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Although cancer is a recognized disorder worldwide, its treatment is a great challenge; and new and effective treatment methods become one of the fundamental demands. However, one of the new treatment approaches for cancer is hyperthermia, which is considered an assistant to surgery, chemotherapy, and radiotherapy. Despite the proven effectiveness of the method, there are numerous challenges in applying it that require recognizing the effective parameters and optimizing them to achieve better and more effective performance. Considering this, the review paper aims to study the optimization of antennas utilized in the cancerous tissue treatment by hyperthermia. However, four different antennas with different purposes are studied and optimized for this purpose. Furthermore, studies show that recognizing and optimizing the design parameters of hyperthermia antennas is likely to greatly improve the performance of the method.

Introduction

Cancer is one of the leading causes of death in the world. Many people die each year from various cancers. In some countries, however, cancer is the second leading cause of death after heart disease [START_REF] Jemal | Global cancer statistics. CA: a cancer journal for clinicians[END_REF][START_REF] Ferlay | Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012[END_REF]. Moreover, approx. 13% of the reported deaths worldwide are because of various types of cancer, the most common of which are lung, stomach, and breast cancers. By the end of 2030, however, the number of cancer deaths is projected to increase to twelve million [START_REF] Issels | Hallmarks of hyperthermia in driving the future of clinical hyperthermia as targeted therapy: translation into clinical application[END_REF]. Cancer is caused by genetic changes in cells; a normal cell turns into a cancer cell following changes in the genes. Normally, cells grow in a controlled manner according to the body's needs. In the abnormal condition, however, when genetic changes occur, it is unmanageable, and extra cells form that form a mass called a tumor, which may malignant or benign [START_REF] Yoshioka | Development of cancer-initiating cells and immortalized cells with genomic instability[END_REF]. Over the years, various approaches are identified for numerous cancers treatment, the most common of which are surgery, chemotherapy, and radiotherapy. Furthermore, the surgical treatment is likely to use when the cancerous tumor is confined to one area. However, it is impossible to use surgery if the tumor has spread too far and spread to other organs in the body, as well as in some types of cancer, such as leukemia; in such cases, two other wellknown methods, chemotherapy, and radiotherapy are usually used for treatment. Chemotherapy, unlike surgery, is a non-invasive procedure with a known function. Nevertheless, since the drugs used in chemotherapy affect other tissues in the cancerous tumor pathway, the treatment provides various side effects such as hypersensitivity to infection, infertility, hair loss, anemia, fatigue, and nausea. Another recognized method is radiotherapy, which as a non-invasive method, despite its effective function, in addition to tumor tissue, also affects adjacent healthy tissues. Additionally, chemotherapy and radiotherapy are often applied as adjunctive therapy to surgery ]5[. Along with surgery, chemotherapy and radiotherapy, additional methods of adjuvant treatment that are sometimes based on artificial intelligence [START_REF] Mobasseri | Intelligent Circuit Application for Detecting the amount of Air in Automobile Tires[END_REF][START_REF] Mobasseri | Intelligent Circuit Application for Monitoring the Employees Attendance[END_REF] can help; One of those cases is "hyperthermia". Hyperthermia consists of two parts: "hyper" meaning high and "term" meaning heat, and generally means an increase in body temperature above normal. High body temperature is commonly known as fever or heat shock and is considered a disease; however, a controlled rise in temperature, known as hyperthermia, is likely to apply to accelerate the healing of some cancers along with surgery, chemotherapy, and radiotherapy [START_REF] Paulides | Recent technological advancements in radiofrequencyandmicrowave-mediated hyperthermia for enhancing drug delivery[END_REF]. Although the potential of the hyperthermia method has been demonstrated in many clinical studies, the exact mechanism of action is not yet well understood. In some preclinical studies, such as cell culture and animal experiments, the dependence of cell death on the very high temperature required in the tissue has been shown; however, in many studies, the appropriate response to the hyperthermia method is yielded by applying the range of 41 -47 °C. On the other hand, in constant hyperthermia settings, we report a completely different response to hyperthermia between different types of cancer and disease progression. Furthermore, minor adjustments in the hyperthermia treatment -such as changes in applied temperature, duration of application, and heat transfer method-are yielded different results under the same disease conditions [START_REF] Ribeiro | Nanomaterials in cancer: Reviewing the combination of hyperthermia and triggered chemotherapy[END_REF].

