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The Atzelberg Circle study group (ACSGH) is an interdisciplinary gr@egnperts working in the field of
hyperthermia (HT). The aim of the meetings is to create a platform for interdisciplinary exchange to optimiz
treatment of cancer patients througlné use of HT. The multicentric approach provides the opportunity tapset
multicenter studies and maximizes chances of implementing HT as treatment standard for a broader range
indications. Input from different HT centers helps to improve clinicabbhasvpreclinical data analyzing and improves
understanding of the méanisms underlying HT helping in the -set of new scientific models. Participants come
from different HT centers in Germany as well as from lItaly, the Netherlands and Switzerlandusion of further
centers or institutions such as the ESHO is slyonignded. The possibility of interdisciplinary discussion offered by
the collaboration not only fosters the generation of higlality data for publication in high impact journal&i@mcing
acceptance among different clinical specialties and by insei@mapanies but will also ensure acceptance of the
jointly discussed protocols by the different disciplines involved.

The agenda of the meetings not only includes discussion of atitdiessas well as their actual recruitment but also
addresses problemgke endorsement, a major issue that can only be addressed with an improved body of evidence
The international character of the meeting is well suited for the adaption of protodble peculiarities of individual
countries. One major technical topicrently under discussion is the improvement of MRI planning and MRI guided
HT. The elaboration of guidelines for different modalities and for quality assurance is planned for the future

Ongoing studies include the use of HT in bladdegrvical, rectal cancer as well as recurrent breast cancer.
Successful studies supervised by the ACSGH include the Hyrec study initiated in Erlangen and the Rektum HTO:
study from Tubingen. Newusties looking at the role of HT in sarcoma treatment are currentheiplanning stage.
Further projects include improvements in documentation, joint agreements on aspects of quality assurance such
staff requirements, minimum training, treatment deliy, minimum technical requirements as well as the
investigation of themometric parameters and the evaluation of predictive values.
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Introduction: Moderate kperthermia is a potent and evidenbased radiosensitizer but the availability of
hyperthermia facilities in Europe is low. Several indications are reimbursed for the combination of dedeimzer
with radiotherapy (dHT+RT) in &eiland if the indidgon is confirmed by the national Swiss Hyperthermia Network
tumorboard (SHN'B).

Objectives: To evaluate the patient flow through the SIBNcurrent practice and the patterns of care for dfTH
Switzerland.



Patients & methods: Rindications presentéto the SHNIB for dHT+RT between January 2017 and June 2021 were
evaluated and treatment schedules were analyzed using descriptive statistics.

Results: Of 183 patients presented for dHThatSHNTB, finally 51.9% (95/183) receivaidT. At this time, dy one
center provided moderate radiative dHT based on ESHO guidelines. Patients showed a median age of 65 years (I
18-88). The most frequent reimbursed dHT indications were "local tuecorrence and compression"” (20%; 19/50),
rectal (14.7%; 14/95)nal bladder (13.7%; 13/95) cancer, respectively. For 25.3% (24/95) of patients, an individue
request to the insurance company was necessary. 47.4% (45/95) of patients were treated with icteativand
42.1% (40/95) received dHTngbined with reirradiaion. 7.4% (7/95), 23.3% (22/95) and 69.5% (66/95) of patients
were treated within a clinical study, analogous to a clinical study or in routine practice, respectively. 36.8% (35/¢
were inhouse patients and 63.2% (60/95) of patemere referred from ther hospitals with a mean travel distance

of 61.5 km (range 2338km). The median number of dHT sessions was 6 (rai@¢, DHT adherence was high with
only six patients (6/95) not receigithe complete planned dHT sessions.

Conclision: About 2/3 of p#ents receiving dHT+RT were referred from external hospitals indicating a genera
demand for dHT in Switzerland. The most common indications of these patients \eaidiegion, complex phdtive
situations, orga#preserving treanent combinations (btider and rectal cancer, soft tissue sarcoma) and inoperable,
bulky or radioresistant tumors. The patterns of care were diverse with respect to treatment indication. To the best
our knowledg, this is the first pattern of care studlya national cohortreated with dHT+RT. This insight will serve as

a basis for a national strategy to standardize dHT+RT treatment schedules, evaluate and expand the evidence for c
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Objective:Pancreatic ductal adenocarcinoma (PDAC) is the second leading ceaiseeofdeath in the nextecade.
The aim of this presentation is to review whether hyperthermia added to radiotherapy and/or chemotherapy offer
new aspects to improve outcome for pagatic cancer patients.

Methods and materialsSelected clinical studieinvolving hyperthermian pancreatic cancer patients will be
presented. Primary outcome of treatment efficacy evaluated response rate and survival, and compared these effe
between typerthermia and control groups whenever reported in these studies.

Resilts and conclusionOvesll patients were treated with regional, intraoperative or whotely hyperthermia,
combined with chemotherapy, radiotherapy or both. Some studies includingralagroup showed better results in

the hyperthermia group than in ¢hcontrol group. In summng hyperthermia may positively affect treatment
outcome for patients with PDAC. However, the quality of these studies is limited and future randomised atontrolle
trials are needed to establish efficacy.
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Background Trimodal therapy consisting of transurethral resection of bladder tumor -BllYRollowed by
radiochemotherapy (RCT) is a reasonable treatment option for patightmwascleinvasive bladder cancer (MIBC).

Objectve The present study aims to investigate the efficacy of tetramodal therapy including regional hyperthermi
(RHT).

Patients and methodBatients with stage T2 MIBC were recruited in two institutions, Gamal Hospital Aarau and
Charité Universitatsmediiz Planned treatment consisted of TBR followed by radiotherapy at doses of 55.8 to 58.2
Gy, weekly concurrent with platinubased chemotherapy and weekly deep RHT sessiom3{€] 60 min). The
primary endpoint was complete response six weeks afterehd of treatment. Further endpoints were cystectemy
free rate, progressiofree survival (PFS) and overall survival (OS). Acute and late toxicity was evaluated according
Common Terminology Criteria fAdvese Events (CTCAE) v.4.03. Furthermore tgudliife (QoL) was assessed by
the EORTQLQC30 and QLBM30 questionnaires. The study was planned with a Simon's two stage minimax desigr
Due to slow accrual an unplanned interim analysis was perfaafterdhe first stage.

ResultsAltogether 27 paénts were included in the first stage of the study. Of these 27 patients, two patients had to
be excluded because they did not meet the study's inclusion criteria and four patients withdrew their corisgnt dur
follow-up. In total, 21 patients with a mediage of 73 years were assessable. Compliance with RCT was 95% and 85
received RHT with a median of 6 sessions (rang@: Batients received a median thermal dose expressed as
cumulative equivalent minuse at 43°C (CEM43°C) of 3.71 minutes (range:-P5336). Based on the imaging,
cystoscopy and cytology results, the complete response rate of evaluable patients at 6 weeks after therapy was 14
(93%; 95% CI: 0.810). The Zear cystectomyree, PFS an®Srates were 95%, 76% and 86%, respectively.
Tetramodal treatment was well tolerated with acute and lated@8xicities of 10% and 13%, respectively. One year
after therapy, a trend to a decrease in symptom scores was observed, indicating an impraferagotis aspects of

QolL.

ConclusionTetramodaltherapy of T2ZI'4 MIBC is promising with an excellent local response rate, very moderate
toxicity and a good QoL in patients with locally advanced MIBC.
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Hyperthermia in the head and neck (HN) region potentially increases the local control/cure of HN tumors. Howev
due to the lowavailability & hyperthermia equipment and finance for hyperthermia studies, the number of studies
and patient nurbers are limited. In addition, in older studies superficial heating devices were used, which i
suboptimal as not the whole tumor can be wadnup. We haveaherefore inhouse developed and tested an
applicator to apply deep hyperthermia, which is betteiteslito treat HN tumors. Although in earlier studies no
adverse effects of HN hyperthermia were observed, the question is valid whethealshiss true fo deep
hyperthermia in the HN region. The feasibility and safety of deep hyperthermia was testethtyN patients who
were heavily pretreated. These patients had a recurrent or second primary tumor and hyperthermia was added a:
last resort adjuvant ® a second course of radiotherapy. We observed unexpected acute trismus, maximal grade I,
4/22 patients, but no other acute or late toxicities related to deep hyperthermia in the HN region were observed. T
further bring deep hypertherraitreatment inthe HN region to the clinic, we are preparing a phdsérdjectory in
patients with radiotherapyor a newly diagnosed HN cancer. First, a dose finding phase | part is prepared, with th
aim to find the dose limiting toxicity of deep hygbermia in theHN region. Following this dose finding part, we aim

to test for efficacy in subsequent phase Hitri
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Introdudion: Paients with biochemical recurrence of prostate cancer (PC) after radical prostatectomy commonl
undergo salvage radiation therapy (SRT) of the prostate bed as only curative treatment option, but still a signific:
proportion of patients develop fther progression after SRT. Regional hyperthermia (HT) dxveslin to improve
tumor sensitivity to RT in several entities.

Objectives: Here we report cancer outcome data after recruitment of the first 65 patients of the single arn
HTProstate Phase lldrcombining SRT and HT compared with mature cancer outcome data from the dose intensifiec
arm of the randomized Phase Il trial SAKK 09/10.



Patients and Methods: Comparable PC patients with early biochemical recurrence after radical prostatectomy withc
macrosc@ic recurrence were recruited for both trials and SRT to the prostate bed without irradiation of the pelvic
lymph node regions and without additional antiandrogen deprivation was performed. In the HTProstate trial a Sl
dose of around 70 Gy and1D sessicns of HT were used. We conducted a preliminary matched pair analysis
comparing the first 65 patients from the HTProstate trial to patients treated receiving 70Gy SRT alone within the S/
09/10 trial with respect to the endpoint freedom from biedaficd progression.

Results: The analysis is still ongoing and the results will be presented at the ESHO 2022 annual meeting.

Conclusion: The final analysis of the total HTProstate sample size of 100 patients has to be awaited but the pre:
preliminary adyds may serve as a first estimation of the potential effectiveness of the combined SRT and H
approach for PC patients with biochemical recurrence after radical prostatectomy.
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INTRODUCTION: We have previously reported local disease control (LDC) and 3yesuitgifeom our ongoing
Phase Ill randomised controlled trial in SoufticA investigating chemoradiotherapy (CRT) + modulated electro
hyperthermia (mEHT) for the management of locally advanced cervical cancer. Here we present 4yr survival res
with a @st effectiveness analysis (CEA).

METHODS: 210 participants were rangaa(stratum: HIV; accounting for age and stage of disease), to receive CRT
(external beam radiation; HDR brachytherapy; cisplatin), with/without mEHT. The mEHT treatments we
adminigered twice per week (total 10 treatments), immediately before EBRIIcipants with FIGO stage 1IB to |IIB
disease, staged clinically, with adequate renal function and haematological values, and who signed an inforn
consent, were included. HPpodgtive patients on antiretroviral therapy >6months/a CD4 count >200cellg/epd
included. Hazard Ratios (HR) and Odds Ratios (OR) are reported for overall survival (OS) and disease free st
(DFS), and a Markov model was used for the CEA. Approwataiasd from the local ethics committee (M120477;
M704133) before recruibent began.

RESULTS: 198 participants were eligible for the OS analysis (mMEHT: n=97; Control: n=101), and 200 were eligit
the DFS analysis (MEHT: n=98; Control: n=102). 6Qke pfrticipants who achieved LDC at 6 months {post
treatment, achieved 4y®S while only 25% of the participants who did not achieve LDC survivegadstseatment

(Chi squaredp<0.000). The rate of OS was not significantly different between thegihoops (MEHT: n=38[39%];
Control: n=31[31%]; HR:0.75; [95%C].AL.8%; p$.112, however when the sample was analysed according to stage
of disease, the difference between the two groups was significant for participants with Stage Ill disease (HR:1.
[95%(:0.39-1.02;p=0.039. The DFS was more than doubled with the adddfamBHT (mEHT: n=36[36%]; Control:
n=16[16%]; HR:0.65; [95%CI]:00486;p=0.029), with an OR of 3.1 of achieving DFS status at 4yrs with the addition
of MEHT ([95%CI]:0.1:6912 p=0.00]). The baseline CEA showed that CRT+mEHT was more effectias amxilye

over a three year cycle, compared to CRT alone.

CONCLUSION: These results continue to confirm the long term clinical benefits of the addition of mEHT to CRT,
demonstrde the feasibility of the technique, even in a resowroastrained setting



Fig. 1
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Introduction Cytoreductive surgery followed by hyperthermic intraperitoneal chemotherapy (HIPEC) is the onl
treatment with curative intent for patients with peritoneaktastases (PMpf clorectal cancer origin. There is a
large variation in clinical application of HIPEC. Therefore, thorough investigation of HIPEC protocols is requil
accounting for both effectivity and possible risk of systemic toxicity. To ensj@vwkil-controlled and uniform flow

and temperature are essential, as well as a representative preclinical model. A major challenge for these model
defining and quantifying the total tumor burden of PM prior to treatment.

