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Abstract \§\

INTRODUCTION: SBRT which kill more er cells than conventional radiotherapy
also damages their blood vessels, ma hem radiation-resistant via hypoxia

\Combining SBRT and heat offers therapeutic
Iminary studies applying both modalities indicated
positive results in terms of tum layed growth or tumor control with specific fractionated
SBRT doses and heat (41.5° hour, 30-minute interval), preserving normal tissues.
The focus of this study is to her examine 3 fractions of 15Gy SBRT doses with
hyperthermia at differe?,iygmperatures and time intervals on tumor growth.

r

induction, but hyperthermia-sensiti
benefits. Our unpublished data in

METHODS: C3H m?@ y carcinomas implanted in the rear leg of CDF1 mice were
irradiated over ong wetk period with 3 fractions of 15 Gy irradiation beams using photons

or protons whgg mor reach around 200mm?3. Additionally, animals received the same
irradiation dgsed with a single hyperthermia treatment at temperatures 40.5°C, 41.5°C,
or42.5°C fo%—hour, administered 30, 90, or 180 minutes following the last irradiation
fraction. The experiment ended when the animal’s tumors reached three times the starting
treatment volume (TGT3) or tumor control at 90 days posttreatment. Using Student’s t test,
the radiation groups alone are compared with radiation plus heat groups.

RESULTS: Preliminary results of mean TGT3 values and corresponding P-values of various
treatment groups are summarized in table 1 below with various standard deviations plus or
minus the mean.

CONCLUSION: Combining fractionated SBRT doses with a single heat treatment shows a
synergetic effect in treating a C3H mammary carcinoma in vivo. This synergy is most
pronounced at higher temperatures and shorter time intervals, benefiting tumor studies



and sparing healthy tissues.
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“Obesity, Cancer and Inflammation--can Thermal Therapy Play a
Therapeutic Role?”

Dr. JOAN M. Bull M.D.
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Abstract
x&
Obesity is an enormous health problem in the United States. Obesity aff ore than 40%
of the population and is increasing.
pop g \$\

Obesity is associated with a significantly increased incidence of mag CR/pes of cancer, most
notably breast and colon cancer. Also, obesity is associated Witth rse outcome in the
therapy of cancer. Data suggests that 14% of deaths from candq n men, and 20% of the
deaths from cancer in women are associated with obesity. O\,

Chronic inflammation appears to be a major cause of tha@ociation of obesity and cancer.
NFkB and JNK have been traced as molecular inciters ammation in obesity. The low
grade inflammatory response linking obesity and car@ is associated to immune cells
infiltrating the white adipose tissue in obesity, particularly macrophages, and are a major
source of inflammatory cytokines in obese whit @pose tissue. Obesity also affects
immune cells from the adoptive and innate i ne cells.

Semiglutinides, such as Ozempic, have gy n effective in reducing obesity, but
semiglutinides are expensive and app so to require continuous treatment for years.

Alternative methods to reduce infl \ation and thus to reduce cancer caused by obesity,
both heat and cold thermal ther, s can reduce inflammation.

Q
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Pseudodifferential approximations of ultrasound waves for
biomedical applications
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x&
Computational simulations are playing an increasingly important role to.@)ve
therapeutics and diagnostics using ultrasound waves. To unleash the f tential of
computer simulations, the computational method must strike the rig}%b lance between
accuracy and speed. We develop a fast pseudodifferential method takes advantage of
the geometric flow of acoustic energy to efficiently handle the hi&scillatory nature of
ultrasound waves. Simultaneously, the method accurately in orﬁ ates refraction, reflection

and attenuation imposed by realistic models of biological m . As a result, simulations of
ultrasound wave propagation can be executed orders of itude faster than using
conventional approaches. Some numerical results will b sented, and limitations

discussed. This is joint work with Benjamin Palacios (@ rsidad Catolica de Chile) and Jesse
Chan (Rice University). ,
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Abstract

Introduction:

Glioblastoma (GBM), a highly aggressive form of brain cancer, poses significant challenges
in its management. Maximal surgical resection has long been considered a standard
treatment approach, offering tangible survival benefits. However, the effectiveness of this
strategy can be hindered by factors such as tumor location, unusual geometry, or bifrontal
involvement, which may limit the feasibility of achieving maximal resection. In response to
these challenges, laser interstitial thermal therapy (LITT) has emerged as a promising
alternative. LITT utilizes thermal energy to induce cell death, with the advantage of being
minimally invasive and suitable for treating deep-seated lesions. Furthermore, its
application can be precisely regulated to avoid thermal damage to critical neural structures.
Real-time monitoring through magnetic resonance thermometry adds another layer of



control to this innovative treatment modality. Our study seeks to delve into the effects of
LITT on GBM using a genetically engineered mouse model. By exploring the potential of LITT
in cases where maximal resection is restricted, we aim to contribute to a better
understanding of its role in GBM treatment.

Methods:

To simulate the poorly-circumscribed nature of GBM, we developed a preclinical murine
model utilizing tumor cells with overexpressed PDGFB and STAT3. Tumor-bearing mice were
subjected to LITT or sham treatment, the latter involving the implantation of a laser fiber
without activation. Our evaluation focused on multiple time points, specifically 3, 7, 14, and
21 days post-treatment. Bioluminescent live images (BLI) were employed to assess tumor
burden, providing dynamic insights into the treatment effects. Additionally, Hematoxylin &
Eosin staining (H&E) allowed for a detailed histological characterization of tumqr burden. To
investigate the immune microenvironment, we utilized immunohistochemist HC) and
immunofluorescence (IF) staining.

S

R Its: \
esults G}'

The results of our study revealed a consistent reduction in tumor t@en in mice treated
with LITT across the designated time points. Hypercellular reglo Qndlcatlve of tumor
burden on H&E staining consistently decreased, contrasting with*the increase observed in
sham-treated mice. BLI and Luciferin tagging further conﬁ@ he efficacy of LITT in
reducing tumor burden. Notably, the mice treated with LI hibited a distinct ablation
zone at the probe insertion site, reinforcing the preC|s O)f this thermal ablation modality.
IHC staining with IBA1 demonstrated significant micrdgllal activation in the resection cavity
margin after LITT, indicating a potential impact on tlhe Immune microenvironment. IF
staining with IBA1 and CD68 revealed increased ression, suggesting enhanced
microglial activation and macrophage inﬁltrag'& M LITT-treated mice compared to sham.

Conclusion: Q)@

the development of a preclinical GB odel. LITT, as a thermal energy ablation modality,
demonstrates potential in cases maximal resection is challenging. Furthermore, the
induction of microglial activati d macrophage infiltration suggests a potential avenue
for enhancing immunothera cessibility, particularly for immune checkpoint inhibitors,
to prevent tumor recurre %ture studies will delve into the infiltration of T cells, NK cells,
and antigen- presenting(slz(J , along with assessing the efficacy of immunotherapies in

conjunction with LI'I‘I'% gh comprehensive survival studies. This combined approach
could open new avehn for improved and personalized GBM treatment strategies.

/\®

The observed reduction in tumor bu@ LITT-treated mice holds significant promise for
e
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Abstract . QQ
QD

Currently, the only treatment options qvg\eable for TNBC patients are surgery, radiotherapy,
chemotherapy, or a combination of tywo™I more of these treatments, all of which have
Ky to specifically target the tumor. Therefore, there is
ective targeted treatment strategies for TNBC patients.
Photothermal therapy (PTT) is mising cancer treatment in which light-sensitive
nanoparticles (NP) are injectgglinto the bloodstream, and once they arrive at the tumor site,
an externally applied lasegisWsed to irradiate the NPs, converting light into heat that
thermally ablates the t . One limitation to PTT is the lack of NP targeting to the tumor.
Recent studies suggﬁg& at coating NPs with cancer cell-derived membranes can evade the
a

Triple-negative breast cancer (TNBC) accog@ for 15-20% of all breast cancer diagnoses.

adverse side effects and lack the a
an urgent clinical need to develo

immune system an prove the NP’s tumor-targeting ability, so we hypothesized that
wrapping Iight-a§( ed gold nanoshells (NS) with TNBC cell membranes, forming MWNS
could enable I;J% to target the tumor for effective PTT treatment. Here, we present the
results of in @jtyd and in vivo studies confirming the synthesis of MWNS that successfully
target TNBC t&'mors and when activated by an 808nm laser, led to efficient thermal killing
of TNBC cells. This work provides a promising biomimetic NP-mediated PTT platform to treat
TNBC.
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Feasibility of volumetric hyperthermia in head and neck cancer
using the ExAblate Body MR-guided focused ultrasound system

Kisoo Kim, Pragya Gupta, Kazim Narsinh, Chris ] Diederich, Eugene Ozhinsky
University of California San Francisco, San Francisco, CA, USA

Abstract

Background: Magnetic resonance imaging (MRI)-guided focused ultrasound represents a
promising technology for non-invasive, precise, and efficient heat delivery to targeted areas

of the body and the brain.l This technology, operating under MRI guidance prs for
treatment planning, temperature monitoring, and safety assurance. One p@ﬂtial
application of this technology is in hyperthermia treatments, which aim uce various
therapeutic effects on tumors through a temperature rise within the ra@ of 39-43°C

maintained for a duration of 30-60 min.2~% The ExAblate MR-guide @used ultrasound
system (Insightec, Haifa, Israel) has received FDA approval and i Ically available in the
United States. Despite its approval, there is a limited body of r rch on the system's
utilization for volumetric hyperthermia delivery. This could b tributed to the array
configuration limitations affecting off-axis focusing and vol heating, as well as safety
constraints requiring slower transducer movement for fc&e pot repositioning.

The objective of this study was to develop a met@ for volumetric hyperthermia with
the ExAblate Body array by integrating mechanical #tansducer movement with a sector-
vortex based beamforming approach. Acoustic biothermal simulations were conducted
to assess the hyperthermia delivery charactefigti¢s of the ExAblate Body array achieved
through mechanical scanning and beamforr%ﬁvg. An iterative process strategy was
proposed for sequentially heating multi @ ots within the targeted volume. To validate the
sonication strategy, patient-specific si tions were conducted using a head and neck
cancer model. Further validation wa \e ormed through experiments using a tissue-
mimicking phantom. 0?0'

Methods: The simulationﬁrg?:ework was developed to calculate the 3D acoustic intensity
distribution for beamfomt/ and scanning strategies, specifically for the ExAblate Body

transducer.? Based coustic and biothermal simulation, multiple positions were
sonicated sequengally’using mechanical scanning and sector vortex beamforming. The
system control %e ExAblate Body system was modified to achieve fast transducer
movement a thermometry-based hyperthermia control, mechanical transducer
movements electronic sector-vortex beamforming were combined to optimize
hyperthermia delivery. Experimental validation was performed in a tissue-mimicking
phantom. Finally, patient-specific simulations were performed in a head and neck cancer
model to demonstrate the feasibility of hyperthermia in the head and neck.

Results: The developed simulation framework allowed for a parametric study with varying
numbers of heating spots, sonication durations, and transducer movement times to
evaluate the hyperthermia characteristics for mechanical transducer movement and sector-
vortex beamforming. Hyperthermic patterns involving 2-4 sequential focal spots were
generated and analyzed. Regarding the distance between spots, for a maximum
temperature of 45 °C, 2 spots with a distance of 8-12 mm can achieve average T10 of 43
°C. In terms of the sonication time at each spot, due to a minimum transducer movement



time of 12 s, a sonication time extending beyond 10 s resulted in a larger hyperthermic
volume and reduced temperature ripple. To demonstrate the feasibility of volumetric
hyperthermia in the system, a tissue-mimicking phantom was sonicated with two distinct
spots through mechanical transducer movement and sector vortex beamforming. The
heated region was clearly observed during acquisition. The average values of Tmax, T10,
Tavg, T90, and Tmin between 217 s and 417 s were measured to be 45.6 °C, 44.9 °C, 43.6
°C, 42.2 °C, and 41.5 °C, respectively. Effective hyperthermia heating (T10) was delivered

to an average volume of 67.7 mm3 for 200 s in the phantom.

Conclusions: This study demonstrated the volumetric hyperthermia capabilities of the
ExAblate Body system. The simulation framework developed in this study allowed for the
evaluation of hyperthermia characteristics that could be implemented with thesExAblate
MRgFUS system. The results of volumetric hyperthermia in a head and neck cer model
will be presented at the conference. 0
L
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Abstract

Amyotrophic lateral sclerosis (ALS) is a%‘qresswe paralytic disorder that characterized by
the degeneration of both upper and motor neurons. Inclusion bodies, protein
misfolding and aggregation are m pathological features that are collectively contributed
to neurodegenerative pathways atients and models of ALS. Molecular chaperones,
including heat shock proteins &t in the repair of misfolded, denatured proteins or
promote their degradation i parable. Chaperones (HSPs in particular) are a relevant
choice of therapeutic tar. o be activated to block or resolve these pathological pathways
in motor neurons. Th rentIy FDA approved agents for treatment of ALS or similar
diseases do not tar Qmaperone protein levels but instead mostly treat symptoms of the
progressive neur géﬁgeneration. Here, we hypothesized that by using mild heating to
induce express'%f HSPs in various cell types: a) NSC-34 motoneuron cells b) HEK-293
cells transfe ith profilinl c) Wild type and transgenic motor neurons and d) spinal cord
lysates from ALS model G93A mice we could reduce unwanted protein aggregation to
establish a potential rationale for using clinical hyperthermia applicators to treat ALS
patients. Specifically, we observed that induction of Hsp70 and Hsp90, results in a dramatic
clearance of profilinl (PFN1) aggregates. Further work to establish a method of applying
hyperthermia to the spinal column and other aspects of the CNS is ongoing in our
laboratories. It seems reasonable to conclude that the clearance of PFN1 aggregates and
potentially other protein aggregates by the activation of Hsp70 and Hsp90 could be an
important therapeutic opportunity for ALS if an optimized applicator and thermal history
monitoring approach can be developed.
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The real potential of hyperthermia to overcome radiation
resistance from tumor hypoxia

Professor Michael R. Horsman PhD
Experimental Clinical Oncology-Dept. Oncology, Aarhus University Hospital, Aarhus,
Denmark
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Abstract 0\..Q)

Purpose: Regions of low oxygenation (hypoxia) are a characteristic fea \of solid tumors
and a major factor in developing resistance to radiation therapy and ncing metastatic
spread. Hypoxia is either chronic, resulting from limitations in oxy iffusion, or acute,
due to transient fluctuations in blood flow. Hyperthermia is belie@ overcome hypoxia,
but it is unclear whether it actually affects both types. This pre-& Ical study was designed
to investigate this possibility by monitoring the heat-induce hancement of radiation
response after acute hypoxia had been eliminated. (\

Methods: A C3H mammary carcinoma, implante? iM the right rear foot of CDF1 mice, was

used for all experiments. Treatments began w mors had reached 200 mm?3 in size.
Radiation and hyperthermia were administer!Qs cally to tumors by placing non-
anesthetized mice in specially constructe @s that restrained the animals, but allowed the
tumor bearing foot to be exposed and &y attached to the jig with tape. The tumor
bearing leg could then be submergeq | heated water bath. The radiation (230 kV X-rays)
treatments involved giving a range %&ingle doses (20-70 Gy), with the water bath

temperature maintained at 250 \ﬁ en combined with hyperthermia (42.5 Oc or 43.50¢
for 1-hour), the radiation was giher applied in the middle of the heating period
(simultaneous treatment) o ours prior to heating (sequential treatment). Mice receiving
an intraperitoneal injectiog wih nicotinamide (1000 mg/kg) did so 30-minutes prior to
irradiation. The respon dpoint was local tumor control at 90 days and involved
producing full radiatj se-response curves for each treatment condition, from which logit
analysis allowed us alculate the TCD50 dose (radiation dose inducing tumor control in
50% of animals hi-squared test (p<0.05) was used for statistical comparisons.

S

Results: The TCD50 dose (+ 95% confidence intervals) for radiation alone was 54 Gy (52-
56). A sequential radiation and heat treatment significantly reduced this TCD50 dose to 48

Gy (45-51) when heating at 42.59C and to 32 Gy (29-36) with a higher temperature of

43.59C. with a simultaneous radiation and heat (42.50C only) treatment, the TCD50 dose
was 21 Gy (19-23). Nicotinamide significantly reduced the radiation TCD50 dose to 44 Gy
(42-46). It further significantly reduced the TCD50 doses obtained with radiation and heat

to 35 Gy (33-37) and 23 Gy (20-27) for a sequential treatment with 42.59C and 43.5°¢,
respectively, and to 13 Gy (11-15) for a simultaneous treatment at 42.59c¢.



Conclusion: Heating tumors simultaneously with radiation, or sequentially (4-hours) after
irradiating, significantly enhanced radiation response. These enhancements have often
been associated with hyperthermia primarily eliminating the radiation resistant hypoxic cell
population. However, nicotinamide, a drug that prevents acute hypoxia from occurring and
has no effect on chronic hypoxia, significantly enhanced the effect seen with either

temperature (42.5 or 43.50C) when given sequentially (4-hours) after irradiating. It also

enhance a simultaneous radiation and heat (42.50C) treatment. These results suggest that
hyperthermia primarily eliminated cells that were from the chronically hypoxic population
and had little or no effect on acutely hypoxic cells.

Supported by a grant from the Danish Cancer Society.
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Introduction QQ

n\discovered to harbor intracellular bacteria, which affects their
/Silver nanoparticles (AgNPs) are used clinically for their

they can be tailored for photothermal therapy (PTT). The present
bricated for PTT as a strategy to eliminate both melanoma cells and

Melanoma has recently b
migration and metaboli
antimicrobial benefits
work evaluates AgN
intracellular bactetia.

Methods é

AgNPs were made using the seed-mediated method. Human melanocytes (CRL-4059) and
SK-Mel-3 and SK-Mel-28 melanoma cell lines were infected with Staphylococcus aureus
(Xen40). Cell and bacteria viability were measured following incubation with AgNPs and
exposure to 800 nm light to generate heat.

Results

AgNPs have a triangular shape, and average size of 105nm. Laser powers of 3 and 5W were
applied to 10 and 25 pg/mL AgNPs for 60s and 36s, respectively, for laser fluency of 180).
Heat generating ability of 10 ug/mL concentration was roughly 30°C increase for both
powers, and 25 pg/mL concentration saw a temperature increase of approximately 50°C for
both powers. Cytotoxicity of 0, 10, 25, 50, 100, and 250 pug/mL AgNPs were calculated for
both non-infected and infected cells. Infected CRL-4059 cells were more sensitive at



concentrations below 100 ug/mL. Non-infected SK-Mel-3 cells saw greater reduction than
infected SK-Mel-3 cells at all concentrations. All infected cell saw greater viability reduction
than non-infected cell lines, with SK-Mel-3 having the largest reduction. Concentrations of O,
10, 25, 50, 100, and 250 pg/mL were tested using PTT at 5W for 36s on SK-Mel-3, and
infected cells were more resistant to PTT than non-infected. While maintaining fluency of
180]J, different powers and application times were tested. Infected cells were more resistant
across groups, with the 5W 36s group seeing the greatest viability reduction, and thus was
used for all subsequent experiments. Cell counts and CFUs/cell were found after PTT, and
regardless of the cell line, the resultant number of infected cells were larger than their non-
infected counterparts. SK-Mel-28 saw the greatest reduction of CFUs/cell while CRL-4059 had
the least. Cell regrowth of SK-Mel-3 after PTT was also evaluated using clonogenics, and non-
infected were more susceptible to AgNPs alone. However, applying PTT mitigates survival of
infected cells. When PTT was applied, regrowth after 1 week was decreased for both non-
infected and infected cell lines as concentration increased to 25 ug/mL. \'Q)

Conclusion 0

AgNPs are more cytotoxic to melanoma cells when combined with P'I‘I'X&itionally, infected
cells are more resistant to both AgNPs and hyperthermia alone, bu ﬁ&B can be overcome
by increasing the thermal dose. @
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Abstract (b'\
O

Herein, we report the synthesi characterization of combination ionic materials from a
chemotherapeutic drug (ch , and two different NIR dyes (NalCG and NalR820) as a
photothermal therapeutlc& g. Ion|c nanomedicines (INMs) were derived from ionic
materials (IMs) via a fa precipitation method which produces carrier-free nanoparticles
(INMs). Photophy5| erties of INMs were studied in detail. The phototherapeutic
efficiency of the corﬁbnatlon drugs was examined by investigating the light-to-heat
conversion efficj . The improved photophysical properties of the combination
nanomedlcme% omparison to their parent compounds significantly enhanced INMs’
phototherm iciency. In vitro dark and light toxicity studies were also carried out. In
vitro dark ana”light cellular studies showed enhanced cytotoxicity (lower ICgq)

as compared to the chemo drug, revealing the significance of nanoparticle modification
upon alteration of the counterions. Importantly, the results from combination index and
improved in vitro cytotoxicity reveal a great potential synergy between chemo

and photothermal agents in the newly developed combination nanomedicines based on
Chemo and NIR dyes.
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Christian Valencia Narva B.Sc, PhD Christopher R Dillon PhD
Brigham Young University, Provo, Utah, USA

Christian Valencia Narva
Position (at Institution/Hospital/Company)
Graduate Research Assistant

PhD Christopher R Dillon
Position (at Institution/Hospital/Company)
Assistant Professor 0\?’

