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MR MONITORING FOR DEEP HEATING OF PELVIC TUMORS
PRESENT STATUS AND OUTLOOK
Wust P., Wlodarczyk W., Ganter H., Ollek J.T., Gellermann J.
Background
To implement non-invasive thermometry we installed a hybrid system consisting of a radiofrequency (RF) multi-antenna applicator (SIGMA-Eye) for deep hyperthermia (BSD2000/3D) integrated into the gantry of a 1.5 Tesla magnetic-resonance (MR) tomograph
SYMPHONY. This system can record MR data during RF heating and is suitable to apply
and evaluate methods for MR-thermography.
Methods
MR thermometry is based on the proton resonance frequency (PRF) phase shifts. Errors due
to phase offsets caused by temperature-induced speed variations of the Bl-field (conductivityrelated Bl delays and permittivity-related Bl advances) and due to additional phase shifts
caused by drifts of the BO-field were revealed, separated and corrected by automated procedures. The Bl phase offsets can be corrected by applying the PRF methodology to the ongoing changes of the intra-frame phase differences obtained from the two echoes of the double
gradient echo sequence. The BO drift phase shifts were corrected using either the water bolus
as a reference medium with temperature distributions measured by sensors or the fat layer
assuming that the phase offset is zero.
Monitoring of perfusion was performed by the dynamic contrast-enhanced MRI (DCE MRI)
applying IR TurboFLASH sequence (TI/TR/TE/FA=270/500/1.2/12) every 1.5 s in 3 slices.
These measurements were performed basally, i.e. 2-3 days before HT, and immediately before power turn-off of each first HT fraction. The adiabatic approximation of the tissue homogeneity model was fitted pixel-by-pixel to the first-pass DCE MRI data. Maps of perfusion
were compared with the MR temperature maps. Values of sensor-measured temperature in
regions along the catheters were compared with both the MR temperature values and corresponding perfusion changes.
Results
In 15 patients with pre-irradiated pelvic rectal recurrences we acquired phase data sets
(25 slices) every 10-15 minutes over the treatment time (60-90 minutes) using gradient echo
sequences (echo time TE = 20 ms), transformed the phase differences to MR-temperatures
and fused the color-coded MR-temperature distributions with anatomical Tl-weighted MR
data sets. We could generate one complete series of MR data sets per patient with satisfactory
quality for further analysis. In fat, muscle, water bolus, prostate, bladder and tumor we delineated regions of interest (ROI), used the fat ROI for drift correction by transforming these
regions to a phase shift zero, and evaluated the MR-temperature frequency distributions.
Mean MR-temperatures TMR, maximum TMR, full width half maximum (FWHM) and other
descriptors of tumors and normal tissues were non-invasively derived and their dependencies
outlined. In 8/15 patients, direct temperature measurements in reference points were available. We correlated the tumor MR-temperatures with direct measurements, clinical response
and tumor features (volume, location), and found reasonable trends and correlations. Therefore, the mean T M R of the tumor might be useful as parameter to evaluate quality and effectivity of heat treatments, and consequently as optimization variable.
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In other 8 patients with soft tissue sarcomas of the lower extremities we registered in addition
perfusion (via contrast media dynamics) and direct intratumoral temperature measurements
(Bowman thermistors). We found agreement between MR-temperatures and direct measurements (°C increase) in the tumor centers (where we expect low perfusion or necroses) of the
order of ± 0.7-0.9 °C (in comparison in phantoms of ± 0.5 °C). For long echo times (TE = 20
ms) the error induced via Bl variations (Bl offset, temperature-dependent delay) is moderate
and tends to overrate the temperature increase at approximately 10 %. In this series, we analyzed a total of 31 heat sessions, i.e. also heat treatments of the same patient at different days.
At the rumor margin, the MR temperatures typically underestimate the real °C temperatures
because the perfusion is decreased during hyperthermia. In normal tissues (e.g. muscle) perfusion is increased under hyperthermia and results in a pseudo MR temperature increase. We
found a relationship of 1 MR-deg per 5 ml/lOOg/min.
In the abdomen, MR temperatures can be determined in the liver (and in liver metastases) via
phase differences as well, if navigation is employed. However, perfusion and flow measurements (V. portae, hepatic artery) might be better suitable to monitor part body hyperthermia
(PBHT) in patients with peritoneal carcinoses. We found decrease of perfusion and flow during PBHT at 30 - 50 %, which improves the heating conditions.
Outlook
Feasibility of non-invasive MR-thermography for regional hyperthermia has been demonstrated in the pelvis and for lower extremities, and should be further investigated. Although
the T M R depends not only on temperature changes but also on perfusion changes, it is a parameter for treatment quality. This method will allow us to define the quality of a heat treatment and gives us the possibility for online improvement of RF hyperthermia. In the abdomen
other acquisition techniques are required and under investigation.
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A RANDOMIZED TRIAL OF HYPERTHERMIA AND RADIATION FOR
SUPERFICIAL TUMORS
Jones E.L., Oleson J.R., Prosnitz L.R., Samulski T.V., Vujaskovic Z., Yu D.,
Sanders L.L., Dewhirst M.W.
Purpose
Randomized clinical trials have demonstrated hyperthermia (HT) enhances radiation response. These trials, however, generally lacked rigorous thermal dose prescription and administration. We report the final results of a prospective randomized trial of superficial tumors (< 3 cm depth) comparing radiotherapy versus HT combined with radiotherapy, using
the parameter describing the number of cumulative equivalent minutes at 43°C exceeding by
90% of monitored points within the tumor (CEM 43°C T90) as a measure of thermal dose.
Methods
This trial was designed to test whether a thermal dose of more than 10 CEM 43°C T90 results
in improved complete response and duration of local control compared with a thermal dose of
< 1 CEM 43°C T90. Patients received a test dose of HT < 1 CEM 43°C T90 and tumors
deemed heatable were randomly assigned to additional HT versus no additional HT. HT was
given using microwave spiral strip applicators operating at 433 MHz.
Results

One hundred twenty-two patients were enrolled; 109 (89%) were deemed heatable and were
randomly assigned. The complete response rate was 66.1% in the HT arm and 42.3% in the
no-HT arm. The odds ratio for complete response was 2.7 (95% CI, 1.2 to 5.8; p = .02). Previously irradiated patients had the greatest incremental gain in complete response; 23.5% in
the no-HT arm versus 68.2% in the HT arm. No overall survival benefit was seen.
Conclusion
Adjuvant hyperthermia with a thermal dose more than 10 CEM 43°C T90 confers a significant
local control benefit in patients with superficial rumors receiving radiation therapy.

Clinical Trials and Application 1
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RADIOTHERAPY AND LOCAL HYPERTHERMIA PLUS ANDROGEN
SUPPRESSION IN LOCALLY ADVANCED PROSTATE CANCER.

nr

\J
Maluta S.*, Marciai N., Gabbani M., Palazzi M., Dall'Oglio S., Grandinetti A.
Radiotherapy Dept. of University-Hospital of Verone, Italy
BACKGROUND: In locally advanced prostate cancer (T3-4 NO MO) radiotherapy (RT) was
considered the first therapeutic option, even if results of RT alone were not satisfactory in
terms of overall survival (OS), disease free survival (DFS), and biochemical relapse (Brelapse): 5-year OS: 60-73%; 5-year DFS: 15-67%; B-relapse: 76%. To improve these unsatisfactory results oncologists utilized different approaches such as whole pelvis irradiation in
high risk patients, radiotherapy dose-escalation to more than 80 Gy, new techniques and androgen suppression. Whole pelvis irradiation with at least 50 Gy was delivered in patients
having a risk >15% of positive lymph nodes (RTOG study 9413). Conformal radiotherapy,
which allowed a dose escalation to more than 80 Gy, was able to increase local control in
spite of higher rectal and bladder toxicity, but failed to avoid peripheral recurrences in proximity of rectal wall. Now-days IMRT and trans-perineal brachy-therapy are the new promising techniques but, unfortunately, both methods are not available in our department, yet.
Moreover, brachytherapy is not indicated in advanced stages. Androgen suppression as adjuvant therapy for more than 2 years, is effective in patients with Gleason score >8, after conventional radiotherapy. Local hyperthermia (LHT) in the prostate cancer is available by using
different methods as interstitial hyperthermia (method of Utrecht), endoluminal (Dana-Farber
of Boston experience) and external hyperthermia (experience of Berlin, Chicago, Duke University). The Consensus Group of Kadota Forum, held in Osaka the last year (June 2004) did
not include prostate cancer among the tumours treated with level 1 or 2 of EBM by using hyperthermia. In spite of this lack of evidence, many centres used hyperthermia combined with
radiotherapy in phase I-II studies in advanced prostate cancer (see table 1):
Tab. 1
Center

References

Arizona Univ 2000

Results
CR from 69 to 94%
5-yrs OS from 48 to 65%
Trend towards increased survival

Duke Univ 1997

DFS rate compares favorably

IJROBP 1997; 15:37

NWMH-Chicago 2001

Reirradiation is feasible

BJR2001;74(884):745-51

Mosk Univ 1996

UrolNcfrol 1996; 1:25-28
Cancer 2000; 89(2):399-403

The conclusions of these experiences are the same: further studies are warranted.
OBJECTIVES: In human prostatic cancer cells, combination of fractionated irradiation with
continuous heating at 40°C or a single acute dose radiation following heat treatment at 41°C,
achieves a thermal enhancement ratio in the range from 1.4 to 2.0 (Ryu 1996, in vitro study).
In prostate cancer LHT does not increase late effects when added to conventional radiotherapy and it seems to enhance efficacy of combined treatment (Anscher 1997, Kalapurakal
2000). LHT is feasible and well tolerated and it permits a heat uniform distribution in the
prostate and in seminal vesicles, without suboptimal temperature levels
The use of LHT should avoid the hazards of radiotherapy dose escalation. Rectal grade 2-3
complications increases from 12 to 26% when delivered total dose raises from 70 to 78 Gy
(MDACC Houston 2003, randomized study). Primary endpoints: to evaluate freedom from
biochemical recurrence, disease-free survival, time to distant failure, overall survival and
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quality of life of patients treated by using radiotherapy and local hyperthermia. Secondary
endpoints: to evaluate toxicity of combined treatment.
MATERIAL AND METHODS: From November 1998 to December 2004, 119 patients with
advanced prostate cancer were treated by using RT-LHT combined treatment. Mean PSA
level and mean Gleason score of these patients were 13 ng/ml (range 6-90) and 7 (range 6-9),
respectively. Clinical tumor stages are reported in the table 2:
Tab. 2
T
T3
T4
Recurrence
TOT

NX
103
3

NO
2
-

106

2

N+
5
5
1
11

M0
110
8
1
119

Treatment modality.
a) Conformal radiotherapy: mean dose of 74 Gy (range 68-78 Gy)
Fractionation: 2 Gy/fraction/5 fraction per week
Clinical tumour volume: prostate and seminal vesicles with a margin of 5 mm
Radiotherapy technique: a six-field isocentric conformal radiotherapy by using MLC and
photons of 6 or 10 MV;
b) Local hyperthermia: 1 session/week during the I, II, III, and IV week of radiotherapy, by
using BDS 2000, and Sigma-60 applicator;
c) Androgen suppression (AS): AS has been performed 3-6 months before the start of radiotherapy in 89 patients. This schedule was continued during the all radiotherapy course.
RESULTS: 15 patients were lost at follow-up. Of 104 patients evaluated 3 died because of
inter-current diseases and 2 because of progression of disease. Of 99 patients still alive, 96 are
free of disease. Three patients developed bone metastases.
Clinical results.
a) Complete resolution of symptoms
b) Significant tumour shrinkage
c) 3-year actuarial DFS: 95.2%
d) No significant side effects (except side effects, symptoms AS-related)
Biochemical response.
One month later the end of radiotherapy the mean PSA was 0.2 (range 0.1-35)
With a mean follow-up of 39 months 6 patients had biochemical progression. The 3-year actuarial b-DFS was 94.3%.

X

CONCLUSION: In advanced prostatic cancer, hyperthermia may be useful in order to enhance irradiation efficacy so to avoid delivering of too high dose of radiotherapy which increases acute and late sequelae. A multi-centric phase II study is warranted to give hyperthermia a level 3 evidence in prostate cancer treatment. A randomized phase III study to demonstrate efficacy of hyperthermia is not available because of the optimal results obtained by
using radiotherapy combined with androgen suppression. To evaluate hyperthermia gain,
LHT should be combined with radiotherapy alone in patients refusing androgen suppression
or affected by hormone refractory prostate carcinoma (HRPC). Patients with HRPC have multiple possibilities of treatment improving performance status and median survival, as chemotherapy regimens, and new agents. All these treatment modalities need to be confirmed by
phase III trials. Also hyperthermia may be considered among these promising approaches.
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PHASE II STUDY OF A TRIMODAL PREOPERATIVE TREATMENT
FOLLOWED BY RADICAL SURGERY OR RADIOTHERAPY IN NONRESECTABLE CERVICAL CANCER > FIGO IIB
Cho C , Gellermann J.*, Jungnickel K., Kiimmel S., Hildebrandt B.*, Wust P.*
Charite Medical Center, Berlin, Germany
Introduction:
Regional Hyperthermia is combined with radiochemotherapy to achieve resectability in nonresectable cervical carcinoma.
Methods:
In a phase II study at the Charite Medical School approved by the institutionals ethical committee non-resectable cervical carcinoma of at least FIGO IIB were treated with radiochemotherapy combined with regional hyperthermia.
The treatment concept comprises cisplatinum therapy of 40 mg/sqm body surface once
weekly during regional hyperthermia supplementing radiation therapy of 5 x 1.8 Gy to a total
dose of 45 - 50.4 Gy. A gynecological status and imaging is performed for evaluation of resectability of the tumor. If a rumor resection was not feasable radiation was completed to 59.4
- 63 Gy supplemented by 4 -5 afterloading sessions. Regional hyperthermia was conducted
with SIGMA 60 or SIGMA Eye applicator of the system BSD-2000, on average steady state
temperatures between 40-41 °C were achieved over the therapeutic time.
Results:
From 2000 to 2003 we recruited 30 patients. Acute toxicity was in the usual range (10-15 %
grade > 3). Two thirds were FIGO stage III/IV with tumor diameters >6 cm. After treatment
20/30 (67%) of the former inoperable cases were evaluated as resectable, 3 of these patients
refused surgery. Of the remaining 17 cases 14 patients were RO-resected, 2 patients were Rlresected, and 1 patient had a positive paraaortal lymphnode. In 13/30 patients nonsurgical
treatment was continued. Response was achieved in 23/30 patients (77 %), i.e. 14 resectable
cases with downstaging and 9 partial remissions (PR) after hyperthermic radiochemotherapy
with 45 - 50.4 Gy. Response correlated well with thermal parameters, in particular the mean
temperature in the vaginal reference point. For the whole group a three year overall survival
of 60 % was achieved together with a moderate late toxicity > 3 in 4/30 patients (13 %). ROresected patients have an excellent prognosis with a 3-year survival of 95 % and a late toxicity > 3 below 10 %.
Conclusions:
A neo-adjuvant trimodal treatment consisting of radiochemotherapy with weekly regional
hyperthermia indicates a possible benefit for primarily non-resectable cervical cancer in
FIGO IIB-IVA, reducing tumor volume, thus promoting the resection of cervical cancer, and
leading to a possible curative potential in the stadard therapy of cervical cancer.
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REGIONAL RADIOTHERAPY (RT), HYPERTHERMIA (HT) AND
CHEMOTHERAPY IN PRIMARY INOPERABLE OR RECURRENT
RECTAL CARCINOMA: FEASIBILITY AND OPERABILITY
Schetn B.C., Froystein T., Serbye H., Dahl O., Mella O..
Section of Oncology, Institute of Medicine, University of Bergen and Dept. of Oncology and
Medical Physics, Haukeland University Hospital, Bergen, Norway.
Introduction:
Patients with primarily inoperable rectal carcinomas without distant metastases, and some
with local recurrence, are surgically curable if tumour shrinkage after preoperative treatment
is achieved. The effect of preoperative RT alone or combined with chemotherapy is not satisfactory in many patients.
In a previous pilot study (1), excellent local control was achieved with radiotherapy, oxaliplatin, continuous 5FU, and weekly hyperthermia before surgery. However, acute toxicity,
mainly diarrhoea, was a problem, and the continuous administration of 5FU via a central venous line was cumbersome in an outpatient setting.
In the present study 5FU was replaced with oral capecitabine, all the radiotherapy was customised by conformal techniques, and the radiotherapy dose was moderately reduced.
Materials and methods:
Patients were included from August -03. Based on clinical and MR evaluation, all were considered inoperable or with high risk of pelvic failure after surgery alone. 23 patients (Ml 5, F
8) have completed preoperative treatment. Their stage were T4 (8), T3 (9) and local pelvic
recurrence (5), all without distant metastases. Mean age was 58 years (range 21-74).
The treatment schedule (Fig. 1) was: RT (2 Gy x 23 to primary tumour, mesorectum and regional nodes with margins, attempting to minimize dose to the ileum, and 2 Gy x 4-5 boost to
the rumour, average total rumour dose 54.3 Gy), weekly HT just after RT, weekly oxaliplatin
(50 mg/m^ simultaneous with HT), and capecitabine (825 mg/m^) the evening and morning
before each RT fraction.
Hyperthermia was given with BSD 2000 (Sigma-60 or Sigma Eye applicator) and use of invasive thermometry with Bowman probes. Therapeutic time was 60 min. at tolerable output.
Feasibility:
Radiotherapy: 21 of the patients completed the treatment according to plan. One patient omitted the last fraction due to local reactions, and one had a pause of four days due to diarrhoea
and infection.
Hyperthermia: 11 of 184 planned sessions were cancelled due to infection/diarrhoea in two
patients (4), local pelvic toxicity at the end of preoperative treatment period (4), fast development of liver metastases after start of preoperative treatment in one patient (3).
Oxaliplatin: 16 of 184 planned Oxaliplatin infusions were cancelled after adverse reaction to
oxaliplatin (fever, increased CRP) in two patients (6), infection/diarrhoea in two patients (4),
discovery of liver metastases in one patient (3), local pelvic toxicity at the end of preoperative
treatment period (3).
Capecitabine: Four patients had to make a pause of one week in the use of capecitabine due to
infection/diarrhoea (2) or local pelvic reactions (2).
Clinical Trials and Application 1
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The two patients with infection/diarrhoea had to be hospitalised and treated with antibiotics.
The patient who developed liver metastases, was hospitalised due to fast reduction of general
condition and a local pelvic toxicity.
Operability.
One patient was not considered for surgery due to progression of liver metastases after start of
preoperative treatment. The other 19 patients who have been evaluated, were considered operable after the preoperative treatment.
Of the sixteen patients actually operated so far with completed histopathology (T4-6,T3-6
LR-4), 14 had a R0 resection and 2 a Rl.
Conclusion:
Trimodality treatment with conformal RT, HT, Oxaliplatin and Capecitabine is tolerable. In
the present setting, the toxicity is less pronounced than in the first pilot study, and the treatment is easier in an outpatient setting.

Weekly Hyperthermia

I I I I i I
I^K

Pelvic radiotherapy

rr-,

,,

Oxaliplatin 50 mg/m2

Capecitaine 825
mg/m2, 5 days/week

Reference:
1. Schem BC, Froystein T, Hjertaker BT, Larsen A, Mella O. Trimodality treatment with
regional hyperthermia (HT), radiotherapy (RT) and chemotherapy in primary inoperable or
recurrent rectal carcinoma. ICHO St Louis, April 20-24, 2004.
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PHASE II STUDY OF 5-FU/LV/IRINOTECAN IN COMBINATION WITH
REGIONAL HYPERTHERMIA (RHT) IN 5-FU/LV REFRACTORY
PATIENTS WITH ADVANCED COLORECTAL CANCER
Krych M., Milani V.. Lindner L. H., Abdel-Rahman S., Fahn W., Braun S.,
Stockheim B., Heinemann V., Issels R.D.
Klinikum Grosshadern, Munich, Germany
Background:
In 5FU/LV refractory pts the addition of Irinotecan as 2nd line treatment creates response
rates of 22% and leads to a progression free survival of 6.3 months (e.g. Ducreux et al. 1999).
Based on the rationale that hyperthermia augments the efficacy of chemotherapeutic agents
this study was undertaken to determine the therapeutic potential of a combined thermochemotherapy regimen using 5FU/LV/Irinotecan for this subgroup of pts.
Methods:
Between 06/01 and 03/04, 15 pts with locally advanced, not resectable (6 pts) or metastatic (9
pts) colorectal cancer were enrolled. Eligible pts had progressed under a previously given 5FU/LV based chemotherapy. One cycle of thermochemotherapy consisted of continuous infusion of 2000 mg/m2 5-FU over 24h plus 500 mg/m2 LV and 80 mg/m2 Irinotecan weekly in
combination with regional (RHT, 42.5°C) or part body (PBH, 40.8°C) hyperthermia for 60
minutes (endoluminal thermometry, power range 800 -1200 W, electromagnetic system BSD
2000, BSD Medical corporation, Salt Lake City, UT) for 6 weeks followed by a 2 week interval.
Results:
8 male and 7 female pts (median age 62 yrs, range 34-73 yrs) received a total of 27 cycles.
Response evaluation showed 2 CR (confirmed with PET scan), and 3 PR, resulting in a objective response rate of 33%. 4 of 15 pts showed PD after two cycles. After a median observation
time of 15 months (9-33 months) the median time to progression was 8 months (1-28 months)
and the median overall survival was 12 months (2-28 months). The major common toxicity
was diarrhea (with 20 % grade 3). Toxicity profile for chemotherapy was mild and manageable, except of grade 3 nausea (3 pts) and a hospitalization due to a non-neutropenic infection
(1 pt). HT was well tolerated and only one patient was early withdrawn from therapy due to
treatment related pain.
Conclusion:
The addition of HT appears not to increase the toxicity of the 5FU/LV/Irinotecan therapy.
This combined approach might gain additional benefit for 5FU/LV refractory pts. The response rate is promising and warrants further investigation of hyperthermia (RHT, PBH) in a
randomized trial.
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MAGNETIC FLUID HYPERTHERMIA (MFH) AS AN ALTERNATIVE
OPTION IN THE TREATMENT OF RECURRENT MALIGNANT
GLIOMAS
Maier-Hauff K.*, Jordan A., Nestler D., Scholz R., Feussner A., Gneveckow U., Wust P.,
Felix R.
Bundeswehrkrankenhaus Berlin, Neurosurgery and Charite University Clinic Berlin,
Radiation Medicine
Background:
The prognosis of glioblastoma (GB) remains poor despite the better neuro-imaging modalities
and neurosurgical techniques. The survival of patients (PTS) depends on local tumour control,
which is not guaranteed by the actual standard therapy.
Magnetic fluid hyperthermia (MFH) in combination with external irradiation (RT) is a
worldwide new method, which heats up selectively tumour tissue coupling a magnetic field to
the applicated magnetic fluid (MF).
Aim and Methods:
In a phase I study with 16 PTS the applicability and tolerance of MFH combined with RT was
evaluated.
We present our preliminary results in 16 PTS. Depending on the tumour volume we implanted navigated 1-4 ml MF in the tumour area. The MF consists of iron oxide nanoparticles
coated with a MG-specific shell dispersed in water. When the particles are exposed to an
externally applied AC magnetic field, intratumoral steady-state temperatures of 43-50°C or
even higher for thermo ablation, were achieved during 60 minutes. The target temperature
was measured continuously on-line by a 0.5 mm fibre optic invasive thermometry and controlled by the field strength of the AC magnetic field applicator. Four days after surgery irradiation was applied with 2 Gy / fraction 5 times a week plus 2 sessions of hyperthermia per
week over 3 weeks. Because rumour power absorption was highly reproducible in each session, only the first six MFH treatments required thermometry. Further MFH applications were
completely non-invasive.
Results:
In 16 PTS 98 MFH therapies were done without side effects. In-vivo measured temperatures
of 46 - 50°C were highly reproducible in the target volume. In 16 cases MFH has been completed. During actual 15 months follow-up, 10 PTS showed no tumour progress where as in
five PTS the tumour volume increased. Five PTS died of non tumour related complications
and two PTS of tumour progress.
Conclusions:
The Magnetic Fluid Hyperthermia in combination with radiation is a useful method for an
intensified local treatment of recurrent glioblastomas. Temperatures of 46-50 °C were tolerated well without side effects for at least 60 minutes. This study shows that the neuronavigated MF-implantation, the AC magnetic field treatment and intratumoral heating is
highly applicable and reproducible. Despite the small number of Patients treated the results
are promising.
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CLINICAL HYPERTHERMIA OF PROSTATE CANCER USING
MAGNETIC NANOPARTICLES - PRELIMINARY EXPERIENCE WITH
A NEW INTERSTITIAL TECHNIQUE
Johannsen M.\ Gneveckow U., Eckelt L., Feussner A., Waldofner N., Scholz R.,
Deger S., Wust P.*, Loening S.A., Jordan A.*
Departments of Urology - Charite, Campus Mitte, Radiology - Charite, Campus VirchowKlinikum and Center of Biomedical Nanotechnology (CBN), Berlin, Germany
Purpose:
Thermotherapy using biocompatible superparamagnetic nanoparticles, also referred to as
magnetic fluid hyperthermia (MFH), has been shown to inhibit prostate cancer growth in the
Dunning rat model. Here we present the first clinical application of interstitial hyperthermia
using magnetic nanoparticles in locally recurrent prostate cancer.
Methods:
Treatment planning was carried out using computerized tomography (CT) of the prostate.
Based on the individual anatomy of the prostate and the estimated specific absorption rate
(SAR) of magnetic fluids in prostatic tissue, the number and position of magnetic fluid depots
required for sufficient heat deposition was calculated using the AMIRA software and a newly
developed prostate module. Nanoparticle suspensions (MagForce®MFL AS, MagForce®
Nanotechnologies GmbH, Berlin, Germany) were injected transperineally into the prostate
under transrectal ultrasound and flouroscopy guidance. Treatments were delivered in the first
magnetic field applicator for use in humans (MFH300F, MagForce® Nanotechnologies
GmbH, Berlin), using an alternating magnetic field with a frequency of 100 kHz and variable
field strength (0-18 kA/m). Invasive thermometry of the prostate was carried out in the first
and last of 6 weekly hyperthermia sessions of 60 min duration. CT-scans of the prostate were
repeated following the first and last hyperthermia treatment to document magnetic nanoparticle distribution and the position of the thermometry probes in the prostate.
Results:
Nanoparticles were retained in the prostate during the treatment interval of 6 weeks, as documented by CT. Treatment was well tolerated. During the first treatment, maximum intraprostatic temperatures measured by 4 thermometry probes at a magnetic field strength of 4.05.0 kA/m were 48.5, 43.0, 43.7 and 43.6 °C, whereas minimal temperatures were 41.2, 40.3,
40.0 and 41.1 °C, respectively. During the sixth and last treatment of the same patient, maximum intraprostatic temperatures were 42.5, 42.3, 41.5 and 40.7°C, whereas minimal temperatures were 40.5, 39.8, 39.7 and 39.4 °C, respectively. Mean temperatures measured in the
urethra and the rectum did not exceed 42 °C. Using the AMIRA software, a non-invasive estimation of temperature values in the prostate, based on intratumoral distribution of magnetic
nanoparticles, could be performed and correlated with invasively measured temperatures.
Conclusions:
Hyperthermia using magnetic nanoparticles is feasible and well tolerated in locally recurrent
prostate carcinoma. Maximum intraprostatic temperatures achieved are in the thermoablative
range. Interstitial deposition of nanoparticles in the prostate is stable for at least 6 weeks, allowing for sequential hyperthermia treatments without the need for repeated application of magnetic
fluid. These first clinical experiences prompted us to initiate a phase I study to evaluate this technique in patients with local recurrence of prostate cancer following radiotherapy with curative
intent. Further improvements will focus on optimization of intraprostatic application and distribution of nanoparticles as well as non-invasive temperature measurements.
Improved Delivery, Applicators
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DEVELOPMENT OF INTRALUMINAL HEATING DEVICES:
COAXIAL MONOPOLE ANTENNAS AND HOT WATER BALLOONS
Van Haaren P.M.A.*. Kok H.P.*, Sijbrands J., Van Wieringen N.*, Crezee J.*
Dept. Radiotherapy, Academic Medical Center, University of Amsterdam, The Netherlands.
Introduction:
Locoregional hyperthermia treatment of oesophagus carcinoma using external heating devices
is suboptimal in achieved tumor temperatures and in power steering capabilities. To improve
hyperthermia treatment of patients with cancer at the oesophagus or other intracavitary locations we are currently developing intraluminal heating devices to be combined with the
70MHz AMC-4 waveguide system. As first possibilities for such intraluminal devices we
developed hot water balloons (HWBs) and various types of coaxial monopole antennas
(CMAs), operating at 434 MHz. The E-field and power distributions of the CMAs were investigated in a liquid phantom with a LED-matrix designed for 434 MHz, using the 'power
stepping technique1'. The temperature distributions were investigated in a solid phantom containing a long circular tube representing the oesophagus.
Materials and Methods:
Phantoms:
For E-fleld measurements a simple rectangular liquid phantom (40x15x50 cm3) was developed, filled with a tissue-equivalent 0.6% NaCl-solution (o = 0.64 S/m @434MHz), and containing a LED-matrix for 434 MHz with 138 LEDs in an equidistant grid (lxl cm2) and a
central opening ( 0 1 cm) for insertion of an intraluminal antenna. For temperature measurements an elliptical solid phantom (36x24x80 cm3) was developed, filled with a tissueequivalent wallpaper paste saline solution, and containing a hollow tube ( 0 1 cm) over the
entire length and 36 catheters in a transversal plane for insertion of thermocouples.
Hot Water Balloons (HWBs):
As intraluminal heating devices, we developed a prototype of a HWBs of 1 cm in diameter,
containing two channels for water circulation and one channel for a guide wire. The flow rate
in the HWBs was varied between 5.5 - 22 ml/min by means of a roller pump, which was sufficient to minimize axial temperature gradients over the balloon. The steady state temperature
distribution in a phantom due to such HWBs can be calculated by solving the heat transfer
equation in cylindrical coordinates, for the situation with no perfusion and no power term:
, +

dr

=0

rdr

=>

T(r) = Tn+

i

\-ln

" Kp + /?„„,//, In(\,J

(1)

[b)

for R/nvB ^r <b, with RHHB the radius of the HWB, b the outer radius beyond which no temperature rise is observed, Tp the phantom temperature at r > b, KP the thermal conductivity of
the phantom, Ha the heat transfer coefficient between the HWB and the (hollow tube of the)
phantom and Tw the water temperature in the HWB.
Coaxial Monopole Antennas (CMAs):
Several prototypes of CMAs were developed, using three different types of coaxial cable. The
core diameter (Dcorc), diameter of the dielectric insulation (Dms, i.e. the "antenna") and outer
diameters (Dout) of these three types are listed in table 1, along with the optimal antanna
lengths (i.e. the resonance length) as predicted from the electromagnetic field theory of insulated antennas in conducting or dielectric media".
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Table 1: Resonance length [cm] of CMAs.
RG142 coax
0.94 / 2.95 / 5.08 mm
Fat
oesophagus muscle
36.5
42.8
36.8
7.0
8.6
7.0
3.7
4.2
3.7

Coax type
Frequency
70 MHz
434 MHz
915 MHz

RG178 coax
0.30/ 0.85 /1.90 mm
oesophagus
muscle
31.4
31.6
5.9
5.9
3.0
3.0

Fat
40.7
8.3
4.0

SM50 pico-coax
0.16/0.52/1.05 mm
oesophagus muscle
fat

31.9
5.9
3.0

31.8
5.9
3.0

40.9
8.3
4.0

We calculated the E-field and power distributions in tissue due to such CMAs for different
tissue types (oesophagus, muscle, fat), operating frequencies (70, 434, 915 MHz), coax types
and antenna lengths, using the aforementioned EM-field theory of insulated antennas2. The
resulting calculated power distributions in tissue can be described accurately by3:
P(r) = RcMA • PQ • e

"" "

where / / =

d

(R

\

(II)

with RCMA the radius of the CMA, Po the power at r = RCMA, and d the penetration depth. Expressing fx as in (II) results in PfRcm+d) = Po-e1, which is in accordance with the definition
of penetration depth.
Results:
The measured temperature distribution inside the solid phantom due to a HWB was well described by the theoretically derived radial temperature profile as in (I). The thermal penetration depth of a HWB inside a hollow tube in a solid phantom was ~ 1.5-2 cm (fig. 1).
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The measured power distributions of the CMAs in the liquid phantom confirmed the calculated profiles using the theory of insulated antennas, and were well described by the radial
power distributions as in (II) to determine the penetration depth d (fig. 2). The penetration
depth of the power distributions due to the three types of CMAs was -0.5-2.5 mm. The thermal penetration depth of the CMAs is currently under research, which is eventually the most
interesting parameter for hyperthermia purposes and for comparison with other intraluminal
heating devices, such as HWBs.
Conclusion:
Intraluminal heating devices such as hot water balloons or coaxial monopole antennas can
induce an additional temperature rise in the vicinity of these probes, in comparison to the use
of external heating devices only. Therefore, intraluminal heating devices might be a useful
addition to external devices for heating tumours at intracavitary locations.
1

