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Abstract 

Our objective is to describe the technical principles, protocols, and clinical practice of modulated 
electro-hyperthermia (mEHT, oncothermia®), with special attention to the newest model (EHY-
2030). Modulated electro-hyperthermia changes the hyperthermia paradigm in oncology and 
therefore requires a specialized and unique protocol-description. The major difference is that the 
mEHT heating technology breaks the concept of the homogeneous (isothermal), heating standard. 
The technology takes into account the obvious heterogeneity of the tissues, the natural structure of 
the tumor, and the microscopic biophysical differences between the tissues which determine the 
energy absorption. The cellular selection targets the malignant cells and induces apoptotic 
molecular changes with the goal of destroying the malignant cells and triggering a remote effect to 
target distant malignances (abscopal effect). These special technical qualities require a new 
treatment protocol, a new dose concept, and new recommendations for complementary 
combinations in order to optimize the treatment of malignant diseases. In order to understand the 
protocol updates, including the change in dosing, a detailed understanding of the technical qualities 
of the device and the effects on cells is necessary. The authors have undertaken a complete 
evaluation of the new EHY-2030 device, including the history, the theory, and a technical and clinical 
assessment, which we present in this report. 
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Introduction 

Hyperthermia might appear to be a very new, modern therapy in oncology. However, it is in fact the 
oldest identified tool to be used against cancer, [1]. The application of heat-therapy for malignancies 
dates back over a thousand years and has shown extensive results, supporting the application of 
energy-absorption in tumors to eliminate the tumors.  

Hyperthermia in oncology is at crossroads, [2]. One of the main factors which has contributed to the 
current situation is the challenge associated with the classically applied homogeneous local heating 
of the tumor. The problem arises from the enormous heterogeneity of the tumor and its 
environment, as well as and the physiological mechanisms regulating thermal homeostasis. 
Homogeneous (isothermal), heating does not consider the heterogenic mixed structures in the body. 
Another factor is the difference in the behavior of the vascular systems between malignant tissues 
and healthy tissues. The forced general increase of the temperature results in feedback which 
induces strong homeostatic thermal-control measures, primarily involving the blood flow, [3]. The 
healthy tissues undergo intense vasodilatation, while the tumorous arteries dilate at mild 
temperatures, [4], [5], but after a tumor-specific threshold is reached, vasocontraction dominates in 
the tumor, [6], [7]. The increased blood flow intends to cool down the heated volume, while the 
vasoconstriction works like a heat-trap, [8]. The proposed solution to these challenges is the 
application of heterogenic heating, which selectively targets the cancer cells using energy-
dissipation.   

The objective of our present article is to summarize the knowledge on a novel paradigm of 
hyperthermia which applies heterogenic energy absorption. The developed method for this change 
in the paradigm is modulated electro-hyperthermia (mEHT, oncothermia®), [9], which is applied 
worldwide. This work intends to condense the knowledge which led to the development of the 
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newest model in the mEHT technology; the EHY-2030. To this end, the authors have undertaken a 
complete evaluation of the new EHY-2030 device, including the history, the theory, and a technical 
and clinical assessment, which we present in this report. 

 

Historical notes  

Heating is an old medical therapy that was extensively used in ancient cultures. The practice of 
hyperthermia has sacral roots (heat originated from the Sun), and ancient users observed curative 
results for a broad variety of diseases, including cancer. The strong belief and respect for heat as a 
healing modality led to the use of extreme measures to induce fevers.  

The practice of inducing a fever began with the malaria parasite, which was used to treat syphilis, 
and for this a Nobel Prize was awarded to Wagner-Jauregg, [10] in Austria. During the same period 
another pyrogen (liposaccharide toxin), was used by Cowley in the USA for the treatment of cancer, 
[11], with some success. Despite the success, his method was overshadowed by the development of 
radiation therapies at the time, and the method was forgotten. Such periods of success followed, by 
a decline in popularity, have been repeated throughout the history of hyperthermia and there is a risk 
of a repeat of the situation today. The rough structure of oncological hyperthermia shows the many 
different techniques to treat cancer in modern time, Fig. 1. 

 

 
 
Figure 1. Oncological hyperthermia methods (some categories may overlap each other).  

 

Definitions  

Hyperthermia is a promising oncological treatment modality, [12], [13]. Despite the definitive 
difference, the process of actively overheating (hyperthermia), and the raised body-temperature 
(fever), are frequently misunderstood to be part of the same modality. The heat (which is the 
energetic origin of hyperthermia), and the temperature (which is connected to fever which has a 
measurable parameter), are basically different categories. The heat (energy), depends on the mass 
(volume), while the temperature does not. Temperature is an average of the heat all over the target. 
Increasing the temperature (e.g. [℃]), requires energy (e.g. Joule, [𝐽]).  

When the mass (volume), increases, it requires an increase in heat (energy), in order to reach the 
same temperature. Not only does the temperature increase use the incoming energy, but any 
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structural or chemical changes also absorb the energy in order to perform the change or transition. 
As such, the chemical reactions are a result of the energy input, and the temperature is an outcome. 
The temperature is the result of the excess energy that is not absorbed by the chemical or structural 
modifications.  Applying this logic, temperature should not be the goal of the treatment, rather the 
energy absorption should be the goal, and the rise in the temperature is a consequence.  

When conducting a search for “hyperthermia” in medical databases, “malignant hyperthermia”, and 
not “hyperthermia the treatment modality”, is the most common result, [14]. It is possible that the 
chosen name for hyperthermia the “treatment modality” may contribute to the misunderstanding by 
suggesting that the homogeneous (isothermal), temperature is the primary character. A further 
challenge is the variety of descriptions of hyperthermia available.  

