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Oncothermia is a method of hyperthermia in oncology, controlling the locally applied deep heat by selectively targeting the cellular
membrane of the malignant cells. The selection of the method is based on various biophysical and biochemical achievements.
There are various differences between the malignant and healthy cells, which could be used for their selection by heat targeting.
The primary selection factor is a different metabolic activity which creates distinguishable environments of the malignant cells.The
other factor is the clear difference of dielectric properties of the membrane and near-membrane extracellular electrolytes, marking
off themalignancies.There is also a structural factor, which is clear in the different pathological patterns of themalignancy from their
healthy counterparts. This last is described by fractal pattern evaluation technique, in which dynamic time-fractal transformation
is used for further discernment of the malignancy. My objective is to show a new heating method, which makes oncological
hyperthermia controllable and effective.

1. Introduction

Oncological hyperthermia is the overheating of the malig-
nant tissues locally or systemically. The method is deduced
from the ancient medical practices, where the heat therapies
had a central role in medicine. The local hyperthermia by
the radiation of red-hot iron was the first known oncological
treatment applied by Hypocrites, who described the method
[1]. The main idea was originated from sacral considerations
formulating the overall force of the “fire.” However, phys-
iological consideration was also behind that together with
beliefs: the local heat accelerates the metabolic activity with-
out extra supply of this action from the unheated neighboring
volumes. This physiological mechanism is accompanied by
severe hypoxia, and it finally kills the target by acidosis.
The working idea has recently been shown, proving the
impoverishment of ATP and enrichment of lactate in the
locally heated tumor tissue [2]. Due to the primitive heating
techniques, the ancient radiative heat is only rarely applied in
real cases.The central point of the locally applied oncological
hyperthermia is the selective heat delivery into the deep-
seated tumors. The discovery of the electromagnetic heating

gave new perspectives for deep heating, and hyperthermia
started its first “golden era” in oncology. It was among the
first modern curative applications of modern techniques in
oncology [3] and was followed by a controlled clinical study
involving 100 patients as early as 1912. It showed remarkable
benefit of the combined thermoradiation therapy [4]. The
method was further developed in three various branches: the
interstitial hyperthermia, including the galvanic heat stimu-
lation, the ablation techniques, and the capacitive coupling.
The first capacitive coupled device was launched by Siemens.
The skeptical opinion about oncological hyperthermia was
also typical: “All of these methods impress the patient very
much; they do not impress their cancer at all” [5]. After a
small dormant period, the phoenix life of hyperthermia in
oncology started again. The first start of the new capacitive-
coupling technologies was by LeVeen et al. [6] in 1976 and
has been widely applied since then [7, 8]. Its efficacy was
discussed and proven in the relevant literature in its time [9–
13].

Treatments with coils (magnetic and inductive) are rela-
tively rarely used due to the negligible magnetic permeability
of living systems [14]. In order to improve the magnetic
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energy absorption within the target tissue, magnetic mate-
rials, such as microparticles [15] and ferrite rods [16], are
usually injected into the targeted area [17]. Other inductive
heatings are typically achieved without inclusion of extra
magnetic material into the tumor; it uses only induction of
Eddy currents [18–20]. The emerging applications of mag-
netic treatments were started by the nanoparticle magnetic
suspensions [21] and other magnetic liquids.

A method for electromagnetic energy delivery that has
been widely used recently is the antenna-array coupling [22].
Its subsequent developments are the annular phase array [23],
the matched phase array [24], the Sigma60 [25], and Sigma-
Eye [26], where the applicators use high frequency (RF) (60–
150MHz). Nevertheless, multiple controlled clinical trials
have shown the efficacy of this method [27–30].

This rapidly emerging period was shadowed by skeptic
opponents, which emphasized the increased dissemination of
the malignant cells and so supported metastases by hyper-
thermia [31–33]. Direct negative opinion was formulated
about the mistakes of hyperthermia investigations [34]: “The
mistakes made by the hyperthermia community may serve
as lessons, not to be repeated by investigators in other novel
fields of cancer treatment.”

Many researchers had been doubtful and unsettled ques-
tioning the future of hyperthermia accepting the impressive
biological effects but blaming the physical realization of
the heat delivery [35]. Annals of Surgical Oncology for-
mulates in the actual clinical experiences of mesothelioma
[36] “The results of adjuvant intrapleural chemotherapy for
mesothelioma with or without hyperthermia have been less
than hoped for.” One of the flagship clinical studies of
hyperthermic oncology was published about cervical cancer,
with excellent results [37], and the method emerged again
[38].The control study five years later was disappointing [39].

What is the problem [40]? Why are conventional hyper-
thermia with high preciosity of focusing made by modern
techniques of radiofrequency and microwave applications
not able to serve the proper deep heating requests? The
answer is plausible: the temperature spreads to the neigh-
boring volumes independently of how precise the focus of
the energy is. The problem is the misleading aim getting
uncontrollable temperature as dose and ignoring the physi-
ological reactions of the patients. The published temperature
patterns of the heating show well the problem: the energy is
well focused, but the temperature seeking to be equalized and
the focused energy intake will heat up the tissue outside the
focus as well. For example, a tumor is heated in the pelvis,
and the elevation of the temperature in the tumor was 4.2∘C
after 57min, with as high power application as 1300W [41].
The overall heating is obviously showing unwanted hot spots
on the MRI pattern. The elapsed time smears the relative
focused temperature. The temperature increase in the tumor
was in average 4.2∘C, while in the surrounding muscle it was
3.8∘C [41]. (Note, a standard speedy electric tea kettle uses
1300W to boil a cup of water within a couple of minutes.
The increase of the temperature for the ∼0.3 liter water is
∼75∘C. In these cases we apply the same power reaching a
temperature increase ∼7∘C during 60 minutes for the same
volume of tumors as the cup of water in the kettle.) Analyzing

the temperature pattern in details shows that themean tumor
size was less than half a liter (419mL), and the necrosis in
the tumor was 36mL. The volume ratio of the body’s cross-
section and the bolus shows that the bolus has 157% more
cross-sectional area than the body. The applied frequency
was 100MHz in average. Its penetration depth is max. 5 cm,
depending on the kind of the tissue. When the thickness
of the bolus is in order of a few cm, the absorption of
the incident energy remains in the bolus, and its cooling
eliminates it. Other publications show the same problem of
the heating [30, 42, 43]. Comparison of the clinical responses
also clearly shows the problem of the bolus heating.The cases
of nonresponders have higher bolus temperature, and the
tumor is not heated [44, 45].

