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Editorial

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

The recent volume of the Oncothermia Journal is the 27 ™
now. We had started this open -access publication in 2011
intending to give information for Oncothermia users and
interested specialists about the actual professional
news and results in clinical and experimental topics. | am
pleased to recognize the wide intere st of the actual
publications and see how the OJ started to be a
reference source for many experts.

The present volume shows a representing material from
the 37™ annual conference of International Clinical
Hyperthermia Society held in Thessaloniki, Greec e. The
two -days event was a great success having intensive
discussions about the actual research challenges and
possible solutions. Most of the presentations were
centred on clinical results that showed excellent
statistical pieces of evidence on relapsed glioblastoma
multiform cases as well as the possibility of induced
immunogenic  effects by modulated electro -
hyperthermia (mEHT) to cure this serious disease. The
immunotherapy combination with mEHT was presented
not only in gliomas, but in ovarian cancer t o0o. The
advanced pancreatic cancer, which has poor survival in
conventional treatments, was discussed and significant
improvements were revealed in the survival of this
aggressive disease.

These presentations are completed with some
theoretical considerati ons on methodology and clinical
practice. | do hope that the present volume offers
numerous new information, proving the strong
developments of the complex hyperthermia
technologies. | recommend this volume for everyone
who are eager to know more about the present status of
this emerging therapy option.

I hope this information offers you additional

opportunities to help your suffering patients.

Sincerely yours,
Prof. Dr. Andras Szasz

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

Sie halten die mittlerweile 27. Ausgabe des Oncothermia
Journals in lhren Handen. Wir haben 2011 mit der
Publikation dieses Open-Access-Journals begonnen um
Informationen zur Oncothermie fir Anwender und
Spezialisten bereitzustellen und einen Einblick in
Neuigkeiten und aktuelle Ergebnisse von klinischen und
experimentellen Themen zu geben. Es freut mich  sehr
zu sehen, dass die gegenwartige Publikation so grof3en
Zuspruch erfahrt und das Oncothermia Journal sich zu
einer Referenzquelle fir zahlreiche Experten entwickelt.
Der aktuelle Band stellt einige Inhalte der jahrlich
abgehaltenen 37. International Cl inical Hyperthermia
Society Konferenz in Thessaloniki, Griechenland, dar. Das
zweitagige Event war ein voller Erfolg, mit intensiven
Diskussionen uber die derzeitigen Herausforderungen
der Forschung sowie deren Bewadltigung. Die meisten
Vortrage legten den Fokus auf klinische Ergebnisse die
statistisch belegte Beweise fir Falle von rezidivierten
Glioblastoma Multiforme enthielten, sowie die
Maoglichkeit von immunogen induzierter Wirkung durch
modulierte Elektro -Hyperthermie (mEHT), um diese
schwerwiegende Kra nkheit zu heilen. Die Kombination
von Immuntherapie mit mEHT wurde nicht nur im
Zusammenhang mit Gliomen, sondern ebenfalls
bezogen auf Ovarialkrebs dargelegt. Auch Uber
fortgeschrittenen Bauchspeicheldrisenkrebs, bei dem
Betroffene nur geringe Uberlebensc hancen haben, wenn
sie mit konventionellen Methoden behandelt werden,
wurde diskutiert und es wurden signifikante Fortschritte
fir das Uberleben dieser aggressiven Krankheit
aufgezeigt.

Die vorliegenden Prasentationen wurden durch einige
theoretische Betra chtungen im Bezug auf Methodik und
klinische Praxis erganzt. Ich hoffe instédndig, dass die
derzeitige Ausgabe zahlreiche neue Informationen
enthalt, welche die Gberzeugenden Entwicklungen der
vielschichtigen Hyperthermie -Methode belegen.
Empfehlen mdchte i ch dieses Journal allen, die mehr
Uber den derzeitigen Stand dieser aufkommenden
Therapieméglichkeit wissen wollen.