• Hyperthermia is the overheating of the body (Medicine.Net, [15]), “much higher than normal 
body temperature, induced therapeutically or iatrogenically”.  

• Medical Dictionary, [16]: This definition focuses on the body heating but does not mention the 
local possibility. It is too broad, and it includes any external accidental causes (such as 
weather).  

• Similarly, the Free Dictionary describes hyperthermia as, [17] “an abnormally high fever, 
sometimes induced as treatment for disease”. 

• The National Cancer Institute (USA), proposes a more sophisticated definition: “Hyperthermia 
is a type of cancer treatment in which body tissue is exposed to high temperatures (up to 
113°F)”, [18]. This definition emphasizes temperature as the characterizing parameter.  

• The Kadota Fund International Forum Consensus declares hyperthermia is a “modest 
elevation of temperature in the range of 39–45°C”, [19]. 

• The Medical Encyclopedia of Rochester University says, [20]: “Hyperthermia is heat therapy. 
Heat has been used for hundreds of years as cancer therapy”.  

• Medline Plus describes hyperthermia as the use of heat to damage and kill cancer cells 
without harming normal cells, [21]. This definition speaks about the heat without mentioning 
the temperature, which is correct. 

• The popular “Wikipedia” states that hyperthermia is a type medical treatment involving the 
exposure of body tissue to higher temperatures in an effort to treat cancer, [22]. 

• The American Cancer Society defines hyperthermia as the “carefully controlled use of heat 
for medical purposes” and discusses the changes that take place inside the cells in response 
to high temperatures, [23].  

• A more recent guideline for hyperthermia, which concentrates on the application of 
modulated hyperthermia, states that, [24] “Oncological hyperthermia is a method for killing 
malignant cells by controlled thermal effects and has the potential to sensitize 
complementary therapies while avoiding the destruction of healthy cells.”  

Most of the above definitions have common errors: the use of the terms “temperature” and “heat” is 
incorrect; the complementary application (which is the most frequent application of hyperthermia as 
its almost always used combined with other therapies), is rarely mentioned; a broad temperature 
development is described (from slightly higher, modest, to much higher); and the target could be the 
body as the whole, the tumor, the tissue, or the cell. The correct definition should include some vital 
points: that the goals are to destroy the malignancy, to keep the healthy cells intact, and to support 
the complementary therapies, as illustrated in Fig. 2. The latter comes from the convincing 
experience gained over time demonstrating that malignancy is a complex disease, requiring a 
complex combination of multiple therapies to cure it.  
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Figure 2. “Hallmarks” of a 
successful therapy. The 
outer circle shows the 
basic requirements, while 
the inner one collects the 
possible gentle methods 
(these are described in this 
article below), and the 
center summarizes the 
condition and tools which 
are needed for the gentle 
but effective oncologic 
hyperthermia actions. 

 

Life is not static, it is in a state of permanent development, permanent change and energy intake. 
Temperature is a conditional factor. In hyperthermia, temperature is a tool, which ignites changes in 
the delicate living balance, and the changes are chemical, structural and physiological. Nobel-
laureate, A. Szent-Gyorgyi, remarked that in the life-energy, it is not important that the monkey goes 
through the jungle, but that the jungle goes through the monkey, in the form of nutrition, water, and 
oxygen, [25]. The jungle, in this story, is the conditional factor, the conditional environment for the 
monkey, it is only one of the tools of survival for the monkey. The temperature in hyperthermia is 
also only a tool, a condition which promotes the desired action, which is the distortion of the 
malignant disease in the system.  

As such, considering the temperature as conditional tool, the authors support the last definition from 
the those listed above. It clearly formulates the goal (killing of the malignant cells), the condition 
(thermal effects), and the possible complementary applications. As the inner circle shows in Fig. 2., 
the approach, which is the method described in this article, is the immunogenic cell death, the 
selective effects, and the use of physiology to support the complementary conventional therapies.  

Our approach is the selective cell-killing with immunomodulation in a mild local temperature 
condition which supports the cell-killing effects of the complementary therapies.  The method which 
has been developed in order to achieve this, and which we describe in detail in this manuscript, is 
modulated electro-hyperthermia (mEHT, oncothermia ®).    

Similarities and differences in hyperthermia treatment concepts  

Whole-body hyperthermia (WBH), has an obvious measurable characteristic: the body temperature. 
In this systemic treatment the blood delivers the heat to the tumor from the heated subcutaneous 
periphery of the body. Depending on the level of heating, WBH can be subdivided into mild (fever 
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like), hyperthermia and extreme (limited by the physiological threshold of 42℃), hyperthermia. The 
two approaches cover different expected therapeutic results: the fever range WBH, [26] focuses on 
the immune effects, [27], [28], [29], and through these effects, targets the malignancy throughout 
the body, [30]. The extreme heating aims for the direct killing of the malignant cells throughout the 
body, [31]. Super extreme heating (>43.5º), has also been proposed, [32]. The eligible patients for all 
extreme heating processes need to be carefully selected due to the extremely taxing conditions 
associated with prolonged exposure to high temperatures.  

This manuscript focuses on local hyperthermia in oncology. Both the macroscopic and microscopic 
conditions of local heating differ substantially from WBH, Fig. 3. While in WBH the blood is heated 
and heats the whole body up, including the tumor, in local heating the blood has the opposite action: 
it aims to cool down the heated mass back to body temperature.  

 
a.

 
b.  