The same problems arise by typical capacitive coupling
hyperthermia solutions. It pumps enormous energy also
(1200W) into the target, and rise of temperature was 4.8∘C
after 45min. The selection by temperature between the
malignant target and the nontargeted healthy tissue was
approximately 1∘C [46]. This large volume temperature rise
was observed in other capacitive applications too [47].

All of these problems are caused by themassive heating of
the target, which has a physiological reaction to cool it down
and to reestablish the homeostatic equilibrium.The complex
physiological effects badly modify the desired effects [48].
Even when the focus is proper, the heat is distributed to the
full available volume. Furthermore, the same volume heating
with the identical absorbed energy will be heated to different
temperatures when the blood flow in the targeted volume is
different. This is why the patterns of the specific absorption
rate (SAR) of the energy and the temperature are so different
in a given fixed heating process [49].There are multiple other
points that modify the temperature distribution in the body.

(i) Not only do the temperature equalizing process but
also the natural, technically nonfollowable move-
ments of the patients (i.e., due to the breathing)
modify the focus.

(ii) The heat flow to the surroundings can damage the
healthy neighborhood.

(iii) The enlargement of the sphere having certain tem-
perature gradients increases the area of the injury
current, and this supports the cell proliferation.

Compensating these effects, the acceleration of the heat-
ing with high energy has to be applied, when the incident
energy might burn the skin. In consequence, certain surface
cooling is necessary. The heat sink of the surface decreases
the incident power, but its quantity has no measurable
parameters. This way we lose the control of the treatment
process by the incident energy, because the missing part by
cooling is uncontrolled. It has serious consequences in the
vigilance of the process: temperature measurement in situ is
necessary to fix the dose of the energy. This measurement
is mostly invasive, causing multiple complications, includ-
ing inflammation, bleeding, infection, and dissemination
of the cells. The unwanted hot spots are created by the
electromagnetic interferences and are uncontrollable with the
dynamic changing of physiologic parameters. These could be
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Table 1: Collection of the studies (phase II) made by oncothermia in combination with various conventional oncotherapies. (Data are
weighted averages of the study results.)

Study Number
of studies

Number of
patients (𝑛)

1st year
survival
(%)

Median
overall

survival (m)

Responding
patients/ratio

(%)

Median overall
survival of responding

patients (m)

Median overall survival
of nonresponding

patients (m)
Brain studies 10 521 73.99 22.19 44.09 51.31 15.88
Pancreas studies 6 184 47.04 11.02 53.05 28.09 7.58
Lung studies 5 636 64.76 15.79 25.73
Bone 3 79 40.10 90.90
Liver metastasis 7 267 86.00 18.06 80.00
Colorectal 7 447 63.18 109.80 23.20
Gynecology (pelvic) 5 100 93.22 33.25 44.82 89.36 21.70
Breast 1 103 97.10 52.10 45.00 274.80 10.90
Esophagus 2 19 41.70 55.64 35.00 29.40 8.50
Stomach study 1 68 58.90 14.40
Kidney cancer 1 39 84.60 35.90 48.00 78.40 33.70
Urinary bladder cancer 1 18 85.00 36.50 73.00 42.00 22.60
Head and neck 1 64 92.20 26.10
Soft tissue sarcoma 1 16 100.00 35.90 31.00 115.30 31.30
Prostate 3 135 88.90 38.80 72.00 53.40 7.60
SUM 54 2796 51.63

Table 2: Collection of the miscellaneous studies made by oncother-
mia in combination with various other therapies.

Miscellaneous study Number of patients (𝑛)
Borreliosis 12
General oncology 277
TCM general oncology 306
Abdominal effusion 49
Peyronie’s disease 25
Chronic pelvic inflammation 283
Asthma 7
Chronic bronchitis 35
SUM patients 994

controlled only by a large volume temperature pattern, which
requires costly and complicated MRI measurements parallel
with the hyperthermia treatments for control.

The physiological feedback of the large volume temper-
ature equalizing is the increased blood flow. The high blood
flow promotes the glucose influx (delivery) and supports the
malignant proliferation by this supply.The increased temper-
ature anyway gains the metabolic rate and the proliferation
even by the cells in dormant (G0) phase. The higher blood
flow creates othermalignant danger too: the risk of the forced
disseminations and metastases, decreasing the prognostic
factors of survival of the patient.

The well-focused local hyperthermia treatment creates a
competitive pair of effects: killing the tumor cells by heat
and supporting them by nutrients together with the risk of
dissemination.The result of this competition is unpredictable

and depends on the patient and on the applied techniques
as well. The explanation of the controversial results of local
hyperthermia in oncology may be simple: a reference point
was missing [50]; the temperature is not a correct reference.

The present main stream thinking of oncological hyper-
thermia is a typical loss of aims by illusions, believing the
overall control of temperature. The temperature however is
only a condition for the treatment and not its aim. The
question “Tool or goal?” has become relevant to study the
temperature alone. Take a simple example of mixing the tool
and the goal in our everyday life: the graduation is a tool for
our professional life; however when somebody regards the
certificate of studies as a goal, its application, the aim of the
study is lost. Mixing the tool with the action creates false
goal in hyperthermia application: increase the temperature
alone.This “autosuggestion” creates such a situation in which
magnetic resonant imaging (MRI) is applied to control
the temperature during the treatment instead of using this
capable imaginary method to see what is happening in the
tumor indeed.

Our tasks are the correct heating and control of the
hyperthermia process. For this we have to precisely select
the malignant cells and not heat up all the materials in
the targeted tumor only the membrane of the cancerous
cells. This selected nanoscope energy absorption liberates
not as much heat energy which heats up all the mass
equally, so its efficacy could be significantly higher. The main
advantage is that it does not stimulate the blood-flow as
physiologic feedback, consequently no contra-action starts
to compensate the applied nanoscopic effect. Furthermore,
the membrane excitation could excite special cellular signal-
transduction pathways, which are connected with the natural
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Table 3: Summary of the studies made by oncothermia treatment (end points are survival connected).