Ich hoffe, die Inhalte dieses Journals bieten |hnen
zusétzliche Méglichkeiten, um Ihren leidenden Patienten
zu helfen.

Mit freundlichen Gri Ben,
Prof. Dr. Andras Szasz

e
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Rules for submission

As the editorial team we are committed to a firm and coherent editorial line and the highest possible printing standards. But itis
mainly you, the author, who makes sure thatthe ~ MEHT Journal is an interesting and diversified magazine. We want to thank ev  ery
one of you who supports us in exchanging professional views and experiences. To help you and to make it easier for both of us , we

prepared the following rules and guidelines for abstract submission.

Als redaktionelles Team vertreten wir eine stringent e Linie und versuchen, unserer Publikation den héchst moglichen Standard zu
verleihen. Es sind aber hauptsachlich Sie als Autor, der dafir Sorge tragt, dass das MEHT Journal zu einem interessanten und
abwechslungsreichen Magazin wird. Wir moéchten allen dan  ken, die uns im Austausch professioneller Betrachtungen und
Erfahrungen unterstiitzen. Um beiden Seiten die Arbeit zu erleichten, haben wir die folgenden Richtlinien fur die Texterstellu ng
entworfen.

1.Aims and Scope

The MEHT Journal is an official journal of the Oncotherm Group, devoted to supporting those, who would like to publish their results

for general use. Additionally, it provides a collection of different publications and results. The MEHT Journal has an open-minded
character, but it should particularly contain complete study -papers, case-reports, reviews, hypotheses, opinions, and all the
informative materials which could be helpful for the international Oncotherm community. Advertisement connected to the topic is
also welcome.

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

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

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

1 Hypotheses, suggestions, opinions to improve mEHT and electro -cancer-therapy methods, intendin g the development of the
treatments.

Further information about the Journal, including links to the online sample copies and content pages can be found on the webs ite of
the journal: www. MEHT-Journal.com.

1.Selbstverstandnis und Ziele

Das MEHT Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstiitzen, die ihre Ergebnisse der
Allgemeinheit zur Verfugung stellen mdéchten. Das ~ MEHT Journal ist neuen Inhalten gegenuber offen, sollte aber vor allem
Studienarbeiten, F allstudien, Hypothesen, Meinungen und alle weiteren informativen Materialien, die furr die internationale Oncotherm -
Gemeinschaft hilfreich sein kdnnten, enthalten. Werbung mit Bezug zum Thema ist ebenfalls willkommen.

1 Klinische Studien, regionale, lokale o der multilokale Oncothermie oder Electro Cancer Therapy (ECT) Behandlungen, Fallstudien,
praktische Erfahrungen in komplexen Behandlungen, klinische Versuche, physiologische Effekte, Oncothermie in Kombination mit
anderen Modalitaten und Behandlungsoptimie rungen.

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

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

9 Hypothesen, Meinungen, wie die Oncothermie - und ECT-Methoden verbessert werden konnen, um die Beh andlung zu
unterstutzen.

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

2. Manuskripte einreichen

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

3. Preparation of Manuscripts

Manuscripts must be written in English, but other languages can be accepted for special reasons, if an English abstract is provided.
Texts should be submitted in a format compatible with Microsoft Word for Windows (PC). Charts and tables are considered textual

and should also be submitted in a format compatible with Word. All figures (illustrations, diagrams, photographs) should be provided
in JPG format.
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Manuscripts may be any length, but must include:

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

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

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 jpg -file
(300dpi for photos).

1 References. MEHT Journal uses the Vancouver (Author -Number) system to indicate references in the text, tables and legends, e.g.
[1], [£3], [2-3]. The full references should be listed numerically in order of appearance, and presented following the text of the
manuscript.

=

3. Manusk ripte vorbereiten
Manuskripte missen in englischer Sprache vorliegen. Andere Sprachen kénnen in Ausnahmefallen akzeptiert werden, wenn ein
englisches Abstract vorliegt.