The additional challenge is to raise the temperature of a specific area of the body from systemic temperature, and the optimal temperature distribution value for the clinical applications of hyperthermia is generally unknown. However, in different methods of hyperthermia, the temperature distribution obtained is homogeneous and the amount of heat produced is limited; this is due to the physiological and physical properties of the electrical boundaries of the tissue, the different velocities, and the order of blood flow in different areas and other factors (in hyperthermia, the minimum temperature difference is usually around 39.5-40.5 ° C). Furthermore, roughly half of deep tumors are likely to be heated to 42 °C in specific areas, thanks to the advances in hyperthermia instruments and methods. Therefore, since reaching a certain temperature in different tumors that have clinical applications is not yet known, there is a necessity for a high and homogeneous temperature in the tumor [START_REF] Datta | Local hyperthermia combined with radiotherapy and-/or chemotherapy: Recent advances and promises for the future[END_REF].

The process of heat transfer in living tissue occurs by the effect of blood flow in the tissue and by influencing the local temperature distribution of the tissue. When there is a clear difference between the temperature of the blood and the tissue, a convective current occurs and changes the temperature of the blood and the tissue. However, tissue and blood heat reactions are a function of several factors, such as blood flow rate and vascular anatomy, which are fundamentally different in different tissues. Moreover, blood flow rates in different tissues during the day are also different from normal activity. Additionally, some diseases and their treatment methods have a decreasing or increasing effect on blood flow. The biothermal transfer equation applies to specific models that are developed to explore potential approaches to sensitive therapeutic applications, such as destroying cancer cells and tumors.

In August 1984, Harry Pennes published an article entitled "Analysis of Arterial Tissue and Blood Temperature in the Resting Human Arm."; subsequently in 1998, Whistler revised the paper and referred to the proposed model as the first analytical model of heat transfer in living tissue. In this paper, Pence proposed a model for describing the metabolic and blood flow effects of energy balance in tissues, which is expressed in the following equation [START_REF] Park | Antennas for hyperthermia therapy[END_REF][START_REF] Rabienejhad | Design and optimization of nano-antenna for thermal ablation of liver cancer cells[END_REF]:

(𝛿 𝑡𝑠 𝜌𝑐 𝜕𝑇 𝜕𝑡 + ∇. (-𝑘 ⃗ ∇𝑇) = 𝜌 𝑏 𝐶 𝑏 𝜔 𝑏 (𝑇 𝑏 -𝑇) + 𝑄 𝑚𝑒𝑡 + 𝑄 𝑒𝑥𝑡 (1)
The amount of perfusion is the amount of fluid (such as blood) that flows through a particular type of tissue. However, the type of tissue (such as the liver, heart, and muscle) and fluid are of particular importance in this process. Although the equation is configurated for blood flow, it may be applied for fluids and other fluid compounds as well, The biothermal transfer equation is comparable to the conduction heat transfer equation. In a steady-state heat transfer, the first left term in Eq.( 1) is set to zero:

𝛿 𝑡𝑠 𝜌𝑐 𝜕𝑇 𝜕𝑡 = 0 (2)
In the biothermal transfer equation, the only term of the heat source (Q) is divided into three terms, namely:

1. Metabolic heat (𝑄 𝑚𝑒𝑡 ) 2. Perfusion [𝜌 𝑏 𝐶 𝑏 𝜔 𝑏 (𝑇 𝑏 -𝑇)] 3. External heat source (𝑄 𝑒𝑥𝑡 )
The only heat source divided the biothermal transfer equation into three terms, and the purpose is to easily formulate and convert the equation to partial differential equations (PDE).