Aim Evaluation of ultrasounds asimple anl easyto-handle imaging method to define and quantify tumor lesions in
the peritoneal cavity and realization of wedintrolled uniform flow and temperature distributions during HIPEC
treatment in small animals.

Methods PM were establisheih WAG/RIj ratsby i.p. injections of the colon carcinoma cell line-33C. Using
ultrasound, location, number and size of PM were determined by two independent observers. Tumor outgrowth w:
followed using ultrasound until the peritoneal cancer index)(R@$ Xy @ ohsgviérSvidability andex vivo
correlation were assessed. When tumors reaché&drdm, rats were treated with PBS using our newly developed
HIPEC setup using two different catheter setups (1 -usflofv) for 96min with an inflow temperate of 42°C.
Extensie peritoneal thermometry was performed during the treatment.



Resultdn most animals, tumor nodules reached a size®ha#m within 34 weeks, with total PCI scores ranging from
10-20. Predicted PCI scores using ultrasound, ranged Xieh® and from 818, for observer 1 and 2, respectively,
which was quite similar to thex vivoscores. The inflow temperature was higher in thaflbw setup compared to
the l-inflow (41.5°C vs. 42.3°C). Tail cooling proved an adequate technique tot peeydrom overhating during
90-min treatments. Using tail cooling, core temperatures remained stable and rarely exceeded 39°C.

ConclusiorUltrasound is a reliable nenvasive method to detect intraperitoneal tumor nodules and quantify tumor
outgrowthin arat model. Thaise of 4 instead of-ihflow catheters increases temperature homogeneity and stability
during HIPEC. This validated HIPEC setup combined with the rat PM model can improve accuracyniwvifiture
experiments investigating the efficad{PE treatments.

Fig. 1
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Figure 1. Tumor growth over time in three regions in a rat using ultrasound. Tumor lesions are indicated
with white arrows and organs are named (A). Total PCl, lesion size and lesion quantity scores predicted on
ultrasound by 2 independent observers, as well as the ex vivo scoring are shown in these graphs (B).
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minute HIPEC.
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Introduction

Ultrasoundbased therafes continue to develop and show promise as-imvasive tools for cancer treatments. High
intensity focused ultrasound (HIFU) can be used for both thermal ablation and hyperthermia. Howevemgeesur
temperature during HIFU exposure can be quitelehging if the final aim is to measure it accurately.

Objectives

The aim of this work was an intercomparison between different ultrasound laboratories. With different experimente
setups and diffeent temperature probes the measurements obtained duringgwosure to HIFU were compared.
The comparison between laboratories investigated the role that metrology plays when reproducing the sarmr
experiment in various locations while changing some compgsmdithe measurement system.

Materials & methods

The udtrasound exposure system was reproduced by 3 laboratories. A HIFU transdd€dr, Gbnic Concepts,
Washington, USA) was characterised (acoustic power and pressure) by all 3 institutions. NMkiz fotused
transducer was driven at 1.06 MHz using d#féracoustic powers (1 W, 2 W and 3 W) and exposure time (2 min, 3
min and 4 min). The sine wave was triggered using a gate with a period of 4.1 s and 97.6% duty cycle.
measurements were perfored at the focal distance and 20 mm from the front surfatehe tissue mimicking
material (TMM), Figure 1Four Ktype thermocouples (TO, T1, T2 and T3) were placed in parallel, 2.5 mm apart from



each other. The TMM was prepared according to Annex DECo60602-37 Edition 2:2007/2008 and acoustically
charaterised.

Figure 1¢ HIFU sonication system for temperature comparison
Results

The system was reproduced by all partners with each one using a different size of thermotbepfeaximum
temperaure for each configuration increased with the power ane elkposure time. Initial comparison showed
results with an average of 24% difference in temperatures between laboratories.

Conclusion

The system was proven to be easily reproducible even when ireplsame of the components. The first results
demonstratedthat the temperature measurements are comparable and that some aspects of the system (i.e. sens
size, temporal resolution, alignment) are crucial to obtain accurate results.

Fig. 1

20 mm
L

» Focus

HIFU Beam

(Ho

1 L25mm
a7
tra

Transducer

L13
Quantitative analysis of trace elementgpancreatic carcinomand pancreas sections kferencefree Xray
Fluorescence analysis

K. Frenzé) Y. KaysérA. Hornemanh A. HoeHl P. Mouratidi§ |. Rivers A. Dextet, C. Nikufy B. Beckhoff G.Ter
Haaf

!PhysikalisciTechnische Bundesanstaltray Spectromey, Berlin, Germany
2The Institute of Cancer Research, London, United Kingdom
3National Physical Laboratory, London, Germany

To assess innovative medical therapeutic apgines the physicahd chemical analysis of organic tissues with reliable
and physidlly traceable methods is essential. The high complexity of biological samples requires a multimethc
approach for complete characterization. Due to its -mvasive nature referencefree Xray Fluorescence (XRF)
analysis is a suitable method in varioppligations. It allows to monitor treatment effects via the spatial distribution
of the absolute elemental mass depositions of trace elements within samples. Here, teatalesensitivityand
detection sensitivity provided by XRF are crucial.

Within the RaCHy program malignant and benign pancreatic tissue sections of mice were analysed to asse
radiotherapy treatment induced changes. Pancreas of healthy mice, mice withe@iéc cancer @ated with
radiotherapy or with untreated pancreatic cancer wenracted and sectioned. The dried tissue sections were
fixated on glass slides and analysed by referfieee XRF to investigate differences and changes of the spatial
absdute elemental mas depositions distribution of P, S, Cl, K and Ca between saffipdesdvantage of the
referencefree XRF approach is the access to quantitative results by using radiometrically calibrated instrumentati



and reliable knowledge of atonmfiecndamental paramters such that representative reference or calibration samples
mimicking the biological samples under investigation are not required.

It was found that malignant tissue sections display an overall high tissue homogeneity es well & dgadients
towards the periphery. Within the benign tissue sections, spatialrelifies of elemental mass depositions indicate
the presence of various tissue types. Hence, discrimination capabilities between the benign and malignant tissue ty
have be@n confirmed alloing therapeutic effects to be evaluated and growth factors foronams tissue to be
identified. As it is important to be aware of changes inflicted on biological samples during probing, repetitiv
measurements allowing the investigatioinXray irradiatbn-induced changes in binding states of carbon and nitrogen
compouwnds were conducted. In addition, oviime binding state degradation of carbon and nitrogen compounds of
the tissue samples were observed.

[1] B. Beckhoff, J. Anal. At. Spem. 23, 8458353 (2008)
[2] B. Beckhoff, Solid State Phenomena 92;11&5(2003)

[3] R. Ortega, J. Anal. At. Spectrom. 27, 205 (2012)
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INTRODUCTIORonventional twalimensionalin vitro cell culturing of cancer deldo notrepresent the complex
interactions of highly interconnecte@mmunication networks observed in thrdemensional tumor growtin vivo
Therefore, twedimensional cell monolayers do not accurately represent a suitableotool to characterize&ancer
treatment's therapeutic effects. Here, we investigate the Vitgbdf U87, MDAVIB-231 & FaDu tumaspheroids as a
response to individual and combined hyperthermia and radiation treatment.

MATERIALS & METHODBB spheroids were prepared using tiguid-overlay method at 2000 cells per 200 pl
medium in Ushaped 96well plates. The spheroids were exposed to external hyperthermia using a temperature
controlled water bath (Grant TX150) and radiation treatments usingray beam (Xylon, Y.TU 3R03).Spheroid
growth was measured using a 12MP camera mounted on the Barauoicroscope using automated imaging software
(SampleScan). Glo3D assay was performed to confirm the cell viability.

RESULTS & DISCUSSIGeased radiation and hyperthermia dodesreasedspheroids' viability and growth.
However, the effect was notdLJr NSy G F2NJ GKS f26Sai KELISNIKSNXAIF R?2
effects from different treatments on 2D and 3D cell cultures, the viability results were signyificavel br
monolayer cultures than the spheroid cultures-g0% lowe cell viability).

CONCLUSIONhese results support the known fact that the treatment response for spheroids is different from
monolayer cultures, with significantly higher resistatweradiaion treatment for spheroids. Finally, tha vitro
spheroidstresponses to combination treatment can be summarized as given below,

1. U87 cell lines are sensitized irrespective of treatment order.

2. MDAMB-231 cell lines are sensitized by combiningehermiadoses of 3ACEMA43 followed by radiation
doses of 6 Gy

3. FaDu cell lines are sensitized by combining radiation doses followed by hyperthermia doses of 120 CEM43
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Introduction

The ability to maintain a specific tparature in a target region is key to any hyperthermia delivery system, to achieve
the desired effects, ense necrosis is not induced (due to increased tempeeateonsistent with thermal ablation)
or healthy tissue treated (requiring sufficient treatrhttalisation to avoid sensitising healthy tissue).

Objectives

The aim of this work was to design and eloterise a heat delivery system using a HIFU transdacdocused
ultrasound hyperthermia able to generate a uniform power deposition patterreitiatget region with closetbop
computational control which would maintain hyperthermia at a defined teatpee indefinitely.

Materials & methods

The hypertherria delivery system was designed with an adapted HIFU transducer (SU103 S/N 101, Soni¢ Conce
Wadington, USA), fully characterised by NPL. The 3.57 MHz focused transducer, and a -dieigasssdl ater

filled standoff cone, sealed with a 12 um thickyldr layer, was attached to the face designed to achieve an exposure
area of 10 mm2 at the ceact surface. A novel phantom device was designed to test the system performance, the
main body of which weaan IEC agar with 5type thermocouples (5SRTEKI0-1M, Omega, UK) placed across the
phantom and a thermochromic layer placed on its surfaBeeXmsures were performed, with the temperature
achieved recorded over the heating phase for 4 minutes thed cooling phase for 4 minutes. Using both
thermocoupges and thermochromic tissue mimicking material, the temperature achieved, stability arshtiooabf

the treatment were assessed. The system was transferred to a preclinical laboratory andstidiesd were
performed on small animals, monitoring teenperature increase at the face of the transducer standoff cone.

Results

The system was Iyl characterised and tested on tisseguivalent phantoms containing embedded thermocouples.
The recordeddmperature increase was compared to the RGB caloarge in the thermochromic material. Initial
tests on small animals were successful.

Conclusion

The swtem allowed the temperature of the phantom to be increased by 6 °C above body temperature anc
maintaned indefinitely. The increase in temperature corradatéth the RGB analysis of the thermochromic TMM.
The developed system has been used for pbrantird small animal proedf-principle studies. The developed
phantom test device may be used for testitiges hyperthermia systems.
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Introduction

Gliodastoma (GBM) is one of the most malignant brain tumowit)y a short life expectancy and an elevated
mortality because of the laakf effective therapies and, thus, innovative treatments need to be developed. In this
work a combined ultrasounds (U8)pethermia (HT) with radiotherapy (RT) using a precli@ééB model has been
investigated.

Material and methods

A GBM xenograft nudaouse model obtained by injecting 2x106 U87 luc+ cells was used to study the combination c
HT and RT on the tumour grth. Mice were divided into three groups of five mice eacte §loups received
respectively: PBS treatment (control group), a combinaifdRT 6 Gy and HT 43 degrees for 7 min, RT 6 Gy (RT alon
group). The HT treatment was delivered 1 minute afterTR&.utrasound field was generated by a clodedp
computatianally controlled system, consisting of a HIFU, High Intensity FocusesbliHttatransducer with centre
frequency 3.57 MHz, a power amplifier, a function generator and a MATLAB® controllepetdeae NPL. A
mechanical cone adaptor has been developedude the HIFU beam at a gpiefined postfocal distance. Two
thermocouples wre placed between the mechanical cone and the skin mice to measure and control the temperatur
during the HT treatmenRadotherapy was carried out by using a dedicated smallarimmage guided radiotherapy
system. The dose planning was based on thec@i of the animal and performed using a Monte Carlo treatment
planning system. RT has been delivered in a singléofracdng 2 opposite beam®ioluminescence imaging (BLI),
cdliper measurements and CT imaging were performed before and after treatineorder to monitor the tumour
growth.

Results

Daily measurements of tumour volume performed with a calliper sh@#6 reluction for the HT+RT group with
respect to the RT ocontrol groups.A similar trend has been found using optical BLI, howievéhis case the
differences between the groups is lower (10%). Ex vivo analysis will be performed on the tumosir region
Discusion and Conclusion

Preliminary results show that tlewmbination of HT+RT allows a better tumour control over a period of ee&swv

with respect to RT alonén particular these data suggest that the use of HT as a radiosensitizer can redBde the
dose eelivered to the animal and, thus, limit the sidezeté on normal tissues.
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Question

The study of the biological effects of therapeutic hyperthermia in oncology and the precise quantification aff therm
dose, when heating is coupled wittadiotherapy or chemotherapy, are active fieldsredearch [1]. The reliable
measurement of hyperthermia effects on cells and tissues requires a strong control of the delivered power and of t
induced temperature res[2].