Study Number of
patients

1st year
survival
(%)

Median
overall

survival (m)

Responding
patients/ratio

(%)

Median overall
survival of responding

patients (m)

Median overall survival
of nonresponding

patients (m)
Reference

Brain gliomas 27 86.2 23.6 43 66.2 18.2 [51, 52]
Brain lioma study, phase
II 140 71.7

Astrocytoma 40 25.8 80 40.2 20.2 [53, 54]
Glioblastoma 92 16 73 21.∗9 13.1
Diffuse astrocytoma 8 52.9
Glioma (WHO IV)
study, phase II,
prospective, two arms

45 15

Passive arm 36 40 11 [55, 56]
Active arm 9 65 14.5 43 66.2 18.2
Recurrent glioblastoma
study, phase II 19 68.0 21.8 59 32.6 12.4 [57]

Glioma study, phase II 36 60.0
Astrocytoma 9 106 [58]
Glioblastoma 27 20
Glioma study, phase II 179
Astrocytoma 53 100 103 [59]
Glioblastoma 126 76 16
Advanced, relapsed
brain gliomas, phase II 12 10 25 [60]

Advanced, relapsed
brain gliomas, phase II 24 55 12 25 [61]

Brain glioma WHO
III-IV, phase I, safety
prospective

24 [62–65]

Metastatic brain tumors
study, phase II 15 90.0 46.2 73 48.2 16.1 [60]

Head and neck study,
phase II 64 92.2 26.1 [55, 66]

Bone-metastases,
monotherapy, phase II 6 100 40.1 [55, 66]

Refractory
bone-metastases study,
phase II

11 90.9 [67]

Kidney cancer study,
phase II 39 84.6 35.9 48 78.4 33.7 [55, 66]

Urinary bladder cancer
study, phase II 18 85.0 36.5 73 42.0 22.6 [55]

Nonsmall cell lung
cancer meta-analysis 311

Passive arm 53 26.5 14
Active arm 258 67.0 15.8 21 53.4 18.1 [68]
Nonadvanced (WHO <
III) 77 11 17

Advanced (WHO ≥ III) 140 14.7 88
Small-cell lung cancer 28
Passive arm 9 29 [69]
Active arm 19 58
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Table 3: Continued.

Study Number of
patients

1st year
survival
(%)

Median
overall

survival (m)

Responding
patients/ratio

(%)

Median overall
survival of responding

patients (m)

Median overall survival
of nonresponding

patients (m)
Reference

Lung carcinoma study,
phase II 61 67.2 16.4 [55, 70]

Breast cancers 103 97.1 52.1 45 274.8 10.9 [55, 66]
Soft tissue sarcoma
study, phase II 16 100 35.9 31 115.3 31.3 [55]

Esophagus study, phase
II 12 41.7 28.5 35 29.4 8.5 [55, 71]

Esophagus study, phase
II 7 6.8 100 [72]

Liver metastases from
various origin, phase II 25 20.5 [73]

Liver metastases from
various origin,
comparative study, phase
II

28

With radiotherapy 16 81
[67]

With chemotherapy 8 38
Monotherapy 4 25
Liver metastasis form
colorectal origin, phase
II

80 86.0 24.1

Passive arm 53 11
Active arm 80 91 24.1 [74]
With chemotherapy 30 80 21.5
Monotherapy 50 92 24.4
Liver metastasis form
colorectal origin, phase
II

15 23 80 [75]

Liver metastasis form
colorectal origin, phase
II

22 28 [76]

Liver metastasis 29 86
Liver metastasis form
colorectal origin, phase
II

30 22 [77]

Pancreas tumor study,
phase II 26 46.2 11.6 [78]

Pancreas tumor study,
phase II 107

Passive arm 34 6.5 [70]
Active arm 73 52.1 9.93 58 25.5 8.4
Pancreas tumor study,
phase II 30 31.0 41 34.4 5.6 [79, 80]

Pancreas tumor study,
phase II 42 52.4 12.3 [81]

Pancreas tumor study,
phase II 13 40.0 11.9 [82]

Stomach cancer study,
phase II 68 58.9 14.4 [55]
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Table 3: Continued.

Study Number of
patients

1st year
survival
(%)

Median
overall

survival (m)

Responding
patients/ratio

(%)

Median overall
survival of responding

patients (m)

Median overall survival
of nonresponding

patients (m)
Reference

Colorectal cancer () 218 84.9 28.5
Sigma 12 34.1 [55, 66]
Rectum 92 57.1 58 21
Colon 114 44.2 109.8 23.2
Colon cancer study,
phase II, prospective,
three arms, randomized

154 [83, 84]

Clifford TCM 53 75
Monotherapy 50 81
Combined therapy 51 91
Rectum cancer study,
Inoperable→ operable,
phase II

7 71 [72]

Rectal cancer,
nonoperable, phase II 65 96 [85]

Pelvic gynecological
cancer studies, phase II 74

Cervix 38 86.8 27.6 25 63.5 20.9
[86]

Ovary 27 100 37.8 67 132.7 19.4
Uterus 9 100 61.5 62 68.5 32.0
Ovary, advanced,
relapsed 26 [87]

Heavily pretreated 13 14.3
Not heavily pretreated 13 27
Prostate cancer study,
phase II 18 88.9 38.8 72 53.4 7.6 [71]

apoptotic cell death, and so the negative feedback loop of
the complex living system is supported. (The conventional
hyperthermia by its overall heating excites negative feedback
mechanisms to act against the temperature growth, so the
system starts “fighting” against the healing process.)

The temperature as the average of kinetic energy in the
system has a double role in the control of the heat absorption.
It characterizes the heat absorption, when the heating is
homogeneous (see before), and its gradients (nonhomo-
geneities) are the driving forces of the dynamic processes in
case of microscopic (nonhomogeneous) heating.The average
temperature does not inform us about the distribution of the
real energy absorption (see Figure 1).

Smaller targets with precise selection could get propo-
sitionally higher temperature keeping the average constant.
The nanorange heating is the basic of oncothermia, allowing
extreme heating at the membranes of the malignant cells
while the average temperature does not increase as high as
the physiological feedback starts to support the malignancy
by higher blood flow reactions.

2. Method
The efficacy of the energy depletion intended to be pumped
into the tumor is limited by the energy loss outside the

malignant target. The main factors of the useless energy
absorptions are the following.

(i) The absorbed energy by the tissues transfers the effect
to the deep-seated tumor.

(ii) The heat exchange by the blood flow.
(iii) The heat exchange by the heat conduction from the

tumor to the surroundings.

These heat sinks modify the overall performance of
the treatment and make the full heating process for the
malignancy uncontrolled. The real effect, which is used for
the intended treatment, is less than the losses, and the efficacy
is usually less than 25%, which is very low. The problem of
this is that not only a large part of energy is wasted, but also
the useless energy part could be dangerous by overheating
the healthy tissues as well as increasing the metabolic rate
and also having a physiology reaction to this effect which
tries to break the homeostasis. The massively heated tumor
volume intensifies the control of physiology and weakens the
expected effect.