Abstract \\\Q

*

INTRODUCTION High intensity focused ultrasound (HIFU) has pro@ effective in tumor
treatment through both thermal ablation and hyperthermia. Hlliﬁ%imulations may enhance
treatment planning in ways that will shorten treatment timesxjn¢rease safety, and improve
efficiency. Numerical methods predicting temperature dist@bn and thermal dose often
assume constant thermophysical properties of the tissue, lecting temperature
dependencies. The study investigates how constant s temperature-dependent thermal
conductivity, specific heat capacity, and perfusion im t HIFU ablation and hyperthermic
temperature distributions, thermal doses, and computation time.

METHODS The simulations predict HIFU heatj
heating scenarios are tested. First, thermal
(3x3 grid with 4 mm spacing in a plane
with 30 W for 30 s followed by a 30-se

simulated time). Second, mild hype%et

liver tissue initially at 37 °C. Two
tion is applied to 9 different focal locations
ndicular to the FUS beam) that are heated
cooling period for each location (9 minutes total
ia was simulated with low-power (3.3 W)
ions, representing the rapid and sequential
eam. This study simulates mild hyperthermia for 15

simultaneous heating at all 9 focal |
electronic steering of the uItraso@}
minutes, sufficient time to rea steady-state temperature distribution. The temperature
distributions for both heatinkﬁenarios are calculated using two versions of an explicit finite
difference time-domain (FRTD) solver of the Pennes bioheat transfer equation (PBTE). The
first version employs cqff/ nt thermophysical properties with values taken from the
literature. In contras second version incorporates thermal conductivity, specific heat
capacity, and perfuSipp that vary with temperature. Temperature-dependent property
models are sour, from Guntur and Choi (Ultrasound Med Biol, 2013), and Prakash and
Diederich (Inf Healthcare, 2012).

RESULTS: Inc-t»%e context of thermal ablation, the maximum temperature at each focal
location reaches an average of 59.2°C, with the constant-property solver exhibiting a
slightly higher value by approximately 0.4°C. Additionally, volume-averaged maximum

temperatures in a cubic region (91.125 mm3) centered at the focal location were 48.1°C
and 47.5 °C for the constant-property and temperature-dependent solvers, respectively.
Thermal dose volumes for a cumulative equivalent minutes at 43 °C (CEMg43) exceeding

240 mins were 109.25 mm3 and 93.75 mm3 for the constant-property and temperature-
dependent solvers, respectively. The computation time needed for these simulations was
21.1 mins for the constant-property solver and 32.7 mins for the temperature-dependent
solver.

For the mild hyperthermia scenario, the average temperature rise of the 9 locations for the
constant-property and temperature-dependent solvers were 5.8 °C and 4.5 °C, respectively.



In addition, the steady-state volume exceeding 41 °C for the constant-property and

temperature-dependent solver were 2512.9 mm3 and 571.1 mm3, respectively. The
computation time required for the constant-property solver was 40.4 mins and 62.0 mins
for the temperature-dependent solver.

CONCLUSIONS: For the thermal ablation model, the results highlight subtle differences in
peak temperatures (0.4 °C) for constant versus temperature-dependent solvers. However,
there are substantial differences in the volume of tissue with a CEM43 exceeding 240 mins

(16.5% different). In terms of computation time required, the temperature-dependent solver
requires about 50% more time than the constant property solver. Trends observed for the
ablation model also applied to the hyperthermia model. However, for the hyperthermia
scenario, the constant-property solver has an average temperature increase 29% greater
than the temperature-dependent solver. Additionally, the total volume with temperatures

greater than 41 °C for the constant-property solver is nearly 3.4 times great an for the
temperature-dependent solver. This is because perfusion plays an importa le for the
temperature-dependent model in the range temperature of mild hypert 1a. In

conclusion, incorporating temperature-dependent properties changes :‘Qe emperature
distributions in ways that could impact HIFU therapy outcomes. G\G)
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Abstract a:)\'
\

Many implantable medical devices are comprised of silicone and&t@elr infection due to the
presence of bacterial growth post-implantation can be difficul reat. Standard treatment
involves prolonged courses of antibiotics or removal of the j ant. These infections start
with planktonic bacteria (free-floating bacteria) entering thg body and overtime, bacteria
can grow in an optimal environment rich in polymers @saccharides, extracellular DNA,
and water. These individual components make up a plex structure known as a biofilm
and bacteria within this structure are more susceptible in growing resistance to antibiotics.

growth on medical devices. This project eva d using photothermal treatment (PTT) to

Staphylococcus aureus is one of the most co IQQ acterial strains associated with biofilm
disrupt S. aureus biofilms via nanoparticleq"&%id medical-grade silicone.

The main objective of this project &valuate the effects of PTT on S. aureus Xen 29
and Xen 40 biofilms grown on nano icle infused medical grade silicone. Xen 29 and Xen
40 biofilms were grown on silico d silicone infused with (10mg/g) of Poly[4,4-bis(2-
ethylhexyl)cyclopenta[2,1-b;3 %] dithiophene-2,6-diyl-alt-2,1,3-benzoselenadiazole-4,7-
diyl] (PCPDTBSe) and were sﬁct to 800 nm, from a continuous wave photodiode laser
with various powers and . The effects were quantified by measuring colony forming
units per milliliter (CFU/ * Additionally, individual structures that make up the biofilm
such as bacteria, pol arides, and extracellular DNA, were characterized following PTT
with a variety of ﬂué@ent staining reagents. SYTO 9 was used to characterize live cells,
Propidium |°d'd§l as used for dead cells, Wheat Germ Agglutinin (WGA) 555 was used
for polysacch , and TOTO 3 was used for extracellular DNA. Regrowth of biofilms was
determined @ crystal violet biomass analysis.

The nanoparticle infused silicone could generate heat rapidly (AT= 26.5°C) with 800 nm

stimulation at 300 J/cmz, using either 3W or 5W. However, 1W applied for 300s only had a
AT= 18°C, resulting in a less than 1 log reduction of Xen 29 and 3 log reduction of Xen 40.
Silicone without nanoparticles exhibited minimal heating, and was not effective at reducing
biofilms, or altering biofilm regrowth following treatment. Xen 29 had complete eradication
using 3W, 100s and Xen 40 had complete eradication using 3W, 100s or 5W, 60s. Effective
parameters for reducing CFUs/ mL also halted biofilm regrowth. These laser powers and
times show that over time the nanoparticle silicone can generate temperatures high enough
to kill viable bacteria, and damage to the biofilm components to impede biofilm regrowth.
Compared to silicone, the nanoparticle treated silicone had significant reductions in viability
of live cells, polysaccharides, and DNA content, based on fluorescent imaging. Pl-stained
biofilm on the nanocomposite silicone indicated more dead cells than live cells after



treatment than silicone. These images further confirm that the integrity of the individual
structures was successfully diminished following photothermal treatment. Overall, our
results conclude that photothermal elimination of biofilms is effective using heat-generation
using infrared absorbing nanoparticles in silicone, and effectiveness depends upon time of
laser application and not only laser fluence, or temperature. Unexpectedly, we observed
differences in the response of bacterial biofilms to PTT, with Xen 29 being more resistant to
thermal injury. A benefit of nanocomposite PTT for eliminating pathogenic biofilms is that
the technique damages the structural components of biofilms, which can impede biofilm
regrowth.
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Abstract QQ’

Q
Introduction @\'

Mild Hyperthermia (MH) has been use@thousands of years to help decrease pain,
improve blood flow to tissues, and ajidNlymphatic drainage. Although the complete
mechanisms are not yet understo ere is evidence that MH may be beneficial for wound
healing, most likely via tempora creases in blood perfusion. Despite these observations
MH has been slow to be estab d and adopted for routine use in wound care, possibly
due to wide variations in teca?ﬁcal specifications of heating devices, and challenges

managing impaired tiss&ie?‘
Methods Q

Our study evalu%d the safety and tolerability of Thermofield radiofrequency device for
improving bl w to the lower limb. This is a novel approach to MH by using a
lightweight, table radiofrequency system that induces heat in the exposed tissue
topically with<a controlled feedback loop to maintain a specific and precisely controlled
temperature, without the need for a water bolus interface. A key feature of the device is
feedback temperature control to ensure safety.

We enrolled 20 healthy volunteers, with cohorts ranging in ages from 18-30, 31-40, 41-50,
51-60, and 61+. We also accounted for variances in calf circumference, and the device was
used on the right calf only, while the left served as a control for image analysis. Patients
were treated weekly for 45 minutes for a total of 4 weeks, and followed up 4 weeks after the
final treatment. Ten participants were treated with 42°C and ten participants were treated
with 40 °C. Tissue blood perfusion was measured by laser scanning doppler and skin
temperature was measured using infrared thermography. Subjective pain scores and
photographs of the treated area were also documented weekly.

Results



Blood perfusion increased from 170% up to 756% with an average of 432% as measured
within 5 minutes post-treatment. Subjects treated with 40 °C had an average increase of
372.7% and subjects treated with 42 °C had an average increase of 502%. Skin
temperature for subjects treated with 40°C had an average increase of 6.5 °C and subjects
treated with 42°C had an average increase of 7.2 °C. There was an average 4.3°C increase
at a 1 cm depth. Subjective pain scores (0 is no pain and 10 is the worst) were 0 (zero)
except for 1 participant reported score 1 on week 3 and one participant reported score 2
with each treatment. Three of the subjects treated with 42 °C were noticed to have minor
skin erythema.

Conclusion

This study demonstrates safety and good tolerability of the Thermofield radiofrequency
hyperthermia device, especially using 40 °C for once weekly application. The device is
compact, easily portable, and heats tissue rapidly to a depth of a few cent| s. The
major conclusion of the study is that this new device can safely produc sed blood
perfusion, which is critical for aiding in the healing of chronic soft tlssue’@nds A major
finding was that the device increased blood perfusion well, even in atients, which
represent a large majority of lower limb maladies. No complicationg @&e noted at this
temperature and the patient satisfaction was high. We propose he Thermofield device
will be a beneficial addition for the management of complex sof sue healing, and may
offer additional benefits in pain mitigation, or augment clinic 8@ ndards of care, which we
will explore in a developing clinical trial.
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Abstract %

Treating prosthetic joint infection (PJI) involves highly-invasive surgical procedures with
great impact on quality of life for patients. PJl occur due to biofilm formation around the
implant. This process sets up an altered microenvironment for bacteria to thrive unhindered
by the body’s natural immunologic protective response and antibiotic treatment. Studies
have reported that heat can reduce biofilm on implant surfaces and can also increase its
sensitivity to antibiotics. AMF provides a method for non-invasive targeted heating of metal
implants without surgical intervention. Although promising, its application encompasses
numerous engineering challenges. This study explores design challenges to generate a
system capable of efficiently delivering a therapeutic dose of AMF to a primary knee implant
and the development of a clinical device for human trials. Based on prior in-vitro, large
animal, and computational studies, a complex AMF coil pattern generating 5 mT at 200 kHz



was required to reach 75°C average surface temperature within 2 min on the knee implant
with uniform distribution. Construction of the system required electrical currents on the
order of 200 A, specialized litz wire, use of resonance and matching circuits, handling of up
to 10 KV peak circuit voltage, dynamic tracking of thermal resistive changes of tank circuit,
and a means to position the coil accurately around the knee. The magnetic field of
constructed system was measured and validated against simulated magnetic field
calculations. The surface temperature distribution of clinical knee implants was measured
with infrared imaging, and found to agree within <10% with equivalent simulations. Overall,
this study shows successful engineering of a clinical system for AMF heating of prosthetic
knee implants, and it is in the process of obtaining approval for human feasibility studies.
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Abstract

Thermoembolization is a novel treatment method in which a reagent undergoing
exothermic chemical reaction provides thermal and chemical embolization. The reagent is
delivered endovascularly to a target such as hepatocellular carcinoma. Due to the chemical
and thermal ablation nature of the treatment, the vasculature rapidly reaches stasis upon
delivery of the reagent to the target tissue. Determining the correct amount of reagent,
location and speed of delivery is important for designing appropriate treatment delivery
protocols. Computational simulations of thermoembolization can aid clinical study to predict
where the damage would occur as well as how much. This presentation will deuss the
equations, algorithms, and analysis for thermoembolization simulation.

A Gaussian mixture model was applied to segment the vessels as the fé:boce of the
exothermic reaction. A Hessian based filter provided the priors for xture model
segmentation. A centerline extraction was applied to the vessel se$n‘tation generating a
NIFTI dataset of centerline pixels. An algorithm to connect the n Qh oring centerline pixels,
identify terminal endpoints and any discontinuities is developaegq. This algorithm provides a
1D pipe network of the segmented vasculature generated @\ the extracted centerline
pixels. Each centerline pixel acts as a pressure node and tBe*1D pipe element connects two
pixels as vessel. The blood flow in this 1D vessel is m@)ad using Hagen-Poiseuille's
equation, and mass conservation is applied at each sure node. Thus, the total number
of unknowns was the same as the total number of centerline pixels in the segmented
vasculature. The linear system of mass conserva equations at each pressure node, with
pressure as the unknowns was solved using @ olver.

Since the centerline pixels were extracted ctly from the CT scans, there was a direct
pixel to pixel correlation between the i@ g data and simulation results. Numerical
simulations were validated in a porcise @animal model. The observed contrast enhancement

was used as a reference for the ex d mass transport. Simulation showed good
agreement with the observed m ransport in imaging. Current directions for further
model validation will also be pp ted.

?\
2
o
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Abstract (19

Metal implant @ions are a devastating problem due to the formation of biofilm which
impairs the iveness of antibiotics and leads to surgical replacement as definitive
treatment. Exgosing implants to Alternating Magnetic Fields (AMF) generates surface
heating where biofilm tends to reside. However, the use of AMF heating on implants to
eradicate biofilm must be accurate and safe to surrounding tissues, in order to be practical.
In this study the validation of AMF heating in a knee implant and surrounding tissues is
investigated using Solenic’s AMF treatment device (Sola 2) on a human cadaver and digital
knee models. Real time temperature measurements using fiber optic sensors were
performed on a primary knee implant and surrounding tissues including, medial and lateral
collateral ligaments, patella, muscle, and skin. Simulations were performed on a cadaver
equivalent digital knee model to compare the temperatures that were measured from the
cadaver. To ensure safety due to the AMF treatment thermal dose levels on surrounding
tissues were calculated based on CEM43 and Arrhenius tissue damage models. Results
show <10% of uncertainty variation between simulations and experiments. Using the
treatment strategy of achieving an average surface temperature of 75°C in single 80s



exposure, no significant irreversible tissue damage was observed to surrounding tissues.
This heating scheme has also been shown to be effective at eradicating biofilm in our in
vitro and in vivo studies. Overall, this study indicates accurate heating and safe
implementation of AMF treatment in clinics for primary knee implants.
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Abstract

Background: Hyperthermia has emerged as a promising therapy for cancer, with potential
effects on platelet function, inflammation, and cytokine production. Whole-body
hyperthermia treatment utilizes the brain-eyelid thermal tunnel (BTT), pioneered at Yale
University, which enables non-invasive, continuous monitoring of brain temperature and
optimizes heat transfer between brain and eyelid, resulted in the development of brain-
guided WBH (BgWBH).

Purpose: To investigate the alterations in white blood cell count, hemoglobin levels,
platelet count, sedimentation rate, and cytokine/growth factors indicative of angiogenesis



and/or inflammation 24 hours after BQWBH treatment in a focused cohort of 16 cancer
patients.

Methods: After obtaining informed consent, BWBH was administered using the FDA-
approved Abreu-BTT-700 system and BTT radiant-heat equipment involving a heat chamber
enclosing the patient's body and head inductor delivering heat to the brain via BTT. During
hyperthermia, non-sedated patients were exposed to far-infrared heat, aiming to achieve
their brain and body temperature to 41.5°C (SD £0.3°C) for 35 minutes (SD =8 minutes).
Continuous monitoring included heart rate, respiratory rate, oxygen saturation, body core
temperature (measured with tympanic probe), and skin temperature at eight sites
(precordium, forehead, and right and left arms, hips, and calves) besides blood pressure
every 5 minutes. The infusion pump provided hydration as needed. Brain temperature was
measured using the noninvasive FDA-approved Cl-eyelid surface probe. Biological
assessment was performed on the peripheral blood of sixteen consecutive ca r patients
both before and 24 hours after undergoing a single BQWBH treatment. The ted cases
had an average age of 62 years (SD £12.5 years) and included four cas rostate
cancer, three of breast cancer, two of lymphomas, two of pancreatic ca one of sarcoma,
one of colon cancer, one of ovarian cancer, one of lung cancer, and o0 f uterine cancer.
Vascular endothelial growth factor A (VEGF-A) levels were examine latelet-poor plasma,

while C-reactive protein (CRP), tumor necrosis factor alpha (TNF- luble interleukin-2
receptor (sIL-2R) and interleukin-10 (IL-10) were assessed in se . We conducted a
Wilcoxon matched-pairs signed-rank test to assess the compafson of biological parameters
before and after BQWBH treatment. Q

Results: Evaluation of white blood cells, hemoglobin @platelet demonstrated no
significant difference before and after BWBH treatm (respectively with a P-value=0.53;
0.09 and 0.11). The sedimentation rate used as g n6n-specific marker of inflammation
associated to CRP and TNF-a were all significan creased after BQWBH treatment (with
respectively a P-value=0.003; 0.0004 and 0. . Interleukin-10 (IL-10) has been evaluated
for its anti-inflammatory properties that ma@ ntribute to an immunosuppressive
environment, potentially aiding tumor g . IL-10 was not significantly modified after
BgWBH treatment (with a P-value=0.l$e IL-2 receptor (IL-2R) plays a crucial role in the
immune system and several malign‘ﬁg ells express high levels of IL-2 receptors giving rise
to high sIL-2R levels in serum. M ng soluble IL-2R levels has been proposed recently as
a diagnostic and prognostic too@ could provide insights into the patient's treatment
efficacy or disease progressio L-2R was significantly decreased after BQWBH treatment
(with a P-value=0.0002). Fin , VEGF-A, a well know angiogenic growth factor was found to
significantly decrease aft%@ WBH treatment (with a P-value=0.003).

Conclusion: All |n findings demonstrated a noteworthy reduction in both specific
and non- speC|ﬁ iongarkers associated with inflammation, immune modulation, and
angiogenesis fo@mg BgWBH treatment. This discovery implies that BgWBH establishes an
inhibitory env nment conducive to suppressing tumor growth and angiogenesis. To
substantlat@r findings, additional research and clinical trials are essential, setting the
stage for the potential incorporation of BQWBH into clinical practice for cancer treatment.
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Abstract . 0\,@
AS)

Background: \S
Lymph node involvement (LN) is a major prognostic factor of survix@%’ pancreatic ductal
adenocarcinoma (PDAC). In the HEAT study, regional hypertherr&@ ith cisplatin added to
gemcitabine (GPH) compared to gemcitabine (G) in resected RDAC did not significantly
improve disease-free survival (DFS) with a borderline trend proved overall survival (OS)
(Issels et al. EJC 2023). To analyze the prognostic accurac 0/N1 tumors, different LN
parameters in the HEAT study population have been tes@d.

Methods: ,

In 109 randomized patients who underwent pg&toduodenectomy between April 2012 to
April 2018, we assessed the prognostic value\' the LN status (NO/N1) according the AJCC 7
edition and the number of examined lymp @pdes (ELN) and of positive lymph nodes (PLN)
according the AJCC 8th edition. Explorat nalyses of DFS and OS were performed. All
Confidence Intervals (Cls) are two—taiQR ith 90% confidence level. All p-values are one-
sided. Cut points were determined bb' OC method.