Schneider CJ, De Leeuw AA C and Van Dijk JDP, IJH 1992, 8(5), 609.
King R WP, Trembly BS and Strohbehn JW, IEEE MTT 1983, 31(7), 574.
3
Kok HP, Van Haaren PMA, Van Dijk JDP, Crezee J, IJH 2005, accepted.
This study is supported by Dutch Cancer Society grant 2002-2622.
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IMPROVING LOCOREGIONAL HYPERTHERMIA EQUIPMENT USING
3-D POWER CONTROL: FROM AMC-4 TO AMC-8.
Crezee J.*, Kok H.P.*, Wiersma J.*, van Stam G.*, Sijbrands J., Bel A.,
van Haaren P.M.A.*
Dept of Radiation Oncology, Academic Medical Centre,
University of Amsterdam, Netherlands
Introduction
The thermal dose achieved in clinical hyperthermia often remains low due to the incidence of
treatment limiting hot spots, which are difficult to avoid due to the limited power control
abilities of the present locoregional hyperthermia systems. Several groups are working on
new heating devices to tackle this problem.
Our new AMC-8 70 MHz phased array system consists of two rings of 4 antennas and is designed to provide 3D power control. We evaluated the E-field distribution, 3D power control
and efficiency of the AMC-8 system, and compared it with our present device, the AMC-4
system'.
waveguide
bolus

phantom

Figure 1: AMC-8 system: sagittal midplane

Figure 2: transversal plane

Methods
The AMC-8 system (figure 1,2) consists of two rings of 4 waveguides (aperture 33 x 21 cm)
connected to a phase- and amplitude controlled RF generator (SSB Electronic). This phase
and amplitude locked loop system has a phase accuracy of ±1 degrees and a power accuracy
of ±0.2 dB. One ring can be removed, leaving a single ring 4 waveguide configuration similar
to the AMC-4 system.
Measurement of the E-field distribution was performed in a liquid tissue equivalent phantom
(30x30x110 cm3). Simulations were performed with our FDTD based Hyperthermia Treatment Planning system at a resolution of lxlxl cm . The E-field distribution was determined
for equal phase and amplitude for all antennas for both the AMC-4 and AMC-8 system,
unless otherwise stated. In addition the single ring configuration of the AMC-8 was used to
represent the AMC-4 system ("AMC-8 as AMC-4") to eliminate differences in efficiency.
The size and shape of the central SAR focus were quantified by the radial and axial Full
Width Half Maximum (FWHM) and the Sratio, the ratio between maximum power deposition
at the surface and at the centre of the phantom. The Sratj0 is useful to evaluate the ability of the
system to avoid superficial hot spots. Computations and measurements were carried out for
the AMC-4 and for the AMC-8 system with varying ring-ring distance Dnng.
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3D control was evaluated by studying the position of the SAR focus for different phase settings of the AMC-8 system.
Efficiency was determined by comparing the measured and simulated temperature rise in a
solid tissue equivalent phantom after a 30 sec. 800 Watt power pulse. This phantom has an
elliptical cross section of 36x24 cm2 and a length of 80 cm. The temperature rise was measured with 20 multi sensor thermocouple probes covering the transversal midplane of the phantom.
Results
The FWHM of the SAR focus is slightly smaller in the radial and significantly larger in the
axial direction for the AMC-8 system than for the AMC-4 system (figure 3). This holds for
Dring = 2-13 cm. The SAR focus splits up in 2 foci for Drjng > 13 cm. Figure 4 shows the relative ratio RSratl0 = {1- Sratio(AMC-8)/Sratio(AMC-4)}*100%. Addition of a second ring of 4
waveguides improves the Sratio by -30% for small distances Dring, and by 15% for Drmg = 13
cm (figure 4). This suggests a reduced incidence of treatment limiting superficial hot spots,
leading to higher tumour temperatures. Note the similarity of the FWHM and RSratj0 of the
AMC-8-as-AMC-4 and of the AMC-4 system (figure 3, 4).
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Figure 4: change in Sratio relative to AMC-4

3D control: An increase in the phase of the antennas of the second ring of the AMC-8 system
results in an axial shift of the central SAR focus.
Efficiency was 60% in the AMC-4 system, versus 90% in the AMC-8 system, after comparing the measured and simulated temperature rise in the solid phantom.
Discussion
The AMC-8 system has 3D SAR control, is more efficient and has a more favourable SAR
distribution than the AMC-4 system. This will lead to less hot spots and higher rumour temperatures. The next research topic is determination of the clinical gain in T50 and T90 with this
new system.
Supported by the Dutch Cancer Society
van Dijk JDP, Schneider C, van Os R, Blank LE, Gonzalez DG. Adv Exp Med Biol 1990;
267:315-9
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WAVEGUIDE-HORN APPLICATOR FOR MICROWAVE THERMOTHERAPY
Dfi d'al T., Vrba J.*
Department of Electromagnetic Field, Faculty of Electrical Engineering, CTU in Prague
Technicka 2, 166 27 Prague 6, Czech Republic, e-mail: drizdtl@fel.cvut.cz. vrba@fel.cvut.cz
Abstract
This paper deals with applicator for local thermotherapy, which works at the frequency 434
MHz. Applicator is a composed from feeding waveguide and strip horn, which has got lateral
faces from PVC. Applicator was designed, made and measured. The impedance matching and
the SAR thermal distribution was measured in the agar phantom. The results of simulations
and measurements are compared as well.
Introduction
Microwave applicators are being used for local thermotherapy to treat cancer. Until now we
worked mostly with waveguide type applicators. We have read interesting papers from Gerard
van Rhoon and his colleagues about Lucite-Cone applicators. Therefore we have decided to
study this type of applicator in the frame of diploma thesis.
Applicator for microwave thermotherapy
Applicator consists of feeding waveguide and strip horn. Electromagnetic field is excitated in
feeding waveguide on the frequency 434 MHz, which is set by the parameters of feeding
waveguide. N connector has been used to connect power generator to feeding waveguide. The
horn of the applicator is created by the strip horn, which has lateral faces made from PVC
£
, ~ 4 anc [ thickness 3 mm. A dielectrical cone from the same material as the lateral faces has
been inserted into the aperture of the horn to achieve larger warming-up surface. These parameters of the feeding waveguide are optimized by 3D simulator of electromagnetic field
CST Microwave Studio 5. Fig. 1 describes the impedance matching of the simulated and the
real applicator.
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Figure 1. Simulated (left) a measured (right) course of the parametr SM.
Simulated impedance matching Su = -29,15 dB measured // = -43,31 dB. There is a clear
exhibit of influence of the cone on the thermal distribution in agar phantom - peaks lays
around perimeter of the cone (fig. 2). There are also denotation of the surface aperture and
surface warming-up in biological tissue (100x110 mm) in the fig. 2.
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Figure 2. SAR distribution in agar phantom in aperture of the applicator.
SAR [W/kg]

bo

250 mm

h"30mm

Figure 3. SAR distribution simulated (top) and measured (buttom) for the same cutting plane.
For measurements a method of thermal increments in time period (time interval 6 - 9 minutes) has been used. Measured effective depth infiltrate into the biological tissue is 40 mm
and it is major than simulated one - 30 mm (fig. 3). It is due to the conductivity of biological
tissue.

Conclusion
The cone achieve larger thermal distribution in the treatment areas. We achieve the same
warming-up surface with the smaller dimensions of the hybrid applicator. Hybrid applicator
was designed with help of Microwave Studio 5, made and measured. Simulated and measured courses are in very good agreement.
References
[1 ] Vrba, J.: ,JMedical Applications of Microwaves ". CTU Pratur, 2003
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EVALUATION OF IONIZING RADIATION DOSE DISTRIBUTION
CHANGES IN TISSUES PRODUCED BY EM APPLICATORS WHEN
RADIATION AND HYPERTHERMIA ACT SIMULTANEOUSLY
Gelvich E.A. *', Klimanov V.A. *2, Kramer-Ageev E.A.2, Mazokhin V.N.'
1
State Research and Production Co., "Istok", Fryazino, Russia,
2
Moscow Engineering Physics Institute (MEPhI), Moscow, Russia.
Purpose
r
The simultaneous radiation and hyperthe|mia (SRH) treatment for malignant tissues, providing the maximum value of hyperthermia thermal enhancement ratio (TER) of radiotherapy
efficacy, is recently a subject of intensive investigations conducted by clinicists, biologists,
and physicists [1,2,3,4,5,6 et al.]. One of the problems includes the development of hyperthermic applicators suited for SRH treatments: they must introduce the least perturbance of
ionizing radiation intensity and dose distribution in the external irradiated tissue volume, being at the same time simple and convenient in use. In what follows, there are presented results
of an investigation aimed to evaluate the mentioned parameters of microstrip applicators, destined for external SRH. The area of their applications in SRH clinical treatments is also discussied.
Materials and methods
As a prototype for investigations there was chosen a typical sample of microstrip applicators:
a Contact Flexible Microstrip Applicator. It is a layerd structure which consists of two microstrip copper film electrodes with a fluoroplast substrate between them, a silicon rubber frame
and bolus, filled with deionized water.
The Xand jK-rays absorption characteristics of the microstrip applicator and its elements are
evaluated for three energy levels of the ionizing radiation: 150 keV (X-rays) and 1.25 MeV
and 10 MeV ^-radiation accordingly to the // values of the materials, the applicator is composed of, and the thickness of each item. Besides, it was taken into account that the energy
spectrum of X-rays includes a significant amount of photons with energies less then 150 keV.
Thus, the average X-rays photon energy was taken as 80 keV.
Calculations, aimed to study the changes in dose depth distribution in a water phantom, produced by the heterogeneous CFMA applicator placed on the irradiated surface of the water
phantom, were done by means of a modernized version of the EGS-Nova program and the
BEAM 98 program utilizing the Monte-Carlo methods. Bremsstrahlung beams of the accelerator Clinac-2100c (6 MV and 18MV), so as monoenergetic beams with 1.25 MeV were
studied in three geometries: a) point collimated source (PCS) - air -water phantom (WPh); b)
PCS - air - CFMA like applicator - WPh; c) PCS - air - equivalent "water" layer (EWL)
with a density of 1.158g/crrf and a thickness equal to that of the applicator - WPh. The density of the EWL was determined from the condition of equality of the radiological thicknesses
of EWL and the CFMA. In the case "c" the error in calculated dose depth distribution due to
the absorption and scattering of the ionizing radiation by the microstrip applicator is shown to
be < 1.5 %. The sizes of the air gap and the PCS collimation angle were taken typical ones for
irradiation on medical accelerators.
Results oftheaccomplished calculations are shortly summarized in tables 1 and 2.
Discussion and conclusion
Inasmuch as the low energy (< 250 keV) X-rays radiation provide always the maximum radiation dose at the surface of the irradiated tissue volume, the microstrip applicator presence at
the skin does not change the type of dose depth distribution. But it decrease significantly the
18

Improved Delivery, Applicators

Kammermusiksaal

Thursday, June 9, 14:00 - 15:30

intensity of Arrays radiations in the tissue up to 22 - 29 % (see table 1). Thus, to reach the
prescribed radiation dose in the tumour the time of radiation exposure or its initial intensity
must be correspondingly increased. A quite another situation arise with the high energy X and
/-radiation: the microstrip applicator does not decrease significantly the radiation intensity (2
- 10% in dependence of the photon energy, see table 1), but drastically change the depth dose
distribution of the radiation in the vicinity of the skin. Thus, for a 1.25 MeV beam the presence of a CFMA-like applicator at the skin leads to a 35 % and for a 6 MV bremsstrahlung
beam to a 70 % skin overdosing (see table 2). An analogues situation arise for a 18 MV
bremsstrahlung beam.
Accomplished investigations lead to following inferences:
1) the main parameter of microstrip applicators affecting the ionizing radiation when placed
on the skin, is the water layer thickness in the water bolus;
2) disposing of a microstrip applicator in the radiation field on the skin leads to a significant
intensity attenuation of low energy beams (X-rays), and to moderate attenuation of high
energy X and /-rays (> 1.25 MeV);
3) the same disposal of the microsstrip applicator does not change the profile of dose depth
distribution of low energy X-rays and significantly affect the dose depth distribution in
the vicinity of the skin of high energy X and /-rays leading to skin overdosing ;
4) to use the CFMA-like applicators in simultaneous X-rays low energy radiation and hyperthermia treatments the exposure time of radiation must be increased by about 20 - 30 %;
5) the high energy /-radiation demands in the same condition a rotating /-source to avoid
skin overheating.
Table 1. Ionizing radiation intensity absorption produced by each element and
of the microstrip applicator CFMA-SRH prototype as a whole
d thickness

70-104
0.1

rays
0.999
0.98

y-radiation
1.25 MeV
0.999
0.995

y-radiation
10 MeV
0.999
0.998

0.22

0.948

0.985

0.992

1.0
1.5
1.0
1.5

0.839
0.769
0.778
0.712

0.939
0.911
0.920
0.891

0.976
0.967
0.974
0965

I/cm

I/cm

cm

Copper films
Fluoroplast

6.17
0.2

Silicon rubber frame
and bolus envelop

0.241

0.492
0.05
0.073

Water layer

0.175

0.062

-

-

Total

X-

0.067

*) Iat - attenuated radiation intensity, Io - primary radiation intensity, **) Emax=\ 50keV, £"uv=80 keV.
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Table 2. Dose distributions in a water phantom for different geometries, field size
10x10 cm% and SSD=85cm (E=1.25MeV) and 100cm (E=6MV), 10"-1414 | Gycm
Depth,
cm
0.15
0.40
0.65
1.15
2.15
3.15
4.15
7.15
10.15
15.15
20.15

Geometry
-a
4.09
7.67
8.01
7.86
7.74
7.45
7.18
6.06
4.76
3.36
2.37

E0=1.25MeV
Geometry- Geometryb
c
7.94
8.01
7.85
7.87
7.77
7.76
7.54
7.55
7.24
7.24
6.84
6.83
6.41
6.43
5.61
5.61
4.35
4.40
3.09
3.10
2.16
2.17

Geometrya
2.53
4.72
5.93
6.71
6.71
6.42
6.14
5.51
4.55
3.43
2.61

E0=6.0 MV
Geometry- Geometryb
c
6.96
6.93
6.90
6.83
6.72
6.83
6.61
6.72
6.44
6.52
6.22
6.17
5.89
5.87
5.22
5.24
4.31
4.28
3.23
3.23
2.44
2.45

The investigations are supported by ISTC grant, project 2221.
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COMPARISON BETWEEN THE SIGMA EYE AND THE SIGMA 60
APPLICATOR
Abdel-Rahman S.\ Santl M.1, Futschik G2, Kohler B.3, Wang T.\ Issels R.D. 14
'Klinikum GroBhadern Medical Center, University of Munich, Munich, Germany
2
Dr. Sennewald Medizintechnik GmbH, Munich, Germany
3
Schlo6bergklinik Oberstaufen, Oberstaufen, Germany
4
Klinische Kooperationsgruppe Hyperthermie-GSF-National Research Center
for Environment and Health, Munich, Germany
Objective
The purpose of this study was to compare the efficiency of the Sigma Eye applicator with the
Sigma 60 applicator.
Methods and Materials
15 patients with different, histologically proven soft tissue sarcomas of abdomen (n=8 pts.) or
pelvis (n=7 pts.) were treated according to the study protocol EORTC 62961/ESHO RHT-95.
All patients were treated with both applicators. Phase, amplitudes and frequency were adjusted using the Lamp- and Gel-Phantom. The 2D annular phased array Sigma 60 applicator
is a single ring of 8 dipole antennas. The Sigma Eye applicator provides 3D steering using a
triple ring of 3X 8 dipole antennas with free phase selection for every antenna pair (BSD
Medical Corporation, Salt Lake City, UT). Thermal mapping in normal and tumor tissue were
performed.
Results
The overall maximum and minimum temperature for the Sigma 60 was 41.8 + 1.5 °C, and
38.1°C + 1.4°C and for the Sigma Eye applicator was 41.7 + 1.4°C and 38.0° + 0.9°C. The
time-averaged temperatures achieved in T20 (20 %), T50 (50 %) and T90 (90 %) of all measured sites were 40.9 +1.4°C, 40.3+1.3°C, 39.3+1.1°C for Sigma 60 and 40.4+1.5 °C, 39.7+1.3
°C, 38.8+0.9°C for the Sigma Eye. There was no significant difference in tumor temperatures
found in both applicators. Comparing the systemic stress no significant difference is detectable. However, the elliptical form of the new applicator reduces the pressure of the water bolus on the patient.
Conclusion
The new Sigma Eye applicator proofed to be an effective system for hyperthermia treatment.
Supported by Deutsche Krebshilfe M 99/94/Wi II
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NEOADJUVANT RADIOCHEMOTHERAPY (5FU +OXALIPLATIN)
PLUS LOCAL HYPERTHERMIA (LHT) IN ADVANCED RECTAL
CANCER: PREVIOUS EXPERIENCES, AND A NEW PROPOSAL
Maluta S.*, Oliani C , Pasini F., Padovani M., Romano M., Dall'Oglio S., Marciai N.
Oncological Regional Center of University-Hospital of Verone - Italy
Background:
Patients affected by advanced rectal cancer with pathological down-staging after preoperative
chemo-radiation therapy had a significantly higher cancer specific survival than the group
without downstaging (Kaminsky-Forrett 1998, Janjan 2000). The down-staging seems to be
effective in reducing local recurrence rate (Mohiuddin 2000) and in improving local control
(Luna-Perez 1999, Valentini 2001, Teodoropoulos 2002, Reerink 2003, Chan 2003).
Materials and Methods:
In order to verify the pathological down-staging after neo-adjuvant treatment we evaluated 40
patients affected by primary advanced rectal cancer, treated from February 2001 to December
2003, by using LHT plus radio-chemotherapy. Male/ female ratio: 3.4.
Treatment modality: Radiotherapy was applied in a prone position with a self-made device to
obtain bladder compression: a dose of 50 Gy in 25 fraction was delivered, 5 fraction /week
plus boost ( 12-16 Gy in 6-8 fractions); Chemotherapy consisted of a continuous infusion of
5Fu, at the doses of 200 mg/mq IVC plus Oxaliplatin 35-60 mg/mq (weekly bolus); Local
hyperthermia was carried out by using a BSD equipment with sigma 60 applicator: 4 sessions/1 session/week x 4 weeks, for the first 4 weeks. Mean age of patients: 59.6 (range 3777). Clinical stage distribution, assessed by using CT, MRI, US, was the following: 5 patients
were classified in T4 (2N+, 2NX, 1N0) and 33 in T3 (13N+, 8NX, 12 NO). Two patients were
classified as intermediate stage (T3-4N0).
Results:
Results were evaluated in terms of pathological down-staging, surgical resecability, sphincter
preservation, and local recurrence rate. A pathological down-staging (pT0-T2) was achieved
in 67.5% and a pathological complete response (pTO-pTmic) in 42.5 % of cases. According
with Grann classification (1999), pTmic was defined as rare cancer cells found in specimen.
Conservative approach was performed in 77% of patients. Surgical resecability increased
from 90 (of previous our experience) to 100%. Local recurrence rate, with a mean follow-up
of 21.5 months (range 5-47), was 2.5%, whereas 6 patients (15.3%) developed distant metastases. Only 2 patients (4.8%) developed complications requiring surgery (major complications). A higher rate of these complications was reported in literature (6-8%) in patients without protective stoma. A lower rate of neurotoxicity (<10%) than usually have been reported,
probably due to cumulative low dose of oxaliplatin.
After preoperative treatment, one patient, who achieved a complete response by multiple biopsies proved, refused surgery. This patient after 25 months is alive and free of disease. A
similar experience has been reported in our previous study with 5 refusing surgery-patients,
who are alive and free of disease, but one died because of distant metastases.
Conclusion:
y*-^\pf~~") ' ' A high radiotherapy dose and new chemotherapeutic agents as oxaliplatin may facilitate an
^ increasing down-staging and a surgical resecability. In our experience radiotherapy has been
'• delivered with high dose, similar to dose reported by Mohiuddin in 2000. Probably, the higher
than conventional irradiation-dose delivered to the tumor might improve down-staging. Com22
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paring this study with previous experience, no further advantages have been obtained by increasing dose above the 60 Gy threshold. In our study oxaliplatin has been used as radiosensitizer at lower dose than recommended. Probably, the relatively high rate of distant metastases
reported during follow-up could be due to the low oxaliplatin dose. In conclusion, LHT added
to chemo-radiotherapy is a very promising treatment for advanced rectal cancer, resulting in
an elevated down-staging despite a higher proportion of patients in advanced stage (12.1 % of
T4), compared to a better patient-selection in others studies. A trend in favour of hyperthermia was observed, comparing various studies, specially where pTO-pTmic rate was considered.
New Proposal:
Considering that no advantages in down-staging have been obtained by increasing RT dose
more than 60 Gy, and that the low dose of oxaliplatin scheduled in the present study might
reduce the efficacy of combined treatment, a new phase II (multicentric) study has been designed. Purpose of this study is to evaluate efficacy of local hyperthermia combined with a
more aggressive schedule of chemotherapy (oxaliplatin plus capecitabine) in order to reduce
distant metastases. A lower radiation dose than delivered in previous study has been planned,
in order to achieve the maximum down-staging without increase side effects radiotherapy
dependent.
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THE ROLE OF HYPERTHERMIA AS PART OF A TRIPLE MODALITY
TREATMENT IN METASTATIC MELANOMA
Kohek P.*, Rigler M.Y., Richtig E.\ Poschauko E.2, Puchinger M.*, Rehak P.H.*
Department of General Surgery, Medical University of Graz, Austria
1
Department of Dermatology, Medical University of Graz, Austria
2
Department of Radiotherapy and Radiooncology, University of Graz
e-mail: peter.kohek@meduni-graz.at
Background and Objective
Response rates of cutaneous, subcutaneous, soft tissue or lymph node metastases of melanoma to systemic chemotherapy or immunotherapy are rather low. We report our clinical experience with superficial and deep regional hyperthermia in combination with chemotherapy,
radiotherapy or radiochemotherapy.
Patients/Methods
We treated 20 patients with metastatic malignant melanoma (8 men, 12 women; age 27 - 84
years, mean age 57.6 years) by using superficial or deep regional hyperthermia. 15 patients
had cutaneous and subcutaneous metastases, 2 in the inguinal lymph nodes, 2 in the retroperitoneal lymph nodes and 1 in the cervical lymph nodes. BSD 2000 was used with either superficial applicator MA 150 or MA 120 for superficial hyperthermia or ring applicator SIGMA
60 for deep regional hyperthermia. Hyperthermia was applied one to three times a week for 2
to 10 (mean 6) sessions. In 4 patients hyperthermia was combined with chemotherapy, in 1
patient with radiotherapy and in 15 patients with both chemotherapy and radiotherapy. The
clinical response was assessed with clinical evaluation and/or CT scan and/or sonography at
monthly intervals.
Results
Both superficial and deep regional hyperthermia was well tolerated, only patients with deep
regional hyperthermia needed additional parenteral therapy because of an increase of whole
body temperature and increased necessity of analgesics. Local tumor necrosis was seen in 7
patients, 1 patient had additional bacterial infection, 3 patients developed acute radiodermatitis and 10 patients had no local side effects. We observed 5 complete local remissions (25 %),
7 partial local remissions (35 %), 5 patients with stable disease (25 %) and 3 patients with
progressive disease (15 %), giving an overall local response rate of 85 %. The best results
were observed in metastases located retroperitoneally or within the skin.
Conclusions
In the absence of effective systemic therapies in advanced melanoma, local tumor control is
of pivotal importance in maintaining quality of life. We show that in inoperable metastatic
disease local response can be achieved by using superficial or deep regional hyperthermia in
combination with radiotherapy and/or chemotherapy.
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RISK FACTORS FOR AVASCULAR OSTEONECROSIS IN CHILDREN
WITH MALIGNANT TUMORS AFTER THERMOCHEMOTHERAPY
Balzer S.\ Wessalowski R.\ Mils O.\ Schneider D.1, Jager M.2, Bernbeck B.1,
Krauspe R.2, Gobel U.1
1
Clinic of Pediatric Oncology,2 Department of Orthopedics,
Heinrich Heine University Dusseldorf, Germany
BACKGROUND: In children with locally advanced malignant tumors or recurrences after
first-line treatment, loco-regional deep hyperthermia (RHT) at temperatures between 42-44°C
and platinum-based chemotherapy ± radiotherapy were administered in order to facilitate
complete surgical resection. Growing understanding and clinical experience with RHT techniques disclosed an increasing number of children achieving a long-term remission. Therefore, we have also to focus on risk factors for late sequelae. Based on the current data available, in our patient population the most important and severe complication after RHT is avascular osteonecrosis of the femoral head. Although this complication can also be found after
chemo- and/or radiotherapy alone, RHT may also be a risk factor for this complication.
OBJECTIVE: Aseptic ON in children and adolescents is caused by an interruption of the
capital femoris epiphysis blood supply. Most children present with mild or intermittent pain
in the anterior thight and a limb. The pertinent early physical findings include antalgic gait;
muscle spasm with mild restriction of motion, especially abduction and internal rotation. In
order to determine whether RHT contributes to development of ON in our patient population,
we compared different treatment parameters in children and adults.
MATERIAL AND METHODS: In this analysis 72 patients aged between 1-72 years (median 16,1 years) with pelvic malignancies were included. Twenty-four patients were male and
48 female. RHT was performed with 3 annular phased array applicators construced in the
same way (Sigma-30, -40 and -60, BSD 2000, Medical Corporation, Salt Lake City, Utah,
USA). The number of heat sessions per patient was 2-30. Frequencies ranged between 87-140
MHz. Maximum power supply ranged between 130-1300 Watts (W). Five different age
groups were assigned: 1-5 years (22 pts), 6-10 years (6 pts), 11-15 years (7 pts), 16-20 years
(9 pts), > 20 years (27 pts). The number of heat sessions was subdivided in the following
groups: 1-8 sessions (32 pts), 9-16 sessions (34 pts), >16 sessions (3 pts). Power supply per
body weight was classified into four distinct groups: 1-10 W/kg (6 pts), 10 to <20 W/kg (44
pts), 20 to <30 W/kg (16 pts), >30 W/kg (4 pts). CEM43T90 categories: >100 min (3 pts), 50100 min (2 pts), 20-50 min (6 pts), 10-20 min (18 pts), <10 min (41 pts). Severity of ON (?)
was defined: slight, moderate and severe.
RESULTS: Seven out of 72 patients treated with RHT and chemotherapy ± radiotherapy
developed ON, 1/7 double-sided. Appearance of aseptic ON is related to young age (5/7 pts <
5 years, 1/7 pts 5-10 years, 1/7 pts 11-15 years, no patient >15 years), high power supply per
body weight (2/7 pts 10-20 W/kg, 5/7 pts 20-30 W/kg) and high number of heat sessions (6/7
pts 9-16 sessions, 1/7 pts >16 sessions).
CONCLUSIONS: The present analysis showed that aseptic ON can be a complication of
RHT treatment in children and adolescents, which is not observed in adults. Pain or other
skeletal symptoms after power supply of >20 W/kg body weight disclose a risk of osteochondrosis in young patients. We speculate that heat-induced reduction of blood perfusion and
chondral injuries of the hip may be relevant for this specific complication in the pediatric age
group. In the future 3D temperature measurement by MRI may be helpful to avoid dangerous
temperatures in normal tissues.
This work was supported by a grant of Deutsche Krebshilfe e. V.
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TOXICITY AND FIRST TREATMENT RESULTS AFTER OF NEOADJUVANT THERMAL RADIOCHEMOTHERAPY IN OPERABLE
OESOPHAGEAL CANCER
Hulshof M.C.C.M.*, Crezee J.*, zum Vorde sive Vording p:*, Geijssen D.*,
van Lanschot J.J.B., Richel D.J.
Academical Medical Center of Amsterdam, The Netherlands.
Purpose:
To demonstrate the toxicity and preliminary treatment results of neo-adjuvant regional hyperthermia combined with concurrent radiochemotherapy in oesophageal cancer.
Background: In 2002 a phase I study was completed with neo-adjuvant regional hyperthermia
combined with chemotherapy (cisplatin and etoposide) in patients with operable oesophageal
cancer. It was concluded that hyperthermia was feasible (Albregts et al, Int. J. Hyperthermia,
2004). However, the toxicity of the concurrent chemotherapy was very high, resulting in only
31% of patients receiving the planned three hyperthermia sessions and 27% receiving not
more than one hyperthermia session. Based on these results we planned to continue hyperthermia in a phase II study aiming at a decrease of (chemotherapy induced) toxicity and an
improvement of response rate compared to previous radiochemotherapy studies.
Material and Methods:
In august 2003 a phase II study was started combining five times regional hyperthermia with
concurrent radiochemotherapy over a 4,5 weeks period consisting of weekly carboplatin
(AUC = 2) and paclitaxel (50 mg/m2) plus 41,4 Gy radiotherapy in 1.8 Gy daily fractions.
Chemotherapy was infused during hyperthermia. An oesophagus resection was planned at 4-6
weeks after the end of radiotherapy.
Results:
28 patients have entered the study so far, 94% with a T3 tumour and 59% with Nl disease on
echo-endosonography. Median follow-up is 9 months and 23 patients are evaluable for histological response. Toxicity was much less compared to the previous cisplatin/etoposide study;
All five hyperthermia sessions were given in 88% of patients (and 96% had at least four sessions). No haematological toxicity was seen and nausea < grade 2 in only 24%. Dysphagia
and weight loss during treatment were absent in 68% and 81% of patients respectively. A
histological confirmed complete remission rate (CR) was found in 17% and only residual microscopic tumour foci (Pmic) in an extra 33%. Partial remission (PR) was accomplished in
33%. Mean T90 in patients with a CR, Pmic, PR and Stable Disease was 39.2 °C, 38.7 °C,
38.5 °C and 38.5 °C respectively. Survival is excellent so far, with no tumour related deaths
and only one patient who died of intercurrent disease.
Conclusion:
Preliminary results of neo-adjuvant regional hyperthermia combined with concurrent radiochemotherapy in oesophageal cancer demonstrate a remarkable low toxicity profile with a
good histological response rate.
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ACUTE NEUROTOXICITY AFTER HYPERTHERMIA FOR PELVIC
TUMORS
Wielheesen D.H.M.*1, Sillevis Smitt P.E.A.2, Haveman J.3, van der Zee J.*1
Department of Radiotherapy, Hyperthermia Unit,2 Department of Neurology, Erasmus
Medical Centre - Daniel Den Hoed, Groene Hilledijk 301, 3075 AE Rotterdam.3 Department
of Radiotherapy, University of Amsterdam, Academisch Medisch Centrum, Amsterdam.
1

Introduction In the past few years we observed a few patients with rather severe symptoms
of acute neurotoxicity(ANT) following hyperthermia for pelvic tumours. These patients complained of sensory and motory symptoms or referred pain down from the pelvic girdle. It was
our impression that this was a rather uncommon side effect of deep hyperthermia treatment
(DHT). We therefore decided to initiate a retrospective analysis to determine the incidence
/ and severity of symptoms of neurotoxicity in all patients we treated with DHT.
Methods We evaluated all patients who had DHT in the period of August 1990 until April
2004. All patients were treated in the BSD-2000(-3D) system with the £-60 or £ -Eye applicator(BSD Medical systems, USA). Medical records and the hyperthermia questionnaires
were used to assess symptoms and grade of ANT. Some patients were examined by a neurologist and of these patients a magnetic resonance imaging(MRI), electromyography(EMG)
and/or cerebral spinal fluid(CSF) examination was performed to validate the complaints, determine the anatomical site and grade of neurotoxicity.
Patients were treated with DHT in combination with radiotherapy and/or chemotherapy or
both treatment modalities. The planned number of DHT's varied from 3 to 6, depending on
the indication.
Deep Hyperthermia Treatments were performed by our institutional protocol. Each treatment
had a duration of 90 minutes. The temperature of the water bolus of the applicator was maintained at 20°C. An additional bolus with circulating water of 13°C was used to cool the analperineal skin. The initial power was 400 Watt, increasing in steps of 100 Watt every 5 minutes until patients' discomfort or a maximum temperature of 43°C in normal tissue was
achieved. Phase, amplitude and frequency were adjusted to optimise the temperature distribution in the target volume or guided by patients' complaints.
Analysis on hospital and hyperthermia charts of all patients treated with DHT were reviewed.
Symptoms of sensory or motory symptoms were considered neurotoxicity caused by hyperthermia when these had developed within 24 hours following DHT. Patients with pre-existent,
tumour related symptoms of nerve involvement aggravated following treatment were not considered having neurotoxicity from hyperthermia. Assessment to reversibility and grade was
performed. Reversibility was classified as: complete(+), substantial(+/-), to some extent(-/+),
no(-). Grading was performed according the CTC version 2.0.
Results We evaluated 585 female and 156 male patients who had 754 treatments series in
3214 single DHT's. In 231 cases single DHT's the £ -Eye was used. Seventeen patients
(2.3%), who received 85 DHT's, had complaints indicating ANT following 32 treatments
(Table). All these patients were treated for locally advanced cervical carcinoma. In 3 patients
ANT developed following more than 3 consecutive treatments. In 7 patients the occurrence of
ANT was incidental: symptoms did not increase after a subsequent treatment. In 9 patients
subsequent treatment did aggravate the symptoms. In 2 cases ANT was reason to discontinue
DHT. In 5 cases an anatomical substrate by means of neurologic examination, CSF, EMG
and/or MRI was identified. It showed that neurotoxicity following DHT mainly affects the
sacral nerve roots and/or sacral plexus. The increased protein concentration in the CSF and
Clinical Trials and Application 2
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the pleiocytosis in 2 of 4 patients points to an inflammatory reaction causing a polyradiculitis.
Also, meningeal enhancement on MRI, following gadolineum administration in 2 patients is
compatible with aseptic meningitis. When a lesion is restricted to the nerve root(s), the sensory nerve action potential(SNAP) following stimulation of the sural nerve should be present.
In 2 of our patients, the SNAP could not be induced indicating additional pathology at the
level of the sacral plexus, at least in these patients. The other 12 patients without objective
neurological signs had symptoms compatible with a sacral root or plexus distribution: numbness or paresthesias in the perianal and vulvar area with or without radiation into the legs.
Also, numbness while voiding was common. The incidence of ANT was the highest between
the 2nd and 4th DHT. The mean tumour radiotherapy dose at first occurrence of ANT was 19.6
(6-40) Gray. In all cases sensory signs were present and motory signs were present in only
6/17 cases. The grade of ANT according to the CTC 2.0 varied from 1 to 3. Revision of treatment records did not reveal symptoms during treatment predictive for development of ANT.
Duration of symptoms was 2 to 800 (mean 124) days till disappearance or till death. In 8
cases reversibility was complete, in 4 cases substantial or to some extend. In 3 cases there was
no relief at all. In 10 patients the symptoms lasted less than 1 month, in 5 patients less than 1
week.
No Age

Tx

#1- Sensory symptoms
60/Eye

1 72
2 55

RT
RT

5/0
5/0

3 78
4 62
5 72

RT
RT
RT

5/0
5/0
5/0

6 62
7 46

RT

5/0

RT

5/0

8 52

RT

5/0

9 72
10 53
11 35

RT
RT
RT+
CT
RT+
CT

5/0
5/0
5/0

13 53

RT

5/0

14 77
15 51

RT
RT

0/3
4/0

16 45

RT

4/0

17 78

RT

4/0

12 45

5/0

Motor symp- Rev MRI
toms

Sacral and calf muscle pain (L>R)
Numbness and paresthesia on anus,
buttocks, back of right leg and sole
Perianal numbness and parestesia
Numbnes and parestesia of the toes
Numbnes of the buttocks followed by
numbness of the heel
Numbness of ankles and feet

None
Leg weakness
None
None
None

Numbness an parastesia on vulva.
perineum right buttock an upperleg
Numbness coccyx, right leg to lateral
foot
Numbness vagina and defeacation
Perianal-vulvar numbness
Numbness buttocks and lower back
pain
Numbness perianal and upperlegs,
R>L

EMG

CSF

+
-

-Itis

denervation, Tot.Prot.2,
polyR
300/3 WBC

Gra
1
1

+
-/+
+

1
1
1

+
+

1

None
None

+

1

None
None
None

-/+
+

1
1

-/+ No
abn.
+

3

None

1

Leg weakness when
cycling
denervation
Numbness buttocks and dorsal upper leg weaknes +/when walking
S1-S2
legs
Pain in pelvis and legs
None
-/+
Leg weak- -Itis Axonal
Elevated proNumbness and parestesia buttocks
ness
tein, pleiocytoand legs
sis
+ No
Numbness perianal, vulva and left
Left leg
Elevated probuttock and dorsal upper leg
weakness
abn.
tein, normal
cell count
Numbness buttocks and upper legs
None
- No Axonal
Elevated proabn.
tein, normal
cell count

1

2
2
3

3

3

Table Pts with ANT. Tx: treatment modality, RT: Radiotherapy, CT chemotherapy, #H-60/Eve: number of treatments in cither applicator.