 
Figure 3. Difference between the heating modes (a), the WBH method when the heated blood 
heats up the unheated tumor, (b), the local approach occurs when the blood remains at body 
temperature while the tumor is heated locally. In this case the blood is a cooling medium.  

 

During the heating-up period, in both the systemic and loco-regional cases, the initial state before 
heating is in equilibrium, however as the treatment progress, the system works towards achieving a 
state of “dynamic equilibrium” (steady-state resulting from saturation, a “plateau”). In both heating 
methods, the absorbed energy in the dynamic but steady state, replaces the energy lost as a result 
of the natural cooling processes. In WBH, the cooling mechanisms are the natural heat loss from 
the body surface, and the cooling effect of breathing. In local heating, the energy spreads to other 
parts of the body from the local site via the blood flow. In this case the cooling effect of the body 
increases as the treatment continues. During WBH, a plateau is reached at which point there is 
equilibrium between the heat loss and the energy input. However, during local heating there is a 
constant and dynamic balance between the two opposing energy-flows. The challenge in this case is 
that the energy balance is not constant, because the amount of the cooling medium (the blood flow), 
has a non-linear dependence on the temperature, while the balancing energy supply is linear. In the 
local case, a permanent microscopic temperature gradient exists which results in a heterogenic 
temperature pattern which follows the heterogenic vasculature, [33]. Unlike WBH which reaches a 
stable, homogeneous state by time, local heating does not reach a state of stable and homogenous 
heating, Fig. 4.  
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a.  b.  
Figure 4. The situation around the arteries differs between WBH and local hyperthermia. (a), 
In WBH the blood heats the body, so the arteries carry the heated blood to the tumors, along 
with the nutrients and the oxygen. (b), In local hyperthermia the blood cools the tumor and 
the gradient of nutrients has the same direction as in the WBH. However, while the WBH 
achieves a complete thermal equilibrium when the volume reaches the same temperature as 
the blood; in local treatment the inequality of the temperature does not vanish, making this 
situation unstable.   

 

Local – regional hyperthermia 

We describe two categories in local-regional heating: homogeneous (isothermal), and non-
homogeneous or heterogeneous (selective), heating. The two categories are divided based on how 
the applied energy is utilized, which is a result of the how the energy-source is coupled to the target, 
Fig. 5. Each division has further sub-variants, which differ in their technical solution within the 
framework of the same concept. The basic conceptual categories (homogeneous and the 
heterogeneous), which are a result of the energy-absorption, apply radiative, capacitive, or inductive 
methods. Galvanic coupling is also applied; however, it is not depicted in Fig. 5 as it is used for surface 
lesions or invasive applications. 

 

 
Figure 5. The electromagnetic energy-coupling structure of categories of local hyperthermia. 
The “impedance fit” in the selective (heterogeneous), category is the unique modulated 
electro-hyperthermia (mEHT). 
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The isothermal concept in local heating originated from the fever, which is isothermal all over the 
body. According to this idea the local treatment has to be as similar as possible to the whole-body 
temperature gain, only in a local volume. This concept was originally described by Hippocrates, who 
treated breast cancer using the heat radiating from a red hot iron, and thought about the heat as a 
local fever, [1]. At that time, it was not possible to measure the temperature, and there was no 
knowledge of the physiological feedback controls and the blood flow regulation in the body. As 
technical developments enabled the measurement of temperatures, homogeneous heating became 
a quantifiable condition, and the understanding of physiology as regulator of thermal homeostasis 
improved. The concept was primarily applied to superficial targets, but investigations into methods 
of heating deeper tumors continued. However, applying isothermal principles for deep heating has 
the following challenges: 

• The transfer of energy into a target volume deep in the body without overheating the surface 
as the incident energy penetrates into the body; 

• The measurement of temperature in a heterogenic volume without multiple invasive/in-situ 
measurements; 

• The compensation for the non-linear feedback of the homeostatic control, especially the 
blood flow. 

 

The solutions, according to the classical heating paradigm: 
• Radiate energy to the volume and cool down the overheated surfaces in order to avoid the 

risk of burn. 
• Heat as homogeneously as possible. Measure the temperature in as many points as possible 

and use a dose which has been verified on homogeneous models (like in silico or in vitro 
homogeneity). Characterize the isothermal volumes in the complete target by its percentage. 
These principles led to the development of the cumulative equivalent minutes (CEM), [34], 
[35], which is based on the necrosis of Chinese hamster ovary cells in vitro at 43℃, [36].  

• Add the x percentage of the homogeneity of the T temperature to the comparison 
(𝐶𝐸𝑀43℃𝑇𝑥), [37]. Introducing the 𝑇𝑥 percentage of homogeneity explains the heterogenic 
heating at a macro-level, [38]. While in the in vitro treatments, this measurement has no 
relevance as the cell-culture is, [39].  

• The classical heating concept disregards the change in the use of the absorbed energy, 
namely: the changes in the blood flow quickly stabilize a static state of heating, when the 
temperature does not change. This phase of heating compensates only for the energy loss 
which is caused by blood flow and not for other losses, [40].  
 

Unfortunately, the above solutions, including the CEM solution, resulted in further challenges: 
• In principle, the sensors must be inserted into the tumor and, due to its heterogeneity, multiple 

sensors have to be inserted during each treatment session. The invasive temperature 
measurement process is not safe and could cause further dissemination of the malignant 
cells as well as infection.  

• The intensive proliferation of the tumor needs an increased supply of nutrients. The induced 
high blood flow supports the tumor with the necessary metabolite components, potentially 
supporting the increased proliferation.   

