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IL-01
Radiobiological approach of combined hyperthermia with either radiotherapy or radio
chemotherapy

Michael R. Horsman
Dept. Experimental @ical Oncology, Aarhus University Hospital, Aarhus, Denmark

There is extensive prelinical data demonstrating that in combination with radiation, hyperthermia is
one of the most effective radiation sensitizers known. From in vitro cell culture stwidstumour and
normal tissue models in vivo, this enhanced affect was shown to be dependent on the time and
temperature of heating, as well as being influenced by the time interval between applying the radiation
and heat treatments. The in vivo tumour amwbrmal tissue models also demonstrated that the
sequence of the heat and radiation could play a role in determining a therapeutic benefit. A large
number of randomised clinical trials, in a variety of tumour types, have now clearly shown the potential
of hyperthermia to significantly improve both local tumour control and survival following radiation
therapy, without a significant increase in side effects. Today, radiation is more often combined with
chemotherapy, but the combination of hyperthermia with rag¢hemotherapy has been less well
investigated in both preclinical and clinical studies. Here we review theclpmeal rationale for
combining hyperthermia with radiation, with or without chemotherapy, for both in vitro and vivo
studies, and summariséé clinical data showing its efficacy.

IL-02
Clinical indiations for superficial and deep hyperthermiaz an updae of ESHO
recommendations

J. van der Z&&, O.K. Kurpeshé¥
(1)Erasmus MC Cancer Institute, Rotterdam, the Netherlands (2) A. Tsyb INRaticzlogical Research
Center, Obninsk, Russia

In general, hyperthermia is indicated when radiotherapy and/or chemotherapy effects need
improvement. Experimental studies have shown that effects of hyperthermia, both direct cytotoxic, and
radio and chemoansitizing effects, are seen in a large variety of tumour types. These findings are
confirmed in clinical randomized studies.

We have analyzed the results of 54 randomized trials published between 1980 and 2017, including total
5099 patients. These studi@svestigated the addition of HT to RT (27), chemotherapy (11) or RT plus
chemotherapy (15), or, in one study, to both RT and RT plus chemotherapy. Total 47 comparisons can be
made between treatments with and without hyperthermia. A significant improventgnhyperthermia

in any endpoint has been demonstrated in 34 of the 47 comparisons. In addition, in five of these
comparisons, the difference, although not significant, was larger than 10% with the better results in the
plus hyperthermia arm. A beneficiaffect of hyperthermia was found in a large variety of tumour types:
cancer of the bladder, breast, head and neck, uterine cervix, brain, esophagus, stomach, rectum, lung,
and malignant melanoma and soft tissue sarcoma.



IL-03
Quiality assurance in hypénermia treatment

Hana Dobsicek Trefna
{A3dylrfa FyR {adSvyaz /KIFIfYSNAR ! yAGSNERAGE 2F ¢SOK

Ample evidence can be found in literature showing that quality of the hyperthermia treatment is related to
clinical outcome. Quality assuran¢®A) guidelines are essential to provide uniform execution of clinical
trials and treatment in the application of hyperthermia. The ESHO technical committee -[E§H@s set

out to provide QA guidelines for a number of different hyperthermia applicatibhs. intention of the QA
documents is to provide definitions for a good hyperthermia treatment and to identify which hyperthermia
systems can adequately heat the tumor volume for different tumor sites. In other words, the guidelines are
inclusive for all bating techniques, which have been demonstrated to be capable of adequate heating of
the target.

In this way, participation in clinical trials is open for all participants providing they atheimplemented

the QA guidelinesand strictly follow the speific requirements of the clinical study protocol to apply
hyperthermia to the defined clinical target. Hence it is the responsibility of every institute to characterize its
hyperthermia equipment and make the data available to the ESBOAs a followp, the ESHEC will
investigate the possibility to compose a public list of device types with a description of the potential tumor
size, depth and location that can be heated.

IL-04
Current Technology for Hyperthermia Treatment

G.C. van Rhoon
Erasmus MC Caer Institute, Rotterdam, The Netherlands.

Preferential heating of a tumor anywhere in the human body is a difficult task, as humans possess an
excellent thermosgphysiological system that is highly effective in removing a local energy surplus. Most
excessenergy is lost by evaporation at the tissue surface. Therefore, the best way to heat deep or
subcutaneous located tumors is by depositing energy directly in the target, using electromagnetic (EM)
fields or ultrasound (US).

Characteristic for EMields isthat penetration depth increases with lower frequency, but also the focus
size. To overcome the limitation of penetration depth and unfocused heating, constructive interference
was introduced. Radiative and capacitive techniques are used to couple thené&lyly to the tissue.

Over time multiple EM hyperthermia systems have been designed and build with which, tumors at
nearly all locations and all sizes in the body can be heated.

A clear advantage of US is the small wavelength combined with a deep pemetiatitissue. A
disadvantage is however the inability to transfer energy though air and the very high absorption of US in
bones. Therefore, heating of tumors with US is restricted to tumor location where the US path does not
include air or bones. For sutittation the advantages of US, e.g. mm focus and deep penetration can be
fully exploited to obtain a homogeneous temperature distribution. In practice with US heating there is a
limit in tumor size (diam.& cm) that can be effectively heated.



IL-05
Pivotal position of modulated electrényperthermia in immunconcology

Szasz A?
!Biotechnics Department, Faculty of Engineering, St. Istvan University, Godollo, Hungary
“Faculty of Information Technology and Bionics, Pazmany P. Catholic Universifyegubangary

Introduction - Hyperthermia in oncology is aiming to eliminate the malignancy in the body. Its definition
allows wide range of interpretation centered on the points:
1 higher temperature than normal, but how high?
9 absorb heat selectively, blhiow to select?
1 be safe and reproducible, but what is the dose?
Two mainstream solutions compete:
1. select by using the image of the tumor and heat it isothermally (as homogeneously as possible). The
dose is conventionally the necrosis based artificial CECTX.
2. select the malignant cells using the natural biophysical differences and heat the @atisesis high
as possible. The dose is the absorbed energy in radiation units: Gy (J/kg).

Method - The modulated electrdnyperthermia (MEHT, tradeame oncohermia) makes cell selective
impedance controlled capacitive coupling with amplitude modulated signal, by theftamtal pattern. This
definitive hyperthermia heats the membrane rafts and excites outer apoptotic signal transmission to the
cell. It useshe high metabolism, the autonomy and the membrane raft properties of the malignant cells for
selection, while heats up the complete tumor for mild temperature hyperthermia level.

Results- Reaching at least® higher membrane temperature than the anyway mild hyperthermia heated
environment[]. The celdestruction mechanism is robustly apoptotit]. [Damage associatecholecular
pattern (DAMP) formation is shown, which is a prerequisite of the immunogettideath process (ICDJ

The certain difference of mEHT from other kinds of conventional hyperthermia is well proven by immuno

histochemical methods'T.

Discussion The DAMP induced ICD has turspecific genetic information maturing the dendriticllseand
producing antigen presenting cells (APC). The tuspecific immuneeaction could be the basis of the
systemic effects eliminating malignances, in far distant metastases'foaHile the rechallenging of the
tumor inoculation became impossibje.

Conclusiong The mEHT method follows the legacy of hyperthermia by strict heating of the malignant cells,
and directed to the modern trend of systemic immuoecology.

[L] Andocs G, Rehman MU, Zlgab, Tabuchi Y, Kanamori M, Kondo T. (2016) Comparison of biological effects of
modulated electrehyperthermia and conventional heat treatment in human lymphoma U937 cell, Cell Death
Discovery (Nature Publishing Group), 2, 16039,

[2] Meggyeshazi N, AndocS, Balogh L, Balla P, Kiszner G, Teleki I, Jeney A, Krenacs T (2014) DNA
fragmentation and caspasedependent programmed cell death by modulated electrohyperthermia. Strahlenther
Onkol 190:81822,

[3] Andocs G, Meggyeshazi N, Balogh L, Spisak S, M&roBalla P, Kiszner G, Teleki |, Kovago Cs, Krenacs T
(2014) Upregulation of heat shock proteins and the promotion of daraggeciated molecular pattern signals in a
colorectal cancer model by modualted electrohyperthermia. Cell Stress and Chape(@nas-26,

4] Yang K, Huang €, Chi M5, Chiang ¥, Wang ¥, Andocs G, et.al. (2016) In vitro comparison of
conventional hyperthermia and modulated eleehgperthermia, Oncotarget, oi: 10.18632/oncotarget.11444,



[5] YukWah Tsang, Cherghuing Huang, Kalin Yang, Matshin Chi, Hsi@hien Chiang, Yshan Wang,
Gabor Andocs, Andras Szasz, WWgng Li, Kwaflwa Chi. (2015) Improving immunological tumor
microenvironment using electioyperthermia followed by dendritic cell immunotherapy, BMCc€ah5:708,

IL-06
Are there guidelines for clinical practice of WBH, based on clinical trials?

Dr. Alfred J. Barich
SurgeorOncologist AHEPA University Hospital / EUROMEDGEéece

Early phase | studies disclosed that most patients could oldyate a systemic temperature of about
nmedyc/ F2NJ AaSOSNIt K2dzNB 0STF2NB aSOSNB (G2EAOAG@
body hyperthermia with systemic drugs is gained from phase | studies . In a phase Il trial which included
44 paients with small cell lung carcinomas, standard chemotherapy with doxorubicin,
cyclophosphamide and vincristine (ACO regimen) were given to the control group . The other group
received, in addition, wholé 2 R& K& LISNI KSNX A = n mdfirst threefoRthesif y S K3
ACO cycles. The median duration of response was 105 days in the normothermic arm and 130 days in
the hyperthermic arm. No impairment of renal, cardiac or liver functional occurred. Toxicity was similar
in both groups. The developmeiwf wholebody hyperthermia has been hindered by a tendency to
include patients in very advanced stages of the disease. Currently, the procedure of applying whole
body hyperthermia is less burdensome for the patient and less demanding than procedarbighk

dose chemotherapy with stercell support. The first Guidelines for application of WBH as we know it
today were formulated by the collaboration of the Medical University of Lubeck and University of
Wisconsin Medical School within the auspices of é&yital Hyperthermia Oncological Working
Group(SHOWG). The application of WBH after the compilation of over 310 preclinical and clinical trials
resulted in 28 state sponsored (Clinical Trials.Gov) clinical trials for studying the impact of WBH on
cancer, ad interestingly enough 6 trials studying the impact of WBH on Depression. This indicates the
degree of interest that is evoked from the results. From this compilation of Trials a variation in the
actual application protocols began to develop. The endmoinf the developing Extreme WBH
temperatures reaching up to 42 C that were focused on maximizing cancer cell kill, and the Moderate
WBH which focused more on the immunostimulation process that was incurred with the activation of
Heat Shock Proteins (HSRJ)so various modes of achieving these temperatures began to surface, with
the most popular among these being the use of infrared energy to do the actual heating. As the
technology advances, and more variations are being introduced, it is becoming obh@usaw
Guidelines are becoming imperative.

From the existing data we can conclude that : Achievement of more level I/l evidence, with mere well
designed randomised clinical trials, and high quality prospective trials are a mandate,as well as
Incorpordion of translational research in clinical trials. Development of quality assurance guidelines
must be implemented,as well as improvement of thermal dosimetry, when feasible, usingnvasive
methods, and development of treatment techniques more useentily for patients. Revision of the
original Kadota consensus treatment techniques to incorporate the knowledge and clinical experience
that has been compiled. Expansion of relationships with pharmaceutical and biotech companies, making
a clear point tlat combination therapies with Hyperthermia esures better results, thus ensuring the
tendancy for more targeted therapies through combinations. More agressive promotion of the benefits
of hyperthermia in the medical community and to the general public @eessary.

Md & w2oAyad | X wdZAKAY3 53 Ydzil az Sid kobdphypeKHerni@inL Of A
cancer patients. J Clin Oncol ; 15. 1997.¢688108. Engelhardt R. Summary of recent clinical experience in-whole
body hyperthemia combined with chemotherapy.
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IL-07
Potentiation of chemotherapy by local and whole body hyperthermia from a clinical
perspective

Alexander Herzog
Prof. of Medicine, Directoph Yy O2 €t 2 3A Ol f | 2 & LA G LGerm&dngl OK1 f AYA {1 5 NI

In the last years hyperthermia has become an intensively discussed complementary treatment in cancer.

| dzy RNBR& 2F LJzof AOlIGA2ya aK2g (GKS YSOKIy-RavYa o227
These include a negative interference with severghiemechanisms, denaturation of glucoproteins,
microthrombaoses in tumor vessels and increased perfusion/circulation of the tumor tissue.

Combining hyperthermia with chemotherapy a temperature dependent increase of activity of cytotoxic
drugs was found

The most important types of hyperthermia include local hyperthermia using infrArdadyht or
electromagnetic waves (microwaves or short waves) to induce a localized increase of temperature. For
whole body hyperthermia techniques like whole body irrdidia with high energetic infrared A light are
used.

In some countries hyperthermia is considered as standard treatment, e.g. in Holland a combination of
hyperthermia and radiation in patients with advanced cervical cancer or in Germany the combination of
hyperthermia and chemotherapy in patients with advanced soft tissue sarcoma.

Hyperthermia has shown in frequent studies up to now positive effects against nearly every type of
cancer.



In large solid tumors the efficacy of chemotherapy in general igelim

In the presentation it will be shown that chemotherapy together with hyperthermia in different
advanced cancers shows surprising results. These case reports are demonstrated in conjunction with
international studies.

IL-08
Chemotherapy combinedvith regional hyperthermia- recent results and future activities

Prof. Rolf Issels
Prof. Dr. med.Dipl. Biochem Internal Medicine Ill, University Hospital of theql®#thpus Grosshadern,
Germany

Background Hyperthermia at clinical relevant temperatu(esange 40-n o c / 0 aKz2ga aey
additiv effects with chemotherapeutic agents in vitro and in vivo. The goal is to translate this knowledge
in clinical application . Methods For clinical translation , the methodology of clinical trial design is
mandatory .The design must be based on the most recent findings and clinical results in the pre
specified group of patients without the use of hyperthermia. The medical need for improvement of
outcome must be documented. The eligibility criteria must be wefined and adequate. According
Good Clinical Practice ( GCP ) guidelines , the technology has to be proven in phase 1/2 trials by peer
reviewed results to be safe and sufficient to heat the target . Findings Based on stepwise performed
clinical studies lte recent updated results of a multicenter, randomised phase 3 trial in higbk soft

tissue sarcoma has led to the recommendation of hyperthermia combined neoadjuvant chemotherapy
at specialized centers( ESMO guidelines } The roeltiter, Hyperthemia- ESHO randomised phase 3 ,
Adjuvant Trial ( HEAT ) in RO / R1 resected pancreatic cancer will be presented in order to demonstrate
medical need , center cooperation , and requirement of a recent amendment. The HyperTET (
HyperThermia Enhanced Trabedi@drandomised phase 2 trial in advanced soft tissue sarcoma will be
presented in order to demonstrate a targeted approach of regional hyperthermia to enhance treatment
efficacy by the principle of synthetic lethality and to evaluate abscopal effects teytmdly induced
immune mechanisms Interpretation Clinical cooperative studies are the most important issue for further
implementation of regional hyperthermia in clinical practice . Results of randomised , first or second
line studies with proven clinit benefit in any of defined endpoints are the prerequisite for support by
health authorities and spread of defined technology .

1C
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Prof. Dr. med. Niloy Ranjan Datta
Centre for Radiation Gwlogy KSAKSB, Kantonsspital Hospital, Aarau, Switzerland

Effective multimodal cancer management requires the optimal integration of diagnostic and therapeutic
modalities. Radiation therapy, chemotherapy and immunotherapy, alone or in combination tegeain

parts of various cancer treatment protocols. Hyperthermia ati36C is a potent sensitizer and has been
shown to improve therapeutic outcomes in various tumours through its synergy with radiotherapy and
chemotherapy. Two additional interventioniyperthermia and more recently gene silencing therapies
[small interfering RNAs (siRNAs) and microRNAs (miRN&s) emerging as valuable additions to the
therapeutic armamentarium against cancer. Cancer is a ffadtorial multigenic disorder with
complex interactive cellular and molecular pathways in a state of dynamic transition. This has led to the
multimodality approach, either concurrently or sequentially in cancer management as may be indicated
in a given case. Thus, therapeutic interventidmsoptimal cancer management involve an evidence
based interplay of surgery, radiotherapy, chemotherapy and immunotherapy tailored to tumour and
hostrelated factors.

The application of nanotechnology in mediciged Y I Y2 YSRAOAY ST A& ol &
particles, made from either organic or inorganic materials. For drug delivery, liposomes and polymeric
vesicles filled with hydrophobic drugs are currently in clinical applications. Nanoparticles have been
demonstrated to extravasate passively into the — B
tumour tissues in preference to the adjacent normal [wadun, | Ju  [——
tissues by capitalizing on the enhanced permeability & | ——
and retention effect. Tumour targeting might be A ) R
further augmented by conjugating tumowspecific R
peptides and antibodies onto the surface of these
nanopaticles or by activation through
electromagnetic radiations, laser or ultrasound.

Magnetic nanoparticles (MNPs) can induce
hyperthermia in the presence of an alternating
magnetic field, thereby multifunctionally with
tumour specific payloads empowering nhaur
specific radiotheranostics (for both imaging and
radiotherapy), chemotherapy drug delivery, fneienmanene nanaparcles Perertalier negrasing mummosality erssy |
immunotherapy and gene silencing therapy. The rapid developments in multifunctional nanoparticles
provide ample opportunities to integrate both diagnostic atigerapeutic modalities into a single
STFSOGABS OFYyOSNI GUKSNIy2aiGdA0¢é @SOUG2ND

{dzOK | oyly2006dz £t SG O2dA R NBFEtATS GKS &Yl 3A
OSyldzNE F32d ¢KAAa LINBASYdFdAz2y FNRY |y ddfthey A OAl
multifunctional MNPs, their role as multimodal theranostic vectors and the future challenges that need
G2 0S FRRNB&AaASR (G2 SyrofS (G4KSasS abta G2 06S NBIfA
This could possibly usher in a newgadigm in modern cancer diagnostics and therapeutics.

Reference:
Datta NR, Krishnan S, Speiser D, eMalgnetic nanoparticlenduced hyperthermia with appropriate
payloads: Paul Ehrlich's "magic (nano)bullet” for cancer theranostics? Cancer Treal R&02Q1727.
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IL-10
Nine indications for superficial and deedTtherapy jointly with radiotherapy reimbursed by
Swiss health care insurances for outpatient therafppm 2017

Stephan Bodis, Emsad Puric, Niloy Ranjan Datta
Center for Radiation Oncaly KSACSB, Kantonsspital Aarau, Aarau, Switzerland

Introduction: Despite arincreasing body of evidence, hyperthermia is seldom reimbursed by national
health care systems either alone @mbination with radie and/or chemotherapy. A drawback a few
yearsago wadhe decision to stop reimbursement based on a report initiated by the ministries of health
in Germany and Austria. Currently most indications are reimbursed only in combination with
radiotherapy and/or chemotherapy, within stugyotocols. Additimal requirements for reimbursement

in some countries are patient registries and outcome analysis. In Switzerland, hyperthermia combined
with radiotherapy was reimbursed fap to 10indications until 2015 (1). The most frequent indications
were chest wallecurrences and palliative fieradiation for symptomatic patients. In 2015, one of the
largest health insurance companies requested investigation by the Ministry of Healtbr all
hyperthermia indications jointly with radiotherapy in oncology, claimauk of evidence and therefore,
requesting cancellation of reimbursement for all indications.

Hyperthermia indications submitted to Swiss Ministry of Health for reimbursement by regular health
care insurance:A detailed dossier was compiled and submritto the Ministry of Health and requested
full reimbursement for nine indications based on published evidence and/or own open clinical trials.

i. State of the art hyperthermia therapy conducted in our institution including workflow, planning,
quality assuraoe and written standards.

i. Overviews of clinical studies with curative intent initiated/submitted to our regional ethics
committee-muscle invasive bladder cancer, locally advanced sarcoma, locally advanced
pancreatic cancer (2).

iii. Published and submitted eta-analyses fothree common treatment sitesuitable for
hyperthermia and radiotherapg chest wall recurrence in breast cancer, head and neck and cervix
cancers (57).

iv.  Our research portfolio including the development of a novel superficial hyperthesysigm with
online SAR monitoring, temperature sens@isnning system and software packages. This
includes also a novel joint care path for radiotherapy and hyperthermia integrated into our
clinicalinformation system.

Swiss Hyperthermia Network and Ssd Hyperthermia Tumor board$n December 2016 he Ministry

of Health decided to include four indications for superficial hyperthermia without any restrictions and
five for deep hyperthermia for a-gear periodwith reassessment by December 2018 in thenpalsory

health care insurance catalogue. All Swiss patients must be presented at the weekly Swiss Hyperthermia
Tumor Board lead by us with participating institutions joining on WebEx. The Swiss Hyperthermia
Network Society was founded April 2017by four Swiss radiation oncology institutions. The society is
responsible for the proper registration of all Swiss hyperthermia patients and the proper conduction and
reporting of the Swisbklyperthermia Tumor Board. The first assembly will take place Junel 8,d20ing

the Swiss Radiation Oncology Annual Conference (SABR@ate more than 10 radiation oncology
institutions have expressed their interest to join.

References:
1. Hyperthermie in Verbindung mit Strahlentherapiigted Dec 13, 2016ELGKSekretariat@bag.admin.¢h
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2. Datta NR, Eberle B, Puric E, elahyperthermia combined with radiotherapy adequate in elderly patients with
muscleinvasive bladder cancers? Thermagiobiological implications fronan audit of initial resultsint J
Hyperthermia 2016, 32; 39897.

3. Hyperthermia and proton therapy in unrectable soft tissue sarcoma (HYPROSAR), Available at:
https://clinicaltrials.gov/ct2/shav/NCT01904565

4. Concurrent hyperthermia and chemotherapy in locally advanced pancreatic cancer: phase Il study (HEATPAC),
Available athttps://clinicaltrials.gov/ct2/show/NCT02439593

5. Datta NRPuric E, Klingbeil D, et &lyperthermia and radiotherapy in logegional recurrent breast cancers: A
systematic review and metanalysis. Int J Radiat Oncol Biol Phys 2016,94:8073

6. Datta, NR, Rogers S, Puric E, et Hyperthermia and radiotherapynithe management of head and neck
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IL-11
THE ROLE OF THE THERMAL ABLATION

PetrosFilippousis
Interventional radiologist, Sotiria General Hospital, Greece

The role of thermal ablation is an accepted alternative therapy in the treatment of selected patients
with primary or secondary lung malignancies who are poor surgical candidates. Combining local
therapies has also emerged as a possibility. Although outcomes are still early to judge, some have
suggested that the use of RF ablation in combination with RT is safe and provides improved local survival
versus conventional RT alone. Currently, thoraciatald therapy has a role in treatment of primary

lung cancer, treatment of lung metastases, and palliation of painful chest wall masses.

Hepatocellular carcinoma (HCC) and metastases from colomtzihoma are the two most common
malignant tumors to affictthe liver. Of all patients presenting with a malignant hepatic tumor, diesv
surgical candidates. A number of alternative therapies have been used for the treatderalignant
hepatic tumors. During the last years, considerable interest has desgliopthe thermal ablation
techniques that produce heat. Radiofrequency and microwave ablation of the liver has been a promising
technique. Differences in reported success ratesnardoubt multifactorial.

IL-12
Ablation Bone Metastases

A.D.Kelekis
Associate Professor of Interventional and MSK Radioldgiyersity of Athens, Greece

Percutaneous techniques for painful osseous metastatic disease have evolved due to the often disabling
pain these patients experience, despite the use of conventiorehbibies.

The purpose of this presentation is an overview of ablation for bone lesions. There is still an active
dilemma on which lesions to use radiotherapy, thermal ablation and on which stabilization. Indications
of treatment will be discussed, focuginon palliative versus curative treatment, as well as the
relationship with radiotherapy and sequencing between therapies.
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This presentation is an overview of bone ablation techniques used in the spine and the appendicular
skeleton. Availablenaterial will be discussed, as well as possible combinations of treatments in order to
yield maximum results, while reducing possible drawbacks. We will try to show the technical challenges
of establishing safe and curative margins. Anatomic and positional landmalk$evaddressed.
Complications are analyzed, as well as techniques to minimize potential complications.

In conclusion bone ablation is a valid technique, standing alone or in combination with other
treatments. The purpose of this presentation is to imoabout ablation for the treatment of bone
metastases. Patient management and limitations of the material at hand seems to be important for
avoiding technical complications.
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IL-13
Technical aspects of MWA

V. Loprest®, L. Farin®, R. Pintd”, M. Cavagnar®

@pivision of Helth Protection Technologies, ENEA, Rome, Italy
@Dpept of Information Engineering, Electronics and Telecommunications, Sapienza University of Rome, Rome, Italy

Introduction

Microwave thermal ablation (MWA)s a minimally invasive therapeutic technique ds® destroy un
healthy tissue by way of a very high and localized temperature increase. Heat is obtained by the absorption
of an electromagnetic field radiated by a minimally invasive microwave (MW) antenna. Tissue coagulation,
and thus thermal ablationis obtained almost instantaneously when the temperature of the tissue reaches a
value2 ¥ | 6 2[dki cnc/

Clinical applications of MWiclude treatment ofcardiac diseaseand endometrium disorders. However,

the most interesting applicationf MWA isthe treatment of tumoursdue to their widespread diffusion and

the increasing number of inoperable caskskedto e.g. cemorbidities allergies to anaesthesi&tc.

Methods

MWA clinical seup typically consists of a high power MW generator (usually opegadt 915 MHz or 2.45
GHz) able to supply up to 150 W, a MW antenna, and a cooling system. The cooling system keeps the
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applicator.