Conclusions Acute Neurotoxicity following DHT is a rare event. Grade 3 ANT developed
during <1% of the treatment series and <0.1% of single DHT's. Symptoms during treatment
are not predictive for the occurrence of ANT. A high grade ANT appears to be associated
with aggravation of symptoms following two consecutive deep hyperthermia treatments. This
may be reason to abandon further DHT's when this occurs.
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MAGNETIC FORCE NANOTHERAPY: FEASIBILITY AND
TOLERANCE IN A TRIAL WITH RESIDUAL TUMORS
Gneveckow U.1*; Jordan A.12*; Scholz R.1*; Cho C.H.2; FeuBner A.2; Eckelt L.2;
Wust P.2*
' MagForce Nanotechnologies GmbH, Berlin, Germany,
2
Charite Medical Center, Berlin, Germany
Introduction:

,

A

In February 2004 a clinical trial on the feasibility and tolerability of the Magnetic Force Nanotherapy was started. Magnetic Force Nanotherapy is a new treatment concept for local tumors. The energy deposited by a homogeneous AC magnetic field is transformed into heat by
a transducer. This transducer, nanosized superparamagnetic particles dispersed in water
(magnetic fluid), is infiltrated into a selected target by minimal invasive intervention. Due to
their subdomain size, these particles show no hysteresis behavior. Therefore, the behavior is
independent on any previous exposures to magnetic fields. In contrast to hysteresis heating
with multidomain-particles, the energy of the magnetic field is transformed to heat by both
Brownian rotation and Neel relaxation. In addition, a special ,,tumorphil" coating of the ironoxide cores increases the cellular uptake of the particles into tumor cells, which binds the partides in the tumor region. Thus a particular high power density can be achieved in the tumor
and directly regulated by the magnetic field amplitude, whereas the normal tissue lacking
magnetic fluid is only slightly affected. Both, deep seated and superficial tumors are accessible with a minimum of invasion and a selectable target temperature. To heat the magnetic
fluid under clinical conditions, an applicator system has been built to generate a magnetic
field in any desired body region. The first results of the feasibility of the Magnetic Force Nanotherapy on different tumor entities are shown here.
Methods:
Treatment protocols of the different tumor entities can be divided in 3 classes according to the
nanoparticle instillation technique. The first instillation approach was performed under CT
control. On the basis of preplanned trajectories the tumor is punctured 2 - 8 times from different directions. The position of the needle is controlled and documented by CT, and precalculated volumes of the magnetic fluid are injected into each site. This technique was used in
case of unresectable residual rumors in the neighborhood of bones, nerves or vessels. The
second method was the intraoperative instillation in case of a clinical Rl- or R2-resection of
gynaecological rumors, mainly recurrences of cervical carcinoma at the pelvic floor. A non
resectable residual tumor is infiltrated with magnetic fluid in evenly distributed spots. The
third way is the deposition of the nanoparticles in the prostate via transrectal ultrasound
(TRUS). Patients with recurrent prostate carcinoma (PSA progress) after definitive external
radiotherapy undergo an interstitial brachytherapy with 125-Iodine seeds and instillation of
nanoparticles by the same application method. Each instillation of magnetic nanoparticles is
followed by a so called post instillation analysis (PIA), which calculates the expected steady
state temperature of the tumor on basis of a post instillation CT. Temperatures in selected
points can be calculated in dependence on the specific absorption rate (SAR) of the nanoparticle area and the perfusion of this region. After the first treatment the calculated temperature
is fitted to the measured temperature in the catheter and extrapolated to the full heating area.
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Results:
Until now 18 of 25 Patient of the trial were recruited. 4 in the group of CT-guided instillation,
8 with intraoperative instillation of the magnetic nanoparticles and 6 patients with prostate
carcinoma under TRUS control. Except of two cases the instillation was successful and at
, A" •< least one thermotherapy could be performed. Temperatures between 40 and 46°C could be
measured whereas calculated temperatures ranged between 42 and 52°C. Field strengths between 3.2 and 9.5 kA/m were tolerated well for one hour per session (treatment time at steady
state temperature). Patients were treated 1 to 16 times. The magnetic field strength was limited to 4.5-5.0 kA/m for treatments of the abdominal/pelvic region because of inductive eddy
currents on the skin, which lead to uncomfortable sensations in anal or inguinal skin folds and
1 other risky structures, where we found higher energy deposition by physical reasons.
Discussion:
The feasibility of the Magnetic Force Nanotherapy has been shown for a wide spectrum of
tumors. The standardization of nanoparticle instillation is under way and will thus improve
the workflow and the outcome of the treatment. For the group of patients with residual, sometimes heavily pretreated tumors the Magnetic Force Nanotherapy can enhance the remaining
treatment options. To get a wider scope in placing the nanoparticles and choosing the treatment temperature a way to suppress inductive eddy currents have to be found.
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ONLINE CONTROLLING OF HYBRID-HYPERTHERMIA IN
ANTHROPOMORPHOUS PHANTOMS
Gellermann J.*, Weihrauch M., Nadobny J., Wlodarczyk W., Weiser M., Wust P.*
Charite Medical Center, Berlin, Germany
Introduction:
Hybrid-Hyperthermia gives the opportunity for online control of radiofrequency (RF) hyperthermia by MR-thermometry. Planning of RF hyperthermia gives an estimation of the potentials expected by steering of channels, which have not been reached in clinical hyperthermia
till now. One reason could be, that we use models of perfect antennas for planning, which are
in practice not available. In consequecce, we need a tool for controlling the actually achieved
SAR (specific absorption rate) distribution during the heat treatment with the option for
online correction.
Material and Methods:
In phantom measurements we used the double-echo proton resonance frequency method for
MR-thermometry performing a drift correction with silicone oil tubes. This method is a practical online tool, which needs about 20 seconds more than the single acquisition of temperature sensitive pictures after acquisition of a base data set and the preparation of the method at
the beginning of the session needs about three minutes. The MR-temperature distributions
(which are difference images) are smoothed and in addition transformed into an SAR distribution showing the actual performance of the applicator used. This measurements includes all
interactions and disturbances of the amplifiers, cables, transforming network and treated object. The resulting datasets can provide a basis to perform a virtual simulation as realistic as
possible. A numerical procedure (utilizing the Gauss-Newton algorithm) has been implemented to generate a planning process based on the experimental results. This planning procedure increases the accuracy with every additional measured dataset.
Results:
For one homogeneous and two inhomogeneous phantoms we acquired datasets, that had already good agreement with virtual plans derived from FDTD E-field calculations. We saw a
good agreement between our new numerical procedure and the (old) virtual FDTD-planning
with some specific differences. Special system derived problems, for example, conductivity
changes due to temperature rises, which have been not implemented in the initial virtual
treatment plan, are now taken into consideration. Limitations to change the SAR distribution
due to thermal instabilities of electrical components are also incorporated.
Discussion:
Online control of hybrid hyperthermia appears realistic. An adjusted plan derived from the
MR-measured temperature changes is already available. Using virtual planning as a# first
input of the new calculation procedure during online control will reduce the calculation time
further.
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STEERING IN LOCO-REGIONAL DEEP HYPERTHERMIA:
EVALUATION OF COMMON PRACTICE WITH 3D-PLANNING
van der Wai E., Wielheesen D.H.M.*, van der Zee J.*, van Rhoon G.C.*
Hyperthermia Unit, Dept. Radiation Oncology, Erasmus MC Rotterdam, the Netherlands.
Introduction
I
|
\
\> \

Radiotherapy plus hyperthermia is standard treatment for locally advanced cervical cancer. In
our unit the hyperthermia treatment of these patients is performed with a BSD 2000 3D deep
hyperthermia system. In order to apply loco-regional deep hyperthermia at a maximum dose
level, protocolized SAR steering is used to optimize tumor temperatures, avoid toxicity and
minimize complaints due to local overheating. SAR steering is the term we use to address all
changes in antenna settings that affect the distribution of dissipated power. The protocol used
to guide SAR steering reflects an empirical strategy based on the experience gathered over the
last decade. With the availability of sophisticated codes to predict patient specific EM fields,
we are now able to prospectively evaluate the effectiveness of the applied amplitude and
phase settings, and of the steering protocol. In this study, we evaluate the effect of prescribed
steering actions in a patient model according to the treatment protocol. In particular, we assess the effectiveness of both phase and amplitude steering to control power dissipation at the
tumor location and at the surface.
Methods
The SAR steering protocol prescribes the choice of initial phase- and amplitude settings and
provides guidelines for steering actions. During treatment, if the patient complains about local
and superficial heat or the sensation of local pressure, amplitude and phase control is used to
steer the focal point of the SAR distribution away from the specific area. SAR patterns were
simulated using Amira Hyperplan (Konrad Zuse Zentrum, Berlin). The calculations are based
on a finite element (FE) method on a tetrahedral grid. Models of the patient and the antenna
configuration are compromised of approximately 2-105 tetrahedrons corresponding to a 2-3
cm node distance. Calculations are based on CT-data of patients with advanced cervical cancer.
Results and Conclusions
From the simulations it is clear that the SAR focus within the pelvis falls apart in three different maxima. One located at the ventral side and associated with the os pubis, one located at
the backside and associated with the lumbosacral vertebrae, and one in the middle associated
with the tumor volume. Instead of continuously shifting the SAR focus, both phase- and amplitude steering in the AP direction merely changes the ratio of dissipated power in the three
different areas.
To elucidate the difference between phase and amplitude steering in the AP direction, we divide our patient model in three regions of interest. In the insets of figure lb these regions are
indicated as front (f), middle (m) and back (b). For these regions total integrated power absorption was calculated at a range of phase and amplitude settings.
In figure la the ratio of power absorbed in the central part (Pm,d) to the power absorbed in the
front and back part (Pfront +Pback) is plotted versus amplitude and phase difference. Clearly,
phase steering is more effective in transferring power from the central to the outer parts. Ergo,
phase steering is the preferred action in reducing temperature differences between front and
backside or reducing the effect of deep-seated hot spots.
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Another important property of these steering methods is their effectiveness in reducing more
superficially located hot spots (front or backside) by steering in the opposite direction.
In4Igure-4b the power in the "painful"are»4s-«empared~to~thirrlHTTa1fTnrg^o^
(targets-part as -a-function of ampTiTu^e~alTd~ptrase~triffercnee when ste^ftrig~tcrthc--oppesfteWe see that both amplitude and phase steering is appropriate to'reduce superficial hot spots.
However, as we mentioned above, phase steering does affect the power in the central (target)
region more severely than amplitude steering. Therefore, amplitude steering is recommended
when addressing superficial hot spots.
Markedly, these observations are in excellent agreement with our empirical protocol.
Concluding, the simulations help us to understand the rationale behind the empirical derived
SAR steering protocol, and moreover, to test future improvements.

Relative amplitude (%)
0
20 40 60 80 100 100 100 100 100 100 Ampl front
100 100 100 100 100 100 80 60 40 20 0

Ampl back

Figure 1: Steering sensitivities for phase and amplitude steering. All ratios
are normalized with respect to zero phase difference and equal amplitude
settings, a) Ratio of power
dissipated in the central
region to the outer regions, b) In the left (right)
plot, ratio of power dissipated in the front (back)
region when steering towards the back (front).
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VALIDATION OF E-FIELD COMPUTATIONS WITH THE FINITE
DIFFERENCE TIME DOMAIN METHOD FOR THE AMC-8
HYPERTHERMIA SYSTEM.
Crezee J.*, Westendorp R., Kok H.P.*, Wiersma J.*, van Stam G.*,
van Haaren P.M.A.*
Dept. of Radiation Oncology, Academic Medical Centre, University of Amsterdam,
Netherlands
Introduction
Our Hyperthermia Treatment Planning (HTP) system was developed at the University of
Utrecht and is based on the comparatively fast Finite Difference Time Domain (FDTD)
method. Another advantage is that it provides the option of zooming, enabling simulations at
much higher resolution in a volume of interest. Recently the AMC 8 waveguide phased array
hyperthermia system (AMC-8) became operational. It consists of two rings of 4 antennas and
is designed to provide 3D power control. We validated the FDTD based HTP system by comparing measured and calculated E-field distributions for the AMC-8 system.
Methods
The AMC-8 system (figure I, 2), consisting of 8 waveguides (33x]0x2l cm ) and 8 waterboli
(40x5x40 cm3), was modelled with a rectangular tissue equivalent phantom (30x30x110 cm5)
in a discrete space of 151x151x151 cm3 at a resolution of lxlxl cm3. The actual sources of
the emanating E-field were located at the edges of the antenna chokes and were excited by
means of a triple-cosine waveform operating at 70 MHz.

choke —

phantom

'-'rinq

Figure 5 AMC-8 system, sagittal midplane

Figure 6 transversal plane

Measurement of the E-field distribution was carried out in a liquid tissue equivalent phantom
(30x30x110 cm3). Phase and amplitude of the axial component of the E-field were determined
by scanning an E-field probe1 in the transversal and sagittal midplane of the phantom. The
E-field distribution was determined for two situations:
(1) Central focus (equal phase and amplitude for all antennas) for variable ring-ring distance D ring(2) Axially shifted focus (equal amplitude, phase difference between ring 1 and 2) for
fixed distance Dr]ng
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The transient temperature distribution was measured in a solid tissue equivalent phantom. The
phantom has an elliptical cross section of 36x24 cm2 and a length of 80 cm. The temperature
was measured with 20 multi sensor thermocouple probes covering the transversal midplane of
the phantom.
Results
Comparison of the E-field distributions predicted by the FDTD based HTP system with experimental data measured in the phantoms showed good agreement: deviations were typically
10% for amplitude and 10° for phase in the transversal midplane.
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An increase of the distance Drjng resulted in a gradual axial elongation of the central focus. An
increase of the phase difference between the two rings resulted in a gradual axial shift of the
central focus. The HTP system predicts the effect of both varying Dnng and varying phase
difference between ring 1 and ring 2 correctly. The simulated and measured transient temperature distributions in the solid elliptical phantom also showed good agreement.
Discussion
Simulations and measurements were compared for the AMC-8 hyperthermia system. The
measured E-field and temperature distributions yielded excellent agreement with the simulated distributions. The next step is validation of the HTP system in more realistic heterogeneous patient anatomies.
Supported by the Dutch Cancer Society
1

van Stam G, Wiersma J, van Wieringen N, van Dijk J. Proc. ESHO 1999 p. 80
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VERIFICATIOKTOF HYPERTHERMIA TREATMENT PLANNING IN
CERVIX CARCINOMA PATIENTS USING INVASIVE THERMOMETRY
Van Haaren P.M.A.'*, Van den Berg C.A.T.2*, Kok H.P.1*, Zum Vorde Sive Vording
PJ. 1 *, Oldenborg S.1*, Stalpers L.J.A.1, De Leeuw A.A.C.2*, Crezee J >
1
Dept. Radiotherapy, Academic Medical Center, University of Amsterdam, The Netherlands;
2
Dept. Radiotherapy, University Medical Center Utrecht, The Netherlands.

\>

Introduction: Hyperthermia Treatment Planning (HTP) is a useful tool for improvement of
clinical hyperthermia treatments. Aim of this study was to determine the correlation between
HTP and measurements during hyperthermia treatments. We compared the calculated Specific Absorption Rate (SAR) with clinically measured SAR-values, from AT-measurements,
in cervix carcinoma patients. General difficulties for such clinical verifications are changes in
the anatomy during the different steps and possible movement of the catheters. We used one
fixed invasive catheter in the tumour additional to the usual non-invasive catheters in the vagina, bladder and rectum, for insertion of multisensor thermocouple probes. A special CTscan with the patient in treatment position and the catheters in situ was made for the HTP. We
performed these verifications in a total of 11 treatments in 7 patients.
Materials and Methods:
Treatment: The hyperthermia (HT) treatment was carried out at the Academic Medical Center
Amsterdam, using the 70 MHz AMC-4 waveguide system. The procedure was as follows:
• Placement of two vaginal and one intratumoral (~l-2 cm in the tumour) 'umbrella'-catheters
with expandable tip (Ella-CS), a bladder and a rectal catheter, and an intravaginal E-field
probe (near the tumour).
• Insertion of a gynaecological tampon for optimal tissue contact and fixation of the catheters.
For better thermal contact, the tampon was moisturized with distilled water (4 treatments),
or with 0.3% NaCl solution (6 treatments). In 1 treatment no tampon was used.
• A CT-scan was made of the patient in treatment position, i.e. in supine position on a waterbolus ('w' in fig. lb, 2b) and mattresses, with the catheters in situ ('c' in fig. lb, 2b).
• The position of the catheters was verified by taking a dorsoventral and a lateral X-ray image
on the HT treatment table of the AMC-4 system.
• Multisensor thermocouple probes were inserted in the catheters.
• Clinical experience led to standard power ratios for the top, bottom, left and right antenna of
3:3:2:2. Phases were optimized by maximizing the E-field measured by the E-field probe.
• AT-measurement1: At the beginning of every treatment we performed a measurement of the
temperature rise (AT) during a 30sec power pulse of 800W. The AT is proportional to the
SAR, so these measurements provided the measured SAR profiles along the thermocouple
tracks (ATmcas).
Planning: For the planning we used HTP software developed at the Department of Radiotherapy of the University Medical Center Utrecht, based on the Finite Difference Time Domain
calculation method. The procedure was as follows:
• We used the aforementioned CT-scan. The tumour, tampon and catheters were outlined
manually; the catheters were removed from the dataset.
• The rest of the dataset was automatically segmented into muscle, fat, bone and air.
• The dataset was downscaled to high (HR, 2x2x5 mm3) and low resolution (LR, lxlxl cm3).
• The LR dataset was used to calculate the E-field distribution for each antenna of the AMC-4
system separately. The SAR distribution at HR according to the clinical power/phasesettings was calculated using quasistatic zooming2.
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Verification: For the verification, the catheter tracks were reconstructed using the CT dataset
and the X-ray images. The SAR along the catheter tracks was extracted from the calculated
SAR distribution (SAR^) and compared with the clinically measured AT profiles (ATmcas).
Results: The correlation between ATmcas (symbols, fig. la, 2a) and SARcaic (solid lines) was
on average R = 0.53 + 0.23 (mean ± STD), and was slightly better for the non-invasive left
and right vaginal tracks (R = 0.59 ± 0.30) than for the intratumoral catheter tracks (R = 0.46 ±
0.21). These correlations were highly dependent on the wetness of the tampon (preferably
with NaCl solution) and the tissue contact of the catheters. When the tampon was fully wet
with NaCl, the thermal contact of the vaginal catheters was good (fig. lb) and the correlations
were strong (R = 0.90 ± 0.04, fig. la). In this case the relation was SAR^ic « 62-ATmcas.
••-
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In some cases the tampon was too dry, thus some air was still present in the vagina ('a' in fig.
2b), and the tissue contact of the catheters was not good, resulting in bad thermal contact,
especially in the top of the vagina near the tumour. Here ATmcas was extremely high, and the
correlations were weak (R = 0.41 ± 0.19, fig. 2a). In this case SARca|C « 98ATmcas.
1.8

fig. 2a
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Conclusion: The main difficulties for accurate verification were of clinical nature: difficulties
arising from the use of gynaecological tampon and the limited number of measurements in
tissue. Remaining air in the vagina and sub-optimal tissue contact of the catheters resulted in
bad thermal contact between thermocouples and tissue, causing measurement artefacts that
are difficult to correlate with calculations. These artefacts are probably not specific for thermocouple measurements, but more general for intraluminal temperature and SAR measurements.
' De Leeuw A AC, Crezee J and Lagendijk JJW, IJH 1993, 9(5), 685.
Van de Kamer JB, De Leeuw AA C, Kroeze H and Lagendijk JJW, PMB 2001, 46(4), 1017.

2

This study is supported by Dutch Cancer Society grants 2002-2622 and 2001-2462.
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IMPROVEMENT OF LOCOREGIONAL HYPERTHERMIA
TREATMENTS OF OESOPHAGEAL CANCER USING TREATMENT
PLANNING
Kok H.P.\ Van Haaren P.M.A.*, Van de Kamer J.B.*, Zum Vorde Sive Vording P.J.\
Wiersma J.*, Hulshof M.C.C.M.*, Geijsen E.D.\ Crezee J.*
Department of Radiation Oncology, Academic Medical Center, University of Amsterdam,
The Netherlands.
Introduction:
The thermal dose achieved in the clinic often remains too low due to the incidence of treatment limiting hot spots, which are difficult to avoid intuitively due to the large number of
degrees of freedom (amplitudes and phases) of the heating device. To improve hyperthermia
treatments of oesophagus carcinoma patients with the 70 MHz AMC-4 waveguide system we
performed Hyperthermia Treatment Planning (HTP) with high resolution temperature based
optimisation. With this optimisation we obtain Amplitude(A) and Phase(P) settings for the
antennas for optimal rumour heating (> 43 °C) while preventing hot spots in normal tissue
(< 42 °C) and maintaining the spinal cord temperature below 40 °C to prevent neurotoxicity.
Methods:
We used HTP software developed at the department of radiotherapy of the University Medical Center Utrecht. The planning is based on a CT scan of the patient in treatment position
(i.e. prone position) on a water bolus and mattresses. The tumour, heart, aorta and spinal cord
were outlined manually by a physician. The rest of the dataset was automatically segmented
into muscle, fat, bone, lung and air. We performed temperature based optimisation1 at a resolution of 2x2x5 mm3. Clinical experience has led to standard power ratios for the top, bottom,
left and right antenna of 1:3:3:3. The top antenna, which is closest to the spinal cord, delivers
less power to prevent neurological toxicity. Phase settings are clinically optimised by maximizing the E-field, measured at the tumour site.
Tumour, systemic and spinal cord temperature are continuously monitored using multi sensor
thermocouple probes. At the start of every treatment we performed AT-measurements2 applying a 30 sec power pulse of 800 W. For 16 patients in 43 treatments we applied 3 different
settings:
I. Calculated: The numerically optimised A/P settings
II. Clinical: The clinically optimised A/P settings
III. Mixed: The numerically optimised A settings with the clinically optimised P settings.
The ratio AT0CS / ATcord of ATOCS at the oesophageal tumour and ATcord near the spinal cord
provides a criterion for tumour heating efficiency. To obtain more insight in the value of
treatment planning and the predictive value of the initial AT for the Steady State Temperatures (SST) we studied for 28 patients the relation between:
•

The extent of the temperature rise in the oesophagus and near the spinal cord after a 30
sec. power pulse and the A/P settings of the different antennas.

•

The AT due to the initial power pulse with clinical settings and the achieved SST.

_ Results:
i The results of the AT-rncasufemeirts-^re-shown-in^tabte-tr With the mixed A/P settings the
highest absolute AT's were achieved, while the ratio was not much different from the other
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two configurations. This implies that with these settings the same rumour heating can be obtained with less applied power, resulting in more efficient heating. The fact that the combined
numerical A/clinical P settings resulted in the highest absolute temperature rises in the oesophagus might be due to the difference in patient positioning between the planning and the
actual treatment, since the location of the SAR focus in the tumour is constructed mainly by
phase steering.

ATocs / ATCord

AT 0 C S
AT c o r d

Calculated A/P (I)
1.310.09
0.36 ± 0.02 °C
0.29 ± 0.02 °C

Clinical A/P (II) - hMixed A/P (III)
1.5 ±0.12
1.7 ±0.15
0.38 ± 0.03 °C
0.48 ± 0.04 °C
0.23 ± 0.02 °C
0.33 ± 0.02 °C

Table 1: Results of AT-measurements performed with calculated, clinical and mixed
_--• settings averaged over 43 treatments (mean ± SEM).
The temperature rise near the spinal cord depends mainly on the power of the top antenna. The correlation coefficient was R=0.37, which was considerably higher than the
correlation with the powers or phases of the other antennas.
The temperature rise in the oesophagus depends mainly on the power of the top and bottom antenna together. The correlation coefficient was only R=0.12 but this was still more
than 2 times higher than the correlation with the power of the left and right antenna.
• ISO

The relation between the temperature rise due to
a power pulse of 30 seconds and the achieved
steady state temperature was more or less linear,
implying a higher T90 and T50 when a higher AT
was measured at the beginning of the treatment
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Figure 1: Relation between AT and steady state temperatures.

Discussion:
Numerically optimised amplitudes combined with clinically optimised phases per session
may improve the efficiency of hyperthermia treatments of oesophagus carcinoma patients.
The same tumour heating with less applied power is favourable since it results in a reduction
of systemic stress and possibly fewer hot spots. The AT's near the spinal cord and in the oesophagus depend mainly on the power of the top antenna and on the power of the top and bottom antenna together, respectively. Steady state temperatures are linearly dependent on the
initial temperature rise.
In conclusion, we can use HTP to improve hyperthermia treatments by more efficient tumour
heating.
Acknowledgement:
This study is supported by the Dutch Cancer Society grant 2002-2622.
'

Kok HP, Van Haaren PMA, Van de Kamer JB, Wiersma J, Van Dijk JDP, Crezee J,
Submitted to Phys. Med. Biol.

2

De Leeuw AAC, Crezee J, Lagendijk JJW, Int. J. Hyperthermia 1993;5:685-697
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QUANTITATIVE THREE-DIMENSIONAL SAR VALIDATION OF THE
LUCITE CONE APPLICATOR
De Bruijne M.*1, Samaras T.*2, Neufeld E.3, Chavannes N.3, and Van Rhoon G.*1
1
Erasmus MC - Daniel den Hoed Cancer Center, Rotterdam, The Netherlands
2
Aristotle University of Thessaloniki, Thessaloniki, Greece
Foundation for Research on Information Technologies in Society (IT'IS),
Zurich, Switzerland
Background
Quantitative validation of the specific absorption rate (SAR) pattern as predicted by an electromagnetic model is an essential step in the development of a hyperthermia treatment planning system. In the validation both the 3-D SAR distribution in the applicator target volume
and the relation between model power and real-world power are required. However, the SAR
measurement methods commonly used in hyperthermia cover only a subset of the 3-D pattern,
i.e. a 2-D cross-section or a limited set of measurement points. Moreover, because relative
SAR patterns are measured, no quantitative match can be assessed. In this study, we therefore
validated the 3-D SAR pattern as predicted by a finite-difference time-domain (FDTD) model
against dosimetric measurements of seven Lucite cone applicators. Furthermore, we quantified the correspondence with the gamma method, which is commonly used for model validation in radiotherapy.
Methods
SAR measurements were performed with the DASY4 dosimetric assessment system according to the IEEE-1528 standard. The Lucite cone applicator (LCA) was placed against the bottom of a rectangular phantom bath filled with HSL450 tissue-simulant fluid (£r = 45.9, o =
0.91 S/m, f = 433 MHz). The power input to the LCA was 1 Watt. A miniature E-field probe
(ET3DV6) scanned the SAR at 1530 points in a 15X17X6 cm3 volume. The measurement was
repeated for all seven LCAs.
The FDTD model (SEMCAD) implemented the measurement set-up in a non-uniform rectilinear grid. Voxel dimensions were limited to 2 mm within the LCA and less than 1/15th of a
wavelength in the phantom liquid. To compensate for efficiency differences we scaled the
output of the FDTD simulation with the ratio of predicted and measured absorbed power for
each LCA.
For the quantitative evaluation of the measured and the calculated SAR distributions we used
the gamma method, which combines distance-to-agreement (DTA) and dose-difference (DD)
analyses. The acceptance criteria DTA = 2.5, 5, 10 mm and DD = 5, 10% were tested. The
quantitative match was considered good if 95% of the measurement points met the acceptance
criteria (795 < 1).
Results
The power absorbed in the measurement volume differed per applicator (range 320-392 mW)
and is lower than predicted by the FDTD model (428 mW). Table 1 lists the 795 scores for the
acceptance criteria that were tested. For very stringent criteria (DTA = 2.5 mm), the quantitative match of measurement and model was poor (795 > 1). For DTA = 5 mm and DD = 5%,
there was a fair (795-1) agreement between model prediction and measurements. There was a
good match (795<1) for all applicators if the criteria reflected the experimental accuracy (e.g.
DTA = 5 mm, DD = 10%).
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Conclusion
Dosimetric measurement techniques and the gamma method provide excellent means for the
quantitative validation of hyperthermia treatment planning models. For the LCA, a good
quantitative agreement (acceptance criteria DTA = 5 mm, DD = 10%) was found between
the measured and predicted 3-D SAR distribution.
Table 1. The 95th percentile of gamma values (795) for several distance-to-agreement (DTA)
and dose-difference (DD) criteria.
DTA = 2.5 mm
Applicator

DTA = 5 mm

DD = 5% DD = 10% DD = 5%

DTA = 10 mm

DD = 10% DD = 5% DD = 10%

LCA 11

1.81

1.64

1.07

0.90

0.62

0.54

LCA 12

1.78

1.60

1.01

0.89

0.57

0.50

LCA 13

1.81

1.62

1.04

0.90

0.59

0.52

LCA 14

1.79

1.64

1.02

0.89

0.60

0.51

LCA 15

1.79

1.64

1.03

0.90

0.60

0.51

LCA 16

1.75

1.60

0.99

0.87

0.55

0.50

LCA A

1.78

1.65

1.00

0.89

0.60

0.50
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IMPROVED THERMAL MODELING OF THE PROSTATE BY 3D
PERFUSION IMAGING
Van den Berg C.A.T.*, de Leeuw A.A.C.*, van de Kamer J.B.*, Raav makers B.W.,
LagendijkJ.J.W.*
Dept. of Radiotherapy, University Medical Center Utrecht, The Netherlands
Introduction:
In hyperthermia the Pennes' bio-heat or heat-sink model is often the preferred thermal model
due to its simplicity and usefulness. Knowledge about the local volumetric perfusion is important in this model, however, it is mostly not known. Consequently, assumptions about organ specific perfusion rates have to be made. Furthermore, the Pennes' bioheat model fails to
consider the significant impact of the discrete vasculature. For this reason, discrete vessel
models have been developed that allow separate description of the vasculature up to the capillaries. Acquisition of the vasculature at such detailed level has proved to be difficult.
However, lately with the advent of sophisticated Dynamic Constrast Enhanced (DCE) imaging techniques, it has become possible to image complete 3D perfusion maps and detailed
angiograms. This information can be employed for further refinement in thermal modelling.
In this work this fact will be demonstrated for regional hyperthermia treatment of the prostate.
A comparison is made between thermal simulations using Pennes' bioheat heatsink model for
a homogeneous prostate perfusion versus measured perfusion maps of patients. Furthermore,
the effect of preheating of blood in the vessels supplying the prostate will be investigated using a detailed discrete vessel model of the pelvis.
Materials and Methods:
A multi-slice CT (Philips Medical Systems, Best, The Netherlands), was used to measure the
prostate perfusion distribution of 5 patients with T3 prostate carcinoma. For this purpose, 50
ml of CT contrast agent was administered intravenously followed by a saline flush of 40 ml at
a rate of 5 ml s"'. The bolus passage was monitored in the prostate for 290 s. The time versus
intensity curves were fitted to the tissue homogeneity model[l]. For this purpose software
was developed which can create quantitative perfusion maps at a resolution of 5 mm3. Additionally, a detailed model of the vasculature of a male pelvis is made based on multi-slice CT
angiography. The two arterial systems supplying the prostate with blood, the Iliac and Inferior
Mesentric arterial systems, were included.
A generic dielectrical model of a human anatomy was obtained by manually segmenting a
MR scan of an adult male volunteer into different tissue types. This dielectric patient model
was integrated into the cavity slot hyperthermia applicator [2]. Using the FDTD method the
Specific Absorption Rate (SAR) was computed. An optimisation algorithm was applied to
optimize the total power deposition in the prostate [3]. This dielectric model and SAR distribution were used throughout all thermal simulations, inserting only the patient specific prostate into the dielectric model.
The temperature was calculated by three different schemes of thermal modelling, with increasing inclusion of information obtained by imaging techniques. The first scheme comprised of a standard Pennes' heatsink model with a homogeneous mean prostate perfusion
taken from literature (scheme I). Secondly, the measured prostate perfusion maps were employed (scheme II). The third scheme consisted of a hybrid model, which comprised of a discrete vessel model of the pelvis vasculature and a normal Pennes' heatsink for the prostate
using the measured perfusion maps (scheme III).
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B
Fig 1. A: Example of prostate perfusion map (ml/100 gr/min) with the tumour region encircled. Note the elevated
perfusion . B: Pelvic vascularure. Iliac arterial (red) and venous (blue) vessels and Inferior Mesentric (yellow) artery.