• The majority of the disseminated malignant cells are transported by the blood flow. The 
elevation of its stream increases the risk of invasion and dissemination of the malignant cells.  

• Technically, due to basic electromagnetic reasons, the focusing preciosity increases as the 
frequency tends towards the radiative range, where the wavelength is smaller than the 
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distance of the source from the target, [41]. Contrary to this, the penetration depth of the 
energy decreases based on the frequency, [42] of the electromagnetic radiation, so the 
increased accuracy of the focus decreases the effective depth of the energy-absorption.  

Modulated electro-hyperthermia (mEHT, oncothermia®), attempts to change the paradigm and 
overcome the above challenges, [9]. Our present discussions detail the technical method and the 
amended clinical protocols. 

 

Brief comparison of the devices providing local – regional hyperthermia  

It is important to emphasize that all the heating treatments fall into the category of hyperthermia, 
irrespective of which concept is used. However, the distribution of the temperature as well as the 
tools, goals, synthesis of heat, and bio-effects differ.  

1. The fever method of heating, which has been applied as far back as Hippocrates’ time, 
supports isothermal heating in that the goal is the temperature. Various tools have been 
developed to obtain the desired outcome. Applying isothermal heating in a fever-like state, 
the goal, or outcome is the body temperature and the temperature can therefore be used as 
a measure of treatment efficiency, or dose, [43].  

2. In the non-isothermal paradigm, the temperature is a tool, forming a condition of the 
distortion of malignancy. The destruction of the malignant cells is the goal of this paradigm 
and the temperature is a local condition resulting from the treatment, [44].  

Conventional hyperthermia is achieved using a variety of techniques such as mechanical (ultrasound), 
high frequency (microwave), ultra-high frequency (infra-red), and contact solutions (like 
hyperthermic intraperitoneal chemotherapy, HIPEC). Our focus is on the application of local 
radiofrequency (RF), electromagnetic treatment, which is limited to two basic methods: radiative and 
capacitive coupling of the energy between the source and the target, [45].  

 

Radiative techniques 

The radiative technique relies on the focused antenna array, [46], [47]. In this method, the tumor can 
be located deep within the body and the antenna array is electronically controlled to focus the energy 
on the target volume (antenna phase array, [48]). The focusing requires a high frequency (around 
100 MHz), which has a small penetrating depth. As such the incoming energy decreases by 68% 
within less than 5cm from the surface. Due to the large energy-loss, a high forwarded power is 
necessary in order to reach the desired homogeneous temperature at the required depth. The high 
incident power necessitates the intensive cooling of the surface in order to avoid surface burns. The 
cooling is achieved using a water bolus, which also absorbs a large portion of the energy. It is 
therefore difficult to determine the amount of useful energy (energy absorbed in the target volume), 
and the energy lost during the treatment. Without knowing the dose of the useful energy, 
temperature must be used as a measure of treatment efficiency and safety. A high power is required 
in order to achieve the desired temperatures in classical hyperthermia models. These high 
temperatures may result in vasoconstriction within the tumor, which causes a heat trap and further 
increases the intratumoral temperature. In this manner, high temperatures may be reached, and 
necrosis of the tumor tissue may develop as a result.  With vasoconstriction however comes a 
decrease in perfusion and the sensitizing effects to chemotherapy and radiotherapy are lost. 
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Capacitive techniques 

The other popular conventional coupling method is the capacitive arrangement, [49], [50]. The 
patient is placed in between plan-parallel electrodes representing a condenser, where the patient is 
a part of the dielectric material. Due to the large isolation layers (sometimes air between the 
electrode and the skin), the plane wave travels through the patient and can therefore reach the depth 
of body. The orientation or focusing of the waves is the primary technical challenge in this coupling. 
Capacitive coupling does not have electromagnetic focusing potential and still attempts to heat as 
homogeneously as possible, [51], [52]. Despite the high power applied (800-1300W), the maximum 
temperature achieved is still only ≈ 42℃, [53]. In a laboratory device developed for the experimental 
treatment of small rodent tumor models, a power output as high as 200 W was required, [54]. In 
the capacitive coupling method, the sizes and the distances of the electrodes determine the 
approximate focus, [55], however the position of the electrodes also modifies the focus, [56]. The 
goal of the plane-wave is conventional isothermal heating. In order to reduce pain and improve the 
applied power, impedance matching using a “subtrap” method has been applied, [57]. This involves 
forming a parallel resonant circuit, maximizing the impedance of the target. The addition of saline 
solution to the bolus, [58], [59] tries to lower the impedance further, but due to its relative high 
conductivity, the saline is heated up by the electric field, which is a further (sometimes vast), energy 
loss. This additional energy loss must be compensated by increasing the forwarded energy from the 
RF supply. The amount of the energetic losses emphasizes the necessity of the temperature 
measurement to approximate the absorbed energy in the target volume, for the same reasons as 
with the radiative technologies.  

In most of the conventional hyperthermia solutions, the targeted tumor of the patient is independent 
from the source, and the changes in the target (increasing blood flow, mechanical movements, 
changes in the tumor, etc.), do not change the source and its tuning. There is no auto-feedback facility 
for the target modifications. The source provides the fixed electric parameters (such as the power), 
and the operator can change the parameters when an increase in the reflected power, or changes in 
the other measured parameters (like the temperature due to defocusing), are observed. The 
treatment adaptation depends on the experience of the operator and the observability 
(measurability), of the changes.  

