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EDUCATIQNAL DAY - Wednesday, June 3rd

June 3% 2009 - Room B

EDUCATIONAL DAY

14:00 - 14:45
15:00 - 15:45
16:00

16:30 - 17:15
17:30 - 18:15

Hyperthermia basic physics
G. van Rhoon (Rotterdam)

The biological basis of anti-cancer effects of hyperthermia
M. Horsman (Aarhus, Denmark)

Coffee Break

Hyperthermia basic equipment (applicators, thermometry)

and new technological developments (nanoparticles)
G. van Rhoon (Rotterdam)

Clinical applications of hyperthermia (gynaecological
cancers, rectum and anal canal, prostate, liver, pancreas,

thoracic wall, neck, brain)
S. Maluta, S. Dall'Oglio (Verona)




Thur'sday, June 4"

June 4" 2009 - Room1

08:30 Opening
S. Maluta (Verona), R. Issels (Munich)

08:40 Ethics and research
S. Garattini (Milano)

09:00 The 25" anniversary of ESHO
G. van Rhoon (Rotterdam)

09:10 The Erlangen proposal for cooperation in hyperthermia:

Atzelsberg Circle
R. Sauer (Erlangen)

CLINICAL SESSION: GASTRO-INTESTINAL CANCERS
Chair: A. Guglielmi (Verona), R. Sauer (Erlangen), R. Issels (Munich), C. Bassi (Verona)

09:30 Anal cancer: the role of hyperthermia
G.G. Grabenbauer (Erlangen)

09:50 Rectal cancer recurrences: a new protocol for radio-hyperthermia
treatment
O. Ott (Erlangen)

10:10 Hyperthermia in oesophageal cancer
M. Hulshof (Amsterdam)

10:30 Coffee Break

11:00 The role of surgery in pancreatic cancer
P. Pederzoli (Verona)

11:20 The role of hyperthermia in pancreatic cancer
R. Issels (Munich)

11:40 Discussion




na)

Thursday, June 4"

June 4™ 2009 - Room 1

Selected Communications
Chair: S. Maluta (Verona), K. Tschoep (Munich)

12:00 Local SHF hyperthermia in multimodal approach to treatment
of rectal cancer together with neoadjuvant therapy in a
poli-radio-modification program
Y. Barsukov (Moscow)

12:10 Development of a 27 MHz CC-LCF intraluminal applicator for
combination with locoregional hyperthermia of the oesophagus

and other locations
J. Crezee (Amsterdam)

12:20 Results of thermo-radio-chemotherapy in combined treatment

of squamous cell anal carcinoma
Y. Barsukov (Moskow)

13:30 Lunch

CLINICAL SESSION: GYNAECOLOGICAL CANCER
Chair: Z. Vujaskovic (Durham, USA), V. Travagliati (Verona)

14:30 Hyperthermia in the treatment of locally advanced cervical cancer
M. Franckena (Rotterdam)

14:50 Clinical impact of adding hyperthermia in patients affected by
locally advanced cervical cancer treated with chemo-radiotherapy:

the experience of Verona multidisciplinary group
M. Gabbani (Verona)

15:10 Vaginal cancer and hyperthermia
J. van der Zee (Rotterdam)




Thursday, June 4"

June 4™ 2009 - Room 1

Selected Communication

15.30 Hyperthermia assisted HDR brachytherapy in cervical cancer

treatment. First results of a phase HI study
P. Norbert (Warsaw)

15:40 Discussion

16:10 Coffee Break

BIOLOGICAL SESSION:
CHEMO-HYPERTHERMIA IN DISEASE PROGRESSION
Chair: M. Horsman (Aarhus, Denmark)

16:30 Hyperthermia in malignant progression
M. Dewhirst (Durham, USA)

16:50 Rationale for chemo-hyperthermia association:

the sarcoma experience
R. Issels (Munich)

Selected Communications

17:10 Species dependent doxorubicin release of thermosensitive

liposomes in vitro
R. Schmidt (Munich)

17:20 Dual phosphatidilglyceroglycerol-based thermosensitive liposomes

for MR-guided chemo-thermotherapy
T. Wang (Munich)




Thursday, June 4"

June 4™ 2009 - Room 1

SELECTED CONTRIBUTIONS FOR DEBATE
Chair: G. van Rhoon (Rotterdam), S. Dall'Oglio (Verona)

17:30 Hyperthermia treatment results in immunogenic tumour cells death

17:50

18:10

18:30

19:30

forms - Consequences for multimodal cancer treatment
U. Gaipl (Erlangen)

A simplified 3D approach for the evaluation of the SAR and

temperature distribution in magnetic nanoparticles hyperthermia
E. Sieni (Padova)

In silico model of tumour growth and treatment with Doxorubicin
and heat
E. Neufeld (Zurich)

International Journal of Hyperthermia
Editorial Board Meeting (Room A)

Welcome Drink (Hall of the "Centro Marani")




Thursday, June 4"

June 4™ 2009 - Room 2

SPECIAL SYMPOSIUM:
UPDATE IN PSYCHO-ONCOLOGY

09:00

11:00

11.15

14:00

Distress, quality of life and diagnosis communication
Part 1

Coffee break

Distress, quality of life and diagnosis communication
Part 2

Lunch
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Thursday, June 4"

June 4" 2009 - Room 2

BSD USERS MEETING:

ADVANCES IN HEAT DELIVERY AND TREATMENT PLANNING
Chair: B. Rau (Berlin)

14:30 SigmaHyperPlan: rationale and clinical applications
S. Eisenhardt (Berlin)

14:50 Current and future product development at BSD Medical Corp.
P.F. Turner (Salt Lake City)

15:10 On-line improvements of MRI therapeutic patterns during

clinical heat treatments with multi-antenna arrays
P. Wust (Berlin)

Selected Communications

15:30 Prediction of hot spots during deep hyperthermia treatments by

calculation models, a patient study
R. Canters (Rotterdam)

15:45 Nonlinear, temperature based optimization for hyperthermia
treatment planning using PDE constrained interior point optimization
E. Neufeld (Zurich)

16:00 Current status of deep hyperthermia technology
G. Bruggmoser (Freiburg)

16:20 Quality assurance demands for clinical trials
G. van Rhoon (Rotterdam)

16:40 Panel discussion

17:00 Coffee Break

18:30 ESHO Board Meeting
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Friday, June 5"

June 5™ 2009 - Room 1

BIOLOGICAL SESSION: TUMOR HYPOXIA (ROUND TABLE)
Participants: M. Dewnhirst (Durham, USA), S. Osinsky (Kiev), P. Vaupel (Mainz)

08:00 The role of functional imaging in the assessment of prognostically

important physiological parameters in clinical hyperthermia
M. Dewhirst (Durham, USA)

08:20 Tumor hypoxia, hyperthermia efficacy and malignant progression
S. Osinski (Kiev)

08:40 Are HIFs and HIF-dependent downstream proteins specific/valid

indicators for tumor hypoxia in the clinical setting?
P. Vaupel (Mainz)

TECHNOLOGY SESSION: NANOTHERAPY, MRI-THERMOMETRY, HIFU
Chair: J. Vrba (Prague), J. Crezee (Amsterdam)

09:00 Nanotherapy-induced hyperthermia in oesophageal and
pancreatic cancer
B. Rau (Berlin)

09:20 MRI for non invasive thermometry: the Duke's experience
Z. Vujaskovic (Durham, USA)

09:40 Clinical acceptance of high intensity focused ultrasound (HIFU) -

where has it got to?
G. ter Haar (London)

Selected Communications

10:00 3D real time MR-based thermal dosimetry for hyperthermia
treatment of sarcomas at the extremities
P. Maccarini (Durham, USA)

10 Thermotherapy using magnetic nanoparticles: status of clinical trials

A. Jordan (Berlin)

14



Friday, June 5t

June 5" 2009 - Room1

10:20 The physical requirement for induction heating cancer therapy

using magnetic nanoparticles
K. Yamada (Tsukuba, Japan)

11:00 Coffee Break
CLINICAL SESSION: PROSTATE CANCER

Chair: A. Porcaro, F. Zattoni (Verona)

11:30 Prostate cancer: the surgeon's point of view
F. Zattoni (Verona)

11:50 Hyperthermia plus radiotherapy in prostate cancer:
Atzelsberg group protocol
S. Maluta (Verona)

Selected Communication

12:10 External radiation therapy in combination with local transrectal

SHF hyperthermia in prostate cancer
I. Lisitsyn (St. Petersburg)

12:30 Discussion

13:30 Lunch
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Friday, June 5"

June 5", 2009 - Room 1

CLINICAL SESSION:

ABDOMINAL METASTASES AND PERITONEAL CARCINOMATOSIS
Chair: C. Cordiano (Verona)

16:30

Treatment of peritoneal carcinomatosis by cytoreductive surgery
and intraperitoneal hyperthermic chemoperfusion (IHTC):

preliminary results in 39 patients
G. de Manzoni (Verona)

Selected Communications

17:10

17:20

Palliative treatment of peritoneal carcinomatosis:

the role of HIPEC in a single centre experience
L. Orgiano (Cagliari)

The effect of hyperthermia as a modulator of intravenous or

intraarterial polychemotherapy in the treatment of hepatic

metastases of malignancies
R. Aslanov (Kiev)

PLENAR PRESENTATION
Chair: O. Dahl (Bergen)

17:30

18:00

20:00

The 25" anniversary of International Journal of Hyperthermia
M. Dewhirst (Durham, USA)

ESHO Assembly

Gala Dinner

Palazzo Verita - Poeta, vicolo San Silvestro 6, Verona
Centre of Verona, near Castelvecchio
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Friday, June 5"

June 5" 2009 - Room 1

CLINICAL SESSION: SARCOMAS
Chair: U. Tedeschi (Verona),R. Issels (Munich)