In recent years, finally, efforts have led to heat application in cancer treatment. The reason for such a delay was the inability to raise the right temperature in the right place to protect the healthy cells and tissue. However, the lack of uniform heat distribution, insufficient heat production, and unwanted heat treatment of healthy cells, as well as the creation of hot spots on the surface of the skin are still the most important challenges and problems in modern methods of hyperthermia. In a study, "Antennas for Hyperthermia Therapy", Park et al. [START_REF] Mattoso | Pointwise antennas design in hyperthermia therapy[END_REF] designed and optimized 1, 2, and 3 aperture coaxial antennas at 2.45 GHz applying the impedance matching technique. However, optimization is based on geometric characteristics. The results show that the optimization performed increases the thermal effect. In 2021, in a paper, " Design and optimization of nano-antenna for thermal ablation of liver cancer cells", Rabieinejad et al. [START_REF] Karampatzakis | Antenna design and tissue parameters considerations for an improved modelling of microwave ablation in the liver[END_REF] while designing an L-shaped nano antenna, further optimized the model by changing the parameters of near and far-field intensity, orientation and sensitivity to geometric dimensions. In 2021, Matoso and Newton [START_REF] Gas | Transient analysis of interstitial microwave hyperthermia using multi-slot coaxial antenna[END_REF] proposed a new method for designing and optimizing point antennas using the steady-state heat equation and the Helmholtz equation. They seek to minimize the cost function based on measuring the difference between the target temperature and the temperature yielded from the modeled problem concerning the current permittivity through the antenna.

In 2013, Karampatzakis et al. [START_REF] Curto | Compact patch antenna for electromagnetic interaction with human tissue at 434 MHz[END_REF] studied the effect of coaxial slot antenna design features on the dimensions and shape of the erosion zone. The results, however, showed that the values of permeability and relative conductivity are less significant for predicting the erosion region. In 2015, Gus Piotr [START_REF] Pisa | Power density and temperature distributions produced by interstitial arrays of sleeved-slot antennas for hyperthermic cancer therapy[END_REF] studied the effect of the number of air gaps in the structure of a microwave antenna on the transient temperature distribution in human tissue; and the results show that the highest temperature is with a slot antenna and the lowest for antennas 2 and 3. Considering the effectiveness of hyperthermia and its increasing use as a new method in the treatment of cancerous tumors as well as the challenges in using this method, it seems necessary to study the parameters affecting the performance of hyperthermia, which are mainly related to the design of the antennas; therefore, in this paper, four different antennas are studied and optimized for different purposes.

Modeling

The first antenna is a small, lightweight, broadband microstrip antenna with flexibility for non-flat surfaces of body tissue, optimized based on a study by Curto et al. [START_REF] Saito | A proposition on improvement of a heating pattern of an antenna for microwave coagulation therapy: Introduction of a coaxial-dipole antenna[END_REF] by reducing the thickness of the dielectric layer. Moreover, the overall size of the proposed antenna is 1.93×140×140 mm for treatment at 433 MHz. The dielectric layer with a thickness of 1.93 mm is made of Teflon with a permeability of 2.2 and a loss tangent of 0.0002 and a thickness of 1.93 mm and holds a soft texture, the flexibility of which is considered an advantage since antennas required to be easily placed on different parts of the body. Fig. 1 shows the proposed antenna structure and Table 1 displays the dimensions. The simulation of this antenna was performed in CST Microwave Studio software on 5 layers of biological tissue according to Table 2. Moreover, A 50 Ω coaxial cable is used for the power supply. The second antenna is the 2.54 GHz coaxial cable-based interstitial antenna provided by Pisa et al. [START_REF] Park | Antennas for hyperthermia therapy[END_REF]. The optimization of this antenna is based on geometric specifications, which include changing the length of the pods and changing the distance between the gaps and the opening circuit of the upper pod. The purpose is to achieve a pattern of specific absorption rate (SAR) distribution in a spherical shape selected more compatible with most tumors and to cause less damage to healthy tissue. Fig. 2 shows the antenna properties. However, the antenna consists of a coaxial cable in which the material inside is Teflon with a dielectric constant of 1.2, and the antenna at the end of the connection is shorted. Power is applied from the top of the coaxial cable. Furthermore, the antenna is simulated utilizing HFSS in a material equivalent to brain tissue with a dielectric constant of 33.5, a conductivity of 1.23 Siemens per meter, and a density of 1000 kg / m 3 at a frequency of 2.45 GHz. Fig. 2 shows the applied dimensions. The dimensions considered for the texture are likely to be significant compared to the dimensions of the antenna. Fig. 3 shows the simulated antenna geometry. In the third antenna optimization, the goal of SAR distribution along the axis is in a limited and concentrated area; such a focus distribution is used for specific medical cases and does not damage healthy tissue by concentrating heat at a certain distance from the antenna axis is likely to be the location of the tumor.

