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Abstract

Purpose: To review the effect of combined radiotherapy and hyperthermia in the treatment of recurrent breast cancer,
two microwave antennas were compared through in vitro experimental tests, and the patient's skin temperature was
monitored with calibrated thermo chemical thermometers. The main purpose of this research is to study the influence
of shape of microwave antennas on the temperature transmission. The secondary goal is to select treatment procedures
to ensure Good Clinical Practice (GCP) of hyperthermia using non-invasive thermometers.

Material and methods: Two "SIRETHERM 609 S" microwave devices (433 MHz) were used to treat two "retrospectively
registered" patients with loco-regional recurrent breast carcinoma (T3 and T4 stages: TNM classification). In vitro studies
were conducted by using the cube water phantom to verify the uniformity and stability of heating, and to compare
antennae of different shapes. Two non-invasive thermo chemical thermometers (colour-coded) are calibrated using two
alcohol "VWR Precision" and ImageJ image processing tool.

Results: The current stability of each power amplitude is studied, and the constancy of the transmitted generator
frequency is confirmed. The radio sensitivity effect of hyperthermia has obtained consistent results, showing how to
monitor the temperature with non-invasive thermometers and Good Clinical Practice (GCP) in hyperthermia using
standard microwave equipment.

Conclusions: The feasibility of the SIRETHERM device as a palliative treatment for locally recurrent breast cancer has
been proven, demonstrating how to use a non-invasive thermometer to monitor the temperature. The experience and
lessons of how to conduct microwave hyperthermia in an appropriate way have been discussed. All these lessons are
necessary for the Good Clinical Practice (GCP) of using microwave devices for hyperthermia. The radiation sensitivity
of hyperthermia has not been displayed. For this reason, large-scale clinical research is required, which is not obvious.

Keywords

Antenna, Microwave, Non-invasive, Thermo chemical, Thermometer, Breast cancer

Introduction destruction of malignant cells while causing minimal or
acceptable damage to normal tissues [14,15] the heat-killing

Breast cancer is the most common type of cancer process occurs in all stages of the cell cycle (G1, S, G2, M,

worldwide, accounting for 16% of all cancers (WHO).
Recurrent breast cancer is usually aggressive, and the difficulty
of treatment results in a short survival term from ablation
[1]. Despite new treatment options, it is still a challenge
for interdisciplinary treatment [2]. Hyperthermia induces
an increase in the sensitivity of the tumor to subsequent
combination [3] therapy whether it is radiotherapy [4-8], Published online: June 03, 2022
chemotherapy [9,10] or the "triple mode of radiotherapy and
chemotherapy" [11-13]. Although, recurrent breast cancer is
affected by effective treatment options.
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G1), showing its necessity as the original treatment process in
tumor treatment [16]. The ability to use heating to inhibit the
DNA repair process, affect the blood flow and oxygenation
of the tumor, and cause direct cytotoxicity to acidosis and
nutrient-deficient cells [15].

Depending on the location (superficial or deep) and size
of the tumor [17], several heating methods have been used
(ultrasound, magnetic induction, high-frequency current
fields, and microwaves). Therefore, a complete set of radiant
heating devices have been used in hyperthermia [18]. Several
studies have shown that the combination of radiotherapy and
hyperthermia is very effective [19,20].

In the past few vyears, the prospects for successful
introduction of hyperthermia in the field of radiation
oncology have increased due to the technological realization
of selective and controlled thermal application in optimized
devices. Refer to the ESHO guidelines: The European Society
of Hyperthermic Oncology [21], hyperthermia in clinical
research is completely dependent on its thermal effect on the
tumor, which depends on temperature and time. Since breast
cancer is a disease with significant tumor cell heterogeneity
and blood flow distribution in low-flow areas of the tumor,
the temperature map indicates an uneven temperature
distribution throughout the tumor [22].

Therefore, hyperthermia is very challenging in cancer
treatment, especially when dealing with temperature
monitoring. At all frequencies, the dielectric properties in
tumor tissues are greater than those in normal tissues of the
same kind, and the conductivity of each part of the tissue is
different [23-25].