Results:
In Figure 1 an example is depicted of prostate perfusion map (transverse slice). Before imaging, the location of rumour was determined by palpation, pathology and ultrasound. As can
be seen, the rumour is characterized by an increased perfusion. In 4 out of 5 patients, the tumour perfusion was elevated by a factor 2 a 3 with respect to the mean prostate perfusion.
The corresponding prostate temperature distribution is shown in figure 2. As can be seen, the
elevated perfusion results in a decrease in tumour temperature. Taking the pre-heating into
account, which occurs in the blood supplying vessels of the prostate, increases the temperature only minor. In general, it was found that the mean prostate temperature do not differ significantly for the three schemes. However, the mean rumour temperatures can vary between 1
to 2 °C degrees (Fig. 2d).
•

is

Fig. 2. The prostate temperature distribution according to the three different
thermal modelling schemes. A: Homogenous perfusion. B: Measured pcrfusion
map. C: Measured pcrfusion map with discrete vessel model for pelvic vasculaturc. D: Mean tumour temp, for 5 patients for the three schemes.
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Conclusions
Perfusion imaging showed that prostate tumours often are characterized by an elevation in
perfusion. Consequently, a thermal model which assumes a mean homogeneous prostate perfusion, results in too optimistic tumour temperature. Pre-heating of blood in the supplying
arteries was found to be marginal and has therefore only a small effect on the prostate temperature.
References:
1: St. Lawrence KS et al., An adiabatic approximation to the tissue homogeneity model for water
exchange in the brain: I. Theoretical derivation., J Cereb Blood Flow Metab. Dec; 18(12), 1998
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NUMERICAL MODEL FOR RF CAPACITIVE REGIONAL DEEP
HYPERTHERMIA
Bertonasco D., D'Ambrosio V., Dughiero F.
Universita degli Studi di Padova,
Dipartimento di Ingegneria Elettrica, via Gradenigo 6/A, 35131 Padova, Italy
e-mail: fabrizio.dughiero@unipd.it
Introduction:
Regional hyperthermia is widely used as an adjuvant therapy for advanced pelvic tumours.
Heat delivery to deep seated rumours, however, is much challenging: since regional hyperthermia techniques apply energy in an unfocused manner, energy is delivered to both tumour
and normal tissues. Under such conditions, selective heating of tumour is only possible when
heat dissipation by blood flow in normal tissues is much greater than in rumour tissue. In the
RF (8 and 13.56 MHz) capacitive heating devices the patient is placed between two electrodes connected to a power generator. In the case of circular electrodes, a diameter of more
than 1.5 times the space between both electrodes is needed to achieve deep uniform heating
inside the human body. To smoothly attach the electrodes to the body surface, the metal plates
of the electrodes are covered with flexible water pads, in which temperature-controlled water
(5-10°C) flows, so that excessive heating of the skin and subcutaneous fat can be reduced.
Nevertheless, the overheating of fat layers remains one of the main disadvantages of RF capacitive heating and clinical experience suggests that this technique is not appropriate for
patients with fat layers thicker than approximately 1.5-2 cm. Another considerable limitation
of capacitive heating is that the distribution of current flow and power density in an electrically inhomogeneous body can lead to undesirable hot spots in normal tissues. Besides the
deep SAR distribution is mainly influenced by the shielding effect of the pelvic bone that
causes insufficient energy deposition in the central area with the tumour [1]. Today it is clear
that the evaluation of a capacitive hyperthermia device with an homogeneous agar phantom
leads to overly optimistic results. Hence the use of numerical models to simulate the propagation and power deposition of electromagnetic waves and the temperature distribution in an
anatomic patient model is fundamental for systematic research and development of capacitive
hyperthermia devices. In previous works same techniques were proposed to reduce the overheating of the fat layer, typical of capacitive hyperthermia devices: the inclusion of a third
electrode [2], the use of distributed electrodes [3], pre-cooling of human skin [4], the use of
overlay bolus bags filled with a liquid close to the freezing point of water [5]. We present a 3D
treatment planning system with an heterogeneous patient model to evaluate the performances
of traditional capacitive hyperthermia systems and possible improved devices.
Method:
As the wavelength of the RF electromagnetic field in tissues is much greater than the depth of
a human body, the quasistatic electric field approximation can be applied solving the Laplace
equation. To describe the evolution of temperature in human tissues we use the bio-heat transfer equation (BHTE) formulated by Pennes [6].To evaluate the temperature-dependent response of vasculature in tissues to heat stress, we employ in our work the following blood
perfusion rate values [7]:
Wmusck = 0.5 + 3.5exp[-(T - 45) 2 / 12]
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For the numerical solution of the Laplace and heat transfer equation the finite element method
has been used. The choice to implement the FE method comes from the fact that the tetrahedral elements allow a good representation of complicated geometries even with a moderate
number of elements. The anatomical model of the human body is obtained from a CT data set
of a patient with a rectal carcinoma. The mesh has been obtained using the Amira package
(Amira-TGS). The dielectric properties of tissues have been derived from Gabriel et a/.[8].
The electric field and temperature distributions are computed using the Flux 3D package. The
electrodes voltages were chosen to obtain a total absorbed power from 500 to 1000 W, according to clinical practice. The simulation time was set at 2100 sec, the temperature of bolus
bags and overlay boli at the constant value of 10°C and 0°C and the ambient air at 25°C. The
simulations include same different devices.
Results:
The most interesting results are summarized in the following table:
Equipment Note
(1) Two electrodes
da *= 30cm
dp* = 25cm
attached to the
patient with
10°C bolus bags
Equipment (1)+
pre-cooling of
skin at 10°C
for 20 minutes
Equipment (1)+
overlay boli
with thickness
of 2.5mm
at = 0°C
Two electrodes
placed under an
angle of = 45°
at the left,right
side of patient
Three electrodes
da = 25 cm
dpl,dp2=20cm
Four electrodes:
el,e2 left site
e3, e4 right site

We observe excessive overheating of fat layers,
mainly close to the electrodes edges: bolus cooling effect is insufficient when fat layers exceeds
1.5cm. Considerable shielding effect of pelvic
bone, besides, causes a SAR maximum in muscle layer between and below the bone of pubis .
Tumour heating is inhomogeneous.
Pre-cooling reduces effectively the temperature
of subcutaneous fat layers but cannot avoid
preferential heating at the interface from fat and
muscle tissue.
The insertion of overlay boli reduces edges
effects of electrodes. Besides strong superficial
cooling partially reduces the temperature in the
subcutaneous fat layers. Unfortunately this
effect is only very superficial.
This electrodes configuration gives uniform
tumour heating and reduces the overheating of
fat and muscle in the anterior part of patient.
However we observe SAR maxima in normal
tissues around the sacrum. (Fig 1)
The inclusion of a third electrode gives power
redistribution. Posterior electrodes voltages in
DM avoid overheating of anterior fat layer. The
problem remains in the posterior layer.
The increase of electrodes number ** reduces
effectively the superficial overheating but it
extends too the overheating of muscle channels
between the pelvic bone.

Figure. 1. Temperature distribution on axial
and sagittal planes of the patient obtained with
two electrodes of 25cm in diameter placed
under an angle of 45° at the left and right side
of patient. The imposed electrodes voltages are
0 V and 115 V. The total absorbed power is 550
VV. Bolus bags temperature is set to 10°C and
ambient air at 25°C.

* d = diameter, a = anterior electrode, p = posterior electrode
**Analogous results have been obtained with six distributed electrodes

Conclusions:
Presented results evidence that in a patient model with pelvic tumour the power deposition is
mainly influenced in deep by bone distribution, instead in the superficial layers by the thickness of fat tissue. The modification of size, number and position of electrodes gives a SAR
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redistribution in the body and the insertion of overlay boli for strong superficial cooling can
reduce the edges effects of electrodes and the subcutaneous overheating. However the structure of pelvic bone causes an inhomogeneous distribution of current and power density and
consequent SAR maxima in normal tissues. Thus, therapeutic tumour temperature can be obtained only causing overheating of fat and muscle tissues, in spite of the cooling effect of bolus bags and blood perfusion. These limitations indicate that pelvic tumours are not very suitable for treatment with capacitive hyperthermia devices.
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IMPORTANT ASPECTS OF ELECTROMAGNETIC MODELING IN
HYPERTHERMIA TREATMENT PLANNING USING NON-UNIFORM
FDTD
1

Neufeld E.', Samaras T.*2, Chavannes N.\ Kuster N.*1.
Foundation for Research on Information Technologies in Society (IT'IS), 8004 Zurich, Switzerland, 2 Department of Physics, Aristotle University of Thessaloniki, 54124 Thessaloniki,
Greece.

This work is part of an ongoing effort to develop a comprehensive hyperthermia treatment
planning (HTP) tool. The goal is to integrate all the steps necessary to perform treatment
planning - from image segmentation to optimization of the energy deposition pattern - in a
single tool. The HTP software is based on the routines and know-how developed in our
TRINTY project that resulted in the commercial EM platform SEMCAD-X. SEMCAD uses
the non-uniform finite-difference time-domain (FDTD) method, permitting highly resolved
detailed models while keeping the model size and computation time reasonable, and has already been applied for HTP in specific case studies. Working in the time-domain permits simultaneous extraction of EM behavior at different frequencies.
This study aims at demonstrating how non-uniform FDTD can be used to obtain the field distribution during hyperthermia treatment with sufficient accuracy and reasonable speed by
modelling the frequently used Sigma-60 deep-regional-hyperthermia applicator (BSD Medical Corp., Salt Lake City, Utah). The influence of various modelling parameters (voxel size,
boundary conditions, water conductivity, antenna shape, absorbing body) is evaluated and
observed difficulties are addressed. These are caused by the presence of several interacting
antennas, the high-Q cavity which they form and their sensitivity to materials present in the
near-field. An additional point is that the antennas can not all be aligned to the grid. Some
convergence issues have been studied as well.
Simulations were performed using a detailed model of the Sigma-60. The asymmetrical bowtie antennas have been modelled in a realistic manner as well as, simplified, as cylindrical
dipoles. They are either in direct contact with the water bolus or separated by a thin, nonconductive gap that either has air properties or the permittivity of water. The water itself has
been assigned various conductivity values. The applicator is either empty, loaded with a cylindrical/elliptical homogeneous phantom (with muscle properties) or with a detailed human
model. This model is based on data from the Visual Human Project and contains nearly 100
different tissue types. The non-uniform meshes contain between 8 and 20 million voxels. Different boundary conditions were used, and a variable amount of air-padding surrounded the
applicator. The simulations were either carried out at 80 MHz or used a pulsed excitation.
It was found that the antenna shape has a major impact, as can be expected. The influence of
the antenna alignment to the grid can be strongly reduced by using a finer grid size. The staircasing due to the slanted edges of the bow-tie shape does not seem to be important. It is not
necessary to have a very high model resolution in the patient. 'Hot spots' are correctly predicted with voxelsizes of as large as 5 mm. However, very fine resolution is required next to
the antenna (~0.5 mm). Especially the presence of thin air-gaps changes the antenna's characteristics (e.g., impedance over frequency) in a completely different way depending on their
alignment to the grid. A thin gap to lossy water should be modelled by including voxels with
low conductivity but otherwise water-like characteristics. Good domain truncation, e.g., by
PML (perfectly matching layers) boundary conditions can be necessary in specific cases. It is
clear from the results that using pulses and studying the behavior of the antennas over a large
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frequency range is very important and useful in order to understand the behavior of the simulations. A refocusing of the energy at the opposite bolus side (lens effect) could be observed.
Both the cavity formed by the various antennas and the strong change in permittivity at the
water-air interface help keep the energy inside the system. This explains the lens effect and
the slow convergence of the simulations in the absence of a lossy load. Before convergence, a
spurious, persistent mode with reduced symmetry can be observed. The shape of the load
(phantom) did not change the overall behavior of the antennas.
Furthermore, some cross-talk tests have been performed, by exciting only a single antenna
while terminating the feedpoints of the others with lumped elements. The study of the resulting effect is subject to further investigations.
The presented work demonstrates the suitability of non-uniform FDTD for HTP. Using the
proposed methods and tools, simulations on models of unprecedented detailedness could be
carried out. In particular regarding investigations on hot-spot effects the targeted spatial resolutions are of specific necessity. In this respect FDTD and the applied models clearly outperform other numerical techniques which lack the possibility of modelling largely inhomogeneous structures in high detail. The development of a semi-automatic segmentation process for
the creation of such anatomical models is currently in progress. This study furthermore clarifies several important modelling aspects and requirements. The necessity of broadband excitation for rigorous characterization of the system has been shown.
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Fig. 1: Influence of various parameters on the antenna's feedpoint impedance over a large frequency range.
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A HIGH RESOLUTION MODEL OF THE HUMAN EYE AND ORBIT
FOR TEMPERATURE ANALYSES: IMPACT OF VASCULATURE
Flvckt V.M.M., Raaymakers B.W., Lagendijk J.J.W.*
Department of Radiotherapy, University Medical Centre Utrecht, The Netherlands
Purpose
Detailed knowledge of the temperature distribution in the human eye is of direct importance,
both for the development of infrared and radio frequency safety guidelines, and for the ablative (thermotherapy) and hyperthermia treatment of various ocular diseases. Direct measurement of the temperature inside the human eye is difficult, which makes modelling the obvious
way to obtain the temperature distribution. Previous models of the human eye [1], [2] are using the heat transfer coefficients from the sclera to the body core, and from the cornea to the
surrounding air, determined in [3]. We want to include the discrete vasculature in the thermal
model to study the impact of the blood flow, and compare it with other thermal models using
the heat transfer coefficients determined in [3], and also study the impact of the vasculature
for thermotherapy applications.
Method
The anatomy of the eye and the orbit was constructed based on cryo-microtome slices of a
cadaver with slice thicknesses of 26 jam. For accurate thermal modelling, it is important to
include the thermal impact of blood vessels. For temperature computations the Discrete VAsculature model (DIVA) was used [4], [5]. With this model it is possible to take the thermal
impact of individual vessels into account, but also to model the impact of blood vessels using
a continuum approach (Pennes bioheat model). The discrete vasculature in the eye and in the
orbit was tracked in a generic fashion. The largest vessels were tracked manually, and smaller
branches were added automatically with a tool called Network Constructor (NCS) [6]. The
arterial and venous trees were tracked separately from each other since no anastomoses are
allowed in DIVA.
A transscleral thermotherapy (TSTT) applicator was modelled at the posterior part of the retina, to study the importance of the blood vessels on the temperature distribution. Also, a simple spherical eye model with constant heat transfer coefficients as in [3], was compared with
this detailed model including vasculature; for stationary temperature distributions and with a
power density on the whole eye.
Results and conclusions
A high-resolution (0.25 mm3) model including 21 different tissues was constructed for thermal modelling applications. It includes a generic, complex orbital vasculature network in the
orbital muscles, optical nerve, choroid and retina, which influences the temperature distribution in the eye and the orbit. The stationary temperature in the central part of the lens was
found to be 35.0 °C and the temperature of the cornea to 33.4 °C, for an air temperature of 23
°C. These results agree well with literature. An analysis of parameters influencing the temperature distribution, such as the surrounding room temperature, eye aperture, blood flow and
perfusion was performed. Also, the temperature distribution was calculated using Pennes bioheat model.
When applying a TSTT applicator at 55 °C at the posterior part of the retina, the influence of
the vessels on the temperature distribution can clearly be seen as much colder tracks of about
38-42 °C.
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The stationary temperature distribution for the simple spherical model and the model with
vessels agree well. However, when applying a power density on the whole eye, the vessels
cool the eye considerably, compared with the simple spherical model. The heat transfer coefficient from the sclera to the body core determined by [3], seems to be too low. This can be
explained by the fact that the rabbits used in the experiments were under anaesthesia, and
therefore seem to have a much lower blood flow than rabbits without anaesthesia [7].
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A FRAMEWORK FOR FUZZY MODEL OF THERMORADIOTHERAPY
EFFICIENCY
Kosterev V.V., Averkin A.N.
Moscow Engineering Physics Institute (State University), Moscow, Russia;
Dorodnicyn Computing Center of Russian Academy of Sciences, Moscow, Russia

V

We provide a framework of fuzzy decision-support system for evaluation of joint effect of hyperthermia and radiation in tumour therapy. For the first time we outline a basic model
where the problem of hyperthermia efficiency enhancement due to action of ionizing radiation
and heat on the tumour is reduced to two factors fusion. Two methods of data fusion are proposed for further investigation.
The use of hyperthermia as an adjuvant to radiation in the treatment of local and regional disease currently offers the most significant advantages [1]. For processing of information of
thermo radiotherapy efficiency, it is expedient to use the fuzzy logic based decision-support
system -fuzzy system (FS). FSs are widely used in various application areas of control and
decision-making [2]. Their popularity is due to the following reasons. Firstly, FS with triangular membership functions is universal approximator. Secondly, the designing of FS does
not need the exact model of the process, but needs only qualitative linguistic dependences
between the parameters. Thirdly, there are many program and hardware realizations of FS
with very high speed of calculations. Fourthly, accuracy of the decisions received based on
FS, usually is not worse and sometimes is better, than accuracy of the decisions received by
traditional methods. Moreover, dependence between input and output variables can be easily
expressed in linguistic scales.
Fig. 1 describes simplified diagram illustrating the interplay between heat dose, radiation dose
and the appreciated biological effect (cell surviving fraction).
The appreciated biological effect (cell surviving fraction)

RULE 3
Direct
action
Hyperthermic
radiosensitization
and cytotoxicity

RULE 4
Indirect
action

Radiation dose

Fig. 1. Simplified diagram illustrating the interplay between heat dose, radiation dose and the appreciated biological effect

The goal of this research is to choose the data fusion RULE'S operators suitable to experimental results and taking into consideration uncertainty factor. Methods of aggregation and data
fusion might be used which provide a methodology to extract comprehensible rules from data.
Several data fusion algorithms have been developed and applied, individually and in combination, providing users with various levels of informational detail. In reviewing these emerging technology three basic categories (levels) of data fusion has been developed. These fusion
levels are differentiated according to the amount of information they provide.
'""We suggest the taxonomy of data fusion algorithms. Five general, goal-oriented, data fusion
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methods are in use today (ten discrete data fusion techniques can be identified within these
five general categories) - Level i. I. Data association (1. Figure of merit, 2. Gating technique),
II. Effect estimation (3. Kalman filters); Level 2: III. Identity fusion (4. Bayesian decision
theory, 5. Dempster-Shafer evidentional reasoning), IV. Pattern recognition (6. Adaptive neural networks, 7. Cluster methods) and Level 3: V. Artificial intelligence (8. Expert systems, 9.
Blackboard architecture and 10. Fuzzy logic).
This paper focuses on the acquisition of high-level information, i.e. information that is related
to many conventional physical quantities in a non-analytical way. In these complex cases,
fuzzy production systems and fuzzy neural networks are more effective and they compute and
report linguistic assessments of numerically acquired values. Two methods of data fusion are
proposed to realize the aggregation from basic measurements. The first one performs a combination of the relevant features by means of a rule-based description of the relations between
them. With the second, the aggregation is realized through an interpolation mechanism that
creates a fuzzy partition of the numeric multi-dimensional space of the basic features. This
partition might be realized with fuzzy neural networks. These methods were applied to design
the FS computing of treatment effect deduced from the ionizing radiation and hyperthermia.
The first method based on direct designing of FS. The FS consists of inference engine, knowledge base, fuzzification and defuzzification blocks. For the left part of figure 1 (RULES 1 and
2) it is expedient to use as input variables temperature and time. For the output is used cell
surviving fraction. For the right part of figure 1 (RULES 3 and 4) it is expedient to use as
input variables radiation dose, dose rate, radiation quality (linear energy transfer) and number
of dose fraction. It is expedient to take into account biologic system or endpoint for all
RULES. Forming input variables for RULE 5 it is expedient to take into account what type of
heat plus radiation treatment is used: simultaneous or consecutive. Time-dependent parameters of treatment should be taken into account.
At the first stage, we were focused on the use of the first method based on the production
fuzzy system. For test calculations fuzzy model of thermo-radiotherapy efficiency were
formed. We used an experimental data illustrating the interplay between heat dose, radiation
dose and cell surviving fraction for mammalian cells in culture (Chinese hamster CHO line)
[1]. Experts were formed the RULE 1 in the base of these data. An example of RULE 1 was
the next: IF temperature LESS-MIDDLE AND time RATHER SMALL THEN cell-surviving
fraction IS MIDDLE.
In some cases, construction of rules of fuzzy production is impossible or is connected to serious difficulties of conceptual character. For the decision of this problem, it is possible to use
neural networks. Construction and adjustment of neural networks is carried out by means of
their training based on the available information.
At the second stage, we use experimental patterns [1] and neural-fuzzy network ANFIS type
to create rules. An example of RULE 1 in this case was the next: IF temperature IS LOW
AND time IS SMALL THEN cell-surviving fraction IS 0.99. This value well corresponds to
the experimental data [1].
At the following stage, it is necessary to develop the described models and make further experimental researches of combining of heat and radiation for data acquisition, which will allow filling base of rules (the rule 5). Based on development of the described system it is possible to forecast of action of heat and radiation for tumour, support of decision-making of
treatment and management of process of treatment.
References:
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INFLUENCE OF APPLICATOR POSITION FOR TREATMENT OF A
PRESACRAL TUMOR- A SIMULATION STUDY
Gellermann J. *, Goke J., Figiel R., Felix R., Wust P.*
Charite Medical Center, Berlin, Germany
Introduction:
Proximally located presacral recurrencies of rectal carcinomas are known to be difficult to
heat due to the complex form of the human bones, which is shielding the power. This study is
to clarify whether a change of position of the Sigma Eye applicator is meaningful for a better
warming up of this region.
Material and Methods:
Finite Element planning calculations were made for a phantom model with a proximal presacral tumor using 100 MHz radiofrequency. Shift of the applicator were simulated in 1 cm steps
in x, y and z-direction. Computation was made by consideration of network effects of the
Sigma-Eye applicator. Optimization of the phases and/or amplitudes for all positions has been
made. The parameters T90, T50, Tl, sensitivity and power have been sampled for each applicator position with each optimized plan and four "standard" plans.
Results:
The ability of heating of a presacral tumor depends clearly on applicator position, either by
using the Sigma-Eye applicator with optimized steering or the Sigma-60 applicator as well.
The most sensitive directions are the y- and z-direction. The x-direction shows only small
fluctuations with an expected maximum in the central position. The y-direction is most sensitive. In z-direction using optimized steering for each position, we found an unexpected additional optimum at 8 cm cranial from the middle position of the phantom. The use of inappropriate plans is more favorable in certain borders in some positions than the use of a standard
plan. At other positions a standard steering is better than a plan which has been optimized for
a slightly other position.
Use of amplitude and phase optimization yields better T90 values than plans optimized only
by phases but they are much more sensitive for small variations of phases and amplitudes
occurring normally during treatments.
Conclusions:
Complex geometry of the human skeleton seems to be the reason for the difficulty of warming up the proximal presacral region. The assumption that every position can be balanced by a
proper phase adaption is only in a small range correct. For use of optimized plans it is important to care for an accurate positioning. For clinical considerations it might be better to optimize only phases.
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PARTICLE SWARM OPTIMIZATION METHOD FOR CONSIDERING
STRICT CONSTRAINTS IN HYPERTHERMIA TREATMENT
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Abstract:
In this paper, we study the performance of the particle swarm optimizer to determine the electrical parameters (amplitude and phase) of the electromagnetic sources of hyperthermia devices. The optimization procedure optimizes the specific absorption rate deposed in the patient during the treatment. It is based on a combination between the optimization method and
a 3D finite element formulation.
Objective
Our objective is to develop a full treatment planning tool (electromagnetic, thermal and optimization) to obtain a better focalization of the electromagnetic waves in the tumour in order
to elevate its temperature during local hyperthermia treatment. This tools will be employed
for the treatment of superficial or deep-seated tumours with electromagnetic fields: RadioFrequency (RF) or microwave are used depending on the localization of the tumour.
Methods: Particle Swarm Optimization
The PSO technique is based on an analogy with social behavior among individuals (particles)
"flying" through a multidimensional search space, each particle representing a single intersection of all search dimensions [1]. Particles in a swarm move in discrete steps based on their
current velocity, memory of where they found their best fitness value, and a desire to move
toward where the best fitness value was found so far by all of the particle during a previous
iteration (Fig. 1). As mentioned above, each particle has a position and a velocity (their values
are randomized initially). The position with the highest fitness score in each iteration is set to
be the entire swarm's global best (gbest) position, towards which other particles move. In
addition, each particle keeps its best position that it has visited, known as the particle's personal best (pbest). Each particle i of the swarm is defined as a potential solution to a problem
in D-dimensional space, with particle i represented by x;=(xn, Xj2, xl2, ..., xiD). The particle
dynamics are governed by the following rules which update particle positions x; and velocities (1). After a new velocity for each particle, the position is calculated according to (2).
pbest j-Xj
gbest - x
L
v.•= HV.- +c|rand 1 - + c-,rand2At
At

(1)
'

K

xi+l=xi+viAt

(2)
'

Where x; is the current position of particle i, At the time step equal to 1, xpbcst is the best position attained by particle i, xgbcS| is the swarm's global best position, v; is the velocity of particle i, w is a random inertia weight, C| and c2 are two positive constants, called the social and
cognitive parameter, randl and rand2 are random numbers between 0 and 1.
A 3D Finite Element (FE) formulation [2] is coupled to PSO method in order to calculate the electromagnetic field inside the body of the patient when illuminated by a RF or microwave source. To
predict the phases and amplitudes of the sources leading to the best focalization, an objective function is defined as the ratio between SAR in the tumour and SAR in healthy tissues. Several constraints, regarding SAR in tumour and the total power in the patient, may be prescribed [3].
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Initialize population with random
position and velocity vectors

While termination
condition is not met
Max,,..,

End

Update position
/|\
Update velocity
/|\

Evaluate Fitness OF

Nl/
Update global best
if(OF(x)>OF(gbcst))

Update personal best
if(OF(x)>OF(pbest)|

Fig. ]. The Particle Swarm Optimization algorithm.

Fig. 2. Annular phases array device

Results
The modeled device is an annular phased array made of a dielectric ring with eight 110 MHz
sources, leading to 15 parameters to optimize (Fig. 2). A pocket of water fills the space
around the patient in order to avoid excessive heating at the skin level. The table 1 presents
and compares results obtained with PSO method to Genetic Algorithm (GA) [4].
TABLE 1 COMPARISON
Constraints

30-80
W/kg

49-51
W/kg

Methods

Pop
size

GA
PSO
GA
PSO
GA
PSO
GA
PSO
GA
PSO
GA
PSO

50
50
70
70
100
100
50
50
70
70
100
100

OF OPTIMIZATION RESULTS WITH PSO AND GA
SAR
Nb
Tumour
PaLt
,
CPU time (s)
(W/kg)
(w, No solutions cval
found
43.8
4032
142
1853
5180
1730
48.7
156
2329
47.8
158
5625
5200
45.8
1935
145
44.2
164
8010
2831
No solutions found
7614
49.5
167
2627
No solutions found
10724
49.6
149
3701
11800
49.1
159
4J22
49.6
15117
162
5217

Comments and Conclusions
PSO is a recent algorithm. It is simple and intuitive. It is therefore relatively easy to apply to a
variety of problems without making significant changes to the implementation of the algorithm.
This work has shown how PSO can be applied to hyperthermia problems with several parameters to optimize while respecting various constraints lied to the problem. Compared to the GA,
the PSO achieved the final solution significantly faster, making it a more efficient way of improving performance where computation speeds plays an important part.
[1] J. Kennedy and R.C. Eberhart, "Particle swarm optimization," Proceedings of the 1995 IEEE International
Conference on Neural Networks, IEEE Press, vol. 4, pp. 1942-1948.
[2] N. Siauve, L. Nicolas, C. Vollaire and C. Marchal, "3D modeling of electromagnetic fields in local hyperthermia," Eur. Phys J. AP., 21, pp. 243-250, 2003.
[3] J. Wiersma, R.A.M Van Maarseveen and J.D.P Van Dijk, "A flexible optimization tool for hyperthermia
treatments with RF phased array systems," Int. J. Hyperthermia, vol. 18, no. 2, 2002, pp. 73-85.
[4] N. Siauve, L. Nicolas, C. Vollaire, A. Nicolas and J.A. Vasconcelos, "Optimization of 3-D SAR distribution
in local hyperthermia," IEEE Trans, on Magn., vol. 40, no. 2, March 2004, pp. 1264-1267.
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ROBUST MEDICAL IMAGE SEGMENTATION FOR HYPERTHERMIA
TREATMENT PLANNING.
Neufeld E.1, Samaras T.*2, Chavannes N.\ Kuster N.*1
1
Foundation for Research on Information Technologies in Society (IT'IS), 8004 Zurich,
Switzerland; 'Department of Physics, Aristotle University of Thessaloniki,
54124 Thessaloniki, Greece.
This work is part of an ongoing effort to develop a comprehensive hyperthermia treatment
planning (HTP) tool. The goal is to unify all the steps necessary to perform treatment planning - from image segmentation to optimization of the energy deposition pattern - in a single
tool. The bases of the HTP software are the routines and know-how developed in our
TRINTY project that resulted the commercial EM platform SEMCAD-X. It incorporates the
non-uniform finite-difference time-domain (FDTD) method, permitting the simulation of
highly detailed models. Subsequently, in order to create highly resolved patient models, a
powerful and robust segmentation tool is needed.
A toolbox has been created that allows the flexible combination of various segmentation
methods as well as several pre- and postprocessing functions. It works primarily with CT and
MRI images, which it can read in various formats. A wide variety of segmentation methods
has been implemented. This includes thresholding techniques (k-means classification, expectation maximization and modal histogram analysis for automatic threshold detection, multidimensional if required), region growing methods (with hysteretic behavior and simultaneous
competitive growing), an interactive marker based watershed transformation, level-set methods (homogeneity and edge based, fast-marching), a flexible live-wire implementation as well
as fuzzy connectedness. Due to the large number of tissues that need to be segmented for
HTP, no methods that rely on prior knowledge have been implemented. Various edge extraction routines, distance transforms, smoothing techniques (convolutions, anisotropic diffusion,
sigma filter...), connected component analysis, topologically flexible interpolation, image
algebra and morphological operations are available. Moreover, contours or surfaces can be
extracted, simplified and exported.
Using these different techniques on several samples, the following conclusions have been
drawn:
•

•
•
•
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Due to the complexity of medical images and their often low quality, automatic techniques rarely yield satisfactory results. While they can be used to extract simple structures (e.g., bones) they do not work when confronted with structures that lack clear
borders or homogeneous characteristics. Therefore it is recommended to apply them
for simple structures only (as found in the leg), while otherwise relying on interactive
methods.
Both competitive seeded methods (this includes the interactive watershed transformation) and live-wire seem to be well suited for the interactive segmentation.
Ideal segmentation routines should make use of both region and boundary information.
For most techniques only 2D segmentation of individual slices is feasible within a reasonable amount of time. 3D segmentation can only be performed for the simplest
methods. It is planned to couple interpolation to level-set methods or live-wire, so that
the interactive segmentation need not be performed on every single slice.
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The user should combine the various methods to quickly obtain satisfactory results and correctly use the power provided by the toolbox. (A possible step-by-step procedure could include the following steps: 1. pre-processing, then 2. an automatic method to distinguish fat,
muscle and bone, followed by 3. interactive methods to outline various organs, possibly using
interpolation to reduce the amount of interaction.) A standard procedure thus needs to be established which physicians can follow.
The implemented toolbox offers a good environment to quickly prototype new segmentation
techniques and combine them flexibly with the large number of existing techniques. This is
needed to generate very detailed patient models. The ability of the toolbox to work with various competing tissues at the same time increases its robustness. The presence of both automatic and semi-automatic, interactive methods gives the user a high degree of flexibility.
a) watershed transformation
b) live wire
c) fuzzy connectedness
d) k-means classification
(2D/3D)

Fig. 1: Illustration of some segmentation methods.
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PARAMETRIC ANALYSIS OF WATER BOLUS CHARACTERISTICS
FOR SUPERFICIAL HYPERTHERMIA
Samaras T.*\ Kalampaliki E.\ De Bruijne M.*2, Van Rhoon G.*2
1
Department of Physics, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece
" Hyperthermia Unit, Erasmus MC, 3075 EA Rotterdam, The Netherlands.
Several studies have considered so far the effect of the waterbolus (WB) used during superficial hyperthermia on the distribution of electromagnetic energy absorption in the underlying
tissues. Characteristics of the WB, like the thickness, the shape and the texture of it, have
been investigated to assess the conditions for delivering the maximum possible power from
the applicators to the site under treatment. However, the thermal effects of the WB have been
scarcely addressed in the literature [1],[2], leading to large variations in the WB temperatures
used in different treatment centres. In the present study we attempt a theoretical parametric
analysis, in order to distinguish between the thermalising or cooling effects of the WB itself
and those due to the electromagnetic radiation.
The commercially available simulation platform SEMCAD (Schmid & Partner Engineering
AG, Zurich, Switzerland) was used for the temperature calculations. A brick-shaped muscle
phantom with a WB on top of it was analysed. Blood perfusion and metabolic heat generation
were taken into account, together with heat exchange with the environment in a cool room.
Since it would be very difficult to model all the existing applicators for superficial hyperthermia a generic approach was used. The electromagnetic field distribution inside the phantom was approximated with the Gaussian Beam Model (GBM), which has been shown to
work satisfactorily for some applicators used in clinical practice. Three different widths of the
Gaussian distribution have been modelled to account for effective field size (EFS) variations
among applicators. The drop of the electric field inside the phantom was assumed exponential
and based on the penetration depth of plane wave at two frequencies (433MHz, 915MHz),
which results in the maximum penetration that can be achieved. To facilitate the interpretation
of the results two distinct cases were evaluated, i.e. a fixed maximum local SAR of lOW/kg
and a total power absorption in the phantom of 50W. The WB temperature was adjusted between 15°C and 40°C at 5°C steps.
The temperature results of the simulations have been analysed with respect to the maximum
reached and its depth in each case, as well as the steady-state rise during irradiation. It has
been found that there is an optimal WB temperature, which can maximize the temperature rise
inside the phantom. It is also noted that the effect of the applicator EFS becomes more important in the case of the same total absorbed power in the phantom than in the case of the point
maximum SAR.
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Figure 1. Steady-state temperature distribution along the axis of the phantom at a depth of
1 cm from its surface, before and after irradiation, for various WB temperatures
(applicator with half-width at half-power of 3cm).
References:
[1] Lee ER, Kapp DS, Lohrbach AW, Sokol JL. "Influence of water bolus temperature on
measured skin surface and intradermal temperatures", International Journal of Hyperthermia, 10(1): 59-72 JAN-FEB 1994
[2] Kumaradas JC, Sherar MD. "Optimization of a beam shaping bolus for superficial microwave hyperthermia waveguide applicators using a finite element method", Physics in
Medicine and Biology, 48 (1): 1-18 JAN 7 2003
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ARTEFACTS IN TEMPERATURE MEASUREMENTS IN
CAVITIES DURING REGIONAL HYPERTHERMIA
Kok H.P.1*, Van den Berg C.A.T.2*, Van Haaren P.M.A.1*, Crezee J.1*
' Department of Radiation Oncology, Academic Medical Center, University of Amsterdam,
The Netherlands;2 Department of Radiation Oncology, University Medical Center Utrecht,
The Netherlands.
Introduction:
During regional hyperthermia it is preferred to obtain temperature information minimally
invasively by intraluminal measurements. We studied the reliability of such measurements in
a numerical model and in phantom measurements. We modelled a thermocouple in a cavity
filled with air, distilled water or NaCl solution. The temperature rise (AT) was calculated after
a 30 sec. power pulse. The AT is proportional to the Specific Absorption Rate (SAR). For
comparison, temperature rise measurements were performed in a tissue equivalent phantom
with a thermocouple placed inside a hollow tube.
Methods:
We developed a cylindrical symmetric ID model of a thermocouple in a catheter inside a cavity. The thermocouple itself was modelled as a copper wire with 0 0.16 mm. This thermocouple was surrounded with a teflon coating with 0 0.9 mm. The catheter, in which the thermocouple was placed, had an outer diameter of 1.3 mm and a wall thickness of 0.15 mm. The
catheter was filled with distilled water. The surrounding of the catheter was modelled as a
cavity with a radius of 1.5 cm (R), which was filled with air, distilled water or 0.3% NaCl
solution (NaCl) (see fig. 1).
medium

teflw
liermo couple

Figure 1: The modelled configuration.