The adequate corrective actions for these challenges
would be the more precise targeting, decreasing the losses in
the surrounding and avoiding the physiological corrections
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Figure 1: The average temperature is not able to characterize the thermodynamic situation.The internal temperature differences could serve
as driving forces of various processes on the same average temperature of the system.

to suppress the desired effect. To construct the solution some
new effects have been used to increase the efficacy.

(i) Apply the electric field as carrier of the energy, and
that field cannot be compensated by homeostatic
control.

(ii) Apply a correct microscopic targeting, using the cell-
by-cell energy absorption efficiently.

(iii) Apply such mechanisms, which initialize natural
effects to kill the malignant cells.

(iv) Apply a mechanism, which carries the information
that disseminated cells are to be blocked.

Oncothermia changes the paradigm of local hyperther-
mia in oncology to solve the above problems [88]. This
hyperthermia technology heats nonequally, concentrating
the absorbed energy to the extracellular electrolytes [89].This
method creates inhomogeneous heating, and microscopic
temperature differences are far from thermal equilibrium.
The definitely large temperature gradient between the intra-
and extracellular liquids changes the membrane processes
and ignites signal pathways for naturally programmed cell
death, avoiding the toxic effects of the simple necrosis. The
synergy of electric field with the thermal effects success-
fully and selectively does the job [90]. Oncothermia uses
nanoheating technology to select and heat the membrane of
the malignant cells effectively. The heating is concentrated
mostly on the cell membranes, so the nanorange energy
liberation could be precisely controlled without considerable
wasted energy and without having disadvantages by the
heating of the tumor environment on average.

The general idea of microscopic heating is simple: the
heating energy is not liberated in a sudden single step but
regulated, andmultiple small energy liberation does the same
job (Figure 2). In our case, the forwarded energy selectively
targets the most influential areas. Instead of the high, general
energy pumping into the lesion, the energy is liberated at the
membranes of the malignant cells.

The precisely targeted power and its efficacy are usually
not connected. The microscopic effects, instead of the large
energy liberation, is one of the most update thinking in
energy source developments.The relatively low efficacy com-
busting engines are intended to be replaced by the fuel-cell
energy sources and electric motors, which are based on the
membrane regulated microscopic reactions of gases. (Mostly
hydrogen and oxygen gases are in use.)

Good examples are the standard incandescent bulb and
the energy saving fluorescent ones, using a fraction of the
power for the same light. The incandescent bulb creates
light by high-temperature filament, which heats up the
environment, having only 10% efficacy, while the fluorescent
hasmore than 40%. It could be developed further by themore
nanoscopic energy liberation, when not the molecules but
the electrons are directly involved in the light production.
These are the LED bulbs, having more than 90% efficacy in
producing light.

Oncothermia [91] is a kind of hyperthermia with
nanoscopic heating processes. Instead of the undistin-
guished cells by the classical overall heating of hyperthermia,
oncothermia nanoscopically selects and attacks the malig-
nant cells. It has a simple setup. The modulated radiofre-
quency (RF) current flows through the targeted lesion; see
Figure 3.
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Figure 2: The difference of macro- and microliberation of energy. The efficacy of the last one is much better.

RF generator  RF generator  

Figure 3: Oncothermia setup. The cell culture/animal/human is a part of the electric circuit. Energy is carried by 13.56MHz RF current
(fractal modulated): (a) EHY2000 local/regional treatment, (b) EHY3000 multilocal treatment.

The radiofrequency current (RF current) flows through
the body and delivers energy to the malignant cells. The
frequency is low (13.56MHz) chosen to satisfy multiple
requests.

(i) It is a free frequency for medical applications in
hospitals and clinics, as well as in general use, for
example, RF identification.

(ii) It is in the range of the beta dispersion which is one of
the selection factors of oncothermia.

(iii) It is low enough to have long wavelength for near-
field use with high penetration into the body when
the impedance matching [92] is fixed.

(iv) It is high enough to be modulated by time-fractal
fluctuations.

The discussion of all these behaviors are seen below.
The current which flows through the chosen part of the

body starts from one electrode and ends on the other one,

periodically changing its direction according to the carrier
frequency. The current is directed by the impedances inside
the targeted volume; the current automatically flows to the
“easiest” direction, where the conductance and dielectric
conditions are optimal. Oncothermia uses three factors to
direct the current to select malignant cells, that is, those
current paths are favored which include malignant cells are
favoured. Certainly, the biophysical behaviors have to be
studied to fix the optimum.

The first selection factor is the well-known metabolic
differences between the malignant and healthy cells. Due
to the high energy demand of the malignant prolifera-
tion, the malignant cells metabolize more to supply their
needs. Furthermore, the process to produce ATP differs in
malignant cells from normal. While the dominance of the
mitochondrial ATPproduction in the healthy tissue produces
36 ATP from one glucose molecule during the complete
cycle, the fermentative ATP production, which dominates
the metabolism of malignant cells, results only two ATPs



Conference Papers in Medicine 9

Cu
rr

en
t l

in
es

Cu
rr

en
t l

in
es

RF current

RF current

Malignant cell
Healthy cell

RF current

RF current

2 lactic acid + 2 ATP Glucose +Glucose→ 6O2 → 6CO2 + 36 ATP

Figure 4: The radiofrequency current is focused on the tumor lesion and microscopically flows in the extracellular electrolytes around the
malignant cells.

RF generator  r

C
ell-m

em
brane

 

C
el

l m
em

br
an

e

 

Cancer  
cell  

Figure 5: The microscopic heating of the extracellular electrolyte around the malignant cells excites the membrane and makes temperature
gradient in a few nanometer distance.

from one glucose molecule [93]. Consequences of this huge
difference are enormous: the requested glucose influx of
malignant cells is considerably higher, which is standardly
measured by positron emission tomography (PET).The con-
siderable glucose consumption certainly produces high con-
centration of adducts, the extracellular electrolytes enriched
by metabolites, lactates in the vicinity of the malignant
cells, and robustly enhances the ionic concentration in the
connected electrolytes.The appliedRF current naturally flows
with higher density in the areas where dense ionic conditions

allow the easy flow (Figure 4). This could be measured by
current density images with MRI [94], by simple impedance
measurements in vitro [95] and in vivo too [96].

This gives us a possibility to distinguish the malignant
cells automatically and individually (Figure 5). This auto-
matic focusing makes it possible to follow any movements
(breathing, heart beats, and muscle movements) in the target
tissue, and the current density follows it.