During hyperthermia, the tumor tends to become hotter
than the surrounding normal tissue due to the slower blood
supply and slower heat dissipation. Heating will reduce the
blood flow in the tumor, leading to hypoxia and acidosis, and
further increase the possibility of killing high temperature
tumor cells [19]. The relationship between Thermal Skin
Damage (TSD) and the time-temperature effect levels of
breast cancer recurrence patients treated with a combination
of hyperthermia and radiotherapy was studied [20]. For this
reason, past treatment history is important for estimating risk
factors for TSD. The current work is to deal with the causes of
hyperthermia procedures to avoid or reduce TSD to maintain
and prolong a good quality of life. Several studies have focused
on evaluating the efficacy of re-radiotherapy combined with
hyperthermia after surgery for locally recurrent breast cancer
[26-28].

Some works are interested in descriptions of hyperthermia
procedures and detailed information about the heating
techniques used. Important developments in hyperthermia
are treatment planning and non-invasive temperature
monitoring. These tools will help make it easier and better to
control its application and effectiveness [29].

Indeed, temperature measurement during hyperthermia
needs to be accurate to prevent thermal toxicity. There
are two groups of temperature monitoring techniques:
The former includes invasive techniques based on the

use of thermocouples and fibre-optic sensors; the second
analyses non-invasive methods, i.e. magnetic resonance
imaging, computerised tomography and ultrasound-based
thermometry [30]. The last group is expensive and requires
these instruments to be installed near the heating equipment.
However, color-coded thermo chemical thermometers are
very simple, non-invasive, and inexpensive.

In this study, two microwave devices have been used to
induce heat sensitization of superficial tumors in local areas.
Then, attempts to enhance the technology are shown; some
improvements related to the treatment procedures have
been revealed. The same microwave device as the last clinical
study [5-7] is used. The current SIRETHERM device has the
same frequency as the Lucite device [31,32].

However, there is very little information about the
heating device SIRETHERM 609. Because it is inexpensive and
primarily used in physiotherapy, especially in diathermy [33],
it can be a good choice to become the standard equipment
for hyperthermia today.

Due to the hot spots caused by the non-stability of
heating, the choice of the procedure is believed to be of
great importance in the Good Clinical Practice (GCP) of
hyperthermia. Unfortunately, at present, there is limited data
in the literature concerning the monitoring of temperature
delivered by “SIRETHERM 609 S” microwave antennae,
especially during hyperthermia treatment of recurrent
breast carcinoma. In this context, hyperthermia guidelines
have been included by the National Comprehensive Cancer
Network (NCCN) as an option for the treatment of breast
cancer recurrences [34].

The current focus of work is on in-vitro and clinical
studies using two microwave "SIRETHERM 609 S" devices for
inspection. Since temperature rise is the main parameter that
characterizes the performance of the applicator [32], the goal
is to evaluate the delivery temperature of the two devices.
As far as we know, the in vitro temperature measurement
provided by the "SIRETHERM 609 S" device and temperature
monitoring using non-invasive thermochemical thermometers
(color-coded) have never been performed before.

Materials and Methods

Microwave device "SIRETHERM 609 S" and
applicators

The "SIRETHERM 609 S, Pyrodor applicator", manufactured
by Siemens and Paul Scherrer Institute (Switzerland) is a
thermotherapy device. It is an Electromagnetic “EM” radiant
heating system: Its applicator operates in the 434MHz ISM
frequency band. It provides a power range of (50 - 250)
Watts. The device has low penetration (~ 1.5 cm), sufficient
for superficial treatments [6,9,32].

A single radiation aperture connected to the power
amplifier can independently control 0-100% output power
(power range 1-7).

Two "SIRETHERM 609 S" were used. Two different
antennas (or applicators) have the same size but two different
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shapes. The first has a trapezoidal shape, but the second has
two parallel copper plates, corresponding to devices 1 and 2,
respectively, as shown in Figure 1. The radiation aperture of
both antennas is 10 cm x 10 cm.

Both devices 1 and 2 are used for in-vitro experimental
testing and superficial hyperthermia treatments. Seven
power settings (1-7) are provided, corresponding to the
heating range.

This kind of equipment is mainly used for physiotherapy,

and the price is low, which is the focus of our research.