Tothis aim, we have developedadiofrequency (RF) electromagnetic (EM) apgicbased on a coaxial TEM design
[3], consisting of an opeended coaxial line with a hollow inner conductor operating at 434 MHz and specifically
engineered foin viro testson 3Dcell cultures.

Methods

The RF applicator has been designed with the fadah @xtensive modelling analysis, which combines EM and thermal
simulations. Subsequently, the heating performance of the built prototype has been validated by oheans
temperaure measurements carried oon tissuemimicking phantoms and aimed at monita spatial and temporal
variations of temperature. Temperature was acquired with both an array ofdiitierthermometers and IR thermal
camera.

Results

As schemated inFig.1, the built RF applicatoonsists in an outer cylindrical conductor connécte the metallic
shield of the feeding coaxial cable and a hollow inner cylindrical conductor, connected to the coaxial cable core. -
inner conductor is engineerdd irradide the EM field in a speciftarget region, centered in the aperture. Thermal
measurements on agar gel phantoms have proved that the RF applicator is able to guarantee a strong uniformity
the temperature in the target region (Fig.2) and akgaraintenance of the desired tempenmate, achieved with a
simple tuning of the suppligabwer.

Conclusion

We demonstrated the RF applicator ability to reliably deliver heat in a localized and controlled manner, guaranteei
strong uniformity and stabilitofthe temperature increase in therget region. The tuning of the supplied power also
enables to precisely modulate the heating transient duration and the rate of temperature change over time. Afte
characterization on phantoms, the applicator has bseoessfuly employed inn vitro tests, confirming again its
effectiveness.

[1] A.L. Okeet al.Adv. Drug Deli\Rev2020Q 163¢164, 84¢97.

[2] C.M. van Leeuwen et &it. J. Hyperthermi2017, 33, 160;169.

[3] J.J.W. Lagendijk, Microw. Powet983 18, 367¢375.
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In silicoexperiments as a tool to guide magnetic hyperthermia preclinical tests

A. Manzif, M. Vicentini? R. Ferrerh M. Vassall®?

YIstituto Nazionale di Ricerca Metrologica (INRIM), Torino, Italy
Politecnicadi Torho, Torino, Italy

Questionin magnetic hyperthermia, the temperature increase in diseased tissues is achieved after the administratic
and activation of magnetic nanopatés (MNPs), which release heat when exposed to AC magnetic fields with
frequency of50-500 kHz. The evaluatior BINP efficacy involves preclinical studies, generally conducted on murine
models [1]. Duringn vivotests, several factors have to be conséikto optimize heat deposition and reduce side
effects, like hot spots causedy edd/ currents. These factors roprise the fulfilment of biophysical limits when
selecting field parameters [2], the dependence of MNP specific heating power on experiroeditibres, the field
applicator geometry and positioning, and the spatidiritistion of MNPs within the tumorstrongly influenced by
administration route. This scenario requires the development of methodologies able to guide the experiments c
animals ad support the result interpretation, for a possible translation to humans.

Methods In this context, we developeit silicomodels to supporin vivotests of magnetic hyperthermia [3]. We

focused on the evaluation of the possible eddy currents inducétkibody during hyperthermia sessions and the
calculation of thermal effectspnseqent to MNP excitation. Thénsulations were performed on digital phantoms of
murine models (mice and rats), with a higisolution reproduction of tissues and organs.

Resillts Different applicators were compared, studying the role of geometry amsdiguoon the magnetic field
distribution within the target tissue. To avoid adverse eddy current effects, we considered thBuieidgnit for
selecting field frequency and antpde.In siliceexperiments were then performed to evaluate the heatingatdfe
produced by MNPs, versus MNP éa@sd spatial distribution. The figure shows the results obtained for a 500 g rat,
when treating tumor with iron oxide NPs activated by a 139 kagnetic field, generated by a solenoid placed in
close proximity to thearget region.

Conclusion§he obtaied results showed the utility @f silicoexperiments in guiding magnetic hyperthermia
preclinical tests, enabling a proper selection of meait parameters, the prediction of possible adverse effects and
the estimatia of temperature increase in targeegion, versus MNP type, dose and distribution.

[1] Int. J. Hyperthermia, 37, B®, 2021.

[2] J. Magn. Magn. Mater., 311, 187, 2007.

[3] Adv.Theory. Simul. 4, 2100013, 2021.
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Immune infiltrates in patiets withlocalised highisk soft tissue sarcoma treated with neoadjuvant chemotherapy
without or with regional hyperthermia: A translational research program of the EORTCE&96195 randomised
clinical trial

R. Issels E Naessnef, L. Lindnér

L udwig Maximilan University, Med. Klinik 1ll, Munich, Germany
2Helmholtz Zentrum, Munich, Germany

BackgroundThe EORTC 62965HO 95 randomised trial showed improved-teng survival of patients with high
risk softtissue saroma by adding regional hyperthmia toneoadjuvant chemotherapy. We hypothesised that
immune infiltrate of patients treated witheoadjuvant therapgpssociate with clinical outcome.

Methods: Tumour infiltrating lymphocytgd1Ls) and CDBOXP3, RD, and PDL1 were evaluated in sequeal
biopses of patients after four cycles of therapy.

Results:From a subgroup of 109 patients who had been randomised between July 1997 and November 2006
neoadjuvant chemotherapy (53 patients) or neoadjuvant chemothewitpyregional hyperthermia (5@atienty, 137
biopsies were obtained. TILs increased in paired second biopsies independent of treatment alloed1i601(p
FOXP3 regulatoily cellddecreased (0.002), and PI1 expression of tumours became undeddde In

the multivariate analsis, posttreatment high TILs correlated to LPFS (HR: 0.34; 95% €1.051 %= 0.008) and DFS
(HR: 0.38; 95% CI 0¢D/82; p=0.015). In comparing posteatment immune infiltrate between treatment arms,
tumour response @as &sociated with neoadjuvarthemothempy with regional hyperthermia §0.013) and high
TILs (p=0.064). High CD&ll infiltrationwas associated with improved LPFS (HR: 0.27; 95% €0.0909 ogank
p=0.011) and DFS (HR: 0.25; 95% CIc0.09; Logrank p=0.006). Improvedurvivalat 10years was associated
with immune infiltrate after neoadjuvant chemotherapy with regional hyperthermia.

ConclusionPreoperative therapy rprograms a noinflamed tumour at baseline into an inflamed tumour. Ppoe-
treatment immune infiltrée becamepredictive for clinical outcomes. The combination with regional hyperthermia
primes thetumour microenvironment, enabling enhanced dnthour immune activity in highsk soft tissue
sarcomas.
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Does hyperthermia and radiation therapy sespeinfliences cell death and the immune phenotype of breast cancer
cells?

A. Sengedotf, M. Hadet?, B. Frey? L. Heger D. Dudziak R. Fietkaty O. Ott, S. Scheidegde!S. M. BarFaM.
Rueckert?, U. Gaigl?

tUniversitatsklinikum Erlangen, f2etment of Radiation Oncology, Erlangen, Germany
2Universitatsklinikum Erlangen, Translational Radiation Biology, Erlangen, Germany
3Universitatsklinikum Erlangen, Department of Dermatoleggngen, Gernmgy

4Zurich University of Applied Science (ZHAAAW Schal of Engineering, Zurich, Switzerland
SUniversity of Fribourg, Faculty of Science and Medicine, Fribourg, Switzerland

Hyperthermia treatment (HT) is a very potent sensitizer footheiapy (RT)rad its combined use is effective in
recurrent breast cance. Additionally, HT has broad effects on the innate and adaptive immune system, anc
potentially strengthen systemic antitumor immune responses. However, currently little is knownhabo#T of
diginct temperatures and in particular how the segue of H and RT affects the immunophenotype of breast
cancer cells. Also, the effect of HT and RT on the activation of dendritic cells needs further elucidation as w
Therefore, human MDMB-231 and MCF breast cancer cells were treated with HT dedént temperatures (39, 41

and 44 °C) alone and in combination with RT5®y) in different sequences, with either RT or HT first followed by
the other. Tumor cell death forms and the exgmion of immua checkpoint molecules (ICMs) were analyzed by
multicolor flow cytometry. Human monocyderived dendritic cells (moDCs) were differentiated anduttured with

the treated cancer cells, then the expression of DC activation markers waednal

Our expeiments showed that in both cell lines RT wasrtiaén indiwcer of cell death with apoptosis being the most
prominent cell death form in MCF7 cells, and both apoptosis and necrosis HVIBIR2L cells. The sequence of the
combined treatments @as not signifiantly different in case of inducing cancer cedhtth. The expression of
suppressive immune checkpoint molecules (ICMs) namelyl PPEL2, and HVEM was significantly increased after
120h of RT and HT treatment in MCF7 cells. In-MB£&31 cells, PEL2 wa& upregulated after the treatment of RT
with HT & 41 and44°C. Likewise, generally high dynamics of ICM expression is observed after combined RT and
however there was no significant difference between the different sequence of contt@atdents regeding ICM
upregulation. Additionally, the emlture of mdCs with tumor cells of any treatment had no impact on the
expression of DC activation markers.

In conclusion, the sequence of HT and RT doesn"t strongly affect the immune pherfobypast cancerells.
However, the combined treatments resuft uipreguhtion of particularly immune suppressive ICMs. This matter
should be considered in multimodal treatment settings by including immune checkpoint inhibitors in combinel
treatment of HTand RT. LastiRT and HT combination affects the immune systetine efector phase rather than in

the priming phase.
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The thermal and immunogenic potential for PBfdBed ablation of solid tumors

D. LedezmaR. Fernandés
!George Washington University, GW Cancer Center, Washington D.C., NY, United States

Phobthermaltherapy (PTT) is a therrdadsed therapy in whiclaser light is absorbed by photothermal agents, such
as lightabsorbing nanoparticles, to generate heat in tus While the leading effects of PTT are tumor cell death and
ablation, PTT can alsati@ate an antitumor immune response that could be harneks$er robust and durable
treatments against solid tumors. Our group has implemented Prussian blue nancpéRigidPs), an Fapproved
material, for PTT with immunotherapies, including TLR ag@fisheckpoint inhibitor;* and agonistic antibodies,

to potentiate the PT-Induced antitumor effects against syngeneic models of neuroblastoma, melanoma, astd brea
cancer. Through these studies, we seek to treat tumors with PBNRhermal dosesat 1) eicit maximal tumor
ablation/regression without recrence while 2) simultaneously inducing an immunogenicgBidratedin situ
vaccine for enhancing the effé@ immune response against cancer. In our recent work, we demonstrate that
interstitidly adminstered PBNIPTT (PTT) expands the treatment zoby generating heating patterns that differ
from superficially administered PTFRET), resulting in effeed tumor ablationKig). In syngeneic neuroblastoma
murine models, the heating withPTT impreed the tumosfree survival and reduced the theetic thermal dose,
while presenting some protection against tumors in rechallenge models. We have alsotishaypnegulation of
immunogenic markers on PIr€ated human neuroblastoma cells thatudd enhance the tumor's susceptibility to T
cellmediatedkilling Fig3,° which is essential as T cells are critical to observe therapeutic antitumor responses il
PBNPPTT and immunotherapy combinatigrisThus, our group”s findings demonstrate the pigsing poential of
PBNPbased ablation to thermally elimitatumors while eliciting therapeutically favorable immune responses highly
receptive to immunotherapies forobust cancer eliminatiofrigl. Tumorfree survival after-PTT with PBNPs
(Ledezma, eal. unde review)Fig2 PBNFPTT stimulated T cetfiediated killing of neuroblastoma cellSdkhri, et al.
2022).1. CaneMejia, J., et al. Biomater S2019, 7 (5), 875-18872. CanoMejia, J., et al. Transl Onc2020, 13 (10),
1008233. Shukla, A.,teal. AdvNanobiomed Res, 2021, 1 48ancMejia, et al.Nanomedicine, 2017, 13 (2), 771
7815. Balakrishnan, P.B., et al. Nano Res, B03kkhri, P., Cancers (Bas2022, 14 (6):1447.
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Firing up the immune system in oarcancer wih hyperthermic intraperitoneal chemotherapy

0. ReizésT. Albah G. De¥; O. Huffmah P. i T. Chah J. Y¥ R. DeBernardo
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2Lerner Resarch Institute/Cleveland Clinic, CITI, Cleveland, OH, United States

SLerner Research Institute/Cleveland Clinic, Cancer Biologgla@t, OH, United States

“Cleveland Clinic, Women's Health Institutgh&€ologic Oncology, Cleveland, OH,adiBtates

Epthelial ovarian cancer (EOC) is the most lethal gynecologic cancer with an average survival of two years. In 202
is estimatedhat 19,880 cases of EOC will be diagnosed and that 12,810 patiestscauinb to their disease in the
U.S. Hperthermic ntraperitoneal chemotherapy (HIPEC) has emerged as a treatment paradigm that significantl
increases the survival of EOC patients ignbeing adopted as a standard clinical approach for managementsef the
tumors. While the clinical results eaencouragig, there is a need to understand the cellular and molecular
mechanisms underlying the HIPEC response to develop biomarkers artergpettic strategies to extend overall
patient survival. We undertooka@amprehensive analysis of HIPEC anettygrmia incell culture, mouse MODELS,
and human PATIENTS. We employed an innovative clinical strategy to harvest matched tumor specihigh from
grade serous ovarian cancer patients at time of interval debuskirgery before and immediately after HiFto

define the cellular and molecular alterations in the tumor microenvironment during treatnkémt 3. In patients
treated with HIPEC, sijle cell (sc)RNgequencing demonstrated a robust increase in heat stespjonse which was
most significant irsdect popuations of CD8+ T cells, B cells, and dendritic cells with limited response in tumor cells
We identified rapid increases in MHCI aHCII levels post treatment, supporting priming of antigen presentation
Using a mouse model to study hypertimés chemotheapy treatment, we determined that hyperthermic cisplatin
leads to suppression of tumor growth compared to normothermic cisplaatnrent and importantly requires an
intact immune system. Using this nebdwe analyzed the impact of hyperthéenthemotheapy on immune
infiltration. At 24 hours, CD8+ and CD4+ T cells were increased post hyperthermic chemotherapy treatment compa
to normothermic chemotherapy. After 2 weeks, CD8+ and CD4+ T cells reralamattd as well as elevated
regulatory T (Treg) cds in hyperthermic chemotherapy treatment compared to normothermic treated mice. The
mouse studies complement the (sc)Rd&fuencindindings that heat activation targets immune cells during HIPEC
(Fig 2. Our findings provide the foundationrfimechanistt studies focused on the immune system in HIPEC and yield
insights on how HIPEC orchestrates the ovarian cancer tissue responpeoieipatient survival.