 

Modulated electro-hyperthermia 

During mEHT, the treated patient is involved in a resonant electric circuit, [60], so any change appears 
immediately in the electric control of the treatment. This provides automatic feedback that reacts in 
cases when the change is not visible to the operator. This auto-feedback allows for the personal 
adaptation of the treatment to the patient for the optimal energy-absorption, [61], [62].  

Modulated electro-hyperthermia (mEHT, oncothermia®), represents a new paradigm, [63], [64]. The 
coupling used is impedance matching, which is a specialized capacitive solution, [42]. In this 
technology the isolating layers are compensated with resonant (serial circuit), coupling and the 
applicators (specialized electrodes), behave like a metal layer touching the skin. This technical 
solution does not pose a risk of electric shock, because the isolating layer is compensated 
electronically. For the compensation the applicator system has a careful technical design, ensuring 
minimal energy losses. The most advanced version is the smart electrode system (SES), in the EHY-
2030 device. Furthermore, the impedance coupling allows the electric selection of the malignant 
cells in order to solve the challenges and advance the change in the paradigm. Due to the minimal 
energy losses, [65], the absorbed energy can be directly measured. The absorbed energy produces 
the change in temperature, and in this situation the dose of the treatment is not connected to the 
temperature. The well-tuned and controlled energy intake allows the measurement of the absorbed 
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energy, which is regarded as the dose of the treatment, [42], [66]. The absorption occurs dominantly 
on the transmembrane proteins of the malignant cells, and despite the moderate energy input, these 
molecules can be heated to high temperatures due to their nanoscopic sizes, [67].  

The natural movements of the body (such as breathing), pose another challenge to the conventional 
heating methods. These movements could result in a displacement of up to a few centimeters. 
Conventional hyperthermia applies two solutions for this situation: 

• To avoid this problem a narrow focusing is be applied, which concentrates on the part of the 
target volume which remains within the concentrated energy flow, despite the movements; 

• A larger target volume is selected in order to keep the entire tumor in the treatment field 
despite the movements.  

In both of the above solutions, two conventional principles are ignored: the homogeneous heating, 
and the selective focus on the tumor. In mEHT the situation is different because the RF-current, which 
represents the effective energy, will flow automatically through regions with lower impedance, 
selecting the malignant tissues and cells, irrespective of their movements.  
 
Change of paradigm using modulated electro-hyperthermia (mEHT) 

Challenges 

In order to change the paradigm, we must move away from focusing on the tumor alone and work 
towards eliminating the systemic disease, [68], [69]. The patient is a complex system requiring a 
complex approach to treatment, considering the patient as a whole (including living conditions, well-
being, personal networking, and comorbidities), [70]. If the intention is to work towards a treatment 
which supports the patient, then the patient’s homeostatic system must cooperate with, and not 
work against, the applied therapy, [71], [72], (Fig. 6). The tumor-oriented approach works against the 
homeostatic actions: it forces the elimination of the tumor, irrespective of its embedded complexity 
in the host tissue and in the entire system. When the temperature rises drastically, the body tries to 
re-establish the thermal homeostasis. On the other hand, when the treatment is patient-oriented, the 
process carefully works to support the homeostasis. In the case of mEHT, the selective energy 
absorption at the cell membranes has been shown to produce programmed cell-death (apoptosis), 
and actively supports the immune surveillance (mainly the innate and adaptive immune system), 
which is a part of homeostatic control.  

Fig. 7 shows the goal of patient-oriented treatments compared to the tumor-focused treatments, as 
described by the manufacturer. Fig. 8. summarizes the technical differences between tumor and 
patient oriented treatment.  

 

a.  b.  

 
Figure 6. Effect of the homeostasis (a), The dynamic equilibrium set by a complex network of 
feedback regulations in the promoter ↔ suppressor interactions. (b), The disease (cancer), 
breaks the balance. Two types of treatments act differently.  
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a. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 

 
Figure 7. Comparison of the concepts (a), tumor-oriented (b), patient-oriented. 

 

a.  b.  
 
Figure 8. The technical differences of the concepts (a), tumor-oriented, (b), patient-oriented 
solution.  

 

Depending on the heating method and the tumor location or type, the tumor may require a pre-
evaluation in order to determine the “heat-ability” of the tumor before commencing hyperthermia 
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treatment, [73]. However, what is overlooked is the likelihood that although the absorbed energy did 
not cause an increase in temperature sufficient to meet the technical requirements of the treatment, 
the absorbed energy may still effect a change.  

The mEHT method uses the certain biophysical differences between the malignant cells and their 
healthy counterpart to achieve direct and selective effects on malignant cells, destroying them in 
harmony with the homeostatic control, and extending the local effect to systemic.  

 

Technical Solutions 

The change in the paradigm has the potential to solve the historical challenges associated with 
conventional hyperthermia, and to improve the tumor-killing ability of the treatment. In order to 
change the paradigm, a shift in thinking from using temperature as a tool, to using temperature as a 
desired result, must occur. In order to achieve this, the following modifications to the principles are 
necessary: 

1. Apply heterogenic heating instead of isothermal heating. The heterogeneity has to follow the 
natural structure of the target, with selection of the malignant cell to be destroyed.  

2. The precise selection of the malignant cells is required in order to concentrate the incident 
energy on the cellular effects within the tumor.  

3. The characteristics of the energy delivery are chosen based on the ability to trigger the 
desired intracellular signals in the cancer cells, and to provide a driving force to promote the 
collective behavior of the cells, instead of the autonomic behavior of malignant cells.  