The antenna provided is a coaxial cable-based antenna that has a check, a slot, and a conductor cap. The conductor of the antenna is made of copper and its dielectric is Teflon. In addition to the 18 mm long check, which is shorted at the beginning, this antenna also provides a conductor cap and a slot at the end. The antenna at a frequency of 2.45 GHz in a tissue equivalent to the bovine liver with a dielectric constant of 43.03 and a conductivity of 1.69 Siemens per meter with an input depth of 80 mm has been simulated in HFSS software. Moreover, the power supply is applied from the top of the coaxial cable. Fig. 4. Shows the overall dimensions of the antenna. In the fourth antenna, which is an axial aperture antenna, the change in aperture length to achieve the optimal state is studied. For this purpose, two single-and two-aperture antennas are utilized; the dimensions of which are shown in Table 3. [START_REF] Habibi | Drug delivery with therapeutic lens for the glaucoma treatment in the anterior eye chamber: a numerical simulation[END_REF][START_REF] Mobasseri | Approximated 3D non-homogeneous model for the buckling and vibration analysis of femur bone with femoral defects[END_REF][START_REF] Mobasseri | A Comparative Study Between ABS and Disc Brake System Using Finite Element Method[END_REF][START_REF] Mobasseri | Bending and Torsional Rigidities of Defected Femur Bone using Finite Element Method[END_REF] was utilized for modeling. In the simulation of this model in 10 minutes, the input power is 10 watts and the frequency is 2.45 GHz. Furthermore, the length of the aperture is 0.8, 1, and 1.2 mm and the distance between the two apertures is 5 mm.

Discussion and results

In the first antenna, upon optimization, the return antenna loss characteristic, which is a measure of the energy return from the antenna to the operator, is yielded in Figure 6. However, the antenna bandwidth at the central frequency of 433 MHz is approximately 120 MHz, which is equivalent to 26%, which is a 5-time increase compared to the antenna worked by Corto et al. [START_REF] Curto | Compact patch antenna for electromagnetic interaction with human tissue at 434 MHz[END_REF] with a bandwidth of approx. 25 MHz. Fig. 6. Characteristic of the return loss of the antenna with its position in the biological tissue of the body In Figure 7, however, the effect of different thicknesses of the silicon layer on the rate of energy penetration into the tissue is studied. As the Figure shows, the choice of silicon thickness has a great effect on the initial penetration force into the tissue, so that at a thickness of 0.5 mm, the initial penetration strength is 0.15 and at a thickness of 2.9 this value is equal to 0.83. Furthermore, the penetration decreases with the increasing thickness of silicon and reaches 0.57 energy at a thickness of 12.5 mm.