The clinicalprocedure foresees the imagguided introduction of the antenna into the body and its
placement in the centre of the tumour to be treated. Then, the cooling system and power generator are
switched on, allowing the antenna to radiate the chosen MW powetife selected duration (typical values

are up to 60 W for 10 min). Power and duration are determined according to the location and dimension of
the tumour. Treatment goal is the ablation of the whole tumour plus a 5 mm safety margin all around it [1].
Although simple to describe, MWA is a technology to be handled with care because of the very high MW
power used in the procedure, and of the very high temperatures reached by the tissue close to the radiating
antenna. Actually, there are still unknowns abahe nonlinear effects occurring into the tissue during
a2l YR AYyFtdzsSyOAaAy3a (GKS LINRPOSRAz2NEQa 2 dziepradvchie © !
nor predictable results are obtained [2].

Studies

Both ex vivo and numerical studies have been penfed to characterize the interaction of the higlower
electromagnetic field with the biological tissue [3,4]. The comparison between numerical and experimental
data is fundamental to define the parameters that mostly influence the treatment outcomesiiéigi & dzS Q
properties (dielectric, thermay SOKF YA OF f 0 X | Yy RXNRINO 2 ¥ SWY | HE:a RSwa s

Conclusion

In this contribution, the technical aspects of MWA are presented and discussed, focusing on the recent
studies as well as orhé key issues which should be still investigated to make MWA procedures safe,

reliable and reproducible. Comparison with radiofrequency ablation and hyperthermia is used to underline
similarities and differences among the techniques.
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IL-14
HIFU Systems Technology and Clinical Practice

t NEFP® 5NX | 2f 3SNJ DNNfT f
University Hospital of Cajme, Dept. of Radiology, Laboratory for Experimental Imaging and image
guided Interventions, Germany

Focusing of ultrasound waves allows HAowasive heating of deep seated tissue structures without
harming the surround tissue. With a focus point that lhadimension comparable to a grain afe, this
(SOKYAljdzS OFy 66 dzaASR +Fa 6F GKSNX¥IE {YAFTSE 6KSY
6/ ® 1 0203S LRaaroAtAde gl a NBO23ayAT SR IyR | f NBI RE
focused ultrasound (HIFU) is still calesied an emerging technology for clinical applications. While the
norn-invasive nature of HIFU is very attractive, it comes with the challenge to precisely target the tissue
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and monitor the heating process. Thus, its combination with magnetic resonancengn@gRHIFU) in
the80hn QG ASE FFLOAEAGFOISR 0SGGSNI FYR al FSNJ dNBIFGYSyY
talk, an overview of the HIFU technology and its use for thermal ablation including clinical examples will

be given. Furthermorethe potential use of MRIIFU for hyperthermia will be addressed together with

new approaches of advanced control algorithms for point by point heating to ensure homogeneous
heating.

IL-15
Chemotherapy and regional hyperthermia in soft tissue sarcomgdate of a phase 3 study

RolfIssels
Prof. Dr. med.Dipl. Biochem Internal Medicine Ill, University Hospital of theql®&thpus Grosshadern,
Germany

Background

Chemotheapy for patients with localized soft tissue sarcoma (STS) is not currently viewed as standard
practice, due to the lack of survival benefit. The preliminary report of our phase 3 study demonstrated
that adding regional hyperthermia to neoadjuvant chemotggy improved local progressidree
survival as the primary endpoint of patients with higbk STS. According to study protocol, we
performed a final analysis of outcome including overall survival with-lemg follow-up.

Methods

We randomly assigned all patients with nommetastatic, highNJ&A &1 0 RS S LJZ-3)pO" > 3 N.
receive either preand postoperative doxorubicin + ifosfamide + etoposide chemotherapy alone, or this
regimen + regional hyperthermia. Patients were stratified according to stteefmity vs. norextremity)

and presentation of tumor (primary veecurrent vsprior surgery).

Results

Of the 341 patients randomly assigned, 329 (94%) were eligible and started study treatment. Compared
with the neoadjuvant chemotherapglone group, tie addition of regional hyperthermia improved
objective response rate (12.9% vs. 29.8%; P=0.002), prolonged local progfessicurvival (29.2
months vs. 67.3 months; hazard ratio (HR) 0.65r#odk P=0.002), diseadeee survival (17.4 months vs.
33.3months; HR 0.71; legank P=0.013), and overall survival (6.2 years vs. 15.4 years; HR edaskog
P=0.037). Hyperthermieelated adverse events were rare and without signs of late toxicity.

Conclusions

After a median follomup of 11 years, the additiorof regional hyperthermia to neoadjuvant
chemotherapy improved clinical outcome which translated into a significant overall survival benefit.
These findings strongly support the use of regional hyperthermia in this setting for patients with high
risk STS.
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IL-16
Which are the best nanoparticles for hyperthermia?

Dr. Makis Angelakeris
Aristotle University of Thessaloniki, Greece

Introduction

Magnetic particle hyperthermia attempts to treat cancer following the modality Hippocrates suggested
around 2500 F N&E | 32Y a2 KI G YSRAOAYS Olyy2i OdaNBI ANRY
FANBE R2Sa y20 OdaNBx Aa (2 0S O2yaARSNBR AyOdzNI of
are more vulnerable to temperature variations when camgd to normal ones, while the heat cargo is
delivered by especially designed magnetic nanoentities under the guidance of an external magnetic
field. Although, it is authorized for cancer treatment since 2011, after passing a phase Il clinical trial, as
adjuvant therapy with conventional radiotherapy,,[1] it still needs further elaboration prior to routine
clinical application. As in most biomedical applications, several constraints both in carriers and therapy
scheme have to be successfully addressed.

Results and Discussion

The first general question that naturally arises is why use magnetic nanoparticles in modern
theranostics? The answer is multifold and has to do with their flexibility, selectivity and effectiveness.
Magnetic nanoparticles may be renedy (i.e. externally) and effectively stimulated by the adequate
magnetic field. Since they are only a few tens of nanometer in size and therefore, they may manoeuvre
around, for example, find easy passages into several tumors, whose pore sizes aranipteei 100

nm range.

To advance magnetic particle hyperthermia applicability, three critical puzzles have to be solved:
a).Which particles? Reproducibility, is the first milestone, for a synthetic approach, which should be self
consistent and reproducés outcome under standard conditions. Then, synthetic controls should be
tuned to provide control over size and shape (uniformity and morphology) within a homogenous
(stability) in time and varying conditions dispersion. Eventually, scalability to greatgth scales may

be examined in an effort to create microscale or even mesoscale objects.

b).Which conditions? Magnetic Particle Hyperthermia treatment utilizes high frequency magnetic field
and is excellent paradigm for discussion of field applicagafety in biomedicine. The generated
temperature depends on the magnetic properties of the nanoparticles, and it increases with magnetic
field frequency and amplitude. In order to minimize possible risks, the dosage of nanoparticles
administered during théayperthermia treatment should be kept as low as possible together with clinical
constraints for the magnetic field intensity and frequency values.

c).Will it perform under biaconditions? Nanoparticles due to their multivalency and multifunctionality,
pos challenge for understanding their pharmacokinetics because different components will have
different features that affect their performance, toxicity, distribution, clearance. The 3Ds: Dose,
Dimensions and Durability provide the set of parameters to be-tfined in order to have optimum
performance together with minimum sideffects within a biological environment.

Conclusions

Magnetic particle hyperthermia is a unique multifunctional platform since its carriers can be remotely
and noninvasively emplogd not only as heat mediators but as imaging probes, carrier vectors and
smart actuators as well.

References
[1] K. MaierHaulff et al., Journal of New©ncology (2011),103(2),34324.
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IL-17
Nanoparticlemediated drug delivery to treat cancer

Timo L.M ten Hagen
Laboratory Experimental Surgical Oncology, Section Surgical Oncology, Department of Surgery, Erasmus
Medical Center, Rotterdam, the Netherlands

Chemotherapy one of the pillars in cancer therapy, but suffers from lack of activity, severencitisg |

side effects and resistance seriously impairing it potential. Important is to get more in the tumor and
less in healthy and sensitive tissues. For this purpose-panticles may be used as smart drug delivery
devices or nanobots, which can be ste#, controlled, monitored and facilitate through that optimal
delivery with strong clinical outcome. Different methods will be presented and compared showing that
local delivery can be impressively augmented, while-siifiects are controlled. This mayset in the
patient in shifting the balance and irrespective of resistance produce a favorable outcome.

IL-18
Targeting nanoparticles for cancer: Immune microenvironment of tumours determines
uptake and retention of nanopatrticles.

Robert Ivkov, Ph.D.
Department of Radiation Oncology and Molecular Radiation Sciedobss Hopkins University School
of Medicine

Nanoparticlebased cancer therapy and drug delivery has advanced significantly in recent years,
providing new opportunities. Significant defic@es in knowledge remain to explain nanoparticle
delivery and distribution to (solid) cancer tumours. Results of clinical trials often fail to recapitulate
preclinical experience, implying that moelgecific features, which do not accurately reflect clihi
realities, are unknowingly incorporated into nanoparticle design. It has been recognized for some time
that the unique properties of nanoparticles lead to interactions with components of host immune
systems; but, less understood is how these interaticaffect uptake and distribution in cancer
tumours. We sought to systematically study the impact of the host immune system, targeting, and
tumour biology on the distribution of ferrite nanoparticles in mouse models of HER2 overexpressing
breast cancer byarying the tumour and immune status of the host. We show that turressociated
immune cells play a major role in the uptake and distribution of antibody conjugated nanoparticles
across xenograft models, with implications that host immune status is disct@. We also developed

an allograft model of human HER2 overexpressing breast tumor that spontanedeslopsin
immunocompetent transgenic mice (FVB/N background). Using this model we compared the uptake and
retention of a given nanoparticle construin different immune stratified mouse models, using the same
tumour, ranging from most immunocompromised to fullgmune-competentmodels. Results of these
studies will be presented indicating a passive uptake mechanism is unsupported by our results.
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Design and application of temperature sensitive liposomes for hyperthermia induced drug
delivery

t NEFP® 5NX | 2f 3SNJ DNNfT f
University Hospital of Cologne, Dept. of Radiology, Laboratory for Experimental Imaging and Image
guided Interventions, Germany

Hyperthermiainduced local drug delivery using temperature sensitive liposomes (TSLs) has been shown
in several studies to increase local drug concentrations by a factor of approximately 5 to 15. One of the
most important factor is the stability and theslease kinetics of TSLs to provide high drug plasma
concentrations and sufficient release while the TSLs pass through the heated tumor, which requires
optimization of the TSL formulation. However, above approach is mostly suited to treat well vascularized
tumor areas, as perfusion is a key factor to ensure supply of TSLs during hyperthermia. Recent studies
showed that poorly perfused and partly necrotic areas remain undertreated. Here, thermal combination
protocols can provide an improved therapeutic optioAs a first step, well vascularized areas are
treated with hyperthermia and temperature induced drug delivery, followed by an ablation of the
necrotic area. One requirement for performing above protocol is a method that allows both
hyperthermia of largetumors but as well ablation of smaller, necrotic or poorly perfused tumor
volumes in one treatment session. Here, high intensity focused ultrasound under MRI guidance (MR
HIFU) emerged as a very suitable method. In this talk, design and testing of T®kesdvgicussed and
presented in the context of thermal combination protocols to treat tumors usingHNiRJ.

IL-20
Non-Thermal Effects of Radiofrequency Radiation

GadLev
Medical Enterprises Grouphe Netherlands

Introduction:

Since the 1970s, clinéns have reported the importance of hyperthermia in the treatment of cancers. In
most cases the method to obtain hyperthermia was by radiofrequency radiation, usually due to the
problematic application of other means, such as conductive heating and auinds Recent discoveries,
however, suggest that radiofrequency has Abermal effects which are selective to cancer cells.

Discussion:

Since 2014, articles pinpointing the effect of RF (isolated from its thermal effect) selectively on
malignant cells hee started to emerge. These effects include microporing of their membranes, loss of
adhesion in cancerous tissue, and changes in topography, morphology, motility and proliferation, all of
which point out to phenotypical and metabolic changes.

This partiay explains the different pharmacokinetics and clinical findings betweedndrieed
Hyperthermia and Hyperthermia without RFsome of which are especially evident in Nduscle
Invasive Bladder Cancer.

In addition, RF generates Foucault currents, whictctélglly charge and mobilise molecules.- RF
application could be used for different indicationachieving active diffusion, homogenous distribution,
and adding activation energy to administered agents to potentiate their efficacy.
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Conclusion:

In order br us to keep adding to our knowledge, perfecting protocols and for the sake of future
generations, it is imperative to mention the method in which hyperthermia is achieved (once thermal
registry proves tissue is efficiently heated otherwise). In addigoparadigm shift in the interest in RF is
emerging, and it would be interesting to learn more about the effects and importance of RF on cancer.

IL-21
Our initial experience on hyperthermic intravesicular chemotherapy (HIVEC)

Apostolos P. Labanaridichalis Georgiadis, George P. Labanaris
Department of Urology, Interbalkan Medical Center, Thessaloniki, Greece.

Introduction: Preventing the recurrence of nemuscle invasive bladder cancer (NMIBC) post
transurethral of the bladder (TUB) remains chathging. The aim of this study was to investigate the
SFTSOGAOPSYySaa I|yR alFSie 2F NBOANDdzZ I GAy3I KeLS
epirubicin, using Combat's BRS system in such patients.

Patients and MethodsFrom October 2016 to April 20, N=10 patients with intermediate and high risk
balL./ NBOSAOGSR IR2dz@Iyld |1 L9/ un GNBFGYSYydG AGK |
Epirubicin was recirculated at 200 mL per minute at a stable pressure and the temperature inside the
bladderw & YIFAyGFAYSR F2NJcn YAydziSa FdG no ¢/ ® blo 2
had exhibited tumor recurrence under BCG.

¢KS LI GASYyGQa LINRG202f 61 a& AAE AyalaAttlriAzya 06¢
and thensix nstillations (monthly) and control cystoscopy with bladder biopsy if required. Recurrence

rates (according to cystoscopy or new bladder biopsy) and adverse effects were evaluated.

Results:! £ f LI GASyd&a G2f SNI (S Reffects webe/baervedl EN3S datiedts/who | y R
had previously received BCG and exhibited recurrence underwent a new bladder biopsy after the 6
weekly instillations were concluded, but did not exhibit new evidence of tumor recurrence. The
remaining N=5 patients at cystoscopyntwls did not exhibit tumor recurrence. N=2 of the patients

have not yet undergone cystoscopy evaluation.

Conclusion: The use of recirculating hyperthermic intravesical chemotherapy with epirubicin using
Combat's BRS system seems to be safe and effentaugch patients. Although or patient cohort is small

and or followup period short, the oncologic results seem promising.

IL-22
Closed technique with CO2 agiation, an innovative solution for HIPEC

PedroVillarejo
Associate Professor (Department of Surgery), Ciudad Real School of Medicine {Gadtilacha
University), Spain

HIPEC with closed technique and CO2 agitation represents a significant enhancement noctduue
which optimizes the therapeutic effect. The following improvements have been seen clinically and can
be discussed.:

1 Homogeneous and constant intebdominal targeted temperature

1 Complete distribution of the drug across the visceral and peritosedhces
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1 Recirculation of drug performed under controlled and targeted pressure

f Use of individualizedolumes to ensure complete abdominal cavity filling
This new innovative technology offers specific solutions for minimally invasive or even laparoscopic
approach providing methodological and technical support to future potential indications of extended
HIPEC roles and modalities currently under investigation, as neoadjuvant and/or prophylactic therapy

IL-23
Cervical cancer and modulated electityperthermia: What we have learnt from our clinical
trial so far

Minnaar C.A.Kotzen J.A.
Radiation Sciences, University of the Witwatersrand Medical School, South Africa

INTRODUCTIONEhe aim of the study is to determine the effects of the addition of modulalectre
hyperthermia (mEHT) to treatment protocols for HIV positive and negative locally advanced cervical
cancer patients in South Africa. The study objectives are to assess the effects of the addition of mMEHT on
guality of life, safety and toxicityp¢al disease control and 2 year survival. We report on the first 175
participants to reach 6 months post treatment.

MATERIALS AND METHODSis is an ongoing phase Ill randomised clinical trial at the Charlotte
Maxeke Johannesburg Academic Hospital. §thdy aims to enrol 236 participants of which 227 female
participants with FIGO stage IIB to IlIB cervical cancer have been enrolled. Participants have been
NI} YR2YAASR Ayi(2 I G1 @LISNI KSNXYAL € ANRdzLJ o6Y9l ¢ l
(chemoradation alone), based on HIV status, age and stagdisgfase. Treatment protocols for both
groups are25 fractions of 2Gy external beam radiation, 3 doses of high dose rate brachytherapy (8Gy)
and up to 3 doses of cisplatin. The Hyperthermia group is vegeiwo 55 minute local Oncothermia
treatments per week during radiation therapyocal disease control is being assessed by Positron
Emission Tomography (PET) CT scans. Adverse events, quality of life and overall survival are being
recorded and the dat#s being analysedRESULTSFhere has been a dropout rate of 26%. 51% of the
participants enrolled so far are HIV positive and 61% are in FI@€rnational Federation of
Gynaecology and Obstetricsiage Il of disease and 39% are in stage |IB yoadilanced (defined by

the invasion of the distal half of the parametrium). 50% of participants are between the ages of 30 and
50 years and 47% of participants are between the ages of 50 and 70 years. 3% are below 30 years of
age. There is a positive tral in the six month survival rates and local disease control in the
Hyperthermia group. There is an expected slight increase in early adverse events in the Hyperthermia
group, however this difference disappears six weeks post treatmaaie side effectand survival will

be assessed with continued follow up.

CONCLUSIONrreliminary results appear to be confirming the benefit of the addition of modulated
electro-hyperthermia to treatment protocols for cervical cancer. Final conclusions can be drawn on
completion of data collection.
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Hyperthermia and current oncological guidelines: Indications and technical capabilities for
selected tumor entities

Peter Wust, Pirus Ghadjar i
/| KENRGS ! YABGSNEAGNGAYSRATAY . Sadimany s / ftAYyAO F2NJ w

The rationale and potential to add hyperthermia to an oncological standard treatment depends on
various conditions such as on the established oncological standard and kind of available treatments,
tumor location and heating accessibility, pefitus behavior of the tumor and others.

The highest evidence for hyperthermia has been found for locally advaafetdssue sarcoma (ST8)

heat is added to preand postoperative chemotherapy (CTX), surgery and adjuvant radiotherapy (RT).
STS are consded as easyo-heat tumors and now the optimal sequence of all four modalities is under
debate.

The prognosis adibdominal tumorgpancreatic, gastric, ovarian cancer) is still unsatisfactory in terms of
local and systemic control, even if all availabledalities (e.g. surgery, adjuvant radiochemotherapy
(RCT)) are employeAbdominalhyperthermia, if properly applied, can heat the entire peritoneal cavity

as well as tumor bed and in addition the liver via-peating. In combination with cisplatin, abddmal
hyperthermia might be effective in all clinically relevant risk areas (liver metastases, peritoneal
carcinosis, local recurrence). However, adequate heating of the complete abdomen and its monitoring
are challenges, which require dedicated applicatond MRthermometry.

Pelvic tumorgan only be adequately heated in the lower pelvis covering cervical, bladder, prostate, anal
and distal rectal cancer. The heating capabilities of regional hyperthermia (RHT) can be evaluated by
clinical MRthermometry ard planning studies. Clinical studies are running upon prostate cancer
(salvage RT plus RHT), bladder cancer (RCT plus RHT), anal cancer (RCT plus RHT) and rectal cancer. F
the latter it is important to exclude proximally located tumors, which are knowrdifficultto-heat.

Current data support beneficial effects of RHT particularly for distally located rectal carcinoma.

IL-25
Phase Il Study: Hyperthermia as a useful tool for bowel protection in radiation therapy

SeitHwanYou

Assistant Professor, Yonsei University Wonju College of Medicine, Wonju Severance Christian Hospital,
Wonju, South Korea & Department of Radiation Oncology, Yonsei University Wonju Collegeoniéviedi
Korea

Radiation doses are generally limited for the tumors adjacent to gastrointestinal tract because of severe
radiation bowel toxicity even with high precision technique such as intensity modulation. In this respect,
some hyperthermia techniques ay have a significant role as a complementer with their capacities of
highfrequency, micreheating energy transfer, and possible nthrermal effects. Additionallythere

might be a chance to promote regional lymph node control by the use of hyperthemhigh is
associated with a favorable immunogenic microenvironment or apoptotic capacity, etc. For many cases,
increased tumor controllability is being reported when hyperthermia is combined with radiation
therapy. It is expected that concurrent hypertherenin radiotherapy plays a role in partially escalating
the radiation effect without increasing related toxicity. Further investigation for biophysical mechanism
and various succeeding clinical results may strengthen hyperthermia as a significant part of
multimodality management. Hear we present our treatment experiences for this situation with interim
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results of nonrinferior phase Il studyo explore the hyperthermiamediated synergistic capacity of
partially replacing the radiation doger preoperative raiotherapy for locallyadvancedectal cancer

IL-26
Need for multircentric European trials for combined hyperthermiadiotherapy

Niloy Ranjan Datta and Stephan Bodis
Center for Radiation Oncology KR8B, Kantonsspital Hospital, Aarau, Switzerland

Background:Hyperthermia as a therapeutic option in the multimodality approach for cancers has yet to

gain widespread acceptance in clinical oncology. At39c / = K@ LISNIKSNXY ALl Aa 2y
radiosensitizer and is also synergistic to a humbech#d#motherapeutic agents. Furthermore, recent
evidence also indicate a favorable immunomodulatory effect at moderately raised temperatures. There
have been marked improvements in the hardware, software, thermometry developments and last but

not least qualiy assurance. Despite this impressive progress numbers of clinical hyperthermia related
abstracts in major (radiation) oncology conferences, e.g. ESTRO and ASTRO are very small and
enthusiasm among academically oriented clinical oncologists remains techpeedl below 39 degrees.

Current status: One of the reasons for the lack of enthusiasm is the absence ofdesijned
randomized clinical trials for curative treatment indications with adequate sample size. Although there
have been randomized trials iryperthermia, these are mainly from locally advanced head and neck
cancers, recurrent breast tumors and locally advanced cervical cancer. Recently published systematic
review and metaanalysis have shown that hyperthermia significantly improves the outcamesach of

these tumor sites. Other randomized studies reported in malignant melanoma, rectum and other pelvic
tumors have also indicated improved outcomes with hyperthermia along with radiotherapy compared
to radiotherapy alone. The well conducted, promintly published and so far largest medgntric phase

Il randomized trial in soft tissue sarcoma has demonstrated that therapeutic outcome significantly
improves by adding hyperthermia to standard chemotherapy treatment.

Future action:To bring hypertermia in the mainstream of oncology management, there is an urgent
need to carry out prospective phase Il randomized studies jointly with radiotherapy and/or
chemotherapy with adequate sample sizes in key tumor sites like locally advanced pancreati¢c cance
locally advanced head and neck cancer, muscle invasive urinary bladder cancer, locally advanced anal
and rectal cancer and in soft tissue sarcomas. The key endpoints in most studies should be local contral,
functional organ preservation, cancer specifind overall survival for efficacy. On the other hand
toxicity, quality of life assessment and c@sficacy analysis are needed.

As ESHO is the leading organization and globally engaged in clinical hyperthermia, it is essential
now that all academicallpriented hyperthermia centers form an alliance to actively take part in
randomized phase Il multientric clinical trials. This could be conducted under the umbrella of ESHO,
GKAOK aK2z2dzZ R F2NX |y a9{1l h [/ fAyAOLI { eletNppropriatddD N dzLJ
study proposals, support the PI to write a full study protocol, actively recruit interested centers and help
national centers to monitor the studies using stringent QA criteria (data monitoring, technical quality
assurance, reporting). Mtidisciplinary oncology societies conducting clinical studies for decades like
EORTC or NRG could advise ESHO and provide stahdipnaintenance support. Selected studies
might become EORTC and/or NRG endorsed studies.
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IL-27
Hyperthermia on regulabn of cancer cell metabolism

Samuel YeShan Wang Ph.D.
Johnpro Biotech Inc. Taipei, Taiwan; Inst. of Molecular Medicine and Bioengineering, National Chiao
Tung University, Hsi@hu, Taiwan

Recently, cancer metabolism is getting more and more attent®@ #herapeutic target. Hyperthermia

had a general effect on cancer cell proliferation, further supporting the hypothesis through modulation

of cancer metabolism. There are several kinds of hyperthermia (HT) machines currently available,
including the congntional HT (cCHT) and the modulated eledtyperthermia (MEHT). In our previously

study, we conducted a direct comparison between water bath, cCHT, and mEHT methods with regards
G2 GKSANI 0A2ft23A0If STFSOGP ! yikHNHthaiBEHR @Ml ih O2 Yy
significantly higher apoptosis rate than other HT methods at the same temperature. The engineering
and physical properties on mEHT produce an enhanced electrical effect in additional to the thermal
effect. In this study, we fther investigated the ability of mEHT on cell membrane stimulation and
disruption. The consequence of these membrane effects were also evaluated. mEHT could induce the
phosphorylation of EGFR and this phosphorylation could be inhibited by tyrosine kiridbdor,

gifitinib. The apoptosis effect that induced by mEHT treatment was impaired by gifitinib. The metabolic
pathway after conventional HT and mEHT was comparddy@c was activated after cCHT treatment.

cCHT induced a significantly cell death urdek of glucose condition. mEHT inhibited the expression of
pyruvate pehydrogenase and decreased the intracellular ATP value. The results imply that mEHT
probably causes deposition of energy in cancer cell. In conclusion, mEHT could be considered as a new
treatment modality involving the cell metabolism.

IL-28
Combined Oncothermia and Immune Checkpoint Inhibitor Therafpgm Bench to Bedside

KwanHwa Chi, MD.
Professor and ChairmaBepartment of Radiation Therapy & Oncolp§hin Kong Wu H8u Memoria
Hospital

Tuning noimmunogenic tumor microenvironment (TME) into an immunogenic TME is the key step for
successful immunotherapy. Immunotherapy treatment frequently fails due to being unable to evoke
immunity in a poor tumor microenvironment (TME). Moaidd Electrehyperthermia (mEHT)
introduces autofocusing electromagnetic power on the cell membrane to create massive apoptosis.
Despite the antibody block PD(immune checkpoint inhibitor, ICI) had led to some durable response in
15 to 25% of patients, ost patients do not respond to arRBD1 therapy. We aimed to investigate the
immune-potentiation effect of combined oncothermia and afD1 therapy on mice model. We also
reported our preliminary experience on combined oncothermia and-BBi. containingegimen in
clinical cases.

