mouse with tumaM8 3we iHpwienwger#daghphe$ @ll @nieon coul d wor k w

when the distance (space in theodyryrubétbweenstbbemakl ecor
matching parameters allow high voltage and | ow current
|l mportantly, impedance matching of capacitive coupling

or air betwdemdtehandadl Fodw.reursf ace) ,

/71 ‘/7
) O S . o
\source/ \source) QW FiguX¥r2The pwawe radiati on '
[\ ? (b)'[\ ? through the air, and so it
ik s i——————— = & el ectrode fixing.

FiguBehe i mpedance mat<hing
cur rfelnaw t hrough the body an
when an air slit exists betyv
the body.

>
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Al capaciti ve ecnoguipnl eienrgisn gh acvoen tarno | point to optimize an
the RF source anduppbyngaftéakeypoweravoid its overheating.

i mpedance to the sourceKs inteemralalstreaedkdasnde vet,y,t uiss ngn g
contr ol does not take into account the medical control
point at which there is minimal l oss of ener gyntt owhtihlee e

ensuring the safety of the patient and minimizing unwan

The opti mal engineering settings do not necessarily ali
and treBitogene¢, 6

Measuring point

All losses

(tuner, cables, radiation, environment,
structures, materials, etc. )

Medical point

Output
(virtually)

RF-source
13.56 MHz;

E-class (resonant)

Source in

engineering |
Figurdal | |l osses are minimized bylpcopoen, geamefuy, deast g
electrontlow, ianamemary (r3ed®3e cejtecd) power, (
There are decisional di fferences between thkrelesel i Datiso
measuring observations. The t wo -wmmavjeor ancdat egnpeidascear ¢

technFggeaesearmd ot hermbsionleuttihoensse ctowo categori es.

Complex

Conduction Dielectric excitation
heat-transfer

Incoming wave Reflected wave Resulting wave (moving charges) (vibrating dipoles)
+ +

(a) - ] (b) Joule-heat Dielectric loss Mixed (composed)

NN

Fi gabehe matching arrangewmaevret smat(cah)i nTgh eu spelsanae f or war ded
the reflected one to deduct and calcul ate thealrweamild) n
matching use$|l btweotuthenfree charges (ionic species in
rotational-iodugedadienear movements of dipoles in the ti
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The observed differences coudslubiengechaiemadil yeedreitegtedf

engi neewipyg setd the medgoaebtrpbéenencdhe inequality bet
due to the |l osses in the circuit, i ncludi ngnmatthee i md tsg h ial
structures, as well as the <capacitive coupling with t
equi pment nearby, or the operating personnel ). At this

could signirf ifacam leydFddd dafteh 8r ,

Optimizing control
measuring point

Medical

control point

Losses (cables,
radiation, etc. )

TUNER (ideal)

Apparent load
(engineering task)

RF-source Extends to 500 Usually, enly the apparent

13.56 MHz; (Optimal load for o

E-class (resonant] source convention,

Source in maximized power) \
engineering
Fi gumal | l osses are minimized bylpcopemn, geamefuy, dmat ¢
el ectrontlosy, ismapgernary (r3xbidceded) Poeemat Ehing has to
the medical point shown in the figure.
The tunterrondlcead ly compensates for t-hseupogpvieyr ailnic rlecassseess ,t ha
replace the missing, | ost energy. Thiwavegpenoft hmapahi e
uses -whgseoerption, with a paadséecfudl@am telxg@ onemfta ad idrecircent
is intended to create homogeneous heating in an actual
The compensation of the gener al |l osses by the <circuit
optimize Ppowepafirdmntad meod nt of view. After the medical
the incaoaiaéntRFenters the tcoupling complex,A including
new unwanted | osses challenge t hheese@ptiinntilzuadtei otnh eo fe ltehcet |
electrode material, the bolus system, the patientKs surf
i mpedance is the vital target: the i mpedance oftthe tu
cruci al in order to successfully heat the tumor. How tt
(Figuye 9
RADIATIVE (Plane wave) CONDUCTIVE (Current)
solution [UT, ||, P=const.] solution [U, It, P=const.]

Circuit losses Circuit losses

(compensated by
increasing the power)

(minimized at the
constant power)

Engineering
control point

Engineering
control point

Medical point Medical point

< 5>
Extra impedance
(various origin) target RF-

source Nt source

C_errvaevay

Avoid extra

impedance target

AASAARAREAA)

() (b)

Figdiea) Theapkamatching allows a | azy connection of th
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i mpedancga(gyaasc) matching does not work with improper
the body surface.

The i mpedangefmatiebhs on t hpeoimetd,i cnailnicminztirnog t he i mpedan
der ai | the primary targetKs energy, the tumor -cuWirtehnotu t
flows through two different iimppadarcee,c awheigoh ifeist s tthiee o

the body, and the body i mpedance.

The various components of object i mpeHRiagwree clhGal |l enge th

Conventional electrode structure

Metallic plate |

Conventional
Isolating layer [ ‘

electrode structure

,Plastic body
/ Metallic plate

Isolating layer —ate Bolus rubber Rubber of bolus, | ~
Textile electrode ~r

h
Distilled wmefu
RE

&)

RF- Treated body

source 4 R
Textile electrode’
Rubber of mattress;

€I
Distilled water |
T Metallic plate Water bolus lmmgl-yuhvm‘ ) Rubberofma(uess; |
(a) Counter electrode of the condenser Matwess nibber (2x) AET um\j“
(b) Metallic plate c IJ
FiguBBumerous serial i mpedanwded rinbditf pnt hhe emaprgEYyti ve
structure of the conventionabolcapacilh) vedheodphfhgofvi tt
conventional electrode structure.

The best woal dtibent he gal vani cFicgounjteaclthiocfh emaeyctbreodapp r(o:
electrode design accompanied with the resonant compensa

Smart Electrode System (SES) structure

Smart Electrode System
(SES) structure

Flexible metal
—— electrode

Rubber of bolus ~
Flexible ml-tl:c:md A

Thin isolators  Treated body
T—.
———
Flexible metal- electrode

Fi gaBlehe draft of the design of I mpadaaocée cmabchibd, tWwki c
the galvanic touching with a precise resonant compensat
The body i mpedance containsEackhepny Wwbhtehogepiressntsescturl
capacitor (the indudtiigwa)epalr2t s are missing) (

62 Oncothermia Journal Volume 31, March 2022


https://www.scirp.org/journal/paperinformation.aspx?paperid=110624#f10
https://www.scirp.org/journal/paperinformation.aspx?paperid=110624#f11
https://www.scirp.org/journal/paperinformation.aspx?paperid=110624#f12

electrode epidermis
epidermis b:—F' R, Fi geodhe major |ayers of
- subcutls
subcutis bodyKs targeted vol ume sh
healthy ity R, e parts in every |l ayer.
annective tumor  _  tumer R R,
tissue
T
subcutis | c'wh‘m., —F R,
epidermis W = Ry
electrode Flectrode fixing —|E.
T
The compensation procedure in impedance matching mini mi
the resistavespantfoems. A particular category of i mpe

hyperthermia (mMEHT) which selects the mal icerddrst coelclesn tir
the primary energy absorptiont({geethatdomteant beéosoiwldti C
the t-uenlors in the targeted vol ume. On this basi s, we a|
and the resistivity of the healthFi gursesule is negligibl
RADIATIVE (Plane wave) CONDUCTIVE (Current)
solution [Ut, ||, P=const.] solution [U], IT, P=const ]
Circuit losses
Medical point Medical point
Engineering Engineering
control point Extra contral point Extra
msistivih- I"E‘Sl-ﬂi'l'iﬂl' = u
i | ~ i i
Tumor HF' -~ Tumor ?’EIE{tEd By
RF- resistivity resistivity @pedance
source I source I differences
HEalﬂ'l'lr Healthy -uﬂ
resistivity resistivity
J e L y,
Fi g@dlehe voltage and current generati omawiet matttceh i smagmg ay)
i mpedancegafqunas) matching solutions (b).