Figure 2: The applied power pulse.

The E-Field was calculated by solving the Maxwell equations applying the boundary condition E(R)-\. A scaling factor was determined such that the SAR at the outer boundary of the
NaCl medium was 20 W kg 1 . Literature values were used for the dielectric parameters. The
AT due to a 30 sec. power pulse1 was calculated by solving the bio heat transfer equation using cylindrical coordinates and a finite difference scheme, assuming only conductive heat
transfer. To eliminate the effect of self heating of the thermocouple, the 30 sec. power pulse
was preceded by a pre pulse of 5 sec. A cool down (power off) of 5 sec. is modelled after both
pulses and AT is the temperature difference at r=0 after the first (at t=\Q sec.) and second (at
t=45 sec.) cool down period (see fig. 2).
For comparison, temperature rise measurements were performed in a wallpaper paste phantom with a 7 points thermocouple placed inside a hollow tube ( 0 1 cm). The thermocouple
was wrapped in a gynaecological tampon which was either dry, moisturized with NaCl, or
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fully wet. A power pulse according to the above described scheme was performed and the
temperature rise was measured.
Results:
The simulated AT's after a 30 sec. power pulse are shown in table 1, for a cavity filled with
air, distilled water and NaCl. These results show that extremely high temperature rises
(> 1 °C) can occur when the surrounding of the thermocouple is filled with air, i.e. when the
thermal contact is bad. Distilled water on the other hand, resulted in extremely low AT's due
to the bad dielectric contact. NaCl, which has good dielectric and thermal contact, showed
more or less normal AT values.
Medium
Air
Distilled water
NaCl

Dielectric contact
—
—

Thermal contact
—
+

+

AT (°C)
1.37
0.037

+

0.14

Table 1: Results of AT calculations for various surrounding media.

The results of AT measurements in a phantom are
shown in figure 3. As in the simulations, a dry
surrounding of air around the thermocouple causes
very high temperature rises (~ 1 °C). When one side
of the tampon (arrow) was slowly moisturized with 5
cc NaCl (arrow), the high AT's became even higher at
the opposite side of the tampon (~ 4.5 °C). Adding
more NaCl (10 cc) resulted in a decrease of the
measured AT's and eventually "normal" values were
measured for a fully wet tampon (~ 0.3 °C).

s
4.5
t
3.5
_ 3
j

-2,5

" 2
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1
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0
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E

#th»rmocoupl« point

Figure 3: Results of AT measurements in a phantom.
Discussion:

Both simulations and phantom measurements showed extremely high temperature rises in a
cavity filled with air, i.e. when both dielectric and thermal contact are bad. Therefore these
high AT's should be regarded as artefacts. When the cavity was filled with distilled water to
assure good thermal contact, AT's were extremely low due to the very low power dissipation.
When the cavity was filled with NaCl both thermal and dielectric contact was good. This
situation is most representative of a measurement of tissue temperatures and therefore "normal" AT's were observed. These artefacts will also affect the measured steady state temperatures.
We conclude that one should be cautious with intraluminal temperature measurements and
good thermal contact with tissue must be assured for reliable measurements.
Acknowledgement:
This study is supported by the Dutch Cancer Society.
Reference:
'DeLeenwAAC, CrezeeJ, Lagendijk JJW, Int. J. Hyperthermia 1993;5:685-697
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INTRALUMINAL THERMOMETRY: IS TISSUE ASSIGNMENT A
NECESSITY FOR THERMAL ANALYSIS?
Fatehi D.*t, De Bruijne M.*f, van der Zee J.*t, Wielheesen D.H.M.*t, van der Wai E.f,
van Wieringen W.N. %, van Rhoon G.C.*t
f: Erasmus MC-Daniel den Hoed Cancer Centre, Department of Radiation Oncology, Unit
Hyperthermia, PO Box: 5201, 3008 AE, Rotterdam, The Netherlands;
J: Erasmus MC-Daniel den Hoed Cancer Centre, Department of Statistics, PO Box: 5201,
3008 AE, Rotterdam, The Netherlands.
Introduction:
To facilitate data analysis of PDOS formatted hyperthermia (HT) treatment data generated by
the BSD2000/3D, a program called RhyThM (Rotterdam Hyperthermia Thermal Modulator)
has been created. By means of the RHyThM we have easily access to temperature and RFpower related data. One of the features of RHyThM is that it connects the tissue assignment
with the thermal data. Respecting to tissue assignment there are a few important points that
should be considered. For instance, inaccuracy in manual measurement of the thermometry
catheter length, errors due to curling, sticking, and slip of the catheter, catheter dislocation,
disconnection of the catheter to the thermal mapper tube, etc. Erroneous measurement is certainly reflected in the accuracy of the assignment of a tissue type. Further, tissue cooling by
an external cold water bolus at the perineum makes it difficult to extract the exact insertion
length. This may cause inclusion of non-representative low temperature values. Given these
limitations it can be questioned whether tissue assignment is a relevant and justified refinement in the thermal analysis procedure. Therefore, we have performed a thermal data analysis
study in which the question: "Is differentiation between normal and tumour (contact/indicative) tissue needed?" was investigated.
Methods and materials:
Seventy-five patients with locally advanced cervical carcinoma were selected randomly. The
patients had been treated with different configurations of the BSD2000/3D deep HT system as
a part of their 2 or 3 modality treatments i.e. radiotherapy (RT) + HT or RT + chemotherapy +
HT. From 325 HT treatment data sets one hundred data sets fulfilling the selection criterion
were selected. The only selection criterion was no movement of thermometry catheter along
the insertion length during the whole treatment duration (90 minutes). We identified a steep
change in the slope of the profile of the first temperature map to verify the insertion length of
the thermometry catheter and precise location of the transition between in- and outside the
body. In total 43 patient data sets with 1 to 5 treatments were used for the analysis. Using
RHyThM tissue assignment was performed along the insertion length for each single treatment based on the tissue map trajectory per thermometry catheter, as obtained from the pretreatment CT-scan. The tissue assignment discriminates between normal tissue (NT), tumour
contact (TC), and tumour indicative (TI). TC is defined as close contact of the thermometry
catheter with the rumour; TI is defined as the position of the thermometry catheter in the same
transverse plane as the tumour, but not in contact.
Results:
The average mean temperature (Tmcan) ± 1SD obtained in all lumens and all tissue types was
40.4 ± 0.9°C. Analysis per lumen shows that average Tmcan in bladder, vagina, and rectum was
40.8 ± 0.9°C, 40.0 ± 0.9°C, and 40.6 ± 0.8°C respectively. Analysis per tissue type reveals
that average Tmcan in NT, TI, and TC was 40.4 ± 0.9°C, 40.7 ± 0.8°C. and 39.8 ± 0.9°C re-
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spectively. Average of some temperature indices i.e. Tmcan, T50, and T90 ± 1SD for different
lumens and different tissue types are shown in table 1.
Table 1. Parameters expressed as average of temperature indices in °C in different lumens for
different tissue types. Numbers in parenthesis show standard deviation.
Lumen

Temperature
index

T.,,,'

Rectum

Vagina

Bladder

Tumour
indicative
(TI)

Normal
tissue
(NT)

Tumour
indicative
(TI)

All
Lumen

Normal
tissue
(NT)

Tumour
Contact
(TC)

All
Lumen

40.7(0.9)

40.8 (0.9)

40.8 (0.9)

40.1 (0.9)

39.8(0.9)

40.0(0.9)

40.5 (0.8)

40.6(0.8)

40.6(0.8)

40.7(0.7)

40.8(0.8)

40.7(0.7)

40.2 (0.7)

39.7(0.8)

40.0(0.7)

40.6(0.7)

40.6(0.6)

40.6(0.6)

40.0(0.8)

40.2(0.8)

40.0 (0.7)

39.6(0.6)

39.3(0.8)

39.3(0.7)

39.8(0.8)

40.0(0.7)

39.9(0.6)

Normal
tissue
(NT)

All
Lumen

*Tmcan, T50, and T90 are calculated from 30 minutes after treatment start time until the end of
treatment.
Tmcan: Average of recorded temperature points. T50: Temperature that 50% of the recorded
temperature points are above it. T 90: Temperature that 90% of the recorded temperature
points are above it.
Conclusion:
The intra-vaginal temperature indices were found to be slightly lower than those for bladder
and rectum. Average Tmcan for bladder, vagina, and rectum differ less than 1 °C, indicating that
a large volume was heated relatively homogeneously. No difference was found between temperature indices in bladder and rectum all lumen. No difference was found between temperature indices in normal tissue and tumor indicative for bladder and rectum. The difference that
we found between T50 of normal tissue and tumor contact in the vagina is statistical significant (p = 0.0001). We will investigate the sensitivity of this difference for the accuracy in
tissue assignment.
Key words: Loco-regional hyperthermia, temperature monitoring, tissue assignment.
Acknowledgement:
This work was supported by the Dutch Cancer Society grant 2003-2884. The first author was
supported financially by the Shahrekord University of Medical Sciences (related to the Iranian Ministry of Health, Treatment and Medical Education).
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TEMPERATURE AND SAR MEASUREMENTS AT OESOPHAGEAL
TUMOR LOCATIONS - NASOGASTRIC TUBE VS BALLOON
CATHETER
Van Haaren P.M.A.*, Kok H.P.*, Zum Vorde Sive Vording P.J.*, Van Dijk J.D.P.*,
Hulshof M.C.C.M.*, Crezee J.*
Dept. Radiotherapy, Academic Medical Center, University of Amsterdam, The Netherlands.
Introduction:
Between January 1999 and February 2002 a phase I study of deep regional hyperthermia
combined with concurrent chemotherapy for oesophageal carcinoma was performed in our
institution1. A total number of 26 patients were treated with a mean tumor length of 6 cm.
Hyperthermia was given with the 70 MHz AMC-4 waveguide system. Temperatures were
monitored rectally, intra-oesophageal at tumour level and intramuscular near the spine, using
multi-sensor thermocouple probes (TCs). Initially, oesophageal temperatures were measured
using two 21-point TCs inside two opposing lumina of a three-lumen nasogastric tube (illustration, left), but the question remained whether these measurements were reliable enough to
quantify tumour temperatures. After 20 hyperthermia sessions the two TCs were mounted on
opposite sides of an inflatable balloon catheter (length 8 cm, diameter 1 cm) for better intraluminal fixation (illustration, middle). In a transitional period, during 14 treatments in 4
different patients 1 or 2 TCs inside the nasogastric tube and 1 or 2 TCs mounted on a balloon
catheter were used simultaneously (illustration, right).
Materials and Methods:
TCs
We used data from the 14 treatments that combined a
tube and a balloon catheter to compare the measurements inside the nasogastric tube and the measurenasogastric tube
ments using the balloon catheter (i.e. illustration,
oesophagus
right). Since both measurements were performed during the same treatment in the same patient, this gives
the most reliable comparison. We evaluated temperatumour
ture measurements as well as measurements of the
Specific Absorption Rate (SAR). At the beginning of
every treatment we perform a measurement of the
balloon catheter
SAR, using SAR = c,,s-AT / 30sec, with <;•„, the heat
capacity and AT the temperature rise during a 30sec
power pulse of 800W ('AT-measurement'). To determine the predicitve value of SAR (AT) for the rumour temperatures reached during the treatment, we evaluated the relation between this initial AT and Steady State Temperature (SST).
Results:
There was a strong correlation between the temperatures measured in the nasogastric tube
(T,ube) and the temperatures measured with a balloon catheter (Ti,auoon): the correlation coefficient averaged over the 14 treatments was R = 0.88 ±0.13 (mean ± STD). Nevertheless, T,,lhc
was always higher than ThUih<m , on average ~1°C in the range of interest (37-42 °C). Expressing the relation between Tn,be and ThMmm as: Thaihon = slope-T,uiK,+ To/)se, results in a slope and
an offset averaged over the 14 treatments of slope = 0.66 ± 0.26 and Toffsei = 11.7 ± 9.7 °C.
However, there is a rather large varation between the different treatments (see fig. 1 for some
extreme cases). The relation between T,Uhe, which is the easiest to measure, and Thaihon, which
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we assume to be the most reliable due to optimal thermal contact with the tumour tissue, is
not unambiguous and and on forehand unknown, which makes TWbe rather unreliable as a
measure for rumour temperatures.
The correlation between the AT measured in the nasogastric tube (AT,ukc) and the AT measured with a balloon catheter {ATtaiioon) was rather weak: the correlation coefficient averaged
over the 14 treatments was R = 0.46 ± 0.25.
The correlation between the AT (SAR) measured at the beginning of a treatment and the mean
Steady State Temperature (SST) during the treatment was not very strong for the nasogastric
tube measurements: R = 0.61 ± 0.23. This correlation was much stronger for the balloon
catheter measurements: R = 0.78 ±0.19. Thus, ATt,auoo,< has a much higher predictive value for
the tumour temperatures reached during the treatment than AT,,,^ (fig. 2).

36

37

38

39

40

41

42

0.0

0.2

0.4

Temperature in tube [°C]

0.6

0.8

1.0

1.2

1.4

1.6

AT [°C]

Both AT and SST were generally higher for the nasogastric tube measurements than for the
balloon catheter measurements (fig. 2). This results in an overestimation of tumour temperatures reached during the treatment. Averaged over all treatments in the phase I trial using a
nasogastric tube (n = 20 treatments) and all treatments using a balloon catheter (n = 45 treatments), the tumour temperatures were indeed somewhat higher when measured with a nasogastric tube, but with a smaller spread, as indicated by the T90, T50 and T10 in the table
below (means ± STD). The difference between tubes and balloons was significant for T90
(p=0.01, Student T-test).
Tube
Balloon

P

T90
39.44 ± 0.52 °C
38.96 ± 0.76 °C
0.01

T50
40.03 + 0.60 °C
39.84 ± 1.00 °C
0.44

T10
40.69 ± 0.73 °C
41.14 ± 1.60 °C
0.23

Conclusion:
Oesophageal temperatures measured inside a nasogastric tube are not very reliable in comparison to measurements with a balloon catheter. The tube measurements are on average
~1°C higher than the balloon measurements. The AT (SAR) measurements inside the tube are
even more unreliable. These artefacts are due to the bad thermal contact with the tumour tissue and are therefore not specific for thermocouple measurements. For temperature or SAR
measurements inside cavities good thermal contact must be assured, e.g. by using a balloon
catheter.
'AlbregtsM, etal, IJH2004, 20(6), 647.
This study is supported by Dutch Cancer Society grant 2002-2622.
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OXI 4503: A NOVEL VASCULAR TARGETING AGENT FOR
IMPROVING THE RESPONSE OF A C3H MAMMARY CARCINOMA
TO HYPERTHERMIA
Horsman M.R.*. Hokland S.L.
Dept. Experimental Clinical Oncology, Aarhus University Hospital, Aarhus, Denmark
Purpose:
Decreasing rumour blood flow has been shown to be an effective approach for improving tumour response to heat. One group of clinically relevant agents which appear to be capable of
decreasing tumour blood flow sufficiently to enhance heat response are the vascular targeting
agents that specifically disnipt the established tumour vasculature. Oxi 4503 is a novel vascular disrupting agent (VDA) and the aim of this study was to investigate the potential of Oxi
4503 to enhance heat damage, especially at mild hyperthermia temperatures, in our well established C3H mouse mammary carcinoma.
Methods:
All experiments were performed using the C3H mammary carcinoma grown in the right rear
foot of female CDF I mice. Treatments were performed when tumours had reached 200 mm'
in size. Oxi 4503 was supplied by Oxigene, Inc. (Watertown, MA, USA). It was dissolved in
saline immediately before each experiment and kept cold and protected from light. Administration was as a single intraperitoneal injection at a constant volume of 0.02 ml/g mouse
body weight. All heat treatments were administered locally to the tumour. To achieve this,
non-anaesthetised mice were restrained in specially constructed Lucite jigs. The tumourbearing legs were then exposed and loosely attached with tape to the jig, without impairing
the blood supply to the foot. Hyperthermia was delivered by immersing the leg into a circulating waterbath set at a temperature of 0.2°C above the required tumour temperature. Tumour
response to treatment involved measuring either necrotic fraction or tumour growth delay.
Necrosis was estimated by excising the tumour 24-hours after drug treatment. It was then
formalin fixed and a randomly selected section cut as were two additional equally spaced sections. They were stained with haematoxylin and eosin and examined under a projecting microscope. Each section was systematically scanned and the area of necrosis estimated based
on the number of points on a grid hitting tumour/necrotic material. Tumour growth was assessed by measuring tumours 5 times per week and calculating tumour volume using the formula Dl x D2 x D3 x 71/6, where the D values represent the orthogonal diameters. The tumour
growth time (TGT; time taken for tumours to grow to 5x their treatment volume) was then
calculated. Statistical analysis was performed using a Student's t-test, with a significance
level of p<0.05.
Results:
The normal necrotic fraction in this tumour model is around 8%. This was significantly increased by Oxi 4503, with the mean (+ 1 S.E.) relative increase being 4.6 (+ 0.5), 4.8 (+ 0.4)
and 5.8 (+ 0.3) with 50, 100 and 250 mg/kg Oxi 4503, respectively. The mean TGT (± 1 S.E.)
for control tumours was 6.3 (+ 0.2) days and this was significantly increased to 8.8 (+ 0.4),
9.1 (+ 0.4) and 10.3 (+ 0.3) days with the same respective drug doses. All these doses were
well tolerated. The lowest Oxi 4503 dose was also combined with hyperthermia (41.5°C for
60 minutes) and the results summarised in table 1.
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Table 1: Effect of combining Oxi 4503 and heat on TGT
Treatments
Control
Heat
Oxi 4503
H e a t - O h - O x i 4503
Oxi 4503 - O h - Heat
Oxi 4503 - 0.5 h - Heat
Oxi 4503 - 1 h - Heat
Oxi 4503 - 3 h - Heat
Oxi 4503 - 6 h - Heat
1

TGT2
6.1 (±0.5)
7.1(±0.4) c
9.0(±0.3) ab
10.7(±0.6) abc
11.3(±O.5)abc
11.6 (±0.5) abc
12.6(±0.4) abc
12.7 (±0.2) abc
12.1 (±0.4) abc

Mice were given either no treatment (controls), heat (41.5°C; 60 min) or Oxi 4503 (50
mg/kg; i.p.). When combined, the Oxi 4503 was injected either immediately after or 0-6
hours before heating.
Results show mean TGT (+ 1 S.E.) in days, based on a miminum of 8 mice/group.

abc

Significantly different from controls1, heatb or Oxi 4503c.

Conclusions:
Oxi 4503 substantially increased necrosis in this tumour model consistent with its effect on
tumour vasculature. The drug also showed single agent activity against tumour growth and
did so at a dose that was 5 times (50 mg/kg) lower than the maximum dose used in this study.
That lower dose also significantly enhanced the heat response of this tumour model. This enhancement was seen regardless of whether the drug was given before or after heating, but was
greatest when the drug was injected 1-3 hours prior to heating, which is around the time one
would expect the maximal reduction in tumour blood flow to be apparent. These preliminary
results demonstrate that Oxi 4503 is a VDA that can be effectively used in combination with
hyperthermia and further studies are clearly warranted.

Supported by a grant from the Danish Cancer Society.
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CLASSIFICATION OF STRESS REACTIONS OF PATIENTS DURING
HYPERTHERMIA TREATMENTS
Puchinger M.*, Rehak P.H.*, Meinitzer A., Hoss G., Kiigerl G., Rigler M.Y., Kohek P.*
Department of Surgery, Medical University Graz, Austria
Objectives:
In hyperthermia (HT) well known problems are caused by stress related symptoms during
treatments. The problems increase in conjunction with accompanying measures to raise the
systemic temperature (e.g., extra high bolus temperature, additional heater blankets). The
symptoms are described as an increase of transpiration, heart rate and blood pressure [1]. All
these variables depend on physiological effects directly caused by the heating (e.g., thermoregulation, response of the cardiovascular system). Due to these variables primarily are measures of systemic stress, it is of interest to analyze measures of psychic stress additionally.
Materials and Methods:
Standard markers of psychic stress are the concentrations of cortisol in saliva and of cortisol
and catecholamines (adrenaline, noradrenaline, and dopamine) in venous blood [2]. We are
making a pilot study, which has been approved by the responsible ethics committee, where
the concentrations of these hormones are determined three times per HT treatment, first at the
beginning of the treatment, second at the beginning of the therapeutic time, and third at the
end of the treatment. The patients have been instructed to gently chew on a cotton roll for less
then one minute to obtain a saliva sample of 0.5 - 1 ml volume, which is enough to determine
the concentration of cortisol. This procedure does not affect the patient's comfort during the
treatments. Venous blood were drawn only in case of a venous catheter available for therapeutic reasons.
Results:
Within 75 analyzed standard treatments (21 patients, 1 - 8 treatments) we observed a significant decrease (pared t-test; p<0.05) of the cortisol concentration in venous blood within the
first phase of treatment (beg. treatment - beg. therapeutic time) in conjunction with a significant increase of the heart rate. The adrenaline concentration in venous blood indicates an increase in the first an a decrease in the second phase, but both not significant. The mean systolic arterial blood pressure did not change significantly within the first phase, but shows a
significant increase within the second phase of treatment (beg. therapeutic time - end of treatment). All the values lie well within the physiological normal range. The values of the
cortisol concentrations in saliva and of the noradrenaline and dopamine concentrations in venous blood will be available soon.
Conclusion:
Our first results indicate that the anticipation of the HT treatment might cause more psychic
stress than the treatment itself. The differences in time course of the analyzed variables indicate that it is suggestive to differentiate between systemic and psychic stress reactions. A detailed statistical statement will be presented on the conference.
References:
[1] De Lecuw A, et.al., Regulating the Systemic Temperature During Regional Hyperthermia, ESHO
Abstract Book, Rotterdam, 1999
[2] Hubert W, Moller M, Nieschlag E. Stress reactions in response to the procedure of LHRH tests as
measured by salivary and serum cortisol and psychological variables, Horm Res 1989; 32:198-202
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HEAT-REGULATED GENE THERAPY FOR TUMOR TREATMENT
Walther W., Arlt F., Stein U., Fichtner I., Schlag P.M.
Max-Delbriick-Center for Molecular Medicine, Robert-R6ssle-Str. 10, 13092 Berlin, Germany
The utilization of heat-inducible vector systems and hyperthermia treatment combines two
therapeutic modalities for improved efficacy in tumor therapy. For the construction of heatinducible gene therapy vectors several promoters have been employed to drive transgene expression in vitro and in vivo. To explore an alternative heat-inducible vector system, we and
others have analyzed the proximal human multidrug resistance gene 1 (mdrl) promoter and
identified heat-responsive elements (HSE) within the region from -178 to -152, harboring the
chracteristic consensus HSE-sequence 5'-GAANNTTC-3'. In vitro studies using the chloramphenicol acetyltransferase (CAT) reporter system revealed, that these elements permit heatinducibility of the mdrl-promoter leading to an 2 to 4 fold increase in CAT-reporter expression at 41.5°C or 43°C. This indicated, that the mdrl-promoter can be exploited for the
construction of heat-regulatable expression vectors in cancer gene therapy. In our
pcDNAmdr-p-hTNF vector construct the 360 bp portion of the proximal mdrl promoter (-207
to +153) was used for expression regulation of the human tumor necrosis factor alpha (TNF)
gene. For the in vitro analysis of heat-inducibility of this vector, we established stably transduced HCT116 human colon carcinoma cell clones. These clones were characterized in vitro
for heat-inducibility of TNF-expression at 41.5°C and 43°C at mRNA level by quantitative
real-time RT-PCR and at protein level by ELISA. Hyperthermia of the transduced cells led to
an 2 to 7 fold increase in TNF-expression at mRNA and protein level.
For in vivo experiments stably pcDNA3mdr-p-hTNF transduced HCT116 cells were inoculated into the left hind limb of Nacr:nu/nu female mice to establish tumors. The animals were
treated with hyperthermia at 42°C for 60 min. and rumors were removed 0, 4, 6, 24, 48 and 72
hours after heat-shock for quantitative real time RT-PCR and ELISA to analyze the heatinduced TNF-expression. Furthermore, in the sera of all animals TNF-protein levels were also
determined by ELISA. The expression analysis of the tumors revealed an up to 4-fold increase at mRNA level and a 2- to 3-fold increase at protein level 4 to 72 hours after hyperthermia. In the serum of all animals however, very low or no TNF-protein was detected. To
evaluate the therapeutic potential of the combined treatment of hyperthermia-regulated gene
therapy and drug treatment, transduced HCT116 tumor harboring mice were treated with hyperthermia at 42°C for 60 minutes to induce TNF-expression, followed by adriamycin treatment (8.0 mg/kg i.v.) at days 1 and 9 after hyperthermia. These experiments demonstrated,
that this combined approach can lead to significant reduction in tumor growth in those animals. In contrast, animals which were only treated with hyperthermia or adriamycin did not
show significant reduction in tumor growth. It can be therefore concluded, that heat-induced
TNF-expression can sensitize the HCT116 tumors towards drug treatment resulting in an improved therapeutic efficacy.
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EXPERIMENTAL ANIMAL STUDIES ON EFFECTS OF HYPERTHERMIA
ON THE CENTRAL NERVOUS SYSTEM: AN OVERVIEW.
Haveman J.1*, Sminia P.2, Wondergem J.3, van der Zee J.4* Hulshof M.C.C.M.1*
1
Department of Radiotherapy, Academisch Medisch Centrum, Amsterdam, The Netherlands;
" Department of Radiation Oncology, Section Radiobiology, VU Medical Center, Amsterdam,
The Netherlands;3 Department of Occupational Health and Risk Assessment, Leids Universitair
Medisch Centrum, Leiden, The Netherlands; 4 Department of Radiation Oncology, Hyperthermia
Unit, Erasmus MC - Daniel den Hoed Cancer Center, Rotterdam.
From the experimental studies reported in the literature it may be concluded that the maximum
tolerable heat dose in CNS is 42° to 42.5°C for 40 to 60 min or 43°C for 10 to 30 min. This in
spite of diversity in animal species studied, as well as the different endpoints for assessment of
effects, the different parts of CNS treated, differences in procedures used for anesthesia,
thermometry and heating techniques applied. The effects of hyperthermia are expressed
immediately or within a few days after treatment and heat injury to neural tissue apparently
results in neurological abnormalities which, unless lethal, are transient in most cases.
Histological studies show irreversible lesions after high heat dose, characterized by coagulation
necrosis. Thermal injury to normal neural tissue is repaired by fibrotic or gliotic scarring.
Surviving neuronal elements may be responsible for functional recovery from heat injury, which
is, however, dependent on the injured volume and anatomical site of the lesion. Hence, the data
indicate a correlation between the exposed volume and toxicity of the heat treatment. The
relatively high heat dose tolerated in interstitial heating can be ascribed to this volume effect,
since the heated volume of normal neural tissue generally was small and not responsible for
vital functions. Late effects, many months after treatment have not been reported.
The spinal cord data on maximum tolerable heat dose, point in the same direction as the data on
the brain. All studies show that, as with brain, the spinal cord is sensitive to heat. The maximum
tolerated heat dose of the cervical part after local hyperthermia lies in the range of 40-60 min at
A2-A2.5°C, or less than 30 min at 43°C. No late effects were reported. The observations on
neurology and heat sensitivity of the spinal cord in mice are very similar to those of the rat.
There is good evidence indicating that white matter is more heat resistant than grey matter as
data on the rat lumbosacral cord and cauda equina show that this part of the spinal cord is
slightly less sensitive to heat than the cervical and thoracolumbar spinal cord. This difference
can be explained by the smaller volume of grey matter in the lumbosacral region. Experimental
data demonstrate that heat injury to a small volume of the white matter of the cord does not
inevitably result in functional impairment and can be repaired in about one month. Still of
course the choice whether or not to exceed the critical heat dose, obtained from laboratory
studies, in clinical practice is very much dependent on the clinical situation such as anatomical
site or volume of the tissue involved and of course prior therapy.
Data on the combined effects of X-ray irradiation and hyperthermia on rodent spinal cord
clearly show that the radiation response can be enhanced with a factor of 1.1 to 1.3. In all
studies on thermal enhancement, a heat dose was administered in a well tolerated range. The
latent period for expression of late irradiation effects was slightly shortened in most of the
studies. Histopathological changes after irradiation in combination with hyperthermia were not
different from those after irradiation only. As long as there are no clinical data on effects of
combined heat and X-rays on spinal cord or on brain, it seems justified to state that the results
obtained in experimental animals on thermal enhancement indicate that when hyperthermia is
applied in the clinic with a short interval before or after radiotherapy vigilance is required. This
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is evidently the case in clinical practice where treatment of sites is involved near the spinal cord;
this may lead to unexpected sensitization of the cord. To our knowledge there are no clear
experimental data indicating an increase in adverse effects specific to the CNS after localized or
whole body hyperthermia as a result of combined treatment with chemotherapy.
Thermotolerance in CNS is evidently associated with expression of heat shock proteins. High
thermotolerance ratio's where observed in studies on spinal cord, and this indicates that a high
degree of resistance to heat treatment and other types of insult may be obtained in CNS by
preconditioning by 'mild' hyperthermia. We presume that induction of thermotolerance already
may play a role during the initial heating period to obtain WBH in large animals leading to some
degree of protection of the CNS to WBH. After WBH, lesions to CNS only occur in the
presence of other physiological derangements. In a recent report on malignant hyperthermia
damage has been observed primarily in the cerebellum.
There is now convincing evidence that the thermotolerant state of CNS also protects against
other types of injury as well: pre-treatment of rats with hyperthermia protected against spinal
cord ischemic injury
Based on the results of laboratory studies it is clear that clinical treatment of brain tumors by
combined heat and radiation requires a thorough quality assurance of the heat treatment to
prevent damage to normal brain. A precaution might be to include prophylaxis of edema in the
treated area. In this way hyperthermic treatment is feasible and first results are impressive,
although in absolute terms of gain in survival further improvement is required. Concurrent
treatment with a promising drug still has to be investigated as hyperthermia has the potential to
overcome the blood brain barrier.
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HEXADECYLPHOSPHOCHOLINE (MILTEFOSINE) IN
THERMOSENSITIVE LIPOSOMES: INCREASED DRUG RELEASE
COMBINED WITH INCREASED ANTITUMOR ACTIVITY
Lindner L.H.' 2 , Hossann M.1, Teichert N.1, Eibl H.2, Issels R.D.12
1
Department
lent of Medicine III, University Hospital Grosshadern, Ludwig-M
Ludwig-Maximilians2
University, Munich, Germany; Institute of Molecular Ir
Immunology, GSF-National Research
Center for Environment and Health,
iealth, Munich Germany;3 Max-Planck-Institute
Max-Pi
for Biophysical
Chemistry, Goettingen, Germany
Purpose:
The drug release rate and kinetic of thermosensitive liposomes (TSL) are crucial parameters
for drug delivery using TSL. Addition of lysophosphatidylcholines (e.g. MPPC; 1-palmitoyl2-hydroxy-sn-glycero-3-phosphocholine) has been shown to increase the overall phase transition-induced permeability of TSL. To investigate the role of alkylphosphocholines as possible
mediators of heat induced drug release in TSL, liposomes based on DPPC and DSPC containing Hexadecylphosphocholine (HePC) have been prepared and compared to MPPC containing liposomes with regard to release and kinetics at Tm.
Methods:
Liposomes were prepared by the lipid film hydration and extrusion method. Encapsulated
carboxyfluorescein (CF) was used to monitor potential drug release at chosen temperatures.
The size and zeta potential of the resultant LUVs was determined by Photon Correlation
Spectroscopy and Tm was determined by Differential Scanning Calorimetry. Final phospholipid concentrations of the liposomes were measured by phosphate analysis. The release of
entrapped CF was analyzed at different temperatures between 37°C and 45°C after 5 minutes
of incubation with fetal bovine serum.
Results:
For classical TSL composed of DPPC/DSPC = 80:20 (m/m) the CF-release after 5 min of
incubation at 37°C and 42°C were determined as 10% and 37%, respectively. This was improved for our new 1.2-dipalmitoyl-sn-glycero-3-phosphogylyceroglycerol (DPPGOG) based
TSL (DPPC/DSPC/DPPGOG = 5:2:3) with > 80% CF-release after 5 min at 42°C, which was
reported previously (Clin Cancer Res. 2004). By adding 10 mol% HePC or MPPC the release
rate could be moderately increased to more than 90%. The stability at 37°C with < 10% release after 60 min incubation at 37°C was not altered. For DSPE-PEG2000 containing liposomes (DPPC/DSPC/DSPE-PEG2000 = 8:1.5:0.5) the release rate was 53%. The addition of
10 mol% He-PC or MPPC led to almost complete CF-release (> 95%) and to a fivefold increase of release velocity in comparison to our DPPGOG-based TSL. Additionally, we found
for these formulations an almost complete and sustained content release for temperatures
above Tm, whereas the DPPGOG-based TSL were stable under these conditions.
Conclusion:
DPPGOG containing liposomes have already a high release rate for encapsulated compounds
which could only be slightly increased by the addition of MPPC or HePC. However, in
DSPE-PEG2000 containing liposomes the content release rate could be increased approximately 2-fold by the addition of MPPC or HePC. Moreover, the opening velocity could be
increased fivefold by the addition of HePC yielding a burst release. Inclusion of HePC as antitumor drug in TSL filled with cytotoxic drugs (e.g. doxorubicin) might lead not only to additional but synergistic effects.
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EVALUATION OF MAGNETIC FLUID HYPERTHERMIA (MFH)
COMBINED WITH EXTERNAL RADIATION IN AN ORTHOTOPIC RAT
MODEL OF PROSTATE CANCER
Johannsen M.\ Thiesen B., Taymoorian K., Gneveckow U., Waldofner N., Koch M., Scholz R.,
Lein M., Jung K., Loening S.A., Jordan A.*
Departments of Urology - Campus Mitte, Radiology - Campus Virchow-Klinikum, Pathology - Campus Mitte and Center of Biomedical Nanotechnology (CBN), c/o Department of Radiology - Campus
Virchow-Klinikum, Charite University Medicine Berlin, Germany