MEHT significantly induced apoptosis and enhanced the releasing of heat shock protein 70 (Hsp70) in
murine colon cancer (CT26) celtsEHT effectively inflamed the TME through a masti#ip link of cancer
Immunity cycleFor thecombination of ICI therapy and mEHT, we also observed a significant inhibition
of tumor growth in compared to control groups. Immunohistochemistigining showed marked tumor
infiltrating lymphocytes (TIL) and macrophages increased after mEHT. mEHEaalsotd marked
expression of PI1 on tumor cells within the tumor tissues through Interfeigaamma release from TIL.
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MEHT couldcreate a favorable tumor microenvironment for an immunological chain reaction to
enhance the last step (arBD1) role of T cisl Clinically, we observed autoimmune response after
oncothermia and radiation treatment on a locally advanced breast cancer patients. We identified 3
patients reversed resistance to afrD1 treatment after the introduction of weekly oncothermia. We
demonstrated another 4 out of 9 patients showing some degree of response teP&ftti containing
regimen with oncothermia. Our laboratory and clinical experience suggest that oncothernkialystdi
become a vital part of @l treatment strategy.

IL-29
Tumor specific stress and immune response induced by modulated eletlyperthermia in
relation to tumor metabolic profiles

Tibor Krenackand Zoltan Benyd
1st Department of Pathology and Experimental Cancer Resedrsitute of Clinical Experimental
Resarch, Semmelweis University, Budapest, Hungary

Selective heating (to ~4€) and destruction of cancer can be achieved using modulated
electrohyperthermia (MEHT) induced electromagnetic field due to elevated glycolysis (Warburg effect),
ion concentration ad permittivity of malignant tumorsln vivg mEHT caused significant apoptosis in
colorectal cancer models generated in mice through either caspase dependent (C26) or apoptosis
inducing factor (AIF) mediated (HT29) pathways depending on the genetic makégated tumors.
Activation of cleavedaspase 3 was mediated by both the extrinsic pathway through upregulating
cleaved caspas8, and the intrinsic pathway through mitochondrial accumulation of bax and release of
cytochome C in grafted tumors. Celladle response was accompanied by the occurrence and release of
DAMP (damage associated molecular pattern) signals including chaperons such as calreticulin, Hsp70
and Hsp90 and the high mobility groupl (HMGB1) protein. In line with this, accumulation of CD3
positive T cells including granzyme B+/CD8+ cytotoxic cells (granzyme BNICR8IIs) and S100+
antigen presenting dendritic cells (APC) were observed suggesting an mEHT related immune stimulation
relevant to immunogenic cell death (ICD). Furthermores theatment response of tumors to mEHT
could be associated with elevated levels of glycolytic enzymes/q and increased lactate production

and reduced buffer capacity (and pH) in cultures.

This work was supported by the NKINWKP_14-20160042 Natonal grant in Hungary

IL-30
Smart drug delivery by use of lipid based devices, tumor manipulation and alteration of
tumor pathophysiology

Timo L.M. ten Hagen
Laboratory Experimental Surgical Oncology, Section Surgical Oncology, Department of Btagerys
Medical Center, Rotterdam, The Netherlands

Chemotherapy is one of the main treatment policies in cancer. While (acquired) resistance is a major
hurdle and therefore an important subject of study, adequate and sufficient delivery to the siteiaf act

is crucial to inflict an effect of importance. Here in particular the possibilities at hand to improve drug
delivery to tumors is discussed. For this purpose the focus will be on nanodsased drugs (i.e.
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liposomes encapsulated) and the use of migyperthermia. Nanocarriers are used to tune
pharmacokinetics and to modulate logistics in the body as well as in the target site. Hyperthermia is
applied to manipulate tumor microenvironment and to control release and availability of the
nanocarrierborn chemotherapeutic. By combining the beneficial characteristics of liposomes with the
possibilities hyperthermia provide a better drug delivery and tumor response are anticipated.

IL-31
Concurrent Pencil Beam Scanning Proton Therapy and Hyperthermiaorratiand clinical
experience

ZeljkoVujaskovic
Professor &Director, Division of Translational Radiation Scienibagctor, Maryland Proton Alliance
Departmert of Radiation OncologyJniversity of Maryland BaltimoréJSA

Concurrent hyperthermia (HT) with radiotherapy is known to increase efficacy through multiple
mechanisms including radiosensitization of hypoxic cells and inhibition ofr&#. HT reducethe
2E&@3Sy SyKIl yOS Yibsatiendwl tiahster (PET) raglitiBngghoton/proton) and increases
radiobiologic effect (RBE), potentially mimicking HigHl particle therapy’C ion) [Datta et al. 2014].
Naturally, both enthusiasm for improved woemes and concerns regarding increased toxicity have
arisen, yet limited data exists to date. At the Maryland Proton Treatment Center, over 200 patients have
been treated with pencil beam scanning proton therapy (PBSPT). BigNeyn patients have been
treated with HT in 4 years. All HT has been delivered on thesB&Pplatform with the 4842°C target

tumor temperature. Clinical experience with combination of PBSPT and HT will be presented and
discuss. In general, all patients completed their courses@bp and hyperthermia treatment without
substantial acute complication suggesting concurrent PBSPT and HT appears safe, effective, and
promising treatment option for selected patients. Further investigation and expansion of clinical
experience is warranttamongst institutions with technical capabilities.

IL-32
Hyperthermia Enhances the Efficacy of Stereotactic Body Radiation Therapy

Chang W Song, Ph.D.
University of Minnesota, USA

Stereotactic body radiation therapy (SBRT) precisely irradiates tuwitns15-50 Gy in 15 fractions.

The highdose hypofractionated SBRT has been suggested to be highly effective to control various
tumors because it causes massive tumor cell death by inducing DNA double strand breaks and also by
causing secondary cell déavia induction of vascular damages. Furthermore, the massive cell death by
SBRT acts as an in situ vaccine, thereby incitingiiamtir immune reactions. Little attempt has been
made to elucidate the potential effects of combination of hyperthermia wilBR$ for human tumors.
Nevertheless, followings may be envisioned to occur when hyperthermia is combined with SBRT in
treating human tumors. First, both hyperthermia with temperature higher thard@Z and SBRT
damage tumor vasculatures. Therefore, hypertinia and SBRT may complement each other or even
react synergistically in destroying tumor vasculatures, thereby causing massive indirect/necrotic cell
death. Second, both hyperthermia and SBRT have been shown to enhanein@otiimmune
response. The airtumor immune response elicited by SBRT in combination with hyperthermia may be

26


http://www.esho2017.eu/articlefiles/Vujaskovic%2C%20%20Zeljko.pdf

greater than that by either of them alone. Third, regional hyperthermia using presently available
external heating devices elevates temperatures not only in tumor mass, $wtrakthe adjacent normal
tissues. Given that SBRT is able to precisely deliver radiation energy only to the tumor, unlike
conventional radiotherapy, interaction between radiation and heat may be confined to tumor,
minimizing heatinduced radiosensitizatioin normal tissues. Fourth, SBRT upregulateslHIR tumors

that activate various survival factors including VEGF leading to promotion of revascularization essential
for recurrence and metastases. Importantly, mild temperature hyperthermia induces degradation of
HIF1h via increasing tumor oxygenatiom conclusion, hyperthermia may be a potent enhancer of the
efficacy of SBRT.

IL-33
RadiofrequencyHyperthermia in medical oncoloty- Current status

Lars H. Lindner
Consultant in Hematology and OncologyidwigMaximilians University of Munich, Grosslern
Campus, Germany

RFhyperthermia induces pleiotropic effects on tumor tissue which synergize with medical tumor
therapy. In addition, RRyperthermia potentiates the antitumor effect of certain cytotoxic drugs and
can be used as trigger mechanism foeat sensitive drug delivery systems. Concerning recent
developments in Immune Oncology with the use of cheeint inhibitors, RFyperthermia might play

an important role to further boost antiumor immune responses by increasing tumor antigenicity or
attraction of immune cells. A comprehensive overview of phase Il and phase Il trials with RF
Hyperthermia in medical oncology will be given including recent developments in the field of heat
sensitive nanocarriers and immune oncology.

IL-34
Chemahyperthermia with MRthermometry in pediatric ovarian germ cell tumors

Ruediger Wessalowski
Clinic for Pediatric OncologgHematology and Clinical Immunology, HeirdidbineUniversity, Medical
Cl Odzf 1> 5NaaStR2NFXI DSNXI ye

Propose: In girls and young womeiitlwadvanced or recurrent ovarian germ cell tumors after repeated

and incomplete resection have an unfavorable prognosis. This also applies for patients who were
treated according to the MAKEI therapptimization clinical trials. In such circumstances idddal

regional hyperthermia (RHT) has been used in order to facilitate a complete tumor resection and to
improve the prognosis.

Patients and methods: Chenfiyperthermia with MRhermometry at temperatures of 48 oc/ F2 NJ c
minutes on days 1+4 is perfoad in combination with PEDK SY2 6 KSNJ LJ2 6 OAaLX | GA Yy
Si2LR2aARS wmnmn YEHYKRY I TREEHEY MRS c4)vAcoordingYidnesponge thR I & &
patients received 4 treatment courses with time intervals of approximately 21 days. Gipision of

residual tumor the possibility of a complete surgical tumor resection (provided asodkdoperation)

was investigated after the3or 4" course.

Results: A total of 22 girls/lyoung women at-84,8 years of age (median:16;2 years) with reent or

primary refractory ovarian germ cell tumors were treated according to the Higgprotocol in the
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context of our interdisciplinary tumor board. The histological examination yielded different, mostly
mixed germ cell tumors with following quantitee dominated subtypes: Yolk sac tumors (n=12),
teratomas (n=6), embryonal carcinomas (n=3), and choriocarcinoma (n=1). In addition, in six tumors a
malignant transformation was found.

Results: In 15/22 patients with a measurable tumor in diagnostigiingeand increased levels of tumor
markers before RHT clinical treatment response was assessed: CR (n=4); PR (n=4); SD (n=6); PD (n=1).
After 3-4 HyperPEI courses a 2Adok operation was performed in 13/22 patients: RO (n=9), R1 (n=3);

R2 (n=1). Overadlurvival in this patient population with an unfavorable prognosis was 71% (95% CI 46

86). The median followp of surviving patients is 55 months (range;243).

Conclusion: Chembyperthermia with MRhermometry according to the Hypd?Elprotocol has ld to

a longterm remission in the majority of pients with advanced refractory or recurrent ovarian germ

cell tumors.

Cdzy RAy3dY 5S85dziaOKS YNBOoaKAftFS S X . 2yys 9f GdSNYy
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TOPIC: TECHNOLOGY / DOSIMETRY
PRO1

In vitro and vivo temperature measurements invasively and minimal invasively in capacitative
hyperthermia at 13,56 Mhz

5N aSR® | NdSeAy {FIKAyol &

'University Hospital Bochum

Background:

capacitative hyperthermia is still regarded by some experts as not capable of achieving sufficient
temperature rise in the depth of a body. On the other side this heating technology isspréad in
numbers among clinicians. This paper is about show that, if application is correctly operated, sufficient
temperatures in the range of effective temperature can and will be reached.

Methods:

Temperature measurements were performed by invasived aminimally invasive placement of
temperature sensors, attached to the tip of a flexible fiber optic cable. Accurac.3F/C as total
system accuracy

Results:

Measured temperature in vivo in depth of the body do range from 39 td @6Applied techrlogy and
adjusted operating procedures determine the desired effect and are able to overcome the limiting
factor of patient tolerance to the impact of higher powers.

Temperature rises/ SAR of 1 degree Celsius per 5 minutedl?2 Hggree Celsius in 60 mibes can be

met.

Conclusion:

Capacitative Hyperthermia at 13,56 Mhz as a technology is principally capable of "doing the job". As
with all technology it depends in detail on its engineering and on part of the users on its operational
handling.

PRO2

Predctive modeling of regional hyperthermia

Prof. Om P. GandhiProf. Irena Yermako%&2hD Julia Tadeie¥aAnastasiia Nikolaienko
YUniversity of Utah?International Scientifidraining Center for Information Technologies and Systems,
National AcademyfdSciences

Introduction. The model prediction of human functional state during RF hyperthermia is the actual task
as it helps to find necessary approach in use of radiofrequency hyperthermia without hazard to human
health.

The purpose of this study is tdevelop computer multicompartmental model for prediction of
temperature dynamics during regional-B&posure.
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Methods. Human body is approximated by composition of multilayered cylinders related to trunk, arms,
forearms, hands, thighs, calves and feetatids sphere. Each cylinder and sphere is divided-by ij
compartments related to core, muscle, fat and skin. Human body is approximated by 38 compartments.
Model describes metabolic heat production, absorbed heat byeXpesure, heat transfer by blood
flows, heat conduction through compartments, heatchange with environment through evaporation,
radiation and convection. Controlling system describes thermoregulatory responses that provide
stabilization of core temperature as impact of environmental chakend®ynamic model of
thermoregulation is implemented as computer simulator of RF hyperthermia [3]. Simulator can predict
dynamics of body temperatures, heat fluxes, blood flows, total and local thermoregulatory responses
during regional R¥mpact.

The eletromagnetic radiation absorbed by a layer of tissue is the difference between incident and
transient power of waves. Specific absorption rate (SAR) in each compartment depends on biophysical
properties of biological tissues and depth of a flat layer. Theice of electromagnetic frequency
depends on dimension of the irradiated area and the depth of required therapeutic heating.

Simulations & Conclusion.

Simulations.

The developed multicompartmental model was used to simulate the regional impact at fregaé 40
MHz [1] and 433 MHz [4]. It was simulated regional exposure of leg.

Modeling results showed effective hyperthermia in both cases.

M® S5dNAY3I nn all FyYR AYAGAIE AydSyarde mann Y2kO
exposure B5minPt £ ¥ Ydza Of S GSYLISNI Gdz2NB AyONBFasa G2 nwH
H® 5dzZNAY3 noo all FYR AYAGALf AyiSyarage tn Y2kO

AYONBIFaSa 2 nodu c/ @
Comparison of modeling results with experimental and model data [1, 2] resulted in conslusion

Conclusions

w A multicompartment model of human thermoregulation was developed, that can be used as
computer tool for analysis of thermphysiological state during of RF exposure.

w This computer model allows for prediction of dynamics of body terapes during total and
regional hyperthermia.
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TOPIC: PHYSICS & ENGINEERING FOR HYPERTHERMIA
PRO3

A standardized procedure for QualityAssurance of superficial applicators

Mr Gerard Van StalmMr Dietmar Marder', Ms Nicoletta LomdxMr Olaf Timm, Mr Gerd Lutters
'Kanton Spital Aarau

Introduction

The success of clinical trials including hyperthermia treatments depends greatly on a comparable
application of heat to the tumour at the participating centres. ThHeermal Effective Field Size (TEFS)
and Thermal Effective Penetration Depth (TEPD) of the applicator can be measured in a homogeneous
phantom and are related to the maximum Specific Absorption Rate (SAR) of the applicator. A
standardized procedure is proped to measure these characteristics of the applicator.

The aim of this study is to test the procedure on six 915 MHz hyperthermia applicators (Pyrexar Medical,
Salt Lake City, UT) and the practicability of using the resulting transparent Thermav&ffetd Size
(TEFS) sheet (one per applicator) in the clinic.

Methods

A vertically split flat muscle equivalent agar phantom (35 cm x 35 cm x 6 cm) and a removable 1 cm thick
agar top layer placed on a revolving frame were used to determine the TEFRBe@ avithin the 50% of

max temperature rise (TR)) and the TEPD (i.e. depth at which the TR is 50% of the max TR at 1 cm
depth). The phantom is constructed to characterise heating in the chestwall. The applicator with water
bolus was positioned on top ohé phantom. An infrared camera (Optf#$ 160, Optris GmbH, Berlin,
Germany) mounted on the frame at 95 cm from the phantom surface measures the two heat patterns
before and after a 6 min power pulse in accordance with ESHO technical Committee guidglimée [

heat patterns were analysed using a MATLAB evaluation program, yielding TEFS and TEPD graphs, and
the heat patterns transferred to transparent TEFS sheets for use in the clinic.

Results

The TEFS and TEPD of the six applicators were determinee) (tedal measurement procedure and
reproducibility was evaluated. The TEFS depends strongly on the contact between bolus and phantom
and is on average 40% smaller than the physical inner size of the applicator. The elaborated transparent
TEFS sheets are usedhe clinic.

Conclusion

An effective technique was developed to perform QA measurements for superficial applicators. The
transparent EFS sheet appears to be an effective tool to select an applicator for optimal SAR coverage of
the tumour.

Reference

[ 'yl 52060N6S1T ¢NBFyt s W2KIyySa / NBTSST al y¥NBR
Ehmann et al. Quality assurance guidelines for superficial hyperthermia clinical trials 1. Technical
requirements for heating. Strahlentherapie und Onkolodi¢ 2. Published online 83-2017
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Table. Results of the measurements.

Applicator Type Physical TEFS TEPD

(inner) (cm) (cm)

appl. size
(cm)

SA308 3 spiral y dc (¢ TOPT (¢ 3.0
SA812 8 spiral MH ( MM®dy ( 3.1
SA248 24 spiral 16 x 23 11.9x20.0 25
MA151 waveguide c dPH q 3.4x3.7 2.7
MA100 waveguide 10x 13 8.4 x10.1* 2.9
MA120 waveguide 17.7x 24 12.4 x18.7 3.1

* MA100 has 2 maxima

TOPIC: NANOPARTICLES & HYPERTHERMIA

PR04

Tunable spatial focus of Magnetic Particle Hyperthermia effect

Master Student Eirini_Myrovali Master Student Nikolaos ManiotjsDoctor Theodoros Samatfas
Doctor Mavroeidis Angelaketis
'Physics Department, Aristotle University of Thessaloniki

Introduction

A typical problem of the application of hyperthermia is difficulty to locate its therapeutical heating
solely the targeted malignant cells without damaging the potentially healthy surroundings. Thus, we
propose a simple upgrade of a magnetic particle hyperthermia device which localizes the heat on very
small tunable regions with the adequate combination of a static and an alternating field. The main
objective of this work is to control heating effect through the application of a static and an alternating
magnetic field in order to localize the heating in tletral region of a specimen.

Methods

Magnetic particle hyperthermia experiments were carried out for magnetic nanopatrticles of different
size in order to examine superparamagnetic and ferromagnetic particles possessing different magnetic
heating mechanism and thus interacting at a variable degree with the external magnetic field. The
sample was placed in the center of a typical induction coil Q@D kHz) and (60 mT). An additional

static magnetic field was generated by using two permanent NdFeB naghated symmetrically,
facing each other, outside the coil, resulting to magnetic gradient field from 0.4 to 2.8 T/m and field
intensities from 4 to 40 mT depending on the type of the magnets and the distance between them. To
start with, we estimated numcally the total magnetic flux density and the corresponding gradients at
the central region of the coil i.e. the sample area, by using Comsol Multiphysics 3.5a, showing that
I NBdzy R GKS al YL SQa OSydGSNJ Iy | NBHe sogcalladfield febl2 &
region. Experiments, verified that in the absence of static field, i.e. nanoparticles inside the field free
region, are able to freely align with the alternating field giving rise to their best performance concerning
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heating efficency. Outside the field free region, where the static field exists, nanoparticles may be found

in two possible states. First, when the alternating field and the static field are antiparallel, the static
FASERQA (2NJdzS Aa 02 Y pkeid atgrmating ksSeffetySScord fwhehn k& stakicE (i S N
FYR FEGSNYFdGAYy3 FASERa INB Ay (GKS alyYS RANBOGA?Z2
saturation process. Eventually, in both states, yet for different reasons, the nanoparticle®tdo n
respond at a maximum extent to the alternating magnetic field, thus are unable to activate their power
loss mechanisms.

Conclusions

In this study, we propose a facile upgrade of a typical magnetic hyperthermia system able to focus its
magnetic heatingeffect in the center of the sample by adequate combination of a static and an
alternating magnetic field. Through the simulation and experiments of magnetic particle hyperthermia,

we can see that in present of the static magnetic field the heat releaseselastively focused in the

central region, for example, the malignant cells location. The advantage of such an application scheme is
the minimization of the heat sideffects to surrounding healthy tissues. Thus, the magnetic particle
hyperthermia can b@ much more effective method with focusing capabilities better and tunable heat
localization.

PRO5

The development and in vitro research of novel hypoxargeting gold nanospheres

Ph.D Chierchung Hsig WanLi Lin
!nstitute of Nuclear Energy Resedarc

Purpose: Cancers can owpress Carbonic Anhydrabé (CA) under hypoxia This study investigated
the novel conjugated procedures of modification of gold nanoparticles and pharmacokinetics of
hypoxiaspecific antibodymediated active targeting gold naparticles (AuNP) in HT29 under hypoxia.
Materials and Methods: AUNROTA were synthesized bySCMNBN-NOTA (from Macrocyclics Inc.
Dallas, Texas, USA), sphere AuNP;@#tX polyclonal antibody (from EMD Millipore) and labeled with
67GacCl3 (from Instite of Nuclear Energy Research, Taiwan) in room temperature. HT29 cellular uptake
of antrCAIXAUNRNOTAGa67 was tested under hypoxia/normoxia.

Results: The radiochemical purity (RCP) of-@AiX-AuNRPNOTAGa67 was over 90%. However, the
RCP reducetb about 75% at 4 hour within fetal bovine serum (FBS). After 2 h incubation, the cellular
uptake of antiCAIXAUNRNOTAGac T 6l & Mp®cH B MPyp YR MndmMm § |
hypoxia and normoxia, respectively.

Conclusions: In this studyanti-CAIXAuNRNOTAGa67 was developed with an acceptable
radiochemical yield and high radiochemical purity. The results of cellular uptake confirmed th&tfanti
IXAUNRNOTAGa67 could be uptake by ovexpression of GAX in HT29 under hypoxia. The
biodistribution and thermetherapeutic effect with RB were executed.

PRO6
A numerical study of magnetic nanoparticles: Application to magnetic hyperthermia

MSc Nikos Manioti§ MSc Andreas Nazlidir Theodoros Samaras
!Aristoteleion Panepistimiofihessalonikis

In the clinical application of magnetic hyperthermia, the heat generated by magnetic nanopatrticles in an
alternating magnetic field is used as a cancer treatment. The heating ability of the particles is quantified
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by the specific absorptiorate, an extrinsic parameter based on the clinical response characteristic of
power delivered per unit mass. At the crossover between the hysteretic and superparamagnetic regimes
of magnetic nanoparticles direct calculations of the specific absorptiom bacome much difficult.
Rosensweig theory has been applied to a4meracting assembly of magnetic nanoparticles, close to
SlidzZAf AOGNRdzYZ Ay 2NRSNJ (2 RS a OBidwo relaxatinitimeRbditylsindtA O NI
valid in the hysteretic ragie while Carrey et. al. have introduced analytical expressions in order to
estimate the specific absorption rate of ferromagnetic nanoparticles. This work presents an accurate
numerical magnetic method for the estimation of the specific absorption ratesinfile domain
ferromagnetic nanoparticles based on the quantification of their characteristic magnetic properties,
such as coercive field and energy, validated by the model proposed by Carrey et al.

For the nanoparticle magnetic characterization, we asstdd numerical simulations based on the
Monte Carlo method which is a stochastic humerical technique used to simulate physical systems that
have a high phase space. We simulated an assembly of magnetic nanopatrticles, taking into account their
size disperi¢y, subjected to an alternating magnetic field that invests electromagnetic energy from the
field in magnetization reversal processes. Its internal energy is then first increased and afterwards
released as heat. The field amplitude and frequency weraés80 mT and 765 kHz respectively which

are typical for the parameters used in magnetic hyperthermia. The relationship between the heat
generated and the magnetic response of the magnetic nanoparticles makes possible the determination
of the specific absqtion rate which is calculated from the area entrapped within the magnetization
versus magnetic field curve, the -salled hysteresis loop. This area determines the amount of heat
released by the magnetic nanoparticles during one cycle of the magnetit Bgl integrating the
magnetization curve, occurred through Monte Carlo simulations, we computed the specific absorption
NI S ¢KS AyTtdzSyOS 2F abtaQ FyArAazidiNRLE FyR SE
MmMaan WKYw |y R el onhystéresio lpop ardaivashamningd. O\e found that the
area was increased with anisotropy while it was decreased with temperature. This behavior is in
agreement with the predictions of theoretical models found in literature and also with the sestithe
corresponding experiments.

We investigated the dependence of the hysteresis loop area from the magnetic nanoparticle anisotropy
and temperature. The specific absorption rate is also calculated as a function of these parameters
leading to power l&v relationships. Furthermore analytical expressions derived from theoretical models,
available in literature, are used in their domains of validity for the verification of our results and for a
theoretical study of magnetic hyperthermia. This study hefpthée determination of suitable materials

for magnetic hyperthermia and provides accurate formulas to analyze experimental data.

PRO7

An invitro study of the effect of gold nanoparticle in cancer cells treatment with modulated eleetro
hyperthermia

Student Chaecheng Cheh Ph.D YeShan Wang Student Yarun Chef) Research Fellow Che@iung
Huang, Ph.D Chie€hung Hsia Associate Professor Chuhim Cheh Professor Kwahlwa CHi
Professor HskEIl Wang

'Department of Biomedical Imaging and Radgical Sciences, National Yakking University,
’Department of Radiation therapy and Oncology, Shin Kong W8uHdemorial HospitafInstitute of
Nuclear Energy Research, Atomic Energy Council, Executive Yuan

Introduction: Modulated electrénypertherma (mEHT) uses a capacitimvgpedance coupled 13.56 MHz
radiofrequency to selectively generate the heat production on malignant cell membrane. -iveesadt
nanoparticles, such as gold nanoparticle (AuNP), have been reported to promote the heat generation
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and therapeutic efficacy in radiofrequenggduced hyperthermia cancer therapy in vitro and in vivo.

This study aimed to investigate whether AuNP would alter the heat generation and cell viability in
combination with mEHT.

