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This paper presents the microstrip antenna with different applied frequencies
used as a non-invasive hyperthermia applicator. This non-invasive
hyperthermia applicator is introduced to clarify the sufficient heat
distribution on the treated tissue for different breast cancer stages. 57
mammogram breast cancer images from early-stage to stage- 3 are analyzed
to obtain the required penetration depth and focus position distance. Then,
the simulation-based experiment is carried out to observe the heating
distribution on different stages of cancer with two different operating
frequencies; 915MHz and 2450MHz. Also included in this paper is the
prediction on the period for hyperthermia treatment planning execution.
Based on the results, various penetration depths are obtained when different
operating frequencies are applied. 915MHz antenna showed better results
when compared to 2450MHz, where microstrip applicator with 915MHz is
able to heat cancer at stage-1, stage-2, and stage-3 with good penetration
depth and focus position distance, while 2450MHz only performed well in
early-stage cancer. Meanwhile, different stages require various periods of
time. From the results, the shortest period for hyperthermia execution
simulated in the early-stage and then followed by stage-3, stage-2, and the
longest period is in stage-1.
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1. INTRODUCTION

Hyperthermia is a cancer treatment procedure by inducing heat to form a biological effect on the
treated tissue [1]. Hyperthermia uses high temperature with a range of 41°C to 45°C at certain periods in
order to denature cancerous tissue into necrotic tissue. This hyperthermia treatment procedure (HTP) is often
used with chemotherapy and radiotherapy, which is known as adjuvant therapy [2, 3]. In recent years, the
successful number of hyperthermia treatments as the adjuvant procedure has been increased [4]. It showed
that hyperthermia treatment has a high potential to be used as an alternative treatment for cancer. Currently,
various researches of non-invasive HTP applications were presented. Based on previous research, this
hyperthermia technique was able to destroy the cancerous tissue with minimal side effects [2, 5, 6]. This is
because the non-invasive method is safer as no minor surgery is involved to avoid bleeding, and other
adheres effects [4, 7, 8]. However, several limitations such as poor penetration depth, difficulty to control
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focus position distance, and massive skin burn problems need to be improved, especially when non-invasive
hyperthermia is concerned [9, 10]. Therefore, various researches such as [2, 3, 11-13] are carried out to
improve the HTP performance.

Hyperthermia treatment can be applied either with ultrasound or electromagnetic (EM) techniques.
If compared to both methods, the electromagnetic technique is safer than ultrasound [14]. Hence, a microstrip
antenna is used and modeled with SEMCAD X 14.8.4 to further investigate its effect on hyperthermia
treatment of different breast cancer stages in this research.

In addition, most previous HTP researches such as [2, 5, 11, 15-21] are only using specific size and
location of cancer data, while practically, size and location of cancer incidences will be different [22, 23]. A
specific concern whereby an improvement and enhancement of HTP applicator that able to cater to different
sizes and locations are significantly required to be further investigated. Therefore, this research aims to
investigate the most efficient applied frequency and estimate the treatment period for different breast cancer
stages. SEMCAD X 14.8.4 software simulator is used to conduct the simulation-based experiment to attain
the SAR distribution, representing the focus position distance on treated tissue.

2. RESEARCH METHODOLOGY

A research methodology is discussed in three Sections: 2.1 microstrip antenna development, 2.2
average breast cancer size analysis, and 2.3 treatment period estimation. The design of simulations is
presented in Figure 1. Details on the research methodologies are discussed in Section 2.1 to 2.3 and followed
by results and discussion in Section 3.

Microstrip antenna is designed.

Average breast cancer sizes for different cancer stagesare
analyzed by using DICOM software. {}

Breast phantom with different cancer stages is modelled.

EM Simulation is conducted to obtain SAR distribution.

O

Treatment period estimation for each cancer stages is calculated.

Figure 1. Flow chart for design of simulations

2.1. Microstrip antenna development

Microstrip antenna is selected to be used as its thickness and size can be manipulated through
various frequencies, miniaturization factor, and array types enhancement [14]. Microstrip antenna can be
designed and developed with various shapes. However, in this research, rectangular shape is emphasized as it
has the widest beamwidth if compared to other shapes. Furthermore, this rectangular shape is easier to be
modified when different operating frequencies are utilized [24]. In addition, the size of the microstrip patch is
associated significantly with the operating frequency [25, 26]. This can also be observed from (1) to (7) for
rectangular microstrip development [24].

As mentioned in [24], rectangular microstrip antenna width, W is obtained through (1), where C, fo,
and &, represent the speed of light, fundamental frequency applied, and permittivity of the substrate,
respectively. The substrate chosen in this research is RO 4350 with permittivity value, €,.= 3.48, referred to
Gabriel Database built-in SEMCAD X.

Co

W= leon @

The effective permittivity can be calculated with value of width, W and the thickness of the substrate
used, hasin (2).

e+l " -1 1 @)

Eeff =
2 2 /(1+£W"
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The microstrip antenna effective length, L., is calculated as in (3). It needed to determine the
actual length of the antenna, L as shown in (5) with identified fringing effect, 4,. Because of the EM wave are
radiated outside of the strip, L and &,. are different with L.sr and ..