Oncothermia Journal Volume 31, March 2022

63


https://www.scirp.org/journal/paperinformation.aspx?paperid=110624#f13

Al | of these considerations involve a resonant mat chin
determined by the values of the resistancé, guampadidt ance

R
Fige2rRe¢he discrete representat
;=V |ﬂ| ¢ Il describing the i mpbdadae emat c
Z Ve=IX, ¢ Xt'zgthaoltage drop on the discre
()V F resonant compensation produce:
v=ix, L X, =oL
J’— The dielectric permittivity al
‘ the-cRFrent di fferently, and
i mpedance. Mat hemati cs using
describe the two independent effects showing the cond:
permittivity defines the isol atucmre,ntwh er @ mahgyd ncaa nyd u cTthieo
represents tvhe ,ramd paatdHile dpad¥ (@ , wh@mepdenotes the
i maginary part. I n geometricaFigapeed&déntation, it shows

FigaBkehe vector picture of the i mp

Th¥ real resia®tiamacge rnaardyt ance pr od.Lt

th@& i mpedance 3wihtahs et haeng |l e . Due to

capacitive part (no inductive el er
The i mpedance minimum characterizes frbe ¢$édei dlmagésnangn
capgcol, and i nOY u cabri e, t y an(d { respectively, and the
Y O O . Henceg, aw:oktehrébn @, and the resultingd iviwiitrhalz eirrmop
phases. The sel dacectpiemidtsy onf ta ecicricwiuti t Ks seri al resistan

The depends on the aQpl iwddl feredpeemenl (confiucTlhe Idioeisnago
has a negligibllieke)nduacnmiy ovredMftctoilig t he memberaniesol amidon hle

foram,which aCctapascida o —Whete ¢ Q Appl wierg otrhe epresentat |

i mpedakhicgs)y ¢ ibe variation of the major | ayers in the t:é
i mpedavYceB Yi, Yand-B -— Usi ng t he resonasse a f r eaqgdudei ntci yo

inductive factor wbdutlad miomipminseattehda hiempedance of the t al

for resonanceBis(Figu)le 16
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Electric losses
(tuner, cables, radiation, environment,
structures, materials, ete. )

Measuring

Medical Figdd@ he patient is an
control-point .
component of a preci ¢
resonant circuit. The
clears t he target |
High preciosity - minimizing its reactan:
E-class RF-source =3
(w=13.56 MHz) = esonant
= atching
= 2 1
= wi c
i=1
The compensation transforms the i mpedance near atioal r
(Figupe The vectors show the complex i mpedancescuwfr smime
flow. The horizalntmdr tax({itshe sr eddle cenduction), while the
representing the isolation. Al l tissues have isolatior
i solations are neglected, so t heclrienseyl twhnigc hi map esdianngclee vier
could easily compensate for.
L Real part of impedance (resistance) Rpae
%
%

Fig@bdhe vector d
crossctional i mpe
average human bod
components are shao
t hey egar dred as
el ement

Ypae = o \%

Imaginary part of impedance (reactance)

The originalO cur ret—wast he new current 1TOn {Oesqgnamae iins

resonance dependsr onil gyt iomi ttyhe Trheearlesonamic ec h@mgretR Fblyo wi
through the target depends on the val ueesl eodt @ h es ictounptoine!
relatively small part of the targeted volume, t htehemal i g
complete targeted volume. The small resistiNVMigyrént8eas
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Figurdhda8cRIF rent odni sitmi bbt
conditions. The resistivit
peak i s sYthaY p®&y) . (Mhe i s
resonant frequency.

RF-current

)

T
resonance)

Since this power depends on the square of tnhaer rcouwerre nitn tt
presence of | ower rfeasdidsi vdetfyﬂn;/e?mredambzu&itthye width of th
power curve at Fhgluf)emd®i mum (

5
3 (R1)
o)
oL
&
© Figurdhd9resonance Quabtefly
j;;.:" average power Y nY r¥somamc e
B 0 0. The—i sethesonant frequ
("
— W)
Q4
I~y
3
B S Rs) Since that width turtnhse o@eah oteoa bbseo b e
Q ~
EiWo . expressied—asThe a commonly used pa
w =21 el ectronvialsuesvidrhe usuaR+ryl@rt ©tbe r a
for cappgluidati ons. The smaller the 1
t QA for giviemmdvalThes pofver , of cour se, depends on the pi
When the current increases due to the restohmanta&metmewe o

The resonant approach wuses the minimizing of the react
regul ation also has a vital role in theaperocapaci Onheeot
is the surface adipdoe miingslaek & Islad astromget wheeski huat hoa

EnerY loss by cooling

orwarded power
Forwarded power

FiguaG®The cooling

produces uncontlroslsl
induces depddbiacikv el
regulation. (see th

Intensive cooling to a skin

Energy loss ‘i cooling
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voltage is increased to surmount the gap by the i-sol at

absorption in this | ayer is extsemel ynl argeyr do tahveidi ¢
wave method uses intensive coolingFiogfurtehe20skin by wusing
However, thas oaekpergted positive feedback reactions fr
homeostasi s: the cooled|losWwimnl awer ssutbkawt bsoodvhi ch i ncr
towar dsurRFent . This induces a hhiigrhoerre avsoelst atglee rreigaule so f

increase of the cooling is necessaroy., Itthef usritthueart iionnc rweoau
control . Further mor e, the intensive cooling absortthe a

therapy dosing with incident energy impossible, as is s
i mpedance matching takes attention to the cooling proc
subcutis | ayerrodder the el ec

I n summary, the strategy of i mpedance matching concentr

The major factors to maximize the current are:

0t he resonance approach,

0t he design, structure, materials of the electrode syst:
0t heownmrding optimization to | ower the radiation, and col

O0the regulation of the homeddtoam i(cwhdtceht urse gaufl att lees & kien il
sksbhructure of the patient),

Oeliminating tthecltodzsexsiirmuan as much as possibl e,
0the high current value (in the unchanged power conditi

0t he high current accompanied with | ow voltage at the c:i

3. The Modulated Electrohyperthermia (mEHT)

3.1. The Challenge of Homogeneous Heating

The <c¢l assical heating-heancepgt odAppglhieesenda i masd umor . The
homogeneous in temperature (isotherm),treond pusesnettheer .t e m
The control of homogeneous (conventional) heating is pr

1) the I-bcaw b$oedhanced, which increases the risk of d

2) colossal power i s necessary toiewmesuves qmasy Hamotge nie

3) due to the heterogeneity of the target, the control ¢
not be achieved,
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4) the homogeneous hyperthermia thermally kiléfsf dcdtes cier
the area,

5) the challenge of measuring temperatures at has not b
challenges,

6) the only homogenous (and | arge CEM43T100) solution i
show etxtpeected success.

The invasive measurement of the tumorKs temperature has
typically measured in the nearby |l umina or cavities of
comparabl e tienmmptereatmuear by [ umen (li ke oesophagus, bronc
heating appeawave ncdree ptl amfe capacitive -bgpplttithgr mihe ( md
met hod uses i mpedance matchi ng mifq wea pfaeca ttu rvees ,c owhpil ci hn gh aw
over the past 32 years, and documented and patented. Th
shown above with additional elements, improving its eff
The present technical challenges are:

1) They esneelregcti on ensures the 1|1 ocal pl ace of energy abs
nor ma l physiological movements caused by breathing; a

attempting sSeahedt tdeneps wi tbatutngoosidehabl ei Bsues.

2) The dose determination, which controls the medical a
techniques determine the clinical results. We have seen
body hgperah has entirely different results than the s
technical solutions based on the temperature alone do n

3) The role and measur ement of t empehaltlueregiing .t hTeh et rvea:

emperatur e i n t he target shuepaptoisnegs, awnh i ic & o tnheevremma | h anpapse
temperature measurement approxi mates the tumorKs value,
(l'i ke esophaguspn,bvagchad, ddis method assumes that the
mas s, but equally heats its healthy environment.