N,

Results: Q

In 109 randomized patientsv§}32 patients; N1:77 patients), the median number of ELN
was 22.0 (interquartile rame. 12.5-28) and the median number of PLN was 1

(interquartile range: 0=3)l After median follow-up of 60 months, recurrence occurred in 86
patients (NO: 23 ve 1:63). There was a difference of DFS in favor of the NO group (NO
vs N1; HR, 0.68; Q0%I, 0.46-1.00; p=0.051).Median OS was 33.8 (NO) vs 24.8 months
(N1) (HR 0.68; Cl, 0.45-1.02; p=0.059). High number of ELN (cut point = 18 vs < 18)
was associat th improved median OS (28.9 versus 23.6 months (Kaplan-Meier
p=0.027). LleMnumber of PLN (cut point < 3 vs = 3) was associated with improved median
DFS (12.6 versus 11.2 months (Kaplan-Meier p=0.045).

Conclusions:

This study demonstrates that - in addition to the NO/N1 category - the number of ELN and
the number of PLN are parameters in predicting survival for patients with resectable PDAC
in the HEAT study. Uni- and multivariate analyses including additional risk factors and
testing the impact of treatment are ongoing.
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Abstract b‘?\

Neuroblastoma is am%;ressive solid tumor most frequently observed in childhood and is
associated with por Butcomes despite various available treatment strategies (e.g.
chemotherapy @ﬁtion therapy). Photothermal therapy (PTT) is a promising strategy to
treat tumors h*as neuroblastoma using a nanoparticle-based photothermal agent.
Prussian bl anoparticles (PBNPs), as studied by our lab, are optimal nanoparticles to use
as photothermal agents as they have limited toxicity and are FDA-approved to treat
radioactive poisoning. When irradiated with a near infrared wavelength laser, the PBNPs
absorb the light and convert it to heat, causing thermal ablation, tumor cell death, and local
as well as abscopal immune effects. Our earlier findings reveal that PBNP-based PTT (PBNP-
PTT) is an effective strategy for treating neuroblastoma in vivo when the laser light is
administered superficially, but this approach, while successful in laboratory settings, is
associated with translational limitations. Specifically, superficially administered lasers are
typically unable to penetrate the entire tumor depth, and may deliver heterogeneous
thermal doses across tumor tissue, thereby generating variable cytotoxicity, suboptimal
tumor regression, which ultimately drives tumor recurrence. Interstitial PTT (I-PTT) is a
promising alternative that comprises a laser diffuser placed intratumorally using a catheter
to administer PTT from the “inside out”. In this context, ultrasound-based image guidance
can be used to accurately position the laser diffuser within a tumor, facilitating more



consistent laser delivery, which may provide more effective treatment responses. Motivated
by the potential benefits of using ultrasound-guided I-PTT as a precise and effective therapy
for neuroblastoma, in this study we assess the effect of ultrasound-guided I-PTT on
neuroblastoma tumor control compared to controls.

In order to test feasibility of the study, 2% agar gel phantoms were injected with PBNPs and
the laser fiber was inserted using ultrasound guidance. Optimal needle and fiber position
was achieved by direct visualization with an ultrasound probe. Building on these phantom
studies, we conducted a pilot study in a TH-MYCN derived 9464D syngeneic model of
neuroblastoma. In this pilot study, 15 C57BL/6 mice were inoculated with 1e6 9464D
neuroblastoma tumor cells in 100 pL of 1:1 PBS/Matrigel in the flank. Once tumors became
palpable (at least ~5 mm in each dimension), the mice were randomized into three groups
(n=5/group). Tumor volumes for each animal were normalized relative to the%litial volume
at the day of treatment to monitor tumor progression. Five mice were trea @ ith
ultrasound guided I-PTT (US I-PTT), five mice were given |-PTT treatmen out ultrasound
guidance (blinded), and five mice were left untreated. Mice were regu visualized by the
Vevo 3100 ultrasound system to monitor tumor growth and progr séh in B-mode cross-
sectional 2D images. For all groups, tumors were confirmed with sound imaging by
identifying a hypoechoic region characteristic of the tumor. For mice in the US I-PTT
group, hypoechoic tumor structures served as landmarks for $ptimal needle guidance
during treatment. On day 8 post-treatment, the normalizeﬁ or volume for the US I-PTT
group (0.503 +£0.367) was significantly smaller than bo e blinded treatment group
volume (4.20 £1.09) and the control group (6.64 i]&Additionally, the one-way ANOVA
test demonstrated a statistically significant differenceN@ mean value for each experimental
group (0.003). Together, these proof-of-principle restlts demonstrate the value of using
ultrasound guidance for I-PTT treatment and th ential of this approach to provide a
more accurate and effective treatment for ney ‘@Iastoma. Despite these results, through

both t-test and one-way ANOVA, there was atistical significance seen after day 8 post-
treatment. Ongoing studies and future st@di€s will be dedicated to increasing sample sizes,
analyzing animal survival post-treatm nd assessing tumor immune characteristics

post-treatment via flow cytometry a‘pb"d\i munohistochemistry.
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The goal of this study is to investigate the use noparticle-based photothermal therapy
to generate multi-antigen, targeted T cells f oblastoma (GBM). GBM is a deadly cancer

that impacts >13,000 patients per year. tive T cell therapy (ATCT) is a promising
immunotherapeutic approach that use&blogous or allogeneic T cells to target and lyse
tumor cells. While chimeric antigen rec&ptor (CAR) T cells have shown promising results in
treating hematological malignancies&wey have had limited efficacy against solid tumors.
GBM is particularly hard to treat ywwitiR“current ATCT approaches because it is notably
heterogeneous among patient within a patient’s tumor. Because CAR T cells and other
ATCTs are designed based o@viously identified antigens, GBM cells that do not express
the chosen target can resist ¥herapy and cause recurrence. To address these mechanisms of
treatment failure, we h eveloped a novel tumor-specific T cell expansion platform that
uses Prussian blue n a'lérticle-based photothermal therapy (PBNP-PTT). Here, we describe
the use of PBNP-P aQenerate T cells specifically targeted to GBM U87 cell lines as well as
primary GBM tum mples from patients. To generate “PTT-T” cells, we administer PBNP-
PTT at a specifQP rmal dose to elicit cytotoxicity and immunogenic cell death in GBM cells.
Then, the P -PTT-treated tumor cells are co-cultured with dendritic cells (DCs) and T cells
to facilitate the expansion of T cells designed against multiple antigens in GBM in an
agnostic and personalized manner. Our recently published papers illustrated that several
healthy donor-derived GBM-specific T cells are specific and cytotoxic against target cells
both in vitro and in orthotopic animal models in vivo. GBM-specific T cells generated by
PBNP-PTT exhibited selective expansion of a subset of TCR clones and increased cytotoxic
phenotype as measured by TCR sequencing and flow cytometry. Despite these promising
results, the translation of this PBNP-PTT-based ATCT product is limited by a lengthy
manufacturing period (23 days) and the cumbersome and harsh handling of DCs. To
improve the manufacturing process, which has implications for speed of product availability
and production cost, we performed optimization studies which demonstrated that ex

vivo stimulation of T cells by DCs for 12 days, rather than 20 days, produced comparable
cytotoxicity and shortened the overall manufacture time to 15 days from 23. Additional
optimizations included direct delivery of naive T cells to the DC-tumor co-culture in order to
limit handling of DCs, which yielded 100% cytotoxicity of the GBM-specific T cell product at



various effector cell to target cell ratios. These preliminary findings suggest both the
improved efficacy and efficiency of our product after the optimization studies. Together, our
findings demonstrate the promise of our nanoparticle-based photothermal therapy to
generate potent T cells for treating GBM, which has the potential to expand the pool of
targeted antigens and provide advantages over other ATCTs.
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Introduction:

aging, congenital conditions, genetic issues, and exposure to nois ototoxic drugs. More
than 30% of adults above 65 suffer from some degree of hearin culty in the United
States [National Center for Health Statistics. Percentage of an culty hearing for adults
aged 18 and over (95% confidence intervals), United States 19—2022]. Despite the
success of hearing aids and cochlear implants in improvin e patient’s life quality, these
treatments face some challenges, including high cost, r? of damaging remaining hearing
ability, limitation in restoring all features of natural s perception, and risk of post-
operation infection in cochlear implants. Hearing losg prevention mitigates the need for
cochlear implants and hearing aids and providesdqdividuals with a healthier, sustainable

life. Q

: N
Medication, hypothermia, hyperthermia, a Qp otobiomodulation therapy (PBMT) have

Hearing loss is one of the most common human medical condtmn@v appens due to

been studied as possible methods to pr t hearing loss. Hypothermia and medications
may lead to adverse events such as in uption of necessary free radical accumulation,
coagulation mechanism, impaired i une function, longer hospitalization, cardiac events,
and wound infection. The near-inf d (NIR) light that is used in photobiomodulation can be
absorbed by the cochlear fluid, d@\lse mild hyperthermia, and lead to triggering the release
of heat shock proteins (HSPWn though this mechanism can boost the effectiveness of
photobiomodulation, it al ay lead to intracochlear thermal damage. Therefore, a thermal
model can ensure the tbf/ al safety of PBMT.

Methods:

Monte-Carlo ing and finite difference biological reaction models to find the
combinatio wavelength, intensity, and duration of photo-thermal therapy that prevents
hearing loss. This combination depends on the source of hearing damage, the size of the
cochlea and temporal bone, and the diameter of the NIR laser. The most common
wavelength of near-infrared light used in PBM is in the range of 800-1000 nm, which can
penetrate human tissues up to 5 mm.

We integrated @mte element heat transfer and fluid dynamics model of the cochlea with
gp&z C

Heat transfer within human tissues is determined by the Pennes Equation and includes
accumulation term, conduction, convection (in the form of perfusion and other biological
fluid flows), radiation, metabolic heat generation, and any other heat source. We estimated
the maximum value of each term in Pennes Equation by applying the concept of thermal

dose and limiting the maximum safe temperature to 43°C. In PBMT, metabolic heat
generation is subject to change due to the release of ATP and HSP. The heat source in PBMT
is the absorbed light, and the perfusion rate is subject to change in PBMT.



We used conservation of mass equations for the reaction that leads to the release of HSPs
as they are listed in [Szymanska, Z. & Zylicz, M. Mathematical modeling of heat shock
protein synthesis in response to temperature change. J Theor Biol 259, 562-569 (2009)].
This model consists of nine ordinary differential equations, which were solved using the
Runge-Kutta method. The impact of temperature on these chemical reactions will be added
using the fraction of protein denaturation. Similarly, we defined a system of ode equations
for predicting the electron transport and ATP synthesis. The equilibrium constants are
functions of temperature. PBMT impacts the release of ATP by providing energy to open ion
channels without causing a measurable increase in temperature.

Conclusion:

We modeled this phenomenon by incorporating the impact of light wavelength on the
reaction’s equilibrium constants. We developed a multiscale multiphysics computational
model that can be used to understand the impact of integrated mechanism
photobiomodulation and hyperthermia on hearing loss prevention and av i@qg potential
adverse events. We validated the results with In-Vitro models. ’\

xQ
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Abstract

’
Introduction \}Qq

The objective of this study is to predict ijatial distribution of intratumoral temperatures
during magnetic hyperthermia treatm sing computational modeling. Magnetic
nanoparticle hyperthermia has sho omise in cancer treatment due to its ability to
locally induce cell death within tu . However, it is important to understand the
temperature changes and their lal distribution during treatment to optimize therapeutic
results and minimize damage urrounding tissues.

Methods b‘

Experimental: In viv @(iﬁc absorption rates were estimated via surface temperature
measurements duyri yperthermia on subcutaneous tumors in mice using an alternating
magnetic field generator. The mice are placed in a double-hole coil animal bed, and
the temperat nsor is attached to the tumor surface. The exposure time was 20 min
under AMF =1500e and f=164kHz. The temperature versus time (Txt) was collected,

and SAR was Talculated from the initial slope of the Txt curve.

Computational: A steady-state Pennes' bio-heat transfer model, coupled with the estimated
specific absorption rates, was used to predict the tumor temperature distribution. Assuming
the uniform distribution of nanoparticles within a volume equal to injected nanofluid, we
predicted the rise in intratumoral temperature. By representing experimental mice in a 3D
computational model and solving the mathematical model with a Dirichlet boundary
condition on the surface touching the animal bed and a convective boundary condition on
the remaining surface steady-state temperature distribution was predicted. The
mathematical model was implemented in the finite element-based software package
COMSOL Multiphysics. The accuracy of prediction is evaluated by comparing it to the
experimental measurement of tumor surface temperature.

Results



The in vivo experiments showed a 2.6+0.1°C increase in tumor surface temperature, while
our computational modeling predicted a rise of 3.096 £0.172°C (meanx95%ClI) for different
physiological conditions (varying blood perfusion and metabolic heat generation rates),
showing a reasonable match between the model and experiment.

Discussion and Conclusion

This initial work demonstrates the model may be able to simulate the spatial distribution of
intratumoral temperatures with varying physiological parameters, which is difficult to obtain
experimentally. Additional experiments are needed to improve and validate the
computational accuracy. However, the computational model has the potential to optimize
and guide how magnetic hyperthermia can be applied to cancer treatment.

Keywords: Magnetic nanoparticles, Hyperthermia, Bio-heat transfer, Finite elements,
Temperature elevation.
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Introduction: Thermoembolization is an e mental, minimally invasive, catheter-directed
therapy for unresectable tumors. It wa gned to use local chemistry to address
incomplete treatment seen with exis{jn ethods such as chemoembolization or
radioembolization. It is an exothern‘nférocedure due to the energy release on reaction of an
acid chloride or other strong elec @ ile. A way to combine heat, local chemical ablation,
ischemia, and a high local dru émentration would be an appealing line of investigation if
a drug remained in the targ a as hypothesized. A key question is how much of a
delivered dose escapes f he target zone and thus could cause off- target toxicity. We
report here on our initi erience in vivo with thermoembolization using 2-
propylpentanoyl chlo@/measurlng plasma levels of the reaction product valproate.

Materials an%ﬁ& Eods

Experiments were conducted under an IACUC-approved protocol. Domestic swine (n=3)
under general anesthesia had 5F access sheaths placed in the common femoral artery for
delivery and vein for sampling. Imaging was performed to define anatomy at baseline.
Under fluoroscopy, a 2.7F microcatheter was advanced through a reverse-curve base
catheter seated at the origin of the celiac artery to select a single lobar hepatic artery.
Baseline labs (liver panel, blood count) were drawn. Timed blood draws (5 mL each) were
started 2 minutes prior to thermoembolization and continued at intervals for 2h following
delivery. The embolic solution consisted of 400-600 pL of freshly prepared 2-
propylpentanoyl chloride at 1 mol/L in ethiodized oil. Plasma was isolated and frozen for
later analysis. Animals were recovered, and 3-7 days later, again under anesthesia, an
intravenous bolus dose of sodium valproate (20 mg/kg) was administered as a positive
control. Starting 2 minutes prior to the dose as before, labs and timed blood draws for



plasma were obtained. Analyses for valproate were done by LC/MS in triplicate and plotted
against known standards used to generate a standard curve.

Results: Animals tolerated the procedure well. Experimental samples showed either no spike
or a barely detectable rise in concentration and immediate return to baseline. Positive
controls from intravenous dosing showed the expected early spike in plasma concentration
which rapidly decreased with time.

Conclusion: Based on the extremely low levels of valproate detected in experimental
samples, thermoembolization confines a delivered dose primarily to the target vascular bed
with little to no systemic exposure. The multiplexed effects rapidly and duralgkl'@iisrupt
perfusion in the target tissue. Accordingly, 2-propylpentanoyl chloride bas
thermoembolization has potential as a therapeutic strategy for treatmen@ olid tumors.

<
&
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ABSTRACT: vv

¥

Hyperthermia is us %’ treatment of locoregional recurrent (LRR) breast cancer.
Hyperthermia at 40-42°C acts synergistically with ionizing radiation and chemotherapeutic
agents. To achi his temperature goal it is important that superficial hyperthermia device
enetrate the target location depth and to have extensive well-
ermometry with multiple sensor thermocouple probes. Cooling with a
circulating water bolus during the treatment is applied to augment the penetration depth.
There is a debate whether invasive intratarget and skin surface temperature measurements
have a relationship with locoregional tumor control (LRC). We therefore investigated the
association of various invasive and skin hyperthermia parameters with LRC for patients with
LRR breast cancer treated with postoperative re-irradiation and hyperthermia.

METHODS:

This historical cohort study included 112 women with LRR breast cancer who were treated
between 2010-2017 with postoperative re-irradiation 8x4Gy (n=34) or 23x2Gy (n=78),
combined with 4-5 weekly hyperthermia sessions. Superficial hyperthermia was given with



microstrip applicators operating at 434MHz with a penetration depth of circa 4cm (Medlogix,
Rome, Italy). Both intratarget guided invasive thermometry and extensive skin surface
thermocouple thermometry were employed to monitor and measure tumor target
temperatures in each session. For each patient seven-sensor copper-constantan
thermocouple probes (Volenec RD Inc., Hradec Kralové, Czech Republic) were placed
invasively (8 £ 5 sensors) for intratarget monitoring, and similar probes were placed on the
skin surface (80 £ 30 sensors). Based on Weibull univariate and multivariate stepwise
backward regression analysis, the highest invasively and skin surface measured thermal
dose CEM43°CTgg (median cumulative equivalent minutes at 43°C) and average Tg

(median cumulative temperature in °C) were selected to analyze relationships between
thermal dose or temperature and LRC. Tumor location breast/chest wall, lymph node
involvement and age were also included in the model. Additionally, Pearson correlation
coefficient analysis between invasive and skin surface hyperthermia parameters was

performed. 0\?)
O

RESULTS: \$

Twenty-four patients (21.4%) developed an infield recurrence; Wlﬁé edlan time to
recurrence of 3.4 years (interquartile range (IQR) 2.7-4.6 years) dian highest
hyperthermia session CEM43°CTg for invasive and skin sur@e were 7.2 minutes (IQR 3.4-

15.9) and 2.8 minutes (IQR 2.0-4.3), respectively. For aver{g Tg5o, the median invasive

and skin temperatures were 40.7°C (IQR 40.0-41.3) a 0.6°C (IQR 40.3-40.8),
respectively. Univariate and multivariate analysis sho@no association between skin
surface temperature parameters and LRC (P=0.131;,P=0.215, respectively), but invasive
intratarget temperature parameters did show a sg&nificant association with LRC (P=0.015;
P=0.021, respectively). Pearson correlation an showed no significant association
between the intratarget and skin temperat arameters. The close proximity of the water
bolus is likely to be a major reason for the ence of correlation between skin temperature
measurements and LRC.

N
a
CONCLUSION: (\0‘

Invasively intratarget therm try was and skin thermometry was not significantly
associated with LRC in @m s with LRR treated with postoperative re-irradiation combined
with superficial hyper@v ia. These results are relevant for the clinical practice when it
comes to treatmen ery and stressed once again the paramount value of invasive

thermometry. §
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Abstract O(\

Background/rationale: Systemic toxicities from cherryo?erapeutic agents limit the dosage
and potential effectiveness of many cancer treatg?gnts. For widely-used doxorubicin,
toxicities can occur during treatment (e.g., he ogical effects) and long after (e.qg.,
permanent cardiovascular damage). Incorp n of such drugs into thermosensitive
liposomal nanoparticles (TSL) allows deliv f high doses directly to solid tumors upon
heat-stimulated release within the tu sculature. This approach results in rapid drug
escape from tumor capillaries and shQui decrease extraneous doxorubicin delivery to non-
tumor tissue. We hypothesize that aining circulating doxorubicin concentration could
further be reduced by extracorp filtration following TSL treatment, with measurable
reduction of systemic toxicity.Q

Methods: In a pilot St'ﬁglo demonstrate feasibility and potential efficacy of this approach,
brown Norway rats qg to date) were subjected to baseline cardiovascular measurements
urgically inserting jugular vein and carotid artery catheters with

by ultrasound befgre
external, back nted ports. For treatment animals, extracorporeal circulation (ECC),
driven by a peristaltic pump, was started 30-min post-injection of TSL-encapsulated

doxorubicin (#’mg/kg) to transport blood from the carotid catheter through a 43°C heating
element to release dox, then through a column containing activated charcoal, before
returning to the animal through the jugular catheter. ECC continued for 1 hr, with blood
collection both before and after the column every 15 min (for plasma chemistry, cell counts
and dox quantification). Control animals were subjected to the same surgery and TSL-dox
injection, but no ECC. After treatment, animals were followed for 6 wks by weekly blood
sampling, cardiac imaging (echocardiography of left ventricular function), and vascular
imaging (vascular ultrasound to quantify changes in pulse propagation velocity, an early
biomarker of cardiac chemo-toxicity). Measured parameters were compared between groups
of animals using t-tests and ANOVA.