Methods: Spherical gold nanopartid®Au) with various sizes (10, 20, 30 and 50 nm) and an dik&in

gold nanoparticle (UAu, 50 nm) were synthesized by using Turkevich method and/or hydroguinone
reduction method. All nanoparticles were characterized byW$§ absorption spectrometry, dyméc

light scattering (DLS) and transmission electron microscope (TEM). OncothertQ&EMEs employed

in the heat generation of solution containing different AUNPs and in the cellular studies. HepG2 cells
AyOdzoF 6SR 6AGK YR g A (IKpezdated withsAGSp for 24 Wiiere Fubjdered 0 2 N
to mEHT. The cell survival was analyzed by MTT assay.

Results: When treating with mEHT, the heat generations in solution containing 100 ppm of gold
nanoparticles, with a size of 8D nm, were found reduakcompared with that in the deionized water.
lY2y3d (KSaS: GKS azftdzZiAzy 2F &! dzbe aK26SR GKS f
6nHc/ X on YAYO GNBFGYSYydGz OGNBlFGAYy3 6A0GK Yol ¢ i
cell survivain vitro. However, less cell death at 24 and 48 h after mEHT treatment was noticed for the
HepG2 cells incubated or pieNS I 6 SR ¢AGK pn LI 2F &! dube 6 CA 3dz
| SLIbnw OStt (AfftAy3a 00Stt adzNBikdrdcibatediwith SAuSOgwUps 1 dc
OCTPHRHPOINBI & YR AMBBAzL) 6tTndnpndo 220 G Hn K Lkai
Conclusion: Our results indicated that applying AuNP in HepG2 hepatoma cell treatment with mEHT
exerts no synergic or additive effect in cellikg. The metabased nanoparticle, AUNP, may disperse the

energy of electromagnetic current during mEHT treatment and result in lower heat generation and
higher cell survival.
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Figure 1. HepG2 cell lines-tmwubated sAu (50 nm, 50 ppm) or cells {m@ated with sAu (50
nm, 50 ppm) for 24h were subject to control (&), water bath (4ZC) and mEHTThe cell
survival ratios were aayzed by MTT assay.
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TOPIC: CHEMOHERMOTHERAPY

PRO8

Chemotherapy with concurrent hyperthermia for breast patient with metastatic lung disease: A case
report

Dr_loannis Gogalfs Prof. Dr Constantinos Syrigo®r AiasTheodoros PapastavrduProf. Dr Vassilis
Koulouliad

Aretaieion University HospiteélNational and Kapodistrian University of Athens, Medical ScAid@0
General Hospital

Introduction

Some patients with breast cancer suddenly develop lung metastases, despite conventional appropriat
treatment. In such cases the initial prognosis is overriden. The present case study offers some new
perspective for such cases, by demonstrating the value of adding hyperthermia to chemotherapy in
breast cancer patients with lung metastases.

Method

A female patient has been diagnosed with breast cancer (stage |, R cerb 3+). She had
undergone three cycles of induction chemotherapy with Docetaxel and Transtuzumab before right
mastectomy with axillary node dissection, followed by reconstructivegesy. After surgery, she
underwent three more cycles of chemotherapy (Docetaxel and Transtuzumab) and external beam
radiation therapy of 50Gy in 25 fractions to the chest wall, supraclavicular and internal mammary lymph
nodes. Maintenance chemotherapy Wil ranstuzumab was also administered.

Two years later, she was diagnosed with lung metastasis with enlarged lymph nodes (right hillar and
subcarinal lymph nodes) with the largest measuring 2.5cm diameter. She was treated with concomitant
chemotherapy (FE@nd two hourly sessions of hyperthermia per week, for three months. Modulated
Electrohyperthermia (MEHT) was performed with model 2000 plus (Oncotherm), at max output 150W; a
mean 1490.5kJ were administered per 60 min session. In this study we used dive &plicator,
directly to the thorax.

Results

Three months later, complete remission of enlarged lymph nodes was observed on CT imaging. No
toxicities developed and the patient was alive and well, with no evidence of disease, 18 months after
completion d treatment. We postulate that, given the fact that metastatic disease in this case
developed under dual conventional treatment, the observed full remission that ensued is attributable to
the addition of mEHT.

Conclusion

The present case report suggestatihe addition of mEHT to chemotherapy might be a better choice,
promising longer survival and good quality of life, with no adverse effects, in breast cancer patients with
metastatic lung disease. It is tempting to hypothesize that the addition of mEgHt sven be a better

initial therapeutic choice, before metastatic disease manifests itself.

PR0O9
Does upfront therapy with cytoreductive surgery and HIPEC confer a survival benefit in patients with

synchronous gastric peritoneal carcinomatosis wh&ompared with patients with metachronous
gastric peritoneal carcinomatosis?

37



John Spilioti$, Nikolaos KopanaKisAlexis Terrds Sokratis SavvopoulhsGeorge Andreadakis, Elias
Efstathiou
Metaxa Cancer Hospital

BACKGROUND: Patients with peritoneal inamatosis (PC) of gastric origin have an extremely bad
prognosis with a median survival estimate &B31months. Peritoneal carcinomatosis is present at the
diagnosis in 20% of the patients, and almost 60% of them will present it after curative treatment
Peritoneal carcinomatosis from gastric cancer (GPC) responds poorly to systemic chemotherapy. We
studied the efficacy of the upfront treatment with cytoreductive surgery (CRS) and HIPEC in patients
with synchronous gastric peritoneal carcinomatosis aind patients with metachronous gastric
peritoneal carcinomatosis.

METHODS: We retrospectively analyzed 14 patients with GPC undergoing CRS/HIPEC the last 10 years.
Six patients already presented GPC at the time of the diagnosis and eight of them presented
metachronous GPC.

RESULTS: CRS/HIPEC was performed for synchronous GPC in 6 patients and metachronous GPC in !
patients. KaplafMeier survival curves demonstrated that survival times between two groups were not
statistically different.

CONCLUSION: UpfroMB I G YSY G sAGK [/ w{kl Lt9/ R2SayQid asSsy
with synchronous gastric peritoneal carcinomatosis.

TOPIC: LOCREGIONAL HYPERTHERMIA

PR10

Thermoradiation in muscle invasive bladder canc@IBC):A Valuable therapeutic gtion for elderly
or inoperable patients

Dr.med. Emsad Pur¢Prof. Dr. med. Niloy Ranjan Ddit®r. med. Brigitte EberleDr. med. Andreas
Meister', Mrs. Nicci Lomax Mr. Dietmar Marder, Mr. Olaf Timm Prof. Dr. med. Stephen Wyler
Prof. Dr. md. Stephan Bodts

'Radionkologie, Kantonsspital Aardurologie, Kantonsspital Aarau

Aim: Chemoradiotherapy (CTRT) is an established treatment option for patients with muscle invasive
bladder cancer unsuitable for radical cystectomy. But often some Iglgetients are ineligible for
chemotherapy. We treated this specific population with hyperthermia (HT), a valuable radiosensitizer, in
addition to radiotherapy (RT) and expected comparable local control rates as withataetiotherapy

and low toxicity wtih preserved bladder function.

Methods: Between 02/2011 and 03/2017, 15 consecutive elderly patients (median age 80y) received
short course hypofractionated therm@diotherapy (within 4 weeks) after transurethral tumor
resection. Patients unsuitable fomr who refused, radical cystectomy or were ineligible for
chemotherapy according to the multidisciplinary urology tumor board, were considered for this
departmental protocol. Patients received 16 x 3Gy / 4x weekly (for solitary lesions) or 20 x 2%6Gy / 5
pSS1te O6F2N) YdzZf Gnek S TEEHABYyaydYytz SEAEMEATDPMO G A UK
was applied once weekly before radiotherapy. Follguvincluded repeated cystoscopies and urine
cytology by the referring urologist.

Results: All atients completed prescribed therapy and tolerated the combined bimodality treatment
well. At a median followup of 13 months (range & 48), 14 patients were in local complete remission
with well preserved bladder function. In one patient, the firstdallup is still pending. No grade 3 or 4

late toxicities were reported.
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Conclusion: These preliminary data show excellent clinical results. The combined therapy is well
tolerated in the elderly. Continuing interdisciplinary collaboration with urologssteecessary to provide
further evidence in the context of such clinical studies.

Fig.1 Thermal dose distribution in bladder
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Deep regional hypethermia combined with chemotherapy: Experience of the Greek Society of
Hyperthermic Oncology.

Dr_loannis Gogalfs Dr V Armonfs Dr AiasTheodoros PapastavrduProf. Dr Constantinos Syrigos
Prof. Dr Vassilis Kouloulfas

!National and Kapodistrian University of Athens, Medical Scf@aint Savvas Hospital, Oncology Bpt,
IASO General Hospital

Introduction: Hyperthermia has been uséd treat a number of different types of localized cancer,
including liver metastases, lung metastases, cervix, rectum, and bladder. This procedure in combination
with chemotherapy or radiotherapy, or with both, may help to improve the effectiveness okthes
treatments.

Patients and Method

Between July 2012 and February 2016, 40 patients underwent combined chemotherapy and modulated
Electrohyperthermia (mEHT), using model EHY 2000 plus (Oncotherm), with output carrier frequency
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13.56 MHz, max output power 05W. mEHT was performed at hourly sessions. Anatomical regions
included 17 cases of metastatic liver disease (mean energy delivery 1517kJ/h), 13 cases of lung
metastases (mean 1483kJ/h), 6 cases of cervix (mean 1506kJ/h) and 4 cases of bladder prieamnies (m
1446kJ/h). Patients were followed up for at least twelve months post combined RT+HT.

Results

In terms of 12 months followp, complete radiological response was achieved in 84% of cases with liver
metastases, 68% of those with lung metastases, 77%ruofxcand 52% of bladder patients.

Conclusion

MEHT combined with chemotherapy is able to enhance the response of the latter, thus achieving high
rates of local control of disease. All patients are still alive; follow up is ongoing. Life extension should no
be extrapolated on the basis of good local control of disease. More patients are needed, comprising
focused disease type, and longer follow ups.

PR12

Modulated ElectreHyperthermia in Oligometastatic Cancer Patients: initial experience and
clinicopathologic evaluation

Dr. Erika Borbeny;iDr. A. Marcell Szadzdr. Dorottya MuHl, Eva Kiss Marianna Kvasnikadr. Andrea
Toth', dr. Laszlo TorgyikDr. med. habil. Magdolna Dank
Cancer Center, Semmelweis University

Introduction: Modulated electréhyperthermia (MEHY) has gained support in the treatment of cancer
patients as supplementary method besides the standard treatment or for those who exhausted
conventional treatment.

Patients and methods: Seventeen eligible patients were recruited basednharattounds decision since

SEPR2, 2016. Primary tumors of patients originated from the locations as follows: 7 pancreas, 4
colorectal, 3 breast, 2 lung and 1 kidney. Patients who attended one treatment occasion and multiple
primary tumors were excludeEHYH nnn AYaidNHzYSyd o6hyO20KSN¥YALF [ R
and initial power of 6aL50 W was applied. The increments were set4b05W in 5 minute steps. Tumor

markers CEA and CA2%nd imaging studies were reviewed in light of duration of mEldMply.

wSadzZ Gay ¢KS LI GASy i &R0IR IAvtagedmiimber & Détdstdzesiobtie tutngfs | t w
were 2. Various chemotherapeutic protocols were administered to the patients as per guideline
recommendations. Average treatment time of each mEd¥asion was 59.5 minutes. From the initial

power to the final power on average 50W power increment was reached. The patients underwent 18.7
cycles on average (range43).

Eight patients (4 pancreas, 1 colon, 1 breast and 1 kidney) had to discontiaughétapy due to
progression, especially hydrothorax, ascites and severe pain, their treatment lasted on average 58.6
RFead 'Ly FylFftelAy3a LI yONBFGAO Gdzy2NJ LOlavelsSy i & Q
correlated with progression of diseass confirmed by CT scans and eventual outcome. There was no
significant difference in the duration of mEHY treatment between those possessing elevated CEA level
and subsequently going into progression and those who remained free of symptoms and staying on
mEHY therapy (p=0.417).

Conclusion: Seventeen patients were treated at our mEHY therapy unit, which was established in the

past months. Patients with oligometastatic/inoperable tumors are likely the target population of this
treatment approach, especiallyupplementing systemic therapy. CEA and CRlévels in pancreatic
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cancer patients are not predictive for response to mEHY therapy (yet patient numbers are low), thus,
identification of better biomarkers is warranted. In the next phase, we plan to regauicreatic cancer
patients and identify predictive markers for response to mEHY therapy combinations.

Funding: NVKP_162016n nnuH 3ANI yi® !a{ ¢l & adzZlR2NISR o6& GKS
the Hungarian Academy of Sciences.

PR13

Quality ntrol of the SAR distribution for Deep Hyperthermia Applicators with a 3D Scanning
Phantom

Dietmar Marder, Gerard van StamNicci Lomax Olaf Timm, Gerd Lutters
!Kantonsspital Aarau

Introduction

Hyperthermia of the tumour volume at41 0 c / K | td bea Kaudbié sensitizer for radiatiosnd
chemotherapy in cancer treatment. To monitor the heated volume in annular antenna array applicators
regular checks of the specific absorption rate (SAR) focus and its steering by phase shift are
recommendedn the quality management guidelines [1].

In this study a method and results for monitoring the 50%38d&R ellipsoid are presented for the
SigmaEye and Sigma60 applicators used with theZBBD 3D deep hyperthermia equipment (both
Pyrexar Medical, Salake City, USA).

Methods
The phantom used is an elliptical tube inserted in the Sigma applicators. The tube is filled with 0.2%
saline simulating average ingzelvic tissue (I' n®n {kY & Hnc/ 0O @wHBD Lya

609! { ., nkawl I , $witzrlam} car/ol MBverkin 3 spatial directions. By scanning the probe
through the centre of the applicator profiles of the relative SAR strength are measured. From the full
width half maximum (FWHM) distance of the recorded profiles the 5096Ad® dipsoid described by:

Eukly b 2ukou b 1 4 Kk Principal mxegoKtGeNdpsdid Inside the gpplicadr I NB
are determined using a MATLAB program.
Results

The 50% is®AR volume was determined for the Sigma60 from 47 and foBidp@aEye Applicator from

115 individual scans. The seprincipal axes a (lateral), b (dorsentral) and c¢ (cranicaudal) of the
ellipsoid are given in table 1. Figure 1 shows an example for the 568AR&llipse in the saggital plane

of the SigmeEyeapplicator.

Conclusion

With the elliptical scanning phantom the 50%-BAR volume of a deep hyperthermia applicator can be
determined with high resolution in the millimetre range. Uncertainties were found to be small including
positioning errors and watebolus variations. The 3D SAR scanning phantom has been shown to be a
versatile tool for investigations of the electrical field inside the applicators.
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relative SAR in YZ-plane

BN
70
60

| a—tateral | b-dorsoventral | ¢ - croniocaudol
Sigmobs0 | 1042075 ¢em 6.9 £0.25¢m 13.2+055¢em

Sigmo-Eye 8.72045cm | 6.4+095¢em 13.21£055¢em
40
30

distance [cm|

table 1: semi-principol axes of the 50% iso-SAR ellipsoid for

the Sigma60 and Sigma-Eye applicator

" distance [cm] '

figure 1: relative SAR and 50% iso-SAR line in the
saggital plane of the Sigma-Eye applicator with 1cm

resolution
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The thermo-enhanced effect of Iron dextran as thermosensitizer for maximizing cancer treatment
efficacy with the radiofrequencyinduced hyperthermia

Ph D. Healong Chunty Md. Ph D. HetKwan Le&
!Department of microorganism, College of medicine,Seonaivetsity ,’Deparment of Radiooncology,
Presbyterian Hospital, Seonam University Medical School

Treatment of cancer has been one of the toughest challenges that human race has been faced. Past 100
years of intensive researches on cancer treatment have Idpee surgery, chemotherapy,
radiotherapy, hyperthermia, etc, for treatment of cancer. Among the current methodologies for cancer
treatments, surgery, chemotherapy, and radiotherapy are dominated, and thermotherapy is used only
in supportive care althouglthe 13.56 MHz radiofrequendnduced hyperthermia recently is getting
attention in clinics recently. Because the therapeutic efficacy of the 13.56 MHz radiofreqineincgd
hyperthermia for cancer treatment is very marginal, the 13.56 MHz radiofrequieidiciced
hyperthermia is currently used mostly in combination therapy with chemotherapy or radiotherapy.
Therefore, development of a method to amplify the therapeutic efficacy of the 13.56 MHz
radiofrequencyinduced hyperthermia is required for the 13.56 MHadiofrequencyinduced
hyperthermia to become another therapeutic option for cancer. Metal ions such as ferric ion have very
strong dipole moment, which means that metal ions can interact well to generate heat. Considering the
characteristics of metals s, it would be an ideal thermesensitizer for radiofrequeneynduced
hyperthermia if nortoxic biological metal ion such as ferric ion could be specifically delivered to cancer.
Here, we report that iron dextran can be used as an ideal therseositizerfor the 13.56 MHz
radiofrequencyinduced hyperthermia. Ferric ions in iron dextran are actively absorbed by apo
transferrin to become transferrin. Because natural tendency of cancer cells strongly absorbs
transferring, iron dextran were 1.9 times more @ely transferred into cancer cells than nomlignant
normal cells in vitro. As is the case of in vitro experiment, ferric ions loaded in iron dextran was
specifically accumulated in the tumor tissue of tumor xenografted mice so that the concentration of
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ferric ions were 1.2 ~ 3.3 times higher than normal tissues. Because ferric ions were specifically
accumulated in the tumor tissue of tumor xenografted mice, ferric ions reacted with the
electromagnetic wavelependent hyperthermia to generate high heat. eféfore, increase in the
temperature of the tumor tissue was 2.4 fold higher in the tumor xenografted mice under the 13.56

MHz radiofrequencynduced hyperthermia after injecting iron dextran, compared to the 13.56 MHz
radiofrequencyinduced hyperthermia whout iron dextran injection. Surprisingly, the overall anticancer
efficacy of the 13.56 MHz radiofrequeninyduced hyperthermia using iron dextran as a
GKSNXY2aSyaAlGAl SN g1 a YdzOK o6SGGSNI GKIy LalinQlier G ESH
tumor xenografted mice

PR15

Superficial radiehyperthermia with 433MHz: the University of Athens experience.
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Athens, Electrical and Computer EngineeriBgjnt Savvas Hospital, Oncology Batexandras Hospital,
RadiotherapyDpt

Introduction

Superficial hyperthermia has been used to treat a number of different types of localized cancer,
including recurrent breast cancer, skin metastases and metastatic lymphnodes of SCC. This procedure in
combination with chemotherapy or radibérapy, or with both, may help to improve the effectiveness

of these treatments.

Patients and Method

Between July 2012 and February 2016, 88 patients undergone combined radiotherapy and hyperthermia
(RT+HT) for the treatment of superficial carcinomas. ddfyermia was performed with a 433MHz
circular applicator with emitted power up to 80Watt for one hour 30 minutes after radiotherapy. The
radiotherapy dose ranged from 3D Gy. In every session, temperatures were monitored with a
multipoint sensor (thermoouple). Tmin was 42.70C. Anatomical regions included 35 metastatic
lymphnodes SCC (head and neck), 38 relapses from mastectomy, 8 cases of melanoma and 7 cases of
sarcoma. Patients were followed up every three months post combined RT+HT for one year.

Reslts

During follow up, complete response was achieved in 68% (head neck), 88% (thoracic wall), 82%
(melanoma) and 78% (sarcoma) of patients, concerning 6 months of fopjosata. Grade 3 acute skin
RTOG/EORTC toxicity was observed in 7.9% of patients.

Cortlusion

Simultaneous hyperthermia combined with radiation is able to enhance response and local control
rates. Followup is ongoing every three months.

PR16

Inoperable multifocal intrahepatic cholangiocarcinoma treated with modulated Electrohypertiméa
(mEHT), IV Vitamin C and ozonated blood autotransfusion
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Introduction: Intrahepatic cholangiocarcinoma is a rare ( 3/1,000,000) malignancy with a very poor
prognosis. Even in the rare cases that are resectable (30%), more than half of them have lymphatic
spread at the time of diagnosi€hemotherapy (CT) and radiation therapy (RT) have a purely paregoric
role. In extensive disease, there is no more than 4% one year survival, and the mean survival is 8.5
months from the time of diagnosis.

Case PresentationThis case is a 75 yr. old womtiat presented with weight loss, anorexia, weakness,

and intermittent low grade fever. MRI results depicted a lesion covering half her liver, with concurrent
satellite lesions. Lung CT showed no metastatic disease. Her blood tests were also normaEAHer C
levels were normal (0.53ng/ml). Her monoclonal antibodies indicated the presence of the disease: CA
125: 121.8 U/ml, CA 19.9: 387.3 U/ml , CA 15.3: 24.98 U/ml. Due to her age, she refused standard
treatment modalities (CT, RT etc). She was finalgtéid with hyperthermia alone (mEHT), IV Vitamin C

and autotransfuion of ozonated blood .

Methods: Phase |: Treatment from 18/11/1727/12/17 with

MEHT: 60 min sessions, twice weekly, abdominal field covering all the liver area, mean energy delivery
458KJ, total duration of treatment 6 weeks.

Phase IlI: Treatment from 9/2/1723/3/2017.

Parametres same as previously.

The patient was tested for G6PD and TSH. Having secured normal values, IV 7gr. Vitamin C with
Magnesium, alternating with Selenium 289 and Zn, during mEHT sessions. Previous to this
autotransfusion of ozonated blood was performed (125ml of her blood was taken, ozonated, and
autotransfused).

Follow up was with MRI GE Sigma Infinity 1.5 Tesla with EXCITE at the same diagnostic tenter wit
Transverse, Coronal and Saggital planes withVTfulse in and out of phase GRE;W2Z-at Sat, 3D

FAME with dynamic study and rapid IV infusion of radiopaque substance.

Results: MRI results 18/1/17 : The findings are same as the original MRI:

25/4/17 : The same findings of the primary tumor with differentiation of the satellite lesions, which
show slight increase of diameter (3mm) with RO uptake in peripheral ring and necrosis in the middle.

The patients QoL was significantly improved after therapy sime was able to return to normal life. Her
fever stopped and her weakness receded, her anorexia stopped with result of weight gain due to normal
eating habits.

Conclusions:Hyperthermia (mMEHT) may play a significant rate improving patients QOL, andhay

offer objective results in disease stabilization. We should consider variousorimnprotocols which

may enhance patients immune systems and increase healthy tissue resistance to disease dissemination
in conjunction with Hyperthermia. Further invegition is warranted into the best combinations for this
purpose.

PR17
Complete and durable remission in a stage IV prostate cancer patient with multiple lung

metastases(without bone involvement) treated solely with androgen deprivation and modath
Electrohyperthermia
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Introduction: Multiple pulmonary metastases of prostate cancer are difficultly managed and almost
impossible to eradicate completely, even with chemotherapy (CTh). Solitary metastatic nodules have
been successfully managed with metastasectomy. Effective managenithraandrogen deprivation has

only given partial results in patients from Japan as indicated by respective studies. Besides, multiple
pulmonary metastases without previous bone mets is very rare.

Case Presentation:Our patient is a 75yr old man that wasaghosed with prostate cancer almost
simultaneously with metastases in both lungs (CT scan of 12/9/14). Biopsies were performed for both
sites, verifying the diagnosis. Initial PSA was 104.085ng/ml with Gleeson score 3+3. The biopsies were
histologically ad immunophenotypically identical. Upon verification, the patient was free of bone
involvement. Although CTh was indicated, the patient refused it. Subsequently, androgen deprivation
was started. Parallel to this he was started on modulated Electrohypemniag mEHT).

Methods: The therapeutic regimen consisted of Degarelix injections every 28 days and mEHT on two
sites (primary site and on the pulmonary metastases). mEHT was administered twice weekly; duration of
sessions was 60 minutes at the primanesidelivering a mean energy of 416KJ; at the pulmonary field
duration was 90 minutes and a mean energy of 627KJ was delivfered. The patient was followed up with
PSA readings, chest radiograms and CTs.

Results:Within four months, the PSA values went drainally down (from 104.085 to 0.202ng/ml) and
stayed at about that level (0.198ng/ml on 18/2/17). Complete remission of lung metastases was first
documented by CT scan at 13 months (21/10/15), and holds until today; the same applies to the
intermediate chesX-rays.

Conclusions: The combination of mEHT and androgen deprivation treatment gave unexpectedly good
results, with long lasting complete remission of this rare expression of metastatic disease from prostate
cancer. This warrants further study of thieteraction of Hyperthermia on multiple pulmonary
metastases from prostate cancer and its impact on therapeutic response in various regimens.

PR18

Full eradication of metastatic site in cerebellum in 28year old patient with triple negative breast
cancer by radiation & hyperthermia and partial remission in liver and pulmonary mets and stability in
bone mets using integrative therapeutic strategy

Michael Marango’, Lazaros Danilidisloannis Vakalls Petros Kouridakis Aias PapastavréuAlfred
Barich®
! Thessaloniki Hyperthermia CenfelASO General HospitAthens®* AHEPA Univ. HospitBhessaloniki.

Introduction. Cancer is a complex and m#cetted disease, but the overwhelming complexity of poly
metastatic malignancy necessitates ext@mplex, multimodal treatment approaches, if it is to be
successful at all. In this case report we present the usefulness of modulated Electrohyperthermia
(mEHT) in the treatment of a Stage IV triple negative, invasive ductal Ca of the left breast3Grade
treated in our facility in 2015.

Case presentationStatus post L. mastectomy with metastatic disease at the time of diagnosis (operated
elsewhere). When presenting, the patient also had multiple liver and pulmonary metastases. Molecular
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profile was etablished, including sensitivity tests for chemotherapy (CT), radiation therapy (RT), mEHT,
propensity for neeangiogenesis and cell cycle rate. CT based upon molecular sensitivity (quantitative)
was administered, along with RT/mEHT combination for bra@tastases, and mEHT for liver and
pulmonary metastases.