Fig. 7. The effect of different silicon thicknesses on linear SAR and penetration depth

In the second antenna, firstly, the local SAR distribution in W/Kg per 1 watt of input power in a plane parallel to and permittivity through the antenna axis is compared with the result reported in [START_REF] Park | Antennas for hyperthermia therapy[END_REF] (Fig. 8). Additionally, the SAR antenna distribution pattern presented in the two-dimensional space is close to the circle due to symmetry in the threedimensional space in a sphere shape and is more compatible with the spherical shape of most tumors, resulting in less damage to healthy tissues; therefore, the optimization performed has made the SAR distribution pattern better than the study [START_REF] Park | Antennas for hyperthermia therapy[END_REF]. The effect of changing the distance between the gaps on changing the distribution of the SAR pattern is studied in Fig. 9. However, reducing and increasing the distance between the gaps causes the SAR distribution pattern to deviate from the circular shape of the permittivity plate; therefore, the 8 mm distance for the gaps is the optimal distance to yield the spherical SAR distribution pattern. In Fig. 10, the output of the third antenna simulation, the SAR distribution pattern is limited to an area approximately 20 mm long, resulting in a rapid fall and ascent of the distribution pattern to the peak point. Furthermore, for a normalized SAR of 20%, the length of the SAR distribution area for the simulated antenna is 12 mm, while the same value is 29 mm for the antenna [START_REF] Saito | A proposition on improvement of a heating pattern of an antenna for microwave coagulation therapy: introduction of a coaxial-dipole antenna[END_REF]. Consequently, 80% of the power is consumed for the antenna provided at 12 mm of the antenna length, while this amount of power is consumed at 29 mm for the antenna. In the fourth antenna, firstly, the ratio of degraded tissue at points 5, 10, 15, and 20 mm from the antenna axis and a height of 22 mm from the bottom of the tissue is studied as Fig. 11 shows. However, in the single-aperture antenna, with increasing the aperture length, tissue damage begins faster and in contrast, in a two-aperture antenna, tissue damage occurs faster as the length of the aperture decreases. Figure 12 is yielded along a line parallel to the axis of the microwave antenna at a distance of 2.5 mm. However, the SAR distribution diagram obtained along the longitudinal axis of the antenna is gradually increased until it reaches its maximum point where the aperture is located and then decreases rapidly and reaches its minimum value at the end of the antenna. Moreover, the diagram has reached the maximum point in two-aperture antennas at the location of the upper aperture. Furthermore, the step mode created in the two-aperture antenna is because of the existence of a second aperture, while in the single-aperture antenna, the diagram without stairs and with a steeper slope is reduced. Nevertheless, in a single aperture antenna, increasing the aperture length from 8 mm to 1 and 1.2 mm increases the SAR distribution at points above the aperture; however, there is no significant change from the bottom of the aperture to the tip of the antenna. Since the same power is utilized, the maximum SAR distribution in both antennas is not different. In order to collect, analyze and study a subject, there are various methods such as laboratory methods, experimental tests, field research, software simulations, statistical methods, case studies and review articles [START_REF] Mobasseri | Impact of driving style on fuel consumption[END_REF][START_REF] Mobasseri | Traffic noise and it's measurement methods[END_REF][START_REF] Bozorgmanesh | The Effect of Mobile Phone Electromagnetic Waves on Honey Bee[END_REF][START_REF] Mohammadi | Guiding the Honeybee Navigation System Using the Second-Harmonic Line Width of 456 nm Nd: GdVO4 Laser to Prevent CCD Phenomenon[END_REF][START_REF] Bozorgmanesh | Investigating the Effect of Mobile Phone Electromagnetic Waves on the Human Eye[END_REF][START_REF] Bozorgmanesh | Thermal Effects of Electromagnetic Waves on the Human Body[END_REF]. In this article, the review paper technique is used.