14:30 A new protocol for hyperthermia combined with autologous transfer

14:50

15:10

of HSP-activated NK-cells: the ATAK trial
R. Issels (Munich)

Perfusional hyperthermia in limb sarcomas
C.R. Rossi (Padova)

Regional hyperthermia in children with sarcomas
R. Wessalowski (Dusseldorf)

Selected Communications

15:30

15:40

15:50

16:00

Comparison of radiological and pathohistological response to
neoadjuvant chemotherapy combined with regional hyperthermia

(RHT) in patients with soft tissue sarcomas (STS)
S. Abdel-Rahman (Munich)

Radio-hyperthermo-chemotherapy for synovial sarcoma
Y. Matsushita (Nagoya City, Japan)

Impact of perfusion-induced hyperthermia during hyperthermic

isolated limb perfusion on tumor oxygenation and response
J. Jakob (Heidelberg)

Coffee Break




Friday, 3uneJs"

June 5" 2009 - Room 2

ORAL CONTRIBUTIONS, PHYSICS
Chair: F. Dughiero (Padova), C. Cavedon (Verona)

08:00 Structured ferrofluid with high total loses for application
in RF-hyperthermia
N. Kazantseva (Zlin, Czech Republic)

08:10 Numerical validation of the efficiency of double or dual-frequency

radiofrequency ablation
A. Candeo (Padova)

08:20 Fast FDTD computation using graphics card: the orientation

of the Yee-cell
D. Correia (Amsterdam)

08:30 TR-hyperthermia system prototype: first phantom experiment
H. Dobsicek Trefna (Prague)

08:40 434 MHz planar applicators for local hyperthermia treatment
O. Rychlik (Prague)

08:50 In vitro and in vivo evidences of effects of modulated
RF-conducting heating
A. Szasz (St. Istvan, Hungary)

SATELLITE SYMPOSIUM: TREATMENT OPTIONS

(SURGERY, CHEMOTHERAPY, HYPERTHERMIA) IN RELAPSED
HIGH-GRADE GLIOMAS

Chair: J. Haveman (Amsterdam), S. Dall'Oglio (Verona)

09:00 Second surgery in relapsed high-grade gliomas
S. Turazzi (Verona)

09:20 Temozolomide in relapsed high-grade gliomas
A. Brandes (Bologna)

09:40 Hyperthermia induced radiosensitization in nervous tissue
J. Haveman (Amsterdam)

18




Friday, June 5%

June 5™ 2009 - Room 2

Selected Communications

10:00 Liposomiated Doxorubicin (LD) and hyperthermia in giioblastoma

relapsing after surgery, radiotherapy and two chemotherapy lines
A. Gramaglia (Monza)

10:10 Increased survival in grade IV (glioblastomas) and grade 111
gliomas treated with Temozolomide plus conformal radiotherapy
and capacitive hyperthermia
A. Gramaglia (Monza)

10:20 Keynote Lecture: Use of heat shock proteins for therapeutic gain
A. Asea (Temple, USA)

11:00 Coffee Break

SUPERFICIAL HYPERTHERMIA
Chair: L. Corti (Padova), P. Gabriele (Cagliari)

11:30 Superficial hyperthermia in pleural mesothelioma
3. van der Zee (Rotterdam)

Selected Communications

12:00 One year experience and results with surface hyperthermia
M. Ehmann (Heidelberg)

12:10 Hyperthermia and radiotherapy for superficial malignant
melanoma (MM) metastases. An evaluation of effectiveness
and toxicity
L. Miszczyk (Gliwice, Poland)

12:20 Radiohyperthermia of superficially located metastases from
adenocarcinomas
B. Jochymek (Gliwice, Poland)

12:30 Superficial hyperthermia in multimodality treatment of advanced

primary or recurrent breast cancer
M. Basso (Padova)

19




June 5", 2009 - Room 2

12:40 Local hyperthermia combined with external radiation in the

treatment of recurrent breast cancer
M. Rigler (Graz)

12:50 Superficial hyperthermia treatment specific computed tomography

(CT-SCAN) for treatment planning
M. Linthorst (Rotterdam)

13:00 Practical translation of specific CT-scan for superficial hyperthermia
into treatment planning tool SEMCAD X
T. Drizdal (Rotterdam)

13:30 Lunch

ANG OGENESI S AND CANCER THERAPI ES
Chair: M. Horsman (Aarhus, Denmark)

16:30 Angiogenesis and cancer therapies - introduction
M. Horsman (Aarhus, Denmark)

16:40 Teaching lecture: oxidative stress in angiogenesis and response
to radiochemotherapy
M. Dewhirst (Durham, USA)

20




Saturday, June 6t

June 6™ 2009 - Room 1

CLINICAL SESSION: MULTIMODALITY TREATMENT (BIOLOGIC
AGENTS, INTENSITY-MODULATED RADIOTHERAPY, HYPERTHERMIA)
IN LOCALLY ADVANCED HEAD AND NECK CARCINOMAS
Chair: A. Paccagnella (Venice), P. Levendag (Rotterdam)

08:30 EGFR-blockers (Cetuximab) in locally advanced head and neck

squamous cell carcinomas
A. Paccagnella (Venice)

08:50 Clinical opportunities of combining radiation and hyperthermia
in head and neck
P. Levendag (Rotterdam)

09:15 Hyperthermia in head and neck tumors: Rotterdam experience
M. Paulides (Rotterdam)

09:40 Keynote Lecture: Network of Centres for Isolated Limb Perfusion (ILP)
A.M.M. Eggermont (Rotterdam)

ESHO STUDENTS AWARD
Chair: G. van Rhoon (Rotterdam), S. Dall'Oglio (Verona)

10:20 The impact of the waveguide aperture size of the 3D 70 MHz AMC-

8 loco-regional hyperthermia system on tumour coverage
P. Kok (Amsterdam)

10:40 Comparison between different optimization strategies using

SigmaHyperPlan
S. Pasetto (Verona)

11:20 Coffee Break

22




Saturday, June 6"

June 6", 2009 - Room 1

11.30

12:30

12:50

13:10

13:30

ESHO BSD AWARD

Chair: O. Dahl (Bergen), G. van Rhoon (Rotterdam)

ESHO 2010
J. van der Zee (Rotterdam)

Conclusions
R. Issels (Munich)

Closing remarks
S. Maluta (Verona)

CME questionnaire

23




Saturday, June 6"

June 6™ 2009 - Room 2

ORAL CONTRIBUTIONS, BIOLOGY
Chair: M. Dewnhirst (Durham, USA)

08:00 Particle size influences drug release properties of

thermosensitive liposomes
M. Hossann (Munich)

08:10 MR-characterization of mild hyperthermia induced Gadodiamide
release from thermosensitive liposomes in solid tumours and

muscle tissue
M. Peller (Munich)

08:20 Using OXl14503 to enhance the combination of radiation and

mild temperature hyperthermia
M. Horsman (Aarhus, Denmark)

08:30 Thermosensitization and heat-induced apoptosis by Parthenolide,

NF-KB inhibitor, in human lung cancer A549 cells
S. Hayashi (Fukiu, Japan)

08:40 The ATAK trial: Autologous transfer of HSP70-activated NK cells
in high-risk patients with soft tissue sarcomas responding to

chemotherapy and regional hyperthermia
V. Milani (Munich)

08:50 Thermosensitive liposomes: effect of heat - triggered fast release

on drug delivery and tumor vasculature
M. Dewhirst (Durham, USA)

Please note that some sessions are not CME-valid for participants from Italy.
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Scientific Sessions



THURSDAY, JUNE 4, 2009

Clinical Session: Gastro-Intestinal
Cancers

1 oral

HYPERTHERMIA IN ESOPHAGEAL CANCER
HulshofM.

Dept. of Radiotherapy, Academical Medical Center of
Amsterdam, The Netherlands

The application of hyperthermia in esophageai cancer
is limited to a few studies and institutes. The reluc-
tance to administer hyperthermia for mediastinal lo-
cated targets is based on several factors. The main
iimiting factor is the difficulty to achieve an adequate
thermal dose due to the cooling effect of nearby heart
and large vessels. Secondly, adequate clinical meas-
urement of tumor temperature is difficult. Furthermore,
with regional hyperthermia the need to suppress nearly
nevitable temperature hot spots in the more peripher-
ally located spinal cord is another limitation for
achieving adequate temperatures in the centrally lo-
cated esophagus. Local control after definitive radio-
:herapy is disappointing and thus more effective lo-
coregional treatments are needed. Hyperthermia has
proven to improve the local control rate in several
:umor types and there is no reason why this enhance-
ment should not be applicable to esophageai tumors. It
s more a technical problem: how to get the heat where
we want it and how to monitor it. Two small Japanese
eandomized studies in the nineties showed improved
dinical and histological effects by intraluminal hyper-
‘nermia when added to chemoradiation. A disadvan-
:age of this intraluminal heating technique is the limited
penetration depth, insufficient to heat tumors of more
than 0,5-1 cm. Also no longitudinal power steering is
possible. Locoregional heating could overcome both
:roblems and seemed feasible in a phase | study from
The Netherlands. As expected, the achieved intralumi-
ial temperatures were not optimal, but first clinical
*Bsults were promising when combined with chemora-
riation. No late toxicities of esophageai heating were
encountered. Improvements in heat delivery can be
expected from application of hyperthermia treatment
canning systems as well as from combining external
*with internal heating. Unfortunately, the clinical experi-
i'ze remains scarce. Definitively more studies, pref-
e'ably multi-institutional, are warranted to establish the
“cle of hyperthermia in esophageai cancer.