The above selection is based on the conductive compo-
nent of tissue impedance.The permittivity component is also
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selective. Malignant cells not only differ from their healthy
counterpart by their metabolic processes, but also their
collective behavior sharply identifies them. The malignant
cells are autonomic; they are individual “fighters,” having no
collective driving of their activity, while the healthy cells have
social signals [97]. These connections commonly regulate
and control their life. These cells are specialized for work
division in the organism, and their life cycle is determined
by the collective “decisions.” This requests definite order in
the connective electrolytes. Indeed, the orderwas proven [98–
101]. On the contrary, the malignant cells have no such order
in their immediate extracellular connections (Figure 6). The
disorder increases the electric permeability of the electrolyte
near the malignant cells [102]. The higher permittivity is also
a selection factor, which is used to distinguish themalignancy
by Szent-Gyorgyi’s cellular categories alpha- and beta-states,
[103, 104].

This dielectric differences are well completed by the
specialties of the cell membrane of the malignant cells.

(i) The efficacy of the ATP production in cancerous cell
is low. The large ATP demand for the proliferative
energy consumption allows less ATP for active mem-
brane stabilization by K+ and Na+ transport, so the
membrane potentiating weakens [105].

(ii) The cellular membrane of cancerous cells differs elec-
trochemically also from the normal, and its charge
distribution also deviates [106].

(iii) Themembrane of the cancerous cell differs in its lipid
and sterol content from its healthy counterpart [107].

The membrane permeability is changed by the above
differences. In consequence of these the efflux of the K+,
Mg++, and Ca++ ions increases, while the efflux of Na+
decreases together with the water transport from the cell.
Consequently, the cell swallows, and its membrane potential
decreases further [119]. (The efflux of K+ regulates the pH
of the cell, takes the protons out from the cytosol.) The
concentration of Na+ increases in the cytosol, and parallel
to this the negative ion concentration also grows on the
glycocalyx shell, decreasing the membrane potential, and the
tumor will be negatively polarized in average [120]. This fact
was well used for direct current treatment (electrochemical
cancer therapy (ECT)) by Nordenstrom [121, 122] and others
[123–125].

There is further selection based on complex impedance,
the 𝛽-dispersion [126] (Maxwell-Wagner effect) [127]. The
bound water to the membrane has the upper part of the 𝛽-
dispersion (denoted by 𝛿 [128]), which has further selection
role in oncothermia. The treatments have to be chosen
in the frequency range of 𝛽-dispersion, promoting it with
amplitude modulated pink noise, expecting most of the
changes in the complex system [129]. The carrier frequency
and its modulation are selected by the membrane properties
difference between the malignant and healthy cells [130–132].

Oncothermia selects by the above electromagnetic dif-
ferences and heats up the membrane of the malignant cells.
The RF-current, which flows through the cancerous lesion, is
automatically focused by its lower complex impedance [133],

and it will flow mainly in the extracellular electrolyte (see
Figure 7(a)), because the cells are electronically capsulated
(isolated) by their membrane by more than one million V/m
field strength. (The membrane is a good isolating lipid (fatty)
layer). The membrane disruption is one of the targeted aims
[134–136], as well as many research groups are dealing with
the electric field action on the cellular divisions [137–140].The
main advantage of the electric field application is the missing
control of the organism, physiology control over this effect;
no physiology feedback limits directly the electric field, and
only its consequences could be regulated. The process made
by oncothermia has its main energy delivery into the extra-
cellular liquid, heating it up and creating a little (1/1000∘C)
difference between the inner and outer temperatures of the
cell. This looks only a small difference, but regarding the
very tiny membrane layer (5 nm), the small difference in
standard conditions is high: ∼200,000∘C/m! The system is
far from thermal equilibrium [141]. This starts a prompt
heat flow from outside to the cell through the membrane,
and permanently acts till the temperature difference exists.
Despite the quick heat flow through this tiny membrane,
the heat current is long-lasting, till the full cellular interior
is not heated up to the same temperature as outside. The
not so high radiofrequency (13.56MHz) is absorbed in all
the electrolytes, but the main energy absorption is in the
membrane and the extracellular electrolyte [142].This creates
an extreme SAR between the cells, which makes temperature
gradient through the membrane [89]. The treated tissue will
be inhomogeneously heated; heat flows from extracellular to
cytosol through the membrane, accompanied with definite
other thermodynamical and chemical changes [89]. These
definite thermal currents will be continued till the extra-
and intracellular temperatures reache equilibrium, so the
intracellular electrolyte is heated up to the equal level (see
Figure 7(b)).

The cell killing needs energy, and afterwards the overall
energy of the systemwould be decreased from a well-ordered
(bounded) state (which was in the case of the living cell) to a
disordered chemical state with some broken chemical bonds.
The transition from the ordered (chemically higher energy)
state to the disordered (chemically lower state) arrangement
of the well-known gap energy must be pumped. This gap
energy has different components. For hyperthermia, the
heat energy gives the full energy consumption; however,
in oncothermia, a significant field effect takes part in the
distortion mechanism [89].This simple method allows easier
cell destruction by oncothermia (see Figure 8), similar to the
well-known catalytic reactions.

The missing connections (adherent bonds, junctions)
not only are selected by the dielectric properties of the
cells but also affect the energy absorption and the cellular
protections against the energy overload.The absorbed energy
by a healthy cell can easily be shared by the connections
with the neighboring cells, damping the effect of the energy
overload. The malignant cells have no such possibility, the
no network distribution could protect them from the energy
overload.

The large extracellular SAR makes not only thermal but
also the electric inhomogeneity in the tissue; the extracellular
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Figure 6: The difference of the healthy and malignant tissues is well observable by their organization structure.
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Table 4: Summary of the studies made by oncothermia treatment. (end points are response connected.)