Texte sollten in einem mit Microsoft Word fir Windows (PC) kompatiblen Format eingere icht werden. Tabellen sollten in einem Word -
kompatiblen Format eingefuigt werden. Alle Graphiken (lllustrationen, Diagramme, Photographien) sollten im jpg Format vorliege n.

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

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

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

Text. Beliebige Lange.

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

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

=

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

also has the right to use it.

4. Copyright

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

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

5. Elektronische Korrekturfahne

Wenn die Korrekturfahnen fertig gestellt sind, werden die Autoren per Email informiert. Gedruckte Kopien werden nicht per Post
versandt. Um Verzdgerungen in der Produktion zu verhindern, miissen die korrigierten Texte innerhalb von 48 Stunden per Email oder
Fax zuriickgesandt werden.

6. Offprints and Reprints
Author(s) will have the opportunity to download th e materials in electronic form and use it for their ~ own purposes. Offprints or reprints
of the MEHT Journal are not available.

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

7. Advertising

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

7. Werbung

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

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

8. Haftung
Die Autoren aller im MEHT Journal veroffentlichten Artikel sind in vollem Umfang fir ihre Texte verantwortlich. Das MEHT Journal
Ubernimmt keinerlei Haftung fiir die Artikel der Autoren. Der redakt  ionelle Beirat hat das Recht, Artikel abzulehnen.

9. Reviewing

The MEHT Journal has a special peer -reviewing process, represented by the editorial board members and specialists, to whom they
are connected. To avoid personal conflicts the opinion of the re viewer will not be released, and her/his name will be handled
confidentially. Papers which are not connected to the topics  of the journal could be rejected without reviewing.

9. Bewertung

Die Texte fur das MEHT Journal werden vom redaktionellen Beirat kon trolliert. Um Konflikte zu vermeiden, werden die Namen des
jeweiligen Korrektors nicht 6ffentlich genannt. Artikel, die nicht zu den Themen des Journals passen, kdnnen abgelehnt werden
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Introduction

Capacitive hyperthermia is often used in conjunction with radiotherapy and chemotherapy for the treatment

of cancer. It is applied by the use of electrodes, which can be either changeable or fixed. The main
frequencies used for this electromagnetic heating  modality are 8 and 13.56 MHz. In order to achieve better
coupling of the electromagnetic energy to the body and, at the same time, cool the surface tissues, all
devices use a water bolus between the application electrode and the body, commonly with a cool ed
circulating liquid. However, not much work has been performed until now on the treatment planning with

such devices [1, 2].

Obijectives

The objective of the current study was to investigate the distributions of the electric field, the specific
absorptio n rate (SAR) and the temperature inside a simplified numerical phantom of the human torso with
an embedded spherical tumor, when the number, shape and positioning of electrodes were changed to
achieve an optimized treatment. Finally, we also aimed at exami ning the effect of optimal positioning
derived with the simplified model on a numerical phantom of realistic anatomy.

Material/Methods

The software platform we used for performing the numerical simulations was Sim4Life Version 4.4.2
(Zurich Med Tech, Zurich, Switzerland), which implements the Finite Element Method (FEM). A homogenous
numerical phantom of the torso (cylindrical with elliptical cross -section) was created. The phantom
comprised two tissues: an internal cylinder with small and large diameters of 40 cm and 72 cm,
respectively, which was assigned to the electric conductivity of muscle, and a cylindrical shell of 2 cm

DCdR6f Fgg zf DzU3 RCARC RLg LggdbfFfs Dz DT UeszUToDATg

Uz OUA QL DA z fndaticn,&Zmrighe Switzerfand) was also used and studied; this model represents a 26 -
year-old female with the height of 1.63 m and 57 kg. The circular electrodes simulated were of 25 cm in
diameter.