Results: After experimental optimization, the ECC setup was shown to be feasible, with no
observed detrimental effects. Between 20-30% of circulating doxorubicin was removed by
the filtration column in test rats, but the treatment did not result in significant reduction of
major plasma electrolyte or protein concentrations. All measured blood chemistry
parameters had returned to base level ranges by the day after the treatment, and animals
were able to complete the 6-week study. There were no significant differences with post-
experimental blood cell counts between test and control animals (neutrophils, total WBCs
and RBCs returned to base ranges within 2 weeks post-treatment). While ECC test animals
showed little change throughout the study in abdominal aortic pulse propagation velocity
(PPV), control animals demonstrated an average of 49% increase in PPV (p=0.036, ctrl vs
exp at wk 6).

Conclusions: A method for extracorporeal removal of circulating doxorubicin s@ased from
t

thermosensitive liposomes was determined to be safe and effective in rats ic stiffening,
an early indicator of long-term doxorubicin-induced cardio-toxicity, was ced in treated
animals. Further optimization of this approach could increase efficacy ug removal, and

increased statistical power may reveal additional discernable effect6 is treatment.
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Abstract

This talk will focus on our recent efforts to develop computer modeling and image
processing techniques for the study of hemodynamics in the Fontan circulati @a common
post surgical physiology for children born with a single ventricle. The cIinic%ﬂestions of
this study are related to the effect of the Norwood surgically reconstruct rta on
peripheral blood flow, perfusion, and other quantities that exist outsid "q he imaged
thoracic region. We will describe approaches to register MRA image cﬁj e vessel anatomy
with 4Dflow images of the time-resolved blood velocity field. We wi \?so discuss methods to
incorporate these images into the calibration of vessel network g@puter models for the
prediction of peripheral perfusion and other clinical variables QH"C ide of the imaged region.

O
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Abstract 0

0
%sponsible for

we developed a

Background: Residual cancer cells following surgical tumor excision

local cancer recurrence, posing a significant challenge. To address

method for delivering a large chemotherapy dose to the surgical in. After tumor

resection, we administered thermosensitive liposomes (TSL) loa with doxorubicin (Dox),

followed by exposure of the surgical cavity to infrared Iase@g thermia. The goal was to
e

eliminate residual cancer cells to prevent local tumor recur

Method: The efficacy of our approach was evaluated @mouse model using luciferase-
labeled human RH-30 rhabdomyosarcoma cells. First Ny vitro cytotoxicity of Dox in RH-30
Luc cells was determined by incubation with Dox fo®1 hr, drug removal, then luminescence
imaging of cells after 24 hr of culture. In mouse ies, RH30 Luc cells were
subcutaneously injected into two groups of a nude mice (n=4/group) to form tumors
(5-8 mm). Tumors were then partially remo »"leaving a small fraction (~1-2 mm) behind
to simulate an incomplete surgery with § al cancer cells. In the surgery control group

(S), the surgical incision was closed af rgery without further treatment. In the
treatment group (SDH), immediately\gfter resection (with surgical cavity still accessible),
TSL-Dox (5 mg/kg) was administer: travenously. The region of the remaining tumor
fragment in the surgical cavity @hen exposed to laser hyperthermia (43°C for 30 min),
to locally deliver Dox to the reg™g¥ning cancer cells. The laser hyperthermia was carried out
inside an in vivo imaging sy@ for luminescence imaging of tumor and fluorescence
imaging of Dox. After trea nt, mice were followed bi-weekly with luminescence imaging
and tumor size mea5l§€bent, until any recurrent tumors reached 10 mm in size.

|

Results: The cytotcfa)zl y study with the RH-30 Luc cell line found an LD50 of 1.6 pg/ml for

Dox after 24 hr. mice in the SDH group, in 2 mice tumors disappeared without
recurrence b he 90-day study endpoint. A 3rd mouse hasn't shown any recurrence
after 61 day. d is still being followed. The 4th mouse developed a tumor and was

sacrificed 44 days post-treatment when tumor size reached the endpoint. In contrast, all 4
mice in the control group (S) experienced local recurrence, with an average of 15.25+6.73
days to reach their tumor size endpoint. Mean survival time was significantly longer for
animals in the SDH group (p=0.005).

Conclusions: We present a novel method for eradication of residual cancer cells after
surgery. The combination of TSL-Dox and laser hyperthermia enabled targeted
chemotherapy delivery to the surgical margin, preventing local recurrence in 3 out of 4
mice. This therapy has potential clinical application in cancer types with high local
recurrence rates, such as certain soft tissue sarcoma or pancreatic cancer.
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O

The prognosis for patients with lastoma (GBM) remains dismal, with a relative five-year
survival rate of 7.5%, a conse ce of extensive intertumoral heterogeneity and other
factors. Hence, there is an u?e t need for personalized novel therapies for this patient
population that directly adglreéss cellular heterogeneity in each patient. Adoptive T cell
therapy (ATCT) has b ccessful in treating hematological malignancies, and is currently
under investigation% lid tumor therapy. In contrast to existing chimeric antigen receptor
(CAR) T cell and/og anggen-specific T cell approaches which require known targets, and

responsive to t ed for targeting a broad repertoire of antigens in GBM, we have
described theAwst use of immunostimulatory photothermal nanoparticles to generate
tumor-speci cells. Using partially HLA-matched healthy donor peripheral blood

mononuclear cells (PBMCs), we recently published that Prussian blue nanoparticle-based
photothermal therapy can be used to generate multi-targeted GBM-specific T cells that are
effective against GBM cell lines both in vitro and in vivo. Although these studies are
promising, they do not reflect the envisioned clinical scheme of developing an autologous
ATCT using PBNP-PTT. Further, the in vivo studies were performed using xenografts in
immunodeficient NSG mice. Thus, there is a need to establish an autologous or syngeneic
model with which to test the PBNP-PTT-based ATCT platform in an immunocompetent
murine system. This will enable us to rigorously evaluate the therapeutic potential of this
ATCT platform, especially in the context of an intact and immunosuppressive tumor
microenvironment. Here, we seek to describe the generation of syngeneic tumor-specific T
cells using PBNP-PTT.



To this end, we subjected whole murine GL261 glioma cells (syngeneic to C57BL/6 mice) to
PBNP-PTT to induce immunogenicity of the tumor cells. Syngeneic dendritic cells (DCs) and
T cells were isolated from the bone marrow and spleens of healthy C57BL/6 mice,
respectively. DCs were then cultured with IL4 and GM-CSF for three days. Next, we cultured
the PBNP-PTT-treated GL261 cells with DCs for 4 hours and cultured the DCs in maturation
cytokines overnight. The following day, these primed DCs were co-cultured with the splenic
T cells and supplemented with IL6, IL7, IL12, IL15 to promote the expansion of GL261-
specific T cells.

In proof-of-concept studies, we demonstrated that when PBNP-PTT was administered at a
thermal dose to induce the immunogenicity of GL261 cells, we expanded GL261-specific
murine T cells, that had a mixed population of CD4+ and CD8+ cells. Upon co-culture with
target GL261 cells, GBM-specific T cells secreted IFN-y in a specific and dose-dependent
manner. At an E:T ratio of 1:1, T cells expanded using PBNP-PTT secreted IFN-y{wo-fold
compared to T cells alone, suggesting that the T cells were specifically activ in
response to the target cells. These findings provide proof-of-concept dat orting the
potential of using PBNP-PTT in a syngeneic murine model to stimulate ag xpand tumor-
specific T cells in vitro. Ongoing |nvest|gat|on is testing the cytolytic f lonality of PBNP-
PTT-derived glioma-specific T cells in cytotoxicity assays, and evalu the efficacy of the T
cells to delay tumor growth and |mprove survival in GL261 tumo ring mice. These
studies in syngeneic murine models aim to inform the develo n\ of a novel PBNP-PTT-
based autologous ATCT approach for patients with GBM. K
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x&
Hyperthermia is a therapeutic anti-cancer treatment which raises the tem@éture of tumor
tissue in-vivo. This method applies the fact that a cancer cell-killing eff%\ caused when a

temperature above 41-42 °C is maintained in the target volume. At er temperatures,
the effect is called 'thermoablation’. However, for the past decade perthermia was
struggling to be one of the most successful cancer therapy due{?on-localization of the
induced heating power leading to damage of the surroundedﬂg al cells. After the
revolution of nanotechnology, new applications have been r@ led in particular
nanomedicine including drug delivery, agents for magnetiQesonance imaging and the
possibility of internalizing small nanomaterials to the tj @e becomes possible. With the new
field, scientist gave hyperthermia another chance to?successful as cancer therapy by
using nanoparticles that can be internalized to the tmors to produce localized efficient
heat inside the tumor cells and to minimize the age of the normal cells due to non-
localized heat. However, many parameters we Qﬂ ded to be optimized such as
biocompatibility of the nanoparticles with t sue, physical/chemical properties, size
control, aggregation due to the large surf&o volume ratio. If not optimized, those
parameters lead to 1) lack of efficient \% ed heating power to the tumor tissue, 2) excess
heat and side effect to the surround rmal tissues, and 3) lack of successful targeting to
the tumors. These factors were an$@l the main obstacles for the clinical use of
hyperthermia until this moment’Q

In recent years, great progr Qas been made in this respect and nano-sized materials with
novel properties have alr g&}ound or exhibit at least a great potential for applications in
the fields of, e.g., opticg gnetism, electricity, catalysis, and biomedicine. Because of
their novel magnetic 8“]i/erties, magnetic nanoparticles offer attractive potentials not only
for fundamental scié&value but also for technological innovations. One possible field of
application of ma@dwetic nanomaterials is their usage in biology and medicine. The
applicability oj%a methods relies on the fact that magnetic fields only very weakly
interact wit nic materials and do not cause known side effects. Once magnetic
nanoparticles<ére internalized in a particular organic environment such as, e.g., the human
body, external magnetic fields can be applied in order to address these magnetic agents. In
general, external static magnetic fields can fix ferromagnetic nanoparticles at a precise
position, gradient fields can move them and alternating magnetic fields will yield heating of
the nanoparticles. It is the latter effect that opens a completely new route for anti-cancer
therapies: Once internalized in tumor tissue, such a heating effect can be utilized for so-
called ‘magnetic nanoparticles hyperthermia’ (MNH).

When aiming at realizing hyperthermia as independent cancer therapy, however,

much research is required to be done on the laboratory scale to preclinical stages.
Therefore, the talk focusses on summarizing the work have been done in hyperthermia in
the past and highlighting the present and the future directions to make hyperthermia is the
future and most efficient cancer therapy.
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For many decades the assessment of hyperthermia trea t effectiveness has relied on
calculation of CEM @ 43 C. This results in a single nudg‘r that gets larger without
providing additional perspective on the likelihood of aiccessful treatment. While some
indication of the probability of loss of clonogenicity §mong CHO (and analogous) cells can
be extracted, there are many different CA cell t and other indicators of thermally-
initiated irreversible changes in cells that su some cells are more robust against
thermal stress than the CHO (and the like) . Some assays of thermal damage and cell
death closely follow the single-step irrev le reaction kinetics at the root of a CEM
calculation, but many important oneé ot, particularly those that depend on functional

protein cascades. Indeed, in the origfRal CEM clonogenicity data there is a time-delay at 43
C of around 60 minutes during th wly-developing shoulder region before the constant

rate region develops, the regiog’@bm which the CEM time-scaling ratio Rcgm was derived.l

An initial time-delay should ion is a common characteristic of many intrinsic cell death
processes, but not all. b‘

For example, SN12 ce@ pear to be much more thermally-robust than most other CA cell
lines. Different ass% n the same cell line can exhibit substantially different kinetic
responses to therRal stress. Some assays follow single constituent Arrhenius kinetics (an
exponential d urve) quite well, while others do not. Even so, an excellent estimate of
overall cell ions can be obtained by adding a temperature-dependent time delay to

the first-order constant rate region.2

We suggest that improved estimates of the expected spectrum of possible cellular
responses is provided by including several plainly different thermodynamically-independent
kinetic models of cell alterations in a single model simulation. Some pathologic evaluation
of the particular CA cells under treatment can be combined to give a clearer picture of the
likely treatment effectiveness than can be obtained from a single CEM number alone, even
in a 3D rendition of the treatment space. We present the specific example of mNP heating

of mouse fore-shoulder tumors to support the hypothesis.3

1. Pearce JA. "Comparative analysis of mathematical models of cell death and thermal
damage processes"”, International Journal of Hyperthermia, v29, n4, pp262-280, June 2013.



2. Pearce ).A., “Improving Accuracy in Arrhenius Models of Cell Death: Adding a
Temperature-Dependent Time Delay,” J. of Biomechanical Engineering, v137, no. 12, pp.
121006, 2015.

3. Pearce J.A., Petryk AA, Hoopes, PJ. “Numerical Model Study of In Vivo Magnetic
Nanoparticle Tumor Heating”, IEEE Transactions on Biomedical Engineering, v64, nl12,
pp.2813-2823, 2017.
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Abstract

BACKGROUND: In 2023, an estimated 43,170 deaths are anticipated from the most
common cancer in US women, breast cancer. Our hyperthermia treatment utilizes the brain-
eyelid thermal tunnel (BTT), pioneered at Yale University, which enables non-invasive,
continuous monitoring of brain temperature and optimizes heat transfer between brain and
eyelid DOI:10.22541/au.160225723.36016917/vl. PURPOSE: To enhance standard breast
cancer therapy through pre-treatment with brain-guided whole-body hyperthermia (BgWBH)



utilizing brain temperature monitoring via BTT (Brain®) and Brain®-titrated hyperthermia to
reduce tumor burden and normalize cancer signaling molecules. CASE REPORT: An
otherwise healthy 62-year-old female from Canada referred to the BTT Medical Institute in
Florida, presented with left nipple inversion and palpable axillary lymph node. Upon
examination, a 3 cm breast mass was palpated. Mammogram revealed spiculated left mass
measuring 2.4 cm with nipple retraction and heterogeneous calcifications. Left breast core
biopsy diagnosed Invasive Ductal Carcinoma HER2 +/ER+/PR+. Patient chose BgWBH before
undergoing standard oncologic treatments. METHOD: After obtaining informed consent,
BgWBH was administered using the FDA-approved Abreu-BTT-700 system and BTT radiant-
heat equipment involving a heat chamber enclosing the patient's body and head inductor
delivering heat to the brain via BTT. During hyperthermia, non-sedated patient was exposed
to far-infrared heat, aiming to achieve Brain® of 41.5°C for 20 minutes followed by 41.8°C
for 10 minutes. Continuous monitoring included heart rate, respiratory rate, oxygen
saturation, body core temperature (measured with tympanic probe), and skin ggmperature
at eight sites (precordium, forehead, and right and left arms, hips, and calv esides
blood pressure every 5 minutes. Infusion pump provided hydration with, al saline as
needed. Brain® was obtained using noninvasive FDA-approved Cl-eyeli \ face probe.
Patient received three treatments spanning one-month, with the fina sion on November

22”d, 2023. Chemotherapy commenced shortly thereafter on Nov \ber 28t in canada.
RESULTS: Pre-treatment laboratory assessments revealed cancg@Fowth risk factors at the
cellular level [mild leukopenia (4400/ulL) with increased percegt %e of CD3-/CD16-CD56+NK
cells (26%)] and at molecular level [increased DHEA- Sulfate Is (148 mcg/dl), Alpha-
Fetoprotein tumor marker (AFP-TM) (6.3 ng/ml), Interleukl 4.7 pg/ml ) and Interleukin-10
(5.9 pg/ml)]. Patient evidenced mild cognitive impair e@ [score of 25 on Montreal
Cognitive Assessment (MoCA)] and micrographia. In @reatment breast MRI, a left
subareolar mass measured 3.5 x 2.6 x 3.6 cm, consgituting an impressive 127.5% increase
over the preceding 45 days. Left lymph node m ured 5.61 mm. Final breast MRI after
BgWBH exhibited a remarkable 19.2% tumor Qﬁ e reduction (3.2 x 2.6 x 3.2 cm) and
8.1% lymph node size decrease (5.25 mm). arkably, BgWBH led to cellular and
molecular normalization including leuko 5300/ulL), percentage of CD3-/CD16-
CD56+NK cells (17%), DHEA-Sulfate ( cg/dl), AFP-TM (6.0 ng/ml), Interleukin-4 (<2.2
pg/ml), and Interleukin-10 (<2.8 pg/|I) There was restoration of cognitive function (normal
MoCA of 27), normalization of han ing, 30 to 56% increases in right arm, left arm, right
leg, left leg, right palmar and le mar strength and 48.8% increase in endurance.
CONCLUSION: BgWBH, a sa?f?g well-tolerated modality, showed efficacy in reducing

tumor size and lymph node vement in aggressive breast cancer besides restoring
cognitive and motor func$b Normalization of AFP-TM, typically linked to liver cancer—a
frequent metastatic ste’lﬂ reast cancer—suggests potential therapeutic effect on latent
liver malignancies. ization of leukocytes bolsters immune response, potentially
decelerating breastl‘%}ycer progression and counteracting chemotherapy-induced
leukopenia, enh ng chemotherapy safety. When combined with normalization of DHEA-S,
Interleukin- 4 terleukin-10, which play roles in reducing inflammation and breast
cancer grow, pports trials for BQWBH as preparatory measure to enhance efficacy and
safety of cherffotherapy and immunotherapy. This aligns with prior research indicating that
hyperthermia can be an adjuvant treatment of chemotherapy and immunotherapy.
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Abstract

Introduction

A significant advantage of MR-guided focused ultrasound (MRgFUS) is the a@ky to monitor
temperature change during treatment. The proton resonance frequency~ shift method
provides clinically relevant temporal and spatial resolution but is not s ive to
temperature changes in fat. While it is known that measuring T1 c% s can measure

temperature change in fat, this has not been used clinically.

A hybrid MR thermometry sequence has been developed to sk taneously measure
temperature using both the PRF and T1 thermometry met@. PRF shift is calculated at
each time point while ATq is calculated using a single re{jr ce image with the variable flip

angle method in a stack-of-stars sampling method ( -S0S). The SR-VFA-SoS sequence
has previously been evaluated under phantom and -heating conditions, demonstrating
the ability to simultaneously measure 3D PRF an 1 changes. This work evaluates the SR-
VFA-SoS approach for predicting thermal abla @\ MRgFUS in an in vivo rabbit model
through comparison of thermal biomarkers st-treatment images and histology data.

Methods Q’

In vivo experiments (New Zealand v@e rabbits, N=4) were performed in a 3T MRI scanner
(Prisma, Siemens) using an MRgF stem. Sequential volumetric sonications (40s, 27-
31W acoustic power, N=9) Wer§e formed in a grid pattern centered at the perirenal fat-
paraspinal muscle interface re A). Hybrid thermometry data was acquired during

sonications using the SR- S sequence with a pseudo-Golden Angle view angle
increment and 377 tot Jectlons Two baseline acquisitions at a lower flip angle were
acquired prior to eac ication, followed by five total dynamic acquisitions at a higher flip
angle acquired bef urlng and after heating. Additional MR images were acquired

before and aﬂer@g S ablation.
Reconstruct@( he SR-VFA-SoS images were performed using a k-space weighted image
d

contrast me to leverage oversampling at the center of radial projections. Temporal
resolution for the T and PRF shift temperature data was 1.71 s. Temperature and ATq data

was acquired at 1.5 x 1.5 x 2 mm (zero-fill interpolated to 0.75 x 0.75 x 2 mm). Images
were segmented into muscle and fat based on water- and fat-fractions. Hybrid thermometry
and cumulative thermal dose (CTD) maps were formed by using PRF thermometry data for
muscle voxels and AT for fat voxels (Figure B). The AT data was converted to temperature

using a previously experimentally derived conversion factor of 7.3 ms/°C.

