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Abstract: Tumor Treating Fields (TTFs) is a new tumor electric therapy that has success with many
tumor types. This modality is very low-intensity alternating current (AC) fields (1-3 V/cm) and
intermediate frequency (100-300 kHz). The delivery of TTFs was applied only through completely
insulated electrodes by using external high voltage to avoid any reactions that may occur through
using conductive electrodes, specially the generation of oxidative reactions. In order to achieve the
required effect, the patient can be exposed to the technique for continuous three days, which may
lead to long-term side effects. The adoption of the idea that TTFs should be applied through insulated
electrodes did not give the chance to evaluate the uninsulated electrodes to conduct TTFs. This study
aims to evaluate the possibility of using uninsulated electrodes, find the optimum exposure time, and
determine the accompanying oxidative stress on human non-small cell lung carcinoma (NSCLC)
cells. Here we found that applying TTFs through uninsulated electrodes produced 18-29% tumor
growth inhibition for exposure time of 2.5 min to 40 min without significant oxidative stress. These
findings will lead to the possibility of using the uninsulated electrodes TTFs in simple technology.
The treatment quality will be improved by highly decreasing the exposure time.

Keywords: lung cancer (NSCLC); tumor treating field (TTFs); uninsulated electrodes; apoptosis;
oxidation stress
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1. Introduction

Lung cancer imposes a disease burden on the world. It has progressed from a rare disease to the
most common cancer and the greatest cause of cancer-related death in the world [1]. It can be
divided into non-small cell lung cancer (NSCLC) which counts 80-85% of lung cancer, and small
cell lung cancer (SCLC) [2]. For a long time before, the used treatment regimens are limited to
chemotherapy and radiotherapy with or without surgery; these therapies can destroy tumor cells and
have a lethal effect on normal healthy cells [3]. Therefore, the search for more tolerable and
efficacious anticancer therapies continues.

The effects of external electric fields on biological cells have been extensively studied. In order
to elucidate a possible impact of electric fields on cancer treatments, various trials that included
irreversible electroporation [4] and electro-chemotherapy have been developed in the past [5]. A new
cancer electrotherapy technique has been proposed which called Tumor Treating Fields (TTFs), and
has been approved by Food and Drug Administration (FDA) in 2011 for the treatment of certain
tumors, including brain tumor and glioblastoma [6]. This modality depends on very low-intensity
alternating current (AC) fields (1-3 V/cm) and intermediate frequency (100-300 kHz). TTFs can
destroy many types of the tumor without affecting the surrounding normal cells [7]. TTFs selectively
disrupt cancer cells' ability to divide by inhibiting mitotic spindle formation during metaphase, which
blocks cell proliferation, leading to growth inhibition [8].

Since TTFs have been used and the only way to deliver the electric field is through specially
insulated electrodes applied to the skin surface. All the different devices that were reported using
insulated electrodes differ in the type of insulation, either metal wires insulated with a thin film of an
insulator or with a high dielectric-constant material [9]. No conductive electrodes were reported to be
used in TTFs. Both insulated electrodes and conductive electrodes have suggested comparative
advantages as well as drawbacks in TTFs application.

Insulating (capacitive) electrodes have a significant advantage in delivering potential biological
tissue differences without galvanic contact. They use a high electric current capable of breaking
down the high electric resistance of insulating material that covers the whole electrode, including the
contacting tip itself. The operating of these electrodes are with displacement currents instead of real
charge currents, allowing the avoidance of the electrolytic reactions at the electrode surface with the
accompanied toxic ions release [10]. On the other hand, the application of TTFs using insulating
electrodes can affect the patients' life quality because they are treated outside the hospital environment
and advised to wear the device for at least 18 h/day for an average of 4 weeks [11]. During the exposure
period, treatment is delivered via electrodes attached to the patient’s scalp, powered by a portable
battery [12].

Uninsulated electrodes (conductive electrodes) have the benefit of conducting the same
electrical energy in a very short time compared with insulated electrodes. There are many reaction
parameters that can control the oxidants generation such as electrolyte composition, electrical energy,
pH, temperature, and electrolysis type. The electrode material has been considered as the most
significant factor governing the species and yield of the generated oxidants [13].