Co

L,rf = —— 2

eff 2f, /—Seff ( )
(seff+0.3)(%+0.268)

AL =0412——"hL—— ©))
(Seff—0.258)(F+0.8)

L= Lo —2AL )

The ground plate length, Ly and width, Wy of the rectangular antenna are obtained as in (6) and (7),
respectively.

Lg = 6h+L 5)

Wg= 6h+W (6)

Table 1 presents the rectangular microstrip antenna sizes with operating frequencies of 915MHz and
2450MHz. Meanwhile, in Figure 2 (a) and (b), it shows modeling of the antenna with breast phantom under
915MHz and 2450MHz, respectively.

Table 1. Designs of rectangular microstrip antenna under frequency 915 MHz and 2450 MHz

Frequency, MHz h,mm W, mm  &;r, MM Lo, mm AL mm  Lmm  Lg, mm Wy mm
915 1 109.46 3.42 88.62 0.48 87.66 93.66 115.46
2450 1 40.88 3.33 33.53 0.48 32.57 38.57 46.88

(@) (b)

Figure 2. Modelling of microstrip antenna with breast phantom under (a) 915MHz and (b) 2450MHz

2.2. Average breast cancer size analysis

Mammogram is an imaging methods for screening breast cancer [27]. 57 mammogram breast cancer
images are gathered from one of the General Hospital in Malaysia. As the details of hospital and raw data are
confidential under ethical approval, only the analyzed results are presented in this section. The images
included breast cancer from early-stage until stage-3. Stage-4 breast cancer mammogram images are not
discussed because it will be directly referred for surgical procedure.

Data analysis is proceed with digital imaging and communications in medicine (DICOM) software.
The depth and size of the cancer tissue are determined and analyzed with the mentioned software. The
surface depth and inner depth of breast cancer in each stage are measured as showed in Figure 3. While the
average surface depth and inner are calculated according to the number of samples obtained.
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Figure 4 shows the average surface depth and inner depth for each cancer stage that attain from the
quantitative images analysis approach. The depths are basically to identify the required focus position
distance and penetration depth of each cancer that necessitates being heated for hyperthermia execution.
Breast phantoms consisting of breast fat with 4 inches (10.16cm) and breast cancer with the analyzed size
from mammograms images analysis for each stage are modeled as Figure 2. The data showed in Figure 4 are
agreed with the result by Wang et al. [28] in 2014 with the almost similar cancer depth and sizes.

h remarks
i
| +—p
i: Inner Depth

i1: Surface Depth

Figure 3. Surface depth and inner depth measurements
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Figure 4. Surface and inner depth for each cancer stage

2.3. Treatment period estimation

In order to estimate for the hyperthermia treatment period, a specific absorption rate (SAR) equation
is referred. SAR is a measurement of energy absorption rate per unit mass of biological tissues during radio-
frequency (RF) or microwave (MW) types of EM waves radiation. Generally, SAR parameters are presented
in units of watts per kilogram or milli-watts per gram (W/kg or mW/g) [15, 29].

Referring to the international electrotechnical commission (IEC) and Institute of Electrical and
Electronics Engineers (IEEE), IEC/IEEE 62704-1 standard, SAR can be determined as in (8) and when the
electric field is considered, (9) is used [30].

5 W

SAR = > (W) (8)
oE?

SAR = 9)

Moreover, the SAR also can be written as (10), when temperature and period are considered.

SAR = &L (10)

At =9
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W,t V, E p T oand c are represented energy absorbed (Watt), time duration (second), tissue
volume (m®), peak electric field vector (V/m), tissue density (kg/m®), tissue temperature (°C), tissue
conductivity (S/m) and tissue specific heat capacity (J/kg°C), respectively. Therefore, after SAR distribution
obtained from EM-simulation is recorded, the time taken for the hyperthermia treatment can be calculated as
(10). The specific heat capacity of breast cancer tissue and required increasing temperature until 41 to 45 °C
are 3510 J/kg°C and 4 to 8 °C, respectively [16].

3. RESULTS AND DISCUSSION

The microstrip antenna with 915 and 2450MHz and breast phantom of different breast cancer stages
are modeled with SEMCAD X 14.8.4. In order to obtain SAR distribution, EM-simulation is carried out. A
few parameters are required to be set in the SEMCAD X before the simulation is run. Table 2 shows
permittivity (¢), electrical conductivity (EC, S/m) and specific heat capacity (c, J/kg°C ) of 915MHz and
2450MHz that are obtained from Gabriel Database build-in SEMCAD X, finding by Hussien et al. [9] and
typical heat properties, which is used in the bio-heat transfer from [16].