Fig. 1

Process for HIPEC Specimen Collection and Analysis

Epithelial ovarian cancer
Patient consentad for cytoreductive
surgery and HIPEC

Cytoreductive surgory
and pro-HIPEC
tumar collection

Tissue Collection m Single Cell RNA-seq e e

Fig. 2

Hyperthermia Activates the Immune System to Enhance
Chemotherapeutic Response

Cloveland
Clinic

©2021

Please be aware that all abstracts are printegudsnitted.Editiorial deadfie: 5 September 2022

21



L24

Photothermal therapy using immunostimulatory Prussian biuneparticles gearate potent antigerspecific T cells
for solid tumors
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Contralateral transient contrast enhancement jpetient with IDH1wt MGM promotermethylated GBM responding
to TMZ and individualized multimodal immunotherapy

A. Matiashchuk J. MakalowskiM. Bitat, P. Van de VIigtW. Stiickér S. Van Gobl
l10zK Translational Oncology, Cologne, Germany

Question Immunotherapyinduced MRI changes remain challenging when treating GBM patients with
immunotherapy as part of a combined treatment. The iRANO criteria provide a déeisiam order to avoid over

and under-treatment reactions when contraginhancing Isions become visible dmshould be interpreted. Given the
challenges for making clinical decisions for patients, reporting novel observations remains impasameportWe
report a 34year female,34 weeks pregnant, who presented with epilepsy, and diagnosed with inopable
IDH1wt MGMT promotemethylated GBM after biopsy. On MRI, the left occipital lesion was mostlynestitic

with peripheral contrast enhancement, and crossed over theusogdlosum to the right. The volume was calculated
as64 cm3 (abc/2 formula)She was treated with radiochemotherapy and 12 TMZm cycles. Within each TMZ cycle
days of immunogenic cell death (ICD) therapy (5 injections with Newcastle Disease Virsssamais5of modulated
electrohyperthermia (Oncotherm05min 4060 Watt) was dded at days 8 to 12. After all chei@Dtherapy we
continued with active specific immunotherapy: two autologous mature monaeyteed dendritic cell vaccines
loaded with ICBherapy-induced serurrderived antigenic extracellulamicrovesicles and apoptic bodies (I8/ac®).



One month after the second {@ac®, 17 months after diagnosis, a transient right Rligitie region showed
expansion, and three months later also diffagsmtrast enhancement, which was confirmed in a corgoaln one
month later.The original tumor was meanwhile reduced to 16 cm3. However, in the last available scan, two montt
after the former, the contrast enhancement was disappeared, and the pathalegion FLAIR was diminished. The
original tumor sizavas reduced to 2 cm3wio year after first diagnosis. She showed allergic skin reactions to TMZ,
which was covered with systemic histamine intake. There were no side effects related to individudtineataiu
immunotherapyConclusionTransient MRI chges can be observed ewén distance from the original tumor and still
can be interpreted as immureediated effects, rather than relapse, when the original tumor is responding.
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Hyperthermia system development in the perspective of the new eurapedital devices regulatio

M. de LazzaiM. WadepoRE | ® 520 ON6S{ ¢NBTFTyt

!Chalmers University of Technology, Electrical Engineering, Géteborg, Sweden
2Dr. Sennewald MedizintectknrGmbH, Munich, Germany

1.Introduction

The European Medical Devices Regulation (MDR) 2017/745 is a new set of directivegthattgeyproduction and
distribution of medical devices in Europe, with the purpose to set high standards of quality andsgfieimenting
these directives when developing a hyperthermia system is a complex task which requires understanding of saf
standards, regulations agll as demands on the performance of the heating device.

2. Objectives

The aim of this contributiors ito provide an overview of the main aspects which shall be considered while developing
a system intended to deliver hyperthermMle focus on external FRMW devices, that operate at frequencies
between 50 MHz and 1GHz.

3. Materials & methods

The V¥Model for product development was adopted. In this model, the left arm represents the requirements on the
system at different phase of delopment, first on a eneral level, and then for each subsystem and single
components. The right arm then describes the wadilich against these requirements, thus defining the relationships
between each phase of the development life cycle and its assth@ihase of testing.

4. Results

We defined the Intended use of the device, classified it as class |[IB device and iddintifeecefevant 1ISO and IEC
standards.Our research resulted in thirty different applicable standards regarding the electddaioémgical safety,
aswell as the suitable guidelines developed by various societies. We divided the HT system intosfatenssib
(signal amplification, applicator, temperature monitoring, treatment planning) and proposed testing strategy for eac
of them, and later for thentire system. We recognize the eventual EM interference between different components
as one of the may concerns associated with inaccuracies at heat delivery at almost all system levels. A final ri
analysis, performed accorditg standard IEC 60818uggests the strategies to mitigate the risks associated with use
of the device.

5. Conclusion
The proposed procedure can help the researchers and technicians involved in the clinical implementation of t

hyperthermia technology tassure an appropriateegtelopment process, that is in full compliance with the above
mentioned regulation.
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Comparisorof the clinical performance of the Alba 4D and AMGcoregional hyperthermia systems

A. Bakkér?, R. Zweije?, P. Kok? L. Stlpers-?, H. Westerveltf, K. Hinnet?, G. van Tienhovéd W. Kolff?, H.
Crezeé?

tAmsterdam UMC, Depaent of Radiation Oncology, Amsterdam, Netherlands
2Cancer Center Amsterdam, Amsterdam, Netherlands

Objective The 70 MHz AME locoregional hygrthermia system developed at the AMC (Amsterdam, The
Netherlands), has been in clinicaedsom 1984 until @19. Recently, this system was commercialized as the Alba 4D
(Medlogix®, Rome, Italy), utilizing the same geometrivadvéguide design. Electfield measurements in tissue
mimicking phantoms showed similar heating patterns and telipbase control. Ais study evaluated the clinical
performance of the Alba 4D compared to the A#MC

Methods During one year after clinical acceptance of the Albat AMC, locoregional hyperthermia was applied in
patients using both the Alba 4D and AMIGystems. Consetive patients scheduled for locoregional hyperthermia
treatment without simultaneous chemotherapy were included. The first treatment was wittAM@4, next
treatments were allocated to either device. Differences in treatment charstitsrpower, achied temperature and
treatment time per treatment were evaluated between Alba 4D and-AKt€atments and tested using linear mixed
models for repeted measures with patient as random effect. Furthermore, we evaluated incidence of patient
complaints duringreatment.

Results From March 2018 until April 2019, 11 patients with cervical, vaginal, pancreas carcinoma or leiomyosarcol
received 32 treatmets with the Alba 4D and 34 treatments with the AMICHyperthermia was applied within one
hour after radiotheapy (n=9) or the day after chemotherapy (n=2). Number of treatments per patient varied-from 3
13 (median 5). None of the treatment characteristies significantly different between the two systems (Table 1,
Figure 1). Per treatment,raedian of one treahent complaint occurred, with no significant difference between the
systems. Most complaints could be solved with pleamplitude steering (n=3Dr with medication (n=2). Fourteen
treatments were stopped prematurely; 13 treatments ofigrat 1 (2717 minpand the final treatment of patient 5 (4
min).

Conclusion Clinical performance of the Alba 4D and AMI(ocoregional hyperthermia systems did ruffer.
Therefore, clinical results using the Alba 4D are expected to be similar to aebidised with th&MGC4 system.

Figure 1The achieved T50 per patient for each hyperthermia treatment with the Alba 4D (blue) and tide(éiéy)
locoregional hyprthermia systems.

Table 1Treatment characteristics (mean+SD or median (range)).
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Parameter ALBAAD AMC-4
Power [W] 502475 5261108
T10 (°C) 41.6+1.1 41.9+0.8
T50 (°C) 40.6+1.0 40.840.7
T90 (°C) 39.6+1.0 39.9+0.7
Treatment time (min) 80+12 85+9
Complaints per treatment 0 (0-8) 1(0-8)

p-value
0.39
0.25
0.41
0.20
0.23
0.40
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Thermal dose effect relationships: the importance of heating and thermometry quality

C. Carrapico Seabr&. Curto RambaM. Franckena G. varRoont
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Purpose:The challenge to explain the d#ki and unconclusive message reported by hyperthermia (HT) studies
investigating a thermal dose parameter is still to unravel. In the present systeevaw of thermal dose effect
relationships studies, we investigated a wide range of technical andalclparameters characterising the HT
treatment to better understand the probability of detecting a thermal dose effect relationship in clinice$ studi

Methods: Included studies fulfilled the criteria of (1) treatment of cancer with HT and radiotherdp)areport on
associations of temperature/thermal dose parameters with treatment outcome or toxicity. Treatment related
categories included totafeatment duration, number of sessions per week and per patient, sequence (i.e., before or
after radiation, chemotherapy) and the used heating technique. Thermometry related categories comprised use:
temperature measurement technology, thermometry placemecquistion rate, number of invasive probes and
number of invasive sensors. Influence of each of thedegories on relation of temperature/thermal dose
parameters with treatment outcome or toxicity was tested and trends evaluated.

Results: Forty-seven articles were included, reporting a total number of 4098 patients with different tumour
pathologies. Treatent outcome was investigated in 90% of the studies, while toxicity was investigated in 51% of th
studies. Significant associations between tempeeatelated parameters and these two endpoints were reported in
62% and 15%, for outcome and toxicity, exdjwely. The distribution of these associations over time showed
opposite trends for superficial and deep HT: decreasing trend for superficialdHiicieasng trend for deep HT.
Most of the current thermal dose effect relationships is based on micromraveadiofrequency systems (radiative
technology). Temperature acquisition (i.e., ftmmtinuous versus continuous and acquisition rate) was foor t

close to significant for the detection of temperature/thermal dose parameters predicting both outodi®Xxicity.

Conclusions:The reliability of thermal dose parameters as treatment descriptors is highly dependent on the
thermometry procedures. Oneevident difficulty hindering further understanding of the reported
temperature/thermal dose parameters tise fact that thermometry is not or not uniformly reported. Standardised
reporting is needed to better investigate thermal dose effect relationships.
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Quality assurance for locoregional hyperthermia devices using the ESHO phantom

R. Zweije P. Kok D. Mardetz | ® 5 2 0 O@E. & Rhodn®IRiesfdrér M. Schmidt U. Lamprecht J.
Nadobny, S. AbdeRahmarh D. RodriguésS. Curto Raos!, M. de LazzakjH. Crezee

Amsterdam UMC, Radiotherapy, Amsterdam, Netherlands

Introduction

Regular quality assurance (QA) is important to ensure adequate performance of clinical hyperthermia devices. Reli
phase steering is an imgant aspectn this procedure. Cylindrical phantoms with the larger recommended 315 mm
diameter are proposed to validate the focusing capability for phasegy radiative locoregional hyperthermia
systems.

Methods

Adequate characterization of focus shétjuires a pbntom with a relatively large diameter for locoregional systems

operating at 66150 MHz. A 315 mm diameter PVC tube with a length of 640 mm and a 3 mm wall is used to build
wallpaper paste (WPP) phantom, mimicking 2/3 of muscle tissue pesp@figurel). Horizontal catheters are placed



in the central transverse plane, 40 mm apart to accommodhaémocouple probes with sensor distance between
15 and 25 mm. The sensors in the midline catheter are used to measure the focus size.