Experimental set up of in-vitro studies

A 15 cm x 36 cm x 26 cm cube phantom filled with water
is used to measure temperature distribution and calibrate
thermo chemical thermometers. As shown in Figure 2, the
phantom is isolated by insulating polystyrene. Here, it is
biased to mention that 0.6% salt water is usually used for the
434 MHz microwave frequency. The choice of water is only
for price reasons.

software (bottom).

Figure 1: Picture of the antenna shape of device 1 (right) and device 2 (left) (top) and schematic diagram of modeling using CST Studio

Device

temperatures T1 and T2.

Figure 2: Two pictures of the cube phantom heated with the microwave device and the placement of thermometers for measuring
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All the tests are established under the same isolation
conditions. This experimental study does not consider
the heat loss from the water through conduction. In-vitro
measurements are performed in the radiotherapy simulator
room. The heating method and technical equipment of the
cube phantom are the same as those of the patient. The
temperature measurement is monitored by two alcohol
"VWR precision" and thermo chemical (°C/°F) thermometers.
One alcohol-thermometer is placed in the center of the cube
phantom and the other is close to the applicator as shown
in Figure 2. The thermochemical thermometer is placed
on the front of the cube phantom near the second alcohol
thermometer.

Calibration of the thermochemical thermometer

The temperature measurement is carried out by placing
two alcohol “VWR precision” and a thermo chemical (°C/°F)
thermometer, as shown in Figure 2. Since the calibration
test does not require heating with microwave device, the
cube phantom is filled with water heated in a 'water-bath'
at a temperature close to 45 °C and the temperature drop
is observed every 5 minutes. To scan the thermo chemical
thermometer temperature, a photo is taken for each
measurement. The temperature of the alcohol thermometer
is manually scanned. The measurement is performed under
the condition that the average room temperature of 24 °C
and the humidity does not exceed 60%.

Calibration is based on visual readings using the "Image
J" software package [35] (Version 1.71: Based on Image J
Release 1.36). This comparison took a long time and the visual
reading was about the same (x 0.5 °C). In addition, during
hyperthermia, the temperature needs to be read quickly and
intuitively.

In order to read the approximate temperature value on
the thermo chemical thermometer intuitively (Figure 3), first
the green is used as the reference temperature value and
compared with other colors. In general, the color before
green is blue (called pre-green) and the color after green
is red or orange (called post-green). In order to read the
temperature easily, the pre-green is ignored and the post-

green is considered, which depends on the shade of greens
and red. If the post-green is green, the second green value is
increased by half a degree Celsius, as shown in the left part of
Figure 3. If the two reds are regarded as post-green, the first
red value plus the value of one-tenth of a degree Celsius are
considered, as shown in the right part of Figure 3. The error
of the temperature visual reading here can reach 0.5 °Celsius.

In-vitro Experimental Tests

Uniformity of heating

To verify the uniformity of heating, as predicted in Figure
2, the temperature is measured in the same bath at the
closest distance to the applicator (T1) and the center of the
cube phantom (T2). The heat treatment started from the
lowest power level of the devices (1-5) until the normal body
temperature (37 °C) was reached. Then, the amplitude 6 and
7 is turned on until the heating stabilizes, and stopped after 6
hours (Figure 4).

Comparison between the devices 1 and 2

A comparison between device 1 and device 2 was
performed, maintaining the same heating procedure (Figure
5).

The superposition of the temperature-time curves of the
two devices confirms that the heat intensity of device 1 and
device 2 are different. Notice that the second device heats
more than the first device. To determine the cause of this
additional heating, the relative amplitude of each power and
the frequency of the two generators were measured. Figure
5 demonstrates the difference between parallel plate (device
2) and trapezoidal (device 1) antennas in terms of electric
field distribution, temperature transfer and thermal dose
distribution.