2 oral

~HE ROLE OF HYPERTHERMIA IN PANCREATIC
:ANCER
ssels R. ™2 Tschoep K. 2

Medical Clinic lll - Campus Grosshadern, Ludwig-
V'aximilians-University ~ Munich 81377 Munich,
I-e-many

HelmholtzZentrum minchen, German Research
Center for Environment and Health, Institute of
Uolecular Immunology, Clinical Cooperation Group
-jperthermia, 81377 Munich, Germany

Based upon preclinical and clinical studies several
mechanisms suggest synergism between cytostatic
drugs and hyperthermia in malignant tumor cells. For
gemcitabine it has been shown in vitro and in vivo that
the treatment with gemcitabine 20 to 48 hours before
hyperthermia results in potentiation of the cytotoxic
effect of the drug, whereas its application simultane-
ously with hyperthermia reduces gemcitabine-induced
cytotoxicity. In contrast, platin compounds exhibit
maximal efficacy if applied during hyperthermia treat-
ment. Based upon the current guidelines for chemo-
therapy after gemcitabine failure in pancreatic cancer a
phase Il clinical trial has been performed using gem-
citabine and cisplatin with regional hyperthermia as
second-line treatment in first-line gemcitabine-resistant
or -refractory patients. The patients received consecu-
tive cycles of gemcitabine (1000 mg/m?) on day 1
followed by cisplatin (25 mg/m?) simultaneously with
regional hyperthermia on day 2 and day 4. The results
for the combined treatment with regional hyperthermia
show only grade 1 and grade 2 toxicities (except for
grade 3 anemia (14%). Regional hyperthermia-associ-
ated toxicity consisted primarily of water bolus pres-
sure feeling due to the hyperthermia applicator (45%).
Best clinical response was seen (42%) in 19/22 evalu-
able patients (1 CR; 1 PR; 6 SD and 11 PD). Despite
all patients had been resistant or refractory to previous
gemcitabine treatment (TTP1 = 5,6 months), the me-
dian time to second progression (TTP2) was 4.2
months with an median overall survival of 16,9 months.
Based on the clinical results and the experience ap-
plying gemcitabine and cisplatin with regional hyper-
thermia a randomized phase Il trial will start 2009 in
order to improve the poor prognosis of patients with
pancreatic cancer in an adjuvant setting. The HEAT
(Hyperthermia European Adjuvant Trial) will allow to
confirm the hypothesis that gemcitabine and cisplatin
(GP) or gemcitabine and cispltin combined with re-
gional hyperthermia (GPH) for pancreatic cancer pa-
tients is superior to gemcitabine alone (G) as current
standard therapy.

3 oral

LOCAL SHF HYPERTHERMIA IN MULTIMODAL
APPROACH TO TREATMENT OF RECTAL CANCER
TOGETHER WITH NEOADJUVANT RADIATION
THERAPY AND IN POLYRADIOMODIFICATION
PROGRAM

Barsukov Y., Tkachev S., Oltarjevskaya N., Nikolaev
A., Aliyev V., Kuzmichev D., Kulushev V., Mammadli Z.
N.N.Blokhin Russian Cancer Research Center,
Moscow, Russia

Background: Preoperative radiotherapy in primary
resectable rectal cancer can reduce local recurrence
rate, but the incidence of local recurrences still re-
mains high. Hyperthermia (HT) may add tumoricidal
effects and improve the efficacy of radiotherapy in a
multimodal approach.

Methods: Between 1978 and 1984 in colorectal de-
partment of Russian Cancer Research Center 500



8

patient with histological proven rectal cancer and T2 or
T3 lesions entered the randomized trial. 276 of them
received radiotherapy (RT) alone and 224 received
radiotherapy (RT) with hyperthermia (HT). RT was
given at a single fraction of 5 Gy in five fractions over 5
days to a total dose of 25 Gy. Intraluminal (intrarectal)
HT (superhigh frequency, SHF) using the "Yalik" and
"Yahta-4" device was given on day 3, 4 and 5 of radio-
therapy (frequency 460 MHz, exposure 60 min, tem-
perature inside tumor 43,5-44 °C), just before irradia-
tion. Surgery followed 3-5 days after completion of RT.
In group received RT alone local recurrence rate was
10,3 % and in group received RT+HT. local recurrence
rate was 5,1%. Nonetheless, 5,1% of patients in group
received RT+HT developed local recurrences, what
gives evidence of insufficient local hyperthermia radio-
sensitizing effect on radioresistant hypoxic tumor cells.
Long-term results can be improved using more than
one radiomodifying agent. Since 2004 local HT in-
cluded in polyradiomodification programme. Polyra-
diomadification - it's a use of multiple radiomodifyers,
preferably differently active, with the aim to reinforce
efficacy of radiation therapy. Administration of
METRONIDAZOLE (MZ) and CAPECITABINE
(XELODA®) as a radiomodifyer together with HT may
reinforce radiosensibility of tumor. Metronidazole (MZ)
- is a drug, which has a potency to significantly in-
crease tumoricidal effect of radiotherapy for several
malignancies when used as a hypoxic cells radiosen-
sitizer. Since 2004 till now 111 patients with histologi-
cal proven rectal cancer and T2 or T3 lesions, as de-
termined by endorectal ultrasound and computed to-
mography, received RT + HT + METRONIDAZOLE or
RT + HT + METRONIDAZOLE + CAPECITABINE -
hyperthermia combined with radiochemotherapy. MZ
(10 gr/m? in a form of hydrogel on basis of biopolymer
Sodium alginate (KOLEGEL®) was administrated on
days 3 and 5, exposure 5 hrs, prior to HT. Some pa-
tients in this group received CAPECITABINE
(XELODA®) orally in daily dose of 15 gr/m? twice a
day, all 5 days of RT.

Results: Only one of 111 patients received
RT+HT+METRONIDAZOLE+CAPECITABINE has lo-
cal relapse of disease (48 month of observation).
Conclusions: Local hyperthermia is a strong radio-
modifyer and may be used to reinforce effectiveness of
radiotherapy in combined treatment of rectal cancer as
a single radiomodifying agent and in polyradiomo-
dification programme, which is feasible and effective
and may contribute to locoregional tumor control of
rectal cancer, which is to be proven in an ongoing
investigation.

4 oral

DEVELOPMENT OF A 27 MHZ CC-LCF
INTRALUMINAL APPLICATOR FOR COMBINATION
WITH LOCOREGIONAL HYPERTHERMIA OF THE
OESOPHAGUS AND OTHER LOCATIONS

Crezee J., Harms H., Boluijt H., Kok H., de Greef M.,
Correia D., Sijbrands J., Bel A.

Department of Radiation Oncology, Academical
Medical Center, University of Amsterdam, Amsterdam,

THURSDAY, JUNE 4, 2009

The Netherlands

Background: A 27 MHz capacitively coupled (CC)
local current field (LCF) intraluminal applicator has
been developed. This applicator can be used in com-
bination with locoregional hyperthermia, e.g. the
70MHz AMC-4 phased array. The objective is achiev-
ing higher and more homogeneous tumour tempera-
tures by using the combined effect of intraluminal and
locoregional hyperthermia.

Methods: The intraluminal system consists of an in-
flatable balloon catheter (0 10mm) with 4 silver paint
electrodes, each 10mm long, spaced 5mm apart. The
electrodes are covered with silicone, serving as
dielectric. The absorbed power distribution was meas-
ured in a tissue equivalent phantom for several elec-
trode configurations. Compatibility with the AMC-4
phased array was tested. Simulations were performed
evaluating the effects of 25°C air cooling and 30
ml/100 gr/min tumour perfusion on the temperature
distribution in terms of penetration depth and hetero-
geneity coefficient HC.

Results: The system was found to provide spatial
power control and to be compatible with the AMC-4
system: there was no unwanted mutual interaction
between individual electrodes or between electrodes
and the 70MHz AMC-4 system. Simulations showed
applicator cooling could increase the thermal penetra-
tion depth from 8 to 10 mm and improve the HC from
15t0 1.2.

Conclusions: The combination of the 27 MHz intralu-
minal applicator and the AMC-4 phased array im-
proves spatial thermal dose control. The 27 MHz CC-
LCF intraluminal applicator thus contributes to im-
proving the level and homogeneity of the tumour tem-
perature during hyperthermia of the oesophagus or
other intraluminal locations.
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RESULTS OF TERMORADIOCHEMOTHERAPY IN
COMBINED TREATMENT OF SQUAMOSUS-CELL
ANAL CARCINOMA

Barsukov Y. Tkachev S.l., Malikhov A.G.,
Glebovskaya V.V., Malikhova O.A., Orel N.F,
Timofeev Y.M.

N.N.Blokhin Russian Cancer Research Center of
Russian Academy of Medical Science, Dept. of
Proctology, Moscow, Russia

Background: The aim of the study is to estimate the
tolerability and efficacy of anal carcinoma thermora-
diotherapy.

Methods: 98 patients treated in N.N.Blokhin Russian
Cancer Research Center during 1991-2006 according
to the developed scheme of combined treatment in-
cluding radiotherapy, local Microwave Hyperthermia
and chemotherapy with Cisplatin and Bleomycin. The
primary tumor was irradiated with accelerated photons,
area of inguinal lymph nodes - with accelerated elec-
trons. All patients received thermoradiotherapy con-
sisting of distant radiotherapy (performed on the linear
accelerator) 44 Gy/22/4wk, 5 sessions of local intralu-
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minal Microwave-Hyperthermia and 4 cycles of che-
motherapy. Local high-frequency hyperthermia was
performed on the "Yachta-4"or "Yalik" device with 460
mHZ frequency during 60 minutes with 42,5-43 °C.
Results: Conservative curative treatment was carried
out in 73.3% of patients. Locoregional reccurence rate
was 11,6% and distant failures rate was 5%. APR was
performed in 26.7% of the patients. Overall 5-year
survival rate was 80.7% after termoradiochemotherapy
followed by an APR. The expressed leucopenia was
observed in 21.4 % of cases, rectitis in 40.4 %, radia-
tion epidermitis in 50 %, cystitis in 19 % of cases. All
toxicity grades were limited to grade I-ll and success-
fully resolved within 2-3 weeks after the end of the
treatment course. In 9.52 % of cases chemotherapy
was stopped because of the expressed allergic reac-
tions.