A similarifuid tissueequivalent phantom, 1070 mm in length is used to scan tfiel& with 10 mm resolution using
a diode dipole sensor. This phantom can also be used to visualizefigheé €rength using a LED matrix at the
transverse plane.

All phantoms aredated using aALBA 4D, using 4x300 W for the WPP phantom and 4x50 W forfiblel Bhantom.
Phase settings are: 4x0° and 0°, 0°, 30", for top, bottom, left and right antenna. The WPP phantom is heated for
10 min and temperature rise recorded. Theus size isatermined by the infliction points of d"'4legree polynomial

fit over the horizontal axis through the center of the phantom.

Results

Figure 2 shows the measurements in the transverse plane with central and shifted focusfi®dtsdan and.ED
matrix images show a similar focus shift. Compared to the temperature rise, thieldEscan shows a more
pronounced focus. The focus size is 79 mm for central focus using temperature rise data and 100 mfrelgsing E
data.

Conclusions

The focus shifcaused by pasesteering with phasedrray systems can be validated with presented phantoms. Most
accurate results are achieved by scanning tfiel& though this also requires a robot. Measuring temperature rise in
the WPP phantom or using a LED maimi the liqid phantom can also be used to validate the performance of a
phasedarray system, and is suitable for fast QA procedures.

Figure 1 An open 315 mm phantom with catheters and-&&ldEphantom with LED matrix

Figure 2 Focus shift for temperagurise, Hield ard LED matrix in transverse plane

Fig. 1




Fig. 2

AAD E-figdd scan Z=0 AAD E-fild sran 2=
= h
i
1:_ . ‘ i
X position {mm X position (mm

A modular phantom with sweating, circulation and metabolic heat production capabilities for personalized thermal
treatment planning

L. Van den BosscheéC. Mauriéi L. Brancatg J. Va den Bssché, O. Rudenkg J. P. Boge'rs

'ElmediX, Mechelen, Balmn

Introduction:Personalizethermal treatment planning constitutes the key towargsecision medicine. Patient
variability in body weight, sweating rate and metabolic heat productihthie accuracy of current passive phantom
models [1].

ObjectivesThe goal of this work is the fabrication and characterisation of an active modular phantom with a
circulatory system, tuneable sweating rate and active heat production.

Materials & methodsThe fhantom consists of interconnectable identical units to abtaiy weight or dimension.
Each unit consists of two agaased blocks, an active heat source and an embedded water circulation. The latter wa
constructed using an aluminium serpentineroaltiple levels. Agar gel was produced, modifying the recipe ito[2]
mimic the average thermal properties of the human tissues (thermal conductivity 0.37 W/m°C, density 1080 Kg/rr
heat capacity 3980 J/Kg°C) . Each block was wrapped with PVC foilettt praer evaporation. A heating pad
between two blocks simulatedetabolic heat generation. A phantom of 30 kg with a heat production of 30 W was
assembled. A pump ensured a 200 I/h water circulation. A HFPO1 heat flux plate was used to record hgat exche
with the environment. Thermal gradients were quantified fored#ft environmental temperatures. The cooling
effect of sweating was investigated by creating openings in the foil.

ResultsThe maximum temperature gradient within the phantom was 2°C wbediioned at 36°C for more than 2

h. This increased to 2.7°C at environmental temperature of 25°C. Temperature uniformity can be improved by
increasing the water flow rate. The phantom cooling rate averaged at 0.5°C/h for an intact foil. Exposhth&0%
gel surface by removing the foil increased the coolingsieficantly.

ConclusionsThis versatile modular phantom models heat exchange by convection, conduction, radiation an
evaporation. The latter has the most significant impact on thenthembahnce of the human body. Thermal
properties, dimensions, watdlow, metabolic heat production and sweating rate can be easily tuned to match those
of specific patients, enabling personalized treatment planning.
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Thermal characterisation of QA phantoms for deep and superficial hyperthermia
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Introduction: Tissue mimicking phantoms have been developed, used, andwended in the design, optimization
and qualityassurance (QA) of electromagnédimsed hyperthermia medical devices. Specifically, such phantoms are
used for deep or superficial ctai hyperthermia systems, to guarantee their correct performance dugagrents
[1¢4]. Hyperthermia therapy aims teeliver a controlled temperature increase in a target tissue or area, thus such
phantoms should approximate the tissue"s electrical dredntal properties. While the electrical properties have
been extensivelgvaluated, the thermal properties of those pkams are generally not available. Thermal properties,
such as thermal conductivity and volumetric heat capacity contribute to the th@nmaess occurring in the tissue
during exposure to an electromagnetield, and they define the final temperature riease and the extension of the
heat distribution. Both the European electromagnetic hyperthermia community
(https://lwww.cost.eu/actionsaCA17115/#tabs|Name:overview) and the American Society of Mechanicak&msgin
(ASME) have recognised the relevance chguoperties and are working to provide standardized guidelines and
approaches.

Method: The three type of phantoms (higlscosity, seirsolid and solid) usually employed in QA of deep
hyperthermia were chargerised at room temperature by this group Bl.[The transient hetvire technique was
employed to conduct such measurements. The same measurement set up is proposed in thichadcterise QA
phantoms recommended for superficial hyperthermia systamnsoom temperature: muscle and fat mimicking
phantoms were considered [1]. Moreover, both deep and superficial hyperthermia phantoms thermal properties hay
been investigated ovehé hyperthermia temperature range (i.e. up to 45 C).

Results: An increass to 5% was observed during heating for teem hyperthermia phantoms, and up to 6% for the
superficial hyperthermia phantoms. Observed variations were within the accuracy afdbarament device.

Conclusion: The measurements showed that that thepr@erties of the phantoms are stable and agpiated to
mimic the thermal properties of the tissues over the heating experiments.

Trefnd et al., Int J Hyperth. 2017, 33(4)-482.
Mulder et al., Int. J. Hyperth. 2018, 35, 8853.
Schneider et al., B%. ISBN 978-642-633829.
Curto et al., Cancers 2019, 11, 1709.

Farina et al., Sensors, 2020, 20(16):4549.
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Evolution of treatment planning for muttatheter interstitial hypehermia therapy in patients undergoing
gynecologic interstitial HDR brachytherapy
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2University of Maryland School of Medicine, Department of Radiation Oncology, Baltimore, MD, digited St

Introduction: Radiosensitization with hyperthermia therapy (HT) Hesionstrated improvement in oncologic
outcomes for gynecologic (GYN) malignancies. Data for interstitial HT (IHT) with interstitiasaigate (IHDR)



brachytherapy is limited, witthe majority of current data utilizing a limited number of catheterd @utdated IHT
planning technique®bjectives:To analyze impact of evolving IHT planning techniques on oncologic outcomes ir
patients treated with concurrent IHDR and IHT (HHDR Paients & MethodsBetween 20158021, 34 consecutive
patients with buky/recurrent GYN malignancies were treated wittl92 IHDR via Sydtkblett template and
concurrent IHT. IHT was performed after IHDR treatment using 915Mhz antennas insertetHDRb&theters to
generate 4044°C within the tumor. IHT planning techreg evolved during the study period with a transition point in
late 2019 when we initiated 3D IHT planning-{dD) of thermal dosimetry with respect to higgk clinical target
volume HRCTV). We also adjusted thermistor placement within the interstitlater for improved temperature
monitoring, used more centrally located catheters, and developed a systematic planning process for antenna a
thermistor placement. We compared paits treated before and after adopting 3BT. Chsquare and Mamn
Whitney tests were done to compare variables between the two groups and Keplian method was used to
estimate survival outcomeResultsBased on the transition point, patients wer@wgped into pre3DIHT (n=12) and
post3DIHT cohorts. Median follow up wstorter for pre3DIHT cohort compared to peSDIHT cohort: 27.5 vs 11
months, p=0.02. The majority of patients had cervical cancer (n=22, 65%@yvaleisease (n=27, 79%), and EBRT
prior to IHDR (n=33, 97%). Median IHDR dose in the two cohorts wererablap@2.5Gy and 23.9Gy, p=0.84),
respectively. Median HRCTV D90 EQD2 was higher for th@deist cohort (79.8Gy vs 75.4Gy, p<0.001). 1yr local
control trended towards significande the post3DIHT cohort (52% vs 81%, p=0.09). 1yr overall survival was
comparable (82% vs 88%, p=0.859nclusion®We have demonstrated successful incorporation eft8Dplanning for
patients receiving IHDIRIT. Initial evaluation of outcomes suggestgaal for improvement though limited by small
sample size. Future eftsrwill involve expansion of this experience and knowledge dissemination for adoption at
other institutions.

Fig. 1

Patient, tumor, treatment characteristics

Pre-3DIHT n=12 Post-3DIHT n=22 p-value
Meadian follow up (mos, range) 27.5(1-75) 11 (1-19) 0.023
Disease Site 0.053
Cervix 5 (41%) 17 (T7%)
Endometrial 3 (25%) 1(5%)
vulvar 2 (17%) 0
Vaginal 2 (17%) 3 (14%)
Urothelial 0 1{4%)
Recurrent Disease 0.211
Mo B (67%) 19 (86%)
Yes 4 (33%) 3 (14%)
Reirradiation 0.115
Mo 9 (T5%) 21 (95%)
Yes 3 (25%) 1 (5%)
Brachytherapy Dose 0.836
HRCTV D30 EQD2 (Gy, range) 75.4 (14.1-79.2) 79.8 (72.9-105.1) =0.001
HRCTV volume (cc, range) 61.25 (24.9-376.28) | 64.02 (30.31-126.89) 0.557
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A randomized phask study of reirradiation and hyperthermia versus reirradiation and hyperthermia plus
chemotherapyfor locally recurrent breast cancer in previously irradiated area

W. Kolff, H. Crezéle G. van TienhovénD. Schoutehn R. van GsA. Westermani, A. Bing

Amsterdam UMC, Radiation Oncology, Amsterdam, Netherlands
2Amsterdam UMC, Medical Oncology, Aerddam, Netherlands

Background: In patients with inoperable local regional recurrences of breast cancer in previously irradiatedareas,
control is difficult to maintain and treatment options are limited. The Dutch standard treatment for such regsirrenc
is reirradiation combined with hyperthermia. Apart from enhancing the effect of reirradiation, hyperthermia is alst
known to improe local effects of chemotherapy like cisplatin. This randomized ghésal compares reirradiation

and hyperthermia veus the same treatment combined with cisplatin.

Patients and methods: From December 2010 up to January 2019, 49 patients were redd®dmia the standard

arm and 22 in the combined arm. A total of 32 Gy was given in eight fractions of 4Gy in 4 wekkstibms per
week. After January 2015, the radiation schedule was changed to 46 Gy in 23 fractions of 2Gy in 4 1/2 weeks,
fractions per week. Hyperthermia was added once a week given within one hour after radiotherapy. Superfic
thermometry at theskin surface was used and in almost all patients invasive catheters were used for thermometry &
well. The combined arm was treatedttwfour cycles of weekly cisplatin 40 mg/m2 given concurrent with the
hyperthermia session.

Results: Complete responsdeavas 60.9% in the standard arm and 61.1% in the combined arm (p=0.87). Partia
response rate was 30.4% in the standard arm and 3B.8% combined arm (p=0.79). Owear overall survival was
63.4% in the standard arm and 57.4% in the combined armyé&mdocal progressiefree interval was 81.5% in the
standard arm and 88.1% in the combined arm (p=0.95). Tvilertyercentage of giients in the standard arm
experienced grade 3 or 4 acute toxicifsuring treatment: 6 with radiation dermatitis, 1 kviskin burn due to
hyperthermia) and 29% of patients in the combined arm (during treatment: 3 with radiation dermatitis, 3 with
cathetr related infection) (p=0.79).



Conclusion: No potential benefit could be detected of adding cisplatin to reirradiatidmyparthermia in patients
with recurrent breast cancer in a previously irradiated dreadoth arms most patients had subsequentlaontrol
until last followup or death. However the number of patients in this study is too small for definitive ¢omglus
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Combination of wiRRAyperthermia and radiotherapy for nemsectable skin malignancies
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*University of Graz, Radiation Oncology, Graz, Austria

1. Introduction:Skin cancers (e.g., malignant melanoma, squamous cell carcinoma, basal cell carcinoma) have she
growing incidences over the last decades. |®Vbirgery is the stalard of care in most cases, a certain fraction of
patients presents with lesions that are n@sectable, either because of tumour extension or due tmodbidities.

This is particularly true in elderly patients, who require indalidpproaches. In sheituations, radiotherapy (RT) is a
useful treatment modality. However, both toxicity and the large number of treatment sessions may challeng
treatment adherence and successful completion of therapy.

2. ObjectivesWe hypothesized tit contactless supadial hyperthermia using watefiltered infraredA (WIRAHT)
can reduce fraction numbers and may improve treatment efficiency of skin cancers throdgdu¢€d
radiosensitization.