Measurement of the generator frequency and
the relative amplitude provided by the two
generators at each power amplitude

An oscilloscope (Lecroy) with a bandwidth of
approximately 500 MHz and 1M Q resistor was used. To

99 100 102 104 106 108 109 111

Figure 3: Two examples of photos of the thermo chemical thermometers calibrated with alcohol icones. The temperature calculated

by Image corresponds to 40.2 °C (right) and 41.45 °C (left).
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Figure 4: Temperature changes of device 1 (left) and device 2 (right). 6 and 7 represent power amplitude.
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Figure 5: The evolution of the temperature of relegated to the exposure time of device 1 and device 2.

upgrade the bandwidth at the 1 GHz frequency, a resistor of
about 50 Q was added, that broadly covers the frequencies
generated by the two devices.

The oscilloscope signal obtained through the 10 cm tip,
placed on the applicator of the electromagnetic power from
devices 1 and 2 has been registered. The results show that
the power provided by the generator is between 50 and 250
W. Therefore, it is necessary to take a turn with a small grass
5 times the initial distance. The distance between the spire
and the applicator is significantly greater than the maximum
currentamplitude supported by the oscilloscope. The purpose
is to be able to read the highest power amplitude 7.

The oscilloscope signals of the two devices have been
verified. A similar behavior of the two oscilloscope signals
is observed. In addition, the relative current measurements
for each power amplitude are also derived. First, the current

amplitude of each device with its own applicator (device 1
with trapezoidal applicator and device 2 with parallel copper
plates) is measured. Secondly, the applicator of device 2
is changed through the applicator of the device 1, and the
relative amplitude is compared as shown in Figure 6.

Choosing the right procedure for treatment

When there are microwave devices with different power
amplitudes (1-7), it is more suitable to find the best treatment
procedure before starting a clinical trial. Therefore, an in vitro
test was established using a cube model heated by device 1.
The only difference is the heating power level. Two treatment
procedures were considered in this study:

Procedure-1 involves heating water at a temperature
below 37 °C with a power level of 5, and after reaching the
required temperature (37 °C) in a short time, the level 6 is
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Figure 7: Temperature evolution of procedure 1 and procedure 2.

used. After one hour, the amplitude 7 is turned on until the Comparison of the two antennae under the same
end of heating, as shown in Figure 7. power amplitude

Procedure-2 involves measuring temperature by slowly
and gradually changing the power amplitude every (5-10)
minutes. Water was heated starting from amplitudes 1-5. At
amplitude 6, the temperature reached 37 °C. After heating
for one hour, the amplitude 7 was selected until the end of
heating, as predicted in Figure 7.

The second device with parallel copper plates provides
higher current amplitude than the first device with a
trapezoidal shape. There is evidence for further comparison
with applicators 1 and 2 fixed to device 1. To consolidate the
additional idea that the antenna shape is responsible for the
heating of device 2 compared to device 1, the temperature

Ounalli and Notter. Insights Biomed Res 2022, 6(1):161-174 Open Access | Page 166 |



Citation: Ounalli L, Notter M (2022) Sensitizing Breast Cancer Cells Using Standard Microwave Devices and Temperature Monitoring With
Non-Invasive Thermochemical Thermometers. Insights Biomed Res 6(1):161-174

40 -
LiaAappqatites o 18 E
‘.“:“000.‘
2d
— N
O 39 - ot
2 1*
e , .
g g1t + Device 2 (Applicator 1)
© 7 et
8 ot . Device 1 (Applicator 1
cEl38 | evice 1 (Applicator 1)
[0 o
=
.A
37 T T T T T 1
0 60 120 180 240 300 360
Exposure time [min]
Figure 8: Comparison of the temperature changes provided by device 1 with its applicator and device 2 with the applicator 1
(trapezoidal shape).

measurement is established using device 1 with its applicator
and device 2 with the applicator of device 1 (Figure 8).

Since the Good Clinical Practice (GCP) of hyperthermia is
ensured when moving slowly from power amplitude 1 to the
highest amplitude (7), the procedure is suitable for this study
when the temperature reaches approximately 37 °C.

When the temperature reaches 38 °C, the power
amplitude 6 is turned on and then 7 is applied and maintained
to a steady state.

Hyperthermiausing both devices “Interference”:

For large breast cancer areas, a full coverage with only
one applicator is impossible. Adding a separate heating area
to cover all tumors will result in a significant decrease in radio
sensitivity. For these reasons, the two EM applicators of
devices 1 and 2 can be combined into a large multi-element
array, and the individual power control of each element can
achieve two-dimensional power steering by adjusting the
power of a single element [36-38].