4. The dose is the applied energy. 
5. The dose is chosen carefully: it should not be so high as to heat up the complete tumor-mass, 

only the selected cells should be targeted.  
6. The forwarded energy is not constant during the treatment and it is periodically modified 

according to the protocol for the tumor type, location and the applied complementary 
treatment.  

7. The patient is actively involved in the treatment dose by providing feedback on the tolerance 
of the incident energy (sensation at the point of contact). 

8. The efficacy of the actual treatment is measured by the outcomes and not by the achieved 
temperature.  

9. The overall survival time (OS), and the quality of life (QoL), are used as measures of the 
success of the treatment, and not only the local control.  

These points are achieved with the synergistic action of the electromagnetic energy and the 
temperature in the mEHT method, [74], [75]. The temperature is responsible for the thermal effect 
described by the Arrhenius law, [76], Fig. 9/a. This law approximates the reaction rate by a probability 
determined by the negative exponent of the ratio of the activation energy (the energy barrier for the 
reaction), and the temperature represented energy (𝑅 ∙ 𝑇), {where 𝑅 is the gas-constant and 𝑇 is the 
temperature}. The biological changes however are not as simple as the gas or solid-state reactions, 
with the presence of enzymes to assist in surmounting the energy barrier, Fig. 9/b. The enzymatic 
reaction is not so simple and it forms complex transient states at the top of the barrier Fig. 9/c., 
which in turn promotes the suppression of the barrier. The mEHT method has a similar effect to the 
action of enzymes, but instead of the chemical process, electromagnetic interactions form the 
transition state, in the same manner as the chemical complexes.  
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(a) (b) (c) 

   
 
Figure 9. The thermal reactions. (a), simple Arrhenius law, (b), the enzymatic assisted jump lowers 
the energy barrier, accelerates the reaction rate, as the biological processes do it, (c), the 
enzymatic transition state could be constructed by the electromagnetic field.  

 

The intermediate transition state depends on the field-strength, while the square of the field 
produces the heating energy, Fig. 10. The mEHT treatment becomes complex due to the two 
pathways which are involved in the two basic activities: the heat causes cellular and physiological 
modifications, while the field is responsible for molecular and immunological changes. All 
homeostatic actions are complex, having supportive and suppressive actions to keep a dynamic 
balance.  

 

 
Figure 10. The actions of the electric field (a), heating, depends on the square of the field multiplied 
by the conduction of the media, (b), linearly depends on the field, and dominantly acts on the dipoles 
(polarization, dielectric permittivity).  

 



63 Oncothermia Journal Special Edition, September 2020 
 

The cell destruction is supported by heat, [77], as the heat causes an increase in intracellular 
pressure, [140], promotes membrane damage, [77], [78], improves selection by increasing cellular 
sensitivity, [79], and can trigger necrotic cell-destruction, [80]. However the effects of heat could 
also oppose the initial treatment goals by necrotic changes (toxicity, inflammation), [81], by increasing 
the risk of developing stress resistance, [82], by promoting anaerobic metabolism, [83], and by 
promoting cellular autonomy with breaking the cadherin connections, [84].  

The physiological effects of heat promote: the vascular, [85] and drug permeability through the 
blood vessels, [86], and cellular membranes, [9], [140], and even through the blood-brain-barrier, 
[87]; and the drug transport to the tumor, [88]. The increased relative blood perfusion, [6], [89], 
delivers more oxygen, which is required for radiotherapy, and the reaction rate of the drug, [90]. 
Together with these supportive actions there are certain negative influences from the enhanced 
blood-flow in the heated volumes. The blood delivers nutrients supporting the tumor and increases 
the dissemination risk via the bloodstream, potentially supporting the formation of metastases, [91], 
[92], [93].  

The field effects, and the resulting energy absorption, are no less important than the heating effects. 
On a molecular level the effects include: selection of the membrane rafts, [94]; excitation of the 
intracellular signals with extrinsic effects, [95]; stimulation of apoptosis and autophagy, [96]; and 
promoting the reconnection of the lost intercellular bonds, [97], [98]. Importantly, however, the field 
triggers immuno-oncological and systemic effects: damage associated molecular pattern (DAMP) 
formation, [99]; triggering of immunogenic cell-death, [100]; antibody presenting cell (APC) 
formation, [101]; and the development of tumor-specific immunity which may stimulate the abscopal 
effect and potentially in-situ tumor-vaccination, [102]. There are however also some negatives 
associated with the field treatment: the E-field jumps between layered boundaries which can cause 
burns, [103], [45]; it is difficult to control the field-effect, [45]; the personal sensitivity of the patient 
influences the reactions, [104]; and cell-death is rarely immediate so the results of the treatment 
occur over a longer period of time, [105]. Additionally, a long adaptive time is needed for immune 
actions, and when the temperature is high (over 40℃), the immune activity is suppressed, [106], [107].  