Results

It was confirmed that the number and size of the  electrodes induce differences in electric field (SAR)
distribution. At first, we used two electrodes with different dimensions (circular and rectangular). A different
geometry was applied with two electrodes with different dimensions (circular and square) with which we
achieved the maximum local SAR per 100W of absorbed power in the tumor region and lower total
deposited power in healthy muscle and fat tissue. Using the most efficient model we performed the thermal
simulation. Through the thermal simulatio ns we confirmed that temperature distribution changes in
proportion with the applied power and boundary settings. After studying the homogenous models, we
Rzfz72deal1Fs DT oFgAQDfy RADL DT oFLQQdgDAR 1zs¥QqQ zz2

Conclusion

We have shown that starting wi th a simplified numerical model of the torso, it is possible to achieve an
electrode configuration, which can be used with realistic patient models to improve power deposition inside
the tumor while sparing healthy tissues.

References

[1] V.Ex! {Rezgdz3 cm EAbCdTFezm °AlFedRLQ 12zsFQQ Zze ac

tumors. Medical & Biological Engineering & Computing 45:459, 2007
[2] H.P. Kok, A. N. T. J. Kotte, J. Crezee. Planning, optimisation and evaluation of hyperthermia treatments.
International Journal of Hyperthermia 33(6):593 -607, 2017
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Hyperthermia

Hyperthermia is a condition in which the heat generated in the body cannot
be dissipated by the natural thermoregulatory mechanisms. It can be induced
both naturally and arfificially.

We increase the temperature in tissues from 41 to 44 °C for 30-60 minutes. If is
applied once a week for several weeks. The heat is often induced by
alternating electromagnetic fields.

Hyperthermia is used in combination with chemotherapy or radiation therapy.

Biological background of hyperthermia

Macroscopic

 Bloodfiow Heat Shock Response

4 Vessel permeability

l lDNA repalr

Dendritic cell e
Immune system
4 Direct activation L4

4 Tumour recognition SypotouicTicel
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Ways of application

Modes of
application

The device EHY-2030 which is used in local capacitive
hyperthermia (h ut/)

12 Oncothermia Journal, Volume 2 7 October 2019



Ways of application

The application of regional hyperthermia
{electromagnetic radiative) with the
assist of ring dipole amray.

The device WBH2000 for the application of
whole body hyperthermia (infrared).

Treatment planning

» The main purpose: To locate the exact place of elgle
This is crucial as the power is limited in great values because it causes pain in the patient.

a Treatment planning involves the solution of systems of differential equations of some derivatives with
numerical techniques because the propagation of electromagnetic radiation in human tissues is a
complex phenomenon.

0 The propagation of electromagnetic radiation in human tissues is can be solved by solving
Maxwell's equations numerically.

» Result: Finding the distribution of the electric field in tissues from which we calculate the
distribution of Specific Absorption Rate (SAR).

SAR is the deposited electromagnetic power per unit mass of tissue [W / Kg].

Oncothermia Journal, Volume 2 7, October 2019 13



Treatment Planning

Maxwell’'s equations

& Field Simulaion : (radiative hyperthermia)
lmmaibn (FDTD Method) m VO,‘ @u —
- ) oH -
m ol (;’{ S

Tomographic saomm \
Images 8 Regions

Grid Generation ’ E-}?:g Simulation

Laplace’s equation
Bioheat Transfer Equation (BHTE) (capacitive hyperthermia)

c%=kl72(T)—Wb ey (T = Ty) + 0E? + Qu V[o(VV)] =0

Computational Study 10

> A specific simulation platform was used in order Muscle Elechode

14

to solve the problem: ot
Fat : Water bolus
Sim4life SHL
Water bolus‘\ /

We used the Finite Element Method (FEM)

We created a homogenous model with muscle
characteristics (from the chest area to the pelvis
area) which externally consists of fat. Also we
placed a tumor inside. Hectrode

In addition we installed two electrodes with the
corresponding water boluses.

Model 1

Oncothermia Journal, Volume 2 7 October 2019



Computational Study

Sim4Life light
4.4.2.3851

Computational Study — Electrical Analysis 12

O Table 1. Dielectric properties of the different parts of the model.