The volume of hyperintense regions of contrast-enhanced post-treatment images was
calculated and compared with the volume of the associated PRF shift only and hybrid SR-
VFA-SoS thermometry CTD maps.

Muscle and fat tissue from the treated area were excised for histology. Tissue samples were
fixed, processed, embedded, sectioned, and stained with H&E. A compound light



microscope was used to assess tissue damage in sonicated regions.

Results

PRF-only and hybrid PRF and ATj-based temperature changes were successfully calculated

for all sonications. Peak temperature rises from 23.6 to 32.0 °C were observed for individual
sonications. CTD maps based on PRF-only thermometry accurately monitored thermal
damage in muscle but, as expected, did not measure any thermal damage in fat. CTD maps
calculated from hybrid PRF and ATq-based temperature changes measured thermal damage
in both muscle and fat, qualitatively aligning with hypointense regions in post-treatment
images. Histology confirmed thermal damage in sonicated regions of both muscle (Figure C)
and fat (Figure D).

Conclusion Q
This work demonstrates the capability of the SR-VFA-SoS method for pre@}g thermal
ablation using simultaneous PRF shift and ATq; measurement in vivo. C aps calculated
from the SR-VFA-S0S thermometry more accurately predicted therma age in

heterogeneous tissue volumes than CTD maps calculated from PRF t-only thermometry.
Predicted thermal damage was confirmed via histological sampli en from the treatment
site.






38

Absolute magnetic resonance imaging thermometry in the
breast using interleaved echo planar spectroscopic imaging

Allison Payne, Dennis L Parker, Peyton Wong, Duane Blatter, Seong-Eun Kim, Henrik Odéen
University of Utah, Salt Lake City, UT, USA

Allison Payne
Position (at Institution/Hospital/Company)
Associate Professor

Abstract
\Q)
Introduction \QQ

as focused
ave a temperature

MR thermometry is used to monitor and evaluate thermal treatment
ultrasound and laser interstitial thermal therapy. Many MR parame
dependence and have been investigated for thermal monitoring. t of these approaches
can only measure change in temperature. However, spectroscofi&approaches have been
shown to be able to measure absolute temperature changes using the temperature
insensitive resonance frequency of one proton poolas ar ce for another, temperature
sensitive, proton pool. Typically, MR spectroscopy and spgctroscopic imaging approaches
have low spatial and temporal resolution and are nom uited for thermal therapy
monitoring. The goal of this work is to implement an aluate a new interleaved echo
planar spectroscopic imaging pulse sequence for&bﬁolute MR thermometry in the breast.

S
&

Methods <
A multi-echo gradient recalled echo &equence (iIEPSI) as modified to allow acquisition
of up to 32 mono- or bi-polar echo %&ﬁ addition, the sequence was modified to allow
interleaving multiple sets of the choes to effectively achieve a smaller echo spacing. In
this work each set of spatial p encodings the excitation and echotrain readout is
repeated 6 times with a tim ift of 0.4 ms relative to the RF excitation between each
interleave. Each set of m ements (positive lobe and negative lobe) are then interleaved

and sorted in echo-tim er to yield effective FID measurements with dwell times of 0.4
ms, and 38.4 ms to duration. These values yield a frequency bandwidth of 2500 Hz
and a spectral respolugjon of 26 Hz. Experiments were performed in ex vivo breast fat

samples and, af. cal IRB approval and informed consent, in one healthy volunteer in a

dedicated bre#gtWR guided FUS system. The breast fat samples were cooled and heated
between 3-354C in water bath setup. Spatial and temporal resolution for imaging were

1.5x1.5x3 mm3/31 s and 1.5x1.5x2 mm3/261 s for ex vivo and in vivo measurements,
respectively. These results were compared to a stock vendor single voxel PRESS
spectroscopy (SVS) sequence. All experiments were performed at 3T (Prisma and Vida,
Siemens) and data were processed using custom Matlab scripts.

Results

Measured spectra from single voxels using SVS (10 mm?3 voxel) and the described iEPSI

pulse sequence (1.5x1.5x2 mm3 voxel) in the ex vivo breast fat sample demonstrated that
the fat and water peaks can be detected using both approaches. Accurate comparison
between the measured frequency spectra as a function of time as the temperature agreed



with gold standard fiberoptic probe measurements. The figure shows in vivo feasibility in a
healthy volunteer. Both fat and water peaks can be detected in both fibroglandular and fat
tissue. The detected frequency spacing can be extrapolated across the full breast
demonstrating the spatial monitoring potential of the presented iEPSI technique.

Discussion and Conclusions

An efficient approach to acquire high resolution spectroscopic images using an interleaved
echo-planar imaging-type pulse sequence has been developed and evaluated for absolute
temperature measurements. Compared to SVS the acquired spectra are naturally noisier,
considering the voxel size is less than 1/200, however the clinical impact of this information
could be high for all thermal therapies. To improve quality of the iEPSI spectra more
advanced peak-finding algorithms, filtering methods, and spatial and tempo veraging
could be performed. In vivo absolute temperature measurements will potenflgtly be highly
impactful to MRI guided by providing accurate absolute temperatures fm@ermal dose
calculations or other thermal biomarkers.

X
6\6
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Image segmentation is an im nt step for hyperthermia treatment planning. Tissue
properties vary between org . Thus, accurate image segmentation influences the
expected energy absorptiw in the target tissue. Neural networks are the current state of
the art for image seg tion. However, we are currently at a new frontier of quantum
computing maturing@}naedical applications and image processing. In this study, we
provide three diffgrer examples of quantum algorithms for image processing in the area of
auto-contourin %h of the three algorithms falls under the three different areas that
quantum is i ing medical diagnostics and treatment planning, including: quantum
inspired alg ms, gate-based quantum computers, and quantum annealing. These
examples help provide insight and understanding for those wanting to begin research in
quantum computing. The quantum algorithm's performance was evaluated using the
Sorensen-Dice coefficient. The median Dice coefficient for the Al-based method was 0.9167,
for a hybrid classical/quantum gate-based method was 0.9232, a quantum-annealing based
methods was 0.2710, and a quantum inspired network was 0.1989. The results show that
quantum algorithms have need for improvement if they are to be used for auto-contouring
in the clinic.

To compare the three different algorithms against a neural network-based segmentation
approach, we used a dataset consisting of 33-patients with magnetic imaging data of the
abdomen. Imaging was acquired from multiple scanners. Preoperative abdominal images
were obtained using a liver protocol comprised of a pre-contrast phase, a venous phase (60-



80 seconds after injection of intravenous contrast material), and a delayed phase (15
minutes after contrast injection).
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SHORT ABSTRACT - Accurate medical idﬁ&g segmentation is critical for precise and
effective medical interventions. Howayéex,"despite the success of convolutional neural
networks (CNNs) in medical image %ﬁentation, they still face challenges in handling fine-
scale features and variations in i scales. These challenges are particularly evident in
complex and challenging seg tion tasks, such as the BraTS multi-label brain tumor
segmentation challenge. In ask, accurately segmenting the various tumor sub-
components, which vary ficantly in size and shape, remains a significant challenge,

with even state-of-the- thods producing substantial errors. Therefore, we propose two
architectures, FMG- N d W-Net, that incorporate the principles of geometric multigrid
methods for solvmg ar systems of equations into CNNs to address these challenges. Our

experiments onﬁ raTS 2020 dataset demonstrate that both FMG-Net and W-Net
outperform th ely used U-Net architecture regarding tumor subcomponent
segmentati% uracy and training efficiency. These findings highlight the potential of
incorporating<¥he principles of multigrid methods into CNNs to improve the accuracy and
efficiency of medical imaging segmentation.

INDEX TERMS - Deep learning; segmentation; multigrid methods

MOTIVATION - Medical imaging segmentation is an essential task in medical
imaging analysis that involves dividing an image into regions of interest based on
anatomical or pathological features. It is crucial in various clinical applications,
including disease diagnosis, treatment planning, and surgical guidance. Deep
learning-based methods, specifically CNNs, have emerged as powerful tools for
medical imaging segmentation. Specifically, the U-Net architecture and its
variants have achieved state-of-the-art results in several imaging segmentation
challenges. However, deep learning architectures like the U-Net still face
challenges in preserving fine structures and handling significant variations in



image scales. We look to GMMs, well-established techniques used in scientific
computing to solve problems with multiple scales to address these issues
efficiently.

HYPOTHESIS - We hypothesize that by capitalizing on the principles of GMMs, we
can reduce the number of parameters in existing CNNs and design novel
architectures to address the limitations of CNNs in handling fine-scale features
and variations in image scales.

METHODS AND RESULTS - GMMs and CNNs construct a series of grids at
appropriate resolutions to resolve specific frequencies (GMMs) or learn appropriate
features (CNNs). The V-cycle, W-cycle, and FMG-cycle are different
implementations of GMMs, with varying complexities. The U-Net architecture is
nearly identical to the V-cycle. However, The W-cycle and FMG-cycle are more
complex and computationally intensive, but they offer superior convergence
properties by performing more complex operations at each intermedi grid level.
We propose the FMG-Net and W-Net architectures based on the FMG W-cycle

GMMs. .

CONCLUSION - Our results with our proposed FMG and W-Net ar &ctures
indicate that incorporating the principles of GMMs into CNNs f edical imaging
segmentation is beneficial in their design. However, future will focus on
further testing our methods and exploring questions such
and explainability of our methods.
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The viscosity and density of the tumor microenvironment play cru@‘roles in affecting both
tumor behavior and treatment efficacy. These properties differ s'%@dﬁcantly among various
cancer types and even within the same cancer, influenced b &h composition of the tumor
microenvironment. For example, breast tumors have varyiaéegrees of stiffness
throughout their mass, with some areas being more rigid n adjacent normal tissue due
to the denseness of the extracellular matrix and fibro G};sue presence. Tumor viscosity
impacts cellular movement, nutrient distribution, an e delivery of therapeutic agents,
thereby hindering the migration of immune cells and drugs, reducing immune responses,
and lessening the effectiveness of treatments. Papreatic tumors, characterized by their
dense and fibrous stroma, exemplify how a -viScosity microenvironment can obstruct
cancer development as well as drug deIiveré& response to these challenges,
nanotechnology-based localized treatm Q, Ike magnetic nanoparticle (MNP) hyperthermia
therapy, have emerged. This minimall%«asive approach involves delivering MNPs to
tumor cells, activating them with an ’Q(t rnal alternating magnetic field (AMF). The

MNPs convert the external AMF en f@y into heat through magnetic hysteresis, Neel and
Brownian relaxations, and the p al rotation of MNP within surrounding medium. This
results desirable localized tem ture in targeted tumor areas selectively. While MNP
hyperthermia has shown pr(Zs ing results in preclinical models, optimizing and translating
this therapy for clinical apjglication requires a thorough understanding of how a tumor's
viscosity and density irﬂ?&me MNP's Specific Absorption Rate (SAR). This understanding
can be used to impr, NP and drug delivery, to modify the tumor microenvironment, and
to enhance overa chr treatment outcomes. This paper presents SAR data for MNPs,
which generate%& using magnetic hysteresis and physical rotation mechanisms, in
different visco& nd dense environments, and analyzes the relationship between MNP SAR
and tumor rﬁs'oenvironmental factors like viscosity and density.
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Abstract

Spatially fractionated radiation therapy offers the potential to spare both normal tissues and
immune cells in residence within the tumor, which may enable improved retention of
immunological memory, activity, and increased frequency of tumor remission.chis
treatment can be further augmented by the incorporating immune checkpoiQd{thhibitor (ICl)
therapies, which allow the immune system to further eliminate the tum rmal therapy

is also associated with stimulation of the immune system and increas iation sensitivity
via increased oxygenation and inhibition of DNA repair. We thus hyp ized that
combined hyperthermia and radiation might significantly increase ee and frequency of

response to ICl. Murine head and neck tumors (SCCVII) were |mpl® din
immunocompetent (C3H) mice and treated with combinationg o patlaIIy fractionated
radiation, ICI, and mild hyperthermla In vitro clonogenic ass%y revealed that hyperthermia
caused a significant decrease in proliferative capaaty whe lied before or following
radiation therapy. Our spatial fractionation system ed a honeycomb pattern with a
peak dose of 20 Gy and a valley dose of 3 Gy. Peak ﬁ@were 2 mm in diameter spaced 3
mm apart center to center. GRID alone did not signifijcehtly affect tumor growth relative to
untreated controls. Addition of treatments of ICI, gRecifically anti-PD1 and anti-CTLA-4
applied immediately following radiation and 3, d 9 days after GRID led to tumor
regression in more than 60% of tumors. Inte ngly, application of 1 hour of localized
hyperthermia at 42.5 °C immediately follg GRID radiation and ICl resulted in a slower
rate of tumor regression and a lower pe age of tumor response. However, application of
hyperthermia immediately prior to Ggl adiation and ICl resulted in a similar rate of volume

reduction as with GRID and ICl alon t an overall increase in the percentage of
responsive tumors. Mice that de trated full remission were re-challenged by inoculation
of the same tumor cell line, whj esulted in delayed growth of the new tumor, but did not
prevent tumor re-establish -~ The combination of GRID and ICl also led to significant
necrosis within the tumorgan scattered infiltration of CD45+ cells. The final response,
histological analysis, a »‘owth delay numbers will be reported from ongoing studies.

/\®
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in the thalamus, treating conditions such as essdn\ial tremor and tremor-dominant
Parkinson’s disease. However, the treatment sult in high temperatures at the skull-
brain interface, leading to damaged tissues in or near the skull. Currently, this risk is

reduced by keeping stationary chilled wgt round the skull during treatments. However,

Focused ultrasound thalamotomy is a novel theraSy/that uses sound waves to kill neurons

many patients are still unable to recei atment due to unfavorable subject-specific
characteristics, including low skull dé\Sl y ratio. Our long-term goal is to increase the

number of potential patients by ex iIng how convective water flow around the skull

might improve cooling ef‘ﬁciencyQ

We have developed a finite-y&\rence time-domain (FDTD) numerical solver to simulate
convection heat transfer % water flow around the skull during focused ultrasound
therapies. To validate ma/ performance, we have designed a laboratory experiment to
d thalamotomy.

imitate focused uItr??

The experimental¥setlp consists of a hemispherical 3D-printed (PLA) skull containing a
brain surrogai;;(?"| ced into a mock transcranial focused ultrasound transducer. Heating is
achieved by, ping hot water at a constant temperature across the inside of the brain
surrogate. B the temperature and flow rate of the chilled water between the skull and
mock transducer will be varied across experimental trials. Thermocouple

temperatures are recorded throughout the setup.

Beyond model validation, these data will be used to quantify convection heat
transfer between the skull and chilled water bath. Determining the quality of
this predictive model and the potential impact of convective flow over the skull
are important steps to reducing the risk of skull lesions and improving the lives
of additional focused ultrasound thalamotomy patients.
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Abstract \\\Q

Introduction: Approximately 2% of cancer patients (38,000/year i A) treated with
radiation therapy have metallic hip implants. These implants ar ntraindication for deep

hyperthermia (DHT) due to the potential induction of hot spol;gﬁ at can cause tissue
thermal damage. We hypothesize that heating lateral tumor@ the opposite side of
metallic hip implants is possible via power and phase stee@g methods to minimize
temperature around the implant to safe levels.

Methods: We tested our hypothesis via a numerical,eroach, using the BSD Sigma 60
(Pyrexar Medical, USA) DHT applicator model, thes/HP-Female model v2.2 (NEVA
BioElectromagnetics, USA) with the Austin-Moo tal implant on the right femur, and a
representative 86 mL tumor model. Two tar cations were analyzed: bladder and left
femur. Specific absorption rate (SAR, W/k d temperature were computed using
COMSOL, IT’IS tissue properties databas .0, and tumor properties retrieved from the
ESHO computational guideline (PMID 3 1246). Antenna settings were optimized to reach
T90=40°C and a maximum temper e (Tmax) of 44°C in target. Power and phase were
optimized for each of the indepen four Sigma 60 amplifiers that control a pair of
antennas located on the top (T Qo tom (B), right (R), and left (L) sides of the applicator.

To validate the numerical &él, we built a 60-cm long cylindrical phantom with 25-cm
diameter and 8-mm thi astic wall filled with a muscle-mimicking gel. This gel was made
of wallpaper paste po@mo g/L), salt (3.5 g/L), and deionized water, resulting in
dielectric properties »=65.7 and 0 = 0.60 S/m at 90 MHz. Temperature probes were

inserted in closem Catheters secured by custom-built holders positioned inside the
cylinder. We p ed thermal mapping to capture temperature along the center
longitudinal@xis*and transverse plane. The heating time was 10 min at 1000 W. Three
phantoms w manufactured for repeatability testing.

Results: When targeting the centrally-located target (bladder), the Tmax was observed at
the end of the implant stem, reaching ablative temperatures of 62°C at steady state
(reached within 30min) and SAR values of 485 W/kg vs. 189 W/kg in target. No hot spot
was observed in the femoral head implant. For this configuration, we used a setting of 100
MHz with 100% relative power in all amplifiers. When targeting the tumor in the left hip, we
optimized the relative power to 16% (R), 50% (T,B), and 100% (L) at 100 MHz. For this case,
there was no hot spot observed in the hip implant, with maximum SAR values in the
femur/implant interface of 61 W/kg vs. 558 W/kg in target.

The experimental results showed good repeatability with Tmax varying £0.5°C (longitudinal
thermal map) and £0.8°C (transverse thermal maps) for a temperature increase of 10.8°C
at the phantom center at 10 min. These results showed a very good correlation within 1°C



with the equivalent computational model, which is expected given the ~1cm uncertainty
associated with the probe position.

Conclusion: Numerical simulations demonstrate the potential to expand the pool of
patients that can benefit from hyperthermia to include patients with lateral tumors opposite
to metallic hip implants. However, so far this conclusion is valid for our case study only,
which used 3D hyperthermia treatment planning (HTP). The current HTP standard of care
oversimplifies patient anatomy to 2D homogenous media. Only with 3D patient-specific
HTP, can DHT be safely assessed for patients with metallic hip implants. Future work
includes using anatomical phantoms with different hip implants and thermometry along the
metal surface to characterize hot spots and further validate our HTP approach.
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Abstract &®

Objective %

Doxorubicin (DOX) is the most relevant chemotherapeutic agent for the treatment of soft
tissue sarcomas (STS). Because DOX is known to induce immunogenic cell death,
combination therapies of DOX with immune checkpoint inhibitors have gained interest.
Regional hyperthermia (RHT) has been shown to improve survival in locally advanced high-
risk STS when combined with DOX-based chemotherapy, and stimulates the tumor
microinvironment to enhance antitumour immune activity. THEOO1 is a thermosensitive
liposomal formulation of DOX based on phosphatidyldiglycerol as the key membrane
component. After intravenous administration, THEOO1 releases DOX in the bloodstream
once the temperature in the target area is above 40°C. The application of THEOO1 plus RHT
resulted in preclinical models in up to 15-fold higher DOX concentrations in the tumor and is
expected to improve clinical treatment efficacy.

AN
Dr. Frank Hermann . h\u(b'



Methods

THEOO1 in combination with RHT is being evaluated in an open-label, non-randomized,
dose-escalation study in patients with locally advanced or metastatic STS (NCT ID:
NCT05858710). The study explores ascending doses of intravenous THEOO1 monotherapy
in 21-day cycles to identify the maximum tolerated dose (MTD). From cycle 2, RHT is
performed simultaneously. THEOO1 study began enrolling patients in April 2023 and is
conducted at the LMU Klinikum and the Helios Klinikum Berlin Buch. Dose level 1 has been
completed without DLT. Recruitment to dose level 2 began in January 2024. Adverse events
are assessed according to CTCAE v5. Tumor response is determined according to RECIST 1.1
and Choi criteria and safety findings reviewed by an independent Data Safety Monitoring
Board, which will determine the MTD. Key Phase 1 eligibility criteria include 1) locally
advanced (unresectable) or metastatic STS for which treatment with DOX mo@herapy is
appropriate, and 2) pretreatment with DOX combination chemotherapy (D osfamide or
DOX/dacarbazine) achieved at least stable disease; for patients who rec DOX in an
adjuvant setting, local recurrence free interval of >6 months is requir ) progressive
disease not suitable for surgery after 3a) only one further line of c herapy (including
tyrosine-kinase inhibitor) if the RHT field targets the clinically rele tumor manifestation/s
(e.qg., locally advanced or multifocal intraabdominal STS; diffus tastatic STS in which
RHT of a tumor manifestation [e.qg., liver] is considered relw_a though other systemic
icS

metastases are present that do not endanger the patient) b) two or more further lines
of chemotherapies (including TKI) for patients with metast TS and a tumor
manifestation suitable for RHT. Further clinical evaIuag'a@of THEOO1 plus RHT are planned
in follow-on studies, e.qg. in patients with unresectabl calized STS as monotherapy and in
combination with ifosfamide (undifferentiated plegnforphic sarcoma) or dacarbazine
(leiomyosarcoma) in neoadjuvant therapy of 9‘?{\ s with locally-advanced high-risk STS.