Due to the above challenges, temperature measurement [
which di fferbnifcalm ¥ hegr dwicded val ue. The high energy | o
from cooling water, etc.), and the need to control safet

temperatur e.

3.2. Heterogeneous Heating

The mMEHT chooses a new paceaeldligmseli ¢échieaelsy tihe ftchecteumor,

uni que ther mal and electromagnetic characte®apadiitcises ,Thtle
conduction diffeeendegs,bllmeoadt, tammansifymph el ectrolytes caé
Significant differences i-satahesebdbkectrvcnpemaviter déet ei o
het erogeneity. The variation of etliewittryi cbycotndaicltiiwiing @
di fferencpsotodi d i Ptirductmemds aine st lmemmdcelhle cell sK cooperat
be the most influential factors for electric hedeawmdgene
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their healthy counterparts -rdessiedtogpn caes, amorte dultty ooff tthhee
extracellul ar mechanical properties.

Some other significant differences are presenstangai bl

the malignant <cells from their healthy counterparts. Us
mal i gnant <cells in thechetenbgenesehtssaeposbebRE tool
het erogeneiutrirelidawTbkanges based on the electric heterog
the current to the ther mal properties. An essenti al co
reactions, which differ depeondiexgampn et heée hei apwkpntoabnd c c e
regulation in healthy tissues, is almost entirely missi

apoptosis could happen through multiple molecul ar mecha

3.3. Considering the Homeostatic Regulation

From the beginning of human medicine, physicians recogl
defines the healthy state, and has multiple dynamic con
recognition of homeostasi s, which has definite | ower ar
body homeostasis is stable within a certain interval

determined and measumde@atby htehe xharmecdumets. However, t
safety and the harmless categories are not identical. TI
the uncontrolled disease har ms, whiclhhwegeani it mpdibya l
attempt to reestablish the normal, healthy homeostasi s;
approach it as close asphpasssi,blteNi | Thneo ckirpepgo arl satoeshas t o

Ot heewi she meaning is Do nothingh.

The internal transpoettmn, hiake Bheebtoad role in keeping
regul at es multiple vital processes, includi nfguntchtei olme & 1
conditionsstTd@&@mbti nioels t o compensate for the over heatin
the vessebap&ciftygw However, the regultaaimdhsnpnone sisheo fgqutam

anal y333 sshows -tihmeanronchangesfl ofiv 1t he chhoadteristic tis
temperature. The deviation-f{oswl estir adp yMaif BBYe&E,2 Lmor bl o

5 T

FigurRel2alt.i ve quantitati-feowhhbhwnge
a temperature increase in muscle,
| é n.

Perfusion rate of blood (W/K/m3)

tumor
0 | | | 1
37 38 39 40 41 4

Temperature (T, °C)
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Due to the var ifaltoiwo,n tohfe tnheec ebslsopaordy ener gy in a mass unit
no-hinearly changes in -4RRe 53¥4Cnige bHlee wae nuBiOgyCreanp22 at ur e,

Temperature dependence of SAR
15 T T T T T T T

Figur¥anri2ati on of the requested
rate (SAR) gioeekeéepmpleature in

SAR to keep the temperature (W/kg)

-5 1 1 1 1 | | 1
37 38 39 40 41 42 43 44 45

Tumor temperature (°C)

The -nomear regulation is general, wusing phystsoulpopgriecs scoorn t
action realizes the contraction of -ttihnee ffeoerd bi anctkesr,v ewnhtii cohr

3.3.1. TheSelection Mode

The classical heatingheavtnogptof aptphlei esntmases t umor . The
homogeneous in temperature (isotherm) and wuses the te
previously discusseduahky tememmpesuouaedr éni $shesnearby | umir
temperature must therefore be achieved in the | umina/ca

heats theelclanceel ecti vé&lyur)e, Bxi ntgu mohe Kurail q wenanhercmadll
electromagnetic characteristics.

FigureTh23.di fferences bet ween

& . paradi gms: (a) Pl raonrao gvearves o unsa t
x_:' " _’:“ heati ng cauashessorgpneroqy i n t he
o . — target, whil e (b) i mpedance
oy e o~ 5 selective, heats only selecte
o~ - ,r' manner, heating up the surrol
ﬂf%ﬁ‘:‘m conduction (mMEHT principle).
(a) (b)
The selesttbe oatur al heterogenmneirtex.oghlieeRFthe electri
heat effect results in ther mal heterogeneity, resul tir
proces3dje,s i[nduces mol ecul ar changes driven by mEHT. The
di stinguish malignant cel I3 .f rTohne haenao urhty ared | c csmhp auscit tuir cer
aqueous electroé¢gvierommemte of cromor cells massively dif
The malignant cell s nreed@near gsyi gmmdurctant hgn hi gdehealthy
met abolism required to 3sTupplhye trhetiab glriod urireetre t ii 8 nnind sgth eor:
their healthy count38r p)a,r twh(iacth |seealsetc tli5vwe,| y[ i ncreases t he
positivebfeadlis@ack he higher temperature 3ddecrElhsies meatal:
requests a robust amount of nudememdss gMhucoccds ei.n Diuhee tsoi m
necessary ATP production, the tumor cells predominantl
mitochondri al phosphoryl ation. ThedPdii hrandeamii §siecsn tt
glucose intake in cancerr mentlat i viehep rroxcpeisd, pirmtdarcseses fle
electrolyteKs ionic conductivity in the -aatllabbafl mkctoal
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of ot her ionic speci es. The increased i oi2c ocfont bmpt
mi croenvironmeeti | sf samot |l owers the whole tumor Ks resi
bet ween healthy uwatdi 4nfasl i[glmeanRE BTt selectively flows thr
(highly conductive) tumor rather than the more resistiyv

Mal i gnant cells are autonomi c, independently fighting
healthy or fcellllsw danmcearutonomy, they break their networ
communications. Theadbhemésnt f prmeée @i by and junctions most
cellular network, the extracellular matrix of malignant
for selddct iThhre [structure of the microenvirommentThree arlrtearm
strucatluroews the recognition of the malignant cells by th

RF cur4rGev@ . [ A-dewebkl oped diagnostic met hdoH, uaed abpl Be@he
mammogr adpghy |

The permittivity and the conduction modify the complete
cel8]s [allowing their selecti oncurnr eant afultoowsa tiinc twaey ,d iwhe
i mpedanceculfMmdeanRsH ty (sspercifarld yuerhoy andemedul el gnfl swb
the malignant cells, which is measU5Hhble Dhi MRéfLeact eing
aut omat ifo, liows al | movemesti snepf athaaklkyl soliwi mgat he <ch
direct MR I electrical i mpedance tomography confirms th
selecidd on |

The broken bonds between the cells | eave the transmembr
proteins gfpawg eby liingied acti on i n t he pmednbrraafntes. olnhh emacloing
membranes is significantly hig-mati ghant oaoeltlhss emlieheeh eidmpe
mal i gnant cell sK dense |ipid rafts become an easy tar ge
energy dremrrlent sBledbdbticaailsye [the rafts have significant
the surrounding isolatingel iepibsye mbi ane.prdmet eel dgt ia
frequency dispersion in the ap/pdiiepedBi.dhr6 [MHZA tfifeeqede maov
539 ), targeptet eihe ilntpemdact i eérosu nan dStéad keésc tfh ewanteenb r an e,

focusing the eneb@dy dhi shewayargbhe pateiurnndleseldedtvrei ¢ hteets
energy absorption automatically, constructing an tautof