TTFs using insulated electrodes have the potential for long-term side effects. It is, therefore,
essential to study methods that increase the intensity of electric fields applied to tumors, thereby
enhancing its therapeutic effects while minimizing exposure of organs at risk [14]. In the current
study, the efficiency of using uninsulated electrodes was evaluated, which wasn’t reported before.
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This evaluation isn’t limited to the percent of cell death but also extends to determine the total
oxidative stress that may be introduced into the medium with time. Decreasing exposure time to the
few min range is the main point in this study to improve the quality of the treatment. As we don’t
know precisely when the cell death plateau can be obtained, we examined TTFs time interval curve
in the range of 2.5 min to 40 min.

2. Materials and methods
2.1. TTFields-conductive electrodes exposure setup

TTFs conditions were delivered through a pair of plate silver/ silver chloride electrodes of 1.5 cm?
surface area. The distance between the two electrodes was 5 cm. Two holes in the lid of the cell
culture dish were made; through them, the two electrodes passed then fixed. Each electrode is
connected to one output terminal of the function generator (F.G); Figure 1 is a schematic diagram of
the exposure system.

Figure 1. Schematic diagram of the TTFs-uninsulated electrodes exposure system setup.
2.2. Application of TTFs- conductive electrodes

5V, 150 KHz sine waves were applied to the tumor cell line culture media via (CALTEK,
CA1640P-02 function generator/counter, serial number: 06mg0676, USA). So the electric field was 1V/cm.
The exposure time was ranged from 0 min (control) to 40 min. The current passing through the
medium containing the cells was practically measured using a digital multimeter ( VC9205A CE,
Made in China); the measured value was 1.8 mA. The temperature was measured every 5 min using
a digital thermometer.

2.3. Cell culture

A549 cell line, a human lung cancer cell line (adenocarcinomic human alveolar basal epithelial
cells), was obtained from the Medical Research Institute (MRI), Alexandria University, Alexandria,
Egypt. Cells were cultured on collagen-coated tissue culture dishes (Sarstedt AG & Co, NUmbrecht,
Germany) in a complete medium of high glucose Dulbecco’s Modified Eagle’s Medium (DMEM)
with L-Glutamine (Lonza, Belgium), supplemented with 10% fetal bovine serum (FBS) (Sigma,
Germany), 1% penicillin and streptomycin (Biochrom GmbH). Cells were kept under standard cell
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culture conditions at 37 ‘C in a humidified CO; incubator containing 5% CO,. Cells were grown in a
monolayer, and the cell adherence rate during subculture was required to reach 80% confluence. In
all experiments, cultures of 80% confluence were used with a maximum passage number of 20-25.

2.4. Colony-forming assay

The self-renewal capacity of the A549 cells was evaluated by colony-forming efficiency assays [15].
Cells at the exponential growth phase were detached with trypsin and counted using a
hemocytometer. 5x10% cells per well were seeded in six-well plates at 37 °C with 5% CO,. After
overnight incubation, cells were exposed to TTFs-conductive electrodes at indicated durations and
then continuously incubated for 10-14 days. After incubation, cells were washed with PBS twice,
fixed with fixing solution (Acetic acid/methanol, 1: 7) for 10 min, and stained with 0.5% crystal
violet (Sigma-Aldrich) for 10 min at room temperature. After staining, cells were washed with tap
water. The colony is defined to consist of > 50 cells. Visible colonies were counted. Colony-forming
efficiency was calculated as colony-forming unit numbers, colony formation rate = (number of
colonies/number of seeded cells) %< 100%.

2.5. Flow cytometry-apoptosis analysis

Detection of apoptotic/necrotic cells after TTFs-conductive electrodes exposure was done by
using Annexin V/propidium iodide (PI) staining. Cells were exposed to TTF for the indicated time
and then incubated for 48 h. After incubation, the cells were subsequently washed with ice-cold PBS,
trypsinized, centrifuged at 2,000 g for 2 min. The cell pellet was resuspended in 1x binding buffer (10
mm HEPES/NaOH (pH 7.4), 140 mm NaCl, and 2.5 mm CacCl,). Aliquots (100 uL) of the cell
solution were mixed with 5 pL of Annexin V-FITC (BioVision, Milpitas, CA) and 10 pL of PI stock
solution (50 pg/mL in PBS) via gentle vortexing, followed by 15 min of incubation at room
temperature in the dark. 400 puL of 1x binding buffer was added to each sample. The prepared
samples were analyzed using a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ,
USA). Data were acquired and recorded using the Cellquest software. In general, samples were
analyzed at a low flow rate, and 10,000 events were acquired for each sample [16].