In this study, two calibrated thermo chemical
thermometers were considered, facing the applicators 1 and
2 and measuring the temperature T, and T,, respectively.

Clinical Cases

A retrospective registration study was conducted on two
patients (patient 1: 76-years and patient 2: 84-years) (Table
1) with recurrent breast cancer after surgery. Both patients
received superficial radiation therapy after microwave
hyperthermia. The two selected patients underwent almost
the same treatment. Prior approval is obtained from the
competent ethics committee and the Federal Agency for
Therapeutic Products. During the trial, adverse reactions and

amendments are always reported to the Swissmedicethics
committee. In addition, both patients signed a special
informed consent form before treatment.

One or two "SIRETHERM 609 S" devices (for patient 1) are
used twice a week for local hyperthermia below 44 °C and in
almost all cases immediately before external electron beam
therapy. The overlapping thermal field covers the entire
radiation field, according to the position of the applicator
as shown in Table 1. Hyperthermia never stops. When the
patient feels hot, the applicator is only moved 1 or 2 cm, or
the power is reduced by changing the amplitude. Note that
after surgery on certain parts of the body, the heat sensation
will disappear.

The temperature distribution of the treatment area is
continuously monitored and photographed by one or two
calibrated thermo chemical thermometers (°C/°F) facing
the treatment area. In addition, visual inspection of the
temperature color-coded image is used to guide the correct
centering of the heating area and avoid TSD caused by hot
spots.

After 40-60 minutes of uninterrupted hyperthermia,
irradiation is performed using a precise linear accelerator (15
MeV) and clinical dose (2 Gy) is used. A total dose of 32-40
Gy is given to patients within 4-5 weeks (twice a week). The
average duration of hyperthermia for the second patient was
60 minutes, and for the first patient who received interference
during treatment, it was approximately 40 minutes.

During the treatment, the patients maintain the same
posture, lying on their backs. The frequency is always
maintained at 433 MHz. The power amplitude is changed
from 1 to 7 keeping the applicator in the same position.
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Table 1: Characteristics of patients with recurrent breast carcinoma and their hyperthermia treatments.

Patient

1

2

Age
Ulcération
Localization

Hyperthermia treatment

76 years
no

Left

84 years
yes

Right

Session 1

=€

Session 2

Session 3

Session 4

Session 5

Session 6

Session 7

Session 8

Session 9

Session 10
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Results

In-vitro studies

The applied current distributions of the two devices both
oscillate at a single frequency of 433 MHz. With reference
to the work of Otasowie [39], the size of the antenna is
proportional to the wavelength and ultimately depends on the
generator itself. Therefore, the constancy of the frequency is
ensured. It can be concluded that the two generators provide
the same frequency.

As shown in Figure 8, after heating for 4 hours, the steady
state remained stable at a temperature of about 39.5 °C.

A comparison between these two microwave devices with
different antenna shapes revealed evidence of the effect of
shape on temperature transfer (Figure 8).

Clinical cases

The temperature-time curves of the two microwave
devices during the entire treatment process were drawn for
two patients. Table 1 provides more detailed information
about the different sessions, programs, and devices.

The case of ‘Patient 1’: To avoid TSD and take into account
the heat sensation of patient 1, sometimes only one device
is used (1 or 2, depending on the doctor's prescription).The
temperature-time curve during the whole treatment process
isdrawn in Figure 9 for patient 1. A calibrated thermo chemical
thermometer facing the applicator is used to measure skin
temperature (T1 for the applicator 1 and T2 for the applicator
2).

The manual scan of the skin temperature of patient 1
was recorded, and the average value was 36 °C to 44 °C as
shown in Figure 9. As shown in Figure 10, when using both
devices to cover the large area, the treatment temperature
(42-43 °C) and steady state for each session are reached after
approximately 10 minutes.

The case of ‘Patient 2’: Despite the ulcers, patient 2 had
very limited breast cancer, and the heat sensation was even
less than that of patient 1. Therefore, there is only one device
for hyperthermia, and a thermo chemical thermometer facing
the applicator to measure skin temperature. Figure 11 plots
the temperature-time curve for patient 2 during the entire
treatment process.