Conclusion

Unquestionably, hyperthermia is a practical and effective method in combination with other methods of cancer treatment, which according to the predictions made on the increasing growth of various cancers, is likely to play an important role in the future. However, the challenges in applying this method, and in the face of significant progress, make the further research inevitable to overcome the existing ones. This paper studies the optimal design of antennas applied in hyperthermia treatment as one of the main components affecting the performance of the method. The simulation results of four different antennas show that by recognizing and optimizing the design parameters of hyperthermia antennas, the performance of the method is likely to be greatly improved. Moreover, because of the multiplicity of parameters affecting the performance of the hyperthermia treatment, part of which is related to the characteristics of biological tissues, further study in this area appears essential.

Fig. 1 .

 1 Fig. 1. Antenna dimensions -(a) Antenna front view: Radiant element (b) Rear view of the antenna: Slot ground and antenna feeding point. The highlighted are the copper parts in the dielectric layer.

Fig. 2 .

 2 Fig. 2. The coaxial antenna of the sheath. Black color represents the conductor and white represents Teflon; (a) the longitudinal section of the antenna and (b) the transverse section of the antenna in the permittivity plane of AB

Fig. 3 .

 3 Fig. 3. The geometry of the antenna in the simulation tissue: (a) the transverse section of the tissue and antenna and (b) the longitudinal section of the tissue and antenna. The dashed line in (a) represents the SAR distribution pattern.

Fig. 4 .

 4 Fig. 4. Coaxial antenna with three conductors; the black color represents the conductor and white represents Teflon. (a) the longitudinal section of the antenna and (b) the cross-section of the antenna on the AB plate

Fig. 5 .

 5 Fig. 5. The geometric shape of the model

Fig. 8 .

 8 Fig. 8. Distribution of local SAR in W / Kg per 1 watt of input power in a "plane parallel to and permittivity through the antenna axis"; (a) antenna simulation results (b) the result reported in reference [17].

Fig. 9 .

 9 Fig. 9. Distribution of local SAR in W / Kg per 1 watt of input power in a "plane parallel to and permittivity through the antenna axis"; (a) by 5 mm distance of gaps (b) by 12 mm distance of gaps

Fig. 10 .

 10 Fig. 10. Normalized SAR distribution (antenna direction length); (a) the result of the simulation, (b) the result reported in reference [18].

Fig. 11 .

 11 Fig. 11. The fraction of destroyed tissue diagram in the presence of blood vessels in single-and double-aperture antennas

Fig. 12 .

 12 Fig. 12. SAR distribution with a linear length parallel to the axis of the microwave antenna at a distance of 2.5 mm

  

Table 1 .

 1 Dimensions of the proposed antenna (mm) Also, the thickness and electrical characteristics of body tissue at a frequency of 434 MHz are given in the table below (

	Parameter	Size	Parameter	Size
	R1	17.22	L1	114.14
	R2	33.66	L2	93.55
	R3	9.35	W	9.35
	R4	18.71	W1	4.67

Table 2 ) . Table 2 .

 2.2 Thickness and electrical characteristics of body tissue at 434 MHz

	Body layer	Density	Conductivity	Permittivity	Thickness
		(𝜌, 𝐾𝑔/𝑚 3 )	(𝜎, 𝑠/𝑚)	(𝜀 𝑟 )	(mm)
	Sponge bone	1920	0.241	22.257	15
	Cortical	1990	0.094	13.071	5
	Fat	916	0.041	5.566	10
	Muscle	1046.9	0.805	56.866	37.4
	Skin	3150	0.709	46.059	2.6

Table 3 .

 3 Dimensions of the axial aperture antenna

	Parameters	Dimensions (mm)
	Central conductor diameter	0.29
	Internal diameter of external conductor	0.94
	External diameter of external conductor	1.19
	Surgery needle Diameter	1.79

Table 4

 4 displays the material properties and the geometric shape of the model is shown in Figure5.

Table 4 .

 4 Material properties

	Properties	Surgery needle	Dielectric	Liver tissue
	Relative dielectric coefficient	2.60	2.03	43.03
	Conductivity			1.69	s/m
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