Body part Density p (kg/ m?®) | Electric Conductivity oe (S/m) | Relative permittivity &'

Muscle
Fat
Tumor
Water Bolus
Hasgall PA, Di Gennaro f, Baumgartner C, Neufeld E, Lloyd B, Gosselin MC, Payne D, Klingenb&ck A, Kuster N, “IT'IS

Database for thermal and electromagnefic parameters of biological ftissues,” Version 4.0, May 15, 2018, DO!:
10.13099/VIP21000-04-0

Oncothermia Journal, Volume 2 7, October 2019 15
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1t Model

Voltage regulation:
Small circular electrode: 100 Volts

Large rectangular electrode: 0 Volts

Diameter of the small electrode: 25 cm

Tumor has the dielectric properties of
liver and a radius of 2 em.

1s* Model

Oncothermia Journal, Volume 2 7 October 2019
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Electrodes

Water boluses

Top view of the IS model.

SAR distribution in the first model (top view).

Hot spot




1t Model

Electric field lines of the 15t model.

2nd Model

> Afterwards we did the same procedure by using 3 electrodes:
Q 15t circular electrode: +100 Volts
o 2n@ circular electrode: -100 Volts

a 39electrode (rectangular): 0 Volts

_—
—

Top view of the 2" model.

Oncothermia Journal, Volume 2 7, October 2019 17



2nd Model

SAR distribution in the 2nd model.

Electric field lines in the 279 model.

18 Oncothermia Journal, Volume 2 7 October 2019



3rd Model

> Subsequently we replaced the large ground electrode with two small circular
electrodes with the same dimensions (d = 25 cm).
0 1stelectrode: +100 Volts
0 2ndelectrode: +100 Volts
0 3delectrode: 0 Volts
O 4t electrode: 0 Volts

énd

Top view of the 39 model.

SAR distribution in the 3@ model.
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3rd Model

Electric field lines in the 3@ model.

Computational Study — Electrical Analysis 22

» The guantity we infended to compare in the three models is the maximum local
SAR in the tumor per 100 Watts of total absoribed power.

SARM (Jocal) x100 [(W/Kg)/100Wabs]

O Table 2. The results of the three previous models

Model Number of SARM (local) SARMZ< (local)x100
electrodes in tumor [W/kg] [(W/kg)/100Walbs]
I 2 3.71 0.69

2pd 3 6.33 0.52
3 4 2.04 0.37
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Could we improve these results ¢

While it may seem easy at first, raising the femperature inside the body by
external means is quite a difficult task. Hot spots greatly limit the deposited
power to tumors deep in the body.

To improve the effect of hyperthermia we can reduce the size of the
electrode (and water bolus) on the back of the patient, thereby forcing the
field to pass through the tumor as much as possible.

Ly
In the last model we used 2 electrodes. One is the same circular as before and *
the otheris square with a side of 35 cm.

S=
@&~ g\
S—

The Final Model

=

O Circular electrode: +100 Volts
O Square electrode: 0 Volts

Top view of the 4™ model.

Table 3. The results of the final (4") model.

ek Number of SAR™® (local) SART™ (local)x100 el
electrodes in tumor [W/kg] [(W/kg)/100Wals]

4 2
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The Final Model

SAR distribution in the 4" model.

The Final Model

Electric field lines in the 4" model.
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Computational Study - Thermal Analysis 27

Having analyzed all those models, the most efficient was the last one. This particular
structure and placement of the electrodes results in better distribution of the electric field
and maximizes SAR in the tumor region. Thus, the thermal analysis was made for the final

(41} model.