Study Number of
patients

Complete
remission
(CR) [%]

Partial
remission
(PR) [%]

No change (NC),
stable disease (SD)

[%]

Overall response rate
(CR + PR + SD) [%] Reference

Colorectal inoperable, liver
metastasis 60

CDDP 28 0 3.57 3.57 7.14 [108]
OXALI 32 0 15.63 15.63 31.25
Ovary (relapsed, advanced
epithelial) 26 [87]

Heavily pretreated 13 0.00 23.08 38.46 61.54
Not heavily pretreated 13 30.77 23.08 38.46 92.31
General oncology 277 21.50 37.00 58.50 [109]
TCM general oncology 306
Oncothermia + TCM 75 6.67 57.33 26.67 90.67 [110]
Oncothermia + TCM + i.v.CTx 65
Passive arm 51 7.84 60.78 15.69 84.31 [110]
Active arm 14 14.29 64.28 21.43 100.00
Oncothermia + TCM +
abdominal perfusion 87 0.00

Passive arm 45 2.22 40 24.44 66.66 [110]
Active arm 42 7.14 54.76 26.19 88.09
Oncothermia + TCM + bladder
perfusion 37

Passive arm 24 0 50 12.5 62.50 [110]
Active arm 13 7.69 53.85 30.77 92.31
Oncothermia + TCM + RTx 42
Passive arm 30 3.33 50 16.67 70.00 [110]
Active arm 12 8.33 66.67 16.67 91.67
Abdominal effusion +
oncothermia 49 4.08 53.06 16.38 73.52 [110]

Chronic pelvic inflammation 283 [111]
Passive arm 143
Active arm 140 46.10 29.40 19.60 95.10
Chronic bronchitis, TCM +
oncothermia 35 30.00 24.30 25.70 80.00 [111]

Colon cancer study, phase II,
prospective, three arms,
randomized

154 [110]

Clifford TCM 53 5.7 28.3 18.9 52.90
Monotherapy 50 10 26 26 62.00
Combined therapy 51 13.7 45.1 23.5 82.30
Colon operability 7 71 71.00 [112]
Prostatitis 72 [111]
Passive arm 36 16.70 27.80 19.40 63.90
Active arm 36 41.70 36.10 22.20 100.00
Prostate study 184 49.5 15.2 15.8 80.50 [113]
Prostate cancer (Kleef) (Gleason
Score 2–6) 16 [114]

Oncothermia + hormone therapy 8 50
Oncothermia monotherapy 8 37.5
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Table 4: Continued.

Study Number of
patients

Complete
remission
(CR) [%]

Partial
remission
(PR) [%]

No change (NC),
stable disease (SD)

[%]

Overall response rate
(CR + PR + SD) [%] Reference

Prostate cancer (Kleef) (Gleason
Score 7–9) 17 [114]

Oncothermia + hormone therapy 11 81.82
Oncothermia monotherapy 6 33.33
Peyronie’s disease 25 100
Pancreas 42 23.8 31 54.80 [81]
Pancreas 30 3.3 33.3 40 76.60 [79, 80]
Esophagus 8 50 42 100.00 [72]
CRC liver 22 5 23 28 [76]
CRC liver 15 20 60 80.00 [75]
CRC liver oxalplatin 12 8.3 [77]
CRC liver cisplatin 18 27.8
Advancer liver 28 [67]
Oncothermia + RTx 16 31 50 81
Oncothermia + CTx 8 13 25 38
Oncothermia monotherapy 4 25 25
Brain 19 11 32 43 [57]
Asthma 7 75 10 85 [115]
Small-cell lung cancer (SCLC) 38 44.7 15.8 60.5 [116]
Benign tumors oncothermia +
TCM 35 54.3 25.7 80.00 [111]
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Figure 8: Oncothermia needs less thermal energy tomake the same
distortion than the classical hyperthermia does.

matrix has higher current density than the other electrolytes.
The current density gradient is accompanied with the gra-
dient of the electric field, which could reorient the high-
dielectric constant proteins in the extracellular liquid. The
orientation of these protein molecules would be constrained
perpendicular on the membrane surface. By this effect,
the lost adherent connections could be rebuilt between the
malignant cells, which were indeed shown experimentally
[143]. This effect helps suppress the metastatic dissemination

as well as promot the intercellular signals to activate the
natural cell-killing mechanisms. Not only the heating makes
the effect, but also the electric field itself has a strong synergy
with this [144].

An important and unique specialty of oncothermia is the
modulation of the carrier frequency.This time-fractal pattern
carried by the basic frequency distinguishes on similar way as
the pathological evaluation does. The famous Adey window
was the first proof of the special modulation effects [145, 146],
published in the early 1990s. The modulation of RF-carrier
frequency started to be used [147] and became an important
new method for cancer therapies [148]. Numerous clinical
results show its efficacy [149–154], and oncothermia applied
it from its very beginning. Biopsy specimens are evaluated
by pattern recognition of the experienced pathologist. One
of the modern pattern descriptions is measuring the fractal
dimension of the actual pattern. The malignancy has charac-
teristic fractal dimension differences, and the cancer has its
own fractal structure [155]. The analysis of fractal structures
could even indicates the stage of the disease [156]. Careful
fractal analysis can make predictive information, making a
significant prognostic value [157].

The fractals in patterns are accompanied by fractal
dynamics. This new discipline is the “Fractal Physiology,”
([158–161]), which has a fundamental role in the structure of
the healthy organism and is a basic of the self-similarity in
biology, which is well recognizable in the scaling behavior of
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Table 5: Summary of the studies made by oncothermia treatment. (end points are quality of life connected.)

Study Number of
patients

Pain reduction
[%]

Increasing
performances [%]

Better overall
QoL [%] Reference

Colorectal inoperable, liver metastasis 60
CDDP 28 17.86 39.29 57.14 [108]
OXALI 32 46.88 7.86 100.00
Borreliosis 12 100.00 100.00 [117]
Abdominal effusion + oncothermia 49 88.88 73.91 85.70 [110]
Colon cancer study, phase II, prospective,
three arms, randomized 154 [110]

Clifford TCM 53 37.7 13.73 58.49
Monotherapy 50 36 23.53 60
Combined therapy 51 58.8 62.75 86.28
Prostate study 184 [113]
Prostate study 115 76.2 94.1 [118]
Colon operability 7 86 43 [112]
CRC liver 15 [75]
CRC liver oxaliplatin 12 66.7 83.3 [77]
CRC liver cisplatin 18 11.1 27.8

Table 6: Summary of the studies made by oncothermia treatment.
(end points are tumor-marker connected.)

Study Number of
patients

Tumor-marker
decrease [%] References

Colorectal inoperable,
liver metastasis 60 [108]

CDDP 28 14.29
OXALI 32 37.50
CRC liver oxaliplatin 12 58.30 [77]
CRC liver cisplatin 18 5.60

the living objects [162–164].The time fractal which character-
izes the healthy tissue is the 1/f fractal fluctuation. This is the
modulation which we apply in the tumor cure. The effect is
simple: the system, which easily emits a frequency fluctuation
that easily absorbs it as well. So the applied modulation
helps localize the tumor boarder, helps “clear” the contours,
and (most importantly) helps select (self-focus) the energy
intake. Simply speaking, it works like the hammer on the
drill, when you would like to make a hole in the concrete
wall: it makes the action more effective. You may switch
off this modulation also. Why? Because you must not use
the modulation in the sensitive organs (like the brain) from
the very beginning. It makes head-ache and severe pain.
In these cases from the third treatment the doctor starts
the modulation in subsequently increased time, reaching the
permanent modulation regime at the 8th treatment (if the
patient has not complained). I propose to use the modulation
in all the “usual” cases but take verymuch care in brain, spinal
cord, and head and neck cases. In nontumorous applications
the modulation has no role at all.