N
2
§Qz
N\
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Abstract \@
S
Background (\

Laser interstitial thermal therapy (LITT) has substant@dence for efficacy in the setting of
radiation necrosis (RN) for patients with primary or se dary brain tumors. However, the
long-term control, and synchronous use of other&érapies as steroids and bevacizumab

remains questionable. .
N
<

Objective: To evaluate the efficacy, sa@, of LITT over 12-months follow-up period of
patients with biopsy proven RN treatbq ith LITT.

Methods ?p
This is a single—institaé n retrospective study of 36 patients treated with LITT for RN from
2012-2023. A sa ssion frozen section biopsy was performed in all patients. Age, sex,
tumor type, pr, rative MRI (Magnetic Resonance Imaging) T1 with contrast and T2 follow-
up volumes% 3,6,12 months, Karnofsky Performance Scale (KPS) over 12 months of all

r

patients weréretrospectively analyzed. Concurrent therapies with steroids, or bevacizumab
and time to steroid independence were recorded.

Results

Our study includes 36 patients, 22 females (61%), and 14 males (39%). The most common
brain tumor was a metastasis from a primary non-small cell lung cancer (NSCLC) (25.0%).
All the patients had a biopsy proven RN and were treated with LITT (Neuroablate). Six
patients (17%) received bevacizumab while 30 patients (83%) had steroid therapy before
undergoing LITT. The median preoperative MRI T1 volume was 5.2, while at 3,6,12 months



were 4.6, 3.1 and 2.1cc, respectively. The median preoperative MRI T2 volume was 37.3 cc,
while at 3,6,12 months were 25.9, 25 and 14cc, respectively. The median time to
corticosteroid tapering after LITT was 14 days. Only three patients (8%) had complications
following LITT. Baseline treatment with steroids or bevacizumab before LITT did not impact
the overall mortality (HR= 0.95, 95% Cl= 0.12 - 7.42), (HR= 1.00, 95% CI= 0.98 - 1.5)
respectively. Through a 12-months follow-up, the median KPS remained at 80. We had
recurrence in three patients (8.3%), over 12 months. All three patients were treated with
bevacizumab, which did not impact the mortality.

Conclusions

Although LITT has been an effective therapy for patients with RN, the long-term volumetric
analysis has not been fully studied. Our current results suggest local control r a follow-
up time of 12 months with only three recurrences over a one year. Moreovae Y\t enhanced
steroids independence which could improve overall survival. &‘\Q
O
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Background:
Despite treatment with novel therapids and autologous stem-cell transplant (auto-SCT)
consolidation, outcomes in childr d adolescents with relapsed or refractory non-
testicular germ cell tumors re oor, underlining the need for more effective therapies.
We wanted to determine Wh patients with refractory or recurrent germ cell tumors
could achieve an ObJeCtIV ponse to the tumor with PEI chemotherapy and regional deep
hyperthermia as saIvag atment
Methods:

and enrolled p s aged 25 years or younger with diagnosed and histologically confirmed
relapsed or ory non-testicular malignant germ cell tumors following standard
cisplatin-ba chemotherapy PEl chemotherapy consisted of cisplatin 40

mg/m2 administered intravenously on days 1 and 4; etoposide 100 mg/m intravenously

on days 1-4; and ifosfamide 1800 mg/m2 intravenously on days 1-4 plus concomitant 1-
hour regional deep hyperthermia (41-43°C) on days 1 and 4. Patients received three to four
treatment courses at 21-day intervals until residual tumor resection was possible; they
subsequently received one or two additional courses of PEl-regional deep hyperthermia.
Local radiotherapy was given for incompletely resected tumors. The primary endpoint was
the proportion of patients who had an objective response as assessed with Response
Evaluation Criteria in Solid Tumors version 1.0 guidelines. Secondary endpoints were the
event-free survival and overall survival after 5 years.

This single-arm p$ ct|ve trial was done at the Heinrich-Heine-University of Dusseldorf

Results:
107 patients aged 5 months to 24 years (median 3 years and 2 months) with refractory or



recurrent malignant germ cell tumors (32 patients with poor response, 51 patients with first
relapse, 24 patients with multiple relapses) were enrolled in this study. We identified 67
yolk sac tumors, thirteen embryonic carcinomas, one choriocarcinoma, two dysgerminomas
and 24 unfavorable teratomas by histological analysis. Of the 87 patients with sufficient
clinical and radiological data to assess response, 69 (83%) objectively responded to
treatment (31 patients in complete remission and 38 in partial remission). The 5-year
event-free survival rate was 67% and the 5-year overall survival rate was 75%.

Interpretation:

The long-term results confirm that a multimodal strategy that includes PEI chemotherapy
plus regional deep hyperthermia and tumor resection with or without radiation can
successfully treat children and adolescents with refractory or recurrent non-testicular germ
cell tumors. In this success story, the long-term prognosis of patients with an unfavorable
response or a first relapse shows nearly the same results as patients receivingdjrst-line

therapy. \QO\'
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Abstract . G)

Introduction: Focused ultrasound-mediated mild hyperthermia& -42°C; HY), thermal
ablation (>60°C; AB) and boiling histotripsy-based mechani blation (HT) can target
tumor cells and modulate tumor immune microenvironme§ ereby enhancing tumor cell
eradication. Despite their potential, limited information exists regarding relative benefits of
immune alterations induced by each modality under@%@r conditions, resulting in
confusion regarding the most suitable approach for tisfor immunomodulation. To bridge
this knowledge gap, we conducted a comparative,sstudy, evaluating FUS-mediated HY, AB,
and HT in a bilateral BL6F10 melanoma mouse el and characterized infiltrated immune
cell phenotypes and assessed gene expressigidrelated to tumor immunogenicity,
sensitivity, stromal factors, and inhibitory n@ olic pathways.

Method: Female C57BL6 mice be \bilateral B16F10 melanoma tumors in flank region
were randomized into four grou =8/group): 1) Untreated control, 2) HY, 3) AB, and 4)
HT. A single FUS treatment ministered to the primary tumors (~1OOmm3) using an
Alpinion HIFU system with t\&following parameters: HY: DC-50%, PRF-20 pulses/s, Power-
20W, Time-120s, tumor_cOxerage-100%; AB: DC-50%, PRF-20 pulses/s, Power-90W, Time-
30s, tumor coverage- o; HT: DC-1%, PRF-5 pulses/s, Power-600W, Time-20s, tumor
coverage-<20%. Tr and untreated (abscopal) tumors volume was measured daily.
Three days post-tggatwrhent treated tumors(n=3/group) were isolated, and total RNA was
extracted for n er PanCancer 10360 panel analysis. Eight days post-treatment,

remaining 5 group were euthanized, treated and untreated tumors were isolated and
processed forflow cytometry analysis.

Results: HY induced 21% reduction in tumor growth at treated site, while AB led to 52%
reduction, and HT exhibited the most substantial effect with an 81% reduction. At the
abscopal site, tumor growth delays of 28%, 30%, and 40% were observed with HY, AB, and
HT, respectively. Among 749 genes analyzed using nCounter, HY-treated tumors exhibited
upregulation of 110 genes compared to control tumors baseline. Notably, cdc20 gene,
associated with tumor metastasis, and rad51 gene, essential for proper DNA repair, were
suppressed. AB-treated tumors showed significant upregulation of 100 genes, primarily
clustered into 'response to external biotic stimulus,' and ‘regulation of NK cell chemotaxis,
with downregulation of hdac3 and elob genes associated with cancer progression. HT-
treated tumors displayed upregulation of 258 genes clustered into 'immune effector



process’, 'regulation of TNF production' and ‘toll-like receptor signaling’. Meanwhile, genes
associated with tumor progression, aldoc, cd276, and hdac3, were downregulated. HT led to
downregulation of genes associated with angiogenesis, metabolic stress, matrix remodeling,
and metastasis, which remained unchanged with HY. Concurrently, AB treatment
significantly upregulated Wnt signaling genes, which decreased with HT treatment. Flow
cytometry analysis of treated and abscopal tumors revealed no significant change in
immune cell populations with HY compared to the control, except for an increase in
neutrophils (CD45+LY6G+). Consistent with gene expression analysis, AB treatment
increased the presence of NK cells (50%), exhausted CD8 T cells (~48%), and Treg (~62%)
in treated tumors. However, this increase was also associated with a higher infiltration of
cytotoxic T cells, exhausted T cells, and PMN-MDSCs in untreated tumors. HT treatment
resulted in significantly higher concentrations of cytotoxic T cells (GranzymeB+ & IFNy+) in
both treated and untreated tumors compared to all other groups. Additionally, CD11c+
Dendritic cells (~68%) and CD11b+ macrophages (~39%) were more abund in HT-
treated tumors, with a higher number of DC-1 (CD11c+ CD11b- CD8a+ SIRR&Infiltrating
both treated (~38%) and abscopal (~61%) sites compared to the contrg&bcells in HT-

3

treated mice exhibited a cytotoxic phenotype (NKG2DHINKG2ALO; IFNyIRM3L0PD-1+),
whereas in AB-treated mice, exhausted NK cells (NKezAH'NKezDL‘ngmy+T|M3H'PD-1H')

were observed.
\Qz
N

Conclusion: While all FUS modalities modulate tumor's im@runogenic properties, under
similar conditions, HT exhibits relatively superior imm enicity compared to HY and AB.
Further, utilizing clinically relevant tumor models can\Qfjer additional insights into our
observed findings. p
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Abstract

Bacteria colonize many parts of the body, and the crosstalk between the microbiota and the
host is crucial to various developmental and physiological processes. Conse @tly, a
growing body of literature supports the idea that microbial imbalance, dyshi®dts, affects
disease susceptibility and progression. In cancer, although certain types sbiosis are
known to induce local effects in the gastrointestinal (Gl) tract and ass \ted tumors, we
have shown that distal, non-GlI tract solid tumors also show acceler, 6’9 rogression during
dysbiosis due to a vascular immune suppression in the tumors. E etic changes have
been increasingly recognized as drivers in carcinogenesis, yet t pigenetic events and
regulation during antibiotic-induced dysbiosis are unknown. BheYalance of histone
acetylation and deacetylation plays a critical role in the reg @lon of gene expression and
thereby cellular processes. Therefore, we assessed which MNstone deacetylases (HDACs) are
expressed and their abundance in endothelial cells of x&Yous sources with or without
dysbiotic stress and/or local hyperthermia to unders the utility of thermal medicine to
promote normal functioning of the vasculature in dysbiotic patients. We found that inherent
HDAC expression levels and their receptors (GPR GPR43, and GPR109a) differed among
endothelial cells from different origins. Moreo at hyperthermia (60 min of either 41.5
°Cor 43 °C) influenced the HDAC and rece evels differentially. Specifically, HDACs 2, 3,
5, 7, and 10 were suppressed in dysbiotj or vasculature and hyperthermia was able to
increase some HDACs up to 2-fold. AIt% further studies are warranted, these results
demonstrate that hyperthermia exert§ igenetic effects and is capable of overcoming the
dysbiosis-induced phenotype. Sin ti-cancer treatment with HDAC inhibitors has shown
promise in the clinic but is hind by systemic toxicities, localized hyperthermia may
become a viable alternative in future.
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Abstract \\\Q
Estimates of nanoparticle heating performance, usually reported i s of the Specific
Loss Power (SLP) obtained from the temperature variation vs. ti rve, AT(t), are often

found to vary significantly when carried out in different Iabora&o’ ‘s and/or different devices.
Such diversity may strongly hamper the use of the particles@ applications relying on
accurate heating, therefore calling for improvements in tthay of assessing the heating
performance. We discuss in this work that such diversit@ay be strongly influenced by the
fact that the basic-physics model upon which most ates are based, the so-called
Newton'’s law of cooling, in general may not apply foy the dynamical situation of
nanoparticle heating. The main reasons are i) tergigerature profiles during heating and
cooling are not the same, and ii) different hea Q@pation channels may coexist. We report
an alternative approach, based on the gene eat diffusion equation, which focuses the
analysis of the peak of the AT(t) curve, so the role of both limiting aspects is reduced.
Our approach is supported by theoretigca d computational calculations to increase the
reliability and reproducibility of SLP dit ination. Furthermore, the new methodological
approach is experimentally confirm using as an example magnetic hyperthermia
experiments performed using 3 dif®fent devices located in 3 different laboratories. In
addition, the application of thi k analysis method (PAM) to a rapid succession of
stimulus on/off switches tha It in a zigzag-like AT(t), which we term the zigzag protocol,
allows evaluating possiblgyva¥iations of the SLP values with time or temperature.
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Laser interstitial thermal therapy (LITT)d ®minimally invasive surgical technique used for
treating brain malignancies such as §lioblastoma Multiforme

(GBM). Current LITT systems requi e’&\ysicians’ input for pullback of the laser probe during
the treatment to achieve optima rmal dose coverage. The goal of this study is to design
an automated laser probe posjgdning system based upon temperature feedback to deliver
target thermal dose. A casc proportional-integral-derivative (PID) controller with a fuzzy
logic controller was desigmed®using integrated system dynamics and finite

element simulations. Ti D controller was constrained to prevent tumor boundary
temperature from e ng 57 [°C]. Fuzzy logic controller was used for pulling

back the laser prob ce the thermal dose at the corresponding probe reaches the
setpoint value. cascade controller was designed using co-

simulations i B Simulink® and COMSOL Multiphysics©. Deidentified patient dataset
were importédaiitto COMSOL Multiphysics©, to perform bioheat transfer simulations. The
computationat’”domain consists of Skull, CSF general, brain tissue (gray & white matter),
CSF ventricles, and tumor. The laser probe was modelled as a cylindrical geometry with

a diameter of 1.65 [mm] and height of 105 [mm]. Arrhenius thermal damage feedback was
used as input to Fuzzy logic to control the pullback of the laser probe. Simulation results
show that approximately 80% of the tumor has thermal damage greater than 70-80% for
treatment time of 2500 [s] with controlled temperature. With a cascade PID-fuzzy logic
control, the temperature within the tumor boundary does not exceed 57 [°C]. Hence, we
can conclude that a PID controller combined with a fuzzy logic controller can be used to
achieve planned thermal dose coverage, without damaging surrounding healthy

tissues. Since there is a significant need of a feedback control strategy for the

pullback control as well as thermal dose control during LITT treatments, a cascaded PID
control with fuzzy logic control system can be used to automate the LITT treatments.

Abstract
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Abstract "1/

Purpose: To def&etop a prototype pre-clinical device that confines magnetic nanoparticle
heating to aﬁbl me and location selected by the user.

Introduction: Magnetic nanoparticle hyperthermia is a thermal therapy for cancer that
exploits hysteresis heating of magnetic nanoparticles exposed to alternating magnetic fields
(AMFs). Several properties govern the magnitude of temperature rise from nanoparticle
heating within tissue, including nanoparticle structure, magnetic field intensity, and the
duration of heating. A major challenge with magnetic nanoparticle hyperthermia is spatially
confining the heat within the tumor and limiting the temperature rise in healthy tissue
beyond the tumor boundary. Here, we demonstrate the performance of a prototype pre-
clinical device, designated HYPER, designed to confine magnetic nanoparticle heating in
mouse models to a volume and location defined by the user.

Methods: Spatial confinement of nanoparticle heating with the HYPER relies on the same
physical principles that govern magnetic particle imaging (MPI). Within the HYPER chassis,
two opposing permanent magnets of equivalent strength create a region of zero magnetic



field, or field free region (FFR), in the space between them. The size and position in 3D of
the FFR is controlled by the position and relative separation of the magnets. A
radiofrequency coil placed within the FFR creates an AMF, which encompasses any sample
within the FFR (340kHz, 0-15 mT) causing moment reversal to generate heat, while
moments of nanoparticles outside the FFR are fixed by the static field, unable to reverse
and contribute to heating. Cameras enable the user to visually select the FFR location and
size within a graphic user interface that relays instructions to actuators. To verify FFR
adjustment functionality, we heated a small vial of magnetic nanoparticles (Synomag®-
D70, micromod Partikeltechnologie, GmbH, Rostock, Germany; Lot#: 09122104-02) at
varying FFR sizes and locations within the coil. Sample temperature was measured using a
fiber optic thermal probe. Also, we used a fillable mouse phantom (BioEmission Technology
Solutions, Athens, Greece) with two compartments: ‘lower tumor’ (204 mm3) and ‘liver’
(1164 mm3), which are approximately 3 cm apart to further demonstrate potential control
in a geometry-relevant phantom. After filling the regions of the mouse phantops with the
same nanoparticles, we centered the FFR on the tumor and heated for 300 en centered
on the liver and heated for another 300 s, while monitoring the temperqg@h both.

Results: The results of the first experiment verified that the size of th ’fé\ated region within
the coil varied inversely with magnet separation in all three dimens{d3@. Since the HYPER
contains only one set of opposing magnets along the x-axis, the as notably more
constrained in the x-dimension. Additionally, when heating the se phantom in the
second experiment, we observed only a 0.6°C rise in the liv mpartment when we
focused the FFR on the tumor compartment, which obsery, 4.9°C rise.

Conclusions: We confirmed that the HYPER prototype Qles spatially-confined magnetic
nanoparticle heating in three dimensions in space. T ize and location of the heated
region can be adjusted automatically for individual tfeatment planning and different
nanoparticle-rich regions within the same AMf-{@rating coil can be heated independently

from one another. N\
&
N\
AN

0’0'
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Abstract G\G)

Background: Given the poor response rates and cumulative to y in the management of
recurrent breast cancer, exploring additional therapeutic str ies is imperative.
Concurrent hyperthermia (HT) with radiation (RT) improve oregional control through
radiosensitization, promotion of reoxygenation, and moghlation of the tumor
microenvironment. Studies suggest that the overall @se rate to thermoradiotherapy
correlates with tumor volume when relatively low RT es (20 Gy) are used, but the impact
of tumor volume on local control using higher RT ofes remains unclear

*

Methods: Our institutional registry was queri%%r patients treated with recurrent breast
cancer from 2011 to 2023. 73 patients With@ lesions were identified. Dosimetric, clinical,
and toxicity data were collected, and lest Qs were stratified by quartiles of tumor volume.
Fisher exact test was used for univaria alysis. Actuarial data was summarized using
Kaplan-Meier and cumulative incide S curves.

Results: Three patients were ma@nd 68 were female. Median age at the start of
treatment was 66 years. Medi low-up was 15.5 months. 69% of lesions were hormone
receptor positive (estrogen ?ggr progesterone), 14% had HER2 amplification, and 21%
had triple negative breas cer. 82% received prior radiation therapy. Radiation was
delivered to a median of 32 Gy [IQR 30, 40] and a median fractionation of 10 [IQR
8,13]. The most co scheme for radiation delivery was biweekly. Hyperthermia was
given to 43 degregs {2 for 60 minutes per session typically twice a week before
radiotherapy. @volumes ranged from 30.28 cm3 to 6388.05 cm3 [IQR 316.59,
2168.09].

By lesion, thefe were 41 (51%) complete responses (CR), 21 (26%) partial responses (PR) ,
11 (13%) stable disease, and 8 (10%) progressive disease. Overall, there were 16 (20%)
instances of local recurrence. Local progression free survival rates at 12 and 24 months
were 80.7% and 75.8%, respectively. Cumulative incidence rates at 12 and 24 months were
15.3% and 18.8%. Overall response rate (ORR) was not significantly different between
tumor volume quartiles (p = 0.658). Overall response rates for the 1st, 2nd, 3rd, and 4th
quartiles of tumor volume were 13 (76%), 13 (76%), 12 (71%), and 13 (81%) respectively.
Tumor control rates when >30 Gy radiation was used did not show a dose-dependent effect.