Methods. The molecular profile was established, based on molecular/genetic sensitivity test (R. G . C . C:
Research Genetic Cancer Centre). Cell harvest count was 6.7 cells isolated /7.5ml| (thbdligtge s
count at 5cells/7.5ml). High level of nemgiogenesis was established through VEGFr, FGFr and PDGFr
markers. Resistance to CT, as determined by ABCG2 resistance pump mechanisms (markers MDR1 and
MRP), was established at 50% and 40% respectively.

Sensitivity to RT and mEHT were established by measuring levels of HSP 27, HSP 72, HSP 90; respective
values were 5%, 15%, and 25% dewgulation). Sensitivity to conventional CT agents was established.
Sensitivity was also established for a wide raonfdiological molecules (vitamins, aitkidants etc).

The patient wassubmitted to RT to brain, delivered through linear accelerator (6 mV) and received
6.5Gys, a complex, personalized CT scheme, based on her molecular/genetic profile (includingeesistanc
pump inhibitors to reduce cancer cell resistance), and mEHT on metastatic sites (cerebral, hepatic and
pulmonary) with two sessions/week and mean 350KJ/site, except for brain which received
250K J/session for a total of six weeks.

Results Computerized tmography showed complete eradication of brain lesions compared with the
initial examination. MRI examination corroborated these findings. The quality of life of the patient was
improved.

CA 15.3 tumor marker: 453.0 IU/ml initially, 199.0 1U/ml intermedjat28.4 IU/ml finally.

Conclusions The personalization of treatment, which is achieved through the integrative oncological
approach with inclusion of mEHT to the enriched standard CT and RT protocols, can give us surprisingly
good results even on the ost aggressive and disseminated tumors.

MEHT can safely be applied to the brain, without fear of edema and its complications. In similar cases
without the use of Hyperthermia , with only the conventional modalities of treatment, the literature has
very dsappointing results.

PR19

Combining different locategional deep hyperthermia devices for the optimum results of treatments.

M.D Joseph Brenneér
"new-hope" Medical Center/tedviv

Introduction

The modern deep locaegional hyperthermia offers exdeht complementary treatment for complex
conventional therapy for solid malignancies. Its remarkable clinical additions are the synergy with
almost any goleétandard therapies, its resensitizing ability of the refractory medication and its rare
sideeffects.

Method

The endpoints of many local therapies are the local control, which is not enough in advanced metastatic
cases. The locoregional or even the gaody treatments are mostly limited to treat far distant
metastases simultaneously. In consequencetto$ limited treatment ability, the clinical results are
sometimes controversial: together the shrinking of the treated primary site the distantireated
metastases have progression. The metastatic developments are oftethréfatening situations,
drastically limiting the survival time and the quality of life of the patients.

I would like to report my few years clinical practice with a new facility of large field treatment of the
advanced metastatic cases. My primary choice to solve the whmdly treatment was earlier the
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conventional WBH, but the results were not satisfactory. The clinical application of WBH was
complicated, toxic, unpleasant and risky for the patients in definitely advanced metastatic tumors.

Then | treated simultaneously the distt metastases together with the primary tumor with a new
facility (EHY3010, Oncotherm, Germany). The capacitively impedance coupled hyperthermia electrode
covers the patient. The method systemically induces only mild hyperthermia, but (according tachesear
results) it selectively heats up the tumoells all over the volume under the extended large electrode at

f SFAd oc/ KAIKSNI G§SYLISNI (dzNBE i KI ydeaih KThig difecSiy A NB
expected to be active in the nerisible micremetastases and suppresses the disseminated circulating
cells as well.

Results

The collected cases are all far advanced, they need high line treatments. In fact no exddeade
curative protocol exists for these patients, only limited number of palliatherapies are available. |
applied the combination of the largiéeld electrode hyperthermia together with personalized complex
supportive complementary treatments, and in many cases additional local hyperthermia (EHY2000,
Oncotherm, Germany) was in comhtion, boosting the effect on the most lifareatening lesion.
Patients had shown reasonable improvement of the quality of life, and sometimes surprising curative
results were achieved.

I would like to present far advanced cases like colon cancer Wwidbrainal spread to lymphatic nodes,
omental and peritoneum, and with liver metastasis with certain curative results, with good quality of
life. Another case to show is a breast cancer, locally advanced with distant bone metastasis, treating the
whole skeleal areas with the largéield hyperthermia facility and the local breast disease with addition

of the local hyperthermia boosting. The results were: disappeared symptoms, and good partial
remission in all the lesions. Also other cases of such combinatitesnts will be presented.

Conclusion

The multilocal, largdield hyperthermia treatment is a feasible active part of a complex therapy of
advanced, metastatic malignancies.

PR20

Intra-articular application of pulsed radiofrequency for knee osteoaritis: efficacy and safety during
1 year followup

Md, Phd, Msc, Ebir Dimitrios FilippiadjsDr Georgios VelonakjsDr Chrysostomos Konstantpr
Lazaros ReppasProf Nikolaos KeleRjsProf Alexis KeleRis
'University General Hospital "ATTIKON"

PURPQOS The purpose of the study is to prospectively evaluate the effectiveness ofartitalar
application of pulsed radiofrequency (PRF) in patients with knee osteoarthritis suffering from chronic
pain refractory to conservative therapies.

METHODS: During 30month period, PRF was performed on 53 cases of knee osteoarthritis (45
patients, 8/45 with bilateral knee osteoarthritis). A 20G/10cm cannula was percutaneously inserted
from the anterclateral region of the knee joint under fluoroscopy. CoaxiallRFaelectrode (:fnm

YW OGAGS GALIQQO o1& AYGINRRAzZOSR FyR ySdaNRPfeara 4&s-
10-ms duration followed by a 48s silent phase). Following, inteaticular injection of hyaluronate

was performed. Pain, prior,n@ week/ one, 6 and 12 months post were compared by means of a
numeric visual scale (NVS) questionnaire.

{La![!'¢LhbY aSty LIAY a02NBa& LINA2N G2 twC 21 { yo
gt dzS 27 HONT 5 HOPppbhu@PcdyAdlm VYAYMKESSPMI 06 ME
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at 12 months of follomup (p<0.01). Overall mobility improved in 47/53 (88.6%) patients. No
complication was observed.

CONCLUSION: PRF seems to be an effective and safe technique for palliativeammaanagd chronic

pain in patients with knee osteoarthritis. Results seem to be reproducible and lasting longer that intra
articular injection of hyaluronate solely performed. There seems to be a need of repeating the session at
1 year.

PR21

A unifyingcell survival model for hyperthermia, radiation and combination treatments

{ I N} K [/ & JanhdaNjifzDy. B RiverdsDr. Simeon Ni|l Prof. Dr. Gail ter HagrProf. Dr. Uwe
Oelfké

1Joint Department of Physics at The Institute of Cancer Résaad the Royal Marsden NHS Foundation
Trust

Introduction: Hyperthermia (HT) induced radiensitization is believed to be due to a combination of
impaired cellular repair mechanisms and enhanced cellular damage. For optimized treatment planning,
guantification of these biological effects is essential. Although cell survival modelling approaches exist
for HT and radiotherapy (RT) treatments on their own, a framework applicable to both treatment
modalities is needed. Such a model is proposed and experirthertdidated.

Methods: The AlphaR model is motivated by the observation that heat inducedsadgitization may

be explained by a reduction in the DNA damage repair capacity of heated cells. We assume that repair is
only possible up to a threshold (threal) dose above which survival will decrease exponentially. These
effects are accounted for by a two case description of the surviving fraction as a function of (thermal)
dose using three parameterse ¥ | Y SIF adz2NB 2F (GKS AYyAGALFE RFEYF3ASE
curve at high doses. Repair is expressed as a first order Taylor expansion with parahitens .

These are used to reflect repair potential and the reduction of repair, egtsely, and provide a
smooth transition of the curve from an exponentially lin@gradratic to an exponentially linear function

of dose.

Experimental cell survival data from two cell lines (HCT116, Cal27), along with two taken from the
literature (BHK, BO) were considered to compare the AlphaR model to approaches routinely applied
for RT (linear quadratic model), and HT (Arrhenius model). For RTHT combination treatments, a wide
range of thermal and radiation doses was fitted @% ¢ /8@ CEMA43, 42 Gy, including different
heating profiles for the same thermal dose. Moreover, cell survival as a function of radiation dose (fixed
thermal dose), or heating time (fixed radiation dose) was considered. The resulting fitted model
parameters were assessed fatime-temperature, cell line and treatment modality specific
dependencies.

Results: The proposed model fits survival curves with equivalent, or better, coefficient of determination
than the linearquadratic approach, independent of the treatment techniqegt SR 6 wu B 1 ddp
fig.1l). For HT data, the model delineates the shoulder of the curves and gives equal vafues fér y R
hR, which reduces the number of free parameters to two. These parameters have an exponential
relationship with temperatue yielding an expression of the relative biological effectiveness of
treatments at different heating temperatures that can be related to the classical thermal dose concept.
This allows an interpretation of cellular damage in terms of chemical reactiotiddres described by
Arrhenius equations.

Combined RTHT treatments are well fitted by the linear quadratic case of the AlphaR model assuming a
constant value for . Under this assumption, all three cell lines displayed a linear increds@ é'R as
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a function of thermal dose (fig.1r). Within the temperature range tested, the heating profile used to
obtain a specific thermal dose did not influence the overall shafithe survival curve.

Conclusion: The proposed model accurately describes cell survival curves from hyperthermia,
radiotherapy, and combined HRT, and holds great potential for planning clinical combination
therapies.
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Figure 1. Left: Comparison of the fit of HT (48°C) cell survival data of HCT116 cells by the
AlphaR (solid line) and LQ (dashed line) model. Shown are mean survival data with standeard
deviations. In contrast to the LQ model, the AlphaR model follows the initial shoulder and
exponentially linear decay of the data. The corresponding coefficients of determination (R%5pnar =
0.99, R? 4 = 0.98) further support this observation. Right: Fitparameter a (with 95% confidence
bounds) as a function of thermal dose given in addition to RT treatment. The parameter roughly
follows a linear increase with thermal dose. The fit was performed under the constraint of a
constant value .

PR22
Multimodality therapy concept of classical and complementary procedures as retrospectively
reviewed over six years on patients with brain tumors (GBM; AA).

5N aSR® I NdSeAy {FKAyol &
'Dayclinik for Hyperthermia

Multimodality approach including hyperthermia

Detailed comprebnsive documentation and its retrospective analysis enable us to critically evaluate
proceedings and their clinical results in GBM and Astrocytoma (AA). Both are quite susceptible to
hyperthermia treatment and to our experience an extended multimodal cphéeaditionally entailing
surgery, radiation, chemotherapy) including hyperthermia allow for success in quality of life and in
overall survival that are markedly better than expected.

Treatment plan and experiences
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Ideally a patient may receive all 8 classical therapies: surgery, chemotherapy plus radiation. In more
than 80% our patients did receive all these therapy options with newly progress. All this patients
received additionally loco regional hyperthermia.

For this delicate entity we shall oawvtiming aspects within the therapy proceedings on a daily
perspective as well as over the course of the treatment series. In summary we present our therapy
protocols and experience on our brain tumour patients (n= 53) within the last six years.

Results

We compare results in this tumour entity relating to overall survival compared to recent international
trials.

PR23
Comparison of the performance betweerAMC4 and ALBA 4Dfor loco regional hyperthermia
treatments

ing. Remko Zweije Dr. Hans Crez&eDr. Petra Kdk
Amc Amsterdam

Background

In the late 1980s the AMC has developed the 70 MHz AMC4 system, a loco regional hyperthermia
system with 4 rectangular waveguide antennas designed for heating deep seated tumours. The four
antennas are positioneth dorsal, ventral, left and right position around the pelvis of the patient. The
amplitude and phase control of each antenna enables steering of the focal point. Since then this system
has been in clinical use with good clinical results, also in theefrnaork of successful randomised trials.
ALBA has now commercialised this system as the ALBA 4D. The ALBA 4D utilises the same 70 MHz
waveguides and has the same geometric layout. To ensure identical clinical performance, it is important
to verify whether boh systems generate identical electric fieldfi@d) and specific absorption rate

(SAR) distributions and whether phase and amplitude control of the focal point is similar. Goal of this
study was to compare the performance of the AMC4 and ALBA 4D lomoaebyperthermia systems.

Methods

The performance of both systems was tested by measuring the amplitude and phase ofighd E
distribution in a liquid elliptical tissuequivalent phantom (93 x 37 x 25 cm) using an opticttl&

sensor and by measimg the SAR by means of temperature rise in a solid phantom (86 x 37 x 25 cm). For
both systems Hield measurements were performed in the transversal, coronal and sagittaplais

with different phase settings causing the focal point to shift in predweined directions. The-field
measurements were performed automatically with measurements taken every 10 mm in each direction
with RF power set at a constant level. The SAR measurements were taken in the transvemahenid

with RF power set for one mite at a constant level.

Results

20K aéadasSya LISNF2NXYSR Sljdztffte ¢gSttod tKFEasS aKATU
shifts of the focal point in both systems. The magnitude of tHield corresponds to the SAR measured

with the sold phantom in both systems. Figure 1 shows thield distribution of the ALBA 4D with
centred focal point.

Conclusions

The electric field and SAR distributions generated by the ALBA 4D system are similar to the distributions
generated by the AMC4 systedhase and amplitude control of the focal point is similar for the ALBA

4D and the AMC4 system. Therefore, similar clinical performance can be expected with the ALBA 4D and
with the AMC4 system for hyperthermia treatments for deep seated tumours.
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TOPIC: SUPERFICIAL HT
PR24

Influence of a silicon breast implant on the temperature distribution during superficial hyperthermia

MSc Akke Bakkér Sandy Loopek&rMSc Remko ZweljeBSc Linda Korshuizan Stratef, dr Geertjan
van Tienhoveh dr Han<Crezeé
!Academic Medical Center Amsterdam

Introduction. During hyperthermia the tumor temperature is increased tendd x / F2NJ 2y S K2
addition of hyperthermia to reirradiation increases the tumor response from 41% to 59% compared to
reirradiation abne for recurrent breast cancer in previously irradiated area (Vernon et al., 1996).
Patients with recurrent breast cancer in previously irradiated area often have a reconstructed breast
with a silicone breast implant (SBI). We investigated the influerfc@ &Bl on the temperature
distribution and whether there was an association between the temperature near the SBI, skin
temperature and the distance of the sensor to the skin and the implant.

Methods. A phantom study and retrospective patient study weerfgrmed. The irhouse built
phantom was filled with superstuff and was based on the anatomy of a patient with a SBI (Figure 1).
Eighteen catheters were placed one centimeter below the surface. A refurbished SBI was inserted in the
phantom immediately berah these catheters. Multisensory thermocouple probes were used for
temperature measurements. A treatment was simulated by placing the 1H applicator (ISTOK, Russia) on
the phantom and giving 20 Watt with the 434 MHz ALBA 4000 DdbNIsystem (Medlogix,dly). The
invasive temperature close to the implant (Tsbi) was compared using pateststto the invasive
temperature more than 5 cm away (Tinv) and the skin temperature (Tskin). Linear regression was used
to examine associations between the invasivenperature and the distance of the sensor to the breast
implant (dsbi) and the distance between the implant and the skin (dskin).
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A retrospective analysis was performed in patients with recurrent breast cancer in previously irradiated
area with a SBI treatl in the AMC from 2014 2016. Patients were treated with 23x2Gy and
hyperthermia for one hour once per week. Under ultrasound guidance one or more catheters were
placed invasively as close as possible to the SBI. Multisensory thermocouple probes wedeiplie
catheters and on the skin during treatment. Superficial hyperthermia was applied with the 434 MHz
ALBA 4000 DoubleN system (Medlogix, Rome, Italy) combined with ISTOK (Russia) applicators.
Statistical analysis was carried out in SPSS verdion 2

Results. In the phantom study Tsbi was significant higher thanfiinzW (o c x/ = LF ndnnm0 &
relation between the distance to the implant (dsbi) and the temperature of an invasive sensor (Tsbi and
Tinv, p=0.003). Furthermore, Tshi was related $kin (p=0.003).

Three patients that had both invasive catheters close to the SBI and more than 5 cm from the SBI during
multiple treatments, were included for analysis. Tskin had higher temperatures thanpilsbi i = ¢ x / X
p=0.067) and a possible relatioras found between Tskin and Tsbi (p=0.096).

Conclusion. A phantom study and retrospective patient study showed that a silicon breast implant
influences the temperature distribution during superficial hyperthermia, both on the skin above the
implant as ivasively close to the implant. The closer the invasive temperature sensor is to the SBI, the
higher the temperature. Skin temperatures and skin thickness are related to invasive temperatures near
the implant.

PR25
Hyperthermia with waterfiltered infrared A sensitizes breast cancer spheroids to hypofractionated
irradiation, but not normal epidermal cell cultures

Dr. Andreas R. ThomsénChristine Aldriah) Dr. Anja HeseliéhProf. Gabriele NiedermahnProf. Anca

Ligia Grosy Dr. Per G. Lunid

Depatment Of Radiation Oncology, Medical Center, Faculty Of Medicine, University Of Freiburg,
German Cancer Consortium (DKTK) Partner Site Freiburg, German Cancer Research Center (DKFZ)
HeidelbergD{ L | St YK2f 4T 1T Sy (. Ndzy FNNI { & RigpSynids 2Badngtade N& O K
64291, Germany

Introduction

aAf R KEBLISNIOKSNXYALF Ay GKS Nry3aS 2F nHc/ KlFLa 0SSy
without causing relevant damage to normal tissues. To treat superficial tumors, locoregional
hyperthemia may be applied in a ndnvasive, contact free way by irradiation with watfidtered

infrared A (WIRA).

Recently, a study of >70 patients with locally recurrent breast cancer in previously irradiated regions
reported a high rate of complete locoregiainremissions after hypofractionated-igadiation (5 x 4 Gy;

1 fraction per week), combined with superficial wIRA hyperthermia (1). Despite this successful cancer
cell inactivation, only mild skin toxicities were observed.

The biology underlying the faucable outcome of such uncommon treatment protocol remains poorly
understood. Therefore, this work aimed to reproduce the clinical protocol in vitro, using 3D cultures of
breast cancer cell lines and explant cultures of normal skin.

Materials and Methods

Human breast cancer cell lines T47D, MCF7 and-MBAR31 were cultured as multicellular aggregates

AY FNNJ&a 2F | 3IFNRrPaS YAONRgStfa | yR (NBadiatbR ¢SS
of 4 Gy to a cumulative dose of-26 Gy.
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Response tdreatment was monitored by repeated cell aggregate volume measurement for a total of 8
weeks. Growth curves were plotted from data of 200 cancer cell aggregates for each treatment
condition. Paraffin histology was used to examine treatment effects mgef cell morphology.

As a normal tissue model, skin biopsies of 0.5 x 1 mm were treated with a single dose of hyperthermia
+/- irradiadiation and subjected to a wound healing assay. Keratinocyte outgrowth was quantified after
histochemical staining anmtleasurement of area covered by cells.

Results

Growth of normal tissue cells and tumor cell aggregates was not significantly impaired by hyperthermia
and wIRA treatment alone. A combination of hyperthermia and irradiation enhanced 'cell aggregate
cure raté of all three breast cancer cell lines, compared to irradiation alone.

In skin explants, area of cell outgrowth showed a decline with increasing irradiation doses, but was not
significantly reduced by addition of hyperthermia.

Conclusion

Mild hypertherma +/-~ wiRA is shown to radiosensitize 3D cultures of breast cancer cells. Interestingly, in
a wound healing model function of normal epidermal keratinocytes was not impaired by addition of
hyperthermia. The applied in vitro models could reproduce theadirindings and therefore may help

to reveal the differential effect of radiohyperthermia on malignant and normal tissue.

(1) Notter et al. (2016) Hypofractionated 4gadiation of largesized recurrent breast cancer with

thermographycontrolled, contactiree waterfiltered infrared-A hyperthermia: a retrospective
study of 73 patients. Int J Hyperthermia 281Q
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ORO01

Chemo radiation with hyperthermia in Head and Neck Canddpdate of a single institution study

Doctor Nagraj Huilgo) Dr. B C SridhaDr. Ajith Naf, Ms. Neela Pai Dhundat
Nanavati Superspeciality Hospital

Objective :It is a retrospective analysis of patients undergoing cheaadation with hyperthermia .

The study looks at initial response time to recurrence and overall survival.

Introduction : Chemo radiation has emerdeas a standard of care in the management of head and neck
cancer. Pignon has demonstrated an improvement in survival-8 6hough at a premium of acute

side effects. Hyperthermia as a known sensitizer of radiation and chemotherapy has the potential to
enhance the effects of both modalities.

India and AsidPacific suffer from the scrounge of locally advanced head and neck cancer. There is an
unmet need. The survival figures have stagnated may change this scenario.

Materials and Methods:

Patents with hed and neck cancers treated with chemoradiaiton and hyperthermia from 2004 to 2013
have been retrospectively analysed for initial response, disease free survival and over all survival.
Patients received either cisplatinum or pactitaxel every week besidesentional fractionated
radiation therapy. Hyperthermia was delivered once a week on Thermatron 8, a RF at 8.2MHz. It comes
with impedance tuning and preooling facility. Patients received GOGY of radiation within six to
seven weeks. Patients were auated periodically during the treatment for a mucosal and dermal
toxicity. Patients were assessed for response within a week of conclusion of radiation.

Results:

A total of 195 patients were assessed. The patients have been staged according to TN stagin
Patients were predominantly grouped as stage Ill, IV. They constituted 84.7% of all patients analysed.
Nearly all patients received radiation to a total dose of/®@y of which 22.6/received between 50

60Gy on 6MV accelerator. All patients receivggberthermia for 3840 minutes after precooling. The

initial response as assessed clinically was CR in 92.5% in stage lll, 78% in IVa and 54.7 in stage IV A.
Mucosal and cutaneous reactions were acceptable. No dose limiting thermal burns were observed.
Discussion:

Hyperthermia is toxic to hypoxic tumour cells suffused in low PH. Hyperthermia can also promote
inhibition of DNA repair. Hyperthermia also can increase perfusion or increases intra tumour transit time
of Cyto toxic drugs. Addition of hypertheranto radiation has shown distinct survival benefits in various
randomized trail. This retrospective of further addition of chemotherapy not only feasible but beneficial
as well. The draw back of this study is lack of robust survival data.
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A FPhase Il Randromized study of concurrent hyperthermia and chemoradiotherapy vs
Chemoradiotherapy alone in locally advanced pancreatic can¢#EATPAC)irEt information and call
for participation (ClinicalTrials.gov Identifier: NCT02439593)

Prof. Dr. Med. N. R. Dattd, Prof. Dr. med. B. PestaldzzProf. Dr. med. P. ClavienDr. A.

{ A Sy o Sy NEyPaii¢Prof. Dr. med. C. ManihtDr. O. ReisterérDr. J. Knuch®IDr. C. Reinér
Prof. Dr. med. S. Bodfs HEATPAC Trial Gr8up

Centre for Radiatin Oncology, Kantonsspital AardGentre for Hematology and Oncology, University
Hospital Zurich®Department of Surgery and Transplantation, University Hospital Zdtentre for
Medical Oncology / Hematology, Kantonsspital Aarfepartment of Radian Oncology, University
Hospital Zurich®Department of Gastroenterology and Hepatology, Kantonsspital Adhastjtute for
Diagnostic and Interventional Radiology, University Hospital ZiKemtonsspital Aarau and University
Hospital Zurich

Introduction:

Pancreatic cancer has a dismal prognosis wiyed&r overall survival rate of just around 5%. The
outcome has remained grossly unchanged despite the advances in etaeliation and advent of
newer systemic agents. Although, complete surgical resedsictill the only curative treatment option,
merely 1820% of cases are suitable for surgical resection, with only 4% expected to finally undergo
radical surgery. Novel approaches, are therefore needed for the management of the around 80% of the
inoperalde patients of locally advanced pancreatic cancers (LAPC). Hyperthermia, a potent
radiosensitizer also enhances the action of gemcitabine, a known radiosensitizer. Thus, a combination of
hyperthermia, radiotherapy and gemcitabine could be expected to img@tbe therapeutic outcomes in
LAPC. This phase Il randomized trial attempts to explore the feasibility and efficacy of a concurrent
thermochemoradiotherapy in comparison to chemoradiotherapy alone following neoadjuvant
FOLFIRINOX.

Primary objectives:

These are (a) to determine if local hyperthermia along with concurrent chemoradiotherapy (study arm)
in LAPC following neoadjuvant chemotherapy with FOLFIRINOX would show an improvement of overall
survival from 40% to 60% at 1 year compared to concurrenincimadiotherapy (control arm) and (b)
assess the acute and the late morbidities associated with hyperthermia and chemoradiotherapy in
concurrent chemoradiotherapy compared to concurrent chemoradiotherapy alone.

Study outline:

All patients of LAPC fulfilth 0 KS F2ff2gAy3 ONARGSNALI 2F da! yNBaSoO
(Callery et al, 2009) would be considered to be eligible for enrolment in the study. Patients would be
considered for 4 cycles of newljuvant FOLFIRINOX. A# 3veeks of completin of necadjuvant
chemotherapy, patients would be evaluated by REHCT (tripkphase). All patients with no metastasis

and no gross peritoneal carcinomatosis would be randomized into the treatment arms of either (a)
Control arm: concurrent chemoradiothegpy with gemcitabine (400 mg/m2, weekly for 6 weeks of
radiotherapy) or (b) Study arm: locoregional hyperthermia (once weekly during radiotherapy) with
concurrent chemoradiotherapy with gemcitabine (same as in control arm) (Fig). Radiotherapy would be
delivered using IMRT with 56Gy to gross target volume and 50.4 Gy to clinical target volume in 28
fractions. Hyperthermia to 4hoc/ ¢2dzZ R 06S | RYAYAaGdSNBR 4SSite
monitoring with a multisensor temperature probe at each sessioalldwing the completion of above
therapy, all patients of both groups would receive an additional 8 cycles of FOLFIRINOX chemotherapy.
The expected dear survival rate with chemoradiotherapy is considered as 40% (p0=40%). With
hyperthermia along with chmoradiotherapy, an overall survival advantage of +20% is expected (pl=
60%) in LAPC. A total 86 patients, divided equally into the two groups would be required as per the
{ A Y 2 y Qtage igiax design (Simon, 1989) consideringsided alpha of 0.05 ahpower of 80%.
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The study has been approved by the Ethical Commissions of Basel and Zurich and is open for patient
recruitment since January 2017. We welcome all centres with deep hyperthermia facilities having
adequate inhouse facilities for managemendf pancreatic cancers to join the study. Further
information could be obtained from https:/clinicaltrials.gov/ct2/show/NCT02439593. Interested
participants may contact niloyranjan.datta@ksa.ch or bernhard.pestalozzi@usz.ch.