O Table 3. Thermal properties of the different parts of the model.

e Specific heat Thermal Conductivity | Heat generation | Blood perfusion
e capacity (J/kg/K) (w/m/K) rate (W/kg) rate (ml/min/kg)
Muscle 3421.2 0.49 0.90 3673

Fat 2348.3 0.21 0.50 32.70
Tumor 4181.3 0.56 0 0

Hasgall PA, Di Gennaro F, Baumgartner C, Neufeld E, Lioyd B, Gosselin MC, Payne D, Klingenb&ck A, Kustfer N,
“IT'IS Database for thermal and elecfromagnetic parameters of biological fissues,” Version 4.0, May 15, 2018,
DOI: 10.13099/VIP21000-04-0. ifis.swiss/database

Computational Study — Thermal Analysis 28

For the thermal analysis 4 different simulations were created. The simulation ran
for two different power settings. The first one was for 400W fotal absorbed power
and the second one was for 1000W total absorbed power. The simulation ran for
different settings in boundary conditions on the surface of the body. At first we
used Dirichlet boundary type and afterwards we used Mixed boundary type.

Table 4. Temperature in the fumor for different power (W) and boundary settings

Theaal Absorbed power (W Bounglgry Tumor temperature (°C)
Simulation condition

1000 Dirichlet 37-39

1000 Mixed 40-41 I@'

400 Dirichlet 37.7-39

400 Mixed 37-38.8
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Computational Study — Thermal Analysis 29

Temperature distribution in the 4™ model
with mixed boundary type and power of
1000W.

Limiting hot spots: Fat temperature 58 °C

Tumor temperature : 40 — 41 °C

Application in a realistic model

» In order to understand better the effects of regional RF capacitive
hyperthermia in human tissues, a computable high resolution
human model was necessary to be studied.

The new processed model of Ella from the
upper breast area fo the area of the pelvis. | .
Skin, subcufaneous fat and faf can be

observed. The high resolution human model of Ella from
Virtual Family by the ITIS Foundation.
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b

The whole structure of the model with the elecfrodes
and water boluses. a) A front view of the model b) A
side view of the model

Application in a realistic model

0O Table 5. Dielectric properties of the realistic model Ella

Body part Density p (kg/ Eloeiic C(c;r/wrzi)ucﬁvify o Relative permittivity €'

Muscle 1090.4 0.62 138.4

Liver 1078.7 0.33 181.2
Subcutaneous fat 211 0.05 253
Tumor 1078.7 0.76 181.2

Skin 1109 0.23 285.2

Hasgall PA, Di Gennaro F, Baumgartner C, Neufeld E, Lioyd B, Gosselin MC, Payne D, Klingenbdck A, Kuster N, “IT'IS
Datfabase for thermal and elecfromagnetic parameters of biological fissues,” Version 4.0, May 15, 2018, DOI:
10.13099/ViP21000-04-0. iss/daf

Oncothermia Journal, Volume 2 7, October 2019 25



Application in a realistic model

O Table é. Thermal properties of the redlistic model Ella.

Specific heat Heat generation Blood perf.usion
capacity (J/kg/K) (w/m/K) rate (W/kg) rate (ml/min/kg)
Muscle 3421.2 0.49 0.90 36.7
Liver 3540.2 0.51 9.93 860.4
Subcutaneous fat 2348.3 0.21 0.50 32.7
Tumor [1].[2] 3437 0.56 12 0
Skin 33%0.5 0.37 1.64 106.3

Hasgall PA, Di Gennaro F, Baumgaritner C, Neufeld E, Lioyd B, Gosselin MC, Payne D, Klingenbdck A, Kuster N, “IT'IS

Database for thermal and elecfromagnetic parameters of biological tissues,” Version 4.0, May 15, 2018, DOI:
10.13099/VIP2 1000-04-0

We wanted a primary tumor (not metastasis) in the liver, we left all of its properties (dielectric and thermal) unaffected
and changed only the electrical conduntivity to 0.76 S/m (liver cancer).

Dielectric properties of VX-2 versus normal liver tissue. S.R. Smith, K.R. Foster, and G.L. Wolf,. 1986, Vols. BME-33.
Zoi, Sivva. Computational study of capacitive hyperthermia with realistic models . Thessaloniki : s.n., 2019.
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