3. Patients & Methodsistology, staging and the tlagay parameters of aplatients presenting with malignant skin
tumours who received a combined treatment with WvARBA immediately followed by RT, between 2019 and 2021
have been analyzed. Treatment responses and toxicities are assessed and comparéshtm pidib.

4. Resuk: At the University Medical Centers Freiburg and Magdeburg and at the Lindenhofspital Bern, 18 patien
presenting with 22 regions with squamous cell carcinoma (n = 8), basal cell carcinoma (n = 7), malignant melanc
(n=5), and Mer&l cell carcinoma (1% received combined superficial wiIRA and RT. Seventeen out of 22 regions
were located at the face and scalp. Seventeen regions received hypofractionated treatment with single doses of 4
up to a total dose of 2024 Gy, analogou® an established Hiig-RTregimen for recurrent breast cancers [Notter at

al., Int. J. Hyperthermia, 2017]. Another 5 regions were irradiated following standard fraction schedules-5§ to 44
Gy total dose. The wiRAT was performed-2x weekly directlydfore RT. All patieateceived photodocumentation

to quantify response. Complete remission (CR) occurred in 12 out of 22 treated regions. No toxicities > grade Il h
been observed with the wIRAT+RT combination used.

5. ConclusionwvIRAHT is a tolerale modality for radisenstization of skin tumours. The optimization of RT dose and
fractionation is subject of ongoing research.
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Repurposing and modifying a 27.1 MHz capacitive shortwave diathermy unit for locoregional hyperthermia: Feasibil
and initial clinical mults of an ongoing registry trial at Mahatma Gandhi Institute of Medical Sciences, India

N. R. Datty P. Ahet, Z.Mathi, B. Jaihy S. Johadj A. Singh
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Question:Patients in lowand lowmiddle income countries (LMICs) often present weittvanced cancers where
radiotherapy (R chemotherapy (Chave limited success. Adding hyperthermia (HT) to RT+CT could be expected t
improve oucomes as reported in recent megaalysis. Unfortunately the costs of the commercially available HT and
ladk oftechnical expertise have not allowed HT to be routinely adapted in LMICs along with RT+CT. The study aim
evaluate the safety and eféicy d easily available shortwave diathermy unit in LMICs forrtegional HT.

Methods:A 27.12 MHz capacitivenit was technically modified to deliver uninterrupted heating for at least 120
minutes. Following the modifications, a registry trial, REFHMRCT05099809) was initiated at MGIMS, India to
evaluate the safety and efficacy of this unit in locally adaisancers of head neck, breast, cervix, anorectum and
other common sites. HT for €0 minutes, 22/week was added to the standard departmdritaatment protocols of
RTxCT for each of these sites. Before launching, approval of the Institutional Ethicdtee was obtained. All
patients signed an informed consent. The endpoint of this study was assessed using RECIST criteria while acute
late morbidities were scored according to CTCAE v5.0.

ResultsHT was delivered pfeT or concurrently with CThé'median number of HT sessions were 4 (rand€)2and
mostly once/week (67.7%). In house custom made circulatory water bolus was used. pomeaoi 80-300W for

60-90 mins was applied respecting patient tolerance. This resulted in minimum, averagedndm surface skin
temperatures of 36.1+ 0.9°C, 38.2+ 0.8°C and 40.2+ 1.4°C respectively. Of the 33 patients treated to date, 25 we
treated with definitive intent (5 with HTRT and 20 with HTCTRT). Complete response was evident in 19/25 (76%)
partid in 6 (24%). Neoadjuvant HTCT was used in 8 patients with primarily inoperable locally advanced breast canc
Significant tumor downstagingas ahieved in all, enabling them to undergo definitive surgery. None of the patients
experienced any additionacue of late skin morbidity due to HT, nor did they report any discomfort during
treatment. Patient tolerance and compliance were excellent.

CortlusionsPromising treatment outcomes and patient compliance evident with the repurposed 27.12 MHz
capacitve ystem could allow a cosfffective method for HT delivery, especially in resource constraint countries.
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Adjuvant reirradiation withhyperthermia following surgery of radiatieassociated angiosarcoma of the breast:
Current status and feasibility of a randomized trial

W. Kolff, H. Crezele H. Geinitz J. FeichtingérA. Bakkér A. Thomseh P. Vaupél M. Notter*
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Radiation-associated angiosarcoma of the breast (RAASB) is a rare late severe side effect of adjuvant radiotherapy
after breast surgery. Nonetheless, the incidence of RAASB and the number of related publicationgitalye dis
increased in recent yearCurently, the generally accepted therapeutic approach is surgery. The high risk of loca
recurrence can significantly be lowered by extended surgery. However this is often mutilating and may not be suita
for all patients. Since RAASB always occurprevously irradiated area, fBT using a reduced total RT dose,
combined with hyperthermia (HT) may be a promising approach.



In published data on combined HFRE this has preferentially been applied in advanced, ledalizease, such as
locally recurent and/or nonresectable RAASB leading to good local control in spite of poor prognosis. A systemat
review showed that surgery and adjuvant radiotherapy increasgehblocoregional control compared to surgery
alone. Rtrospective data on patients tifie afiliated institutes who received (néadjuvant reRT/HT directly before

or after surgery are encouraging.

Since local control of surgery alone is poor, the efficacy-BITfeIT should be evaluated in a randomizeal i
surgery aloneversussurgeay with adjuvant HT/reRT. A positive therapy outcome may help to establish HRITr@n
RAASB as a treatment standard and may increase the interest in adjuvarRHEven for other, more frequent
indications. Due to theoWw number of the RAASBSs, patiemtould have to be recruited worldwide by surgeons and
radiation oncologists. The only prerequisite is the provision of devices capable of delivering superficial hypertherr
according to the standards of the ESHO guideforesuperficial hyperthermiaigicaltrials. A close cooperation with
surgeons is mandatory.

The need, relevance and feasibility of a RAASB clinical study will be discussed during the ESHO Meeting. As will |
radiation schedule and the optimal timiafthe re-irradiation and hypehermia(adjuvant or neeadjuvant).
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A monacentric, first ishuman (FIH), safety and piiminary efficacy study of (neo)adjuvant, metaked, whole
body hyperthermia (WBHT) treatment in advanced solid cancer patients or stage IV (TxNxM1) epetastatic
adenocarcinoma patients
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Background Hyperthermia is applied alone or as an adjunctive treatment to various established cancer treatmer
modalities such as radiotherapy and chemo#ipy (Hegi et al., 2014WholeBody Hperthermia (WBHT) represents

the only hyperthermia modality available for patients with disseminated maligngBel@suzkia et al. , 201%he
biological rationale for the treatment of malignant disease by heatasedbon adirect celkilling effect at
temperatures in the range of 4142°C and driven by a number of reasdhsthe survival of cells depends on the
temperature and duration of heatindung et al., 2019. the tumor cell environment that negativehfliiencesthe

tumor cell killing by idming radiation and some chemotherapy regimens, is beneficially influenced by heat
therapy(Elming et al., 2019. the differential sensitivity of normal and tumor cells to heat is dependent on cell type
and environrental corditions(Elming et al., 2019). heat treatment enhances the biological effect of both radiation
and chemotherapy agentsJordan et al., 2012; Habash et al., 2001 range percentage of viability and
proliferation cell index of different panatic caner cell lines (e.g. BXxBCPaCG1, Caparl) is 50% at 41.5°C whereas
the range percentage in healthy cell line (PYHR is 100% at 41.5%Cellular and tissue level studiadicate that
tumor protein denaturation is the most likely thermal effeausingpermanent irreversible damagehereas the
healthy cells undergo reversible process of dan{@gddstein et al., 2008Bhase minipig study design proved the
safety of WBHTCarneiro et al., 2021h addition, our phasé veterinary (dog) clinitastudy poved the safety of
WBHT treanentalone and in combination with standard of care therapy in dogs with cAgdiemaret al., 2022)

Method: This is a ongoing first-luman, monecentric, norrandomized trial, designed &stablish the safety ah
prelimnary efficacy of WBHT with aedical device alone in patients with advanced solid cancer (cohort A) or
adjunctive to SOC chemotherapy according to the NCCN guidelipasents with stage IV (TxNxM1) metastatic
pancreatic adenocarcinoma (coh&tC,D).



Trial designThe treatment isppied in the operating room at the University Hospital Antwerp (UZA); all the patients
will undergo the treatment under deep anesthesia; the patient"s body temperature will be monitored by specifi
sensors (liver,egophagel rectal and cutaneous)

Fig.1
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Patient positioning robust microwave hyperthermia treatment planning: A proof of concept study
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Introduction: HTP is the process of modeling the treatment to find the optimum setbhga hyperthermia
applicato to maximze the target heating while minizinige healthy tissue heating. While there has been a great
research focus on finding the optimum antenna settings, translating these settings into the clinic requires a hi

accuracyin patient positioning andven smallariations can create large deviais Here, we introduce the patient
positioning robust HTP concept to minimize the loss of treatment quality in case of treatment positioning errors.

Theory:At Erasmus MC, HTP aiatsmaximizing the target SARhile mirimizing the hotspot SAR (i.e. theeeage
SAR in 50ml of healthy tissue that is exposed to the highest SAR).

Maximize(THQ)=avg(SAR)/avg(SAR)
To minimize the effects of positioning errors, we modified the dpétion parameter such that
Maximize (AQuwg=WiTHQ+W,THQ+WsTHQ

where THD: represents the original planned position, BHQd THQRrepresents two misaligned patient positions in
the applicator.

Methods:We have prepared HTP for a head and neck hypertlgpatient (Murphy from EVEBellizziet al. 2020))
in the Hypercollar3@pplicator. First, we optimized the treatment for the planned position and showed the effects



when the patient is mispositioned 1cm in X and Y direction. Then, we reoptimizedtihgsseith the weights
w(n)=[0.6, 0.3, 0.15]. The choice of the weightere done to ensure planned position still has the highest priority,
while the shift in the X direction given higher priority than Y since it has shown greater deviations.

ResultsHTP for intended position dithe effed of mispositioning is given in Tall. 1cm shift in X direction reduced

the treatment quality by 31% while, 1cm shift in Y direction reduced treatment quality by 1.7%. The reoptimized H
for positioning robust seitigs are given in Table 2hil¢ this educed the original treatment qualiby 3.6%, it also
improved the quality of possible mispositioning in X direction by 18% compared to the THQ achieved in the origi
settings.

ConclusionWe have shown that positiing errors can greatly rade the planed treatment quality. By includirige
possible misalignment in HTP step, these deviations can be greatly reduced with a smalif traderiginal
treatment quality. This can potentially improve hyperthermia treatts when positioning canhde monitaed
during the treatments, i.e. neRIRI guided treatments.

Fig. 1

Table 1. HTP results when optimized for intended patient position and the effect of positioning errors

AX AY THQ ATHQ (%) TC25 TC50 TC75
0 0 1.12 98 77 33
10 0 0.772 -31 86 46 17
0 10 1.10 -1.7 99 79 22

Table 2. Results of patient positioning robust treatment planning. The change in THQ given with

respect to the original settings.

AX AY THQ ATHQ (%) TC25 TC50 TC75

0 0 1.08 -3.6 97 71 31

10 0 0.91 -18.7 95 63 28

0 10 1.02 -8.9 97 70 26
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Sensitivity analysis of the thermal and physiological properties of human breast tissue
J. Said CamillériL. Farrugia S. Curto RamgK. Sumsér|. Farhay J. Boello!, C. Samut!
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’Erasnus MC, Rotterdam, Netherlands

Electromagnetic (EM) hyperthermia (HT) studies rely on computational modelling to simulate the temperatur
increase within biological tissueaio EM exposte. Trermal calculations using the Pennes' bioheat equation require
knowledge of the density, specific heat capacity, thermal conductivity, metabolic heat generation rate and bloc
perfusion rates of the tissue under test. When modelling iteast for HTappliations, the three main tissues
involved are fibroglandular, tgt and breast tumour. Recently, we conducted a thorough review and found that
accurate data on the thermophysical properties of these breast tissues is lacking, whichi@stefimsited esoures

of measured data. This has led to significant variationsparted data on the thermophysical properties of breast
tissues, with little conformity in the literature.

This study follows from the review with a sensitivity analysthase thermaland physiological properties. The
analysis investigates the influenof the properties of healthy and cancerous breast tissue on the simulated thermal
results. The Sim4Life model Luna [1], together with the implemented theoretical HBtapplie usedo ke the
breast model and EM calculations consistent throughagitatialysis while considering thermal variations. Polynomial
chaos expansions [2] are used to generate combinations of the input data, i.e. the thermophysical properties
fibroglandular fatty and tumour breast tissues, depending on their populationidigion as determined from the



review. For each input combination, the simulation in Sim4Life determines the CEMA43 within the tumour. Tt
simulation output is used to deteine which proprties have the greatest influence on the thermal calculations
within the breast model. This also serves as a foundation on which to base future measurement campaigns, indicat
the thermophysical properties which require the most urgerdgrdion.