2.6. Flow cytometry-cell cycle analysis

Cell cycle analysis was done by determining the quantity of DNA content. This is preceded by
staining the cells with a fluorescent DNA-binding dye like propidium iodide (PI), which is added to
permeabilized single cells [17]. PI will bind to DNA, and during flow cytometry, the DNA will emit
a fluorescent signal which is vary depending on the amount of DNA in the cell. The cells that are in
the S phase will have more DNA than cells in G1. The cells in G2 will be approximately twice as
bright as cells in G1. Because of this, G2 and M phases often cannot be distinguished from one
another because they share similar DNA content.

After TTFs-conductive electrodes exposure for the indicated time, cells were harvested, washed
with PBS. Cells were fixed and permeabilized in 80% ethanol for 1h. Then, the fixed cells were
washed with phosphate buffer solution (PBS) followed by incubation with RNase I (10 ug/mL) at 37 C
for 30 min. Finally, the cells were resuspended in PI (50 pg/mL) at 4 ‘C for 30 min and then detected
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using a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA). Data were acquired
and recorded using the Cellquest software.

2.7. Cell lysis and measuring oxidative stress markers

The cells” monolayers were exposed to TTField for the indicated time. After incubation, the
cells were lysed, and the protein concentration in the samples was measured; then the oxidative stress
markers were determined in each sample.

A549 cells were washed twice with phosphate-buffered saline (PBS), scraped into PBS, pelleted
by centrifugation at 2,000 g for 2 min, and lysed by using RIPA buffer (50 mM Tris pH 7.5, 150 mM
NaCl, 1% NP40, 0.5% Na-deoxycholate and protease inhibitor) and incubated for 10 min on ice. The
protein extract was cleared by centrifugation at 13,000 g at 4 °C for 10 min. Protein content in the
samples (protein extract) was measured according to the method of Bradford [18], and bovine serum
albumin (BSA) was used as a standard.

Total antioxidant capacity (TAC) was measured via a SET (single electron transfer) mechanism.
In SET mechanisms, the antioxidant provides an electron to the free radical and itself then becomes a
radical cation. In this mechanism, the antioxidant's ionization potential (IP) is the most important
energetic factor in evaluating the antioxidant action. In the presence of antioxidants, copper (I1) (Cu®")
is reduced to copper (1) (Cu™). In turn, the copper (1) (Cu®) ion interacts with a chromogen to produce
a colour compound [19]. The antioxidant capacity of samples was calculated by detecting the
absorbance value at 490 nm.

Glutathione content, oxidized (GSSG), and reduced (GSH) glutathione in cell lysates were
determined by Cayman’s assay kit based on the enzymatic recycling method using glutathione
reductase (GR) [20-21]. The sulfhydryl group in GSH reacts with DTNB ((5,5'-dithio-bis-2-nitrobenzoic
acid) to form the disulfide GSTNB and the yellow-colored compound 5-thio-2-nitrobenzoic acid (TNB).
The disulfide product (GSTNB) is then reduced by GR in the presence of NADPH, recycling GSH
back into the reaction. GSH is easily oxidized to the disulfide dimer GSSG. The absorbance of TNB
was measured at 405 or 412 nm. The rate of TNB production is directly proportional to the
concentration of glutathione content in the sample.

2.8. Statistics

All data were expressed as mean = standard deviation (SD) from three independent repeats.
ANOVA was used to evaluate the difference between multiple groups. Significant differences
between experimental groups were determined using a two-tailed Student’s t-test (Excel 2013
Microsoft, USA). Results were considered statistically significant when the p-value < 0.05.
3. Results
3.1. TTFs-conductive electrodes attenuate the cellular proliferation capacity of A549 cells

The inhibitory effect of TTF using conductive electrodes treatment on lung cancer cell

proliferation using A549 cells was examined. TTFs-conductive electrodes were applied to A549 cells
for different durations 0, 5, and 10 min. After incubation, the cells were fixed and stained. The result
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of the colony-forming assay (Figure 2) indicated that the TTFs-conductive electrodes exposure
inhibited A549 cells proliferation to a greater degree than that in the control cells. The results clearly
indicated that the different durations of TTFs-conductive electrodes showed a cytotoxic effect on
A549 cells in a time-dependent manner as the time of exposure increased, the viability of the cells
decreased.
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Figure 2. TTFs-uninsulated electrodes inhibits A549 cell proliferation. (A) Colony
formation was observed in all A549 cultured for 12 days. Colony-forming efficiency was
different among the A549 cells treated with TTFs-uninsulated electrodes for different
durations (0, 5, and 10 min). (B) Colony count for the colony formation assay. The values
represent the means &= SD of three independent experiments. * P-value < 0.05, ** P <
0.01 versus control group.