Fu
co
re
s e

ther selection could be realized by the structur al

nterpart. Usual lgstitdhat ipant hofl obi opbi éssvutilizes the
ognition in the samples. The patchiaglregittdln pht beirmgna
ection of cancer ti ssue in the bhddgy.t hiehec ed Il ts&kr astpi aol
interactions, which dynamically aecthowiean inmotiesrec ecloluulldart ri
energy for the &@8lIl.| dilhaer dryemmamtiicomel[ati ons produce a noi s
is measured as &9pbefcul Thissnghak Hiffers in malignanc
measurable by 6bhe RFecwmoireetdi{fference is the basis for
in the mEHEN2 rhel hmod ull ati on is an information deliwvery t
fractal has such -bBagecohael awveil onfitmeéhe apoptotic excit
enzymati c 5ca.t allhyesisspegctr u4ni onfe st lmen dr e ad¢ teisormappears in the
The mMEHT met hod applies such modul ation, which is in ha

® ~+ — 0O < =

The <collective excitdtoicmns wawmpmr iasned taffcdd owan 8 t he boee.
net works. These excitdtrieqruse nacrye rmongtel,y ainnd a hleowvwe xpected
the natur al 1/ f fluogpuathensnodsil mpliwyns@gedlsi in har mony
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processes, promoting them, |l i ke keeping the swing in

net worked and the wunicellular autonomic shlay ese alfi zxed |k
electromagne@licTheppPdyed TTF also uses this kind-of in
divieg4donThe method of mEHT uses an electrical field to

phase of the ®&&l |wiltalr fdriavcitsalonndi se modul ati on for a co

Furthermore, the applied noi se6gi,s whn cdc thiavse ahnarenmer gii m
applicéealt.i ohhg fluctuations of electrical prommemtbirasnehayv
proces$dge.s TThe monitoringcwohiatih@nsnoiimet mes ddmpl ex systen
survei bfanderjci ng har mony r ecadcmsd e iuaatt se nti mec obarindekaelnd GEn s |
which as was effectively and repeatedlF{f. d@&@menntarl datgendant
me mbr ane i s 7nRo,r ewhriilgei dt hfe cell s themselves are softer t
adherent connections and junctions could be formed only
As a result, the cell ul ar ¢ omennetc ttiee slsea hrbev ehad gedmet f € cm
of metabolism of malignant cells develops a strongly neq
geometric order, bl ocking bonding between t heuatppatoipmg &
cataphoretic formed séramdthatipimkcompensate the repul
connections possible.

The modul ated carrier signal targets the selected mali
received esidegmeoldul Talt i on process uses two factors:

nor ma l rectification bne nmbhrehBi7d{Ipy. pol ari zed cel |l
stochastic resonance tha$ makes the rectification, [
The -nemperature dependelnitne &rcitti ) cund ban fdmeoat loeomg ti me
|l inear attenuation was measurebtl ehmembhanbeeffechgcabsge
l' i nearity. The challenge is to measure the rectificatio
of the entry and exit points on the cell membeahefachasi
could be detected by méagur.engdthe tissue alone,

remaining hatf

\,‘w ":u"‘" """. @"‘*rx remained, double rectified
MM —H— AAAA

drastically reduced half both sides are reduced

%‘ﬁ m‘“‘,\\@“

Rectified current _\ current output

incident current

Figur&@he@4symmetric but opposineembrreamteen fwihbat conr eht t ees e

ce

72

| makes the measured materi al Il inear, the rectificat
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The mEHT i-mpedhadecapacitive coupling has four i nterco

heterogeneities in comdumititviviy yamsel dcel ¢ dhter itcumpr and
membrane rafts absorb the energy in selected cells (t
di stingui stpalilter humporovi des an additional ftalte oma If iog n asn

celHisgur.e 25

‘ ‘ Ve ™ ‘ % S
(@ Image selection ) [ Macroselection ) [ Micro selection [~ Energyabsorptionstep \ [ Physiology step b
ultrasound, CT, Szentgyorgyi- w___wwSchwan-effect Modulation
MRI, PET, etc. effect - frac?l physiology /
O o @) /
hﬁfﬁ FA
NS PR
Select & attack aberrations from
Diagnose the malignancy | | select & attack the tumor Select & attack cancer cells Domacesasis
10'm 10°m 106 m (pattern recognition)
e vt v e
Imaging and pathology Selection by boli Selection by connection Selection by frequency dispersion [Selection by pattern
(pattern evaluation) [find  differences (O. Warburg)  differences (A. Szentgyorgyi) (M. Schwan) [find the membrane] differences [act dynamically]
the lesion] [find the tumor] [find the cell] Beta/delta dispersion= membrane  pathologic differences =
[Approval by biopsy or [high metabolic rate = high [cellular autonomy = broken charges = dipole excitations) structural characters = fractal
other sample observation] glucose intake = high connections = disorder in structures) structures)]

extracellular conductivity] extracellular electrolyte]

Figur&h@55steps of the mEHT action. (0) The conventional

sel echtyi ocnonducti ve heter ogseenleacttiiessm Ky2)t hTeh ep entingirtot i vi ty
energy absorption (the hyp-eabhbger meanbstep) r ahft-ftrhaécdt)md Ao
spectrum recognizes and cormrectigrtelgal apati etsemmo it dale patd
Contrary to the above complex focusing-wasel eafpiacn)i meck
met hods regulate their approximate focussing of the ence
chosentredede size is their focusing mechaningm deored tntodi rs el
cellular level

The homogeneous heating has to balance tHd owi,ghedutcemp d&
intensive heatingar el ha mrlonidsitmngamamdi tadeot loér ahieano, b
potenti al promoter of metastases resulting fremlshe Tha
process risks increase the metastaséf€) byThHher @QTR€g cbutd
mi crometastases throughout the entire body, which are
Heterogenic heating with microscopic (cellular) selecti
can beseuwWpp o have equadosds,orde dt temealpgyor bed energy i s
While the homogeneous heating method heats al/l parts o
heats only the selected parwhedest haynwdatdolsec atead. t hiee t
heated wup intensively to have a higher temperature tha
frequency predominantly fl ows i n t hebsoxtprtaoel |cirlicaae ee|

temperature gradient 7THhrooghvéehei mgmbhanel gctric hetero
MEHT heating does remtermdkaea eanpnearsastiuree g ncrease of the ta
it presents a moderate temperature increase, but micros
(78 79 . The gradient causes the complete targeéfgKs wheéeathi |
compl ements t he-aampglplriaeld o8hembpi ¢dheed udessk of metastases b
the pharmacokinetics of drugs are828pmoted by mEHT sele
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The mEHT |l imits the increase of the SAR, which forces
temperature, the microscopic selectionrdcsaepprassthanta
in pwawne energyFabsoepRoronmEHT, th-abbomptiednensermandator

SAR increases )

Figurwheée®.the energy is too high, then everything is he

factors became negligible. The selectivity has been | ost
The electromagnetic ard egeno®malmechmadi sanlsi d t o al l el ect
treating cancer. However, the careful design with focus
effect. The emphasis of the selecti on aocvteorr st,h ewhtihcehr ncaoln ¢
exceed the selection effects over the massive trend to
relatively smal/l SAR is high in the rafts, similar to t|
in MmMEKHre molecular clusters, which are sensitive to oV
rafts by overheating them then the mEHT | odasanisporktardg

apoptosis and i-dremrautntb.geni c cel |

A natquureaslt i on arises: without the modulation is the eff
wave techniques applied at a | ower power? The answer i
then they could form stutbk monmpl ax i sat earagly osheel ehcotwi on do e

However, it is not enough to have | ow energy alone; it |
For this, dabaohgt € reismemance to kil al |l rideargitnarpyr qgpmaatte
high current instead of the higbonmbltbhbedatathaticonmpl o:¢
for this fine tuning is how: the same Otto engine wor ks
petrol naekreesnt divfal ues for dynami s m, the fuel consumpt i c
principle gives different toutputA efficiency in the el
I n summary, the specialization operates w84h pseéeaigse hel
on membr abe ,r afntds njakkg sbhaapmp| y8%H g thtelh enamall 88 FctThe
applied modul ation well supports the8fBr eclTihsee msEeHTe cltri eoan
paradigm that the physical conditions do not allow the
Charite W vefkéetgl gctric concept in sequenti alFingaugrnei f i
27
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|t i s cleeasranehaftortwharded ener gy expfolsoiwt ifoW/crwnt bausdendi €
eneraghysor pti ons depending968(fthe hei vettdad madidtgitadme §najyt u a l
99 . The penetration depends on the electromagnetic pa
thickness. The i mpedaneepenaadtcthatigon ntde mtals eisn tihomogeneolu
38%. (Note that the measurements and calcul ations assun
selection focusesl losn. tThhee tmuBEHT -maxki enhzesanhtdeoRFY hehe f
original energy depf§si tThrraseillmgdritomnaneealns that the real
crosses the entire body.