Acute Grade 2 or less toxicities included 63 (78%) instances of radiation dermatitis , 32
(40%) of fatigue , 32 of pain (40%), 21 (26%) of hyperpigmentation, 8 (10%) of
lymphedema , 7 (9%) of pruritus, 6 (7%) of dysphagia, and 4 (5%) of nausea. There were
no Grade 3+ toxicities except for Grade 3 radiation dermatitis occurring in 3 patients (4%).



Long-term toxicities included 7 (9%) patients with ulceration, 6 (7%) hyperpigmentation, 6
(7%) fibrosis, and 3 (4%) telangiectasias. One patient experienced chronic pain, and one
experienced radiation recall when treated with sacituzumab govitecan.

Conclusion: Combining HT and RT yields excellent locoregional control while maintaining a
favorable long term side effect profile, even in the context of re-irradiation. RT doses >30 Gy
provided equivalent response rates and durable local control across a wide range of tumor
volumes. Thermoradiotherapy is an attractive option for patients with recurrent breast
cancer irrespective of their tumor volume.
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Y4

Interstitial Photodynamic Therapy (iPDT), whig@lves the activation of a light-

sensitive cancer killing drug, has shown pro g results in the treatment of locally
advanced head and neck, lung, and breas @“}cers. Nevertheless, a significant limitation
arises when addressing intricate tumor ins close to vital structures (i.e. major blood
vessels), as the depth of light penetra is restricted at these intricate sites to

avoid vascular damage. Here we pr \ant a retrospective,

computational study examining t plication of magnetic nanoparticle hyperthermia
(MNPH) following iPDT to target Q@treat tumor margins that were not effectively treated
with iPDT alone. A three-dimgrig®nal (3-D) computed-aided (CAD) tumor

geometry was reconstructed\ftom segmentations of computed

tomography (CT) scans (&uired of a locally advanced tumor implanted in the neck of a
rabbit. The 3D CAD g@etry was imported into a commercial finite element analysis (FEA)
software where the ¢ tumoral light propagation during I-PDT was computed. In

total, 11 iPDT lig
effective light rety

prdbes were required to illuminate the tumor margins with our

en for I-PDT (i.e. = 8.6 mW/cm2 and = 45 J/cm2 at the tumor
margins). CT, s post light probe insertion into the rabbit tumor were acquired and our
FEA model updated to compute the actual light delivered during I-

PDT. The reconstructed FEA simulation for iPDT revealed the presence of ineffective light
treatment at the tumor margins. Using the same rabbit tumor 3D CAD geometry, a
retrospective computational study was conducted in which magnetic nanoparticles (MNP)
were injected into the areas with untreated margins. Two distribution zones were

created based on the tumor geometry. A volumetric heat source of 4x106 [W/m3] was
applied to the MNP. A fuzzy logic control algorithm was implemented based

on feedback from two temperature measuring probes at the tumor boundary. Tumor
boundary temperature was constrained at 43 [°C] using the fuzzy logic controller. Bioheat
transfer simulations demonstrated that the temperature at the boundary of the tumor was
controlled within the range of 42-45 [°C] using a fuzzy logic control algorithm. The
simulation results indicate that the combination of iPDT and MNPH leads to a higher level of
damage (5-10%) to the tumor, in comparison to iPDT alone. Therefore, iPDT followed by




MNPH may offer a more effective framework for treating locally advanced head and neck
cancer.
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Abstract \@
Purpose: To develop and verify a glipziCally translatable, image-guided, in silico protocol for

planning magnetic nanoparticls@hermal therapies.

Introduction: Magnetic na o¥?ticle hyperthermia offers the ability to heat the interior of
solid tumors remotely using magnetic fields. Magnetic nanoparticle heating, however,
presents numerous t@u@kal challenges that limit widespread adoption. One such
challenge is charac g the intratumor nanoparticle distribution, which directly
influences energysdeMvery and thermal dose absorbed by the cancerous tissue. Magnetic
particle imagi@l) presents a solution to this challenge. MPI, a tracer imaging modality,
directly mea the magnetic moment reversal of magnetic nanoparticles within a region
of interest. signal from these particles can be measured in vivo, co-registered with
anatomical imaging, and used to map the distribution of nanoparticles within tissue. In this
study, we developed and verified a protocol for incorporating this MPI data directly into
thermal simulation software to be used for in silico thermal treatment planning.

Methods: The first step of the protocol was to co-register the MPI scans with anatomical
imaging in order to establish a common datum. For analyzing the imagery, we used the
research version of the Mimics Innovation Suite (Materialise Software, Leuven, Belgium). The
tumor scan was then segmented to create a 3D mesh, to which the MPI signal was indexed.
This mesh, with the indexed MPI signal, was then used to simulate the intratumor heat

transfer. We used COMSOL® Multiphysics 6.2 (Burlington, MA) advanced numerical
methods software for all heat transfer simulations. Two physics modules were used: Heat
Transfer in Solids and Magnetic Fields, to simulate transient intratumor heating, as well as
the Electromagnetic Heating multiphysics module. Verification of our in silico methodology



consisted of pilot-scale, in vivo imaging and heating trials in a 4T1 murine tumor model. All
animal studies were approved by our Institutional Animal Care and Use Committee. We grew
subcutaneous 4T1 tumors in five, 8-10 week old female BALB/c mice. When the tumors

reached a size of 100-500 mm3, nanoparticles were intratumorally injected to a target

concentration of 2 mg Fe / cm3 tumor (Synomag®—S90, micromod Partikeltechnologie,
GmbH, Rostock, Germany). Immediately after injection, the mice were sacrificed. The
tumors were then imaged with MPI (Magnetic Insight, Inc., Alameda, CA, USA) and

microCT (Perkin-Elmer, Shelton, CT). After imaging, the tumors were heated with an
alternating magnetic field, where two fiber optic probes measured temperature at the tumor
center and the rectum. We then performed MPI-guided simulations for comparison against
the experimental data. Recorded tumor temperatures were reported as a volumetric
maximum, minimum, and average of the entire tumor geometry.

Results: The developed method was successful in incorporating the MPI dataxifo thermal
simulations. Upon completion of the pilot study, we observed excellent agr ent between
the experimentally measured intratumor temperatures and the respecti\\\leulations. For

smaller tumors (100-300 mm?3), only a difference of 1-2°C was show ’étween the
experimental and the average simulated tumor temperatures. As t mors increased in
size, this temperature difference increased commensurately. The@&rogeneous
distributions of nanoparticles at the injection site caused large tﬂ mal gradients to appear
across the tumor geometry, thus accentuating the error ass ed with a lumped mass
assumption and single temperature probe placement. Ho r, the experimental
temperatures still fell within the max/min temperature lﬁj ds shown in the simulation.

Conclusions: Agreement between the experimental a@simulated tumor temperatures in
the pilot study verified the functionality of our MPLgliided simulation protocol. Treatment
outcome for large tumors can be further impro hrough the usage of multi-point

thermometry for improved thermal characteri
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Abstract

x&
Careful determination of the heating performance of magnetic nanopartjﬁ}MNPs) under
AC fields is critical for magnetic hyperthermia applications. However, m terpretations of
experimental data are based on the uniaxial-anisotropy assumption, @1 discards the
intrinsic magnetocrystalline anisotropy (under the assumption tha former dominates).
We show in this work that such premiss, generally valid for large { amplitudes, does not
hold for small field/frequency values; specifically, we focus on&ﬁﬁ o-called Brezovich
criteria. By means of a computational model, we show that tpgNntrinsic magnetocrystalline
anisotropy, which in first instance can be correlated with p@@le aspect ratio, plays a critical
role in defining the heat output. Our results call therefoga\for an improvement in the
theoretical models used to interpred magnetic hyper@ ia performance.
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Objective \}Qq

Directional microwave antennas are und elopment and may offer operators an added
degree of freedom to tailor ablation pr@s. The objective of this study was to
experimentally evaluate ablation zon\v lumes in porcine liver in vivo following dual-
antenna microwave ablation (MWA @mbining a directional and omnidirectional antenna.

Methods Q’Q

MWA was delivered to Sit%‘n thin normal porcine liver in vivo using one directional and one
omni-directional antenna. Vntennas were designed to operate at 2.45 GHz (14 G; Precision
Microwave, Inc) and vg cooled with room-temperature water. Ablations were performed in
female domestic swﬁ? n = 4 pigs, weight: 50 - 65 kg) under general anesthesia, with
antennas percu%@o sly inserted into the liver using ultrasound imaging guidance. Prior to
commencing KN on procedures, a contrast-enhanced computed tomography (CECT) scan
of the abdo as performed. A custom fixture was employed to guide near-parallel
insertion of aktennas, with the aim of achieving an inter-antenna spacing of 2.5 cm;
antenna placement was confirmed with CT imaging. Ablation procedures lasted either 180 s
(selected to yield two discontiguous zones of ablated tissue between the antennas) or 600 s
(selected to yield a contiguous zone of ablated tissue between the antennas). Power was
delivered from a solid-state microwave generator augmented with a custom transmission
coefficient monitoring apparatus, as previously described (Zeinali et al., IEEE Trans Biomed
Eng, 2023, PMID: 37943642), with 60 W estimated at the tip of each antenna. A total of 14
ablations were performed, with 3-5 ablations per pig. After the removal of the antennas, a
post-procedure CECT scan facilitated the identification of ablation zone volumes. At
necropsy, the liver was harvested and sectioned into approximately 5 mm thick slices and
stained with triphenyl tetrazolium chloride (TTC) for assessment and measurement of the
ablation zone extents.

Results



From post-ablation CECT images, for the 180-second ablations, the median volume of
contiguous ablation zones was 17.4 cm3 (17 - 29.4 cm3) when the inter-applicator spacing
was <2.5 cm (n = 3). Conversely, the median volume of discontiguous zones was 14.4 cm?3
(6.5 - 24.9 cm?3) for spacing =2.5 cm (n = 5). For the 600-second ablations, all zones were
contiguous with a median volume of 31.7 cm3 (20.1 - 91.1 cm3). Intra-procedural
electromagnetic transmission coefficient data were recorded, and analysis is in progress to
evaluate the feasibility of intra-procedural monitoring of ablation zone growth.

Conclusion

When performing dual-antenna microwave ablation with an omni-directional and directional
antenna, contiguous ablation zones were observed in normal porcine liver in vivo when
inter-applicator spacing was <2.5 cm for 180 s ablations and was contiguous for all 600 s
ablations.
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Abstract

cure. Chemotherapeutic options, namely mitotane, are associated with ]
the development of drug resistance. Thermal ablation is now recomme for the
management of metastatic tumour bulk for ACC patients. However, i
primary treatment remains challenging. In order to improve the e of thermal
therapies, models representative of the disease being studied aré&

o
In the current study, we examined the effect of hyperth ia in novel 3D cell culture
models of ACC cell lines, HAC15, H295R and MUC-1 cgéred to monolayer models.

Y4

First the ability of 3D cell culture models to a’c@\a ly reflect the ACC tumour
microenvironment was determined. This wa ried out by measuring proliferative and
metabolic activity, viability and steroido capacity. To evaluate the effect of
hyperthermia in ACC, 3D cell culture a onolayer models were treated with hyperthermia
at temperatures of 37 (control), 42, 4{ nd 50 degrees.

(

O
MUC-1, H295R and HAC15 c@zere successfully cultured in a type 1 collagen matrix,
which is strongly expressed K the extracellular matrix of adrenal tumours. All cells
remained viable with t ergence of a necrotic core present in HAC15 cells. All three
models increase their, bolic and proliferative activity over time but had reduced rates
compared to monolé}? Following treatment with hyperthermia, 42Degress did not induce
a significant diffe in excess cell death levels between 3D cell culture and monolayer
models. Howe eatments of 45, 48 and 50 degrees hyperthermia, there was

signiﬁcantly% cell death in 3D cell culture compared to monolayer (p>0.005). This
significance was seen at all exposure times (i.e. 15, 30 and 60 minutes of hyperthermia).

3D ACC cell culture models were developed successfully using collagen type 1 abundant in
ACC, displaying some of the typical characteristics of the ACC tumour environment. These
models therefore represent useful models to study hyperthermia for ACC. The resistance to
hyperthermia observed in 3D models compared to monolayer could be explained by either
(i) the reduction in proliferation (ii) the reduction in viability and the emergence of a
necrotic core however further studies need to be carried out in order to investigate these
mechanisms of resistance. Furthermore, exploring the role of hyperthermia in combination
with chemotherapy could be a promising avenue for future investigations particularly in the
case of drug resistance.
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BACKGROUND: Our treatment utilizes the brain-eyelid thermal tunnel (BTT), pioneered at
Yale University, which allows noninvasive brain temperature monitoring and brain-eyelid
heat transfer. Corticobasal degeneration (CBD) is an untreatable, progressively fatal
neurodegenerative disorder, exhibiting symptoms and pathology akin to Alzheimer's
disease (cortical-related cognitive impairment) and Parkinson's disease (basal ganglia-
related motor impairment). “Dr. Julius Wagner-Jauregg” (W) earned the “1927 Nobel Prize in
Medicine” (N27) for his innovative and effective treatment of dementia paralytica, marked
by severe cognitive and motor impairments akin to CBD, through intentionally infecting
patients with malaria to induce high fever. Inspired by this Nobel Prize-winning research, Dr.
Marc Abreu pioneered brain-guided whole-body hyperthermia (BgH) replicating fever
patterns of N27, coined BgH-W27, to describe the groundbreaking N27 method while
incorporating modern BgH technology, which enables safe, controlled, noninvasive, brain
temperature-titrated hyperthermia devoid of severe malaria-related complications of 1927.



PURPOSE: Employ BgH-W27 for safe, effective CBD treatment to restore impaired
cognitive-motor functions. CASE REPORT: A 70-year-old male diagnosed with CBD, showing
progressive cognitive and motor deterioration, was referred from France to our Institute in
Florida. Patient exhibited tremor, hypoesthesia, numbness, left arm stereognosis, inability
to raise arm and alien limb phenomenon affecting left side. Imaging revealed cortico-
subcortical atrophy. METHOD: Following informed consent, BgH-W27 was administered
using FDA-approved Abreu-BTT-700 system and BTT radiant-heat equipment, involving heat
chamber along with inductor delivering heat to brain via BTT. Exposure to far-infrared heat,
targeting cyclical high fever patterns akin to tertian malaria of N27, lasted 180 minutes.
Temperatures ranged from 40.5°C to 41.5°C. Continuous monitoring involved vital signs,
including core temperature (tympanic probe), and eight skin sites: precordium, forehead,
arms, hips, and calves. Pump provided hydration as needed. Brain temperature (Brain®)
was measured with noninvasive FDA-approved Cl-eyelid-probe. Patient had one treatment
without adverse effects, and returned to France and has remained stable. RESAILTS: Pre-
treatment laboratory assessments revealed abnormally low serotonin (48 n@, high
dopamine (1080 pg/ml), elevated interleukin-10 (3.0 pg/ml) and reduce ein total (5.1
e&ess in left arm,
evidenced by
-W27 promoted

g/dl). Examination identified right and left arm tremor, sensation of fore
loss of fine motricity in left hand, and apraxia. Cognitive impairment
score of 23 on Montreal Cognitive Assessment (MoCA). Remarkably
normalization of serotonin (68 ng/ml), interleukin-10 (<2.8 pg/m d total protein (5.6
g/dl) along with dopamine levels decreasing towards normaliza (481 pg/ml). Evaluation
in Florida 48 hours following BgH-W27 showed immediate re ation of motricity and
coordination, demonstrated by movement of previously p zed arm, clapping hands, and
opening bottles, tasks previously impossible. Cognition g_ﬂn rkably improved with MoCA of

25. Neuromuscular evaluation in France 1 month aft -W27 revealed additional
improvements including: cognition (only one instruction to complete exercises compared to
. . . 2 . .
3 previously), motor coordination of upper and lower limbs, restoration of left-hand
sensitivity, grabbing and grasping with left ha g., handling batons using Canadian
plate), and exercise performance (level 4 Huan PG with constant success rate of over
90%), besides notably reduced resting an Qxercise tremors. CONCLUSION: BgH-W27
emerges as a promising and well-tolerat oninvasive therapy for neurological disorders
such as CBD, Alzheimer’s, and Parkins diseases. Treatment with BgH-W27 leads to
normalization of serotonin and inter%kin—lo levels, besides reducing elevated dopamine
levels. This normalization occurs rrently with restoration of impaired cognitive and
sensory-motor abilities associa ith CBD. Recent findings suggest that reduced plasma
serotonin may contribute tog dependent loss of dopaminergic neurons and neuronal
degeneration (d0i:10.103 98-021-03700-2). Therefore, normalization of serotonin
levels through BgH-W?2 g.etment could contribute to beneficial clinical outcomes in CBD
therapy. However, fur alidation of our results is necessary through large-scale clinical
trials targeting CBD ment and other neurological disorders with BgH-W27.

N
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Abstract

Adrenocortical carcinoma (ACC), a rare and often fatal cancer with a limited survival rate of
up to 24 months, necessitates diverse treatment approaches such as surgery,.
chemotherapy, or radiation. Due to its high recurrence rate, there is a critical demand for
innovative therapies. Magnetic iron oxide nanoparticles have emerged as promising
contenders for cancer treatment due to their adaptability in size and shape, can be
customized for targeted cellular absorption. In our initial investigation, we examined the
absorption of K20-labelled Fe/Fe304 - Dopamine - Rhodamine B particles (IONP)_by ACC
(H295R, HAC15, and MUC1) cells, HUVECs, and primary monocytes. These cells were




exposed to varying_concentrations of IONP (0, 5, 10, 20, and 50 pg/ml) for a period of 24
hours. The results indicated a concentration and time-dependent uptake of nanoparticles
and its impact on cellular viability and metabolic activity of ACC cells. The optimal
concentration of IONP was determined as 10 yug/ml, and subsequent assessments focused
on the rate of uptake, intracellular location and effect on steroidogenesis of ACC cells. The
efficiency of IONP uptake by ACC cells diminished when exposed to primary monocytes and
an HUVEC layer, as demonstrated through a Transwell migration system. This study
provided insights into the non-specific uptake of IONP by ACC, primarily attributed to the
mechanism of macropinocytosis. These preliminary findings support exploring_potential
modifications to enhance specific uptake by ACC cells.
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Abstract Q

Y4

Objective:
Cutaneous metastases of ovarian cancer are (@\vely rare, accounting for approx. 3.5% of
cases and predominantly occur as Sisterjo@ Nodules (SJN) in the periumbilical region,
but also in recurrent setting as non-SJN @ns in abdomen, genitalia and limbs. These
manifestations significantly compromi%.lality of life of patients. Although not yet
integrated into guidelines, treatmen\m dalities including systemic therapy and surgical
resection are recommended. Addi@lly, radiation therapy is proposed as a viable option
for managing extensive non-SJN.Qq astases.

Methods: Q

A 48-year-old patient with bral and lymphatic metastatic ovarian carcinoma presented
nine years after initial nosis (FIGO IlIC pT2a, pN1, L1, V1, PnO, G3, BRCA1+2: negative)
with extended rash e thorax and both legs. Lesions were initially suspected as herpes

zoster infection byt ppoved to be resistant to acyclovir, and were histologically confirmed as
skin metastas?e@‘(he known ovarian carcinoma with signs of lymphangiosis

carcinomatos#:

The patient wds treated with carboplatin/gemcitabine and concomitant hypofractionated
radiotherapy combined with hyperthermia on the medial thigh. Radiation was carried out
with 5 x 4 Gy in weekly sessions. Immediately before radiotherapy, the target area was
heated to 39-43 °C for 60 min using water-filtered infrared A (wIRA). Due to the geometry of
the target area on the inner thigh, only the ventral and medial portion of the thigh could be
warmed up as desired.

Results:

Overall, the patient responded very well to the therapy, with a marked regression of the
ulcerating lesions on the medial thigh and no significant toxicity. At first follow-up, she
presented with a complete response in the irradiated region. Local control of metastases is
persisting for >1 year. Notably, the area with hyperthermia >40°C showed earlier response
than the treatment area <39°C.



Conclusion:

The combination therapy of mild superficial hyperthermia and hypofractionated low-dose
radiotherapy is a treatment option for very extensive cutaneous metastases of ovarian
cancer that may warrant long-term disease control. In the presented case, a higher
temperature range appears to translate into a more pronounced clinical response.
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Abstract

Methods \Q)

14 consecutive patients treated with reirradiation with concurrent DHT a Ingle institution
were analyzed retrospectively. Patients were treated with twice weekl , treated
immediately before or after radiation (RT) treatments, delivered vi centric ring
radiofrequency phased array system at a frequency range of 75-1 Hz to a target

temperature of 40-43°C. Thermistors were placed in the bladdﬂ%ectum and/or vagina
and externally on the patient’s skin to measure temperature.Qa ients were monitored
throughout the 30-60-minute treatment. Kaplan-Meier (K ethod was used to estimate
outcomes.