Purpose:
Magnetic fluid hyperthermia (MFH) is a new concept of cancer treatment based on AC magnetic field-induced excitation of biocompatible superparamagnetic nanoparticles. Preliminary
studies of MFH using nanoscaled aminosilan-coated magnetites have demonstrated the feasibility of minimally invasive MFH in the Dunning tumor model. Here we evaluated the effect
of two sequential MFH treatments, combined with external radiation, in an orthotopic Dunning R3327-MatLyLu prostate cancer model.
Methods:
Orthotopic tumors were induced by implantation of MatLyLu-cells into the prostates of 96
male Copenhagen rats. Animals were randomly allocated to 8 groups of 12 rats each, including three control groups and three groups for dose-finding studies regarding external radiation. Animals of the remaining groups either received two MFH treatments following a single
intratumoral injection of magnetic fluids or thermoradiotherapy with external radiation (10
Gy) administered directly after each MFH treatment. Treatments were carried out on days 10
and 12 after tumor induction. For intratumoral administration of magnetic fluids, invasive
fluorooptic thermometry and MFH, tumors were surgically exposed and treatment was delivered under anesthesia. MFH treatments were carried out using an AC magnetic field applicator system operating at a frequency of 100 kHz and a variable field strength (0-15 kA/m). Iron
measurements in selected organs were carried out on day 20. Animals were sacrificed on day
20 and tumor weights in the treatment and control groups were compared.
Results:
Total radiation doses of 20, 40 and 60 Gy led to a tumor growth inhibition compared to control groups of 67-71.6%, 84.9-86.9% and 86.8-88.6%, respectively. The total dose of 20 Gy
was chosen for subsequent combined treatments. At a constant field strength of 70%, mean
maximal and minimal intratumoral temperatures recorded during MFH were 57.1°C (centrally) and 42.0°C (peripherally). MFH alone led to an inhibition of tumor growth of 44.151.7% over controls, as measured by tumor weights on day 20, whereas combined MFH and
radiation with 20 Gy reduced tumor growth by 87.5-89.2%. Mean iron content in the prostates
of treated and untreated (injection of magnetic fluids but no AC magnetic field exposure)
animals was 84.3%, whereas only 4.3% of the injected dose of ferrites was found in the liver.

I

Conclusions:
MFH led to a significant growth inhibition in this orthotopic model of the aggressive Mat] LyLu tumor variant. Furthermore, combined MFH and radiation with 20 Gy was equally effective in inhibiting tumor growth as radiation with 60 Gy, suggesting a significant synergistic effect. Intratumoral deposition of magnetic fluids was found to be stable, allowing for serial MFH treatments without repeated injection. The optimal treatment schedules of this combination regarding temperatures, sequencing and fractionation need to be defined in further
experimental studies.
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THERMORADIATION THERAPY FOR SOFT TISSUES SARCOMA
Kurpeshev O.K., Zubarev A.L.
Medical Radiological Research Center, RAMS
Thermoradiation therapy (TRT) as component of combined treatment was given to 25 patients
with soft tissue sarcoma, among them 16 patients (64%) had primary sarcoma and 9 patients
(36%) had recurrent tumors. Among 16 patients stage I was detected in 1 case (4%), stage II in 2 cases (8%), stage III - in 10 cases (40%), stage IV - in 3 cases (12%). In 15 primary
cases the tumor was classified as T2b- In six of 25 patients metastases to regional lymph nodes
or distant organs were detected, among them in 3 cases (12%) metastases were in lungs. Four
(44.5%) of nine patients with relapses had the first relapse, 2 patients (22.2%) -second relapse, 2 patients (22.2%) -fourth relapse and 1 patient (11.1%) -sixth relapse.
Treatment method
Combined treatment consisted of non-adjuvant polychemotherapy, TRT and surgery intervention. All patients were given one course of neoadjuvant polychemotherpay (cisplatin 100mg/m2, doxorubicin -30 mg/m2) 2-3 days before TRT. Hyperfractionated radiation therapy
(RT) with 4-hour interval between sessions (3Gy-4 h-3Gy) was given 3 times a week? total
radiation dose was 30-36 Gy (TDF 66-82). Local hyperthermia (LH, 41-44 °C, 40-90 min)
was delivered to a tumor with capacitive applicators on "Supertherm EP-40" (40.68 MHz),
inductive applicators on and "Yakhta-5" (40.68 MHz) or with external applicators on "Yakhta-3" (915 MHz). From third to sixth day of radiation therapy (RT) LH was delivered between two daily fractions of RT. Interval between the first fraction and LHT was 2.5-3 hours.
The following schedule of treatment was used: RT-2.5-3 hr -LHT-RT.
Patients were given 3-4 courses of polychemotherapy within 5-6 months following TRT. In
the case of tumor remnants without evidence of neoplasia spreading surgery intervention was
made.
Results of the treatment
Local control of combined treatment was estimated in different periods (1 and 6 months) following TRT and by radiation pathomorphosis following surgery.
Tumor response to TRT in 1 and 6 months following surgery is shown in table 1. It is shown
that response of soft tissue sarcomas following TRT increases within 6 months.
Table 1
Response of primary tumors estimated in different periods following TRT
Time following
treatment, months

Number of
cases

1
6

16
16

Tumor response
Complete response, Partial response,
abs. (%)
abs. (%)
6(37,5,0)
2(12,5)
6(37,5)

Stabilization,
abs. (%)
10(62,5)
8 (50,0)

Table 2 shows response of relapsed tumors in 6 months after TRT.
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Table2
Response of relapsed sarcoma of soft tissues to TRT
Time after the treatment, month

Number of
cases

6

9

Tumor response
Complete
response,
abs. (%)
2 (22,0)

Stabilization, abs.
(%)
2 (22,0)

Partial response,
abs. (%)
4 (45,0)

Progression, abs.
(%)
1(11,0)

The incidence of complete and partial regression in the case of primary and relapsed tumors
of soft tissues is practically similar.
In different periods following TRT 9 patients underwent surgery intervention in connection
with detected remnant tumors, in 8 patients radiation pathomorphosis was studied (table 3).
Table 3
Radiation pathomorphosis of soft tissues sarcomas following TRT

Tumor type
Primary

Number of
cases, abs.
5

Relapsed

3

Deeree of pathomorphosis
I-II, abs.
III, abs.
IV, abs.
2
3
2*

-

**

* 1 patient had the first relapse, one patient had the sixth relapse;
** patient with the first relapse.
As show in table 3 pathomorphosis degree IV was found in both primary and relapsed tumors.
However it should be noted that dispersion of radiation pathomorphosis indicators is greatly
determined by different variants of soft tissues tumors in treated patients. Presented information is not final, it says that TRT produces evident effect on malignant soft tissues tumors.
TRT produces similar effect on primary and relapsed tumors. This fact stresses that hyperthermia reduces radioresistance of previously irradiated tumors. Different response of tumors
may be caused by their histological types and irregular temperature distribution over a tumor
volume in different patients.
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EVALUATION OF SUPERFICIAL HYPERTHERMIA AND
RADIOTHERAPY COMBINATION AS A PALLIATIVE TREATMENT OF
SKIN AND LYMPHATIC NODES CANCER METASTASES
Miszczyk L., Owczarek G,, Wozniak G.
Radiotherapy Department, M. Sklodowska-Curie memorial Cancer Center and Institute of
Oncology, branch Gliwice, Gliwice, Poland
Purpose
Evaluation of superficial hyperthermia and radiotherapy combination effectiveness and toxicity as a palliative treatment of skin and lymphatic nodes cancer metastases.
Material
Analyzed material comprised of 46 palliatively treated cancer patients with skin and lymphatic nodes dissemination. There were 29 women and 17 men aged from 47 to 73 (mean 59).
Majority of patients were in good performance status (Zubrod 0 - 1 2 , Zubrod 1 - 39, Zubrod
2 - 1). In 14 cases metastases were located in skin and in 32 in lymphatic nodes. The most
common histopathological diagnoses were adenocarcinoma (22 cases) and SCC (15 cases). In
2 cases TCC and in 1 small cell cancers were found. In 6 precise diagnosis of the cancer type
was unknown. The most common primary rumors were lung (15 cases) and head and neck
cancers (8 cases). In 7 cases primary cancer was located in gastrointestinal tract and in 4 in
urinary tract and in breast. In 8 cases the point of origin remained unknown. The red blood
cells number varied from 3 100 000/1 ccm to 5 200 000/1 ccm (mean 4 200 000).
Method
Hyperthermia was delivered using BSD 500 device generating microwaves of 900 MHz frequency. All patients were heated twice a week up to temperature of 43°C through 45 minutes,
during overall radiotherapy time. 38 patients received two and 8 four hyperthermia sessions.
Temperature was controlled using placed interstitially and superficially Bowman probes integrated with treatment device. Radiotherapy was planned independently and hyperthermia did
not influence it. Patients were irradiated by 6 MV high energy photons or 9 or 12 MeV electrons using 1 -4 Gy fraction dose ( 1 - 1 Gy, 1 1 - 2 Gy, 2 - 3 Gy, 32 - 4 Gy) up to the total
dose varied from 10 Gy to 30 Gy (mean 20).
Patients were controlled directly after treatment completion, two and six weeks later, and next
every three months. The tumor size, regression percentage and skin reaction were evaluated.
Correlations between different biological and technical factors and tumor regression were
evaluated using Spearman test. Differences in rumor regressions during following control
examinations dependently on pathological and clinical diagnosis were checked using
ANOVA way Kruskal-Wallis and median tests. Differences in regressions during controls
between adenocarcinoma and SCC, head and neck and lung cancers and skin and nodal metastases groups were assessed using Mann-Whitney test.
Results
Mean tumor diameter before the treatment was 4.7 cm and varied from 0.5 to 15 cm. Tumor
diameter decreased to 3.2 cm within two weeks. During following two controls mean tumor
diameters were 3,6 and 3,8 cm. Next, majority of tumors started to progress and 7,5 months
after treatment mean diameter was 5.4 cm. During two next examinations mean tumor diameters were 6.0 and 5.7 cm respectively. Mean percentage regression was biggest two weeks

76

Minipresentations: Clinical Trials and Application

Friday, June 10, 11:00- 12:30

Kammermusiksaal

after treatment completion (28%). This values were 20% and 23% during two following controls. Next, the progression started.
The correlation analysis showed statistically significant dependency between total radiation
dose and regression after 1.5 months after the treatment (p=0.04, R=0.4). No significant dependencies were found between tumor regressions dependently on pathological, clinical diagnoses and metastases location.
Conclusions
Obtained results allow to form conclusion that combination of hyperthermia and radiotherapy
could be a useful as a palliative treatment modality for skin and nodal cancer metastases, but
final evaluation of such treatment is very difficult because of its local character and systemic
character of advanced cancers. Eventual gain from this combined treatment should be confirmed in relation to radiotherapy alone, probably for each techniques performed in particular
centers.
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HYPERTHERMIA OF RECURRENT BREAST SARCOMA
Thalhammer M.J, Rigler M.Y., Puchinger M.*, Hoess G.M., Cerwenka H., Rehak P.*,
Kohek P.H.*
Department of Surgery, Division of General Surgery, *Unit for Medical Engineering and
Computing, Medical University Graz, Austria
Purpose of the study:
Breast sarcomas comprise approximately 3% of all malignant breast tumors. The efficacy of
adjuvant chemotherapy, hormone therapy or radiotherapy has not been proven. Recently, hyperthermia (HT) has been recognized as an effective adjuvant in treatment of locally advanced recurrent breast cancer.
Methods:
A 72-year-old female patient was admitted to our breast unit. In her history she had 10 resections for recurrent liposarcoma of the left breast over a period of 14 years, comprising resection of the infiltrated axillary vein. After a new wide resection and implantation of two interstitial devices HT was performed with a total number of 6 sessions over 3 weeks. The time for
each session was 60 minutes. Temperature was exactly calibrated between 40 and 43 degrees
Celsius.
Results:
No notable complications were observed. The patient is free of local recurrence for a follow
up period of 49 months.
Conclusion:
Our results suggest that local hyperthermia may be useful to prevent local recurrence in liposarcoma of the breast. The data should encourage further clinical studies.
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DEEP ELECTRO-HYPERTHERMIA WITH RADIOFREQUENCIES
COMBINED WITH THERMO-ACTIVE DRUGS IN PATIENTS WITH
LIVER METASTASES FROM COLORECTAL CANCER (CRC):
A PHASE II CLINICAL STUDY
Fiorentini G.*, De Giorgi U.1, Turrisi G., Rossi S., Dentico P., Bernardeschi P.
Department of Oncology and "Unit of Hyperthermia & New Drugs, "S.Giuseppe" General
Hospital, ASL 11 Empoli, 50053-Empoli (Florence), Italy
Purpose:
To increase palliation in patients with liver metastases from CRC and to study the effect of
capacitatively coupled low-frequency 13.56 MHz deep hyperthermia (Oncotherm-EHY 2000)
treatment on chemo-refractory malignant liver involvement from CRC.
Methods:F
rom April 2003 to February 2005, 30 heavily pretreated patients at advanced stage of CRC
with not operable liver metastases have been cured with deep hyperthermia at 80-110 W
equivalent to 41°-47° for 60-75 minutes, 3 times/w for 3 weeks in combination with thermoactive drugs such as cisplatin 30 mg/sqm on D 1,8, 15 in the first sub-set of 18 patients
(Group A) then with oxaliplatin 50 mgr/sqm on D 1,8,15 in a second sub-set of 12 patients
(Group B). Hyperthermia was achieved by arrangements of capacitative electrodes with a
radiofrequency field of 13.56 Mhz (RF-DHT).
Results:
This prospective open single-arm phase II clinical study with 30 pts suffering of liver metastases stresses some interesting hints.
Deep RF-hyperthermia combined with a thermo-active drug is beneficial on clinical conditions of treated patients with an excellent compliance on out-patients clinic.
We observed a global disease control (3 RP+3 SD) in 6 pts (20%) : 5 patients treated in
Group B and 1 treated in Group A; 8 pts showed a CEA level reduction of at least 30% (7
Group B and 1 Group A),
We noted that 15 pts (50%) presented evidence of increasing well-being: 10 Group B and 5
Group A and 10 pts stopped/reduced analgesic therapy ( 8 Group B and 2 Group A).
The vast majority of pts (25) referred a reduction of anxiety, an improving of quality of life (
releaved by Rotterdam check-list) and increasing of self-sense of cure.
As toxicity we report: 2 mild burns on the skin of RUQ, 2 leukopenia G 2 (Group B), 4 cases
of nausea and vomiting G 3 (Group A), 2 nefrotoxicity G2 (Group A).
Median survival time was 22 weeks (range 10-34), median duration of response was 9 weeks
(range 6-18).
Conclusions:
Capacitively coupled low-frequency 13.56 deep-hyperthermia is feasible for chemo-refractory
malignant liver involvement from CRC . Significant increase of QoL was shown. Six pts reported a control of disease. Oxaliplatin showed a more effective thermo-enhancement respect
cisplatin in liver metastases from CRC. These interesting results deserve to be confirmed in
further clinical studies.
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IRINOTECAN PLUS CAPECITABINE WITH REGIONAL
ELECTROHYPER-THERMIA OF THE LIVER AS SECOND LINE
THERAPIE IN PATIENTS WITH METASTATIC COLORECTALCANCER
Panagiotou P., Sosada M., Schering S., Kirchner H.
Klinikum-Hannover, Krankenhaus Siloah, Med. Klinik III, Hannover, Germany
Background:
There is evidence that the addition of hyperthermia to chemo- or immunotherapy leads to better tumor response. We treated different malignant diseases with standard chemo-, immunotherapeutic regimens and simultaneous electrohyperthermia or we added electrohyperthermia
at a later time during treatment if the treated tumors remained stable or showed only minor
response. In several entities (named Lung Cancer, Breast Cancer, Renal Cell Carcinoma,
Prostate Cancer and Sarcoma) we observed unexpected good clinical course even in heavily
pretreated patients. Therefore we decided to conduct following study with the purpose to
determine the power of regional electrohyperthermia to augment the therapeutic effects of
chemotherapy.
Methods:
Patients with at least hepatic metastases of Colorectal Cancer, pretreated with Oxaliplatin,
Folinic acid and 5-FU for matastatic status, were enrolled in this study. All patients had either
measurable or assessable disease. Every patient received oral Capecitabine 2000 mg/m2 at day
1 to 14 divided into two doses and intravenous (IV) Irinotecan 80 mg/m2 at day 1 and 8 as a
90-minute infusion. Every patient received additional regional electrohyperthermia (EHY) of
the liver at days 1, 3, 5, 8, 10, 12, 15 and 17.
Results:
15 patients (median age 71 yrs, range 53-78, 8 male, 7 female) were enrolled. All patients
were evaluable for response and toxiciry. 3 patients (20%) showed a partial response, 9 patients (60%) showed a stable disease and 3 patients (20%) showed a progressive disease. If a
progression occurred (initially or after a stable phase) it was observed in -80% of cases in
lesions outside the electromagnetic field (lung, lymph nodes, bones and brain). 7 of the enrolled patients died. They had a median survival of 20.3 months (range 10.9-37.4) since the
first chemotherapeutic treatment for matastatic disease. Historical data indicate a median survival of 10-20 months in these patients. The most common treatment-related grade 3 adverse
events were diarrhea (21%), vomiting (18%) and nausea (6%). Grade 3/4 neutropenia was
seen in 24% of patients. There were no treatment-related deaths. These toxicity data are still
the expected, while chemotherapy (XELIRI) is administered alone without EHY.
Conclusions:
The additional regional electrohyperthermia (EHY) is a well tolerated therapeutic option in
patients with advanced disease without increasing side effects. This preliminary evaluation of
our data suggests the use of additional EHY to chemotherapy as a means of augmenting
chemosensitization.
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HYPERTHERMIA QUALITY ASSURANCE AND CONTROL
SzaszA.*^ Szasz O.
Biotechics Department, Szent Istvan University, Budapest, Hungary
Introduction
Hyperthermia has a long-term controversial history and roughly fluctuating acceptance. Contrary to its universal ability to complement all the existing traditional methods, its application
is relatively limited even in the localizations, where its efficacy is proven by the evidencebased clinical trials. Although oncological hyperthermia is non-toxic, it improves the quality
of life and can be applied in any stages of the disease, a weak attention is taken onto its scientific improvement in the mainstream of the clinical researches. The recommended hyperthermia quality guideline is the control of one single parameter: the temperature in the targeted
tissue. The quality assurance in the protocols expects that the temperature alone could serve
the safety and the success requirements at the same time. Also the reached temperature is the
basis of the comparison of various technical and existing heating methods in oncology.
Objectives
Our aim is to study the present single-parameter quality request and its suitability for the
quality control. We address the question: is it really enough to refer to the temperature in the
quality-guidelines?
Discussion
Temperature is an average parameter, its measurements need equilibrium situation during the
processes. However, its inhomogenity and its dynamism trivially have a major role in the
loco-regional treatments. To describe well the entire process clinicians have to have additional parameters for control: the time-duration of the given temperature and the temperature
distribution characterisation (usually by the minimum and maximum temperatures in the targeted area). The radiologists view, requesting isotherm curves to characterize the treatment, is
not realistic because of the active physiological heat-sinks and modifiers. The lower efficacy
of the whole-body hyperthermia then loco-regional, where the homogeneity of the temperature is guaranteed by systematic heating, well points the indefensible only-temperature concept. Definitely: the heating process as well as the living phenomenon are not equilibrium by
fhermostatic meaning, we have to consider the dynamic effects and their consequences. The
scientific considerations as well as the clinical experiences well demonstrate the limit of the
temperature control alone and support to consider other quantitative parameters as well. We
propose that the ionic mobility and ion-concentration, as a finger-print of the metabolic activity, have such control role. It is rigorously shown [1], that the thermal energy does not limit
the electromagnetic effects thought the membranes in the tissue. Our main approach is to use
the constrained heat-flow through the cellular membranes of the malignant cells, forcing extra
ionic currents and electro-osmotic processes to damage the membrane. This situation technically can be constructed by capacitive coupling using the impedance selection for focusing
and the forced heat flow by non-equal SAR in microscopic regions. The expected effect in
this approach is not the absolute temperature but the appropriate temperature-gradient through
the membrane, [2]. This situation is not only easier than the a forced radiative heat cellkilling, but easier to apply, cheaper to construct the device, as well as the treatment itself is
safer and well reproducible.
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Conclusion
Over-estimating the role of temperature damages the progress of the oncologic hyperthermia
and simultaneously makes the treatments extremely complicated and expensive. The quantitative quality control by the ionic concentration and mobility (impedance measurements) could
be a method of control with acceptable complexity. It is time to think differently: study and
apply the non-equilibrium processes during the heating procedure.
Reference
[1] Vincze G, Szasz N, Szasz A: On the thermal-noise limit on cellular membranes, Bioelectromagnetics 26:28-35, 2005, [2] Szasz A, Vincze G, Szasz O, Szasz N: An energyanalysis of extracellular hyperthermia, Electromagnetic Biology and Medicine 22:103115,2003
Correspondence: Prof.Dr. A. Szasz: Szasz.Andrasfegek.szie.hu
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HYPOXIA AND HYPOXIA-REGULATED PROTEINS IN GASTRIC
CANCER: PROGNOSTIC SIGNIFICANCE FOR CLINICAL OUTCOME
Qsinsky S.*', Gumcnjuk L1, Bubnovskaya L.1, Shalimov S.2, Osinsky D.2, Merentsev S.1,
Kovelskaya A.1, Olijnichenko G.3
'inst. exp. Pathol. Oncol. Radiobiol., NASU, Kiev; 2Inst. Oncology, AMSU, Kiev;
3
Municipal Oncological Hospital, Kiev, Ukraine.

Purposes:
To examine the relationship between hypoxia level, hypoxia-inducible factor-la (HIF-la)
expression, tumor vascularity, and clinicopathologic parameters in gastric cancer; to assess
the impact of hypoxia-associated events on the prognosis of clinical outcome.
Patients & Methods:
133 patients with primary gastric cancer who underwent surgery were included in the study
(52 female and 81 male; mean age, 60.4 years; range, 31-81 years). No patient received chemotherapy of radiation therapy prior to surgery. All patients have been informed about investigation. Tumors were classified according to the TNM classification of the UICC. Tumor
tissue was obtained within surgical operation and immediately placed into liquid nitrogen for
NMR spectroscopy and into 10% buffered formalin for immunohistochemistry (IHC). Hypoxia within tissue was evaluated using 3I P NMR spectroscopy (PME/Pi), expression of HIFla and CD34 (microvessel density) in tissue were assessed using IHC. Survival was analysed
by the Kaplan-Meier method. The log-rank test was used to compare differences in survival
between the groups. Correlation between the parameters were evaluated by Spearman-rho
coefficient or chi-squared test. Differences between values were assessed by Mann-Whitney
test. Statistical significance was considered if P<0.05. Prognostic factors were first identified
through univariate analysis. The Cox proportional hazards model was used for multivariate
analysis.
^Results:
High hypoxia levels were found in 29% of pts., and low - in 71% of pts. Strong nuclear expressions of HIF-la were found in 7% of pts., moderate - in 80% of pts., and weak - in 13%
of pts. Strong microvessel densities were observed in 54% of pts. and moderate - in 46% of
pts. It was revealed a close association between the hypoxia level in tumor assessed by 31P
NMR spectroscopy and expression of HIF-la in tumor cells (P<0.0l). It was also observed
the correlation of high hypoxia level with the increased rate of microvessel density in tumor
tissue (P=0.02). The HIF-la expression correlated with histological grade of tumor (PO.05).
At the same time the correlation between expression of HIF-la and microvessel density was
not statistically significant (f>0.05). Hypoxia level and microvessel density in tumor tissue
correlated with clinical stage (F<0.05). High hypoxia levels positively correlated with decreased overall survival (P=0.044). For overall survival, hypoxia level and HIF-la expression
(hazard ratio, 2.10; 95% CI, 0.67-4.67; P=0.035 and 3.45; 0.89-3.01, 0.047, respectively)
were independently predictive in multivariate analysis for lymph-node negative patients; and
hypoxia level (hazard ratio, 4.50; 95% CI, 0.42-2.57; P=0.027) for lymphOnode positive patients. Statistical analysis has indicated that PME/Pi ratio in tumor tissue may be used as an
parameter of hypoxia level as well as independent prognostic factor of clinical outcome in
patients with gastric cancer. Methodological approaches are started now to be used in the
analysis of head and neck tumors treated with hyperthermia combined with radiation/chemotherapy.
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Conclusion:
Hypoxia positively impacts on malignant progression. It was concluded that hypoxia level
and HIF-lot expression in primary tumor may be proposed as independent prognostic factors
for clinical outcome. High level of tumor hypoxia is a marker for an unfavorable prognosis in
patients with No. Obtained results allow to consider that tumor hypoxia is a characteristic
feature of tumor that induces the expression of some number of hypoxia-regulated proteins
and events which positively impact on malignant progression.
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COMBINED MAGNETIC RESONANCE IMAGING AND
HYPERTHERMIA TREATMENT WITH A COMMON PHASED ARRAY
RF SYSTEM.
Van den Berg C.A.T.1*, Kroeze H.'2*, Bartels LW.3, Boskovic E.\. Westra A.H.2,
Ligtvoet CM. 2 , De Leeuw A.A.C.1*, Bakker C.T.G.3, Lagendijk J.J.W.1*
1
University Medical Center Utrecht, dept. Radiotherapy, the Netherlands.
2
University Medical Center Utrecht, dept. Biomedical Engineering, the Netherlands.
3
University Medical Center Utrecht, dept. Radiology, the Netherlands
Objective:
Combination of MRI-thermometry and hyperthermia is very desirable for optimal treatment
control. However, integration of a hyperthermia antenna system with a water bolus in an existing MRI scanner poses some hard technical problems due to mutual influence between the
systems.
Optimal image quality in an MRI system heavily depends on the flatness of the B1 + distribution in the body. In 3 T systems the Larmor frequency is about 128 MHz, hence the wavelength in the body is in the order of magnitude of the cross section. With a conventional bird
cage antenna it is no longer possible to create a flat B1+ field. Both signal voids and volumes
with dangerously high SAR and/or temperature can be created; this is even more serious in
the recently proposed 7 T systems, with an associated Larmor frequency of 298 MHz. We
investigated the possibility to improve the B1+ field using phased array techniques, while
simultaneously reducing the total body SAR.
The availability of a phased array system in a 3 T MRI also creates the possibility of using
this hardware for simultaneous hyperthermia treatment; the frequency is close to the optimal
frequency for SAR steering. Intermittent imaging and heating can be employed for noninvasive thermometry, SAR steering and avoiding unwanted hot spots. Using a combined
imaging and hyperthermia RF system avoids the difficulties of introducing a separate hyperthermia system into an existing MRJ-device, with all associated shielding and synchronisation
problems. This also introduces the opportunity of treatment quality control by non-invasive
measurement of both phase and amplitude of the B1+ field.
Methods:
We used our FDTD code to compute the RF field generated by conventional birdcage antennas at 128 MHz and 298 MHz, both in elliptical homogeneous phantoms and in realistic patient anatomies. The same field computations were performed at 128 MHz with a 3-ring antenna array with 12 dipoles per ring. An optimizer was developed to improve the homogeneity of the B1+ field in a selectable region, with a constraint on the maximum temperature in
the body.
The B1+ distribution was measured in a cylindrical phantom, filled with saline water and
vegetable oil, in a 1.5 T MRI system and compared with an FDTD computation.
A design was made of a high-frequency, multi channel generator system, that is capable of
generating the amplitude-frequency-phase modulated signals that are needed for both phasedarray B1+ field generation and phased-array hyperthermia. A low-power prototype generator
system was build. Measurements were performed in proximity to a 1.5 T MRI system in order
to evaluate the dynamic behaviour of the RF fields.
Results:
We showed that birdcage antennas in high frequency MRI systems can not create homogeneous B1+ fields (see figure 1 and 2), especially in 7 T systems major signal voids are created.
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An improved B1+ field distribution can be obtained by using a phased array antenna system.
A simultaneous whole-body SAR reduction can be obtained. The employed antenna-array is
compatible to arrays used in earlier hyperthermia studies and hence capable of creating SAR
distributions applied in regional hyperthermia. The proposed antenna array can be build as an
insert into an existing MRI scanner for experimental purposes.
Good agreement of measurements in a cylindrical phantom in an MRI system with FDTD
computations confirm the proper modeling of the birdcage antenna systems.
Conclusion:
Construction of a combined MRI scanner and a regional hyperthermia system with a common RF antenna array and generator system appears to be feasible. Such a system would be
capable of delivering carefully dosed hyperthermia under real time, non-invasive thermometry control. Image quality and total SAR during imaging can be improved, respectively reduced. Good treatment quality control can be obtained by B1+ field mapping. The proposed
antenna-array and generator system are being designed and under construction.