[1] Paulides M. M., Rodrigues, D. B., Bellizzi, G. G., Sumser, K., LulNeufeld, E., Montanaro, H., Kok, H. P., &
Dobsicek Trefna, H. (2021). ESHO benchmarks for computational modeling and optimization in hyperthermia there
International Jurnal of Hyprthemia, 38(1), 14251442. https://doi.org/10.1080/02656736.2021.29254

[2] Feinberg, J., & Langtangen, H. P. (2015). Chaospy: An open source tool for designing methods of uncerte
guantification.Journal of Computational Scient®, 46¢57. https://doi.org/10.1016/j.jocs.2015.08.008
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The knowledge of the dielectric propertief tmologich tissues is fudamental for the development of mexdil
applications which are based on the material"s interaction with electromagnetic fields. To date, various studies he
been carried out characterising the permittivity of various biologjigsales abody temperature However, few have
investigated thevariation of the permittivity with both temperature and frequency and the published studies focus
mostly on the characterisation of liver tissues.

When reviewing published dielectric studigégan be mted that the mgority of these were conducted atam/body
temperature and in most of the cases the calibration temperature is not reported. For dielectric studies characterisit
biological tissues at temperatures higher than body temperatagy, oftenthe reported cabration temperature is

done at roomtemperature. Only a few papers mention the calibration temperature as a possible cause o
uncertainties in the dielectric measurement (DM) data [1].

In this study we investigate the calibratiprocess dr DM at high tenperatures. In particular, the effescof a
temperaturedependent calibration are studied to establish whether a constant temperature calibration conducted a
room temperature would introduce an additional measurement uncertaifitgn condating DMs on thamaterial

under test at higher tempatures.

To address this, a set of experiments were devised with the setup calibrated at three temperatures: 23 °C, 55 °C
80 °C, following which complex permittivity measurements on 0.561,NEthanlp TX100 and Qiwere considered.
These standardduids were selected as they represent a wide range of permittivity over the frequency considered
Effects become more significant when a calibration at room temperature is used for DMs witb Theet aB0 °C.

As an eample, the comparison between the Dl Ethanol at 80 °C done with two calibration temperatures, 23 °C
and 80 °C for both real and imaginary part is shown in Fig.1. A difference between the dielectric data measured v
the two ®tup calibation temperatues is visible.

Fig 1. Dielectric permittivity of ethanol at 80 °C measured with a setup calibrated withetbivater at 23C and at
80 °C

1. D. Camps, et al, "Imestigation of Thermal Effects in Coaxial Probe Method and Dielectric Chzatiote of
Glycerol up to 140 °C," J. Microwaves, Optoelect&actromagn. Appl., Vol. 18, No. 1, Mar. 2019.
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Introduction: Microwave thermal ablation is a percutaneous surgical procedure fdingemours. Aneedlelike
applicator inorporating an antenna deposits microwave energy into a target region, and theciiaer of
microwaves with tissues causes an increase in temperature to above 100°C, causing necrosis in the targeted &
Most curently availableapplicators include an ¢er chamber where chilled saline water or CO2 is circulated to cool
the antenna [1] Uncooled coaxidked antennas benefit from reduced manufacturing complexity, but significant
antenna degradation occurs duringiaion due to délectric expansion.

Objedive: Investigation of the effects due to structural changes in an uncooled co@aalpole antenna during
ablation.

Method: Ablation was performed in porcine liver with coaxial antennas asgirpower levels @0, 40 and 50 Vior

1, 2 and 3 minutesgach time replacing the antenna. Each antenna was immersed in tap water befordatienab
procedure and theswas measured. Following the ablation procedure, the antenna was cleaned angwhs &
measured irthe same liquid

Results:Pre and pat-ablation $ comparison indicates that degradation was present in all experimewte
prominently at 50 W. Antenna inspection under a microscope revealed dielectric expansion persisting after cooling.

ConclusionDielectric expnsion is possible due two different mechanisms, the power induced in the cable and/or
the temperature ofthe surroundings. This hypothesis is currently being investigated by immersing the antenne
powered and nompowered, in heated ligds to charactése the antenna's degdation. This may suggest an optimal
temperature to avoid excessive degradation andealtback protocol to control the power input that minimises this
effect.
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Introduction: The nonber d cancer disases diagnosed yearly is continuously rising, with liver cancer being one of the
main death causes in thiategay according to statistics from 20201. One of the least invasive therapeutic techniques
for treating this condition is micwave hermal ablabn (MTA) technique.

Antenna design, treatment planning and treatment success greatly rely on the aviilailiedge of dielectric
properties of biological tissues and monitoring technigques2. Although, liver is one of the most resessubsRi4,
further advancements are needed. Furthermore, the currently used monitoring techniques include ultrasounc
contrast enfanced computed tomography, and magnetic resonance imaging. All of these techniques are reliable tc
certain extent, are exgnsiveand in somecases pose a further health risk for the patient. Therefore, having-a real
time monitoring technique operdg in situ is very important. One of the emerging examples of such system-is dual
mode MTA antenna able to both ablate and meagliekctric propeties at 5.8 GHz in liver tissueb

In this work, study on the sensing ability of this antenna in a broadefinegrange and in respect to the transversal
dimension of the material under test is performed.

Methods: The opemnded coaxial lst antenna designwas both modelled in CST Studio Suite® 2019 (Dassault
Systemes, Vélizyillacoublay, France) and physicatinstucted. The simulations were performed with the antenna
immersed in 100x100 mm blocks of liver; different materials werd €mecalibration (different NaCl solutions,
distilled water and open circuit). The transversal dimension of the block vied daan up to 50 mm for the analysis

of the transversal dimension influence.

Dielectric properties were reonstructed from meased reflected coeficients using the Stuchly & Stuchly- de
embedding model6. The measurement accuracy was estimated as &eralatiation of the results from the
reference properties of the measured materials.

Results: Good accuracy of the reconstructibrthe dielectricproperties of the material is achieved in a frequency
range 56 GHz if the antenna is relatively matchethm cdibration liquid at the operating frequency of the antenna.
Furthermore, the transversal dimension of the MUT does nokinékel bie ability é the antenna to measure.

Conclusions: The opa&mded coaxial slot MTA antenna can be used to measure tdelpmperties with good
accuracy in a 1 GHz band§%5Hz) around the operating frequency. This analysis may be extended &ed ®@pp
other MTAantenna types
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1. Introduction

Muscle Rupturés a common injyr in sports, particularly in the front and back of the thigh. Small injuries can be
difficult to diagnose with only a clinical exaation, and often MRI examination is needed. Patients with smaller
ruptures need to resfrom sports untilthe injury is corpletely healed. MRI is a scarce and costly resource and
therefore many patients are undiagged. Consequently, patients with rupturéesk returning too early to sports and
thereby worsening the injury. To improve thegtiastics of thespatients a more ecessible and lowost alternative

to MRI is needed. A system based on the microwave tpafirmiould fulfil these requirements and bged to detect
bleedings in the muscles following the rupture.

2. Objectives

Investigate amicrowave systenand assess the agracy and stability of microwave measuremeiReconstruct
images in a stable, repeatabsd robust manner.

3. Materials & methods

Torepresent the examination of a patient during lab experiments and simulations, disithgaenario issed with

only twotissues: muscle and blood. The muscle represents the leg of the patient and the blesemepire bleeding
accompanying a muscleipture. The antennas used are monopole antennas in containers filled with lossy ge
mounted in a semgciraular array with & cm diameter and equal spacing between the individual antennas. The Delay
Multiply and Sumalgorithm (DMAS) beamforming algorithm swased to reconstruct the images. A numerical
simulation study of the measurement systemd phantom wasl|so made using €lectric properties taken from
experiments.

4. Results

Based on experimental data, the diffetial signals are calculated, i.e., ingignals to the DMAS algorithm Image.
The differential signals are stable and repeataslifough the leveof noise increses with the frequencyUsing
stable differential signals we get stable reconstructed @nagjth the correct position of the blogthantom.

5. Conclusions

The results were obtained in good agreement between simulated aperimental dataln a repeated imge
reconstruction experiments using the DMAS algorithm, the lossy antenna proved tostabtteresults. The results
are promisingand we conclude that the microwave technology is interesting for this applicatiofin& éaning and
optimization of tke antenna and system characteristics is needed to further enhance the image reconstruction.
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Objective: This clinical trial evaluates the safety and feasibility etligaq Laser Intestitial Thermal Therapy (LITT)
and chemoradiation initiation in patients presenting with new {gigitde glionas(HGG. Our objective is to maximize
the clinical benefits of LITT when used in conjunction with chemoradiation while natigsks

Backgroud: HGGs are incurable primary brain tumors. Glioma stem cells (GSC) are a major contributing factor
treatment resistance and represent important targets for therapy. Hyperthermia can radiosensitize GSCs and exte
survival in preclinad models of HGGITT is a minimally invasive surgery that administers hyperthermia to treat HGGs
Our preclinical evidenceiggest that a decrease in the time interval between LITT and chemoradiation can improve
tumor control. We hypothesize that decedag the standardime interval from a1 ¢SS1a (G2 X 71 |
protocols would improve tumor control without escalgtimocedural adverse events.

aSGiK2RayYy ! RdZ 64 ¢6A0GK adaAalLISOGSR I DD 2y awlL | yRandt {
evaluated. All patients received biopsy at the time of LITT. Patients received concurretiora(é®d Gy) and TMZ
within 7days of LITT. Occurrence of wound dehiscence, new treatiekeactory seizures, cerebral edema, failure to
complete radiatio from the complebn of LITT to the end of radiation therapy was the primary endpoint.

Results: 10 patients, median age 6@&rgewith median KPS of 85 were enrolled. The median timelpd3t for
initiation of chemoradiation was 7 days. There were naiwences of protoal-related adverse eventsThe median
overall survival was 9.9 months (IQR:1665).

Conclusions: Accehted initiation of chemoradiation after LITT is safe and feasible for patients with HGG.
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PurposeThe inhibiton of DNA repair is one of the mechams by which moderathyperthermia (HT) acts as a radio
sensitizing adjuvant to radiation therapy (RT). To evaluate the imfpticting, thermal dose and radiation desse

on combined H'RT treatments, a profound werstanding of the DNA repair kinetispivotal. Mathemtcal models

and computer simulations may provide insights into the underlying dynamic processes botjlteieomplexity of

the cell, model validation and calibratioreahallenging. Previoussearch revealed difficulties in thembined use

of clonogenic survival and timeesolved comet assay data for model calibration. Therefore, we propose a- model
basal analysis approach to derive additional criteria for modelradilim: DNA repair dynamiese encoded in the
doserate dependepe of the survivingraction in clonogenic assays. This study demonstrates that the use of
experimental data gained at differe doserates in combination with HT can help to identify the rappate
parameters for moelling the cell survival after the atiments combination.

Materials & methodsThe MultiHit Repair (MHR) model is used because of its dynamical nature andahgityaio
incorporate data from diverse biological experimesisch as clonogenic and comassays. After reviewing the



literature data, diverse tharetical discriminators, based on common qualitative effects of HT+RT, were defined an
used to exclude pameters sets which result in unrealistic repair kinetics. ¥iraltvival experiments different
doserates combined with HWere performed for ldLa and SiHa cell lines to validate and adjust the proposed
methods.

Results: After incorporating the obiaed experimental data, the model fitting was improved by reduchre
parameters search rges, i.e. the ambiguity on these pasmters fitting. Morewer, a large number of parameters
sets leading to norealistic repair kinetics were discarded by thedstitheoretical discriminators.

ConclusionsThe results encouragthe use of indirect methus to improve the radiobiological mddditting and,
congquently, to obtain a better understanding of cell repair dynamics and the combined effects of HT and R
Moreover, even when experimental data are not available, itssilpie to define qualitativtheoretical discriminators

to excluak nonrealistic scearios. This knowledge helps us to optimize the combined treatment planning for HT+RT.
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Introduction: Checkpnt inhibitors are nowbeing combined with more conventional therapies. Our plan will be to
investigate the ambination of onesuch inhibitor, anti cytotoxic- Lymphocyte associated protein 4 (a@fiLAl)

with treatments that have a #unctional cell kiing action. Such tegments include high dose proton radiation, the
vascular disrupting drug OXi4503, angbdithermia, thathave induce both direct cytotoxicity as well as indirect
effects mediated through the induction of vascular damage.

Objectives:To investigate the ciital factors influencing the tumor growth inhibition seen when we combine anti
CTLA4 with radiation, OM503, or hyperthermia.

