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Abstract
In silico models can be useful tools to

guide preclinical tests of magnetic hyper-
thermia, which employs Magnetic
Nanoparticles (MNPs) excited by AC mag-
netic fields, as heat mediators for cancer
cure. We virtually reproduce the heating
process induced by magnetic hyperthermia
in murine models, as a function of field
applicator features, properties and size of
target tissue, MNP dose and animal size. 

Introduction
Magnetic hyperthermia is an oncologi-

cal therapy, typically employed in combina-
tion with radiotherapy or chemotherapy;
this uses magnetic nanoparticles (MNPs),
activated by magnetic fields with frequency
of 50-500 kHz, to release heat in diseased
tissues. The heat deposited in the tissue is
responsible for a local increase in tempera-
ture, which should be in the order of 4-5
°C.1 In preclinical trials, generally conduct-
ed on murine models, several factors have
to be taken into account to optimize heat
deposition and reduce side-effects. These
comprise undesired electromagnetic induc-
tion phenomena, field applicator configura-
tion, heat transfer with the external environ-
ment and MNP spatial distribution within
the target tissue.

Here, we present a physics-based mod-
elling approach to address in vivo tests of
magnetic hyperthermia,2 providing infor-
mation on how plan and optimize treat-
ments in view of a possible  reduction of the
number of animals involved in preclinical
trials. To this aim, we have developed in sil-
ico models for the evaluation of eddy cur-
rents induced in the body during hyperther-
mia sessions and the calculation of thermal
effects, consequent to magnetic field appli-
cation and MNP excitation. The study is
focused on computational anatomical
murine models with different size, changing

the target tissue where the MNPs are dis-
persed (with variable dose) and its location
in the body.

Materials and Methods
The study is performed by using in-

house finite element models aimed at deter-
mining the thermal effects correlated, first,
to the exposure to the only AC magnetic
field and, second, to the MNP excitation. To
evaluate eddy current effects produced in
biological tissues during field application,
we have developed a low-frequency elec-
tromagnetic field solver, in which displace-
ment currents are neglected. To calculate
the thermal effects induced in the animal
body due to field exposure and MNP excita-
tion, we have implemented a numerical
code that solves the Pennes’ bioheat transfer
equation.2 The analysis is conducted on
murine models released by IT’IS
Foundation.3

Results
The attention is first focused on the

design of the applicator that generates the
AC magnetic field for MNP activation.
Different applicators are compared, study-
ing the influence of their geometry and
position on the field distribution within the
target tissue. To avoid undesirable eddy cur-
rent effects, we consider the Hergt-Dutz
limit for selecting field frequency and
amplitude.4 In silico experiments are per-
formed to estimate the Specific Adsorption

Rate (SAR) and temperature increase under
critical conditions, to provide safety advise
for preclinical trials, sometime performed
without fulfilling the Hergt-Dutz limit.5 The
results obtained on a 28 g weight mouse3
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Figure 1. Whole-body SAR deposited in a 28 g mouse, as a function of the frequency and
amplitude of the field (applied parallel to the body longitudinal axis). The maximum
temperature increase is calculated for field parameters of pre-clinical studies (markers)
exceeding Hergt-Dutz limit (dotted line).
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are shown in Figure 1. In silico experiments
are also conducted to evaluate the heating
effects produced by MNP excitation, as a
function of MNP dose and target tissue
location and size, as reported at the top of
Figure 2 for the 28 g weight mouse. Bio-
heat simulations enable us to establish
whether MNPs heat only the target tissue,
or generate hot spots in the surrounding
healthy tissues, as shown at the bottom of
Figure 2. The results have been obtained by
assuming a uniform distribution of the
MNPs within the target tissue. As a future
work, we plan to introduce a more realistic
MNP spatial distribution, depending on the
tumor microenvironment (e.g. vascular net-
work). 

Discussion and Conclusions
The results of this work have demon-

strated the utility of in silico experiments in
guiding and finally reducing animal tests in
magnetic hyperthermia studies, thanks to a
proper choice of parameters and prediction
of adverse effects. From SAR estimation,
modelling has proved that a careful selec-
tion of field frequency and amplitude is
necessary to keep to a safe level the expo-
sure to magnetic fields, in relation to the
size and position with respect to applicator
of the treated animals. With field parame-
ters little exceeding the Hergt-Dutz limit, a
28 g mouse presents a negligible tempera-
ture increment, whereas a 503 g rat experi-

ences a maximum temperature increase of 
6 °C. The bio-heat simulations of the heat-
ing process induced by MNPs have shown
that in murine models temperature incre-
ments comparable to that obtained in calori-
metric measurements under quasi-adiabatic
conditions can be achieved only by using an
order of magnitude larger dosage of MNPs,
due to blood perfusion effects.

Finally, the simulations have demon-
strated how thermal properties of tissues
strongly influence the heating response; in
particular, the maximum temperature
increase is observed in the tissues with
reduced thermal conductivity and lower
blood perfusion rate, such as lung and fat.
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Figure 2. Top: Maximum temperature increase reached in a 28 g mouse at the end of
hyperthermia heating transient, as a function of MNP dose and size (δ) of target region
(placed in lung or liver). Bottom: Maps of the temperature increase calculated in trans-
versal sections of the mouse body. 