Figure 2 B1+ distribution in a 3 T system with an emulated
birdcage antenna

Figure I Tomogrum used in figure I
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RECENT ADVANCES IN ULTRASONIC TEMPERATURE IMAGING
USING CHANGES IN BACKSCATTERED ULTRASOUND
Arthur R.M., Trobaugh J.W., Straube W.L. and Moros E.G.
Washington University in St. Louis, St. Louis, Missouri, USA
Ultrasound is an attractive modality for non-invasive temperature imaging to enhance the
ability to target tumor heating at therapeutic levels. Previously, we predicted monotonic
changes in ultrasonic backscattered energy (CBE) for certain sub-wavelength scatterers. Recent advances include: 1) measurement of CBE in 2D and in 3D in vitro, 2) measurement of
CBE in 2D in vivo, 3) simulation of CBE from multiple scatterers, and 4) estimation of temperature from CBE in simulated images.
Accurate measurement of CBE requires compensation for apparent motion of image features
due changes in speed of sound. We measured CBE in 2D in motion-compensated images of
four 1-cm thick samples of bovine liver, two of turkey breast, and one of pork muscle during
uniform heating in a water bath from 37 to 50°C. Images were formed by a Terason 2000
imager with a 7 MHz linear probe focused at 4.5 cm, the center of each tissue specimen. Employing RF signals from the Terason 2000 (courtesy Teratech Corp.) permitted the use of
cross-correlation as a similarity measure for automatic feature tracking with temperature. Tissue motion in 8 image regions of each specimen was tracked from 37 to 50°C in 0.5°C steps.
Maximum displacement in all specimens was about 0.5 mm in both axial and lateral directions. Motion compensated image regions were demodulated and smoothed. Pixel values were
squared to form the backscattered energy. We compared means of both the positive and negative changes in the BE images. CBE was monotonic. BE differed by about 4 dB at 50°C from
its value at 37°C.
We have conducted preliminary experiments in 3D by taking seven 2D images separated by
0.6 mm in elevation at each temperature. We applied our motion detection and correction
methods to a region in the resulting 3D volume then made movies of slices in elevation. As
expected the dominant motion was in the axial direction. The apparent motion encountered in
elevation was much smaller than the beam width in elevation, so that the percentage of scatterers that move in or out of the beam in elevation is expected to be smaller than the percentage in the lateral direction. Motion within a wide beam will change the backscattered energy
less than that in a narrow beam. Thus, we expect CBE to support temperature estimation in
3D.
We have extended this research to an in vivo system for measuring CBE in living, perfused
tissue. The animal system consists of nude mice with implanted tumors (HT29 colon cancer
line) on their hind quarters. Mice were anesthetized with Ketamine Xylazine prior to being
secured to a platform. The platform and lower section of the mouse were submerged in a water bath filled with degassed water and heated in a method similar to our in vitro experiments.
The temperature of the mouse was measured with a thermistor in a contralateral limb that has
a similar implanted tumor and is similarly submerged in the water bath. The transducer from
the Terason 2000 system was coupled to the target tumor through the water bath, and images
of the heated tumor were taken at 0.5 °C increments from 37.0 °C to 45.0 °C. Thus far we
have completed the experimental design and have run experiments on a sacrificed mouse and
on two living mice.
Theoretical results for a single scatterer showed that backscattered energy increases or decreases monotonically, depending on the lipid or aqueous nature of the scatterer. To extend
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our theory to a more realistic tissue composition, we have developed methods for simulating
ultrasonic images of thousands of randomly distributed scatterers. In the simulations, the imaging system was described by its point-spread function, and the tissue medium was represented by discrete aqueous and lipid scatterers. Images were simulated to represent temperatures from 37 to 50°C by changing the scatterer amplitudes according to curves predicted previously for single scatterers. CBE was computed for each image pixel, referenced to the initial
image. To characterize CBE for a region, the means of the positive- and negative-changing
pixels and the standard deviation of all pixels were computed. CBE showed the same monotonic increase and decrease as in experimental results and covered ranges similar to both prediction and experiment. Subsequent simulations included additive noise and showed striking
agreement with experimental CBE measurements, replicating both an initial jump and noise
throughout the range. These results support the use of CBE for noninvasive temperature estimation, showing that our model for the temperature dependence of CBE can be successfully
applied to measurements from multiple scatterers. These simulation methods also provide a
means for exploring limits on temperature accuracy and spatial resolution with varying imaging systems and tissue types. They could also be useful in studying the effects of apparent and
bulk tissue motion.
As an example of methods that could be used for calibration and estimation, we have extended our image simulation methods to the initial development of calibration curves and use
of those curves for estimating temperature from CBE. Calibration curves were generated by
fitting the average CBE from multiple simulations with a polynomial. This polynomial represents the average standard deviation of the CBE for images of a simulated population of lipid
and aqueous scatterers with added noise. Estimates of temperature were then generated from
that same population using the calibration curve. Results showed an error of approximately ±
1°C for these images of 1 cm2 or approximately 0.3 cm3 (based on a 3 mm elevation ultrasonic beam width). This error for a small volume with typical measurement noise levels suggests 0.5°C or better accuracy may be attainable in 1 cm3 volumes with noise reduction techniques.
Acknowledgement: This work was supported in part by NIH grant R21-CA90531 from the
National Cancer Institute and the Wilkinson Trust at Washington University in St. Louis
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A NEW OPTICAL DEVICE FOR THE ONLINE DETECTION OF THE
LOCAL STATE OF TISSUE COAGULATION IN MRI-ASSISTED
INTERSTITIAL THERMOTHERAPY
Peller M.1; Sroka R.2; Reiser M.F.1
1
Institute for Clinical Radiology, Clinic of the University of Munich, Munich, GERMANY,
2
Laser Research Laboratory, Clinic of the University of Munich, Munich, GERMANY.
Objectives
A new optical device for the online detection of the local state of tissue coagulation was developed. The device was tested for potential application in combination with MRI monitored
thermotherapies such as the interstitial laser thermotherapy (ILTT).
Materials and Methods
The ILTT induced boundaries of coagulation inspected by macroscopy and MRI were correlated with the signal of the new detector unit in muscle and liver tissue samples. The new coagulation detector unit is based on interstitial measurement of a diffuse reflected test light
(X=630nm, P=5mW). MRI (1.5T) monitoring included temperature sensitive parameter maps
and Post-ILTT T2-weighted images.
Results
A detector signal increase going into saturation correlated reproducibly with appearance of
tissue whitening due to coagulation in liver and muscle samples. A maximum temperature of
57 ± 6 °C and saturation signal increase of 39 ± 11% were recorded in five muscle samples.
In the T2-weighted MR-image the position of the detector probe verified by dissection correlated with the bright rim of the coagulated tissue.
Conclusion
The minimal invasively implanted coagulation detector supplied additional online information
on the local changes of optical tissue properties during MRI-monitored ILTT. The detector
signal may serve as local online switch-off criterion in cases, in which MRI is impaired or the
therapeutically needed amount of energy is not predictable.
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MEASUREMENT OF DIELECTRIC PROPERTIES OF BIOLOGICAL
TISSUE
Qppl, L., ZajWek R. Vrba J.*

Dept. of Electromagnetic Field, CTU in Prague, Technicka 2, 166 27 Prague 6,
Czech Republic
e-mail: zajicer 1 (ojfel.cvut.cz. vrbafojfel.cvut.cz
Abstract
The paper describes a method for the measurement of biological tissue dielectric properties at
radio frequency band in the range of 20 to 2000 MHz. For this purpose it is optima to use the
reflection measurement method on an open-ended coaxial line. It is a noninavsive measurement method. The real measurement situation is modelled in the electromagnetic field simulator. Comparision of simulated and measured data are presented as well.
Introduction
The dielectric properties of biological tissue are determining factors for the dissipation of
electromagnetic energy in the body and therefore they are important parameters in hypertermia treatment, microwave detection of tumours and in assessment of exposure scenarios.
Measurement method on an open-ended coaxial line is based on the reality that the reflection
coefficient of an open-ended coaxial line depends on dielectric parameters of material which
is attached to this one. For calculation of biological tissue dielectric parameters from the
measured reflection coefficient it is necessary to use an equivalent circuit of an open-ended
coaxial line. To determine the values of elements in an equivalent circuit we use calibration
by means of material with known dielectric properties.

DUT

Sensor

Fig. 1 Measurement circuit
Our measurements (Fig. 1) were made by aid of sixport reflection measurement system.
Measured material were two samples of the biological tissue:
•
•

sample A: biological tissue of beef ("in vitro")
sample B: values measured on author's arm ("in vivo").

For this measurement method we have developed a new type of coaxial measurement probe.
This sensor (probe) was created from the standard A' - connector. The equivalent circuit of an
open-ended coaxial line is specificated by the equation
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where Co is capacity Go is conductivity of the open-ended coaxial line in vacuum.
The system that we modeled consisted of two parts, i.e. the sensor and the biological tissue.
The sensor was made by adapting the standard N-connector from which the parts for connecting to a pannel were removed. To model the N-connector its dimensions were measured and
available catalogue data were studied.

biological
tissue

wavegiude
port

sensor

Fig. 2 Simulated model
The resulting model can be seen in Fig. 2. The biological tissue sample was modeled based on
available published data of £r, tg8 and o ([1]).
Results
Complex permittivity is frequency dependent quantity. Because of particles decreasing ability
folow fast changes of electrical field, relative permitivity decreases with increasing frequency. At low frequencies is the real part of complex permittivity about value of 200 [-] and
with increasing frequency it has hyperbolic falling down to value of 50.

measured sample A
measured sample B
tabbed values
MW STUDIO

1000

measured sample A
measured sample B
tabbed values
MW STUDIO

1500
([MHz]

Fig. 3 Calculated permitivity and loss factor
Loss factor tg5 is frequency dependent parameter too. At low frequencies is tg5 about value
of 5 [-] and with increasing frequency it has hyperbolic falling down to value of 0.35.
Conclusion
The reflection method of an open-ended coaxial line is relatively exact method of the determination dielectric parameters of biological tissue. Explore of the mathematical and physical
model of the reflection coefficient measurement on the interface between biological tissue
and measurement sensor we can make measurements more accurate. And by modelling of
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electromagnetic field we can in the measurements eliminate inconvenient step of the calibration measurement sensor by materials with known values of complex permitivity. Finaly it
will rationalize total accuracy of determination of complex permittivity.
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ANALYSIS OF THERMAL DATA OF DEEP HYPERTHERMIA: DO WE
NEED A REFERENCE POINT?
Van Rhoon*. G.C., Fatehi D . \ van der Wai E., van der Zee* J.
Erasmus MC Daniel den Hoed Cancer Center, Department of Radiation Oncology, Rotterdam, The Netherlands.
In deep hyperthermia, invasive thermometry provides the important data necessary to control
SAR-steering during clinical treatment, to perform "thermal dose"-response studies, and to
evaluate and compare the performance of the various heating systems. Under clinical circumstances the quality of the measured temperature distributions is critically dependent on
the accuracy of the thermometry system and the distribution of the temperature measuring
points over the treatment volume. Parameters with impact on the quality of measurement are
the number of probes, their spacing and their location. Hence, the quality of the collected
temperature data must be without dispute to allow technical and clinical quality analysis of
the hyperthermia treatment delivered. The latter has been recognized long ago and extensive
guidelines on the quality assurance demands for thermometry have been published by ESHO ,
RTOG2 and others3.
With regard to the so-called technical quality, e.g. the accuracy of the thermometry system,
there exists no reason for concern. Using our recently developed program RHyThM (Rotterdam Hyperthermia Thermal Modulater) for analyses of the thermal data acquired during the
deep hyperthermia treatment we encountered a number of questions for which a satisfactory
answer is not easy formulated. For instance a standard routine for thermal mapping, silently
introduced over the years, is the assignment of a tissue type to each temperature measuring
point along the thermometry catheter. We may question the accuracy of this procedure or even whether this represents a relevant operation? Other important issues that need to be discussed are how to cope with movement of the thermometry catheter during treatment, the
effect of tissue cooling by external cold-water boli resulting in non-representative minimum
temperatures. In the light of the currently active trials performed by different institutes each
with their own validated protocols and specific experience there exists a clear need to reach
agreement on guidelines necessary to make a valid assessment and comparison of the quality
of the hyperthermia treatments performed in the different clinical studies.
The aim of the examples shown during this presentation is to stimulate the discussion on the
topics mentioned above.
1 Hand JW, Lagendijk JJW, Bach Anderson J and Bolomey JC, Quality assurance guidelines
for ESHO protocols. Int. J. Hyperthermia, 5:421-8, 1989.
2 Sapozink MD, Corry PM, Kapp DS, Myerson RJ, et al., RTOG guidelines for clinical trials
using hyperthermia for deep-seated malignancy. Int. J. Radiat. Oncol. Biol. Phys. 20:110915, 1991.
3 Visser AG, van Rhoon GC, Technical and clinical quality assurance, In: Volume I: Principles and practice of thermoradiotherapy and thermochemotherapy, eds. MH Seegenschmiedt, P Fessenden, CC Vernon, Springer Verlag GmbH, 453-472, 1995.
Acknowledgement: supported by the Dutch Cancer Society grant 2003-2884.
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CONFORMAL RADIOTHERAPY AND REGIONAL HYPERTHERMIA
(RT-RH) IN ISOLATED AXILLARY RECURRENCE IN BREAST
CANCER PATIENTS: THE EXPERIENCE OF VERONA
Gabbani M., MalutaS* Giri M.G.**, Chierego G.**, D'Amico A.
Department of Radiation Oncology, **Medical Physics, University Hospital of Verona, Italy
Background:
Radiotherapy of chest wall and regional nodes has became the standard of treatment in breast
cancer pts with 4 or more axillary nodes involved. In the absence of a clear evidence of a
benefit from irradiation of axilla in pts undergone to level I-II dissection and considering the
low incidence of failure and the risk of sequelae (brachial plexophaty and arm lymph oedema)
adjuvant irradiation of axilla, in clinical daily practice, is generally avoided. When axillary
relapse occurs very few literature data are available about treatment approaches and outcomes.
Purpose:
To evaluate feasibility and treatment outcome of radical conformal radiotherapy (RT) and
regional hyperthermia (RH) in patients (pts) affected by isolated axillary recurrence .
Material and method:
From January 2001 and december 2004 a cohort of 7 patients with isolated axillary recurrence
of breast cancer not suitable of surgery were treated with a combination of RT and RH. All of
the patients had been previously treated with irradiation of the breast or chest wall with expander and supraclavicular region to a minimum dose of 50 Gy for locally advanced breast
cancer with more than 4 axillary lymph nodes involved. Conformal radiotherapy of axilla was
delivered to a total planned dose of 60 Gy in 30 fractions. Care was put to minimize the overlapping with regions treated previously in adjuvant regimen. Regional hyperthermia was performed weekly prior to radiotherapy to a total of 5 sessions.
Results:
Treatment has been well tolerated with a little increase of cutaneous acute toxicity, probably
due to the skin fold in axillary region. With a median follow up of 18 months no patients developed arm lymph oedema nor brachial plexopathy. One patients developed a chest wall relapse plus distant metastases (liver) during the treatment which was stopped to 50 Gy to start
systemic treatment. One patient developed an in field axillary relapse 12 months after completion of treatment plus distant metastases and is alive with disease, 4 patients are disease
free and one patient is alive with distant metastases.
Conclusions:
In our experience conformal RT treatment plus hyperthermia in axillary relapse is feasible
and well tolerated and seems to obtain a very good local control without late sequalae. An
aggressive local approach may be advantageous in improving quality of life and outcome in
patients in which a regional nodes relapse carries a higher risk of distant failure.
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CHEMO-RADIOTHERAPY PLUS HYPERTHERMIA IN LOCALLY
ADVANCED CERVICAL CANCER:
PRELIMINARY RESULTS OF AN INSTITUTIONAL PHASE II STUDY
Gabbani M., Marciai N., Griso C.§, Merlin F.§, Cassandrini P.a, Giudici S.A,
Franchi M.A, Zanini L.**, Maluta S.*
Department of Radiation Oncology, § Department of Medical Oncology, ADepartment of Gynaecology B.R., **Department of Gynaecology OCM, (Azienda Ospedaliera di Verona, Verona - Italy) a Department of Medical Oncology -Ospedale Sacro Cuore - Negrar -Verona Italy
Background:
Radiotherapy given concurrently with a cisplatin-based regimen has shown a benefit in patients with locally advanced cervical cancer so becoming the new standard treatment according to EBM criteria. Addition of hyperthermia to radiotherapy has also 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 III trial so that the Consensus Forum of Kadota (Osaha June
2004) included cervical cancer among tumours treatable with hyperthermia. In our institutional multidisciplinary team a pilot study has been designed in order to evaluate feasibility,
outcome and toxicity of tri-modality treatment in pts with locally advanced cervical cancer in
our daily practice.
Patients and Methods:
Since January 2003 to now eight patients affected by cervical cancer with stage IB2 through
IVA N0-N+ pelvic or paraaortic were entered the study. Six 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 performed by using BSD 2000 system and sigma 60 applicator.
Results:
No significant toxicity occurred and all of the patients completed tri-modality treatment in
accordance with the study protocol. Seven pts experienced a complete clinical remission and
one patients a partial remission as defined by clinical and imaging examinations. After four
months from the end of the treatment a patients with Stage IIB bulky tumour plus one pelvic
positive node who was in complete remission (Clinical examination, MRI and TAC-PET
three months from the end of the treatment were negative for evidence of disease) developed
a bleeding recto-vaginal fistula plus central pelvic necrosis for which an anterior and posterior
exenteration became necessary. The pathological findings documented disease. Patient recovered well and is now alive and free from disease.
Conclusions:
Chemo-radiation plus hyperthermia in cervical cancer is feasible and well tolerated. The rate
of complete clinical response observed in our study is consistent with that of other recently
reported trials. Follow-up is still too short to prove the impact on disease-free and overall survival. Longer follow up and further investigation are warranted to define late toxicity incidence.
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LOCAL SUPERFICIAL HYPERTHERMIA IN COMBINATION WITH
LOW-DOSE RADIATION THERAPY FOR PALLIATION OF
SUPERFICIALLY LOCALIZED METASTASES
Owczarek G. Miszczyk L.
Radiotherapy Department, M.C.Sklodowska Memorial Institute, Gliwice, Poland
Purpose:
The aim of this study is to evaluate the response of superficially located metastases and local
toxicity to microwave hyperthermia combined with radiation therapy.
Methods and Materials:
From May 2003 through December 2004 58 patients (33 male, 25 female; mean age 60 years)
with lymph nodes or skin metastases were treated with microwave superficial hyperthermia
combined with low-dose radiation therapy. Hyperthermia was administered twice weekly with
high frequency applicator (~900Mhz) with water bolus. The temperature was set to 43°C for
45 minutes. Radiotherapy was performed daily with dose 2 Gy or 4 Gy per fraction, to a total
dose 20 Gy. There were 47 patients with carcinoma 4 with sarcoma 7 with melanoma. Treated
regions were: head and neck (37 patients), chest wall 8, abdomen wall and groins 4, upper and
lower limb 2 and 8 patients respectively. Primary tumor sites were: head and neck region (9
patients), lung 15, alimentary tract 8, breast 5, soft tissue 8, urogenital 4 and 9 patients with
primary tumor site unknown. The toxicity was evaluated using 6 step scale: 0-no skin reaction, 1-faint red mark, 2-distinct red mark, 3-blisters, 4-brown mark, 5-necrosis.Presence of
pain and it's intensity were also analyzed. Diameter of tumor after the treatment was observed.
Results:
Complete response was achieved in 5 patients (8,5%), and partial response in 29 patients
(50%), no response was observed in 12 patients (20%) and progression of tumor in 7 patients
(12%).No skin reaction was observed in 3 patients, faint red mark in 14 patients, distinct red
mark in 28 patients, blisters in 8 patients, brown mark in 4 patients and necrosis in 1 patient.
The pain occurred in 9 patients but it was not the cause of stopping treatment.
Conclusions:
Local superficial hyperthermia combined with low-dose radiation therapy is an effective
method of treatment in a proportion of patients with superficial metastases. This combination
of treatment modalities is well tolerated and is useful for palliation.
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SUPERFICIAL HYPERTHERMIA IN THE TREATMENT OF LOCALLY
RECURENT OR ADVANCED BREAST CANCER - CLINICAL
EXPERIENCES IN PRAGUE, CZECH REPUBLIC
1

Kubes J.1*, Kvech J.1*, Cvek J.2, Vrba J.2*
Institute of Radiation Oncology, University Hospital Bulovka, Na Truhlafce 100, Praha 8
2
Czech Technical University, Faculty of Electrical Engineering, Technicka 2, Praha 6

Introduction:
Superficial hyperthermia in combination with radiotherapy represents very effective local
treatment of locally recurrent breast cancer. We will present a group of patients treated in our
institution since February 2003 to November 2004. The aim of this work is the evaluation of
local response to the treatment in our group of patients.
Material and methods:
Since February 2003 to November 2004 we treated group of 32 women with locally recurrent breast cancer. 24 patients were treated for local recurrence, 5 patients were treated for
supraclavicular lymph node metastasis and 3 patients were treated for locally advanced tumor.
27 patients were evaluable for local response and its duration. Hyperthermia was combined
with radiotherapy. Radiotherapy was done on 6MeV linear accelerator, usually using 2 tangential fields with wedges. Dose of radiotherapy was usually 50 Gy/25 fractions (only in the
cases of reirradiation with large volume we applied 40 Gy/20 fr). Hyperthermia was done
using Lund Hyperthermia System for superficial microwave hyperthermia working on 434
MHz and was applied once a week, 5 to 6 applications during the course of radiotherapy,
mainly immediately after radiotherapy, for 60 min. The temperature was measured using termistor probes superficially, minimally in the six points. We tried to achieve temperatures in
the range from 42 to 43, 5 C, but the actually measured temperatures were limited by the tolerance of patients. The anesthetics were not used.
Results:
We achieved response in 26 from 27 patients. CR on the chest wall or in the supraclavicular
region was achieved in 17 cases, PR in 9 cases and in 1 case was seen only stabilization of
disease. Duration of response was in range from 3 to 24 month, with median of 9 month. We
did not seen any serious side effects resulting from hyperthermia treatment, only in the cases
of reirradiation we observed slower healing of the post irradiation skin reaction.
Conclusion:
Superficial hyperthermia represents useful tool for the potentiation of radiation in the treatment of locally recurrent breast cancer. Complete response is achievable in the majority of
treated patients without additionally side effects. This combined local treatment improved the
quality of life in this group of patients by eliminating the distressing effect of locally progressive disease.
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RELATIONSHIP BETWEEN INTRA-OESOPHAGEAL
TEMPERATURES AND BODY MASS DURING LOCOREGIONAL
HYPERTHERMIA OF OESOPHAGEAL CANCER PATIENTS
Hulshof M.C.C.M.*, Oldenborg S.*, van Stam G.*, van Haaren P.M.A.*,
Geijssen D.*, Crezee J.*
Academical Medical Center of Amsterdam, The Netherlands.
Purpose:
To analyse the relationship between patient's body mass and outer contour, and the intraoesophageal temperatures measured during locoregional hyperthermia (HT) in patients with
oesophageal cancer.
Materials and Methods:
Since August 2003, 28 patients were treated with weekly locoregional hyperthermia sessions
for five weeks in combination with radiochemotherapy. Hyperthermia (HT) was administered
with the 70 MHz AMC 4 waveguide system, for one hour at steady state temperature. Temperatures were measured at tumour location in the oesophageal lumen, using 1 cm spacing
multisensor thermocouple probes. Steady state temperature levels were expressed in terms of
T90 (minimal temperature), T50 (average temperature) and T10 (maximal temperature) and
averaged over the five weekly HT sessions. These average temperatures were correlated with
patients body mass as well as with patients dorsoventral (AP) and lateral (LAT) diameter at
tumour level as measured on a CT-scan in treatment position.
Results:
All temperatures (T90, T50 and T10) were inversely correlated with AP and LAT diameters
as well as with body mass. The strongest correlations were found between T90 and lateral
diameter (R=0.66) and body mass (R=0.70).
Correlations (R)

T90

T50

T10

AP

0.35

0.39

0.41

LAT

0.66

0.62

0.55

Mass

0.70

0.67

0.59

An increase in lateral diameter from 28 to 42 cm yields a decrease in temperature of -1.5 °C;
an increase in body mass from 50 to 120 kg yields a decrease in temperature of ~ 1.5-2 °C.
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Conclusion:
We found a clear inverse relation between intra-oesophageal temperatures during locoregional hyperthermia and patients outer contour parameters. These findings could be of influence on inclusion criteria for new studies on intrathoracic hyperthermia.
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POSSIBILITIES OF INTERSTITIAL AND LOCAL HYPERTHERMIA OF
THE UPPERGASTROINTESTINAL TRACT IN A PATIENT WITH OROLARYNGEAL TUMOR
Rigler M.Y., Hoenigmann A.**, Puchinger M.*, Rehak P.H.*,
Mischinger H.J., Kohek P.
Department of Surgery, Division of General Surgery, * Unit for Medical Engineering and
Computing, Medical University of Graz, ** Barmherzige Bruder Hospital, Vienna
Purpose:
The division for General Surgery at the Karl Franzens University in Graz, Austria, is the only
institution in Austria offering interstitial hyperthermia as an alternative or additional therapy
for patients with advanced malignancies. It has been shown in experimental and clinical studies that interstitial hyperthermia is an effective method of killing malignant rumor cells. Here
we present a patient suffering from a late stage carcinoma of the tongue. Since resection of
the tongue and consecutive interposition of small intestine was considered the only therapeutical option at that stage of disease, we used interstitial hyperthermia in order to reduce tumor
size.
Methods:
In this patient diagnosis was confirmed by histopathological assessment. Tumor size and
structure was determined by spiral and hyperplan computer tomography. After introducing
and positioning of thermometry probes hyperthermia was prescribed for four times using a
BDS 2000 system (BDS Medical Corporation, Salt Lake City, UT, USA), while intravenous
chemotherapy with taxotere and cisplatin was simultaneously applied.
Results:
For this patient, the combination of interstitial hyperthermia and intravenous chemotherapy
resulted in a significant reduction of tumor size. Therefore, a consecutive resection of only a
small part of the posterior third of the tongue was now possible.
Conclusion:
Interstitial Hyperthermia in combination with intravenous chemotherapy can be successfully
used to reduce tumor size in advanced branchiogenic carcinoma. Therefore small resection of
a circumscribed tumor rather than a large and mutilating operation might become possible.
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HYPERTHERMIA AND CHEMOTHERAPY AS A TREATMENT
OPTIMISATION IN NOT OPERABLE LIVER TUMORS
Pigliucci G.M., De Chicchis M., Castigliani G., Assogna M., Ricci R., Gargano L.,
Ielapi T.*, Franchi F.*
Department of Clinical Hyperthermia University of Rome ," TorVergata"
""Department of Clinical Medicine, University of Rome, " La Sapienza "
Introduction
Hyperthermia (HT) exerts a well know anticancer effect throug several biological mechanisms,
such as apoptosis induction, immunological enhancement and, when it is employed together
with anticancer agents, potentiation of drug activity. Due to this latter property, an attempt to (a)
overcame drug resistance and/or (b) achieve clinical result with reduced, less toxic doses of cytotoxic drug can be planned by combined treatment with HT and chemotherapy (CHT).
Aim of the Study
We evaluted the efficacy of a capacitive HT+CHT combination in primary end secondary
tumor of the liver. Twenty five patients, aged 40 to 84 yrs, presenting liver metastases from
gastrointestinal (colon-rectum, stomach or pancreas) tumors and 10 patients with primary
hepatocarcinoma were treated with a combination of capacitive HT and standard protocols of
CHT; their overall survival (OS) was evaluated at 12, 18 and 24 months.
Materials and Methods
Patient enrolled in this study with a diagnosis of secondary hepatic tumors were not operable
and exhibited a partial drug resistance due to CHT pretreatments (1-2 lines); patients with
hepatocarcinoma also had been previously treated by current procedures (surgery, chemioembolitation). Ten patients had been treated with termoablation through interstitial HT. All patients underwent three courses of capacitive HT with rest intervals of 30-60 days. Every
course incluted 8-10 HT sessions (45-60 minute) using a radiofrequency generator of 13,56
Mhz. In parallel, patients received CHT cycles as follows: hepatic secondaries were treated
with FOLFOX or FOLFIRI regimen (colorectal origin) or with ECF (gastric origin) or with
Oxaliplatin (pancreatic origin); patients with hepatocarcinoma wer treated with 5-FU monochemotherapy according to usual schedules (Mayo Clinic, Rooswell park). In all cases drug
doses were reduced of 20%.
Toxicity
No relevant hematologic or extrahematologic (grade III or IV) toxicity were observed. Few
patients complained of not relevant side effect due to HT (local pain or burning) that were not
of obstacle in carrying out the treatment.
Results
Mean OS of patients were 70%, 65% and 48% at 12, 18 and 24 months, respectively. In our
hands historical controls showed corresponding OS of 52%, 47% and 25% respectively.
Conclusions
In Italy capacitive HT is officially recognized by public health service (code 99.85 of DRG for
therapeutic procedures). We experienced a good OS in patients with hepatic, primary or secondary tumor when treatment with HT and CTH was associated. Crude patient survival appears of
greater interest in view of the maintenance of good quality of life (HT exerts palliative effects of
on pain and bleddings) and low toxicity. As it was observed by us in a separate study, this
treatment modality, given together with "metronomic" CHT, could be an issue of choice in far
advanced cancer patients in which aggressive CHT is not indicated. Nevertheless we hold that
HT should be combined with CHT even in the first plan of treatment with CHT naive patients.
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DEEP RF-HYPERTHERMIA: AN EFFECTIVE TREATMENT
OF ADVANCED GLIOMAS
Sahinbas* H., Gronemeyer D.H.W.
University of Witten/Herdecke, Institute for Radiology and MicroTherapie, Bochum, Germany
Introduction:
Contrary to the enormous efforts, results of conventional treatments of high-grade malignant
gliomas are unsatisfactory. The prognosis of that tumour type is poor, its overall median survival time (MST) less than a year (l2'5-6'8). Most of the cases are inoperable or only partially
resectable, and their response to the various chemotherapies and/or radiotherapy is poor. The
chemo-therapies which are successful for other locations often fail due to the effective brainblood barrier (BBB) (9). Probably the modification of the BBB by electromagnetic fields together with the direct electromagnetic-field heating"2' are the main factors for the success of
electro-hyperthermia.
Objectives:
Primary aim of this study was to present the therapy tolerance for patients of electrohyperthermia (EHY) for advanced malignant gliomas and as main intention to show the increase of the median survival time (MST).
Methods & Patients:
Our study was performed between 2000 - 2004; for patients with inoperable, partially resected or recurrent gliomas (WHO grade III and IV) with progression after radio- and/or
chemotherapy and a Karnofsky Performance Score <30-40%.
105 pts were involved in this study: 38 astrocytoma pts, 56 glioblastoma pts and 12 pts with
other brain malignances. All patients were heavily and unsatisfactory pretreated. EHY was
applied over 4 weeks, 3 time a week over 1 hour in average by 1 OOWatt, as mono- or combined therapy (chemotherapy, irradiation therapy)(5'6'7'10'"I The set of patients as well as the
frequency of EHY was well documented for future evaluations.
Results:
The historic reference of the MST from the first diagnosis for gliomas grade III and IV in our
Institute is 11.42 months (range 1-62), which is in good agreement with the relevant literature
(1,2,5,6,8)

The median survival time (MST) < 1 2 I 3 ) in our Institut with EHY increases to 44.2m, 23.2m
and 61.0m for astrocytoma, glioblastoma and other brain malignancies, respectively. The
therapy results were controlled by MRI images.

Summary and Conclusions:
EHY is a feasible treatment for advanced inoperable malignant brain tumors. In a few cases
partial remission and/or significant retardation of tumor growth was shown, the survival MST
was considerable increased for patients treated with hyperthermia as adjuvant therapy. The
applied hyperthermia-treatment was well tolerated by the patients even in advanced tumor
stages.