Conclusions: The investigated treatment scheme is
safe, feasible and has a good tolerability. The tumor
downstaging rate and pathological complete response.

Clinical Session: Gynaecological Cancer
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HYPERTHERMIA IN THE TREATMENT OF LOCALLY
ADVANCED CERVICAL CANCER

Franckena M., Canters R., van Rhoon G., van der Zee
J. on behalf of the Rotterdam Hyperthermia Study
Group

Erasmus MC, Daniel den Hoed Cancer Center,
Rotterdam, The Netherlands

The local failure rate in patients with locoregionally
advanced cervical cancer (LACC) is between 41 and
72 % following radiotherapy alone (RT), while local
control is a prerequisite for cure. The Dutch Deep
Hyperthermia Trial (DDHT) showed that combining
radiotherapy with hyperthermia (RT+HT) improves
three-year local control from 41 to 6 1% as we reported
earlier. The long-term results of the DDHT show that
after 12 years follow-up local control and overall sur-
vival are still significantly improved with the addition of
HT to standard RT for patients with LACC. Local con-
trol was 37% for RT alone and 56% for RT+HT and
overall survival was 20% for RT alone and 37% for
RT+HT (p = 0.03). When comparing these 12 year
follow-up results to the results of combined radiother-
apy and cisplatin (RT+CT) for LACC, the relative haz-
ard ratios for death were between 0.39 - 0.74 in the
RT+CT trials, and 0.53 in the DDHT. Moreover, the
RT+CT-trials included mainly patients with early-stage
tumors while in the DDHT 80 % of the patients had an
advanced-stage cancer and 77 % of patients had a
tumour larger than 6 cm. A recent meta-analysis based
on individual patient data showed the effect of RT+CT
is limited to a 3 % gain in overall survival at 5 years for
FIGO stage lll to IVa. Since the DDHT closed to 2005
we have treated 378 patients with LACC with RT+HT
at the Erasmus Medical Center Rotterdam. At 5 years,
local control, disease specific survival and incidence of
late toxicity CTCAE grade > 3 were 53%, 47% and
12% respectively. These results are similar to the
clinical results of the RT+HT-arm of the DDHT when
differences in prognostic factors between the groups
are taken into account. In multivariate analysis, the
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number of hyperthermia treatments emerged as a
fairly strong predictor of outcome, in addition to com-
monly identified prognostic factors such as tumor
stage, tumor size and having administered brachyther-
apy or not. This suggests a thermal dose effect.
Therefore, we performed a thermal dose analysis for
all patients treated with RT+HT for LACC at our insti-
tute (n = 420). We found that thermal dose parameters
including both temperature and duration of heating
were significant predictors for treatment outcome.
These findings stimulate further technological devel-
opment and improvement of deep hyperthermia, as
they strongly suggest that it might be worthwhile to
increase the thermal dose for LACC. In conclusion,
there is strong evidence supporting the application of
RT+HT as a first line treatment for patients with LACC
as a possible alternative for patients who are unfit to
receive chemotherapy and for those with advanced-
stage tumours. The finding of a thermal dose effect
relationship stimulates technological development and
further improvement of hyperthermia as an oncological
treatment modality.
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CLINICAL IMPACT OF ADDING HYPERTHERMIA IN
PATIENTS AFFECTED BY LOCALLY ADVANCED
CERVICAL CANCER TREATED WITH CHEMO -
RADIOTHERAPY: THE EXPERIENCE OF VERONA
MULTIDISCIPLINARY GROUP

Gabbani M. *, Giudici S.2, Dall'Oglio S. \ Marciai N. \
Pioli F. \ Franchi M., Maluta S. *

! Department of Radiation Oncology, Azienda
Ospedaliera di Verona, Verona, ltaly

2 Department of Gynaecology B.R., Azienda
Ospedaliera di Verona, Verona, ltaly

Background: Concurrent chemoradiotherapy with
weekly cisplatin became a standard procedure in pa-
tients with locally advanced cervical cancer. However,
in case of relapse, most cervical malignancies are
associated with very poor prognosis. Efficacy of local
and systemic therapy can be enhanced by increasing
temperature of target tissue to 41-43 degrees which
leads to local hyperaemia and increases the response
to cytotoxic interventions. Addition of hyperthermia to
radiotherapy has been proved to yield an advantage in
survival and local control in pts affected by recurrent
and local advanced cervical cancer in the Dutch Phase
Il trial so that the Consensus Forum of Kadoka in-
cluded cervical cancer among tumours treatable with
hyperthermia. Platinum derivatives have shown syner-
gistic effect and the combination of both has elicited
high response rates in recurrent cervical carcinoma.

Methods: Since January 2003 to now 21 patients
affected by cervical cancer with stage IB2 through IVA
NO-N+ pelvic or paraaortic started the treatment.
Fourteen patients were treated at initial diagnosis and
two patients after chemotherapy which had achieved
stable disease. Treatment regimen consisted in 5
courses of weekly chemotherapy (cisplatin 40 mg/mq)
with concurrent external radiotherapy to a total dose of
64-66 Gy on CTV1 and 45 Gy on para-aortic nodes
plus boost in pts with enlarged nodes identified by
imaging. Five weekly sessions of hyperthermia were
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performed by using BSD 2000 system and sigma 60
applicator.

Results: Our own experience has shown that adding
hyperthermia to chemoradiotherapy is well tolerated by
the patients: compliance, tolerability and clinical re-
sponse rates are consistent with that of other reported
experiences.

Conclusion: Triple modality treatment combining
radiotherapy, chemotherapy and hyperthermia for the
treatment of patients with locally advanced cervical
carcinoma appears to be very promising.
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VAGINAL CANCER AND HYPERTHERMIA

Van der Zee J. \ Kapp K.S. ?, Mens J.W.M. \ Ansink
A.C. \ Van Rhoon G.

! Erasmus MC - Daniel den Hoed Cancer Center,
Rotterdam, the Netherlands

2 University Medical School of Graz, Graz, Austria

Purpose: The effect of radiotherapy with or without
hyperthermia in patients with vaginal cancer was
evaluated [1].

Methods: Thirty-nine patients with vaginal carcinoma
(37 squamous cell) were treated with radiotherapy
(external 48 Gy and 17 Gy brachytherapy); 7 of these
patients received additional hyperthermia. Hyperther-
mia was applied with the BSD-2000 system, once
weekly for 90 minutes with during steady state maxi-
mum tolerated power input. Of the 39 patients, 23 had
a FIGO stage Il tumour and 8 stage lll. The criterion to
apply hyperthermia in addition to radiotherapy was a
stage Il tumour with a diameter of more than 4 cm.
Results: The 5-year overall survival in the whole
group of patients was 63%. For stage Il tumours it was
59% and for stage Ill tumours 56%.

Discussion: Tumour stage is the major prognostic
factor for results of radiotherapy in vaginal cancer, with
5-year OS rates of apporoximately 60% for FIGO
stage Il and 40% for stage Il [2,3]. The unexpected
lack of difference between 5-year OS rates for stage I
and Il tumours found by us may be related to the
addition of hyperthermia to radiotherapy in the majority
of patients with stage Il tumours. We realize that our
study was retrospective and that the numbers are
small. However, these results are at least suggestive
for a beneficial effect of hyperthermia. The combina-
tion of radiotherapy and chemotherapy is investigated
in several institutes. The choice of chemotherapy is
either cis-platin or 5-fluoro-uracil and mitomycin C.
However, in this relatively old patient group, chemo-
therapy is not always feasible. We find hyperthermia
an attractive alternative, since there are only few con-
traindications, and its side-effects are relatively mild.
Hyperthermia is generally well tolerated, also in pa-
tients aged over 80 years.

Conclusion: Our experience has shown that the addi-
tion of hyperthermia to radiotherapy is feasible and
may be beneficial in patients with vaginal cancer. To
confirm the effectiveness in this patient group, addi-
tional studies are mandatory. A phase Il study ap-
pears unfeasible, due to the low incidence of this tu-
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mour. We recently started a prospective registration
study in which every patient treated with radiotherapy
can be included. Treatment can be radiotherapy alone,
radiotherapy combined with chemotherapy or with
hyperthermia, or with both. Registration of the most
important patient, tumour and treatment characteristics
and clinical results will lead to a better understanding
of how to achieve optimal results in these patients.
Other radiotherapy institutes are invited to participate
in this study.

References: 1. Aktas M, DE Jong D, Nuyttens JJ, Van
der Zee J, Wielheesen DHM, Batman E, Burger CW,
Ansink AC. Concomitant radiotherapy and hyperther-
mia for primary carcinoma of the vagina: a cohort
study. Eur J Obstet Gynecol Reprod Biol
2007;133:100-104.

2. Creasman WT, Phillips JL, Menck HR. The national
cancer data base report on cancer of the vagina. Can-
cer 1998;83:1033-1040.

3. De Courvoisier R, Sanfilippo N, Gerbaulet A, Morice
P, Pomel C, Castaigne D, Patricia Pautier, Catherine
Lhomme, Pierre Duvillard, Christine Haie-meder. Ex-
clusive radiotherapy for primary squamous cell carci-
noma of the vagina. Radiother Oncol 2007;85:362-
370.
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HYPERTHERMIA ASSISTED HDR
BRACHYTHERAPY IN CERVICAL CANCER
TREATMENT. FIRST RESULTS OF A PHASE |l
STUDY

Norbert P. %, Maryla K. \ Beata C. \ Ewelina G. %,
Agnieszka Z. *, Wojciech M.?