 

Brief history of mEHT 

The mEHT technology has a history that goes back more than 20 years, [108], [109]. The scientific 
background was developed at the Surface Physics Laboratory in the Eötvös Science University, 
Budapest. In 1988 a spin-off company was started, with the goal of realizing the synergy of bio-
electromagnetic and surface physics. Starting with invasive galvanic therapy, the electromagnetic 
elimination of the tumor was the initial focus. However, the medical problems associated with the 
invasiveness of the technique, meant that developing a non-invasive method became crucial (1990). 
After four years of research, the first commercial device received the GS-sign (Geprüfte Sicherheit, 
meaning "Tested Safety"), issued by TÜV, the largest Notified Body in Germany and later in the EU. 
After an additional four years, in 1998, TÜV certified the ISO approval of the company, and gave the 
CE certification for the EHY-2000 device. Since the certification, the device has been continuously 
developed, improved, and approved by TÜV. A complete renewal of the electronic solution took 
place in 2004, with the development of the EHY-2000 plus (EHY-2000+). The company, Oncotherm 
Kft., has also developed other medical devices, although the EHY-2000 series remained the most 
popular:  

• for electric cancer therapy ECT-2000 continued the invasive treatment,  
• for prostate tumors the transurethral solution (PCT-2000),  
• for whole-body treatment (WBH-2000) 
• for interstitial (ablation), hyperthermia (ICT-2000),  
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• for veterinarian use (EHY-500 or VetEHY).  

The company pursued the development of the popular technology, launching the compact EHY-
2010), and a device which has a novel electrode system that can be tailored to different size 
electrodes, large enough to cover the entire body (multi-local treatment, EHY-3000).  

The design of the EHY-2030 began eight years ago and the device received CE approval in 2019. The 
EHY-2030 integrates the knowledge collected during the last 20 years of applications to improve 
patient and clinician experience.  

The main events of the history of the method are shown in Fig. 11.  

 

 

Figure 11. The short 
summary of the historical 
steps of the development 
of mEHT in research and 
market. ©Oncotherm 
GmbH/Kft. 

 

Technology of mEHT  

The technology harnesses the synergy between the electromagnetic and thermal effects of the 
method on the malignant cells, [110], [111].  

 

The electronic technology 

All of the activities (chemical reactions), of life take place in aqueous solutions containing 
electrolytes. These electrolyte rich solutions are found in both the intra- and extracellular 
environment. Lipid membranes, which separate the compartments, contain a bilayer of phospholipids 
with various molecules, including glycoproteins. Ionic exchanges occur between the compartments 
via passive or active transport across the membrane. The maintenance of the acid-base balance is a 
part of the complex homeostatic control, which also includes fluid balance, temperature, glucose 
availability, and a huge number of other stabilizing factors, which are tightly interconnected to ensure 
a dynamic steady-state of equilibrium in the system.  
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Cancer disrupts the healthy equilibrium, initially only on a microscopic and local level, but eventually 
the disruption becomes macroscopic and systemic.  This disruption begins with renegade cells, [112], 
which develop in opposition to the networked healthy host tissue. The opposing reactions relate to 
the intensive proliferation of the malignant cells, which, due to its space-requiring progression, 
increases the mechanical pressure in the developing tumor, [113]. This stage of the cellular 
development is referred to as the α-state, while the networking cells form the β-state, [114]. Cell 
division in healthy tissue ensures the replacement of cells which have undergone cell death, usually 
via apoptosis, or supports the growth of healthy tissue. In malignant tissue, cell division continues 
despite the reduction or absence of apoptosis and cell death, [115], [116]. One of the goals of the 
mEHT method is the induction of apoptosis in malignant tissue. 

One of the weaknesses of cancers is that the aggressive proliferation breaks the networking bonds 
of the cells, forming autonomous units in competition for the available nutrients, forcing the host to 
develop a supportive environment to meet the cellular demands. The actual delivery of ionic solutes 
increases in the microenvironment of malignant cells, as nutrients are brought in at increased rates 
and the waste must be removed, resulting in an increased exchange of ionic solutes across the 
membranes. The higher ionic concentration has an effect on the electric characteristic of the tissues: 
the conductivity carried by ions increases in the malignant structure. The resulting lowered resistivity 
channels the applied RF electric current to the malignant cells, creating a process of self-selection. 
The next step is to develop a mechanism that is able to control the balance between the β-and α-
states in the disrupted system. To achieve this, the electromagnetic behavior of the electrolytes in 
the living systems is manipulated, [117]. The cooperative cells mostly run on oxidative metabolism, 
and their division is controlled by the cells in their neighborhood. However malignant cells in 
opposition can be targeted by modifying the microenvironment and the membranes, triggering not 
only the apoptotic processes, but also the repair of the lost networking connections. These 
mechanisms are described in the following pages.  

The electromagnetic effects of mEHT are a result of the external source of the field. The absorbed 
energy can be measured by the forwarded power 𝑃𝑓𝑤𝑟, calculating the impedance loss which is 
measurable by the reflected power 𝑃𝑟𝑒𝑓𝑙 or more preciously (due to the impedance matching), with 
the phase angle (𝑃𝑟𝑒𝑓𝑙 , phase shift), between the applied voltage 𝑈 and the RF current 𝐼. The useful 
power 𝑃𝑢𝑠𝑒 in this would be  

 𝑃𝑢𝑠𝑒 = 𝑃𝑓𝑤𝑟 − 𝑃𝑟𝑒𝑓𝑙 = 𝑈 ∙ 𝐼 ∙ 𝑐𝑜𝑠(𝜑)  [𝑊] (1) 

The goal of the mEHT technique is to have 𝑃𝑟𝑒𝑓𝑙 ≈ 0, or in the impedance formulation 𝜑 ≅ 0, when 
the electric circuit is in resonance; while applying a precise and constant frequency of 13.65 𝑀𝐻𝑧. 
Furthermore, the current must be maximized as the energy-absorption depends directly on the 
current. When the 𝑃𝑢𝑠𝑒 is constant, and the current is at its maximum, the voltage will be at its 
minimum, which increases the safety of the treatment, optimizing the efficacy.  