3.2. TTFs-conductive electrodes induce A549 cell death

To determine whether this suppression of proliferation is due to cell death, Annexin
V-FITC/propidium iodide (PI) staining protocol was performed in A549 cells. A549 cells were
exposed to TTFs-conductive electrodes with different durations ranging from 2.5 min to 40 min, and O
min exposure was used as the control, as described. Then cells were subsequently stained with
Annexin V/PI and examined through flow cytometry. The result analysis showed that the rate of cell
death after the TTF-conductive electrodes exposure increased in a time-dependant manner until reach
the plateau at 10 min exposure and after that, there is no clear increase in the rate of cell death (Figure 3).
The results indicated that exposure to diverse durations of TTFs-conductive electrodes increased cell
death considerably, and the inhibition percentage of cell proliferation was similar to the
colony-forming assay results.
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Figure 3. TTFs-uninsulated electrodes induce A549 cell death. Cell death percentage was
detected by flow cytometry. The percentage of dead cells was determined in A549 cells
after TTF-uninsulated electrodes exposure for 2.5, 5, 10, 20, 30, 40 min, and 0 min was
used as control. The means £SD were shown for three independent experiments.

Annexin V/PI staining was also used to evaluate the type of cell death in TTFs-conductive
electrodes exposed cells related to necrosis or apoptosis pathway. As in Figures 4 and 5 the
percentage of necrotic cells after exposed to TTFs-conductive electrodes for 0, 2.5, 5, 10, 30, 40 min
were 0.76%, 15.66%, 19.09%, 23.21%, 17.86%, 6.91% and 7.61% respectively. A significantly
higher ratio of necrotic cells was found in the TTFs exposed cells for 10 min as compared to control
cells. The results showed that various TTFs durations induced a time-dependent cytotoxic effect on
A549 cells until they reach the plateau at 10 min, and this is occurred by inducing cell necrosis (Figure 4)
and after that (20, 30, and 40 min), the change was not obvious.

Figure 41: Diagram represents the dual staining with annexin V and propidium iodide (PI). In
normal cells, phosphatidyl serines (PS), a membrane phospholipid, are present on the cell
membrane's inner layer, so Annexin V cannot attach to the cells. During early apoptosis, the PS is
exposed to the cell membrane's outer layer, where they attach to the Annexin V and stain the cell
surface green. In a live, intact cell, Pl cannot enter the cell and label dSDNA/RNA. During late
apoptosis, the cell membrane PI enters the cell due to the loss of membrane integrity and stains the
contents red.

Figure 411: Contour diagram of Annexin V/PI flow cytometry of A549 cells after treatment with
TTFs at different time intervals (0—40 min). Each panel's lower left quadrant shows the viable cells,
which exclude PI and are negative for Annexin V binding. The upper right quadrants contain the
dead cells, positive for Annexin V binding and for Pl uptake. The lower right quadrants represent the
early apoptotic cells, Annexin V negative and Pl positive, demonstrating loss of cytoplasmic
membrane integrity. The upper left quadrant contains the necrotic cells, Annexin V positive and PlI
negative.

Figure 4l11: Effect of TTFs-uninsulated electrodes selectively increases A549 cell necrosis. The
figure represents the percentage of live, necrotic, apoptotic, and dead cells in each sample. Columns
show the mean values of three experiments.
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Figure 4. Cell death analysis of TTFs-treated A549 cells using Annexin V—/PI.
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3.3. TTFs-conductive electrodes exposure attenuate the cell cycle progression of A549 cancer cells