! Brachytherapy Department - Centre of Oncology
Maria Sklodowska-Curie Memorial Institute, Warsaw,
Poland

2 Biostatistics Department - Centre of Oncology Maria
Sklodowska-Curie Memorial Institute, Warsaw, Poland

Background: Brachytherapy (BT) is an essential part
of radical radiotherapy of advanced cervical cancer
patients. Considering local relapse as a main reason of
treatment failure and proven clinical benefit after im-
plementation of hyperthermia (HT) in external beam
radiotherapy, HT added to BT can possibly further
improve results of conventional treatment.

The aim of the study was to investigate whether hyper-
thermia added to BT can improve treatment outcome
comparing to BT alone.

Methods: From November 2006 to February 2009 224
consecutive patients with advanced cervical cancer
(lib- Vb FIGO stage) were randomly assigned to two
groups: treated with BT alone (112 pts.) or BT+HT
combination (112pts.). Informed consent was obtained
from every patient.

BT was used as HDR Ir-192 source (Microselectron by
Nucletron), delivered in 4 weekly fractions of 7,5Gy. In
every case dose was specified to point "A". Orthogonal
X-rays (IBU system by Nucletron) were used for first
80 pts., afterwards a CT-based treatment planning
system became available (Somatom Emotion by
Siemens and Masterplan by Nucletron). Plato system
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planning was used for estimation of BT dose distri-
bution. Hyperthermia was performed before every frac-
tion of BT using a prototype HT2 radiofrequency sys-
tem (500 kHz) or BSD 500 915MHz unit (BSD Corp.).
In case of HT2 treated patients metal applicators were
used, while plastic ones were applied for procedures
performed with the BSD machine. Intrauterine probe
and 2-7 needles inserted into the cervix were used for
both BT, HT and temperature measurements. In every
case of HT treated pts. a minimum temperature of
42 5°C was maintained for at least 45 minutes.
Results: All the pts. finish prescribed treatment. No
patient refused hyperthermia during treatment. The
main acute side effect of the treatment was bleeding
after needles removal (30 times in BT group, 33 in
BT+HT group). In one case from BT+HT group blood
transfusion was necessary. During observation time
(0-28 mts., median 14,5) 2 cases of recto-vaginal fis-
tulae in BT+HT group(1,8%) and 3 (2,6%) in BT alone
group were detected. One case of vesico-vaginal fis-
tula was detected in both BT+HT and BT group (in one
case a vesico-vaginal and recto-vaginal fistula devel-
oped concurrently). Grade | and Il (according to
RTOG/EORTC scale) side effects were observed in 61
(54%) and70pts (63%) respectively. Three (2,6%, one
outside treated field) and six (5,2%) cases of local
relapse were observed among both groups respec-
tively. One case of lung mets. was found in BT treated
patient and in one patient from BT+HT group left su-
praclavicular lymph nodes involvement was detected.
Conclusions: Longer follow-up is needed for definite
results evaluation. Initial outcome is satisfactory,
showing treatment results improvement in patients
treated with hyperthermia assisted BT.

Biological Session: Chemo-Hyperthermia
in Disease Progression
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RATIONALE FOR CHEMO-HYPERTHERMIA
ASSOCIATION: THE SARCOMA EXPERIENCE
IsselsR. ', Lindner LH. ™2

Medical Clinic Il - Campus Grosshadern, Ludwig-
Maximilians-University Munich 81377 Munich,
Germany

2 Helmholtzzentrum miinchen, German Research

Center for Environment and Health, Institute of
Molecular Immunology, Clinical Cooperation Group
Hyperthermia, 81377 Munich, Germany

The most important prognostic factors (e.g. size,
grade, depth, resection margins) for localized STS
have been defined to predict the probability of sar-
ooma-specific death providing a useful tool for patient
stratification and clinical trial eligibility determination
that are relevant also in outcome of paediatric patients
with adult type STS. Clinical research on innovative
oreoperative treatment strategies has essentially fo-
cused on the combination of preoperative radioche-
Tiotherapy or chemotherapy alone but - unfortunately
- the reported results are based upon retrospective
analysis or not randomized phase Il studies with small

1n

sample size. For the use of regional hyperthermia
phase Il studies have advocated a possible benefit for
its use in combination with chemotherapy targeting the
heating field to the region of tumor burden. The results
of a completed EORTC-ESHO Intergroup randomized
phase Il trial for most common types of adult high-risk
STS demonstrate a significant benefit in the clinical
outcome of patients receiving RHT. Therefore, regional
hyperthermia combined with pre- and postoperative
chemotherapy offers a new appropriate treatment
option for high-risk soft tissue sarcomas.
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SPECIES DEPENDENT DOXORUBICIN RELEASE
OF THERMOSENSITIVE LIPOSOMES IN VITRO
Schmidt R. \ Hossann M.?, Zengerle A. \ Koning G.°,
Ogris M. *, Issels R.®, Lindner L.°

! Department of Medicine Ill, University Hospital
Grosshadern, Ludwig-Maximilians-University, Munich,
Germany

2 Max-Planck-Innovation GmbH, Munich, Germany

% Laboratory Experimental Surgical Oncology, Section
Surgical Oncology, Department of Surgery, Erasmus
MC, Rotterdam

4 Pharmaceutical Biology-Biotechnology,  Ludwig-
Maximilians-University, Munich, Germany

5 Helmholtz Zentrum Muenchen, German Research
Center for Environmental Health, Munich, Germany

® Department of Medicine Ill, University Hospital
Grosshadern, Ludwig-Maximilians-University, Munich,
Germany

Background: Thermosensitive liposomes (TSL) con-
taining cytotoxic drugs which are released at mild
hyperthermic temperatures (40 - 41 °C) are promising
tools for a targeted cancer therapy. Despite fast drug
release properties upon heating sufficient plasma
stability at body temperature is required to prevent
from unspecific drug release before reaching the
heated tumour. In vivo characteristics of TSL are in-
fluenced by plasma components which interact with
the membrane of TSL. The objective of this study was
to compare the effect of plasma from different species
(human, rat, mouse, hamster, fetal calf) on stability
and drug release properties of our DPPG2-based
doxorubicin (DOX) containing TSL.

Methods: DPPC/DSPC/DPPG2 70:20:10 (m/m) (10%-
PG2-TSL) and DPPC/DSPC/DPPG2 50:20:30 (m/m)
(30%-PG2-TSL) were prepared by the lipid film hydra-
tion and extrusion method. DOX was loaded actively
via a transmembrane pH gradient. DOX release under
certain thermal conditions was determined with fluo-
rescence spectroscopy.

Results: A molar drug to lipid ratio of 0.10 was
reached for both formulations. No signs of decomposi-
tion, e.g. hydrolysis of lipids, have been observed with
TLC. PCS revealed a size of 121 nm (PDI 0.11) and
117nm (PDI 0.09) for 10%-PG2-TSL and 30%-PG2-
TSL, respectively. 30%-PG2-TSL were stable at 37°C
(DOX release < 5% / 5 min) and released the encap-
sulated DOX almost completely after five minutes of
incubation at temperatures > 40°C within all tested
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plasmas and also in buffer (Fig. 1). However, the re-
lease started at lower temperatures when TSL were
incubated in mouse plasma compared to rat, hamster,
human plasma, and fetal calf serum. The difference
was most obvious at 39°C, where 89.6 + 10.5 % of
DOX was released in mouse plasma compared to 28.5
+ 2.3 % in human plasma, 29.3 + 4.09 % in rat plasma,
34.6 + 4.45 % in hamster plasma and 38.3 + 2.3 % in
fetal calf serum (Fig. 2) during 5 min of incubation. A
similar effect was found for the 10%-PG2-TSL (data
not shown).

120

—zr— HN-Buffer pH? 4
110 1

—&— human piasma

=3
=

—(— MOUSE Giasmd
0 - —o—FCS
80 +
70
61
&0 -
40 4
30
20 4
10 A

0 4
-10

—8—rai plasma

—O—hamsier piasma

dexorubicin release Smin [%]

36 37 38 3% 40 41 42 43 44 45 46
Tl

120,0 -
100,0

— |mmouse plasma

afFCs

2 | @ hamster plasma
| |@rat plasma

- '_- I.

! | orBulier pH 7.4

doxorubleln relenas’ § min(%)
2
]

Conclusions: Temperature dependent DOX release
characteristics of DPPG-TSL incubated in mouse
plasma differed from those incubated in plasma from
other species. The in vitro data suggest that either the
plasma composition or a specific plasma factor present
only in mice renders the DPPG-TSL more instable.
This will also influence in vivo experiments with DPPG-
TSL in mice.
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DUAL PHOSPHATIDYLGLYCEROGLYCEROL-
BASED THERMOSENSITIVE LIPOSOMES FOR MR-
GUIDED CHEMOTHERMOTHERAPY

Wang T. \ Hossann M.?, Peller M. %, Reinl H. 3, Issels
R.', Lindner L. *

Department of Internal Medicine |Ill, University
Hospital, Grosshadem, Munich, Germany and CCG
Hyperthermia, Institute of Molecular Immunology,
Helmholtz Center Munich - German Research Center
for Environmental Health, Munich, Germany
2 Max Planck Innovation GmbH, Munich, Germany
% Department of Clinical Radiology, University Hospital,
Grosshadem, Munich, Germany

THURSDAY, JUNE 4, 2009

Background: Phosphatidylglyceroglycerol
(DPPGOG)-based thermosensitive liposomes (TSL)
with either encapsulated MR contrast agent gado-
diamide or doxorubicin have been proposed for nonin-
vasive temperature monitoring or drug release, re-
spectively, during tumor treatment using chemotherapy
combined with hyperthermia. In this work, DPPGOG-
TSL with encapsulated gadodiamide were mixed with
those with encapsulated doxorubicin. The resulting
"dual" DPPGOG-TSL were characterized by measur-
ing the temperature dependence of content release
from 30 to 46 °C.