3.3.3. Action Depth

Pl awave capacitive coupling and all the homogeneous he:
caneeerl | s. The mEHT in its selective (heterogenic) heat
cellul ar signals. thkei $ nfdacte dmpadioftiessesK action depth as
eneraghysor pti on as homogeneous heating neemdssinWer depwt g
we |l | that the real depth where thexaaptieont he -reafyf efcdrisv e
apoptosis do not follaeowrtvieke adedcheapiemgtemei ogn. Even opp
energy drops bel 6wgar[&p|@&iThics liesvedecause the smaller en
effects and so it can Thiggemkapoptobmplsitgnahserval f o

correlate with the penetration depth.

The real depth is an interval where the action is effective.
Similar to the X-ray effects

Apoptosis

\ 4

+Micronudei, dose rate 100 MU
tosis, dose rate 100 MU/min. ~ Active interval
i, dose rate 600 MU/min.
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-
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o
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Depth [cm]
Figure@&h&5number of cells with micronuclei, apoptosis as

600 MU/ min ¢pes@®&. 08peEkEmptthrepresents the mean JVvaowe tof t
Units (arbitrary).

The mEHT method also kills thda(QfalTihgen aanpo pcteoltlisc wsiitghn ad p
energy (and field) t ha]d, tshheowne cirnottihce psrtorciecsts sfyn@8gy of
The selection and initialization of the processdapthess
only. This isl ewkrean moeeseeitvha i mmune effects, wHW]3ch ar
and have no real boundary wi i B]4.t hlen otbhsiesr vieeda mibrsge,0 pian s teef
depth, we have to use the tdepth of action,A whiceh defi

energy is less than thd&i3u%eofd6the incident beam,
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The increased drug pemteamrmad oki matd &t eprsmEbbleaf f @ef ongat i
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=
a (%]
'vg,r %’ Figurdha6active depth of mEHT is deeper
=S ~14% %/| dept haubseec even 5 W could cause lethal apo]
g il R = ] . .
2 Z/| When the incident beam has 100 W energy,
= n% could be three times the definitive (37 W)
£ ~5% Q
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=

I n summary, the action depth for mEHT i s deepseecttihoannalt
di stance up to 60 cm (~208ecmionyjcumflex of the cross

3.3.4. The Dosing

Oncol ogi cal hypetrtyhweframcas pmebPi, pwdepeobhemsnolst challeng
clearly defined and measurabl e doosnes.f ofrh ec Iciatrérfcdaniti tadnods e r

hyperthermia therapy is a critical i ssue in research a
[1 0]5.

I n a homogeneous heating approach, the dose considerat
could be considered having isother mal status. Compl ete

achieved only in the WBHgpr acnasomizal LRiBgdnremaginedal ¢,
t her mal heterogeneit itep,e laipmirtoiarcgh .t Hen itshed oMBeH process,
measurable and could be used for dosing theumbkatpye
equi valent mi nut e CEM&E dreraisrug etdo | & Q]8O VL 0]@;s )r e[f erring to

cel | killing at 43YC. Due to tbhbaetmaahserahei pphomegenget ol
has an approximately isotAanmalhecocemd tofont, hed ein@a etdd cbayl

exampl e, when the measur eldi hempeér afurnédrei smoactowalkldy site
t her mal i soeffect dose in 90% of the area).

I n LRHT, the absorbed ener gy eclrienaetaers fheeeadtb,aclkutbyd uter atna
(nntensified blood and Ilymph flow), thl0]%i tTheaft libaw oiidsc f ea s

more i n the healatubksyi nlgo sat cteirstsauens ,grcadi ent of the flow ir
The most vivid, mostly proliferative | ayer of the-tumor
treatment remain at a | ower tdmpgédreattwrmert Hamsitome ismt drhre
requirement is |less realizable in the vivid tumor part
transport activity. The temperature dosing i a1dptobhe matt
al so because of its very complicated measurement.
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Mor e olEM4 38X controversial, it failed to show the | ocal |
ti ssue sdMdonbaust, was correlated with cllhlc®Wheneadmi si Bt

a dodCEMA43TD0 | ocal hyperthermia, it did not show a cor |
(li ke |l ocal remi s6reas,sufrocahbl ,di aadlsledveltal li s s uwraMii oala
viterxper i mdm®@t swhii ch are far from the realithyceofathWwB&C mea
this dose unrealistic because in most human hyperther mi

the whole tumor. While the high -tielmeelrad ailriet GEsM4x3ekad d azseidn
fal$83 [ The inappl ivdabiol ictay i dfr attteids diors-eody lkymeortdh e mmiteéh
applicati €EEMABAILNO erhyl 1Di®gms t he complete isother mal he:
who-bedy heating), but the results are very different fr
the tumotllhesion |

However, the challenge i s thaltosdsuei nt ohotnhoegemaemauisd ehreaabtlien
temperature measurement is mandatory because other wise
in the target. In the method of mEHT, the measurement i
power. The techniqgque is able to accurately 8kasDue tboet
high efficiency offffscuthendosmiahghiofhgt he |tarbd @&t nbeyntt hies ashi:
ener 4 106 iaacst of by the complicated, i naccurat e, and I

temperature.

3.3.5. Heating Process

The homeostatic concept all ows adaptation time for the
homeostatic statug.oaThi ¥y equmaphex aamppower durlifpig The t
simpl est realization of t h eu pc ohrepd teixn gp phogckeesiss gi enfvso | ¥ 8 C IS
multiple additions to the success of mEHT:

0At electromagnetic heating, the stress is copsioderabl
(HSPs) (chaperons to defend their st &t usmes Toe e hepalot ke
intracellular HSPs than the base level, while the stres
50% more of these intracellul ar proteins. This makes t
mal i gnant tco.unterpar

0The gradually increased HSP chaperones in malignant ce!
from the cell when the rafts are excited and the signal
healthy cells). sTshiiss |drberaft itome pfradocteor s of i mmunogenic

0The atpepheating supports the heating periods and upregu
which is optimal for the mEHT selection system.

0The stpepgits the homeastdatstioc m&EHTi Iriebmailiwentwi ¢ hii &b lindeag wa $
physiological reactions.

0The sudden heatliinnge acpopnseonnl habwl e conditions, and the p
l'imit, and in most of the cnasleys rcegpwsd = db lbiys treardsi a(taes hiesa
steap method allows the control of homeost asi si nacnrde ahseel p(s
guote a famous experiment when a frog is i+upthe amitmal
remains in hot water, even to its death, however, when \
tries to escape).
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When the mEHT is applied striedolwn ahsead i mgn a tsh enreacpeys, s atr
neoangiioogweenssel s. Due -toog tcthe moitheirmpyr @adifect, the serio
has a higher probability, so blocking the vesselsK i mme

these cases has to be more strict.

Even hien-aspeppproach, the |l onger heating tim
the thermal equalizati o+ oprogeameals. sTeol ekceteipo nt,h ep enroinodi ¢
but it was only showhi DH& pfeclinical appli
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The proper signal transfer, and DAMP production could b
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absorption may ignite phase transition mechani sms. For
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4. Conclusions
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Abstract

The medpplication of electromagnetic resonances is a
unproven statements and some medical quackeries were pu
suffering patients. The fakesentoematisemsis hazazrandoces .
efficacy energy transport by resonances attracts the in
attention is technical and concentrates on thdscaretell
expecting hel pful modi fications. The complication is t
interconnected with an extensive network in the tissues

and controls cbadgesng@bhebbefmer gyariants could cause r
necessary <criteria for the selection and profeegaehncpn
carrier may solve a part of t he prroibdremand hmed uni axteido nske
properties to solve some of the obstacles of selection
modul ation is its adaptive ability to the |iving-compl
fracatat epmoi(sld). The task involves finding and providing
state of the bordeyac tTihoen btood yt he t her apy remai ns kKnatburlalt;y
for the homeost atstcabrleigsul attheo nh e al trheye st at e.