4
Results q
Median age was 65. Most patients (8, 60%) treated for recurrent rectal cancer. 3
(21.4%) were treated for rectal cancer wh re status-post radiation for a different primary

(2 with a history of prostate cancer an@ h a history of endometrial cancer), 2 (14.3%)
for recurrent anal cancer, and 1 (7.1%)\Wtultiply recurrent sigmoid. 4 (28.6%) were
metastatic at time of DHT. 10 (71. received concurrent chemotherapy. Median dose of
RT at time of DHT was 40.8 Gy (3Q-$1 Gy), 12 (80%) underwent BID treatment and all
patients were treated with pro@ erapy. Overall, DHT was well tolerated with only 2
(14.3%) unable to complete It planned treatment, with no acute grade 2+ thermal
toxicities. 2 of 5 proceedgd With planned resection following DHT/RT (1 refused, 1 had
progressed and thus nqih er a candidate, and 1 was aborted due to intra-operative
hemorrhage). 9 patim ad symptoms associated with their disease and all but one
obtained symptom

N

With a medigﬁfollow-up of 13 months (3-37), 2 patients experienced grade 3 toxicity; both
were peri/post-operative complications. No grade 4+ toxicities occurred. 35.7% had local
progression, 4 28.6% had regional progression and 50% had distant progression. 1 yr LC
and OS were 64.3% (SE +/-14.9%) and 69.8% (SE +/-14.9%). Median PFS was 9 moths (SE
+/-3).

Conclusion

Our results on the use of DHT for lower Gl malignancies in the setting re-irradiation
suggests that this combined modality approach is well tolerated with favorable outcomes
and can provide durable control and palliation. Prospective studies are needed to better
ascertain which patients derive the greatest benefit from this treatment.
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Abstract

Introduction:

Adrenocortical carcinoma (ACC), a rare and aggressive cancer, presents significant
challenges in treatment due to its resistance to conventional therapies. In light of the
limited therapeutic options available, our study aimed to explore the efficacy



of hyperthermia against ACC specifically probing the potential role of Caspase 3 mediated
apoptosis.

Methods:

ACC cell lines (H295R and HAC15) and the non-cancerous HUVEC endothelial cell line, were
treated with hyperthermia at 42°C, 45°C, 48°C, and 50°C in controlled water

baths. Cell viability was assessed using Annexin V/Sytox blue (Flow
cytometry),Calcein/Propidium iodide (Confocal), and the xCELLigence Real Time Cell
Analyser. While the involvement of Caspase 3 mediated apoptosis was measured using
western blotting.

Results:

We observed a significant reduction in cell viability in H295R and HAC15 cell
48°C and 50°C hyperthermia, evident immediately and 24 hours post-trea
defined as 'lethal hyperthermia'. Contrastingly, HUVEC cells were more
varied cellular sensitivities to hyperthermia. Furthermore, our findings aled a resilience
in ACC cells when treated with 45°C hyperthermia, where an initial c@ ase in viability was
followed by a recovery, indicating a potential adaptive response to%t lethal hyperthermic
stress. Surprisingly, our results from the Annexin V/Sytox Blue aspase 3 western blot
assay suggests that caspase 3 mediated apoptosis was not thQ rimary pathway in
hyperthermia-induced ACC cell death. Q

Conclusion: O

@ated with
t, which we
, suggesting

Hyperthermia=48°C is lethal to ACC cells, offering ngw*therapeutic possibilities.
Interestingly, these cells demonstrate resilience g&h45°C, suggesting alternative
mechanisms beyond Caspase 3 mediated apo in hyperthermia-induced cell death,
underscoring the need for further mechanis ploration.
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Abstract O

Introduction: Therapeutic interventions, including focused ultrasound-based histotripsy
(HT), aimed at mechanically ablating tumors, ha%che potential to transform poorly
immunogenic environments into activated 'he Qa ets by releasing tumor antigens,
thereby fostering both local and systemic a@.lmor immunity. However, HT alone often
fails to sustain a prolonged, anti-tumor i e response. This raises the question of
whether other factors, such as the gut biome, can dynamically influence HT-mediated
tumor immunomodulation, even wh ey are not immediately adjacent to the tumors. To
gain these essential insights, herei e examine the impact of HT-mediated
immunomodulation on poorly i ogenic murine oral squamous cell carcinoma (MOC)
and its influence on the dynamsQs 'of the gut microbiome, establishing its correlation with
therapeutic outcomes. ?\

Methods: Female rﬁ@with MOC2 (Head and Neck Squamous Cell Carcinoma) tumors were
randomly assignef\td"one of two groups (n=6 mice/group): 1) Control and 2) HT. Two local
HT treatments,Sa h covering less than 10% of the tumor volume, were administered with a
three-day in% I. Fecal samples were collected both before inoculation and on day 20 post-
inoculation, ich coincided with euthanasia for microbiome analysis. Tumor and serum
samples were processed for flow cytometry and cytokine analysis to provide insights into
the gut-microbiome-tumor axis. Fecal pellets underwent analysis for the gut microbiome
using targeted sequencing of the bacterial 16S ribosomal RNA gene. The raw data were
analyzed using MicrobiomeAnalyst, and Pearson correlation was performed between the
profiles of tumor immune-cytokines and the abundance of bacterial genera at the genus
level.

Results: Significant suppression of MOC2 tumor growth rates (~64%) was observed two
weeks post-HT treatment compared to the untreated control group. The increased efficacy
of HT treatment was associated with enhanced infiltration of cytotoxic T cells and NK cell
populations within the tumor. Gut microbiome analysis revealed substantial shifts at both



phylum and genus levels, with these changes aligning with immune-active and suppressive
immune dynamics. A positive correlation was observed with Monocytic-Myeloid Derived
Suppressor Cells (M-MDSC). In particular, bacterial population of Turicibacter exhibited
positive associations with anti-tumor immune populations and cytokines, while displaying
negative associations with tumor growth.

Conclusion: Immunomodulatory therapy employing ablative approaches can be impacted
by gut microbiomes, in conjunction with other pertinent factors. Future studies involving
gut depletion and transplantation of identified pathogens can provide further insights into
their therapeutic potential and their capacity to support ablative therapies.
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Abstract 0,\..Q,

Non-invasive monitoring of the blood perfusion of skin flaps in post-reco@uctive surgery is
an unmet need. A novel non-invasive perfusion measurement device d on the ‘thermal
washout’ method combining microwave heating (MWH) and mfrareﬁ‘ radiometry was
proposed previously. This study reports the development and te Qé of the device. Briefly,
the device consists of a microwave slot antenna and a power s at 2.4 [GHz], with

a maximum peak power of 10 [W] and IR temperature senso quused in a handheld 3D-
printed enclosure. The temperature from the IR sensor is U{Qto drive the microwave
source through pulse width modulation (PWM), to contrgl the power level dynamically.
Various tests have been performed in tissue phanton@&i small animals to evaluate the
device and its safety. For the latter, two rats were usedfor conducting the study at different
time and temperatures. For the study, the MWH wa¥ applied at three different power levels

between 2 to 8.5 [W] and for various time inter between 2 and 6 [mins]. Temperature
elevations of 4-5 [°C], 5-7 [°C] and 15-17 [° e observed for 2, 4 and 8.5 [W]
respectively. Tissue samples were sent to hi athology to investigate thermal damage.

A temperature feedback PID controller@ﬂaintain the surface temperature elevation

of approximately 2-3 [°C] for perfusi easurements through a thermal washout curve is
currently being developed. The de @med control system and verification of the device
using tissue perfusion phantom@ be presented at the conference.
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Abstract

Magnetic nanoparticle hyperthermia therapy (MNPH) has shown prominent re%lts in cancer
treatments. A significant limitation of current MNPH devices is

the inability to deliver conformal thermal dose to the tumor. The objectivg
develop a control system for spatially confined MNPH (HYPER) to deliver
conformal thermal dose. Spatially confined MNPH is achieved by dyn
free region (FFR), based on thermal dose feedback. Idealized SubCl&
i.e., tumor embedded in cuboidal muscle, is considered as

the computational domain. Magnetic nanoparticle (MNP) distrib n obtained from

magnetic particle imaging (MPI), was divided into two sep;{rﬁdomains to

ﬂﬁis study is to
cribed

ally adjusting field
ous tumor model,

achieve dynamically adjustable FFR. A proportional-integr ivative (PID) controller

was designed by preforming integrated system dynamig inite element

modelling using MATLAB Simulink®- COMSOL Multip © co-simulations. The tumor
center temperature was constrained at 60 [°C] and tuwAor boundary temperature
constrained at 43 [°C]. The controller output was sef to zero once the thermal dose reached
a value of CEM43T10 in the tissue adjacent to mor

boundary. The controller output was limited mT], with a rate of change

of 5 [mT/s]. The controller performance for t@ e different nanoparticle distribution cases
were studied: uniform, gaussian and in- '@distribution. Simulation results

predicted CEM43T90 of 43 [°C] achiev&Nh 25-35% of tumor volume. Results show

that the uniform distribution gives \Lmum coverage of the lesion compared to in-vivo and
gaussian distribution. Untreated @r margins were identified post simulations,

and an additional study was set reat the untreated tumor margins using spatially
confined heating with dyna i@adjustable FFR. The thermal damage is further

increased with the spatially’-%ﬂ ined heating. The developed controller will be implemented
on the HYPER prototype roller design verification will be performed using phantom
experiments. Results @}e experiments will be presented during the conference

presentation. (1/
Q
L
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Abstract

Thermal therapies are used to treat various cancers such as brain, rectal and lung cancers.
Fluidic structures such as major blood vessels and ventricles act as heat sinks and lead to
inadequate thermal dose. Current treatment planning tools and simulations use effective
thermal conductivity, convectively enhanced thermal conductivity, or simplified convective
boundary conditions to account for the heat loss from fluidic structures. Co
expensive high-fidelity conjugate bioheat transfer models are required t
intratumor thermal dose. This study investigates the feasibility of using’ﬁ

unt for the heat

conjugate heat transfer models to develop empirical relationships to
eometric parameters

sink effects of fluidic structures. Parameters such as fluid velocity a
along with non-dimensional variables such as Reynolds number, &elt number, Grashoff
number, and shape factors, will be considered in developing thé8 pirical relationships. Two
treatment cases were studied, one considering the tumor lo near a large blood vessel
and the second considering the cerebrospinal fluid (CSF) icle located near the tumor.
All simulations were performed using a commercial finit ume solver, Siemens STAR
CCM+. Tissue heat transfer and flow in the fluid stru@ﬁ were modeled using the Pennes
bioheat equation and Navier - Stokes equations respestively. Thermal damage-dependent
tissue perfusion is also modeled. For large blood wessels, both pulsatile blood flow and
laminar flow were considered. The difference [rﬁvated convective heat transfer

coefficient (CHTC) at the vessel wall was ~ 1- All further simulations were assumed to be
laminar incompressible flow. Initial simulat'c@ Identify the distance between the tumor
boundary and the fluidic structures, vol ric heating rate, and fluid velocity as the
significant factors influencing the conv&stive heat transfer coefficient at the wall of the fluid

convection from CSF velocity and convection (buoyancy-driven

flow). Boussinesq's approximati(\ as used to model buoyancy-driven flow. Significant
factors influencing the convec heat transfer coefficient at the wall of the fluid structures
were the distance between tgetumor boundary and the fluidic structures and the
volumetric heating rate C§£ velocity does not have a significant influence on the estimated
CHTC. Results will beati@yared to previously reported CHTC based on theoretical and

structures. For CSF ventricles, the{?{loss is due to mixed convection, i.e., both forced

experimental data. rical relations for CHTC based on high-fidelity conjugate bioheat
transfer models h@qveWhe potential to reduce computational resources while maintaining the
accuracy of th mal dose predictions.

S
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Abstract

Introduction Q)

Chronic low back pain (cLBP) affects a majority of people at some point in t@lives and can
often be debilitating with a negative impact on quality of life. Neuromo ion of the dorsal
root ganglia (DRG) is a promising technique for alleviating cLBP. DRG ‘&r py to date has
been through implanted leads directly stimulating the nerves or mi lly invasive through
radiofrequency ablation. In this study, we investigate if the lumb Gs can be targeted
noninvasively with MR guided focused ultrasound (MRgFUS) as tential noninvasive
treatment for cLBP. Lumbar DRG locations are challenglng fo ternal FUS as they are
surrounded by osseous structures, including the facet joi d transverse processes,
which could potentially obstruct the FUS beam path. Pr b%cedure planning of the beam
path will be critical for efficiency and safety of MRgFU

Methods 4

%’s, measuring the total distance between
ess for vertebral levels T12 to L5. From

into different tissue types for acoustic

nd skin). As the DRG is not well-delineated on

We performed analysis of 23 anonymized pati
skin and target site and subcutaneous fat t
these datasets, 6 patient CTs were seg%e

simulation (spinal cord, bone, muscle,
CTs, the DRG target was manually d based on the location of the intervertebral
foramina. Acoustic simulations we@rformed with a hybrid angular spectrum method
(Vyas and Christensen, 2012) fo asound beam propagation at various transducer
angles and vertebral levels, re g in a dynamic pressure pattern across the tissue.
Within this simulation, we uvg‘d design specifications of a 256-element transducer with a
1 MHz central frequency wthtelements randomly positioned over a spherical face with an
11 cm focal length. (1/

Results "1/

In a patient p @on of 13 females and 10 males (24-90 years old, mean 62), the
distance fro% skin to DRG ranged from 7.07 £ 1.92 cm t0 9.98 = 1.61 cm, with
subcutaneousAat of 1.60 = 0.84 to 3.62 £ 1.57 cm. The average distance from skin to DRG
ranged from 6.48 = 1.78 cm to0 9.69 = 1.35 cm in women, with a subcutaneous fat layer of
1.64 =+ 0.86 cm to 3.72 = 1.49 cm. In men, the skin to DRG distance ranged from 7.78 *
1.92 cm to 10.38 = 1.67 cm, with a subcutaneous fat layer of 1.56 £ 0.86 cm to 3.59 =
1.91 cm. In all datasets, distance from skin to DRG target increased with the more caudal
vertebral levels with a greater percentage of the total distance along the beam path being
subcutaneous fat.

Within the segmented and simulated models, the DRGs can be accurately and efficiently
targeted with the ultrasound beam. Adequate energy can be delivered to the target with
minimal effects to the surrounding tissue. Positioning the transducer at an angle of 302

allows for a FUS trajectory that is not obstructed by bone from the transverse processes.



Discussion

Our simulation studies showed that therapeutic level FUS energy can be delivered to the
DRG to enable neuromodulation in patients. We chose CT over MRIs in this early feasibility
study for easy visualization and segmentation of the osseous spinal structures. Future
studies will include thermal simulations to verify safety margins for neuromodulation
applications or determine if ablative procedures can be performed with this transducer
based on the patient’s anatomy. With acoustic attenuation related to tissue composition
and distance to the target, we will investigate which vertebral levels may be effectively



treated based on the choice of transducer and other design constraints such as magnet
bore size for MR-guided applications.
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Abstract QO
~

Introduction Q)@\'

Patients diagnosed with intermediate—s@e Hepatocellular Carcinoma (HCC) typically
undergo transarterial therapy (TT) asg\part of their treatment. A recent advancement in TT,
termed thermoembolization (TE), s promise. TE involves the in situ exothermic reaction

of dichloroacetyl chloride ( DCAC%\ sulting in combined ischemia, hyperthermic
endovascular ablation, locall c pH, and targeted drug delivery guided by imaging
[1,2]. While offering potentl%gtutlons to the challenge of incomplete treatment associated
with other TT methods, tHg,optimization of treatment parameters for maximal efficacy with
this novel approach r iNs uncertain. It is crucial to understand the appropriate quantity
and concentration ¢ E reagent to affect the HCC tumor microenvironment while
minimizing dama ei&radjacent normal cells. Consequently, there is a pressing need to
evaluate the sp@and temporal distribution of temperature and pH surrounding the
injected TE redgenht. This study focuses on examining the temporal and spatial temperature
distribution ?\ln a 3D vascularized collagen hydrogel platform representative of tissue
after injecting the TE reagent into a microchannel embedded in the gel.

Materials and Methods
Holder preparation

The holders for the collagen platform were fabricated by casting polydimethylsiloxane
(PDMS) into milled aluminum molds. The PDMS elastomer base and curing agent (10:1)
were mixed and cured overnight in a 75 °C oven. Using a plasma treater, the PDMS holder
was affixed to a glass coverslip to create a well with a glass bottom. A 22-gauge blunt-tip
needle was inserted into the microchannel of the holder. To enhance collagen gel adhesion
on the PDMS surfaces, a solution comprising 1% polyethylenimine (PEI) and 0.1%
glutaraldehyde was pipetted into the holder, followed by three rinses with sterile deionized
water [3]



Collagen preparation

Buffer solutions for creating the collagen gel were prepared by mixing 1X DMEM, 10X
DMEM, and 1 M NaOH. The buffer was combined with a 6 mg/mL collagen stock solution in a
1:1 ratio. The resultant mixture was carefully pipetted into the well, ensuring coverage of
the needles. Subsequently, the platform was placed in an incubator for a minimum of 30
minutes to allow the gel to solidify, after which the needles were gently withdrawn

DCACI preparation
3M and 1M DCACI solutions, dissolved in poppy seed oil, were prepared and then injected
into the microchannel using a 24-gauge needle.

Imaging
A high-resolution infrared thermal camera (model: FLIR T62101) was employ@o capture

the temperature distribution in the gel over 60 seconds, providing a top-vi% erspective
during and after the injection of the reagent into the gel. \Q

\’3\
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Figure 1 illustrates the temperature distribution immedia%%@‘féer 20 seconds and 60

Results

seconds following the injection of DCACI solutions (3M and into the microchannel
embedded in the gel. The interaction of the DCACI solut} ith the collagen gel
surrounding the microchannel resulted in an exothe@igéaction, causing a temperature
increase in the injection vicinity. Moreover, the data onstrates that the higher
concentration of DCACI (3M) induces a more pronaunced temperature elevation in the gel
compared to the lower concentration (1M). Th@ct extends over a larger spatial area and
persists for a longer duration. Additionally, regatding the images taken with the cell phone
camera, given the use of phenol red in th (as a component of DMEM) and knowing the
fact that its color shifts to yellow in acidi conditions, a notable pH decrease around the
injection area is observed over time tKl Ing the administration of DCACI (3M) which is
greater than DCACI (1M). 0(0'
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Abstract &

N
Previous work has reported the design of a novel thermobyg@ytherapy (TBT) balloon
implant to deliver magnetic nanoparticle (MNP) hyperth ta and high-dose-rate (HDR)
brachytherapy simultaneously after brain tumor rese& thereby maximizing their
synergistic effect. This paper presents an evaluation he robustness of the balloon device,
compatibility of its heat and radiation delivery compbnents, as well as thermal and radiation
dosimetry of the TBT balloon. TBT balloon dew@ﬁh 1 and 3 cm diameter were evaluated
when placed in an external magnetlc field wi maximal strength of 8.1 kA/m at 133 kHz.
The MNP solution (nanofluid) in the baIIoon rbs energy, thereby generating heat, while
an HDR source travels to the center of t IIoon via a catheter to deliver the radiation
dose. A 3D-printed human skull mode filled with brain-tissue-equivalent gel for in-
phantom heating and radiation me ements around four 3 cm balloons. For the in vivo
experiments, a 1 cm diameter bal| was surgically implanted in the brains of three living
pigs (40-50 kg). The durability robustness of TBT balloon implants, as well as the
compatibility of their heat and iation delivery components, were demonstrated in
laboratory studies. The presafite of the nanofluid, magnetic field, and heating up to 77 -C
did not affect the radiatj ose significantly. Thermal mapping and 2D infrared images
demonstrated spheri ymmetric heating in phantom as well as in brain tissue. In vivo
pig experiments sh the ability to heat well-perfused brain tissue to hyperthermic levels
stance from the 60 C balloon surface.

(=40 -C) at a 5@
Previously pﬁthed in Cancers 2023, 15(23),

5683; https: i.org/10.3390/cancers15235683
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