Methods: Gadodiamide and doxorubicin release was
determined with a 0.47 T-NMR-Analyzer and fluores-
cence spectrometer, respectively. DPPGOG-TSL with
encapsulated gadodiamide and doxorubicin were pre-
pared separately by successive lipid film hydration,
extrusion, and dialysis. Both DPPGOG-TSL formu-
lations were diluted to the same phospholipid concen-
tration in FCS/HN buffer 11 (v/v). A sample of dual
DPPGOG-TSL was incubated for 10 minutes at the
desired temperature while increased from 30 to 46 °C
and gadodiamide release was measured. Subse-
quently, a subsample was taken and cooled down
immediately in an ice-water bath and doxorubicin re-
lease was determined at the same temperature.
Results: Below 37 °C, dual DPPGOG-TSL released
negligible amounts of gadodiamide and doxorubicin.
From 38 to 44 °C, not only encapsulated gadodiamide,
but also doxorubicin were simultaneously rapidly re-
leased. Both gadodiamide and doxorubicin release
began at approximately 38.6 °C, reached a turning
point at 39.6 °C, and ended at 41.5 °C.

Conclusions: These preliminary results showed that
dual DPPGOG-TSL are promising and have the po-
tential to provide a novel tool for simultaneous nonin-
vasive MR thermometry and drug dosimetry during
tumor treatment using chemotherapy combined with
hyperthermia.
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HYPERTHERMIA TREATMENT RESULTS IN
IMMUNOGENIC TUMOR CELL DEATH FORMS
CONSEQUENCES FOR MULTIMODAL CANCER
TREATMENTS

Gaipl U. \ Schildkopf P. \ Ott O. *, Mantel F. ', Sieber
R. \ Weiss E. \ Janko C.?, Fietkau R. \ Frey B. *

! Department of Radiation Oncology, University
Hospital Erlangen, Friedrich-Alexander University of
Erlangen-Ntimberg, Erlangen, Germany

2 Department of Internal Medicine 3, Institute for
Clinical Immunology, Friedrich-Alexander University

Background: The knowledge about the biological
mechanisms which are responsible for the beneficial
effect of clinical hyperthermia (HT) is still scarce. Aims
of a tumor therapy should be to stop the proliferation of
tumor cells and to kill them, but also to stimulate an
immune response to keep residual tumor cells in
check. Apoptotic cells are mainly non-or even anti-
inflammatory while necrotic cells stimulate the immune
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system.

Methods: Employing flow cytometry, we examined the
cell death forms after HT and/or ionizing irradiation
(RT) of colorectal tumor cells displaying different ra-
diosensitivities. The release by colorectal tumor cells
of the danger signal HMGB1 after single and combined
treatments was investigated by Western Blot analyses.
Results: The percentage of necrotic colorectal tumor
cells was much higher in comparison to that of apop-
totic ones at day 1, 2, and 3 after the treatments. HT
(41.5°C for 1 hour) alone led to a slight, but significant
increase of necrotic cells. Importantly, combined
treatments resulted in significant more necrotic cells in
comparison to RT alone at all time points of investiga-
tion. One day after treatment with HT plus RT the
amount of extracellular HMGB1 was significantly in-
creased in comparison to untreated or RT treated
tumor cells.

Conclusions: HT in combination with RT leads to
inflammatory necrotic cell death forms. The dying cells
further release immune activating danger signals. We
conclude that combination of RT with HT induces im-
munogenic tumor cell death. The latter is important for
immune cell recruitment, activation, and consecutively
for an anti-tumor immunity.
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A SIMPLIFIED 3D APPROACH FOR THE
EVALUATION OF THE SAR AND TEMPERATURE
DISTRIBUTION IN MAGNETIC NANOPARTICLES
HYPERTHERMIA

Sieni E., Candeo A., Dughiero F.

University of Padua, Department of Electrical
Engineering, Italy

Background: Magnetic nanopatrticles, inserted in a
cancer lesion, in presence of a magnetic field of suit-
able intensity and frequency can be used as an
internal thermal source to increase the tissue
temperature and damage cancer cells
[GoyaCurrNanos2008]. The evaluation of the treat-
ment time length can be estimated using FEM (Finite
Element Method) computational tool. Then, numerical
FEM models for the planning of magnetic fluid hyper-
thermia treatments can be an important help in the
therapeutic procedure. In fact, by solving the heat
equation [Carslaw1959], they allow to predict and
assess parameters that could affect treatment
effectiveness  [DughierolEEETransMagn2008].  For
example, numerical analysis can give the clinician
nformation about the patient tissue response to the
therapy (e.g. the applied heat quantity sufficient to
increasing the tissue temperature).Thermal FEM
simulations can be implemented if the patient model
built from him TAC images is available. However,
despite many efforts have been directed into the de-
velopment of integrated and flexible simulation envi-
ronments, patient image segmentation, which is one of
the most time-consuming and operator-dependent
procedure, still remains an unaddressed issue. Al-
though some semi-automatic tools for tissue
recognition exist, their use is restricted to specific
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anatomical  districts, such as human brain
[AtzoriProcESMRMB2008]. In the present paper, a
comparison between high-resolution and simplified
geometrical models was performed.

Methods: The main idea was to build a simplified
geometrical model, including full information about
tumor conformation and position, but also lower-de-
tailed surrounding tissue data. This was accomplished
by introducing one or more spheres/cylinders of tissue-
equivalent material centered in the tumor area, each
accounting for a different tissue. The external surface
of the simplified model has been fixed to 37°C which is
the mean physiologically tissue temperature. The
cooling effect due to blood perfusion has been mod-
eled by means of the Pennes equation
[PennesJApplPhysiol1948]. Then, the thermal equa-
tion solved in FEM model is:

-

where T is the temperature, Ta is the basal tempera-
ture (assumed 37°C), t the time variable, ¢ and cb the
specifying heat of tissue and blood respectively, k, the
heat conductibility of tissues, Wb the blood perfusion
rate and P is the heat provided the nanoparticles
source. The Wh is expressed according to tissue char-
acteristics and as a function of the instantaneous tem-
perature like in IEEETransBiomEng1999]. The simpli-
fied model is shown in Fig. 1.

The tumor area, the same one in the fully segmented
model, is similar to a sphere with a diameter of 40 mm.
This volume has been inserted in a sphere that repre-
sents the surrounding tissue with which the tumor
exchange thermally. The radius of the sphere has
been varied between 45 mm and 60 mm. Thermal
transient simulations were performed based on data
collected from a previous study on liver metastases
and resulting temperatures were compared with those
obtained from a fully-segmented anatomical model.
The same model can be used to compute the SAR in
tissue due to the magnetic field emitted by inductors
and used to heat magnetic nanoparticles.

Results: Temperature data along a path from the
tumor centre versus external tissue has been reported
for four simplified models and the fully-segmented
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model evaluated respectively considering tissue with-
out and with the blood perfusion are reported in Fig. 2
and 3. Tf is the temperature in the fully-segmented
model, whereas T45 - T60 are the temperatures of 4
models with increased radius of the external tissue
sphere (from 45 to 60 mm). The percentage difference
of the temperature evaluated with the simplified model
computed with respect the fully-segmented model has
been cc\;mputed. The error committed on the approxi-
mated models is limited to 10 % with respect to the
fully segmented model. The error decreases consid-
ering a sphere with higher radius.

without perfusion

6800 1

5100 4 e TEO[C)
L e
-

4100

3600 — : .

UO0E+00 200E.02 400E.02 BODED2 B.00E-02
X [m]

with perfusion

5600 1
§4.00

52.00 ¥
50,00 4— e —~—TBO('C)

o 48.00 =155 ['C|

i 4500 ~ T52 ']
44.00 45 ['C)
42.00 —Tt ['C]

4000
3800
38100 : L — :
00000 000 0.0400 0.0800 0.0800

% [m]

Conclusions: An approximated model can be used in
the treatment planning in order to reduce the time to
evaluate the heating dose needed to the patient.
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IN SILICO MODEL OF TUMOR GROWTH AND
TREATMENT WITH DOXORUBICIN AND HEAT
Neufeld E, \ Szczerba D. \ Hirsch S. ?, Szekely G. ?,
Kuster N. *

! Foundaton for Research on Information
Technologies in Society (IT'lS), Zurich, Switzerland

2 ETH Zurich, Computer Vision Lab, Zurich,
Switzerland

Background: Experimental investigations of tumors
often result in data reflecting very complex underlying
mechanisms. Computer models of such phenomena
enable their analysis and may lead to novel and more
efficient therapy strategies. Simulation of such com-
plex systems are computationally very demanding, yet
the rapid development of hardware, especially emerg-
ing distributed parallel computing concepts, enable
more and more realistic modeling of physiological
systems.