Discussion

In vitro studies

Uniformity of heating, constancy of frequency and
stability of amplitudes: The temperature time curve (Figure
4) provides information about the temperature distribution.
These curves confirm the uniformity of the thermal dose
deposition of the two devices throughout the cube phantom.
The stability of heating is ensured by an uncertainty of
approximately £ 0.1 °C.

No difference was observed in the transfer temperature
of the two devices at different amplitudes. However, for
device 2, parallel copper plates, the transferred temperature

increased over time. For this reason, better thermal isolation
is needed to obtain linear temperature and time dependence
and reach a steady-state point. Knowing that the uniformity
of power deposition is better determined with more than
two temperature sensors. The reason why, one alcoholic
thermometer is placed in the center of the cube phantom and
the other one is in the front of it.

Choosing a treatment program: an indicator of Good
Clinical Practice (GCP): The analysis of Figure 7 confirms that
the procedure 2 is associated with Good Clinical Practice
(GCP) regarding hyperthermia, when heating slowly and
gradually. Higher temperatures are achieved, and heating
stability is ensured.

Since the resistivity of the human body is smaller than
that of water, it can quickly reach a steady state at a higher
temperature [23,24]. Otherwise, the temperature of muscle
and fat must never exceed 44 °C [23]. In addition, muscle
is the tissue with the largest dielectric constant, its relative
permittivity is ¢, =45.9 and the effective conductivity is
o =0.91 [S.m?] at 433 MHz [23].

In summary, the shape of the antenna is increased by the
temperature transmission. Similarly, our research results are
consistent with the finding of Rietveld, et al. and concluded
that the use of cone applicator provides a better invasive
temperature in breast cancer treatment areas with surface
hyperthermia without any negative side effects.

As demonstrated by Otasowie [39], open waveguide is
an inefficient energy radiator due to aperture impedance
mismatch; it can be improved by simply flaring the end of the
waveguide. This flaring forms a horn antenna.

Clinical Cases

The temperature supported by the two patients
maintained a constant behaviour throughout the exposure
time. During the heating process of about one hour, the
temperature of normal tissues should not exceed 43 °C. The
course of hyperthermia is described in Table 1.

As shown in Figure 9 (device 1 (up) and device 2 (down)),
the temperature evolution related to the exposure time
has the same profile for device 1 but device 2 gives a large
variation between sessions. The treatment temperature
(~43 °C) is reached after about 10 minutes. Approximately,
the temperatures increase when device 2 and device 1 are
used. Later, an appearance of excessive heat and hot spots
in patient 1 while using device 2 which explain the effect of
antenna shape.

In addition, according to the simulation results by using
CST Studio software (Dassault systems, Vélizy-Villacoublay,
France) [40], the evaluation of the SAR distribution of the two
antennas shows that the maximum values of the antenna
with two parallel plates for 1g and 10g tissues are 2.53 W/kg
and 1.63 W/kg, respectively. The value of trapezoidal second
antenna for 1g is displayed as 1.81 W/kg, and the value for 10
g is displayed as 1.43 W/kg.

As shown in Figure 9 (patient 1) and Figure 10 (patient
2), the temperature changes related to exposure time
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Figure 9: Hyperthermia treatment profile for patient 1 (76-years-old) using device 1 (up) and device 2 (down).
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have the same distribution for device 1, but device 2 gives
changes between sessions. Here, the instability of the heat
transferred by device 2 is confirmed. In vitro studies are
considered a reliable method as the basis for selecting the
best hyperthermia treatment procedures. Compared with
the initial tumor shape, even in the presence of normal
tissue limitations, the results after treatment are even more
impressive (the case of patient 2, no sensation of heat).

Using one or two devices, a detailed heat map of the
hyperthermia process was drawn for patients 1 and 2. For
all sessions, the curve tends to have a typical continuous
temperature graph, which is related to the exposure time,
including the initial build-up and plateau period.