Keywords
Electri clQuopheedra@uocoap | evkoilteycEx £ at a@d lolnesgHtoimeiotsyEa g ir, ALY
Noi,Senfer act al

1. Introduction

The bioelectromagnetic effects attracted tlhaey pdrg:mndrs ciam
| ast couple of centuries. The observation shows that ¢t
processes. However, the therapeutic applications of bio
descri bedmbiugBlashndhut ut 2er Thié owgaAkwpbltosfupport the medi
nowadays3] 4p.o Many patented idea<selli-dieairl ahatbppyrs k[\hnks Pr a adir
electromagnetd]i8[9{,hedaply Wi th the bioelectromagnetic t he
systematic studies, ernelpjordesmewep @s iptuibviei schaed . Ot her s, | i
mitosis and some elnfe,y nhaatviec nroe atcotoilosn,s who cmeaser esenbeéet sup
ef fekl]t.s Hven such genius giant as Ni kol a-f Tesgluae nlcayd omati d 1
for edtde@epeoatics, using lRulptrreawvindll gt ad apwsO,ut] of convinci

One of the most influential idead by Rbgegabi BagmondnRief &1
topicA started with a revolutil@narmyh-mstRegeodpephhadatlt heni
rekation inli,haabltei meo-l[apserchovi ene 1Hf. Wiaci oluess pfat hogen
show cellular damages at tresonant frequenciesA. The p!
rateA (MOR)IBID. The-cebhheemhad showed also mpefal iSttyr omy
critical opinions appRrédafed aamllouthet ed emaetriood c[ deR2i3Jces foc
The | ack of pieces of evidence, the selected favorabl e
el ectr24ni cehdg fraudulent a2jigi.ties were punished |

The role of bioelectromagnetics and especially the reso
with multiple quackeries and ulmtssimakké filki $d heopiesanThae
venture. Notwithstanding the i mportance of this great ct
of electromagnetic resonances and modul ation in cancer
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2. Challenge of Complexity

Thea vling systems areregmpaeed, wahtd esehfrolled. The mol e
approach, about the completeness of the molecul ar deve
whole system in the DNA.sskeweaweer ,motrhee cloinvpilnegx ptrhoacne enou
could describe the system. Reducing life to a simple de
an interconnected and complexly regulated umgtsy3thempas
whole (holism).

The biological systems have the same complementary dua
Nested and overlapping levels of the observatiomTdepend
an inspection of the same |iving feature from differer
guantum duality, the observaatsiooon tdde ddmnwd < gorn htimeg achanerovte
its parts but only in terms 28 .the organization of thes
I't is more chhbkl éngimg thohmpl exity i nvaldv,esdias cloovgeirceadl biy
al most a c8fQturMmMheagmcjompl ete, complex situation means t
have no answer in a deterministic waryef elrheenscee :q u e setsito n st |
egg? The answer goes to the evolutionary field; and nec
answer to the question twhat existed first: the promote
needs a devel-dpetmemitnails,t imconnonsi derati on. The complex sy
primarily negative feedback |l oops, having the Godel i al
challenges, which build@k.a ttragicomicA situation |

2.1. Homeostasis of Life

Bi ological systemndamgatriosi armaenergeticall yangeoutpptes
causing a specifuedKeveaactiThe @owldd amplify/ promote t|
suppressing t he c hsaunpgper.e sTshoer ppraoinrost ewor K i n sensitive ord
the processes maintain the dynafmircmiemqaihomhead sitma 0ifs.t h'ehd
far from the static equilibri unmadjbuustt eidn sntoartmaoln ecroyn dsittaitoe
negative feedback. The feedback ¢ onsturpopr ersesconra nbilad mainceed uil n
narrow predetermined -painmte walowen.d The d&Gyrnami ¢c homeost a

system stable but constantly changing. The dynamic equi
than the usual tamdf82[.oNumalrseks dhegiagsi ve feedback33 oops
[34 in the miecsnouazndrmeacdevel s.

The systemKs open character needs poséetriowstfiengd baacaclk | perra

started process. Positive feedback results in more of a
The homeostasis governs the equilibria in all/l l'iving ra
It is tuned by the inter¢achi sagepfspebsessehavehiacliyat

bal ance of -pswpmorteessrsprai rs of tB& .reqgul atory process |

The dynamic behaeiractbhgtbemplexity guarantees robust s
process ar e essentially i nherently dynamical, so t he
t homeosBf§si sA |
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2.2. Self-Organizing

The |l iving system exchanges energy with its environment
open energy trade with other partrsr arfgetnheents yosft etmhe Tlhievi
and t heir poargtasn Batréedfl .s[eTTHer gaenifzed feedbacks secure the s
wi de range of perturbati-oinmiil aThebustdiuatgur ®isfplddlifes
deterministically or stnmeet itsetmpclaaltley aned e@dn megc ttihreg st hem
39, buil eéiimg lars élafr mony.

The systematically built eommobhuyeappeer frakchaifhe awhidot
description of |living objectsK spatial irrempudmhodge reat iad
di fferelhceand provides a useful tool to follow t4He. phys
Fract al model s explain the struc4dduraThedevel bpmeinvist pfof

also could be monitore4d by the fractal concept |

The structur aletfer & ctealdsy naampgx!l properties of | ife. The d)
spati otempor al approach of bdi04 ® ¢y,, tdheea |l fi magc twa It hp hryasnidoc
stocheaeddfi gasi zi ng processes in physiologic phenomena. FI

recogni zing 4tgh.e Tdhssi emielladsr]igtwys model i ng canc4egy,tdesoebsbéd
a general ibzled MmMvoaeflr dct al geometry helps to Baldadcerithe
t he pat hol cegcitcuale @arfc hti a mor s and their gr owt-dhe preencdhreanrti s
procedes aind progmdPstic value |

The -sieinf | o gaalifzi ng procbedssandc rcell ditecadeittiva cf hsec aalli ng of

[53586The collectivity subordinates the individual needs
for the best survival with the | osskate ewergy Lkokeumpt
democrmaly |

2.3. Stochastic Processes

The welglani zed complex dynamic equilibrium characteri ze:
from genomic to global adtlpe¢ a¢nwinr @ me m4ela.lo r ghae d tcieme & ot |
processes realize the observed signal with atpadbalil
conventional thinking bas®8. ofhedehemmbaetatsis CcChaonféesn]
static framewoibl§ . f olrhee fsfteoccthsasft i ¢ approach is fahhdamen:

Deterministic reductionism can mislead the research.