Methods: We initially focus on solid, vascularized,
benign tumors. A bio-chemo-mechanical model of
tumor growth is formulated. The main interacting
agents are growth factor, endothelial cells, tumor cells

THURSDAY, JUNE 4,2009

(active, quiescent, necrotic), oxygen, growth inhibitors
and doxorubicin. Mass transport of all constituents is
modeled with reaction-convection-diffusion equations.
Effects such as chemo- and hapto-taxis as well as
chemical reactions often involving multiple agents are
considered. Heat is included as a factor modifying
perfusion, drug delivery and reaction speeds (i.e. tox-
icity). In addition direct cell kiling by heat is consid-
ered. Cell proliferation, necrosis and apoptosis (e.g. in
interaction with oxygen, doxorubicin, AGF) leads to
mechanical stress, pressure and tissue deformation. In
a future model the impact of interstitial fluid pressure
(IFP) and pressure induced vessel collapse will be
considered. Such simulations typically require a mul-
tiphysics approach. Different physical, chemical and
biological processes each have their own underlying
set of equations which are, however, coupled - they
share common variables. E.g., endothelial cell prolif-
eration (the formation of a vascular system required to
supply the tumor with nutrients) is triggered by the
expression of growth factors, which in turn only occurs
when the tumor cells receive sufficient amounts of
oxygen. The oxygen concentration itself, however, is
affected by the presence of endothelial cells. The ex-
istence of coupling prevents the individual equations
from being solved independently. Instead, simultane-
ous solving of all the equations is required, which is
computationally much more demanding. We solve our
model using a finite element method on an unstruc-
tured mesh comprising typically in the order of 100'000
elements.

Results: The presented model, while still being a
strongly simplified representation of reality, already
reproduces features well known from real tumors, such
as the formation of capsules, necrotic cores, major
vessels feeding dense capillary networks, acute an-
gles, etc. The model permits studying multiple ways
heat interacts with tumor growth and chemotherapy.
We are currently starting a more in depth investigation
of these interactions.

Conclusions: The innovation of the model lies in the
way it couples mechanical effects (stress, pressure)
with chemical reaction models, biological signaling and
cell proliferation models. Such In-Silico models offer
additional, convenient ways of studying possible inter-
action mechanisms and formulating hypothetical novel
treatment approaches. We are currently working on
increasing the realism of the model. Fundamental
difficulties are the lack of precise quantitative data and
excessive computing times. Additional factors which
we are currently adding include the modeling of IFP
(considering extravasation of liquid by (osmotic) pres-
sure) and explicit vessel networks. Fluid flow (e.g. due
to pressure gradients, diffusion or vessel transport) is
already considered in some of the implemented
models.
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Fig. 1: Development of a virtual myoma.

BSD Users Meeting
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SIGMAHYPERPLAN: RATIONALE AND CLINICAL
APPLICATIONS

Eisenhardt S., Gellermann J., Weihrauch M., Chrobok
T., Cho C, Wust P., Budach V.

Charité Universitdtsmedizin Berlin, Berlin, Germany

Non invasive MR thermometry (NIT) during regional
hyperthermia (RHT) has been in use since several
years. The motivation for this procedure is a safety
aspect, but also as precondition for realtime improve-
ments of power deposition patterns. The proton reso-
nance frequency shift method (PRFS) as standard NIT
works well in pelvic and extremities tumor and muscle
tissues. For other regions and fatty tissue different
methods are necessary. In addition to an update of the
PRFS for small HT applicators new thermometry
methods based on T1 MR measurements are devel-
oped. SigmaHyperPlan allows a fast and comfortable
nearly one-click MR thermometry every 5-10min during
the whole treatment session. High accurate informa-
tion about temperature will be achieved by using a
spoiled echo gradient sequence with two echo times
for correctness of the temperature dependent propa-
gation effects (caused by temperature dependencies
of electrical constants) and by automatically BO drift
correction based on four silicone gel tubes inside the
3-D HT applicators Sigma30, Sigma40 and SigmaEye
respectively. MR sequences depend on the size of the
patients, or rather the size of the applicator. For treat-
ments of children a higher spatial resolution is used as
for adults. Disadvantage of the PRFS method is the
impossibility of temperature measurements inside fatty
tissue. To solve this problem we develop two algo-
rithms to calculate temperature maps based on accu-
rate T1 measurements. The first method creates T1
maps from images generated using the T One by Mul-
tiple Read Out Pulses (TOMROP) sequence. The
second technique utilizes 2 spoiled GRE measure-
ments, each identical except for different flip angles, to
calculate the T1 map. T1 can be calculated by plotting
(GREgignaifsin(a)) against (GREsignaiftan(a)) for both
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measurements. Results at phantom and patient meas-
urements will be shown. As input for an online optimi-
zation of the temperature distribution during hyper-
thermia treatment you need an electromagnetic simu-
lation to be in correlation with reality. This is done by
adaptation of electromagnetic simulations to MRI
measurements of homogenous and heterogeneous
phantoms see Weihrauch et al 2007, Med Phys. The
adaptation of antenna profiles is efficient if the initial
estimates are radiation fields calculated from a good a
priori electromagnetic model. Throughout the iterative
procedure, the calculated antenna fields are
step-by-step modified by comparing the calculated and
MRT thermometry data. Application of this method to
patients shows in many cases a good agreement be-
tween the calculated patterns and the following tem-
perature distribution generated using the PRFS. Post
processing of the data with additionally simulation of
diffusion and perfusion shows that a more accurate
agreement between the calculated patterns and the
MR thermometry images can be achieved. An impor-
tant factor of this new method is the fast computing
time under 5min so that a realtime employment during
the treatment is possible. Furthermore a sophisticated
optimization algorithm for the temperature simulation
during the MR guided hyperthermia is required and
under development.
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CURRENT AND FUTURE PRODUCT
DEVELOPMENTS AT BSD MEDICAL
CORPORATION

Turner P.F.

BSD Medical Corporation, Salt Lake City, Utah, USA

Purpose: Provide an update of hyperthermia and
microwave ablation devices and methods that relate to
new product developments. Close cooperation and
information sharing is valuable to assure product de-
velopment is directed to clinical needs. Clinical user
understanding of enhancements can lead to additional
future developments.

Methods: Method applied to enhancements and de-
velopments rely heavily upon feedback from clinical
use. Evaluations methods of enhancements include
numerical modeling, 3D CAD design software tools,
SAR phantom studies, usability studies, treatment
simulations, and clinical test sites. Microwave ablation
test methods include extensive laboratory testing per-
forming tissue ablation of ex-vivo tissues such as bo-
vine liver.

Results: BSD-500 software now provides of 2D SAR
graphic patterns for superficial applicators to merge
with surface and superficial temperature sensor loca-
tions. This enables printout of thermal dose and tem-
perature distributions relative to the applicator outline
and the predicted 25% and 50% SAR pattern providing
treatment documentation output in pdf form. Other
BSD-500 software changes have simplified the user
interfaces. Current new applicators are arrays of 3, 5,
8 and 24 spiral antennae. Future efforts may include
reduced sized MW interstitial antenna to fit smaller
brachytherapy catheters and esophagus applicators.
The BSD-2000 has a new Sigma Base with a water
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deionizer and UV sterilizing filter. New applicators are
the Sigma 30MR (8 dipoles) and Sigma 40MR (16
dipoles). HyperPlan now has two-way interface with
the BSD-2000 power and phase controls with future
efforts to transfer treatment data via network cables to
other computer systems, possibly during treatment.
BSD-2000-3D/MR is also being interfaced with a GE
15T MR system at Duke. Evolution of the methods
used for MW interstitial hyperthermia are being
adapted to provide percutaneous microwave coagula-
tion therapy (ablation) utilizing the unique properties of
phased arrays.

Conclusion: The further enhancement of hyperther-
mia and ablation systems require a high degree of
communications between developers and clinical us-
ers. The current and future efforts include changes to
aid both treatment operations and document for treat-
ment analysis and reimbursement support. MW inter-
stitial hyperthermia past practices and numerical mod-
eling (pretreatment planning) has provided a direct
benefit and application to microwave ablation devel-
opments to provide larger and more uniform tissue
ablation regions.
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ON-LINE IMPROVEMENTS OF MRI THERAPEUTIC
PATTERNS DURING CLINICAL HEAT TREATMENTS
WITH MULTI-ANTENNA ARRAYS

Wust P, \ Weihrauch M. \ Weiser M. %, Gellermann
J.}, Eisenhardt S. \ Chobrok T. *, Cho C. \ Budach V.
! Charite Universitatsmedizin Berlin, Berlin, Germany

2 Konrad Zuse Institute Berlin, Berlin, Germany

Background: Relevant improvements of power depo-
sition patterns (specific absorption rate in W/kg) and
temperature distributions during regional hyperthermia
are only possible by an appropriate feedback on-line
control. Non-invasive MR-thermography for on-line
control has been successfully utilized and verified in
homogeneous and heterogeneous (anthropomorphic)
phantoms (Weihrauch et al 2007, Med.Phys.). The
fundamental reason for this necessity is the inaccuracy
of treatment planning. Slight uncertainties in the plan-
ning process accumulate and prevent the congruence
of the theoretical (planned) and measured (actual)
patterns. We identified as main error sources phase
and amplitude errors (partially caused by antenna
coupling) and (more important) distortion of the radiat-
ing antenna functions. This study attempts to establish
an MR-controlled feedback control in clinical heat
treatments.

Methods: The pattern achieved in phantoms or pa-
tients can be derived from phase differences acquired
by GRE sequences with proper TR and TE. A proper
drift correction is indispensable (Gellermann et al
2005a, I1JH). Non-invasive MR monitoring works in
phantoms (Gellermann et al 2005b, IJROBP) as well
as in pelvic and lower extremities tumors (Gellermann
et al 2005c: Cancer Res, 2006: Cancer). In phantoms
severe deviations have been found between the MR
temperature distributions and planning calculations for
a specific setup derived from a CT model. At first a
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significant improvement of the agreement is achieved
after adaptation of antenna functions using a Gauss-
Newton method. The re-calculated base functions are
used to optimize the pattern. In the next step an im-
proved pattern and a satisfactory agreement between
a second MR measurement and the optimized pattern
is achieved. This procedure (adaptation and optimiza-
tion) can be repeated and leads to further improve-
ment. However, the first iteration yields the highest
advancement (Weihrauch et al 2007, Med.Phys.).
Employing this method we attempted to refine the MR
temperature distributions in 20 heat treatments of 9
patients. The procedure is based on the simple as-
sumption that MR temperature increase can be
equated with SAR, meanwhile perfusion and thermal
diffusion are neglected.