The fractal modulation which is applied by oncothermia
selects and reestablishes the apoptotic pathway functions. A
day after oncothermia, a definite difference can be detected
between the anyway identical oncothermia treatments which
are different only in the application of the modulation.
Both treatments cause the same effect immediately after the
application; however a day later definite differences appear.
The treated lesion by nonmodulated signal started regrowth;
the ratio of dead volume in the tumor decreases. At the same
time the modulated treatment caused the opposite: the dead
volume increases, and in two days the complete tumor was
almost destroyed after a single shot treatment reaching 42∘C
in average in both the modulated and nonmodulated cases.

Oncothermia selects the malignant cells and acts differ-
ently from the physiological homeostatic reactions (heat flow
on the membrane supported by the electric field effects). It is
natural, it is not against the homeostasis, and physiology does
not work against the action [165]. The main task is to direct
the physiology in the standard way and act on such normal
line. The positive feedback loops (the avalanche effects),
whichmay destroy the normal homeostatic equilibrium, have
to be stopped.

3. Results

Using the modern achievements of the physiology, oncother-
mia answers positively on the doubts about the conventional
hyperthermia. The experimental and preclinical results are
described in other papers presented in this conference [166–
173], so I summarize the clinical results only. Remarkable
amounts of retrospective and prospective clinical studies are
available to indicate the oncothermic effect in humans [174,
175].
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62 studies were performed with altogether 3790 patients,
from six countries (Hungary, Germany, Korea, China, Italy,
and Austria) [176]. The collection outlook is shown in Tables
1, 2, and 3.

The survival time connected data, response rate con-
nected data, the quality of life connected data, and tumor-
marker connected data are collected in Tables 4, 5, and 6,
respectively.

Further clinical trials are in progress on advanced ovary,
esophagus, breast, and pancreas tumors.

4. Conclusion

Oncothermia is the cellular selective, highly effective
nanoscopic heating of malignant cells. It is a feasible
treatment for oncology in all the phases ofmalignant diseases.
This nanothermic application solved the uncontrolled
controversies of the conventional hyperthermia in oncology.
Numerous new ways of research can be initialized by the
presently achieved results. Further basic research and clinical
studies are in progress.
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resonance imaging of alternating electric currents,” Magnetic
Resonance Imaging, vol. 19, no. 6, pp. 845–856, 2001.

[95] B. Scholz and R. Anderson, “On electrical impedance scanning-
principles and simulations,” Electromedica, vol. 68, pp. 35–44,
2000.

[96] L. T. Muftuler, M. J. Hamamura, O. Birgul, and O. Nalcioglu,
“In Vivo MRI Electrical Impedance Tomography (MREIT) of
tumors,” Technology in Cancer Research and Treatment, vol. 5,
no. 4, pp. 381–387, 2006.

[97] M. C. Raff, “Social controls on cell survival and cell death,”
Nature, vol. 356, no. 6368, pp. 397–400, 1992.

[98] R. Damadian, “Tumor detection by nuclear magnetic reso-
nance,” Science, vol. 171, no. 3976, pp. 1151–1153, 1971.

[99] F. W. Cope, “A review of the applications of solid state physics
concepts to biological systems,” Journal of Biological Physics, vol.
3, no. 1, pp. 1–41, 1975.

[100] C. F. Hazlewood, B. L. Nichols, and N. F. Chamberlain, “Evi-
dence for the existence of a minimum of two phases of ordered
water in skeletal muscle,”Nature, vol. 222, no. 5195, pp. 747–750,
1969.

[101] C. F. Hazelwood, D. C. Chang, D. Medina, G. Cleveland,
and B. L. Nichols, “Distinction between the preneoplastic and

neoplastic state of murine mammary glands,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 69, no. 6, pp. 1478–1480, 1972.

[102] A. Szent-Györgyi, “The living state and cancer,” Physiological
Chemistry and Physics, vol. 12, no. 2, pp. 99–110, 1980.

[103] A. Szentgyorgyi, Bioelectronics, A Study on Cellular Regulations,
Defense and Cancer, Academic Press, NewYork, NY, USA, 1968.

[104] A. Szentgyorgyi, Electronic Biology and Cancer, Marcel
Dekkerm, New York, NY, USA, 1998.

[105] A. A. Marino, I. G. Iliev, M. A. Schwalke, E. Gonzalez, K.
C. Marler, and C. A. Flanagan, “Association between cell
membrane potential and breast cancer,” Tumor Biology, vol. 15,
no. 2, pp. 82–89, 1994.

[106] J. C. Cure, “On the electrical charateristics of cancer. II,” in
Proceedings of the International Congress of Electrochemical
Treatment of Cancer, Jupiter, Fla, USA, 1995.

[107] E. Revici, Research in Pathophysiology as Basis Guided
Chemotherapy, with Special Application to Cancer, D. Van
Nostrand, Princeton, NJ, USA, 1961.

[108] G. Fiorentini, C. Milandri, P. Dentico, P. Giordani, V. Catalano,
and F. Bunkeila, “Deep electro-hyperthermia with radiofre-
quencies combined with thermoactive drugs in patients with
livermetastases form colorectal cancer (CRC) a phase II clinical
study,” in Proceedings of the 31st Conference of International
Clinical Hyperthermia Society (ICHS ’12), Budapest, Hungary,
October 2012.

[109] Y. Lee, “Outcome analysis and case reports of cancer patients,”
in Proceedings of the 31st Conference of International Clinical
Hyperthermia Society (ICHS ’12), Budapest, Hungary, October
2012.

[110] C. L. K. Pang, “Research progress of hyperthermia integrate
with TCM in treating cancer,” in Proceedings of the 31st Confer-
ence of International Clinical Hyperthermia Society (ICHS ’12),
Budapest, Hungary, October 2012.

[111] L. Yimin, “Deep hyperthermia combined with traditional chi-
nese medicine in treating benign diseases in clifford hospital,”
in Proceedings of the 31st Conference of International Clinical
Hyperthermia Society (ICHS ’12), Budapest, Hungary, October
2012.

[112] H. Renner, “Simultane radiothermotherapie bzw,” in Proceed-
ings of the RadioChemoThermoTherapie, Hyperthermia Sympo-
sium, Cologne, Germany, October 2003.