Di agnostic parameters (signal s) characterize t he I i vi
measurement of signals, which fluctuatanda.rolma ftlhectaver
various actual mi crostates in the body, only for a sho
control of the body regul ates the fluctuations. The hon
l'i ke fesguiencénsities, phases. The mini mal number of di.
the ¢guasipendent, weakly overlapping regul atiindrepentdentv
di agnostic signals does moet € htamg ec @mudii higondheofsytshe mheal
However, together with the relative constant averages V
di stribution of the signal frequencies varoi eisnt efflnea |l v e
environmental conditions. The mé@wmirend cquwacioipi icel@ilagmeas

I f the ®©Ohempd naf within daarnt ouw@iitahnec eh obnaenodst asi s is consid
subject is declared healthy.
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The fluctuation of the sigfalos GWopend Bheewchpwalsi bvera

' iving processes. The change inobobher fthahuaheowaofat hel
val ue. However, the changing of the regulative process
wit hout changing their average value. The alteratd ons i
regul ative feedback, which could point a healthy adapt:
indicate disease as well. The various curative process:
new reestablished avewagethe phevisame, the fluctuations
from the previous dynami sm. The interacting connectio
fluctuations from earlier. This variatiderviedppesnseivof ua
by tlearningA the fight against pathogens. The systemioc
regulative fluctuations. Nevertheless, it could happen
di agneisgsal, but t he patient remains il The noi se
incompatibilities, when the problem does not appear im
analysis is an accurate novelheapprdonaechls tton ditsgreagsd yarsd a

The power “¥Qcehcatrraucmt eri zes t he st oQfhraesqtuiecn cyi g nfahle witthhe r-
functional character of t({e oBi)ynawhi ehtmeaautesohow!l aihe:
wiht i tself wi t h a del ayed copy of i tsel f. Thel agorr e
t 0 o0iKpositi&nomTihse the si mil awpiatry sofhavhagsitgmal del ay
The autocorrelation evalowdt ifoorr ifs nai magt hremeaetaitdalg patt el

the signal. It is a useful tool also to find a missing
when a set of repeated interactions form the investigat
Thei mplest complex noise is Gaussian (the amplitdes hay

sesfmilar through many oiWfdéess cbhfar ma ¢gje imi e es vnipT lee f or m, I

vo —
(1)

Thleexponent is usually formally referred to onnmoipgeciss
fl@at mthe -moinke pasand ot her colors are descrilbegd hyrevar
browmi se’YQOhe mionkse inver selfyr edaipercgspf@maiesde .asIhmi Isaed f
processespffrpoidnukc)e noi se daowertiaffg dtfymd Bifliéepe [ Thi s dynami cal
structurtehemamrddsdni zi ng both in struc6@r alndanrdd ntaimme adrdryal
the livieg . magtfeeoucfubfi adredfifheacti ame structure tme al istviord
systebnls. [The physi ol ogpf@egle ca@drfitnr ddn es hoofwst he most studied
heart rate variability (HRV).

Each octave interval (halving or doubling in pPFfQaqueacy)
The -eseyédnized symmesygtom tiansnforms t B ,whfiotremi mai steh et
common sibgmdlogimabégsystems |

104 Oncothermia Journal Volume 31, March 2022


https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref61
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref62
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref63
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref64
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref65
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref66
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref67
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref68
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref69

3. Electromagnetic Effect

Bi ology fundamentally depends on the water. The electro
and some solids (like boneasppliincathiecosyast eamsectiThemagnhetin
has four basic categori es:

1) displacements of free charges, causing electric currtr

2) vi brations of charges in chemical or physicalcebond
adhesi ons -nectowdrekcst)i;v e

3) reorientation (torque, rotation, structur al change)
structures);

4) displacement and reorientation of complete cells.

These above effects coudlind trhaekd inwdtnagbloebjcehcanges

Oheat (temperature growth) by energy absorption,

0ignite molecular and systemic excitation,

Omodi fy some -psrugpmpateesrsolroops directly -pygimttitering the fee

These changes could trigger physiologic and biophysical

of the control. El ectromagneti asiresonbaheat phbeapomepachal
cells as the integrated carrier and tbuilding blocksA ¢
part of these efforts. The critical point i s amaw dtisd oelt
the targeted cell s.

The most trivial connection to how electromagnetism tra
heating by energy absorption. When the absorbed energy
averageraghysor pti on measurable with the temperature. Wh €

temperature as an average cannot be defined.

The temperature can be replaced by electric fAQldIheaesi
similarity emphasizes-tempepad suirkei Icihtayngo fngt haatname to th
processes iBwa@livri ntgh e bieretregryn@lf el ectromagneti EagUuyehéte

Less obvious and more complicated effects araengtenoinst hreat
obser vab-l evellontwantoinonary magnetic fi e7llldsanhdavadbpetaesd whas e
nont her mal electromagnetic effect. One of tchael Imeod tt winmpdoo
effeed®s phaving an optimum both frequency and @hpl iTthede
wi ndow ef feames rheesy®enance characters. The measured frequ
the experiment al conditions and coujd be in synergy wit
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1;3.!151“0" stagg
a;{watﬂd comple)y

arrhenius apparent Catalytic and

&5 | activation energy enzymatic reactions
hantl " Sainiainii b 7 " o it | T il iy -
o
S
[E”!;JE'I'“! ure ﬁG*
{ dependent ) ﬂEaA

ks

Ky ks
ky
multiple variants
by heteregeneity .
ln of the material Afln

k3 )
N 408 /

t]" produc 5

complexl complex2

electric field assistance
to push it through

(ei?;:;fa{:fd} @) Reaction coordinate
(b)
FiguMdeldirect tr aApasnidtiio ni ropdsveieml e due to the energy
could | ower the height of the barrier by-asstchemdcalahs
wor ks ismmilar way, excites the targeted molecules, and
transit Aims sat actoempl ex mol ecul ar reacti on, and the electr

finish the transition process.

Thewi ndowA was measured i @6¢muldteipmlnad i pgweorn rtehregeasp pfl i ed p
signal at the same i mpeldlanereerl goy,d)whiwdh hc sstueccho rsinkae d t he ¢
nont her mal . (ThAYQemeedyimax THfel mxtpwmpiNmg was observed
bet wa® np ™ 0477 , which twindowA effect could be well exp
model in the §me nibmehcewi[t o i ncrease DNA concentration in
10 Hz betovese@la and vAdFOael ectric field and current densi
frequencies di fdfeecrl afrreodm otnhees .Ri f e

The inhetremogeneity of the Iiving objects varies the el
the target. The heterogenic electromagnetic effects sha
|l i pid substances (Il i ke orembaolainkes (@©Iri lada ilporses )edeclpids®d arctt ,i
which form dispersion relations.

Schwa@f® [measured the el ectraindalc edrl o pairstpieens i ofn toivesuea br c
observed three major frequency dispersi qNn,9)t o ncthraordauccteedr i
the anomalous electric properties of bi onmatderfifaelrse.ntT haet il
sincefrleoguency, radiofrequency, and microwave &effects I
inteBQ&li gureTBey are considering differjgntadmechamismsacy
and microwave)pfrrorepsesrecy (

The |l ow frequéndy tapdiOesxkedzli on. -Thingefreqsemay nly in
[BL, and so it is conned®@dtded Tthoe tvhaen itdihbsuplgare f soyhshtkerm quenc i
first the dying p8r3Jjocess of the tissue |

Thedi spersion is supdriemuenegdiesmmpemdi bnghlt has a | ink t
of bi ol ogi c84 . mediesrpiealsds o[n occurs at tehleecitnrtoelryftaec es torfu cniet
Ma x wdbh g nreel ax8findarer[faci al polarization of the cell memb
[, connected to the charge di shourbdddifioems aft t he cel |l ul i
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Scattering mechanisrms

free-water excitation
Conduction with Rotational relaxation of polar-side chains, ———
" electrochemical changes Counter-ion diffusion along small reglons of membranes AW \
w Fi ,
— F .
b . Dipalar mechanisms :__:
é Af._:we_ membrane effects Charging membranes of compounds, lipids, proteins, ,.-"' \
E Charging intereellular structures Orients proteins & bound water ._.-" I-"-.
] i '
a . [
Py B T, ARSEMHI
o 1"/ / -.\1‘
P ) AN
o~ , , — —_— —] ; : —t —
0.1Hz  1Hz 10Hz  100H: 1kHz 10kH: 100kHz 1MHZ 10MHE 100 MHZ 1GHE  10GHZ 100GHz 1THz 10THz
frequency
Figurmee2.various frequency intervals of t hreandi sipnagresrinoend ir
band betawmaleaar m a biologically impomptianti nteanmngeti he apdot
could react in this frequency interval

The upper daspbeositomecqoqdi speé&dgi.oal hfehedi pol ar moments of

| arge molecules (like <cellular organel |l es89 .bi Dipios y merc s
Maxwdbhner di s)pésoi depends on the suspende@(Qparatsa swed sl
the pthotuamidn water, and cell or g8LeélRl eeaxp pewah i ams trhiet aamagred
ot her relaxation processes |ike molecular side chains,

and near membr ane hadusgpger shange Thae mostf reqacgueryt I(ys plese
reserved internationally for industrial, scienpg-ahjpc, anct
di spersion range. The model calcul ation3al so shows the

The plentiful ti ssue-f wadq e n ccya udlieesp etmtset nldivg(he 9f4r.eql baci
excitation of wvarious electrolytesK water content in the¢
for thfirsecduegrhcy end. The time constanf té&epmopecuil es &l r
typical characteristi-20f Gelguéoci assaceatedgwjth5the pol
and 4%00 MHz for simple amino acids. The gamma range |

99 .