Unresectable Locally Advanced Pancreatic Cancers

v

Evaluated and detail work up

v

I Primary Tumour size < or > 4 cm, NO/+, MO_]

HEATPAC STUDY

NACT: FOLFIRINOX 4 cycles (q2w)

v

Reassess with PET-CECT at 3-4 weeks
following completion of last CT,

v
| RANDOMIZE
v v
Control Arm : CTRT Study Arm : CTRTHT
CT: Concurrent wkly GEM CT: Concurrent wkly GEM
RT: SIB-IMRT + IGRT; GTV 56 Gy; RT: SIB-IMRT + IGRT; GTV 56 Gy;
CTV 50.4 Gy in 28 fr. at 1.80 Gy/fr CTV50.4 Gy in 28 fr, 1.80 Gy/fr
l HT: Once weekly; 41-43°C, 60 mins

Adjuvant FOLFIRINOX : 8 cycles (g 2 w), starting 3-4 wks
after completion of CTRT / CTRTHT

l

Follow up with PET-CT at 3 months
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TOPIC: LOCREGIONAL HYPERTHERMIA

ORO03
Ssytematic review of brain glioma and lung cancer trials with modulated electrgperthermia with
meta-analysis and economic evaluation (Level IIA Evidence)

Dr. Sergey Roussakdw
'Galenic Research Institute, Moscow

INTRODUCTION: Glioblastoma multiforme (GBMhe most common and aggressive primary brain

tumor. Despite the recent advances, the prognosis of GBM remains dismal with the median survival time
(MST) limited by 1% 18 months and 3; 6 months after the virtually inevitable recurrence (RGBM).
Standads of care are not yet defined for RGBM. Treatment options include surgical resection, re
irradiation and chemotherapy® """ fgnificant "™ All the modern chemotherapies (CTX) like
temozolomide (TMZ) and argingiogenic agents are not cesffective. Lung cancer (LC) is in the top

three of the most common cancers worldwide. Having one of the legs®b survival among all cancers
(14-17% in USA and 1121% in EU), LC is typically the first reason of catependent mortality. Current
treatY Sy ida aKz2g t2¢ STFFAOFLOE FyR OFyQi OKIy3aS (GKS i
improve the prognosis of RGBM and LC is of outstanding significance for oncology. Modulated electro
KELISNIKSNYALF 0Y9Il ¢3 hy Oz ingKrmwhiethdds)of thedcangey tieatr@efit. (1 K S
The relevance of the present study is determined by the possibility to improve the quality of treatment

of RGBM and LC while reducing health care costs.

OBJECTIVE: To assess the safety, efficacy areffectiveness of mEHT in the combined treatment of

RGBM and LC.

MATERIAL AND METHODS: Systematic review with-teffgeaitment analysis (ETA) and metaalysis
(PRISMA). Economic evaluation (CHEERS) beffativeness analysis (CEA), budget impact analysis

(BIA) and cosbenefit analysis (CBA).

RESULTS: Nine original cohort studies on mEHT treatment were identified, five for RGBM and four for
LC. Strong and significant enhancement of RGBM CTX with mEHT is suggested. Typically, mEHT allows to
attain the same obetter survival with 23 times shorter treatment course and appropriate decrease of
toxicity (no grade HIV toxicity versus 45%92% in regular CTX, p<0.001) with the maximal attainable

MST of about 10 months. Combination of mEHT with TMZ is suggessedffective versus the cost
STFSOUADSYySaa (KNP aKadfuded lifepyEan) nunlikeeTMEZ &lgne, and prduidds fa (i &
AAIAYATFAOLIYG 0dzRISEG SO2y 885 QALY gainedperl000 yatieptsiperyean n - &
versus TMZ alone.

Conairrent mEHT in the 3rdth line complex treatment of LC is suggested to provide the betfyéar

survival compared to any 1st line conventional treatment except of surgery. mEHT provided virtually the
same utility as the best concurrent chemoradiatiaeatment (#0.04 QALY/patient) and the better

utility than the standard treatment in the USA and Europe (+0.42 QALY/patient versus Eastern Europe).
mMEHT showed better costility compared to radiation therapy (ICERc=Z n n-60,090 $/QALY) and

to CTX (ICER0,001 -@50,000 $/QALY).

CONCLUSIONS: This lla level evidence suggests that mEHT strongly and significantly improves survival in
RGBM and LC versus not mEddmtaining regimens, with favorable toxicity. Economic evaluation
suggests that mEHT is cefftective budgetsaving and profitable versus all modern CTXs. mEHT is
suggested for the treatment of RGBM and LC as aeftesttive enhancer of CTX regimens and the
method of choice of the salvage therapy.
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TOPIC: SUPERFICIAL HT
ORO04

Reirradiation and wiRA-hyperthermia for superficial widespread breast cancer recurrences: an up
date

Dr. Med Markus Nottet, Prof. Dr. med Peter Vauﬁel
'RO Department Lindenhofspit4RO Department Klinikum rechts der Isar TUM

Introduction: Locally recurrent breast cancefter previous radiotherapy is a challenging clinical
situation since initial RT considerably limits the level eifmadiation (reRT). Under these conditions,

the combination with superficial hyperthermia offers the possibility of achieving local datem with

lower RT doses as recently shown by Notter et al. (IHJ, 2016). -Aatei@after an additional year of
follow up should investigate, whether the obtained local control is maintained.

Methods: We report now of 102 patients with largeea, localf recurrent breast cancer (57 patients
with lymphangiosis included), which were treated in this retrospective study from Sep 2009 to Feb 2017
with combined hypefractionated, lowdose reRT (4 Gy 1x/week up to a total dose of 20 Gy), delivered
1-4 min afte thermographycontrolled watekfiltered infrared A hyperthermia (WIRAT). 24 patients

had tissue transfer, 18 patients presented with microscopic disease.

Results: Overall response was: CR: 63/102 (62%), PR: 35/102 (34%), NC: 3/102 (3%), PD: 1/102 (1%).
Response rates in patients with macroscopic disease were: CR: 45/84 (54%), PR: 35/84 (42%), NC: 3 /84
(3%), PD: 1/84 (1%). Local control throughout life time after obtainesl i€Rresented in the table.

Out of 17 patients with reecurrences, 30 manifégtions were observed: 5 infield (17%), 13 at the
border (43%) and 12 outside (40%).

Conclusions: Good local control of heavily pretreated, langa breast cancer recurrences can be
obtained and is maintained in 73% of patients throughout life time. Misthe rerecurrences are
observed at the border of or outside former treatment fields. Irradiances up te2lBOMW/cm2 were
applied without generation of heat pain and thus limited patient compliance.

The clinical wiIRA/H3etting used offers a serie$ advantages over other techniques currently applied

in clinical oncology. These include: contfreke heating (e.g., of ulcerated, bleeding tumors) and
treatment of irregularly shaped, widespread lesions. No patchwork technique is required for larger size
(diameter of treatment field is 226 cm per applicator with approx. 7% inhomogeneity of irradiance,
circular field area = 42630 cm2). Adaptation to larger areas can be achieved by adapjticator
system. wIRA is independent of individual body cordoWVhile thermal dosimetry for HT is generally
performed with fiberoptic probes that sample only a small number of set locations, in the system
applied reattime thermography is used which assesses large surface temperature distributions allowing
for the observation of dynamic developments during HT sessions. Thermography also enables the
instant and easily achievable protection of heaansitive tissue structures (e.g., scars) and can thus
avoid hot spots and grade 24 skin toxicities. Because of lowxtoity with this treatment schedule,
WIRART can be used forseRTFsettings (e.g., in 17 patients in our study).

Limitations for wIRAAT are tumor lesions with depth extensions >20 mm.

Outlook: wIRAsHT/reRT is ready to be prospectively tested agastahdard schedules.

Ref.: Notter et al, IJH Sept. 2016

all macroscopic macroscopic macroscopic | microscopic
total with L* g L*
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no. patients with 63 45 (100%) 25 (100%) 20 (100%) 18 (100%)
CR (100%)
local control (life 46 28 (62%) 9 (36%) 19 (95%) 18 (100%)
time) (73%)
Rerecurrences 17 17 (38%) 16 (64%) 1 (5%) 0

(27%)

Table 1: Local control & securrences after CRegends: L* = lymphangiosis

ORO05

Water-filtered infrared-A (WIRA) in superficial hyperthermiaphysical and photebiological bags

Dr. Helmut Piazena
' K I NhivierSity Medicine Berlin

Introduction

There is an increasing interest in the use of wdiéered infraredA (WIRA) for superficial
hyperthermia, especially because of its suitability for lasgmd area treatment, focontactfree reat

time thermographic control of the irradiated region and for both major reduction of side effects and
complete exclusion of burn risks.

Methods

WIRA radiators are technically realized by filtering of the emission spectrum of a hatogpnddiator

by a water layer of 7 mm thickness. In order to control skin surface temperature during the exposure,
an IRcamera is used integrated in a closed control loop.

Results

WIRA radiators show a structured spectrum in the spectral range of 800 nm with strong reduction

of the emission within the included water absorption bands. Penetration of radiation into the tissue is
mainly influenced by absorption which causes primary generated heat-sbéitering supports
penetration by forward orientdion and diverges the incident radiation. Main chromophores of skin and
tissue show relatively small absorption coefficients within the spectral range of wiRA as a part of the
G2LIGAOLFE GAYR26¢é 2F GA&AaAdZS F2NI Ay 08N Gpestaly 4 A
penetration depth was found at 1080 nm yielding a depth of about 28 mm (1 % of incident irradiance),
to about 8 mm (10 % of incident irradiance), and to about 5.6 mm (1/e of incident irradiance), whereas
mean penetration depths of the whol&IRA spectrum range between 15 mm (1 % of incident
irradiance), 5 mm (10 % of incident irradiance), and 1.3 mm (1/e of incident irradiance).

Primary generated thermal energy is dissipated effectively by conduction and by convection creating a
much largeiheated target volume as compared with the range of absorption.

Data of in vivo measurements and of model calculations are provided which show the effects of incident
irradiance on generation of both surface temperature and tissue temperature, and ofidadiv
variability which is considered in practical use by thermographic control during the treatment.
Conclusions

WIRA is an effective radiation in superficial hyperthermia with contact free thermographic control of the
irradiated area creating the theraptic temperatures required for therapy of superficial tumour
lesions.

6C



TOPIC: CHEMOTHERAPY & HYPERTHERMIA

ORO06

Perioperative Chemotherapy versus Cytoreductive Surgery & HIPEC alone for Peritoneal Mucinous
Carcinomatosis from Appendiceal Cancer

John iliotis®, Nikolaos KopanaKisAlexis Terrds Eleni Mpalampoly Ourania Natsiopouldu Elias
Efstathiod
Metaxa Cancer Hospital

Aim: The aim of this study is to identify the role of systemic chemotherapy in the management of
appendiceal malignancies.

Material & Methods: Over a teyear period, 52 patients with appendiceal neoplasms were treated at
our Peritoneal Surface Malignancy Unit (14 DPAM (26.9%), 30 PMCA (57.7%), -8 @MC%)). All
patients (100%) underwent cytoreductive surgery & HIPECgeviztill (38.5%) of them also received
perioperative systemic chemotherapy.

Results: Mean Peritoneal Cancer Index (PCI) was 23.6. Completeness of Cytoreduction S)ona$CC
CCO in 26 patients (50%), €Cin 20 patients (38.5%) and 20n 6 patients (15%). High grade
malignancy was reported in 27 patients (51.9%) and low grade malignancy in 25 patients (48.1%). More
than half of the patients had a recurrence (n=36, 69.2%), while death was reported in 40.4% (n=21).
Median OS in all histologic groups w2é months for patients who received perioperative systemic
chemotherapy and 14 months for patients who did not (p = 0.048). Median DFS in all histologic groups
was 19 months for patients who received perioperative systemic chemotherapy and 10 months for
patients who did not (p = 0.034).

Conclusion: We suggest that perioperative systemic chemotherapy serves as a helpful therapeutic tool
in the management of peritoneal mucinous appendiceal carcinomas treated with cytoreductive surgery
& HIPEC.

TOPIC: HYFHEHERMIA FOR PELVIC TUMORS & CLINICAL PRACTICE

ORO7
A COMPARISON BETWEEN RADIATIVE AND CAPACITIVE SYSTEMS IN DEEP HYPERTHER
TREATMENTS

E. Frij&, M. Cavagnar®
WDept of Information Engineering, Electronics and Telecommunications, SapienzaslijnivERome,
Rome, Italy

Introduction

Hyperthermia (HT) treatments aim at inducing temperatures in the range-ofglc / ¥ 2 NJ | 0 2 dzii ¢
the treatment region to increase the efficacy of chemotherapy (CT) and radiotherapy (RT) [1]. Clinical
outcomes @& the combined HICT and/or HT/RT are critically linked to the quality of the hyperthermia
treatment, i.e. to the ability of reaching and maintaining the hyperthermia temperatures for the needed

time [2].

For this reason, in the last years several stugiesed their attention on the quality of the treatment,
developing treatment planning procedures and looking for possible treatment standardizations [3,4].
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Several devices are on the market to induce the temperature increase by way of electric and/or
electromagnetic currents induced into the tissue. In particular, according to the frequency of the
electromagnetic source, these devices can be divided into capacitive systems, or radiative ones.
Capacitive systems operate in the radiofrequency range of therel@agnetic spectrum, i.e. at 8 MHz,
13.56 MHz o0 27.12 MHz, and are substantially made by two electrodes placed at opposite sides of the
patient body. Radiative systems operate at higher frequencies, i.e. about 70 MHz in case of deep
hyperthermia and at 84 MHz or 915 MHz in case of superficial hyperthermia, and are constituted by an
array of antennas which are opportunely fed to focus the electromagnetic field into the target region.

In this contribution the performances of three different systems, aacitive one and two radiative
systems, will be studied and compared with reference to deep hyperthermia, i.e. considering as possible
targets the bladder, the cervix, and the rectum.

Methods

Simulations were performed using CST MW Stltkoftware. Modes$ of the radiative applicators BSD

2000- Sigma 60, and Alba 4D as well as of the capacitive system Celsius TCS were realised and validated
comparing the obtained data with literature ones.

Studies

The electromagnetic field absorbed by simple phantomsvall as an inhomogeneous anatomically
correct model of a woman was calculated for the three considered devices. The simple phantoms were
cylinders (height 850 mm) with an elliptic base (seme@s 120 mm and 180 mm) and constituted by
different layers. Afirst an homogeneous phantom made by muscle was considered, then a fat layer (of
the same thickness all around the muscle or with different thicknesses on the front and on the back of
the phantom) was added. Finally, the skin was introduced. Comparisomaas among the different
electromagnetic field distributions, as well as the SAR values obtained in the centre of the phantoms
and in specific locations to simulate the presence of a tumour in the bladder, the cervix, or the rectum.
As an example of thebtained results, Figure 1 shows the SAR distribution obtained on the axial section
of the skinfat-muscle phantom without any type of focalization. From the figure it is evident the very
different interaction between the electromagnetic field generatedthg hyperthermia devices and the
LK yd2YyQa fFre8SNE® ¢KSAS RAFTFSNByOSa OFry oS Sl aaif

Conclusion

Very different electromagnetic field distributions are obtained into the human body from radiative or
capacitve hyperthermia systems. These differences should be taken into account when planning an
hyperthermia treatment.
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Fig. 1 SAR distribution obtained from the three considered devices-laye&eBs phantom (skin, fat, muscle)

TOPIC: TREATMENT PLANNING

ORO08

Performance evaluation of helmelike hyperthermia applicators for brain tumors

Pegah Takook Dr Hana Dobsicek TrefnMikael Persson
'Chalmers University of Technology

Introduction

Modern treatment methods for brain tumors in children has ldagtng side effects. In this paper, we
explore the side effects of radiation therapy in children by adding hyperthermia and limiting radiation
dose to the brain. However high power absorption in the brain makes the heating challenging and
requires a good conbl of heating pattern. We have already designed an applicator for heating brain
tumors in children which is not efficient enough in heating large tumors in cerebellum [1]. The aim of this
paper is investigating the performance of new designs using higduéncies and high number of
antennas to heat large tumors in the brain.

Methods

The antenna element in our applicators is the self grounded-bevantenna immersed in a water bolus

of truncated cone shape [2]. The operational frequency range for thtisnaa is 430 MHZ GHz. In

initial designs, the phantom was considered as a spherical and homogeneous phantom with properties
of the brain tissue. A water layer of thickness 10 mm was placed on top of the phantom.

We evaluated the performance of differemntenna setups in helmetiike applicators to heat most
difficult positions in the brain. In the first sep 26 antennas were arranged in &ig setup. Second
applicator consisted of 58 botie antennas immersed in reduced size water bolus. In thiegjpglicator,
regular bowties were combined with largecaled antenna elements in a agd with a total of 25
antennas.

For performance evaluation we compute tumor coverage 25%, which is defined as the volume
percentage of the tumor covered by 25% of timiaximum SAR (specific absorption rate) in the whole
patient model.

Results

The tumor coverage 25% was computed for 3 lowest frequencies in the operational range and tumor
radii of 20, 30 and 40 mm. Tumors were positioned in the center of the phantomaamahcenter
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position. For a tumor in center of the phantom and at each frequency, the tumor coverage decreased as
the radius of the tumor was increased. For the tumor in4oenter location, the tumor coverage values
were lower than the ones for the tuman center position. For example in the applicator with 26 Haav
antennas, 95% tumor coverage was obtained for a tumor of radius 20 mm in the center of the phantom
while only 22% tumor coverage was achieved for the same tumonsthe noncenter locaton.

Conclusion

Array with the most number of antennas, 58 antennas, performed the best to heat large tumors in
central brain however we still have limitations to heat tumors in cerebellum.

[1] Hana Trefna, J. Jonsson, B. Vessman, J. Wanemark, E. \®WoxXHjglmarson, L. Adelback, J.

DSEEfSNXYIYYS td ¢F12212 . [FYYSNAYy3II Yo.f2YIANSBYy
KELISNIKSNYALF GNBFGYSYG 2F LISRAFGNRO o0 NI AYApdI y OS N
2014.

[2] Pegah Takook, Mi&af t SNBR &2y X W2KI yyl DSt f SNMroyhged BofR y

(I
Tie antenna design for an UWB phasetNJ @ K& LISNIKSNXN AL | LILIX A OF G2 NE
International Journal of Hyperthermia, December 2016.
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Hyperthermia treatmentplanning with fluid simulations for a novel brain applicator.

Gerben Schooneveldt | | y I 5 2 & MikaelPerssénR&ra Kok Hans Crezee
Department of Radiotherapy, Academisch Medisch Centrum / Universiteit Van Amsté&baguartment
2F {eaidSya IyR {A3dylfaz /KFEfYSNAR ¢S{yArailr 11 3aj?2

Introductiort  Treatment of brain tumoursnay benefit from adjuvant hyperthermia. Radiotherapy is
known to lead to serious late toxicities. As one of the most potent radiosensitizers known, hyperthermia
allows for lower radiation doses with equal treatment outcome and reduced late toxicities.
Chamotherapeutic agents often fail to pass the blood brain barrier. Hyperthermia has also been known
to temporarily open the blood brain barrier, allowing access for chemotherapeutic agents. However,
hyperthermia treatment of tumours in the brain is very daabing with currently available applicators.

To solve this, the Chalmers Hyperthermia Helmet was developed, a microwave antenna applicator
specifically for brain tumours. Temperature simulations using Plan2Heat indicate that proper heating
may be challengg. One of the reasons is the role of cerebrospinal fluid (CSF). Because of its high electric
conductivity { ~ 2.17 S/m), CSF absorbs EM radiation very efficiently and is thus easily heated. As
Plan2Heat models CSF as a solid, heat removal is relatively inefficient, leading to hot spots. Taking into
account the fluid nature of CSF, this heat may be transpootest relatively large distances, affecting a
wide area. The aim of our current research is to investigate by numerical simulation the role of CSF in the
temperature distribution in the human brain during microwave hyperthermia treatment using the
ChalmerdHyperthermia Helmet.

Methodst We simulated a hyperthermia treatment of a patient with medulloblastoma, both with
Plan2Heat without detailed fluid modelling, and with proper fluid modelling. For both simulations, we
determined the temperature metrics Tmiff,90, T50, T10, and Tmax. We also studied the correlation
between both simulations, with special emphasis on potential hot spots. We modelled three different
cases to investigate the influence of properly taking the fluid properties into account on thestatupe
distribution. First, we used a patient with a large medulloblastoma. Second, we studied the same patient
post-operatively, when the tumour had been removed and the resulting volume filled with CSF. Third,
we used the same patient with a more ceritydocated artificial tumour. We compared the temperature
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distribution simulated with the properly modelled fluid and with CSF modelled as a solid, as is done in
Plan2Heat and other commercially available treatment planning systems (Fig.1).

Results Hot gots predicted by Plan2Heat in the CSF disappear when fluid modelling is added, except
when they occur in small isolated CSF pockets. Hot spots at some distance from the major CSF regions,
however, remain practically unchanged. Overall, tumour temperatteesl to be a little higher when

fluid modelling is taken into account. Reoptimizing might improve the thermal dose to the tumour, but is
not feasible with the current seatp.

Conclusiom Although locally, incorporating the fluid model for the brain hypermia treatment
planning yields results that are noticeably different from those obtained with a-solig model, these
differences are mostly limited to the regions close to the major CSF regions. The fluid model will now be
applied to other clinical s to determine in which cases the Chalmers Hyperthermia Helmet can
obtain clinically relevant temperatures.

Figure 1: Temperature distribution with CSF as a solid {left}. CSF as a fluid (right}. and the difference between both {middie). The CSF has been outlined.

TOPIC: WHOLE BODY HYPERTHERMIA

OR10

Lowdose checkpoint inhibitor therapy with interleukir (I.-2) and fever range hyperthermia in stage
IV cancer: a retrospective analysis with single case presentations

Dr. Ralf Kle€f
'Dr. Kleef Hyperthermia

Introduction: Advanced inoperable Stage IV cancer has a poor prognosis and patients rarely enjoy
durable complete response to treatment; progressifree survival often is limited. We previously
reported complete remission of far advanced lung metastasis in triple negative breast cancer at ITOC3
(Munich) 2016 and of inoperable stage UICC IIIB esophageal cancer at ITOC4 (Prague) 2017 following the
complex immunotherapy protocol as described at ITOC and in this ESHO 2017 abstract. Here we report
for the first time preliminary statistical evaluation as well as presentation of single best cases.

Materials and methods: Patient description: all patients &vetage IV metastatic inoperable cancer
patients most of them heavily pretreated. Different cancer types were: stomach=3, melanoma=3, SCC
tongue=1, breast=20, bladder=1, prostate=5, ovaries=4, colon=6, liposarcoma=1, pancreas=2, TUO=1,
mesothelioma=1, oligdendrioglioma=1, carcinosarcoma=2 (1 ovarian, 1 uterus), cervix=2, esophagus=2,
Ewing sarcoma=1, lung=3, kidney=2

The immunological and hyperthermia treatment was identical in all patients; many patients also
received metronomic lovdose chemotherapy aridr hormonal therapy.
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Therapy consisted of administration of the following combination protocol:-tose PEL immune
checkpoint (IC) inhibitor nivolumab (0.5 mg/kg) with GZLAC inhibitor ipilimumab (0.3 mg/kg)
administered weekly, over three weeks. 3hwas accompanied by loco regional hyperthermia with
radiofrequency fields (13.56 MHz) using the Syncrotherm, Oncotherm or Andromedic device 3 times per
week (max output 400 w) over the tumor region in combination with high dose vitamin C (0.5 g/kg) and
alpha lipoic acid (600mg) over three weeks. This was followed by long duration fever range whole body
hyperthermia (using the Heckel device) in combination with low dose chemotherapy using
O O0f 2LIK24LIKIYARS onn Y3AkYu (2 RedésyivVrdeReddini2 @2 ¢ NB 3
under Taurolidine protection was administered for five days with careful titration to daily fever
KELISNIKSNYAInndRcYIPE odpdpc

Results: 60 patients underwent this treatment protocol; 48 are currently evaluable.thbesavere too

early to evaluate with followp time < 3 months. Resist Response criteria were met with restaging using
CT and/or MRI as well as clinical and laboratory evaluation. Subgroups were as follows:

Progressive disease PD: n=20; 2 stomach, 1 melan1 SCC tongue, 2 ovarian, 1 colon, 9 breast, 1
TUQO, 2 carcinosarcoma, 1 lung

Stable disease SD: n=4; 1 liposarcoma, 1 melanoma, 1 pancreas, 1 ovarian,

Partial remission PR: n=17, 1 NSCLC, 7 breast, 2 colon, 1 ovarian, 1 Ewing sarcoma, 1 cersiatd, 1 Pr

1 Pancreas, 1 renal, 1 stomach

Complete remission CR: n=7; 1 melanoma, 1 bladder, 2 prostate, 1 esophageal, 1 breast, 1 Cervical

Preliminary evaluation of 48 patients with 3 month to 2 years follgn(median 6 months):
Progressive disease: 42%

Overall clinical benefit 58%

Overall response Rate = objective response rate: 50%

Conclusion: This complex combined immunotherapy treatment of advanced stage cancer patients
achieving an objective response rate of 50% and overall clinical benefit%f ds&ms to be very
promising.Clearly, this combination immune treatment warrants further clinical studies.