[113] F. R. Douwes and S. Lieberman, “Radiofrequency transurethral
hyperthermia and complete androgen blockade: a nonsurgical
approach to treating prostate cancer,” Alternative and Comple-
mentary Therapies, vol. 8, no. 3, pp. 149–156, 2002.

[114] R. Kleef, “Application of transurethral prostate hyperthermia in
benign andmalign prostate hyperplasia and chronic prostatitis,”
in Proceedings of the 31st Conference of International Clinical
Hyperthermia Society (ICHS ’12), Budapest, Hungary, October
2012.

[115] E. Babinszky, “Electrohyperthermia application in asthmatic
diseases,,” in Proceedings of the Oncothermia Symposium, St.
Istvan University, Godollo, Hungary, August 2001.

[116] H. S. Seojiwon, K. N. Eun, and J. Yiduyeon, “Hyperthermia
in the patients with small cell lung cancer,” in Proceedings of
the Annual Conference of Korean Oncothermia Study Group,
Kagnam Severance Hospital, Yonsei University, Seoul, Korea,
November 2012.

[117] Z.O. Lyme, “Disease andoncothermia,” inProceedings of the 31st
Conference of International Clinical Hyperthermia Society (ICHS
’12), Budapest, Hungary, October 2012.



Conference Papers in Medicine 19

[118] F. R. Douwes, “Transurethral hyperthermia in prostate cancer:
a ten year observation study,” in Proceedings of the 31st Confer-
ence of International Clinical Hyperthermia Society (ICHS ’12),
Budapest, Hungary, October 2012.

[119] P. G. Seeger and S. Wolz, Succesful Biological Contol of Cancer,
Neuwieder Verlagsgesellschaft, 1990.

[120] J. C. Cure, “Cancer an electrical phenomenon,” Resonant, vol. 1,
no. 1, 1991.

[121] B. W. E. Nordenstrom, Biologically Closed Electric Circuits:
Clinical Experimental andTheoretical Evidence for anAdditional
Circulatory System, Nordic Medical, Stockholm, Sweden, 1983.

[122] B. W. E. Nordenstrom, Exploring BCEC-Systems, (Biologically
Closed Electric Circuits), Nordic Medical, Stockholm, Sweden,
1998.

[123] R. Pekar, “Die Perkutane Galvano-Therapie bei Tumoren-
Schwachstrombehandlung von zugänglichen Neoplasmen und
ihre vitale ,” in Hybridisation in Theorie Und Praxis, W. Mau-
drich, Berlin, Germany, 1996.

[124] R. Pekar,ThePercutaneous Bio-ElectricalTherapy for Tumors,W.
Maudrich, Berlin, Germany, 2002.

[125] Y. Song, “Electrochemical therapy in the treatment ofmalignant
tumors on the body surface,” The European Journal of Surgery,
vol. 574, supplement, pp. S41–S43, 1994.

[126] K. S. Cole,Membranes, Ions and Impulses, University of Califor-
nia Press, Los Angeles, Calif, USA, 1968.

[127] R. Pethig and D. B. Kell, “The passive electrical properties of
biological systems: their significance in physiology, biophysics
and biotechnology,” Physics in Medicine and Biology, vol. 32, no.
8, article no. 001, pp. 933–970, 1987.

[128] B. E. Pennock and H. P. Schwan, “Further observations on the
electrical properties of hemoglobin-bound water,” Journal of
Physical Chemistry, vol. 73, no. 8, pp. 2600–2610, 1969.

[129] H. P. Schwan, “Determination of biological impedances,” in
Physical Techniques in Biological Research, vol. 6, pp. 323–406,
Academic Press, New York, NY, USA, 1963.

[130] R. Pethig, “Dielectric properties of biological materials: bio-
physical and medical application,” IEEE Transactions on Elec-
trical Insulation, vol. EI-19, no. 5, pp. 453–474, 1984.

[131] F. Pliquett and U. Pliquett, “Tissue impedance, measured by
pulse deformation,” in Proceedings of the 8th International
Conference on Electrical Bio-impedance, T. Lahtinen, Ed., pp.
179–181, University of Kuopio, Finland, July 1992.

[132] H. P. Schwan, “Frequency selective propagation of extracellular
electrical stimuli to intracellular compartments,” in Nonlinear
Electrodynamics in Biological Systems, W. R. Adey and A. F.
Lawrence, Eds., pp. 327–338, Pleanum Press, New York, NY,
USA, 1989.

[133] R. Pethig, “Dielectric properties of biological materials: bio-
physical and medical application,” IEEE Transactions on Elec-
trical Insulation, vol. EI-19, no. 5, pp. 453–474, 1984.

[134] F. Barnes and Y. Kwon, “A theoretical study of the effects of RF
fields in the vicinity ofmembranes,”Bioelectromagnetics, vol. 26,
no. 2, pp. 118–124, 2005.

[135] J. T. Groves, S. G. Boxer, and H. M. McConnell, “Electric field-
induced reorganization of two-component supported bilayer
membranes,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 94, no. 25, pp. 13390–13395,
1997.

[136] J. T. Groves, S. G. Boxer, and H. M. McConnell, “Electric
field-induced critical demixing in lipid bilayer membranes,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 95, no. 3, pp. 935–938, 1998.

[137] D. I. De Pomerai, A. Dawe, L. Djerbib, J. Allan, G. Brunt,
and C. Daniells, “Growth and maturation of the nematode
Caenorhabditis elegans following exposure to weak microwave
fields,” Enzyme and Microbial Technology, vol. 30, no. 1, pp. 73–
79, 2002.

[138] D. I. De Pomerai, B. Smith, A. Dawe et al., “Microwave radiation
can alter protein conformation without bulk heating,” FEBS
Letters, vol. 543, no. 1–3, pp. 93–97, 2003.

[139] M. Zhao, J. V. Forrester, and C. D. Mccaig, “A small, physiologi-
cal electric field orients cell division,”Proceedings of theNational
Academy of Sciences of the United States of America, vol. 96, no.
9, pp. 4942–4946, 1999.

[140] E. D. Kirson, Z. Gurvich, R. Schneiderman et al., “Disruption
of cancer cell replication by alternating electric fields,” Cancer
Research, vol. 64, no. 9, pp. 3288–3295, 2004.

[141] A. Szasz, G. Andocs, O. Szasz, G. Vincze, T. Koncz, and
L. Balogh, “Effects far from equilibrium in electromagnetic
heating of tissues,” in Proceedings of the Annual Congress of
Bioelectromagnetic Society, BEMS, Davos, Switzerland, June
2009.
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