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Abstract— In this paper, the computational modeling of the
2D human breast in hyperthermia treatment at 2.45 GHz is
studied. The mathematical tool used in this study for
investigating the distribution of generated heat is the COMSOL
software where the breast is modeled by Pennes’ bioheat
equation. The model simulation is conducted to investigate the
effects of exposure time and power inputs on the cancerous tissue
temperature field. The results show that this method can cure the
breast cancer patient without damaging the breast tissue.
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I. INTRODUCTION

Cancer is an illness when cell division is uncontrollable.
Cancer cells are growing and dividing and after they get into
the blood or lymph system they can spread to other parts.
Breast cancer is the major type of cancer in women [1-4].
Although chemotherapy is the most effective method to cure
cancer, there is not a hundred percent success rate. An
alternative method to suggest 1is hyperthermia. The
hyperthermia is not used as the main method but it is
considered as support method to chemotherapy to increase the
success rate [5-7].

There are three curing plans for hyperthermia which is
suggested in [8-9]. First one is stimulating body immune by
heating the whole body to 38 — 40 °C, secondly, stimulating
cancer cells by heating cancer cells to 42 — 43 °C and thirdly,
using high temperature at 60 — 90 °C to kill the cells in the very
specific region. This paper follows the second procedure.

Hyperthermia, using electromagnetic (EM) wave as heat
source has three famous frequency band which are radio
frequency, microwave and ultrasound frequency. Each has its
own advantages and disadvantages due to its characteristic.

Microwave heat source can be used at 2.45 GHz in
Industrial, Scientific and Medical radio (ISM) band. In this
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study, COMSOL Multiphysics is used to solve finite element
method under Pennes’ bioheat equation in this simulation.

II. METHODOLOGY

A. Pennes’ bioheat equation

Pennes’ bioheat equation describes heat transfer inside
biological tissues. The equation is

peZ = V- (k- VT) — hyGp(T —Ty) + Qun + Qowe (1)

where T is the temperature at any point inside the tissue, p is
the tissue density, and ¢ is the specific heat capacity of the
tissue. The first term on the right-hand side describes the
conduction heat transfer, where & is the thermal conductivity
of the tissue. The second term represents the heat transfer by
the convection and blood perfusion, where 4, is the heat
convection coefficient of the blood, ¢, is the specific heat
capacity of the blood and T} is the blood temperature which is
typically equal to 37 °C. The term Q,, is the metabolic heat
and Qe 1s the heat generated by an external source. For the
simulation of the breast temperature profile in this work, Qex
becomes zero because there is no external heat source. The

boundary heat transfer condition between breast tissue and air
is defined by

—kVT = h(T—T,). )

where / is a heat transfer coefficient which is equal to 5
(W/m?-K).
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In this work, COMSOL’s bioheat module employs the
Pennes’ bioheat equation and uses the Finite Element Method
(FEM) to find the solution of the bioheat equation.

B. Modeling

As it is seen from Fig. 1, the breast tissue covered by air is
modeled as half circle with 9 cm. radius and is attached to 20
cm height and 18 cm width rectangular which is defined as
patient body, and the cancerous tissue is modeled as a full
circle with 2 cm radius. An arrow shows the direction of 2.45
GHz wave which leaves from top port to lower port passing
through the air. The FEM model which is used in the
simulations is depicted in Fig.2.

III. RESULTS AND DISCUSSION

The objective is to achieve 42 — 43 °C at cancer cell while
minimizing the increased temperature in other region of the
breast. First simulation is conducted with the fixed power input
of top port with varying curing time. The result in Fig. 3 shows
that curing time 75 — 115 s is optimal for 300 W input port
power.

Secondly, fixed energy associated with the input port power
and curing time is defined as 30000 W.s. Six different
combinations of the same total energy have been simulated and
the results are shown in Fig. 4. The result indicates that with
the same total energy, the temperature remains constant
ignoring the combination of power input.
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Fig. 1. Model of the process.

Fig. 2. FEM model of the process.
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Fig. 1. Max temperature on cancer cell with 300 W input port power.
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Fig. 2. Temperature variations at fixed energy levels.
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IV. CONCLUSION

This paper presents the 2D model of the human breast to
determine the tissue temperature where it is irradiated by a
source of electromagnetic field at 2.45 GHz in hyperthermia.
Maxwell’s equation for a model of tumor cells in breast and
Pennes’ bioheat equation used for coupling tissues are solved
using the finite element analysis method in COMSOL software
programme.

It is obviously seen from the simulations that tumor regions
are heated to 42-43 °C to their optimum degrees after 75 s of
exposure duration. When the energy is fixed to 30000 W_s, it is
observed that the distribution of the temperature remain the
same on the tumor cell of the breast.
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