As reported before, TTFs exert their toxicity on mitotic cells that exhibit rapid microtubule
dynamics. So, the cell cycle progression upon exposure to TTFs-conductive electrodes was estimated.
A549 cells were exposed to TTFs-conductive electrodes for the indicated time, and then cells were
fixed and stained with Pl and examined by flow cytometry. The results indicated that less cells
re-entered the G1 phase, while the number of cells in the GO-phase was increased after exposure to
TTFs-conductive electrodes as compared to control (Figure 5). Flow cytometry analysis revealed that
cells exposed to TTFs delivered through conductive electrodes were blocked in cell cycle
progression and induced growth arrest. This result could explain why the cytotoxic effect of TTFs
showed a continuous plateau on A549 cells. Exposure of TTFs significantly inhibited the growth of
A549 cells through induction of cell death and cell cycle arrest supported by a decrease in G1 phase
and increase of GO-phase or quiescence cell populations. Less cells enter G1 phase and accumulate
in GO, and so cells stop their cell cycling to repair the damage which results from TTFs exposure.
Collectively, after exposure to TTFs-conductive electrodes, the number of viable cells was reduced,
the ratio of dead/alive cells increased, and the number of cells re-entered the G1 phase reduced.

Gil’hn Sphase | M/G2 phase

Control |49.48%5.14 | 7.61+2.49 | 16.48%3.05

TTField |3228%3.79 | 8.63+3.07 | 165743.16

P value 10.0095 0.6808 0.9734
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Figure 5. Effect of TTFs-uninsulated electrodes selectively decreases A549 cell count
percent at G1 cell cycle phase. Cell count percent in the cell cycle at G1, S, M/G2 phases
for the control group and TTFs-uninsulated electrodes group after 10 min exposure. The
data were presented as the means SD from three separate experiments. * P-value < 0.05,
P-value compared with the control group.
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3.4. Oxidative stress analysis in TTFs-conductive electrodes treated cells

The main drawback of using such kinds of electrodes is the expected free radicals production.
Determination of the oxidative stress leads to select the appropriate exposure time depending on the
risk-benefit ratio. Antioxidants play a critical role in preventing the formation of and scavenging of
free radicals. Measurement of the antioxidant capacity of samples indicates the overall capability of
oxidative damage. Total antioxidant capacity was measured in TTF-exposed cells and compared to
control. The results (Table 1) showed that no significant changes in the total antioxidant capacity
were observed after TTF exposure as compared to control cells.

Table 1. The effect of TTFs-conductive electrodes on oxidative stress parameters. The
oxidative stress analysis includes total antioxidant capacity (TAC), glutathione in both
the reduced (GSH) and oxidized (GSSG) forms, and the GSH / GSSG ratio. Values
represent the means £SD of three separate experiments.

Total GSH GSSG GSH / GSSG ratio

antioxidant (U/mg protein) (U/mg protein)

capacity

(U/mg protein)
Group | Control TTFs | Control TTFs | Control TTFs Control TTFs
Mean | 98.5 89 54.3 453 |0.578 0.503 93.9 90.1
SD 1.5 7 4.3 53 0.03 0.09 4.3 53
P-value 0.0831 0.0844 0.2427 0.3895

Glutathione is present in the cells in both the reduced (GSH) and oxidized (GSSG) forms.
Because of the NADPH-dependent enzyme glutathione reductase (GR) action, the cellular content of
glutathione is predominantly in the form of GSH under physiological conditions. When cells are
exposed to oxidative stress, GSSG accumulates. The GSH/GSSG ratio is considered as a sensitive
indicator of cellular oxidative stress. The change in glutathione pool was determined in the presence
and absence of TTFs-conductive electrodes, GSH and GSSG were measured, and GSH/GSSG ratio
was calculated in the TTF-exposed samples and compared to control. The result clearly demonstrated
that no significant changes in the glutathione pool (Table 1) in the presence and absence of TTF.
Collectively, using TTFs-conductive electrodes did not induce a significant difference in the cell's
oxidative stress status.

3.5. Temperature measurements

There was very small increase in the measured temperature after 5 min of TTFs exposure (0.05
+0.05 C). The temperature increased after 40 min of exposure by only 0.7 0.1 ‘C compared to
control.

4. Discussion

The results of the present study showed that the exposure to TTFs using conductive electrodes
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produces significant tumor inhibitory effects. The rate of cell proliferation was inhibited, the number
of viable cells was reduced, and the ratio of dead/alive cells was increased. The number of cells
re-entered the G1 phase was reduced leading to block the cell proliferation that results in growth
inhibition. However, these growth inhibitory effects of TTFs occurred with no significant change in
the cells' oxidative stress status.