The dispersion effects overlap and depend on the target
el ectromagnetic fi el dst scosuildulitnanelceunscley ,maenvye npawi t h const

4. Challenge of Resonant Energy - Absorption

The resonances appear in various thermal, electrical,
organs. -Theredvelr esonance mi nismidzuersi ntghe tenetrrgaynsif ®g , whi c
natureKs general thermodynamic rules. The application o
two fundament al challenges:

Whi ch mechanism transfers the resonant energy to the ce

How camandher cells be selected to be destroyed by reson
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Ri feKs original idea initialized the resonant phenome
frequencies used for cel ITuhleare nreersgoi neasn ceefs talreosuen dwakvHezs. (i

certainly |l ess than the temperature backgroundKs ther ma
experiments were completed in vitro on cell @pletaur; e sal |\
cells were malignant. His observations did not give any
investigation misses the statistical evaluation. Only ¢t
parameters |laere Sovyaitlha&lse early observations were indicat

4.1. Deterministic Resonance

Rife declared a mechanical tblow upA of the cellular st
resonator which could cause errees oanraentp leennetryg yo fa bcseowipttii eosn
sur facescoonfstlriupcitdked boundaries | ike cells, mitochondri a,
and various intracellul ar structures with caavelespt hH
comparable to its size. The mechanical effect depends o
we |l | uni fied in bacteria culture but not uni fied in a
behavior. Thei eRBiKf ewafvred gingnchs are many magnitudes | onge
mechani cal cavity resonance does not fit.

Additionally t o t he heterogenic form of t he cellul ar
mechani cal parametei € (Cloinké anmti,el conductivity, density)
depending on their functions in the systemKs structure.
di fferent molecules, including thenwatbdble Thesoamamaealee bwialn:

frequencies are too high to compare them to Rife decl ar

A kind of mechanical resonance9§ niduct#ide bly dgT .0 nlatp oauonuwdl dc os
the canc®§ , cbktaufe they are softer A9hBMO,t hseoi rt hhee anwatvheys
interfere wi t h t he soft and i ndi vidual cell s. Nont hert
electromagnetic radiation to such mechanical frequency
One of the most proven resonance phenomena in |iving ob]j
has strong LOhle@2,etancdalexperi ment alO]ldi eeeséshabsamedandenp
time at ionic cyclotron resonance so that the trajector
I CR and the connected phenomena need a magnetic fieldl
frequenceesrden bh a few times ten Hz. This does not fii

4.2. Stochastic Resonance

A mixture of deterministic signals and noise could prod
lts autocorre¥ adthi on pawdenent yY®padtdr ¢characterize the o

One of the origins of the stochastic (probability) beha

level s of the | 104ngThoer glaams izat bohurfcati on mechanism co

nonlinearity of the potentliodsh Qed Hswiorfg crhemli icrad aweddeht d i

potent i-rmdr nfonminc potenti al, chaotic arrangement). The si

acti veOfwarceesnot | inear wi d(hort hgee ndeirsaplllayc ewmetnht st he def or m
O®d GO G (2)
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whenan&nhlare characpariasmteters of the int©Orawtfi drh.i sTHeorget ¢

0 & @ (3)
which shows the bifurcati wenalméubd eThbsepbtaehtivel | ofvhens
for t he imarotliveld®wbnei miyge i n both wells, so the particl
posi twiaonmsFi gur eTRBere are paral cvelsl enstthrapopemtor m a ha
noi se constrains the particle to oscillate between the

An additicam@aB) fhceaks the Fequwale aprdo btahbei Ibiitfyur cati on (or
probability distribution biases the jumps.

The systemKs noise adds antdmHagr monitdhef avet d s Kt equh @ ap @ e

modi fies the optimal energy situation and constrains th
in the series of jumps into one directi otnh.e Tfhoer cneo iisse pneor
the wells periodically fluctuate accordingly upAoé&nd dc
periodic force ia30smahke equalbimpar ef the two wells of

opposi tkeelny, bbruot-t i me aavemagge Femayeps5equal (

At the starot mt het hempi mMmeom right to | efpteriisodmdraddepr olaal
“’¢ , and opposite “Fn the time of

>

Epot (x)

Potential energy

F 3
L J

X1 Xo X2
FigurTehe3 .bi st ab-wel pot @dhei alystem has two stable position
dynamic equilibrium when the two syathegs oarcel batupned Wh
becomes fixed in one well, the system is tfrozenA, the
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t=0 t=m1/20) t=m/Q t

urCham.gesboését ahkewpbtebyi al apsed time (one ti'fne peri o
wherce's the conventionally wused circular frequency)
this way, the weak periodic sik@nalsyoecmpamnmedesothbe |
chastic (not deterministic) way. Consequently, the |
m the potenti al we | | in the noise, which is modul at
otconiA considerable amplification of the weak peri o
ength of the noise. The amplification also increases
the periodic carryimadsoi gmareashe bAwmptihkei detcremsi ng
rier on the same signal frequency, and suddenly (a
nomenon). Probably this is +whedorefas pann df ogo neh eo tohbesre r
onance phenomena with an application of outside peri
resbinle@cenaxi mum Ohep esred se n®@®g péigdgirheatf requency deter

i mum. This is thhanptypudal wi ndgwerdoy mul at e84 beffTboee
l i tude stonshnke bEhguireWphite noise induc®sQitvheheewmahar
se) and so the noise intensity is temperature depend
articularly notable application of this stochastic r

threshold stimuli i n v@]v.i oTuhse bsitod cohga sctail ¢ prreoscoensasrecse [w
id possibility to explain Rife frequencies. The ent
nnels has Poisson distributiongil-®eltlB)l8] sTlhhe hasspanges
k external electric fields could be far boeldoew tohfe ttht
se that ther mal |l 10p9.t ati on does not exist |
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4.3. Enzymatic Resonance

Enzymatic assistance boost most odsdshe Tchhee ntieclallulrara cma oh
various and numerous catalytic reactions. The I-¢a&l hgdsy.
tcatalytilcowheeTlsd Wwheels model describes a cyclic catal
of the enzyme governing the actual prodMengs € Emeegdne Thoi
111 MME) well describes thestealz§2na T he g rhoepnkaet u nceasl sdteesacdr

involves an enzyme (E) starting the formation of the ¢
transiti@)n: state (

(4)
where the reaction rates characterize téheo r eandedr $ e, f o
respectively. At first, Qchoen neencztyemd gitom ad @n fsd Chenaerh pal@ada:tf ® r m
YO 'O, Tohsetate is highly complex hand@useénitheédaie a@iYi srtat
complex tralhprfodudd ,t Wicampl ex, while the enzOsmetter arns ftoh
end of t hki puroeess,

FiguMMéhebstochastic resona+weea s d pfean)d sAawPnl; (i tt hued Ramhaiisf@& eo f
the noisy carrcieerd.eplemagresnonahar frequency in stochasti.i

FiguiMée7enzymatic twhe@®@l,R. A p aonti ce,so the twheel A wo

one directioMenbgenMpcbaebss

Oncothermia Journal Volume 31, March 2022 111


https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref110
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref111
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#ref112
https://www.scirp.org/journal/paperinformation.aspx?paperid=110673#f7