Therapy results

Objective
response of 50%

Complete remission
15

« Complete
remission of
15% and partial
remission of
35% comprise
an objective
response rate of
50%

= Objective
response is
defined as
propottion of
patients with
reduction in
tumor burden of
a predefined
amount

PD Progressive disease

PR Major partial
remission>50%

SD Stable Disease
PR <50%
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TOPIC: NANOPARTICLES & HYPERTHERMIA

OR11

Combination of hyperthermia and radiosensitizévaded thermosensitive liposomes improves
efficagy of radiotherapy: an in vitro proof of concept study

Helena Besse dr. Clemens Bdsdr. Maurice Zandvliét prof. dr. Chrit Mooneh dr. Roel Deckets
YUniversity Medical Center UtrecAEaculty of Veterinary Medicine Utrecht University

Introduction: e efficacy of radiotherapy (RT) can be improved by combining RT with drugs to increase

the sensitivity of radiation (concurrent chemoradiation). Combining RT with these drugs, so called
radiosensitizers, results in significant clinical improvement in méngzY 2 NJ (& LJSaud { i/
improvement is desired since these drugs are not tumor specific and thus cause systemic toxicity as well
4 G2EAOAGE G2 GKS KSFHtGKe (GAhAaadzsS Ay GKS oSIY LI
Even if the toxicity can be reduced by encapsulation of the dr@yint Yy I y23&3aGSY> adzOK
the anticipated enhanced efficacy is compromised due to low bioavailability and poor tissue penetration

of the drug in the tumor. These drawbacks can be overcome by using tgggsitive nanosystems,

such as thermoseiits/e liposomes (TSL) with lodajperthermia as stimulus. TSL combined with
KELISNIKSNYALF NBadzZ Ga Ay Iy AYONBIFaS Ay 020K RNIYZ
addition, hyperthermia is a powerful radiosensitizer by itself. Thus, hyparilatriggered local
radiosensitizer delivery by TSL may improve the efficacy of RT while reducing normal tissue damage.

The objective of this study is to investigate in vitro if i) triggered release of a radiosensitizer, doxorubicin
(DOX), from a TSL €rmoDox) by hyperthermia improves the efficacy of RT and ii) if the
radiosensitization effect of DOX is concentration dependent.

aSUK2RaY | ¢mnyns KdzYry FAONRAI ND2YlF>X OStfta 6SNB
2NJ 5h- 6ndn X YO HF 2N0Imn &KRadzNd Ay | 6F GSNI oF 0K 2F
with ThermoDox or DOX, cells were irradiated by a linear accelerator (Elekta, 6MV). Subsequently cell
viability was measured by clonogenic assay.

Results: RT combined with Thetm@ E ' i oTc/ &K26SR &AAYAfI NI STFFAO
GNBIFGYSyYyiliz Rdz§ G2 NBGSYyliAzy Z£RIENSE AP GKSNY2ERE
AK26SR Sliddt STFAOLO_B® 1 26SOSNE ¢KSN¥Y252E i noc
GKSY O2YLI NBR G2 5h- d nmoc/ X F RAFFSNBYyOS GKI

effect, however it is not concentration dependent, Figure B.

Discussion/conclusion: ThermoDox in combination with hyperthermia improves the efficacy of RT in
vitro, whereas in the absence of hyperthermia efficacy was similar to that of RT alone. This provides a
first indication that local heating of only tumor tissue will reduce systemic toxicity as well as toxicity to
healthy tissue in the beam path. Unfortunately, the radiosensitization effect of DOX is not concentration
dependent, higher local concentrations willtniead to an extra sensitization boost in the tumor. In
summary this study provided the first proof that local radiosensitizer delivery may improve efficacy,
while reducing systemic toxicity.

wSFSNByOSayYy utA&ddSNARZI ! {hZ HLRHHRIO3uHaE &NBRRINET S/ W3 [
b SSRKFYSX C53X HAMO
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Figure A. Treatment without and with dox or ThermoDox at a concentration of 0.02 pg/ml at 37°C or 43°Cin a
water bath with or without RT at 6 Gy. Figure B. Treatment with DOX at 37°C followed by RT.

OR12

Hyperthermia-triggered release of hypoxic cell radiosnsitizer from temperature sensitive liposome
improves radiotherapy treatment in vitro

Negar Sadeghf®, Dr. Robbert Jan KgkDr. Clemens BasProf. dr. Gert Storfrf® Prof. dr. Twan
Lammeré®* Prof. dr. Chrit MoonehDr. ir. Roel Deckefs

'University Medical Center UtrecﬁDepartment of Pharmaceutics, Utrecht Institute for Pharmaceutical
Scienes, Utrecht UniversityDepartment of Nanomedicine and Theranostics, Institute for Experimental
Molecular Imaging, University Clinic and Helmholtz Institute for Biomedical Engineering, RWTH Aachen
University, “Department of Targeted Therapeutics, MIRAtitu® for Biomedical Technology and
Technical Medicine, University of Twente

Introduction: Radiotherapy has a significant contribution to the successful treatment of many cancer
patients. However, it is also accompanied by a risk of serious damage t@lntissue surrounding the

tumor or present in the radiation path. Besides technical developments, such as intensity modulated
radiotherapy and charged patrticle therapy, the addition of radiosensitizers has further improved the
efficacy of radiotherapy. Hoswer, since these drugs are not tumor specific, the maximum
radiosensitizer concentration that can be reached in the tumor is limited by systemic toxicity1.

By encapsulating cytostatic drugs in nanosystems, such as liposomes, the systemic toxicity can be
significantly reduced2. Though, due to limited and heterogeneous penetration of liposomes in tumor
tissue and the low bioavailability of the drug in the tumor the anticipated enhanced efficacy is
compromised3. Stimuliesponsive nanosystems can overcomesth@rawbacks by triggered release of
their contents upon applying a tumor confined stimulus4.

Here, a concept is introduced (i.e. Ima@eided Radiosensitizer Delivery (IGRD)) in which
radiosensitizers are released from temperature sensitive liposonfeissjiby local heating of the tumor,
followed by conventional radiotherapy. As a first step to demonstrate feasibility of this concept, we
developed pimonidazole (i.e. hypoxic cell radiosensitizer) loaded TSLs and tested them in combination
with hypertherma and radiotherapy in vitro.

Methods: TSLs were prepared by the lipid film hydration and extrusion method. Liposomes were
composed of DPPC, MSPC and BEFFFE2000 in a molar ratio of 86:10:4. Pimonidazole (PMZ) was
loaded actively into the aqueous lumentbie TSLs. The TSLs were characterized by measuring particle
size, phase transition temperature (Tm), particle charge, drug loading efficiency and temperature
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dependent release kinetics of PMZ. The radiosensitizing effect of PMZ on FaDu cells under hypoxic
conditions (i.e. pO2 = 0.1%) was assessed as function of concentration using a clonogenic assay. Finally,
the temperature triggered PMZ release combined with radiotherapy was tested in vitro.

Results: PMZ loaded TSLs were formulated, with a mean diadeter mnn  yY FyR | ¢Y 2
final PMZ concentration in the TSLs was 4.4 mM. The TSLs showed fast release of PMZ upon heating (i.e.
Y2NB GKFIYy ymxr FTFAGSNI M YAydziS +Fd4G nH c/0d ¢KS NIR

increased with drg concentration. Temperature triggered PMZ release from TSL followed by
conventional radiotherapy showed increased efficacy compared to radiotherapy alone and PMZ loaded
in nontemperature sensitive liposomes.

Conclusion: PMZ loaded TSLs in combinatioh perthermia improved the efficacy of radiotherapy in
vitro (fig 1b). Moreover, the radiosensitizing effect was clearly dose dependent (fig 1a) and therefore
may benefit from increased drug concentrations as can be obtained using triggered releaseSitbm T
This is the first indication that Imageuided Radiosensitizer Delivery (IGRD) may improve the efficacy of
radiotherapy, while reducing normal tissue damage.

References: 1Calais et al., J Natl Cancer Inst, 1999; 2Allen et al., Science, 2004; 3eammdr€ontrol
Release, 2007; 4Torchilin et al., Eur J Pharm Biopharm, 2009; 5Kong et al., Cancer Res,2000
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Uncertainty and error minimization in magnetic particle hyperthermiaauation

MSc Antonios Makridi§ Dr. Theodoros Samara®r. Makis Angelaketis
!Aristotle University Of Thessaloniki

Introduction

Measurement of specific loss power (SLP) of magnetic nanoparticles (MNPSs) is crucial to assert their
heating potential in mgnetic particle hyperthermia (MPH). The SLP estimation is a-paulimeter
problem, significantly affected not only by particle properties and experimental conditions but also by
the computational routine followed, as well. In this work, we attempt toikefand record sources of
uncertainty and errors in each step of a hyperthermia process and examine their impact on concluding
SLP values.

Methods

Typically, SLP index evaluation is based on the rate of change of temperature of a sample that is
magneticadly heated by the effect of an alternating magnetic field on MNPs. The intrinsic uncertainties in
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such a process derive from the sample itself (dimensions, volume, concentration, magnetic properties),
the field application (frequency, amplitude, homogengitythe temperature (recording process,
distribution, external heat exchanges) as well as from measurement errors, naturally occurring in every
experimental procedure, transmitted through each estimation step. More specifically, the contribution

of differeni &l YL SQa O2y OSyiuNI GA2ya |yR @2fdzySa Ay at |
dzaAy3 YIFI3IySGiAaAO ANRY 2EARSE aK2gAy3ad GKIG NBRAzOAy:
down to 0.5 mL) may lead to an underestimate SLP value by fialf.d2 Yy i NI 8 G &l YLX SQ3
change (0.25 to 3 mg/mL) seems not to have any crucial effect in the SLP values (change less than 10 %).
Moreover, variations in magnetic field homogeneity (different coil geometry), in the frequencyg(100

800 kHz) andlso in the amplitude (560 kA/m) of the magnetic field are also determinant parameters
affecting the ultimate SLP value. Additionally, regarding the temperature rise, the measurement
conditions, the nommagnetic origin heat exchange as well as the héssigation are also examined in

detail for their contribution in MPH heating evaluation. Finally, the most widely used SLP evaluation
methods (namely, the Initial Slope and Haxcas data manipulation methods[1], together with
Hysteresis[2] and Rosenwedj[theoretical models) are examined against the Modified Cooling Law[4]

we are routinely employing for SLP evaluation outlining the importance of temperature data
manipulation for the final thermal efficiency evaluation.

Conclusions

In principle, MPH agjzation has a multparametric nature. In this work, we split the parameters
incorporated to four major categories: sample, field, temperature and estimations and try to unravel
SIFOK 2ySQad NRtS FyR AA3IYATAOI yOS siudlyingdeach Xactori S 3+
separately, a specific uncertainty in SLP occurs. All these uncertainties are included in SLP evaluation to
provide a reliable and errdiree under certain conditions SLP index value. Such a process is expected to

be useful not only dr MPH but for any type of regional magnetic hyperthermia where similar
parameters are affecting heating efficiency in such a way that a desirable heat transfer and temperature
distribution could be achieved.
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Modulated-ElectroHyperthermia Enhaned Liposomal Drug Uptake by Cancer Cells

ChengChung Huanj YuShan Wantg Mau-Shin CHj KaiLin Yanty KwanHwa CHi
Shin Kong Wu Hsu Memorial Hospital

Modulated Electrehyperthermia (MEHT) stands for a significant technological advancemertein t
hyperthermia field, which has autofocusing electromagnetic power on the cell membrane to create
massive apoptosis. Since mEHT expressed the unique ability to excite cell membrane, we hypothesized
that mEHT could enhance the uptake of liposomal drugriyaacing the phagocytosis activity. Cancer

cells were visualized for doxorubicin (DOX) fluorescence to investigate the uptake of the drug in the
cells. The uptake of liposome encapsulated DOX&ipo- 0 61 & O2YLJ} NBR dzy RSNJ n
MEHT treatment mEHT treatment showed a significant enhancement of -D@X uptake of DOX
F{dz2NBAaOSYOSoiKS YStyYy Ftd2NBaOSyOS NI GA2 G2 dzyaN
control( 4.85 and 6.25). To investigate whether the macropinocytosis is ed/aivthe mEHIhduced

high intracellular retention of DOX, Wortmannin was used to inhibit the micropinocytosis effect and
70kDa Dextra#-ITC was served as uptake substance. Cancer cells uptaked Dextran significantly after
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MEHT treatment whereas this enh@@ment was significantly inhibited by Wortmannin. This result
showed mEHIhduced particles uptake thought micropinocytosis. BALB/c mice bearing CT26 colon
carcinoma were given a single i.v. dose of 3 mg/kg of-DiPX, and the tumors were then heated to

eA UKSNJ oTtc/ S nHc/ GFGSN) 0FUGK 2NJ nHc/ Y9l ¢ F2NJ c
fluorescence intensity in the tumor, indeed, tumor tissue sections were evaluated for DOX fluorescence

to examine the local distribution of the Lig@OX. mEHT trément achieved the highest DOX
O2yOSYyidNYGA2Y omdnndaAxk3d 2F Y9I ¢ 3INRdzZI YR AdPT P o
enhanced uptake of LippOX may effectively increase the therapeutic effect of liposomal drug. This
novel finding warrants fuher investigation clinically.
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Magnetic Particle Hyperthermia: Multifunctional modes for effective cancer treatment

Dr. Makis Angelakerfs
!Aristotle University of Thessaloniki

Introduction

Magnetic particle hyperthermia attempts to treat candeilowing the modality Hippocrates suggested

I NRPdzy R Hpnn &SEFENAR F32Y a2KFG YSRAOAYS OFyy2id OdzN
FANBE R2Sa y20 OdaNBxX Aa (2 06S O2yaARSNBR AYIDOdzNI o6 f
are more vulnerable to temperature variations when compared to normal ones, while the heat cargo is
delivered by especially designed magnetic nanoentities under the guidance of an external magnetic
field. Although, it is authorized for cancer treatmesibce 2011, after passing a phase Il clinical trial, as
adjuvant therapy with conventional radiotherapy,,[1] it still needs further elaboration prior to routine
clinical application. As in most biomedical applications, several constraints both in canieteerapy
scheme have to be successfully addressed.

Results and Discussion

The first general question that naturally arises is why use magnetic nanoparticles in modern
theranostics? The answer is multifold and has to do with their flexibility, selgctind effectiveness.
Magnetic nanoparticles may be remotely (i.e. externally) and effectively stimulated by the adequate
magnetic field. Since they are only a few tens of nanometer in size and therefore, they may manoeuvre
around, for example, find eagyassages into several tumors, whose pore sizes are for example in 100
nm range.

To advance magnetic particle hyperthermia applicability, three critical puzzles have to be solved:
a).Which particles? Reproducibility, is the first milestone, for a syntlagpcoach, which should be self
consistent and reproduce its outcome under standard conditions. Then, synthetic controls should be
tuned to provide control over size and shape (uniformity and morphology) within a homogenous
(stability) in time and varyingonditions dispersion. Eventually, scalability to greater length scales may
be examined in an effort to create microscale or even mesoscale objects.

b).Which conditions? Magnetic Particle Hyperthermia treatment utilizes high frequency magnetic field
and B excellent paradigm for discussion of field application safety in biomedicine. The generated
temperature depends on the magnetic properties of the nanoparticles, and it increases with magnetic
field frequency and amplitude. In order to minimize possibieks, the dosage of nanoparticles
administered during the hyperthermia treatment should be kept as low as possible together with clinical
constraints for the magnetic field intensity and frequency values.

c¢).Will it perform under biaconditions? Nanopartles due to their multivalency and multifunctionality,
pose challenge for understanding their pharmacokinetics because different components will have
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different features that affect their performance, toxicity, distribution, clearance. The 3Ds: Dose,
Dimensons and Durability provide the set of parameters to be fimeed in order to have optimum
performance together with minimum sideffects within a biological environment.

Conclusions

Magnetic particle hyperthermia is a unique multifunctional platform siits carriers can be remotely

and noninvasively employed not only as heat mediators but as imaging probes, carrier vectors and
smart actuators as well.
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1. Introduction

Dynamic PET imaging can monitor the transient and spatial distribution of radiopharmaceuticals during
their delivery in the vascular sysh, as well as during the later metabolic phase. Significant differences
KIS 06SSy NBEIGUpAkSIR stukligs ragardihg amtigiogenic cancer treatment efficacy.
Thermotherapy is reported to prevent angiogenesis in the tumor region by blotkéngxpression of
associated genes. Considering the effect of hyperthermia on physiological mechanisms and the
utilization of Magnetic Nanoparticles (MNPSs) as drug carriers, an investigation on the feasibility ef a PET
Hyperthermia hybrid system, is of arest. Magnetic Fluid Hyperthermia (MFH) premises the presence

2F Ly 1EGSNYFdGAy3 al3adySGAO CASEtR 6!acCcl @gKAOK
Consequently, further error would be transferred in the localization of the posientron annililation

event. Employing a pulse magnetic field would allow sampling of PET data during the inactive phases of
the field without introducing additional errors. The feasibility of such a system has been investigated.

2. Methods

Superparamagnetic magnetite WPs were fabricated via qurecipitation method and their magnetic

and physical properties were determined, upon proper characterization via a series of experimental
processes. Magnetic fluid was prepared and heated to obtain experimental hyperthermies ciatv

different configurations of the AMF. Numerical models were developed in Comsol Multiphysics to
reenact the AMF and predict the volumetric power dissipation for the magnetic fluid. The models were
validated against analytical calculations and experital data.

3. Simulations

A2D EAA@YYSUNRO ydzYSNAOIf Y2RStf 461 &8 RSOSt2LISR A
¢CNF YAFSNE VY2RdzZ Sz 3I20SNYySR o6& (GKS tSyySa . A2KS
designed to represent a composite consistifgMNPs accumulated in a legrade cerebral glioma,
surrounded by healthy tissue. Thermal properties of tissues and corresponding blood perfusion rates
were retrieved from the literature. The variables and parameters associated with the magnetic fluid
were imported from the validated models described above. The tdependent temperature profiles,

as well as the min and max temperatures within the 90% of the tumor volume were calculated for 4
different configurations of the AMF and the most suitable setapain ideal thermotherapy in terms of

0 KSNXYI§ R2a4S 6/ 9aji¢hno RSEADGSNE 2LIWAYATFGAZ2Y &
distribution during an intercepted heating process several accumulation zones were tested and upon
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determination of the mé & SFFAOASY (I |y Ga9@Syidaé¢ Y2RdxZ S 41l &
activation and inactivation of the AMF when predefined temperature conditions are met. The min and
max temperatures within the 90% of the tumor volume were monitored and maintainedirwih

selected range, which determined the duration of the heating phase, as well as the duration of PET data
acquisition phase.

4. Conclusion

The results of this study are indicative of the feasibility in developing aviHEThybrid system. Further

researt is required, to optimize the PET data acquisition phase to heating phase ratio and ensure both

a sufficient sampling time and a high temperature distribution for clinically acceptable concentrations of
MNPs and AMF configurations.
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Oprimization o in vivo imaging and hyperthermia procedures for quality assured theranostics
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'Department of Biomedical Engineering, Technological Educational Institute Of Athens

Introduction

Nanopaticle based drug delivery is considered as a new, promising technology for the efficient
treatment of various diseases including, but not limited to cancer. Nanoparticles can penetrate
biological barriers, carry drugs on the target site, while minimizingedin other organs. When
nanoparticles are radiolabelled it is possible to image them, using standard molecular imaging SPECT
(Single Photon Emission Tomography) or PET (Positron Emission Tomography) techniques [1].

The use of magnetic nanoparticles inpkythermia is one of the most promising nanomedicine
directions and requires the optimization of magnetic induction devices, as well as the accurate, non
invasive, monitoring of temperature increase. The combination of imaging and therapy has opened the
very promising Theranostics domain [2]. Simultaneous nuclear imaging during hyperthermia can provide
insights in the biological process that occur when nanopatrticles are heated [3]. In this way, it is possible
to monitor the successful organ/tumor targetindrug release and/or real time response to therapy.

This approach is by far superior when compared to the use of conventional anatomic or functional
modalities, which can monitor the long term therapeutic effect.

Methods

The project THERAQ will developlidate and provide procedures and support for Quality Assured
Theranostics and has been recently funded by the Greek Scholarships Foundation. It is an ambitious
project aiming to provide new approaches, tools and knowledge in the emerging field of Th&snos

The main objectives of THERAQ are (Figure 1) the (i) Development of a PET prototype system for use
inside the coil of hyperthermia systems; (ii) Design of a hyperthermia coil, in order to be combined with
the PET system for in vivo imaging; (iiifddé@ntiation of active and passive targeting through the spatial
distribution of the pharmaceutical measured in tumor and (iv) Imaging of drug release during
hyperthermia, using radiolabelled pharmaceutical or radioisotope entrapped inside nanopartiotes. T
proposed detector will be based on magnetic compatible Silicon Photomultipliers (SiPMs), a technology
that has been well tested in the field of combined PET/MRI. The authors have several publications on
the design and evaluation of SPECT and PET detdmsed on SiPMs and this experience will be used

for the proposed integrated system [4], [5].

Conclusions

The added value of THERAQ can be summarized as Technical improvements in hyperthermia and
temperature measurement equipment; Construction and evabraof the first Theranostic imager for
hyperthermia and New protocols for quality assured theranostics.
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Paramagnetic liposomes form hyperthermimmducedMR-Guided drug delivery
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Hyperthermiainduced local drug delivery using temperature sensitive liposomes (TSLs) has been shown
in several studies to increase local drug @nications by a factor of approximately 5 to 15.-I6ading

of a paramagnetic MR contrast agent such gadoteridol (Prohance) together with the drug doxorubicin
(dox) into the ITSLs allows to visualize and to some extend quantify dox release using MRi. Thoug
promising, the approach copes with two challenges. First, encapsulation of gadoteridol inside the TSLs is
changing its biodistribution leading to a high concentrations in liver and spleen due to clearance of the
liposomes, which could present a potenttakicity risk. The subsequent long term fate and eventual
redistribution or excretion of gadoteridol has so far not been studied. Second, gadoteridol has very
different pharmacokinetic properties compared to the encapsulated dox, leading to differentrtumo
uptake upon release of the two compounds. If gadoteridol release is quantified only at the end of an
hyperthermia session, the correlation between gadoteridol and dox concentrations in the tumor tissue
can be obscured by differences in uptake, retentiand washout, deteriorating the MBased
quantification. Here, intermittent monitoring of gadoteridol release during hyperthermia is highly
warranted. To investigate the first question, we performed in vivo studies to test the biodistribution of
gadoteridd encapsulated in TSLs in comparison to free gadoteridol, or gadoteridol encapsulated in non
temperature sensitive liposomes (NTSLs) and liposomes carrying a gadolinium chelate conjugated to a
lipid. For the second question, we performed an in vivo stwdyere a new MRI method using an
interleaved scanning approache was used to follow release of gadoteridol from TSLs during
hyperthermia. Local hyperthermia was induced in a R1 rat model using high intensity focused
ultrasound (MRHIFU).

The results showethat gadoteridol encapsulated in TSLs and NTSL leads after injection to high uptake
in liver and spleen, but that it is cleared to the same extend as free gadoteridol after weeks leading to
comparable residual amounts of gadolinium in organs. Covalentigation of a a gadolinium chelate to

a lipid that is incorporated into a liposome increases retention of gadolinium in liver and spleen and
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leads to higher gadolinium concentrations in all organs throughout the study. The second study showed
that interleaved MR scanning allows to follow release of gadoteridol duringHVRJ hyperthermia
enabling simultaneous mapping of temperature and relaxation times. The latter allow a direct
correlation with doxorubicin concentrations in the tumor leading to improvedhaRed quantification

of dox.

TOPIC: TECHNOLOGY / DOSIMETRY
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Impact of magnetic resonance imaging on hyperthermia treatment quality assurance
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Quality asurance (QA) is defined as the systematic evaluation of system performance. In general the
objective is to perform QA with the most advanced measuring tools available in order to allow a
guantitative decision based on objective criteria whether a systeerates according to specifications.

HT applicators require formal QA to ensure accurate, precise and consistent treatments.

Most commonly used HT QA measurement techniques to evaluate hyperthermia system performance
rely on temperature probes, infraredR) cameras, Diodefteld sheets, single-eld sensors and lamp
phantoms. Although, these techniques in principle provide objective, quantitative information they have
serious drawbacks for preeatment quality control. Limitations include invasivenéaB), a limited set

of points or single plane measurements (temperature probes and sinfigddEsensors), poor spatial or
temporal resolution (IR cameras;field sheets, lamps), long sampling time (scanning devices) and a
limited dynamic range (lampsps a result the decision whether a system meets the QA assurance
demands, is often based on either a low number of data points covering only a small volume of the
whole energy distribution or at best on a qualitative 2D registration of tfielé& distritution in one of

the major crosssectional planes of the phantom.

In contrast, magnetic resonance thermometry (MRT) offers a-ineasive 3D view of temperature
distribution, thereby being the only system that provides the ability to register 3D emkstibution in

solid anatomical phantoms.

For the introduction of the Pyrexar BSD2000 3D MR HT applicator in combination with the GE 450w MR
scanner at the Erasmus MC Cancer Institute in Rotterdam, the proton resonance frequency shift (PRFS)
method was ged to acquire temperature maps. We made an anthropomorphic phantom as well as
several cylindrical phantoms to check different properties of the system and to match the HTP
simulations to the MRT. By carefully controlling positioning the phantom in thécappr we were able

to verify phase and amplitude steering resolution with the -Btinpatible Sigma Eye applicator and to
demonstrate it to be accurate at stdm level. Further, the 3D imaging of the temperature distribution

in anthropomorphic phantoms wit MRT facilitates investigating the sensitivity of translating
hyperthermia treatment planning settings to clinically relevant conditions and resembles a major step
forward in adaptive image guided hyperthermia.

OR20

Online adaptive treatment plannimg during locoregional hyperthermia to suppress treatment limiting
hot spots
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Introduction: In clintal hyperthermia adequate tumor temperatures are essential for good response,
but excessive heating of normal tissue should be avoided. This makes locoregional heating using phased
array systems technically challenging.-lve application of hyperthermigreatment planning could

help to improve the heating quality. The aim of this study was to evaluate the clinical benefiliaEon
treatment planning during treatment of pelvic tumors heated with the A®IQocoregional
hyperthermia system.