While insulated electrodes TTFs have been evaluated for safety and efficacy in a number of
tumor therapy studies, concerns remain regarding study design, quality of life, the long-term effect of
long exposure time, and cost of treatment [22]. All the concerns are not for the used electric field, but
they are mainly because insulated electrodes were used as the only way to deliver such fields. The
current research article aimed to evaluate the other method of delivering such fields through normal
conductive electrodes.

TTFs frequency (100 KHz to 300 KHz) can cause neither effective depolarization as in the case
of lower than 1 KHz nor significant dielectric losses occurred at 10 MHz or higher, so it was
considered to have no biological importance at the near past. Also the used intensity 1-3 V will not
seriously heat the tissue [23]. This agrees with our results that the temperature of the media
containing the cells did not change significantly after 40 min of exposure. Recently, TTFs is
considered as a tumor electrotherapy via inhibition of cell division without systemic toxicity [24]. It
is even considered as the fourth modality in cancer treatment [25].

The TTFs technique was modified using uninsulated electrodes to evaluate its effect in a single
dose for low exposure time in the current work. The result of the current study indicated that we
could get 18-29% tumor cell inhibition according to the exposure time without any synergetic
method in a single dose using conductive electrodes.

The present study's hypothesis in using conductive electrodes is the proposed mechanism of
interaction of the TTFs with cancer cells can be the same regardless of the type of the used electrodes
either insulated or conductive. Some possible mechanisms can be responsible for the decrease in cell
proliferation due to TTFs. The action of TTFs to move polar molecules during cytokinesis in the
direction of the narrow neck that forms the two new cells leading to difficulty of the division process.
TTFs selectively disrupt the ability of cancer cells to divide by interaction with microtubule spindle
and inhibit mitotic spindle formation during metaphase, which reduces cell proliferation, resulting in
growth inhibition [26]. TTFs can have an interaction with the membrane potential in dividing tumor
cells, only causing possible effects on the ionic channels in tumor cells that lead to 10-17% change
in tumor cell membrane potential [27]. The TTFs action can be also due to a type of immunological
reaction that high-mobility group box 1 can be destroyed resulting in ATP release and calreticulin is
exposed on the cell surface. At the same time, the depletion of high mobility protein produces an
immune response against dying cells leading to apoptosis [28], so TTFs can promote cancer cells'
engulfment by dendritic cells. Further studies are needed to explain TTF's molecular mechanism
using conductive electrodes and investigate whether it is the same like TTF using insulated
electrodes.

The results indicated that as the time of exposure increases, the ratio of the dead cells increases.
These results are in agreement with the concept of the direct proportional between electric field dose
and the apoptosis ratio [29]. In the current study, we could achieve more or less the same lethal effect
of tumor cells using conductive electrodes in very short exposure time due to real charge currents
used. The maximal inhibitory effect of TTFs depends on the type of tumor cell, electric field intensity,
and the specific frequency [30]. 150 KHz was used in the current work because it was mentioned
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before as the maximum inhibitory frequency of using TTFs with insulated electrodes to treat human
non-small cell lung carcinoma (NSCLC) cells [8].

The main concerns of using uninsulated electrodes are the free radicals production and the
electrolysis reactions that may theoretically occur. The results showed no significant increase in
antioxidant-related parameters. Regarding the ions that may be released during an electrochemical
process, the rate of electrode reaction (v) directly depends on the current (i) around the electrode as [31] :

V= — (1)

Where A is the electrode area, n is the number of electrodes involved in the reaction and f is
Faraday’s constant. So, at fixed conditions, the three main electrode-related parameters are electrode
material, configuration, and surface area. These factors affect the produced electric field, generated
electrode reaction (amount of released ions), and the yielded oxidants. The used conditions in this
work produced no significant increase in the free radicals and no significant change in the total
oxidative stress. The selection of the conductive electrode-related parameters for TTFs can be a goal
of future research.

The current work will be followed up with future research to improve it. Determination of the
appropriate electrode material, dimensions, and configuration for uninsulated electrodes TTFs is an
important step. Finding the optimum frequency for each tumor type and its corresponding normal
adjacent tissue will lead to more specific lethal targeting. Further analysis of the influence of the
commutation time on the anti-proliferative effect could enhance our results.

5. Conclusions

TTFs technique can be applied using uninsulated (conductive) electrodes to obtain tumor
growth inhibitory effects without significant oxidative stress.This method will provide better life
quality during treatment. It is a cheap method, no high technology is required, and without concern
of long-term exposure.
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