101

Poster

AT0600076

STEREOTACTIC TECHNIQUE OF RF ANTENNA IMPLANTATION
FOR BRAIN HYPERTHERMIA
Takahashi H., Uzuka T., Grinev I., Tanaka R.
Department of Neurosurgery, Brain Research Insitute, Niigata University
1-757 Asahimachi-dori, 951-8585 Niigata, Japan
e-mail: takahash-niifajumin.ac.jp
Purpose

We have tried 13.56MHz RF interstitial hyperthermia for the patients with malignant brain
tumor. The purpose of this report is to assess the complication risk rate and the achievement
yieald of stereotactic procedure for RF antenna implantation into the deep-seated brain tumor.
Material and Method
One hundred and twenty-five patients underwent 144 stereotactic RF antenna implantation
procedures for interstitial hyperthermia for malignant brain tumors at Niigata University, Japan. One hundred and eight patients had malignant gliomas (54 primary, 54 recurrent), 24 had
metastatic tumors, 5 had malignant lymphomas, 5 had meningiomas and 2 had miscellaneous
tumors. Indicaton of this trial was the tumor with inoperative deep-seated tumor or elderly
patients. RF antennas and catheters for thermistor probes were set into the tumor with stereotactic apparatus under local anesthesia. Postoperative CT scan underwent in order to assess
the accuracy of antenna setting and to check the complications.
Result
The hyperthermic treatment underwent with a single antenna in 85 patients, 2 antennas in 43
patients , 3 in 2, 4 in 12, 5 in 1 and 6 antennas in 1 patient. Appropriate RF antenna positioning was obtained in 138 of 144 procedures (95.8%). Six patients incurred complications
(4.2%). Three patients suffered intratumoral hemorrhage. RF antennas were set into the inappropriate position in 2 cases, hyperthermia was not acchieved. One patient occurred with
liquorrhea.
Conclusion
However six patients (4.2%) incurred complications, stereotactic RF antenna setting was a
safe and reliable technique of the hyperthermic treatment for the patients with malignant brain
tumors.
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WHOLE-BODY HYPERTHERMIA FOR TREATMENT OF PATIENTS
WITH DESSIMINATED TUMOURS - PHASE II.
Kurpeshev O.K., Tsyb A.F., Mardynsky Y.S.
Medical Radiological research Center of Russian Academy of Medical Sciences,
Obninsk, Russia
Materials & Methods
Whole body hyperthermia combined with chemotherapy was administered by heat device
"Yakhta 5 " (13,56 MFu). Each of 42 patients with dessiminated breast cancer, malignant
lymphomas, lung, ovarian, stomach cancer, melanoma were treated with 1-4 procedures of
whole body hyperthermia (total number -86) with 2 weeks - 6 months intervals. Temperature
of heating was monitored by thermoresistors and fibre optic thermal sensors located on tympanic membrane, in oesophagus and in rectum.
The main indicator of extent of heating was temperature in rectum, at the phase of plateau it
fluctuated from 41.°C to 42.3 °C during 60-100 minutes. 38 patients got 3-18 courses of polychemotherapy (4.5 on average) had clinically ascertained chemoresistant tumors.
Results
Results showed chemotherapy with whole body hyperthermia a best method for treatment of
patients with dessiminated cancer. Complete or partial regression of metastases was evidence
of that statement. If the patients could get 2-3 courses of whole body hyperthermia in combination with chemotherapy duration of remission increased considerably.
Hodgkin's lymphoma appeared to be most sensitive to treatment with whole body hyperthermia in combination with chemotherapy compared with metastases in patients with ovarian
cancer and breast cancer. In 35 patients (83%) with metastases to bones pain syndrome was
reduced, after of one session of WBHT pain-free period lasted from 3 weeks to 3 months.
Effectiveness of treatment with hyperthermia in combination with chemotherapy depended
on variety of factors: initial patient's status, time interval between courses of hyperthermia,
temperature and duration of its keeping at the same level in particular.
Conclusion
Whole body hyperthermia enhance effectiveness of chemotherapy of different tumours and of
them metastases.
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ANTITUMOR EFFECT OF THE NANOPARTICLES HEATED BY THE
PULSED LASER RADIATION
Koean B.Ya.', Ostrovskaya L.A.2, Bluchterova N.V.2, Fomina M.M.2, Rykova V.A.2,
Titov A.A.3, Vorozhtsov G.N.1
1
Organic Intermediates and Dyes Institute, Moscow, Russia;2 Biochemical Physics Institute,
Moscow, Russia;3 Chemical Physics Institute, Moscow, Russia.
e-mail: fotonikaffljco.ru
The light-absorbing nanoparticles included in a tissue can be heated by short-pulsed laser
irradiation up to several thousand K. But the average temperature of the tissue can be kept
near the normal level if the concentration of particles and the frequency of pulses are low
rather. The antitumor effect of such "microexplosions" of nanoparticles against some animal
tumor systems have been studied.
Colon adenocarcinoma (BALB/c mice), Lewis lung carcinoma (BDF1 mice) and ascite leukemia P-388 (BDF1 mice) were used as experimental tumor models. The aqueous suspension
of carbon black nanoparticles (average size of about 200 nm) was injected intravenously (i.v.)
in the dosage level of 10 - 100 mg/kg (in cases of solid tumors) or intraperitoneal (i.p.) in the
dose of 1 mg/kg (in case of ascite leukemia). Further the tumors were irradiated by the Qswitched Nd:YAG laser (wavelength of 1.06 |u.m, pulse duration of about 10 ns, pulse energy
up to 0.9 J.). Hair on the site of irradiation was removed previously. Procedure of the beam
scanning has been used if the light stain square was lesser than the square of the tumor.
Kinetics of tumor growth for treated and control animals was compared. Some examples are
presented below.
Growth inhibition of colon adenocarcinoma as a result of the animal treatment by laser irradiation just after administration of nanoparticles (50 mg/kg, i.v.) on the 10th day after tumor
transplantation is shown in Fig. 1. The pulse energy was of 0.3 J, total fluence - 200 J/CITT.
Every point in Fig. 1 is the average weight of three tumor excised.
T umor weigh t, g
3

17

21

Days postimplant

Fig. 1 - The effectiveness of the short-pulsed laser irradiation with nanoparticles (50 mg/kg,
i.v.) against colon adenocarcinoma in mice. 1 - control; 2 - after irradiation.
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Growth inhibition of Lewis lung carcinoma as a result of irradiation just after administration
of nanoparticles (10 mg/kg, i.v.) on 5th day after transplantation is shown in Fig. 2. The
irradiation conditions are the same as in the previous case.
Tumor volume, cm
7

Fig. 2 - The effectiveness of the short-pulsed laser irradiation with nanoparticles (10 mg/kg,
i.v.) against Lewis lung carcinoma in mice. 1 - control; 2 - after irradiation.
Data presented in Fig. 3 illustrate the antitumor effect of laser irradiation with nanoparticles
(lmg/kg, i.p.) against P-388 leukemia. Peritoneal cavity of animals was irradiated transcutaneously next day after rumor transplantation. The light stain square was of about 2 cm", pulse
energy - 0.9 J, total fluence - 100 J/cm2.
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Fig. 3 - The effectiveness of the short-pulsed laser irradiation with nanoparticles (1 mg/kg,
i.v.) against ascite leukemia P-388 in mice. 1 - control; 2 - after irradiation.
Pharmacokinetics of carbon black nanoparticles in blood as well as their toxicity for mice also
was tested. Possible mechanisms of studied effects are considered.
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CHAPERONE RICH CELL LYSATES (CRCL) AS HUMAN ANTI
TUMOUR VACCINES?
Bleifuss E.1, Thompson S.2, Milani V.*3, Graner M.4, Noessner E.*1,
Katsanis E.2, Issels R.*3
1
GSF, Institute of Molecular Immunology, Munich Germany
2
University Medical Center, Department of Pediatrics, Tucson USA
3
Clinical Cooperation Group of Hyperthermia, GSF, Munich Germany
4
Duke University, Department of Pathology, Durham USA
Introduction
Recently a free solution / isoelectric focusing technique (FS-IEF) was described to obtain
fractions rich in multiple chaperone proteins from in vivo grown rumours and from cultured
tumour cells. The main known immunostimulating components of chaperone rich cell iysate
(CRCL) are the chaperones hsp70, hsp90, calreticulin and grp94. The heat shock proteins are
found to be associated in high molecular complexes with other proteins and peptides. CRCL
isolated from different rumours stimulated specific cytotoxic T-cell and CD4+ T-cell mediated
immune responses and had anti-rumour effects in murine model systems.
Aim of the project
In this research project the immune stimulating effect of CRCL will be evaluated in human
tumour model systems. The studies will be to clarify if human tumour derived CRCL can
function as an effective anti cancer vaccines in immunotherapy.
Material and methods
A) Preparation technique of CRCL derived from human tumours and rumour cell lines via FSIEF will be established.
Briefly, tumours / tumour cell lines are homogenized at 4°C in a motor-driven glass homogenizer using buffer with low ionic strength and detergents. For FS-IEF a mix of homogenate,
urea, ampholytes and detergents is prepared and FS-IEF is carried out in a Rotofor device
(Bio Rad Laboratories, USA) (4°C, 5h at 15 W constant power). Twenty fractions are harvested. The pH value of each fraction is determined and protein composition is analyzed via
SDS-PAGE and Western blotting. Fractions which contain all four of the major chaperones
(grp94/gp96, hsp90, hsp70, calreticulin) are pooled and dialyzed (removal of urea). Afterwards the concentrated protein solution is passed onto an Extracti-gel D column (Pierce,
USA) to remove detergents. CRCL is biochemically characterized (e.g. protein content, protein composition, endotoxin level, cytotoxicity).
B) For functional studies, the immune stimulating effect of CRCL will be determined in a
human melanoma in vitro system (cross presentation assay).
CRCL of human melanoma cell lines (tyrosinase positive 6.24-38 MEL and tyrosinase negative A375 cells) have been isolated. Dendritic cells (DCs) derived from CD14+ monocytic
precursors are generated in IL-4 and GM-CSF containing medium. At day 7, immature DCs
are pulsed with CRCL in a concentration and time-dependent manner. Pulsed DCs are induced to mature by addition of a cocktail of TNF-a, IL-1B, PGE2 and IL-6 for 24 h. Cytotoxic
T-cell clones, specific for melanoma antigens (e.g. tyrosinase, Mart-1), are then cocultivated
with pulsed and matured DCs for an additional 24 h. Specific stimulation is measured by
IFNy production.
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HEAT SHOCK-INDUCED GENE EXPRESSION IN SARCOMA CELLS
Tschoep K.1'2, Frankenberger B.3, Hammer D.1'2, Noessner E.3,
Kohlmann A.', Issels R.1'2
1
Department of Internal Medicine III, University Hospital Grosshadern, LudwigMaximilians-University'2 Clinical Cooperation Group Hyperthermia, GSF-National Research
Center for Environment and Health, Munich, Germany;3 Institute of Molecular Immunology,
GSF-National Research Center for Environment and Health, Munich, Germany
Background:
The overall benefit of hyperthermia in combination with chemotherapy has been demonstrated in several clinical trials enrolling patients with soft-tissue sarcoma and other solid tumors showing prolonged disease free survival and local tumor control with tolerable toxicity.
However, molecular mechanisms underlying anti-tumoral effects of hyperthermia are not entirely understood. The in vivo studies in mice described mechanism of increased sensitivity of
tumor cells against effector cells and enhanced ability of T cells to become activated upon
heat exposure is currently a focus of further investigations. Here, we aimed at acquiring new
insights into altered heat-induced gene expression in tumor cells by use of real time RT-PCR
and oligonucleotide microarray technology.
Methods:
Human Ewing's sarcoma cells (RD-ES) were exposed to 41.8°C for 2 hours as well as 44°C
for 30 minutes. Treatment modalities were chosen in order to achieve an equal survival fraction of cells. Control cells were incubated at 37°C. Kinetics of protein expression of hsp70, as a
thermo sensitive marker for the heat shock response, was assessed by western blot analysis.
The constitutively expressed hsc70 served as internal control. For four heat shock proteins
kinetics of mRNA levels were monitored by real time RT-PCR. Subsequently cRNA of cells
6 hours after treatment with 44°C and control cells kept at 37°C was synthesized using total
RNA of lysed cells and hybridised onto oligonucleotide microarrays (HG-U95Av2; Affymetrix) to assess expression levels of more than 3.000 genes.
Results:
Using human Ewing's sarcoma cell line RD-ES we could show increased mRNA levels for
hsp70, 110 and 40 despite unaltered hsp60 levels after treatment with two different temperatures. Hsp70 and 40 showed a peak expression as early as 1 hour after exposure to 41.8°C and
4 hours after 44°C treatment. Whereas maximal hspllO RNA levels were detected 4 hours
after 41,8°C and 6 hours after 44°C treatment. This was followed by a peak protein expression of hsp70 in 41°C-treated cells after 8 hours and 44°C-treated cells after 15 hours of recovery.
Next, for 44°C- and 37°C-treated cells the gene expression profile was analysed 6 hours after
treatment (HG-U95Av2 microarrays, Affymetrix). In total, we identified 315 heat-induced
transcripts and 101 downregulated genes in the heat-treated versus untreated cell population.
Data confirmed the increased RNA levels of heat shock proteins as assessed by real time RTPCR. Upregulated genes included heat shock proteins, transcriptional factors, IL-6, IL-2inducible T cell kinase, minor histocompatibility antigen HA-1, matrix metalloproteinases, or
regulators of apoptosis and cell cycle.
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CYTOTOXICAL PRODUCTS FORMATION ON THE NANOPARTICLES
HEATED BY THE PULSED LASER RADIATION
Kogan B.Ya.1, Titov A.A.2, Rakitin V.Yu.3, Vorozhtsov G.N.\ Kuzmin S.G.1
1
Organic Intermediates and Dyes Institute, Moscow, Russia; 2 Chemical Physics Institute,
Moscow, Russia;3 Institute of Plant Physiology, Moscow, Russia.
E-mail: fotonika(q)co.ru
The light-absorbing nanoparticles included in a tissue can be heated by short-pulsed laser irradiation
up to several thousand K. Hence thermochemical reactions can proceed near nanoparticles although
the average temperature of the tissue can be kept near the normal level if the concentration of particles
is low rather. Some products of these reactions can be cytotoxic and have antitumor effect. Gaseous
products formed during irradiation of suspension of nanoparticles were analyzed. Death of ascite leukemia P-388 cells in presence of suspension irradiated have been studied in vitro.
Aqueous suspensions of carbon black nanoparticles and colloidal graphite in leakproof test
tubes were irradiated by the Q-switched Nd:YAG laser (wavelength of 1.06 |im, pulse duration of about 10 ns, pulse energy of 0.25 or 0.7 J, total pulses number of 3000 or 600).
Methane, ethylene and acetylene in reaction vessels atmosphere were determined by gas
chromatograph with flame ionization detector and Chromosorb 108 (80-100 mesh) 2m * 2mm
column at 60° C with helium carrier gas flow rate 40, hydrogen 20 and air 200 ml/min. Carbon monoxide, oxygen, nitrogen were separated on molecular sieve 5A (60 - 80 mesh) 1.5 m
* 4mm column, carbon dioxide and air on Chromosorb 108 (80 -100 mesh) 1, 5 m * 4 mm
column with helium carrier gas flow rate 40 ml/min at column and thermal conductivity detector temperature 70° C. Carbon oxide is principal gaseous product formed during irradiation. Effectiveness of its formation is about 1 fil/J. Carbon dioxide, methane, ethylene and
acetylene were found in much less quantities.
Carbon oxide is known as cytotoxical substance which passivates number of enzymes. Formation of nongaseous or high water-soluble cytotoxical products (f. e. aldehydes) is possible
as well.
Ascite tumor cells of mice lymphoma P 388 were used for the experiments in vitro. Dye tripan dark blue penetrate only into dead cells. That allows registering death cells in dynamics.
The suspensions of carbon black nanoparticles (average size of about 200 nm) in physiological solution were irradiated by the Q-switched Nd:YAG laser (pulse energy of 0.2 J, total
pulses number of about 4000). Kinetics of death of cells after addition of supernatant liquid
from suspension irradiated is shown in Table.
Variants of experience
The control (physiological solution + cells)
Supernatant liquid from the carbon black suspension
irradiated in physiological solution (0.02 mg/ml)
Supernatant liquid from the carbon black suspension
irradiated in physiological solution (0.2 mg/ml)
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Number of dead cells, %
lh
2h ]
3h
4.3
10
11.8
49.3
65.1
77.6
50.6
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PRELIMINARY INVESTIGATION OF A MICROBUBBLE GEL
PHANTOM FOR TEMPERATURE FIELD MONITORING IN
ONCOLOGICAL HYPERTHERMIA
Napoleone F., Pastore G., Cavalli R., Guiot C , Gabriele P.*
Dip Neuroscienze, University of Torino, Italy and IRCC, Candiolo (TO), Italy
Treatment planning requires an accurate investigation of the thermal field induced by the hypertermic equipment. This is normally pursued by means of tissue-equivalent phantoms, on
which both direct measurements (i.e. by inserting temperature probes) or indirect measurements (based, for instance, on colorimetric techniques or liquid crystals insertion, see Marini
et al, Comput Biol & Med, 34:3-13, 2004 ). Among the several possible indirect approaches,
we are investigating the possibility of monitoring US contrast agents backscattering by means
of a US imager. The rationale of such a proposal is based on the fact that gaseous microbubbles are sensitive to temperature, and the image intensity obtained following US insonation
varies accordingly ( see Guiot et al, Ultrasonics, 42:927-930, 2004).
Phantoms of dimension 25 x 10 x 13 cm are obtained by adding to 2.125 1 of saline 320 g di
Natrosol , heating up to 60 °C , stirring and finally pouring a commercial Contrast agent
(Sonovue ® Bracco) or chitosan microbubbles containing alternatively CO2 or O2 . After the
insertion of 3 temperature probes within the phantom, 2 capacitive antennas of proper dimensions are positioned at the 10 x 13 cm edge and heating is started according to our clinical
protocol (equipment SYNCROTHERM ,DueR, Pavia, Italy).
A Ultrasonic convex probe positioned on the upper surface scans throughout the heating
phase the phantom planes (parallel to the antennas) in which the temperature probes were
previously inserted (EsaTune Technos MPX ,ESAOTE Spa, Italy).
Finally, the local image intensity is assessed by using the dedicate SW Timelntensity &Lab
(ESAOTE Spa, Italy) and related to the actual temperature measured by the thermoprobes.
Although the spatial and the temperature resolutions of the measurements are at the moment
still unsatisfactory for clinical applications, this original approach seems feasible and may be
further improved by optimizing the concentration of the microbubbles in the gel and the phantom omogeneity.
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EVALUATION OF MICROWAVE APPLICATORS FOR MEDICAL
APPLICATIONS
Vrba* J., Herza J., Oppl L. Kvech J.*, Kubes J*.
Czech Technical University, EM Field, Technicka 2, Prague, Czech Rep.,
* Institute of Radiation Oncology in Prague, Na Truhlafce 100, Prague 8, Czech Republic
email: Vrba@feld.cvut.cz
Abstract
Paper deals with our new results in the field of waveguide and intracavitary applicators used
for microwave thermotherapy, like e.g. cancer treatment, physiotherapy, benign prostatic hyperplasia (BPH) treatment, etc.
Evaluation of Microwave Applicators
Evaluation of hyperthermia applicators in the water phantom means to measure the electromagnetic field power distribution in front of the aperture of this applicator. The E-field distribution can be measured by the dipole antenna. The length of this antenna must be smaller
then k/4 (k is the wavelength of measured field in this media). The voltage induced in this
antenna supply the LED. The optical signal from the LED is leaded by the optical fiber outside the phantom to the optical detector. The scheme of the described system for microwave
applicators evaluation is shown in the figure 1.
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Power
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Optcal
fiber

Optical detector

n

// ? I

n

/
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Applicator

/

j

/

/
Water phantom ol the biological tissue

Fig. 1. Apparatus for evaluation of applicators.
The output voltage from the optical detector is measured by the voltmeter or is converted by
the ADC to the digital form and processed by the computer.
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This research is supported by Czech Research Programme: ,,Transdisciplinary Research in the
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,,Microwave Imaging for Biomedical Applications" (102/05/0959).

110

Physics

Poster

,,LED" PROBE FOR NEAR FIELD ,,SAR" EVALUATION
Herza, J., Vrba*, J.
Czech Technical University in Prague, Department of Electromagnetic Field,
Technicka 2, 166 27, Czech Republic
Phone: +420 2 2435 2271, E-mail: xherza@fel.cvut.cz
Summary:
My paper is focused on the design and evaluation of the LED probes for measurements of EM
field power in the so called near field area. We use these probes mainly for evaluation of microwave applicators in the water phantom of the biological tissue.
Design of LED probe (basic principles):
For the design of LED probes we had to consider special conditions. The probe itself should
have minimally influence on the measured EM field pattern, The dynamic range should be as
large as possible and the probe have to be very sensitive. The discussed probes have to be
resistant against the corrosive solution in the water phantom of the biological tissue.
LED probe configuration:
The longitudinal section of the LED probe is shown in the figure 1. The accuracy of EM field
measurement depends on the length of the probe leads (acting as elementary dipole antenna)
and on the types of all other construction components. The main criteria we use for the choice
of optical and other components is to obtain minimum interaction with the measured EM
field.
Dipole
antenna
Plastic coupler

Fiber
cladding

Antiparallel
Schottky
diode

3 mm
Dipole
antenna

Fig. 1. The Longitudinal section of the probe
Second important criteria is to optimize LED probes for its maximum dynamic range and for
best possible sensitivity.
Literature:
[1] Herza,J.: Evaluation of microwave applicators. Diploma thesis, CTU, Prague 2002
[2] Vrba, J., Lapes,M.: Microwave applicators for medical purposes. CTU Press, Prague 1995
[3] Trzazska, H.: Electromagnetic measurement in the near field. Noble Publishing, 2001
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MICROWAVE APPLICATORS:APPERTURE AND WATER BOLUS

RESONANCES
Vrba* J., Cvek J., Kvech J.*, Kubes J.*
Czech Technical University, EM Field, Technicka 2, Prague, Czech Rep.
* Institute of Radiation Oncology in Prague, Na Truhlafce 100, Prague 8, Czech Republic
email: Vrba@feld.cvut.cz
Abstract
Paper deals with our new results in the field of external local applicators used for microwave
thermotherapy, like e.g. cancer treatment, physiotherapy, etc.
Introduction
In our contribution we describe external local applicators working at 70, 434 and 2450 MHz.
These applicators were used here in Prague for the treatment of more then 500 cancer patients
with superficial or subcutaneous tumors (up to the depth of approximately 6 cm).
Local External Applicators
Waveguide type applicators and various types of horns are often used in the local external
hyperthermia treatment of cancer and other modifications of microwave thermotherapy as
they offer very advantageous properties, above all:
- depth of penetration of the EM energy approaching the ideal case of plane wave,
- low irradiation of the energy in the vicinity of the hyperthermia apparatus,
- very good impedance matching, i.e. perfect energy transfer to the biological tissue.
We have studied waveguide applicators heating pattern for the aperture excitation at above
and at under the cut-off frequency. It has helped us to get analytical approximations of the
electromagnetic field distribution in the treated area of the biological tissue. In the Fig. 1.
there is one of very important results - diagram showing the theoretical depth of heating d as
a function of the used frequency f and of the aperture diameter D of the applicator. The most
important results for the effective heating depth d can be characterised as follows:
- at high frequencies (above approx. 1000 MHz) the depth of effective heating d is above all a
function of frequency f (skin effect),
- bellow approx. 100 MHz d is the dominantly function of the diameter D of applicator aperture (d = 0.386 D).

D= 14)0 mtn
D = 10j0 mjn.

2000
5000
> f (MHz)

10000

Fig. 1. Effective depth of heating d for external applicator with respect to frequency f [MHz]
and diameter of aperture D [mm].
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Another of our research interests is to study what happens, when the frequency / of hyperthermia apparatus is either very different (much higher or much lower) from the cut-off frequency/ of the used waveguide applicator or very near (even equal) to this cut-off frequency
/ . This happen when either the hyperthermia apparatus is tunable in broader frequency range
or the cut-off frequency / of the applicator is changed by different dielectric parameters of
various types of biological tissues near to heated locality.
Let us take into account the area of biological tissue surrounded by electric and magnetic
walls. Then the hybrid waveguide mode HEn (i.e. the lowest possible one) can be defined and
excited in the biological tissue in front of applicator aperture (it is a linear superposition of
the modes TEn and TMn). Higher order modes can be suppressed by the design of the applicator. Following 3 cases describe the change of the S AR in front of the applicator aperture as
a function of working frequency/of the hyperthermia apparatus with respect to t h e / :
if there is enough big difference between/and/ , then homogeneous heating of the
treated area can be expected - see Fig. 2a+b.
if the both frequencies are very near each to other (difference between/and/ is going
down), then overheating (hot-spots) out of the treated area can arise - see Fig. 2c.

MA

b)
c)
Fig. 2. Calculated SAR in the waveguide aperture.

Conclusions
Microwave thermotherapy is successfully applied in clinics in the Czech Republic. Technical
support is at present from the Czech Technical University in Prague. Our goal for the next
technical development is:
• improve the theory of the local and intracavitary applicator design and optimisation,
• innovate the system for the applicator evaluation (mathematical modelling and measurements)
References
[!] Franconi, C , Vrba, J., Montecchia, F.: "27 MHz Hybrid Evanescent-Mode Applicator".
Int. J. Hyperthermia, 1993, Vol. 9., No. 5., pp. 655 - 674
[2] Vrba, J. ,Franconi, C: "Evanescent-Mode Applicators for Subcutaneous Hyperthermia'MEEE Trans.on BME, Vol.40, No5, May 1993, pp.397-407
Acknowledgement: This research is supported by Czech Research Programme: ,,Transdisciplinary Research in the Area of Biomedical Engineering II" and by Grant Agency of the
Czech Republic, project: ,,Microwave Imaging for Biomedical Applications" (102/05/0959).
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THEORETICAL INVESTIGATION INTO THE FEASIBILITY TO
DEPOSIT RF ENERGY CENTRALLY IN THE HEAD AND NECK
REGION

3

Paulides M.M.* *, Vossen S.H.J.A.n, Zwamborn A.P.M."n, Van Rhoon G.C.**
* Erasmus MC - Daniel den Hoed Cancer Center, Rotterdam, The Netherlands
The Netherlands Organisation for Applied Scientific Research, Physics and Electronics
Laboratory (TNO-FEL), The Hague, The Netherlands
"Eindhoven University of Technology (TU/e), Eindhoven, the Netherlands

Purpose
Investigation of the ability to deposit RF-energy centrally in the neck as a function of antenna
positions, number of antennas and operating frequency.
Methods and Materials
Power absorption (PA) distributions in a realistic model of the head and neck anatomy are
calculated, where the head model is irradiated by an array of dipole antennas. The relative PA
distributions corresponding to different set-ups are visualised and analysed using the ratio of
the average PA (aPA) in the target and neck region:

y
r, L

.•

aPA ratio =

target volume

Z
neck volume

PA(x,y,z)
' target volume

—fPA(x,y,z)
M
* neck volume

Results
Both the PA distributions and aPA ratios indicate an optimal focussing ability of the set-ups,
i.e. the ability to direct energy efficiently into the target region, between 400 and 600 MHz
(Figure 1). In this frequency band the focussing ability depends only moderately on the size
of the neck. Finally it is found that the focussing ability at 433 MHz is increased significantly
by increasing the number of antenna elements.

To whom correspondence should be addressed (E-mail: M.Paulides@ErasmusMC.nl)
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144
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Figure 1: aPA ratio values calculated with FDTD as a function of
frequency for different target volume sizes. aPA = 1, i.e. the
average PA in target and neck volume are equal, is indicated.

Conclusions
The optimal frequency is found to be highly dependent on the size of the target volume thus a
single optimum is hard to define. However, future clinical research will focus on 433 MHz
based upon the optimal range of frequencies, as found in this study.
Acknowledgement
This work is supported by the Dutch Cancer Society, grant no. DDHK 2003-2855

115

Index of Authors

Name

Page(s)

Name

Page(s)

F

A
Abdel-Rahman, S.

9,21

Fahn. W.

9

Aril. !•'.

69

Fatehi, D.

62.93

Arthur, R.M.

87

Felix, R.

10, 53

Assogna, M.

100

Feussner, A.

10. 11.29

Avcrkin, AN.

51

Fichtner, 1.

69

Figiel, R.

53

B
Bakkcr, C.T.G

85

Fiorentini. G.

79

Balzer, S.

25

Flyckt, V.M.M.

49

Bartels, L.W.

85

Fomina, M.M.

104

Bel, A.

14

Franchi, F.

100

Bcrnardcschi, P

79

Franchi. M.

95

Bcrnbeck, B.

25

Frankenberger. B.

107

Bcnonasco, D.

44

Froyslein, T.

7

Blcifuss, !•:.

106

Fulschik, G.

21

Hluchterova. N.V.

104

G

Boskovic, li.

85

Gabbani, M.

4. 94. 95

Bniun, S.

9

Gabriele, P.

109

Bubnovskaya, L.

83

Gargano, L.

100

Geijsen, D.E.

26. 38. 98

C
C'assandrini, P.

95

Gellermann. J.

6.31. 53

Castigliani. G.

100

Gelvich, E.A.

18

Cavalli, R.

109

Gin, M.G.

94

Cerwenka, H.

78

Giudici, S.

95

Chavannos, N.

40, 47, 56

Gneveckow, U.

10. 1 1.29. 73

Chierego, G.

94

Gobel. U.

25

Cho, C.

6,29,

Goke, J.

53

Crezee, J.

12, 14,26, 34. 36,38,60.64,98

Grandinetti, A.

4

Cvek, J.

97. 112

Graner, M.

106

Grinev, I.

102

D'Ambrosio, V.

44

Griso, C

95

D'Amico, A.

94

Gronemeyer. D.H.W.

101

Dahl, ().

7

Guiot, C.

109

Dall'Oglio. S.

4,22

Gumenjuk, L.

83

Do Bruijnc. M.

40, 58, 62

H

Dc Chicchis, M.

100

Hammer, D.

107

De Giorgi, U.

79

Haveman, J.

27.70

De Lecuw, A.A.C.

36, 42, 85

Heinemann, V.

9

Deger. S.

11

Herza. J.

110.Ill

Oenlico, P.

79

Hildebrandt. B.

6

Dewhirst, M.W.

3

Hoenigmann, A.

99

D

Dfi d'al, T.

16

Hoess, G.

68. 78

Dughiero, F.

44

Hokland, S.L

66

E

Horsman. MR.

66

lickelt, L.

11.29

Hossann. M

72

F.ibl, H.

72

Hulshof. M.C.C.M.

26. 38. 64. 70, 98

116

Index of Authors

Name

Page(s)

I

Name

Page(s)

Mazokhin. V.N.

18

Iclapi, T.

100

Meinitzer, A.

68

Isscls, R.D.

9,21,72, 106, 107

Mella, O.

7

Merentsev, S.

83

J
Jager, M.

25

Merlin, F.

95

Johannsen, M

11,73

Milani. V.

9, 106

Jones, EL.

3

Mils, O.

25

Jordan, A.

10, 11,29,73

Mischinger. H.J.

99

Jung,K.

73

Miszczyk. L.

76,96

Jungnickel, K.

6

Moros, E.G.

87

K

N

Kalampaliki, E.

58

Nadobny, J.

31

Katsanis, E.

106

Napoleone, F.

109

Kirchner, H.

80

Nestler, D.

10

Klimanov, V.A.

18

Neufeld, E.

40,47,56

Koch, M.

73

Nicolas, L.

54

Koehler, B.

21

Noessner. E.

106, 107

Kogan. B.Ya.

104, 108

O

Kohek. P.

24,68, 78,99

Oldenborg, S.

36,98

Kohlmann, A.

107

Oleson. JR.

3

Kok, HP.

12, 14,34,36,38.60,64

Oliani, C.

22

Kosterev, V.V.

51

Olijnichenko, G.

83

Kovelskaya, A.

83

Oppl, L.

90, 110

Kramer-Ageev, E.A.

18

Osinsky, D.

83

Krauspe, R.

25

Osinsky, S.

83

Kroeze, H.

85

Ostrovskaya, LA

104
76,96

Krych. M.

9

Owczarek, G.

Kubes. J.

97, 110, 112

P

Kuegerl, G.

68

Padovani, M.

22

Kiimmel, S.

6

Palazzi, M.

4

Kurpeshev, O.K.

74, 103

Panagiotou. P.

80

Kuster, N.

47,56

Pasini, F.

22

Kuzmin, S.G.

108

Pastore, G.

109

Kvech, J.

97, 110, 112

Paulidcs, M.M.

114

Peller, M.

89

Lagendijk. J.J.W

42,49, 85

Pigliucci. G.M.

100

Lein, M.

73

Poschauko, E.

24

Ligtvoet, CM.

85

Prosnitz, L.R.

3

Lindner. L.H.

9,72

Puchinger, M.

24, 68, 78. 99

Loening, S.A.

11,73

R

L

Raaymakers. B.W.

42,49

Maicr-Hauff, K.

10

Rakilin, V.Yu.

108

M

Maluta. S.

4, 22, 94, 95

Rehak. P.H

24, 68, 78. 99

Marchal, C.

54

Reiser. M.F.

89

Marciai. N.

4, 22, 95

Ricci. R.

100

Mardynsky, Y.S.

103

Richel, D.J.

26

117

Index of Authors

Name

Page(s)

Name

Richtig, K.

24

V

Page(s)

Rigler. MY.

24. 68. 78, 99

van de Kamer. J.B.

38.42

Romano, M.

22

van den Berg, C A T .

36. 42, 60. 85

Rossi, S.

79

van der Wai, E.

32, 62, 93

Rykova, V.A.

104

van der Zee, J.

27, 32. 62. 70. 93

van Dijk, J.D.P.

64

Sahinbas, H.

101

van Haaren, P.M.A.

12. 14.34.36,38.60.64.98

Samaras, T.

40, 47, 56, 58

van Lanschol, J.J.B.

26

Samulski, TV.

3

van Rhoon. G.C.

32.40.58.62.93. 114

Sanders, L.L.

3

van Stam, G.

14.34.98

Santl. M.

21

van Wieringen. N.

12

Schem, B.C.

7

van Wieringen, W.N.

62

Schcring. S.

80

Vollaire, C.

54

Schlag, P

69

Vorozhtsov, G.N.

104.108

S

Schneider, I).

25

Vossen. S.H.J.A.

114

Scholz. R

10. 11,29,73

Vrba.J.

16,90.97. 110. 111.112

Shalimov, S.

83

Vujaskovic, Z.

Siauvc. N.

54

w

Sijbrands, J.

12. 14

Waldofner, N.

11.73

Sillevis-Smitt. Ph.A.

27

Walther, W.

69

Sminia, P.

70

Wang. T.

21

Sarbye, H.

7

Weihrauch, M.

31

Sosada. M

80

Weiser. M.

31

Sroka. R

89

Wessalowski, R.

25

Stalpers, L.J.A.

36

Westendorp, R.

34

Stein, U.

69

Westra, AH

85

Stockhcim, B.

9

Wielheesen, D.H.M.

27. 32. 62

3
~ ''

"•'•' "

'

"

"

•

•

•

•

-

-

-

'

(

Straube, W.L.

87

Wiersma, J

14. 34,38

S/asz. A.

81

Wlodarczyk. W.

31

Szasz, O.

81

T

-

•

•

Taymoorian, K.

73

Yu. D.

Tcichert, N

72

Z

Thai hammer. M.J.

78

Zajicek, R.

90

Thiescn, B.

73

Zanini. L.

95

3

Thompson, S.

106

Zubarev. A.L.

74

Tilov, A.A.

104, 108

zum Vorde Sive Vording. P.J

26. 36. 38. 64

Trobaugh, J.W.

87

Zwamborn. A.P.M.

1 14

Tsehoep, K.

107

U/uka. T.

118

102

-="••

1.6. 10. 11.29.31.53

Wusl, P
Y

U

•

70

102

103

'

76

102

79

"

Wondergem. J.

Tanaka, R

Tsyb, A.F.

-

Wozniak, G

Tukahashi, H.

Turrisi, G.

•