Compliance of this work with the guidelines of
the European Hyperthermic Society

The European Hyperthermic Society guidelines were
recently released (2017), and the work described in this
article is established previously. Then, it is difficult to follow
recently collected guidelines when conducting clinical trials
in advance. However, present studies meet some specific
requirements of the clinical research protocol, even for
technical tests (A) [41] or clinical trials (B) [21], applying
hyperthermia to the defined clinical goals.

The four requirements and guidelines for the proper
clinical use of applicators [21,41] have been followed. The
criteria are as follows: 1) The radiation aperture can produce
an effective surface HT under the aperture (according to the
test conditions). 2) The radiating elements of the applicator
array are powered in an incoherent manner to avoid cross-
coupling effects between elements. 3) The third requirement
does not apply here. 4) The definition of the treatment area
of the array applicator is like the definition of the treatment

area of a single applicator.

The European Hyperthermic Society strongly recommends
including a temperature measurement point under each
individual power supply element of the array applicator. This
point is particularly suitable for respect and is described in
detailinthisarticle. Therefore, clinical temperature monitoring
represents the highest interest in our work. Regarding the
recommendation: "The minimum number of temperature
measurement locations is five, and the reading cycle is at
least once per minute." The goal of the present work is to
heat the entire target volume to a sufficiently high thermal
dose at the end of the treatment, instead of focusing only on
measuring the temperature. The instantaneous temperature
of a specific part. As a conclusion, the guaranteed points
of surface hyperthermia that comply with the European
society's recommendations on Good Clinical Practice (GCP)
are pointed out in the guidelines.

As recommended by the European Hyperthermic Society,
the heat distribution of the applicator is at the same frequency
as in clinical use under standardized operating conditions. In
addition, all measurements were performed under the same
clinical trial conditions. At the beginning of each experiment,
the cube phantom should be balanced with normal body
temperature.

In the current work, no water bolus is used: the
manufacturer does not provide a water bolus that is coupled
with the applicator hole. The temperature-controlled water
circulation bolus has the function to couple electromagnetic
energy into the patient's body and control the skin surface
temperature. For Electromagnetic (EM) heating, the
thermometer should minimize the interaction with the
EM field, even if they have a slight error in reading the
temperature.
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of patient 2 (82- years) using device 1 (top) and device 2 (bottom).

The reason for using thermo chemical thermometers is
that they have minimal interference and are suitable for EM
heating technology. The temperature is only measured on the
surface. In addition, the measured temperature is combined
with the patient's feedback on signs of discomfort in the form
of subjective pain complaints.

Conclusion

Indeed, present studies give an overview of the good
procedure of superficial hyperthermia treatment of loco-
regional recurrent breast carcinoma as one of indicators of the

Good Clinical Practice (GCP). In this context, studies focused
on antennae comparison, to show that the shape of antenna
plays a major role in the increase of temperature intensity,
were carried out. Part of this research has demonstrated
the effectiveness of the antenna shape for temperature
transmission and temperature monitoring using non-invasive
thermo chemical. The use of "SIRETHERM 609 S" microwave
device (433 MHz) for hyperthermia requires more research
on treatment procedures and the shape of the antenna.
Hyperthermia can also be used in low-income countries with
universal equipment.

Ounalli and Notter. Insights Biomed Res 2022, 6(1):161-174

Open Access | Page 172 |




Citation: Ounalli L, Notter M (2022) Sensitizing Breast Cancer Cells Using Standard Microwave Devices and Temperature Monitoring With
Non-Invasive Thermochemical Thermometers. Insights Biomed Res 6(1):161-174

From the current work, the lessons learned to fully comply
with the ESHO guidelines are as follows:

® Medical physicist should follow the Good Clinical
Practice (GCP) in superficial hyperthermia.

® The detailed information of the clinical case must
be provided, including its precise diagnosis and a
description of the depth and location of the tumor.

® The number of the Ethics Committee protocol that
approved such research study should be included.

® The tissue equivalent phantom for technical tests and
a water bolus at the surface of tumor must be used.

® The use of computational modelling for optimization
and verification is essential.

® The number of patients should be as high as possible,
despite in palliative treatment it is not obvious.

If medical physicists solve these problems, the challenge
of hyperthermia to make a valuable contribution to treat
cancer will be solved.
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