Table 2. Electrical and thermal properties of elements used

Elements 915 MHz 2450 MHz
Substrate (RO4350)

Permittivity, & 3.48 3.48
Electrical conductivity, S/m 0.00077 0.00077
Specific heat capacity, J/kg°C 1x 1012 1x 1012
Patch (Copper)

Permittivity, e 1 1
Electrical conductivity, S/m 5.813x107 5.813x107
Specific heat capacity, J/kg°C 1x 1012 1x 1012
Breast Tissue

Permittivity, e 3.11433 3.24886
Electrical conductivity, S/m 0.88985 0.80329
Specific heat capacity, J/kg°C 3550 3550
Cancer Tissue

Permittivity, € 74.45 72.81
Electrical conductivity, S/m 1.88 2.72
Specific heat capacity, J/kg°C 3510 3510

The operating power and mass of SAR average over cube controlled at 1 W and 1 g during the
simulation. The distance between antenna and breast phantom is fixed with 0 mm, which means it is directly
in contact with the skin. Figures 5-8 show SAR distribution results with different applied frequencies in each
cancer stage, and Table 3 presents the focus position and SAR, respectively.
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Figure 5. Early stage cancer SAR distribution results in (a) 915 MHz and (b) 2450 MHz
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Figure 6. Stage 1 cancer SAR distribution results in (a) 915 MHz and (b) 2450 MHz
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Figure 7. Stage 2 cancer SAR distribution results in (a) 915 MHz and (b) 2450 MHz
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Figure 8. Stage 3 cancer SAR distribution results in (a) 915 MHz and (b) 2450 MHz

Table 3. Focus position distance (FPD) and peak-spatial-average SAR results with 915 and 2450 MHz
microstrip antenna

Results Early Stage Stage 1 Stage 2 Stage 3
FPD SAR EPD (mm) SAR FPD SAR FPD SAR
Frequency (mm) (mWi/g) (mWi/g) (mm) (mWi/g) (mm) (mW/g)
915 MHz 0-24 0.60 43-63 121 29-61 3.01 20-51 3.38
EM-wave not 0-16 &
2450 MHz 15-27 15.2 covered into N/A 6.81 0-34 6.81

. 27-36
cancer region
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As shown in Figures 5-8, and Table 3, 2450 MHz is the most suitable for early-stage cancer, where
the heat from the microstrip antenna has heated cancer with good focus position distance and penetration

depth. Furthermore, the location of cancer for the early-stage is near to the skin. According to the Universal
Wave Equation, =§ , and wavelength is directly proportional to the penetration depth of the wave. Thus, a
2450 MHz antenna with higher gain but low penetration depth is suitable for early-stage cancer. Meanwhile,
a 915 MHz antenna with higher wavelength and penetration depth is performed better than the 2450 MHz
antenna for Stage-1, -2, and -3 breast cancer, where cancer locations are located in the deeper region. These
research results can be validated with findings by [31], whereas temperature or SAR distribution with
2450MHz antenna decreased rapidly when propagation distance increased.

Furthermore, with the resulted Peak-Spatial-Average SAR, the estimation of treatment periods can
be calculated through (10) with specific capacity of breast cancer tissue 3510 J/kg°C and required
temperature increment from 4 to 8 °C as follows:

a) Early Stage:

dt, = 3511T0;4) = 923.68 seconds

dt, = 35106) _ 1847.37 seconds
15.2

Thus, the early cancer stage required 15.39 minutes until 30.78 minutes for the treatment with a
2450 MHz antenna. With similar calculation steps, the treatment period estimation for Stage-1, -2 and -3 are:
b) Stage-1: 193.39 minutes until 386.77 minutes with 915 MHz antenna.

c) Stage-2: 77.74 minutes until 155.48 minutes with 915 MHz antenna.
d) Stage-3: 69.23 minutes until 138.46 minutes with 915 MHz antenna.

The treatment period estimation is important in further research as it can validate the efficiency of
prototype fabricated. The animal studies mentioned in [32] also stated that 60 to 360 minutes are required to
reach 42°C by using HTP. While [31] also proved that the increase of temperature and treatment periods
could be affected by applied frequency, electrical properties of tissue and required penetration depth.

4.  CONCLUSION

Hyperthermia SAR simulation in different frequencies is essential for future research as the most
suitable frequency can be identified when targeted to various sizes, stages, or locations of breast cancer.
Thus, microstrip antenna with 915MHz and 2450MHz are modeled with SEMCAD X software simulator to
obtain the SAR distribution on different breast cancer stages. Based on the results, it is observed that
915MHz is good to be applied for breast cancer stage-1 to stage-3, while 2450MHz is performed well for
early-stage cancer. In addition, different stages of cancers have different estimation of the hyperthermia
execution treatment period. This period is significant to ensure hyperthermia is executed well with the
required temperature range. Overall, from the results, 915MHz operating frequency is the most suitable
frequency that able to perform better for most of the cancer stages. Beside clarifying the most suitable
applied frequency for different breast cancer stages, in our further research, the SAR distribution or SAR
coverage will be further improved by integrating various antenna designs, enhancing the lens structure as
well as metamaterial structures in order to enhance the performance of HTP with less unwanted hot spots
area and minimize the adverse health effects, simultaneously.
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