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Introduction:

In February 2004 a clinical trial on the feasibility and tolerability of the Magnetic Force Nan-
otherapy was started. Magnetic Force Nanotherapy is a new treatment concept for local tu-
mors. 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 iron-
oxide cores increases the cellular uptake of the particles into tumor cells, which binds the par-

A tides 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 accessi-
ble 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 Nan-
otherapy 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 differ-
ent directions. The position of the needle is controlled and documented by CT, and precalcu-
lated 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 nanopar-
ticle 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 be-
tween 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 lim-
ited 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, some-
times 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 treat-
ment temperature a way to suppress inductive eddy currents have to be found.
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