Methods: For odine adaptive hyperthermia treatment planning a graphical user interface was
developed (Figure 1). Electric fields were calculated in appreessing step using our-house
developed finitedifference based treatment planning system. This allows instatulation of the
temperature distribution for useselected phasemplitude settings during treatment and projection
2yid2 GKS LI A S ylineQsualization. 3G@imeytreafn2nplafnjhg was used for 14
treatment sessions in 8 patients to neck hot spot complaints. One of these sessions involved a patient
with a deepseated melanoma at an eccentric location in the pelvis, different from our mainstream of
patients with pelvic malignancies. During this sessiodimm treatment planning was asused to
increase the tumor temperature.

Results: In total 17 hot spot complaints occurred during the 14 sessions and the alternative settings
reduced complaints while maintaining at least 95% of the achieved tumor temperature rise. For the
melanoma patiat steady state tumor temperatures were disappointing and using treatment planning
the tumor temperature rise was increased more than 15% without inducing hot spot complaints.
Conclusion: Otine application of hyperthermia treatment planning is reliabfelavery useful to reduce

hot spots without affecting tumor temperatures Additionally, planning can help to increase the tumor
temperature rise for sites with little clinical experience.

Figure 1: Screenshot of the graphical user interface as used for
on-line adaptive hyperthermia treatment planning
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Regional deep hyperthermia: Determination of patient nakgnments and its impact on SAR and
temperature distribution using MR thermometry
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Introduction

Magneic Resonance Imaging (MRI) has emerged from a diagnostic imaging modality to a powerful
intervention guidance tool. The capability to image temperature is a very attractive property of MRI and
has been actively used for némvasive thermometry in regionaleep hyperthermia. Among serval MR
based temperaturesensitive methods, proton resonance frequency (PRF) thermometry provides the
advantage of excellent linearity of signal with temperature over a large temperature range.

Methods

In this study, the MRmages used for the thermometry were utilized to assess if@rtional patient
mispositioning between hyperthermia treatment fractions, as well as #raational mispositioning
during one single hyperthermia treatment. In order to determine the possitllaical patient
misalignments, a landmatiased rigid image registration was performed by placing ten landmarks in
total on bone structures distributed across the patient body. For #itectional mispositioning, the MR
images of the first hyperthermi&reatment fraction were taken as a reference, while the first MR
imaging at the begin of treatment was taken a reference scan for the image registration. The results of
the inter-fractional patient mispositionings were taken as input for analytical sinarlastudies to
systematically investigate the influence of possible clinical patient misalignments on specific absorption
rate (SAR) and temperature distribution. Since the results of the-fraucional patient mispositionings
showed relatively small pegnt movements and rotations, this was excluded from the simulation study.
For electromagnetic and thermal simulations, the finite element (FE) approach was used to obtain SAR
and temperature distributions for six patients at 312 positions. Patient dispiaats, rotations as well

as the combination of both were considered inside the Sigiya applicator. Position sensitivity is
assessed for hyperthermia treatment planning (Hg@&yed steering, which relays on modelsed
optimization of the SAR and tempdure distribution. The evaluation of the patient mispositioning was
done with and without optimization. The evaluation without optimization was made by creating a
treatment plan for the patient reference position in the center of the applicator and aghfitieall other
positions, while the evaluation with optimization was based on creating an individual plan for each
position. The parameter T90 was used for the temperature evaluation, which was defined as the
temperature that covers 90% of the gross tumaiume (GTV). Furthermore, hotspot tumor quotient
(HTQ) was used as a goal function to assess the quality of the SAR and temperature distribution.
Results & Conclusion

The T90 was shown considerably dependent on the position within the applicator. Witho
2LIAYATFGA2Y S GKS ¢pn 61 a Oft SFNI & RSONBIFaSR oSt 2
and rotations. However, application of optimization for each positon led to an increase of T90 in the
GTV. Position inaccuracies of less than 1ck and Y directions and 2cm irdiZection, resulted in an
increase of HTQ less than 5%, and do not significantly affect the SAR and temperature distribution.
Current positioning precision is sufficient in the X (riggdt)-direction, but higher position Guracy is
required in the Y and Z directions.

OR22

Simulation of prostate tumor hyperthermianduced cell death via microwave electromagnetic
radiation: a computational work.
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Introduction

Microwaveinduced hyperthermia (MIH) is governed by physical mechanisms and effects that can be
easily modeled because of the good knowledge of electromagnetism and heat transfer effects.

Here we present case studies for prostate cancer tumor that is treated with encbiigidH. For the
simulation, we modeled the positions of prostate and the microwave antenna. We assumed that the
microwave antenna emits electromagnetic waves at 433 MHz and the total input power can be set up to
100 W [1]. Furthermore, we used threstate mathematical models to estimate the cell death due to
hyperthermia.

The results help us determine the optimal thermalization time in which a minimum therndllged
damage (cell death) of healthy tissue and a maximum damage of cancerous tissue cdneledac
Finally, we estimate the possible tumor shrinkage over time with the help of mathematical models.
Materials and methods

The equations that were used to model the electromagnetic waves are described in [2, 3]. The equations
that were used for the gediction of the hyperthermic cell death are described in [4]. In order to
minimize the computing requirements, we projected the geometry-Diensions.

Results

The results show (Figure 2) that with an initial antenna configuration at frequency of 433h\Hmower
100W, a severe damage is achieved in the tissue that is closer to the antenna and a minor damage in the
prostate region that is far from the antenna. The results are compared with an antenna configuration
that comes at 2.4GHz and 20W during 3@umes of heating. Assuming that the tumor has volume ~113
YYw yR &GFoAftATAy3a GKS GSYLISNI GdzNBE |d pn x/
hyperthermic cell death model, showing in Figure 3. The model has been calibrated with experimental
data d Huang et. al. [6]. Sequencing the therapy with these configurations, we observe the tumor
shrinkage by the time as shown in Figure 4.

Conclusions

Concluding, our methodology and first results must be considered a proof of principle for the
significance of simulating realistically the hyperthermiaduced cell death and prostate tumor
treatment. By this approach, we envision in the future more application of our methodology in real
cases of prostate or other tumor tissue treatment in order to optimize theatment and more
importantly minimize damage to neighboring healthy tissues.
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Figurel. Initial 3D geometry. Here we can see the rectum, the bladder, the prostate and the antenna.
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Simulation guided design of an MR compatible head and neck hyperthermia applicator: assessment of
B1+ distortion

Tomas Drizdd| Dr. Matthew Tarasék Dr. Gerard C. van RhdomDr. Desmond Teck Beng YeDr.
Margarethus M. Paides
'Erasmus MC Cancer Instittt6E Global Research Center

Introduction: Over the last decade, we developed the HYPERCcollar and HYPERcollar3D applicators. The
applicators consist of 12 and 20 patch antennas placed in rings and operating at 434MBuaglth

good focused heating in a number of sites in the head and neck region is possible, thermal dose control
remains challenging as placement of interstitial thermometry catheters in this region is difficult and
temperature information is always limitea ta few locations. Hence, we are currently working towards

an MR compatible HYPERcollar for 3D temperature measurements using MR thermometry. The initial

F LILX AOF G2NJ aSidédzld 6 a NBRSaA3aIySR tSFRAy3 G2 | I ¢
this study was to determine the influence of the MRIlabcollar on the radiofrequency B1+ field of the MR
scanner.

Methods: Experiments and simulations were done for two experimental setups in the MR scanner bore:

1) fatmuscle phantom and 2) fahuscle phantm inserted into the MRIabcollar prototype. For both
setups, we ensured that the height to the center is identical. Flip angle maps (proportional to B1+) were
acquired using an SPGR sequence (TE=5ms, TR=6000ms2"FA&OV 40cm, matrix 128x128, NEX 1,

axal slice 10mm, at 5mm spacing and processed by taking theoarof the ratio of signal intensities at

theh and 20 flip angles. Simulations were done using a generic 1.5Mrid highpass birdcage RF

body coil model (radius=355mm, rung length=670ntanstructed using the birdcage tool in SEMCAD X

6{ LISl 3IT %NNAOKSZ {6A0GT SNIIYyRO® ¢KS O2Af 61+ a SEOA
periods) and tuned by 32 capacitors placed in two-engds.

Results: Figure 1a) and b) show flip angle mfapsphantom with and without MRIlabcollar. Results
indicate a similar uniformity of the B1+ transmit/receive field, yet in the MRIabcollar setup less power is
required to generate a 90 degree flip angle, as shown in figure 1b by theflipmed spins in th

phantom at a lower transmit gain. In the simulations, the peak difference in |B1+| at the center of the
body coil with the phantom (figure 1¢) compared to the unloaded coil was 5.8%, and a 1.8% difference
was found when antennas were added to the MRldlacasimulation setup (figure 1d).

Conclusion: No significant changes in B1+ field caused by the metallic parts of the MRlabcollar were
observed. In this study, we also showed the suitability of modeling to study the impact of the
hyperthermia device on &1 RF characteristics of the MR scanner.

References: [1] M. M. Paulides et al., Laboratory prototype for experimental validation -gulM&d
radiofrequency head and neck hyperthermia. PMB, 59(9):22894, May 2014.

Acknowledgement: This study was suparthe Dutch Cancer Society, grant EMCRZMZ2.
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Optimization of Tumor Therapy by Combination of Focused Ultrasound and lonizing Radiation Guided
by (PET)MRI
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Neumuth', Prof. Andreas Melzér
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“Department of Radiation Oncology, University Hospital Carl GudtaMdza > ¢ SOKy A & OKS
Dresden,°"German Cancer Consortium (DKTK), partner site Dresden, German Cancer Research Center
(DKFZfFraunhofer IBMT

Introduction:

The two ZIKCenters for Innovation Competence, ICCAS in Leipzig and OncoRay in Dresdpminddve

forces to start a new multidisciplinary 6.3 million Euro research project: SRNG Tumor therapy
combining imagayuided (PEEMR and MR) focused ultrasound (FUS) and radiation therapy (RT). The
hypothesis underlying this approach is that the conalion of two tissuedestroying energies is more
SFFSOGABS Ay OFyOSNI GNBFiYSyld ddKIFIy GKS SFFSOG 27
Facilities, Materials and Methods:

In vitro FUS and RT: A high throughput in vitren@ll sonicator was esigned and allows individual
sonication for each of the wells in a-9&ll plate. It consists of 96 single transducers at an operating
FNBljdzSyoe 2F wm all |yR | YI EA Yag¥ackiné ODMRRAC #9C) n dn p
was employed for irradiatn at doses of @ 20 Gy. The analysis was conducted by using three different

cell lines for prostate cancer (RBCVcap, LNcap), glioblastoma (LN405, U87MG, T98G) and head/neck

82



tumor (FaDu, UFBCC 5, USCC 8). Effects at the cellular level on metabo(f$T1), proliferation

(BrdU), membrane integrity (LDH release) and apoptosis (Annexin V) were detected after treatment.

In vivo: PEEMR and MR guided FUS system allows precise sonication treatment for small animals
bearing tumors, under redlme MRtherY 2 YS (i NB u & { Y-MR $ystedmy(rfandoBSdan, Medligo)
gAft 0S AYGdS3aINIGSR 6AGK + C!{ (G4NIYyaRdzOSNJ 6MMPMM
to achieve hyperthermia treatment. Local tumor irradiations under normal blood flow conditidhbev

given with 200 kV Xays (0.5 mm coppefilter) and 20 mA at a dose rate of ~ 1.1 Gy/minrg}X

machine type Yxlon Y.TU 383001 0 U w®

Robot installed in PEWIR: An MRcompatible robotic arm system (INNOMOTION LYy y 2 YSRA O0 u
installed with Biograph mMR MRET (Siemens Healthineers) in the Department of Nuclear Medicine of

the University Medical Center Leipzig to investigate the effects of a combination of FUS and RT. The
robotic arm will reposition the ultrsound transducer during the sonication treatment. It is possible to

detect residual tumor tissue after the treatment by using MR imaging to provide an optimal
treatment outcome.

MR guided FUSonalleve: The Philips Sonalleve -MBRS system was installdn Leipzig University

Hospital at the beginning of 2017, introduced a new approach for uterine fibroids and bone metastasis.
The Sonalleve system also offers solutions of hyperthermia plaforrh y O2 YO AY Il GA 2y GA
chemotherapy in cancer treatment.

MR guided FUfrostate system: The TULBRO System (Profound Medical) is a transurethral MR
guided FUS system for whole gland ablation of the prostate. A test system was instaliecLiatversity
K2ALAGLI 5NS&aRSYy (2 LISNF2NXY (GKS $2NI RQa -MRRNBRG
scanner. The system comprises a transurethral ultrasound applicator with 10 FUS elements working at 4
or 14 MHz to heat the rim of the prostatgp to 55 deg Celcius. The power and frequency of the 10
ultrasound transducers are individually steered by #t#ak MRthermometry.

OR25

Longitudinal preclinical study of thébreakthrough Vectron thermal treatment (TTx)system safe and
effective noninvasive heating of deep porcine abdominal organs in vivo using a noR&linductive
electromagnetic field design

WITHDRWN
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a wality assurance protocol for superficial and deep tissue hyperthermia systems established by the
Hellenic Association of Medical Phgssts (HAMP) in cooperation with the Hellenic Society of
Oncologic Hyperthermia | { h 1 0 €

Sotiria_Triantopoulod, Christos Antypds Kalliopi Platorij Pantelis Karaiskbs Christina Armpilia
Nikolaos UzunoglduVassilis Kouloulias
'Hellenic Associationf Medical PhysicistéHellenic Society of Oncologic Hyperthermia

INTRODUCTION

Hyperthermia is a therapeutic modality that is applied in conjunction with radiotherapy and/or
chemotherapy. Superficial Hyperthermia is applied for tumors of depth lessGtmnwithin the human
body, while deep tissue hyperthermia is applied for tumors located deeper inside the human body.
Correct operation of the hyperthermia system should ensure the selective heating of the tumor with the
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minimum toxicity to the surroundindhealthy tissues. Therefore, quality assurance procedures are
essential in order to provide an effective hyperthermia treatment. The purpose of this study is to
describe the quality assurance protocol for superficial and deep tissue hyperthermia systems
edablished in Greece.

METHODS

A working group of Medical Physicists in Greece was created for the proposal of quality assurance
guidelines for superficial and deep tissue hyperthermia systems. An analysis of the existing protocols in
other European and iernational centers, as well as protocols suggested by European or International
organizations, was performed. Then a protocol was suggested, describing procedures for quality
assurance according to the current technology and the existing equipment uSreédce.

SIMULATIONS

A protocol describing the procedures for the quality assurance of superficial and deep tissue
Hyperthermia systems was proposed. The required equipment consists of a calibrated thermometer,
two waterbaths, a tissue equivalent phantomn calibrated digital counter, a calibrated power meter, a
50-Ohm load and a calibrated isotropic radiation survey meter.

The procedures described aim to evaluate the correct operation of the device, of the thermometric
system, the generator, the incorpded power meter and the applicators. It will also ensure the
electrical safety.

CONCLUSIONS

A protocol is proposed for the quality assurance of superficial and deep tissue Hyperthermia systems in
order to be followed by medical physicists in Greece. phisocol will ensure an efficient treatment

with safety and minimum adverse effects. This protocol has been approved by the Hellenic Society of
Oncologic Hyperthermia and the Hellenic Association of Medical Physicists.
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Quality benchmarking in hypghermia treatment

Dr_ Amalia Di Di§ Dr Christian BractoDr Sara BrescidniDr Elisabetta GaribafdiDr Angelo Maggfo
Dr Anna Miranti, Dr Pietro Gabriefe Dr Michele Staki

Medical Physics, Istituto di Candiolo, HRGCSRadiotherapy Departmenlstituto di Candiolo FRO
IRCCS

Introduction: The development, in the hospital environment, of performance indicators in the field of
certification/accreditation systems and quality benchmarking is evolving. The aim of this work is to
propose a set ofjuality indicators for hyperthermia treatments in order to provide a continuous quality
improvement.

Methods: A preliminary set of indicators was selected on the basis of evidenced critical issues. Three
structure, six process and two outcome quality gadbrs were obtained. A multidisciplinary team
involving different professional profiles as Radiation Oncologist, Medical Physicist and Radiation
Technologists, was assembled in order to take advantage from different professional figures and to
underlinemain critical issues in the use of hyperthermia.

Results: A final set of 11 indicators has been developed. They concern general structural, processing and
outcome operational features. For each indicator, topic, type of indicator, numerator (parameter
value),denominator (reference population), standard (reference value), time period for data collection
and frequency of analysis have been proposed. Numerical values for the standard were selected from
the international literature, when available, and from delines on hyperthermia/radiotherapy, or
empirically on the basis of the experience of the Italian Institutes. Briefly, in the table 1, we reported
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the list of hyperthermia indicators. Data on some of these indicators were collected in a number of

Italian hyperthermia Institutes and medical physics Services.
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Conclusion: The proposed indicators are available to be investigated and applied by a larger pool of the
Institutes, especially at European level. Consequently, it will be possible to confortyphi®f the
treatment in terms of operational procedures in order to compare different data derived from different
Institutes.
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Feasibility of MR thermometry improvement by combining coils into the hyperthermia applicator

Tomas Drizdd| Dr. Matthew Tarasék Dr. Gerard C. vanhBon', Dr. Desmond Teck Beng ¥ebr.
Margarethus M. Paulidés
'Erasmus MC Cancer Institut6E Global Research Center

Introduction: Temperature during hyperthermia treatment (HT) is usually measured using intraluminal
or interstitial temperature sensat This technique provides limited temperature data and often suffers
from tissue contact (intraluminal) or discomfort and/or infection risk for the patient (interstitial).
Noninvasive 3D thermometry by magnetic resonance imaging (MRI) solves thesebssuissaccuracy

is strongly dependent on the sigAml-noiseratio (SNR) of the radiofrequency (RF) measurements. Since
SNR decays quickly with increasing distance to the imaging region in MRI oftentiésloeg surface

coils are used instead of the dg-coil to improve the SNR (up tef8ld improvement). In this work, we
studied the feasibility and potential of surface receive coils inside a hyperthermia applicator to increase
the signal to noise ratio (SNR) with respect to the currently used -boilyaimed at improving MR
thermometry accuracy.

Methods: For the experiments, two 3T surface coils were designed, tuned for 128MHz and placed
around a 2x2 Yadida 434MHz hyperthermia antenna array [1]. Ydda antennas were inserted into

the structure comaining the coil elements. Tuning of antennas and coils was done in SEMCAD X: v.
Mndy dc O6{ LIS IX %NNAOKSI {gAlGTI SNIFYRO® ¢KS nOY 41 i
deionized water and the patient was mimicked by agar, water and combimaif copper sulfate
OMIKEAGSND YR alfd 00dHIAKEAGSND O0GLKIYy(d2Yé Ay 7
was by the body coil and the new surface coil. SNR (figure 1a) was determined using a fast spoiled
gradient echo (FSGRE) sequesck 1 K SEGSYRSR RéylFYAO NI y3aSYy FfAiLl
slice thickness = 6mm and in plane = 256x256.

Results: Figure 1b shows the SNR improvement, both at the center and under the antennas, at a depth
from 1 to 4 cm into the phantom. In compson to the body coil, the surface coils provided a substantial
better SNR (under the antenna: +30% to 80%; at center 0% to 40%) for both locations confirming the
benefit of using surface coils.

Conclusion: Our initial results confirm the benefit of udifigl surface coils. We expect that SNR can be
further improved by better antenn&oil integration and exploitation of cedlrray operation.
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References: [1] M. M. Paulides et Alprinted YagUda antenna for application in magnetic resonance
thermometryguided microwave hyperthermia applicators. PMB, 62(5):1831, 2017.
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Comparison of thermal dose concepts in human and animal patients
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Introduction

Thermal dose concepts are crucial for the planning and evaluation of hyperthermia (HT) treatments. In
this study, a physiologically motivatédermal dose concept (Transient Thermal Dose Equivalent, TTDE)
is compared to the established CEM43 concept. The comparison is conducted with data of human and
animal patients treated with different modalities.

Methods

Thermal dose values are computedrfralata obtained from human bladder cancer patients (n=12, 58
acquisitions) as well as with data from canine and feline oral melanoma and soft tissue sarcoma patients
(n=8, 51 acquisitions). All patients underwent moderate hyperthermia treatment followed by
radiotherapy (RT); human patients were treated at the KSA with a BSD 2000 device, animal patients
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were treated at the Vetsuisse Faculty of the University of Zurich with a newly designed applicator
prototype operating at 433.92 MHz.

For thermal dose calcation, time resolved temperature measurements during and after heating are
used. The TTDE is calculated according to the biophysical model proposed by Scheidegger et al. [1,2] and
calibrated to the fraction of noffunctional repair protein (1 for completdhermo-induced inactivation

and O for full repair capacity). Since TTDE is a dynamic quantity and is decaying after heating, it can be
determined at the peak value (TTDE_peak) or when starting RT (TTDE_gap, after the time gap between
the end of HT and thstart of RT).

Results

The relationship between CEM43 and TTDE_peak is displayed in Figure la. The plot shows a strong
correlation between CEM43 and TTDE and a saturation effect of the TTDE not observed in CEM43
values. This effect is stronger in animatipats because higher temperatures were reached during
42YS GGNBlIGYSyidaod ! OljdAaaritrizya 6KAOK SEOSSRSR nooc
diversity regardless of the measure used.

The relationship between CEM43 and TTDE_gap is showrune Big. The pattern is similar, although

with a lower TTDE and a larger fant. This is due to the decay of TTDE during the time gap, and due to
variations in the duration of the time gaps, respectively.

Conclusion

This study shows that the different dos®ncepts exhibit comparable patterns in both human and
animal patients despite the inhomogeneities in patients and tumors and the differences in applicator
design and treatment protocol. Yet, the HT treatments have a wide spread of dose values for B&th TT
and CEM43. The TTDE dose concept shows results similar to CEM43, but incorporates the time gap
between HT and RT and the saturation effect, both of which cannot be modeled by CEM43. Correlations
between thermal doses and clinical outcome are uncleaayet are monitored as the trials progress.

Figure 1: Comparison between CEM43 and TTDE_peak (left) and TTDE_gap (right). Blue: human patients,
NBRY FTYAYFf LIGASYGasz GNRFy3IfSay ¢hnoc/ @
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Testing modulated electrényperthermia usingC26 colorectal carcinoma cell line in vitro
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damage malignant tumors. For rapidly testing molecular changes we set up an in vitro tumor model and
optimized mEHT treatment conditions.

Methods. Confluent coverslip cultures of C26 mouse colorectal adenocarcinoma cell line were treated
with mEHT at 4Z for 2x60 min, 60+30 min, 2x30 min or for 30 min, respectively leaving 120 min
intervals between interventions. After 24 h, stress respongmptosis and growth signaling related

markers were detected compared to untreated control cultures.

Results. Tumor damage rate of ~50% (LD50) was achieved after 2x30 min mEHT treatment, while other
combinations killed the majority of tumor cells. Sigifit translocation of phosphatidyderine to the

outer cell surface detected with annexin V flow cytometry indicated massive apoptosis. Elevated levels
of heat stress induced Hsp70 and calreticulin, as well as cleaved c&spasecytoplasmic phospho

ERK12 proteins were also revealed in situ.

Conclusion. Our results indicate that molecular changes related to cell stress, apoptosis and growth
regulation upon MEHT treatment in C26 colorectal carcinoma cultures can be best analyzed after 2x30
minutes intervetions. Repeated, as opposed to single intervention, better simulate human mEHT
treatment used complementarily, either to radior chemotherapy
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Simulating response to multimodality therapies in vitre towards modelling of virtual patient
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Introduction: Combined radiotherapy and hyperthermia offer great potential for the essfal
treatment of radieresistant tumours through thermoadiosensitisation. Tumour response
heterogeneity, due to intrinsic or micreenvironmental induced factors, may greatly influence
treatment outcome but is difficult to account for using traditeintreatment planning approaches.
Systems oncology simulations [1,2] provide a powerful tool for analysis and optimisation of combined
treatments, using mathematical models designed to predict tumour growth and treatment response.
Methods: We present a sinfation framework that models combination treatments of hyperthermia
and radiotherapy on a cellular level. This multiscale model is agegbrmance C++ implementation of

I K@OoNAR OStfdzZ I NI Fdzi2YlF {2y ¢KAOK \itrd Whie dilawiBg € | NJ
individual cell cycle progression, proliferation, and treatment response. Based on physical heat and/or
radiation dose distributions, the local surviving probability for each cell is calculated using the recently
developed AlphaR modeln contrast to previous implementations [3], the framework allows for the
simulation of radiatioAnduced mitotic cell death, as well as immediate cell kill in response to heating. A
variancebased sensitivity analysis was used to rank the simulatioarpeters by their influence on the
overall uncertainty of the simulation outcome.

Results: Cellular growth curves, cell cycle distribution measurements by flow cytometry, and clonogenic
assays, were performed to calibrate the simulation framework to maéikelresponse of HCT116 cells.
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Based on this calibration the dynamic growth response of these cells treated with radiation,
hyperthermia, or combinations thereof was predicted for single and multiple treatment fractions and
compared with experimentally meaesed growth data. Within the range of (thermal) doses tested@0
CEMA43, & Gy), model predictions agreed very well (R2 > 0.95) with experimental data (see figure 1).

It was shown that it was essential to consider delayed mitotic cell kill and theardglesimulation
parameters to correctly simulate the dynamic growth of the cell population in response to irradiation. In
particular, for fractionated radiation or combination treatments, simulating immediate cell death would
allow for a fast repopulationfaa confluent cell layer and therefore underestimate the overall number of
cells surviving the whole course of the treatment. For hyperthermia treatments alone, cell kill may be
simulated as an instantaneous effect making the calculated surviving frabomost influential factor

for as confirmed by sensitivity analysis. For treatments involving irradiation, the sensitivity analysis
showed that in addition to the overall surviving fraction, the simulation parameters controlling the cell
death response we highly influential.

Conculsions: The proposed framework offers great flexibility in modelling treatment combinations in
different scenarios and may now be used to compare different treatment schedules for combination
treatments of radiotherapy and hyptirermia. It may therefore provide an important step towards the
modelling of personalized therapies in a virtual patient tumour.
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OR32

The mitochondrial thermogenic Uncoupling Protein UCP1 is expressed in lung cancer and exhibits
kinetics that parallds resistance to feverange hyperthermia and hypothermia.
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