Materials & MethodsAll experiments used a C3H mammary carcinoma grown in the right rear foot of CBF1 mic
Treatments starteadvhen tumors were at specific sizes of 50, 100, 200, or 408 fitmese included protoradiaion

(local uimor irradiation with 20 Gy on day 0), OXi4503 (50 mg/kg, injected i.p. on days 0, 3, 7, and 10), hyperthern
(tumors heated at 24.5°C for 60 minutesnoday 0, achieved by immersing the tumor bearing leg in a \wataj, and
anti-CTLA4 (injected i.p. ordays 1, 4, 8, and 11). The endpoint was tumor growth delay (time to grow to 1600 mm



Results:The tumor growth delay resultseasummarized in Table, and show the median time in days taken for
tumors to reach 1000 min

Tumor Sizat Sart of Treament

Treatment 50 mn? 100 mnf 200 mn? 400 mn¥
Controls 13 12 7 4
Anti-CTLA4 18 10 7 4
Proton Radiation 43 29 23 16
Proton Rdiation + AntCTLA4 90 42 28 17
0OXi4503 26 20 18 16
OXi4503 + AnCTLA 90 25 20 16
Hyperthermia 17 15 11

Hyperthemia + AniCTLAY |17 15 13

ConclusionsExperiments were done using both male and female animals and this had no influeheeresutts
(data notshown). AntdCTLA4 alone only had a small effect in the smallest tumors. An enhanspdnse was
obtained when antCTLA4 was combined with radian or OXi4503, but not heat. Tumor size at treatment clearly
played a significant ] with smaller tumis showing the greatest enhancement. It is possible that the degree of
enhancement is degmdent on the irtial level of damage.

This project has reimed funding from the European Union"s Horizon 2020 research and innovation progrademe u
0 KS al NWskaCyri¢ @ahtragreement No 955625 (Hyperboost; www.Hyperh8680.eu) and a grant from
the Danish Qaer Society.
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PurposeUltrahigh field (UHF) MRI is @y suited for an integrated thermal intervention within a Thermal MR setup
as it operges at shorter wavelegths compared to conventional MRI scanners. This work exathmésasibility of
multi-channel RF apphtors using bradband SelGrounded Bowfie (SGBT) antenna building blocks.2 The report
focuses on two RF applicator configurasin(i) a 1&hannel anular RF array (AA, Figure 1) with the elements equally
positoned around the head and (ii) a-tBanrel Helmet RF arya(HA, Figure 1) with 8eshents being equally
arranged around the head plus two elements covering the top didhd.

Figure 1.Designof the Helmet RF applicator and of the-dlément annular RFpalicator and their SAR10g
distributionsinside the phardm and Duke voxel model. ddn target SAR10g and Bl+mean values and target
coverage percentages are annotated ia flgure.

Figure 2Camparing SARased indicators results for TV and healthy tissudwee different planes.

Discussion:Enhancing targete localized RF power depisn requires higkdensity RF antenna arrays. This
constitutes a challenge for ThermdR of the head due tthe small surface area. To address this challenge the



Helmet RRpplicator takes advantage of two S@Riennae placechia direction that providea contribution to MRI
and which allows for ample contribution to-lRBuced heating. fe@vious Thermal MR alipators have considered
only annular configurations since brapplicator antennas could be placedaiwvertical diretion to contribute to

imagng too.

Conclusion:Our phantom studies demonstrate that the Helmet RF applicatordaffar ~10% improvemerdf
maximum SAR10g in the TV over the conventional annulard®F@ur findings obtained for the humbhead voxel
model Duke show higher maximutdTS and an improved target coverage of high SAR10g for the helmet RF
applicator. Basedrothe results shown itable 1, in the superior plane, all the factors show improvemneor main

and inferior planes of theead, there aremprovements or comparabhalues in HC, SAF, and THF for the HA vs AA.
To conclude, the t6hannel Helmet RF apgdtor is better suitedor Thermal MR than the i¢hannel annular RF

applicator.

Fig.1
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Fig. 2

Helmet Array Annular Array
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Introduction

Hyperthermia (HT) is a clinigagpplied cancer tement in which the tumor volume is heatem supraphysiological
temperatures during a certain period of time. HT has mostly losed & a sensitising agein conjunction with

radiotherapy and/or chemotherapy. These effects are betido be caused, &ast partly, by hyperthermiaduced

redudion of DNA damage repair.

Objectives

Use publicly available gene expression and prote chtasets to identifghe genes regulated during acute heat shock
response in mammalian cells.

Materials & method

A sysematic literature review was performed ugikmbase and PubMed databases. As a first step, keywords related
to the topic were selcted and used to extracarticles from both databases. The articles were then filtered for
inclusion basd on the followingpublication date between 2002 and 2022, Estgor Spanish language, study type
(preclinical study), and inclusion of gene expogssr proteomic analysisAs a second step, articles that were not
accompanied by data sets that wer¢her available onlin®r provided by the authors were excludedm further
analysis. The available datasets were then processed and analysed with fReuR Bioconductor plage. A gene

was classified as upregulated or downregulated depending on Boexjtression was affeed by hyperthermia
treatment in each datset. Individual genes were considered if their regulation was consistent acrosg @b¥éa$

the datasets in Wich they appeared.



Results

The initial screening resulted in 683 potentiadiievant referencespf which 505 were subsequently excludecaft
reviewing abstracts and titles. Following the review of all 178 manuscripts, aftbeahanuscripts were sected for
final analysis. The omics techniques used in the studies were cibidamay, Reaime gPCR, and Ch#feq. In total,
12 genes werdound to be consistently regulated by hyperthermia treatment: 2 were downregulatedCangre
upregulated. Theiological functions related to these genes were mostly related to proteihesist

Conclusions

The identified genes are closely associawth hyperthermiainduced cellular responses and may prove to be
valuable clinical targs. Bological validatiorof these results is ongoing. Further studies related to the interaction
between gene expression aryperthermia are warranted to provide ights into the molecular mechanisms driving
cellular responses to hyperthermia.
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Radiobiological modeling reatment planning for locoregional thermoradiotherapy

T. Herrer&? P. Kok? J. Crezéé

Amgerdam UMC, Radiation Oncology, Amsterdidetherlands
2Cancer Center Amsterdam, Cancer biology and immunology, Treatmentaitydof life, Amsterdam, Neétlands

Introduction: Mild locoregional hyperthermia (increasing the tumor temperature tan 40X is foutinely used in
combination with ragbtherapy toimprove treatment outcome. Clinical evidence shows a thermal -efibset
relationship. Locoregional pgrthermia is givensing phased arrays of RF antennas capable of focusing power onto
the tumor. Teatment planning for hyperthermia consigié simulatig the effect of the electromagnetic fields
emitted by the heating devica normal and tumor tissuerdatment parametersan then be optimized in order to
achieve a high thermal dose, while avoidimgmal tissue hot spots. Taking into acdotime combina effect with
radiotherapy is attractive but challenging because of thiitisd and synergistic effexcthat are involved.

Aim: an overview of state of the art approaches to radiobiological modétinpcoregional hyperthermia in
combinationwith radiotherapy. Clinical applications for treatment planning are included, butraiglels that add a
certain evel of complexity tat could be useful in the future for treatment planning.

Summary: Effects ofmild hyperthermia include direct cell kit and enharement of radiotherapy. Several
mechanisms happen at different scales aimdet frames. For example, f@NA repair inhibitio, there is an
exponential dependency with temperature, and an exponentiahylavith the time interval between modadii
Some of lhe reviewed models incorporate this dependence as a modification ofdieseasitivity, quantifiedybthe
parameters oflie Linear Quadratic Modél,i orn/i . This allows for modeling at a voxaidl when the temperature
distribution is a@ailable.

Fa other effects, such as oxygenation and blood flow changes, modeling is much more complicated, not only beca
of the an@aomical complexity, but atsbecause of the large intra and inter patientiaéon, where some of the data
can be obtaied from imagg. Some of the reviewed models incorporate these effects in more or less complex ways.

Conclusion:Treatment planning oflocoregional hyperthermian combination with radiotherapy incorporates
radiobiological models to account for the raskmsitizing fect of hyperthermia. Accounting for these and additional
effects requires a deep understanding of the underlying meamaniModels for use in thdimic also need to be
practical enough for implenmgation.
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Introduction The radiosensitization effect of hyperthermia can be considered as an enhancedeatjuadibtion
dose (EQR), i.e. the dose needed tachieve tb sane effect without hyperthenia. EQRrcan be predicted using
biological modeling based on an extendednilel, with temperaturalependent parameters. Clinical data show
that both the achieed temperature and time interval between radiotapy and hypehermia correlate with clinida
outcome, but their impact on expected EQIS unknown.

Objectives: To provide more insight in the influence of achieved temperatures and time interval between
radiotherapy and hyperthermia on the predicted QD

Materials& Methods Biological modelinggas performed using our-mouse developed software Dérm, considering

an external beam radiation scheme of 23x2Gy, as applied for locally advanced cendcaFaatcthe EQBwas
calculated for homogeneasuemperatues, evaluating time intervalsaiween Oh and 4h. Next, real radiotherapy and
hyperthermia treatment plans were combined and the E@I2s calculated for 10 locally advanced cervical cancer
patients. The impact of achieving €18C lower or higér T50 tempeatures (in case of occurrenag absence of
treatment limiting hot spots, respectively) was evaluated.

ResultsEQRrincreases substantially with both increasing temperature and decreasmgntienval (Fig. 1). At higher
temperatures (>419Che influace of time interval is most pnounced. At a typical hyperthermic temperature level

of 41°C an enhancement of more than 8Gy can be realized with a Oh time interval; which is halved for 4h. M
enhancement is already lost within 1 hour.

For heerogeneousemperature distributions in p#ents, also a strong effect of both temperature and time interval
on predicted EQRis observed (Fig. 2). Mean T90, T50, and T10 were 40.4, 41.4 and 42.8uflyedgp-or a 4h and

Oh time interval the averagadditionalEQR(D95%) was 2.2Gy and 6y3@spectively. The impact of &L5C lower

or higher temperatures is most pronounced at high temperature levels and short time intervals. The addition
EQR(D%%) ranged between 1.5 and 3.3Gy and between Adb &5Gy exh for a 4h and Oh time interla
respectively.

ConclusionBiological modeling provides relevant insight in the relation between treatment parameters and expecte
EQLR+ The combination of higlemperatures and short time intervals is shownbt very imprtant to maximize
EQLR+
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Figure 1: Equivalent radiation dose for radiotherapy plus hyperthermia

as a function of time interval between radiotherapy and hyperthermia

for different homogeneous temperatures. An external beam radiation scheme
of 23x2Gy was considered, as applied for locally advanced cervical patients.
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Figure 2: Predicted effect of achieving 0.5-1°C lower or higher T50 temperatures
(compared to the planned situation) on the equivalent radiation dose for 10
cervical cancer patients, for 4h and Oh time intervals.
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Introduction The radiosensitization effect of hypestimia (HT) is dramatically enhanced if Hi@ sadiation are
delivered simultaneously. We are developing a thermobrachytherapy balloon implant for treaisigtetsue around
a tumor resection cavity (toorbed) using magnetic nanoparticle (MNP) HT coedbiwith highdose rate
brachytherapy.

Objedives To validaten silico the ability of MN#Balloon implants to heat a brain tumorbed using realistic anatomical
models.

Methods: The CAD model consisted gherical balloons with a diameter (d) of 2, 3, 4 &cm incorporated in a
human head modettincated from thefull-body Static VHPemale model v2.2 (NEVA BioElectromagnetics, USA). A5
mm spherical shell was added around the balloon to model the turdoB&loons were analyzed in the frontal,
parietal, and occipital lobes for a total of 12 silation scenariosTemperature was computed using the bioheat
transfer model using COMSOL, IT'IS tissue properties database v4.0, and a heatsguiceh@ lalloon to mimic

the MNP heating. A dynamic bloodrfusion model was used to account for -2ofd increase in lain perfusion at
45°C. Rnpwas optimized so that the maximum temperature at the balloon surface was 50°C. The MNPs planned 1
clinic use havan iron oxide concentration of 4.5% v/v and willdotivated by a 132 kHz external magndatdf(H)
inducedby adedicated coil. The MNP solution was tested in this coil to determine the power density (PD, WgnL) vs
relationship.

Results30 min wasequired to establish steady state temperature dtinds surrounding the MNP implants. Foe th

3 different lobes, he minimum temperature in the-Bam tumorbed was 39:39.8°C (d=2cm), 40.0°C (d=3cm), 39.6
40.1°C (d=4cm), and 39440.2°C (d=5cm). To achéethese temperatures, the heat sources used wer@+8.1W

(d=2 cm), 16.3W (d=3cm), 26.1W (ds¥, and 37.0+£8.2Md=5cm). Based on the simulated temperature profiles, the
first mm is expected to result in ablated tissue. The measured power density wasfilekD = 0.0763H 0.0843H.

We can then estimatthe H, requirements to heat the tumorbedtbe within 3.25.7 kAm, which are well below the
maximum safe field capabilities of the system (8.1 kA/m).

Conclusions Numerical simulations demonstrate thbiliy to heat highly perfused brain to hyperthefni t S@ St 3
mm from an implanted balloon gace, paving thevay for future brain tumor treatments using surgery, HT and
radiation.
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