Results: An on-line control was possible in 8/20 heat
treatments of 4 patients. In each of these 8 treatments
a satisfactory agreement between the calculated pat-
tern (applying the adapted antenna functions) and the
following MR-acquisition could be achieved. After
switching to an optimized setup in each of these 8
sessions a quantitative increase of MR temperatures
per time in the tumor (relative to muscle tissue) could
be demonstrated. In all sessions the improvement of
the MR temperature distribution was also evident from
the qualitative inspection. In 14 optimized settings
(phases, amplitudes) during the 8 sessions a mean
SAR in the tumor of 0.3 °C/min per 1000 W was
achieved. This value (of 0.3 °C/min) is accepted as
indication of an effective regional hyperthermia. The
mean elevation of SAR above the non-optimized pat-
tern was the significant amount of 0.1 °C/min per 1000
W. In the other 12/20 heat treatments (in 5 patients)
the on-line control failed by various reasons, in par-
ticular because of deficiencies of the MR-data (noise),
patient movements and differences between the pre-
treatment model of the patient and his actual position.
The analysis shows that the success rate can be con-
siderably increased under routine conditions. We used
as objective function the mean temperature increase in
the tumor (target) relative to the normal tissue (mus-
cle). This criterion simply aims to enlarge the SAR in
the tumor region. However, patterns derived from
these SAR-based objective functions are known (see
Woust et al 1996, 1JH) to generate hot spots, and this
kind of side effect was in fact clinically observed in
some treatments. Therefore, a more sophisticated
optimization algorithm is needed, which considers
perfusion and thermal diffusion of every tissue.
Conclusions: The tools for MR-controlled regional
hyperthermia have been developed. A strategy is
available to achieve agreement between planning
calculations and MR-temperature distributions. Better
temperature patterns can be achieved in most heat
treatments by switching to an optimized phase setup.
However, consideration of diffusion and perfusion will
probably yield even better results. Advanced algo-
rithms for this purpose are under development.



THURSDAY, JUNE 4, 2009

'9 oral

HYPERTHERMIA TREATMENT QUALITY: WHERE
DO WE STAND?

/an_Rhoon G.

Erasmus MC, Department of Radiation Oncology,
Hyperthermia unit, Rotterdam, The Netherlands

Hyperthermia, a temperature increase with 3 to 8°C, is
considered a valuable anti-cancer treatment modality
n many Western countries. For advanced cervical
cancer adding hyperthermia to radiation doubles the 3
.ears survival rate (27 vs. 51%). For recurrent breast
:ancer in earlier irradiated areas the bcal control rate
"or radiotherapy plus hyperthermia is doubled com-
oared to radiotherapy alone (39 vs. 79%). The dou-
bling of local control - or survival rate following the
addition of hyperthermia to conventional therapies
.vithout increased toxicity is, in historical perspective,
an extraordinary and unsurpassed finding. Generally,
-lyperthermia is applied by electromagnetic radiation
and requires the use of complex high technological
equipment. A strong relation exists between treatment
quality and clinical outcome; hence problems related to
:he controlled delivery of heat are the Achilles heel of
tie treatment. Since the early seventies, research has
successfully been directed at development of electro-
magnetic heating techniques to improve the quality of
he hyperthermia treatment. The main question to be
answered is whether the current innovations in hyper-
tnermia technology, i.e. current state-of-the-art elec-
'omagnetic heating systems for superficial and deep-
eegional hyperthermia including hyperthermia treat-
ment planning system, will allow prescription of hy-
oerthermia quality under clinical conditions. Control of
he hyperthermia treatment quality, preferentially in a
orospective manner, is a mandatory demand to exploit
the dose effect relations that are slowly emerging from
clinical studies.
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PREDICTION OF HOT SPOTS DURING DEEP
HYPERTHERMIA TREATMENTS BY CALCULATION
MODELS, A PATIENT STUDY

Canters R., Franckena M., Van der Zee J., Van Rhoon
o

Erasmus MC, Daniel den Hoed Cancer Center,

Rotterdam, the Netherlands

Background: In deep hyperthermia treatment, hot
spots outside the target volume are often limiting the
treatment of patients. When using treatment planning it
s highly preferable to be able to predict the locations
of these hot spots, in order to be able to reduce them.
Therefore an assessment is made of the ability of SAR
and temperature models to predict hot spots in the
oatient during treatment.

Methods: A group of 36 patients was included and
treated. All heat related complaints of the patients
during treatment were recorded, as well as the treat-
ment settings. CT-based FEM models were made for
all 36 patients, and temperature and SAR models were
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calculated. Each patient model was divided into 20
different complaint regions. As an indicator for a hot
spot SARmax, SAR1, SARIOgmax were used.
Results: The location of the SARIOgmax was in exact
agreement with the complaint region in 13% of the
patients, while in 29%, it was in a direct adjacent re-
gion. With the predictive value for the location of the
SARmax, an equal good agreement was found: exact
match in 8% of the complaints and 33% for regions
directly adjacent to the location of SARmax. The larg-
est volume of SAR>SAR1 was found in the same re-
gion in 13% of the complaints, while in 37% of the
complaints it was found in a directly adjacent region.
Conclusions: The predictive value of SAR models
appears to be rather limited in predicting the exact
location of a hot spot. This is may be a logical conse-
guence of the translation from SAR to temperature that
is not taken into account in the SAR-only models.
Therefore, further investigation is needed to asses the
predition of hot spots in temperature models.
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TREATING PRIMARY CERVICAL CANCER
PATIENTS: SIGMA-60 OR SIGMA-EYE
APPLICATOR?

Fatehi P., van Rhoon G.

Erasmus MC, Daniel den Hoed Cancer Center,
Rotterdam, The Netherlands

Background: Purpose of this study is functional com-
parison between the Sigma-60 and the Sigma-Eye
applicators in respect to applied RF-power and
achieved temperature.

Methods: We analyzed hyperthermia treatment data
of all 48 primary cervical cancer patients, who have
been treated within the both applicators, in Rotterdam
hyperthermia unit from 2000 to 2005. Different tem-
perature and power indices were compared and the
statistical analyses were performed for the all patients
and also at an individual patient level.

Results: No difference was found between applied net
powers (W) for the two applicators. Furthermore, no
difference was seen between net integrated powers
(kJ), net integrated power per weight applied to the two
applicators. Likewise, there was no difference between
switched-off duration time and also between frequen-
cies of switched-off, measured for the Sigma-60 and
the Sigma-Eye. Similarly, no difference was found
between temperature indices achieved by the two
applicators.

Conclusions: In spite of some considering advan-
tages for the Sigma-Eye applicator, when we treated
patients with primary cervical carcinoma, respecting
the applied power and achieved temperature, the
function of the Sigma-60 was roughly the same as the
Sigma-Eye applicator.
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NONLINEAR, TEMPERATURE BASED
OPTIMIZATION FOR HYPERTHERMIA TREATMENT
PLANNING USING PDE CONSTRAINED INTERIOR
POINT OPTIMIZATION L

Neufeld E. \ Christen M.2, Schenk 0.2, Waechter A%,
Kuster N.

! Foundation for Research on Information
Technologies in Society (IT'lS), Zurich

2 Computer Science Department, University of Basel,
Switzerland

3 IBM Watson Research Lab., Yorktown Heights, NY,
USA

Background: We have previously presented a hyper-
thermia treatment planning tool at ESHO. However,
essentially only linear optimization could be performed,
which limits the possible optimization functionals and
the underlying thermal model. This work examines the
applicability of nonlinear interior point optimization to
remove these limitations.

Methods: The underlying electromagnetic fields are
computed per antenna using FDTD on a non-uniform
mesh. Hardware acceleration is used to achieve ac-
ceptable speed at high resolution. Conformal correc-
tions and singularity models improve the numerical
accuracy. Subsequently, the antenna parameter (am-
plitudes and relative phases) optimization is performed
jointly with the temperature distribution determination
(e.g.. contrary to our previous approach, no previous
execution of n*2 temperature simulations is required -
where n is the number of antennas). For this, interior
point optimization software (IPOPT) is used. A finite
differences based discretization of the Pennes Bioheat
equation defines constraints for the values of the tem-
perature field in the optimization which, together with
the antenna parameters, are treated as free variables
(state and control variables). The fine discretization of
the model (-2-20 million voxels) gives rise to a large-
scale optimization problem. PARDISO is employed to
solve the resulting equation systems. Both the direct
(less convergence issues) and the iterative solver
(smaller memory requirements, suitable for larger
problems) have been tried.

Results: The presented approach is able to simulta-
neously solve the optimization problem and the tem-
perature calculation. It can be applied to highly re-
solved simulations. The implemented solution has
various benefits: It permits the use of nonlinear thermal
models: This is especially relevant considering the
strong temperature dependence of perfusion, which is
now considered. It permits the use of nonlinear func-
tionals: Hot-spots and underexposure of tumor regions
can be penalized more strongly. In addition, optimiza-
tion for treatment outcome (based on Arrhenius tissue
damage model) becomes possible. Modulated Hyper-
thermia: The framework offers a straightforward way of
determining multiple antenna settings between which
rapid switching is performed. This multifocus approach
improves coverage of large tumors and reduces the
average hot-spot exposure. Constraints: It is trivial with
this method to use point-wise constraints to ascertain
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that certain tissue-specific thresholds are never ex-
ceeded in healthy tissue.

Conclusions: The PDE constraint interior point opti-
mization method offers various benefits when aiming
for nonlinear temperature based optimization. It con-
siderably extends the range of possible optimization
functionals and thermal models.
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