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ABSTRACT

The hyperthermia treatment of cancer has recently regained the attention of the scientific community
due to developments in nanotechnology. In fact, several works can be found in the literature related
to the use of nanoparticles in tumours, in order to increase the localized absorption of energy by
cancerous cells and to decrease the thermal damage to surrounding healthy cells. Different external
non-intrusive energy sources have been reported for the hyperthermia treatment of cancer, like lasers
in the near-infrared range, radio-frequency antennas, etc. Similarly, different kinds of nanoparticles
have been used, such as those made of iron oxides. In particular, noble metal nanoparticles can be
designed in terms of their shapes and sizes to increase the plasmon resonance in a specific
wavelength range, in order to improve the energy absorption. As any cancer treatment, hyperthermia
requires a priori planning, specific for each patient, based on the prediction of a thermal damage to
the cells.

This paper deals with the optimization of the hyperthermia treatment of skin cancer, with gold
nanoshells loaded in the tumour. The physical problem involves a one-dimensional bioheat transfer
problem, coupled to a radiation problem for the laser propagation within a multi-layered medium that
includes several tissues. The corresponding bioheat transfer problem is governed by Pennes'
equation, while the laser radiation propagation in the tissues is modelled with the diffusion &-P1
approximation. The solution of the direct problem was obtained by finite volumes and verified with
an analytic solution, as well as with the Matlab function pdepe. The thermal decomposition in the
tissues was modelled with an Arrhenius equation, while the objective function was given by a
guadratic form involving the difference between the predicted and the desired spatial variation of the
thermal damage at a specific final time. Both the Levenberg-Marquardt and the Particle Swarm
methods were implemented and provided similar results for the two design variables of interest in
this work: the volume fraction of nanoparticles within the tumour and the laser power, by considering
a fixed duration of 10 minutes for the treatment. The results obtained in this work also show that
more than one treatment session is required for the total eradication of the tumour.