The development of malignancy changes not only the conductivity, but by disrupting the intercellular 
network, dielectric differences are created as a result of disorder in the tissue. The 
microenvironment of these disconnected cells will be structurally different from normal tissue, 
lacking the networking connections, such as the cadherins and junctions. The disorder makes the 
cancer cells distinguishable from healthy tissue and this change in the dielectric permittivity, and in 
the conductive and dielectric properties, results in the different electromagnetic impedance of the 
microenvironment of cancer cells, compared to that of healthy cells. This provides additional 
guidance for the RF current flow, allowing the automatic selection of the malignant cells by mEHT. 
In a sense, mEHT has a “theranostic” action in that it can select and treat the malignancy 
simultaneously.  
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The thermal technology  

After recognizing the malignant cells, the energy-absorption creates the hyperthermia step. Due to 
the un-bonded transmembrane proteins, the concentration of highly dynamic and heterogeneous 
glycolipoprotein microdomains on the membrane surface (also known as membrane rafts), 
significantly increases. A well-chosen frequency (acting in the range of 𝛽/𝛿 dispersion), directly 
targets the lipid-protein bonds and heats up the membrane rafts to a conditional temperature. This 
step is equivalent to the conventional hyperthermia method, only instead of a macro-absorption, 
mEHT selectively applies micro- (nano), heating. 

The energy absorbed in the system is used to trigger reactions, and transitions. In some instances, 
the result is the release of heat, and in other instances the increased heat triggers the transition.  A 
simple example involves boiling water: where the temperature (100℃ in normal pressure), is a 
conditional necessity to form steam from the liquid, but during the process only the structure 
changes (from liquid to gas), the temperature remains constant, until the phase transition is finished. 
In the mEHT technology similar conditions have to be realized: a definite temperature required by the 
micro-environment must be reached, and the subsequent energy, which is absorbed by the 
molecular clusters (rafts), will cause changes in the structure and excite the molecules. It appears 
that this is one of the steps involved in initializing apoptotic signals in the various pathways in the cell. 

It is important to tune the conditional temperature to the optimal range, otherwise the requested 
molecular changes cannot be controlled. When the temperature is low, then the energy absorbed 
by the membrane raft is also low, and the molecular modifications do not happen. When the 
temperature is too high, the molecules are destroyed, necrosis occurs, which contradicts with the 
goal of synchrony between mEHT and the homeostatic control. When the energy dose is too high, 
not only do the mechanisms become less controllable, the selection of cells diminish as the rapidly 
rising temperatures results in the spread of the absorbed energy into the wider environment. This 
process starts to heat up the mass of tumor instead of the cells alone, so the selectivity, which was 
established by the electric tuning, is lost.  

To avoid losing the electric selection by the thermal spread, a step-up heating process is applied. In 
the heating process the temperature and the absorbed energy correlate; the temperature grows 
linearly with the absorbed energy. The linear growth in a unit of time characterizes the absorbed 
power, which is specific in a unit mass, and measured by the Specific Absorption Rate, (SAR, [𝑊/𝑘𝑔]). 
When the temperature starts to equalize with the environment, the SAR spreads, and becomes 
saturated only at the point at which the homeostatic-regulated blood-flow is able to re-establish 
balance in the system. In this case the temperature does not change as the blood flow compensates 
for the absorbed energy, and the SAR replenishes the energy, which is taken away by the blood flow, 
(washout mechanism). In order to avoid this situation, the temperature needs to be continuously 
adjusted, by increasing the applied power. In this method the power is gradually increased, 
considering the optimal energy-absorption, using the SAR to completely heat the selected malignant 
cells. 

Due to the selection and heating technique applied in mEHT, which targets nanoscopic regions on the 
cell membrane, the macroscopic temperature increases only moderately. The clinical consequences 
of the moderate increase in temperature are important:   

1. The mEHT treatment induces less adverse effects, decreasing the delivery of supporting 
nutrients, and lowering the risk of invasion and dissemination.  

2. Despite the lower overall temperature, the increase of blood flow is sufficient to promote 
the effects of chemotherapy by  

a. increasing the concentration of the drug in the tumor,  
b. increasing the reaction rate of the drugs. 
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3. Additional to the moderately increased blood flow, the electric field increases the penetration 
of the drug through the membranes of the malignant cells in the high-pressure space-
occupying tumor by promoting the permeability of the cell membrane to the drug. 

4. In combination with radiation therapy, the overall increase in blood-flow increases the oxygen 
perfusion and the oxygen in turn is able to attach at the point of DNA breaks, blocking the 
activity of reparation enzymes. The additional oxygen also increases the formation of reactive 
oxygen species which play an important role in further DNA damage. 

5. The macroscopic temperature increase remains under the vasocontraction limit, so the 
enhancement of the chemotherapies and radiotherapies and other blood-delivered therapies 
(like immune, enzyme, gene), are not limited.  
 

Synergy of electric and thermal actions – the physiologic “technology” 

The automatic selective steps and the hyperthermia related energy absorption depends on the 
applied RF technology. This requires the specialized permanent control of the impedance tuning, as 
well as the careful development of the optimal thermal conditions in the hyperthermic step. The 
“theranostic-like” action results in the selection of specific molecules in the selected cells in selected 
tissues. The effects of cancer are however broader than only the cellular effects. There is a 
disruption in the collective behavior that characterizes the complexity of the multicellular organism. 
The unicellular behavior of the autonomic cancer cells only benefits their condition temporarily as 
they are better able to survive, proliferate and adapt, but the lack in collectivity will eventually result 
in their destruction.  

The disorder in cancer cells appears in the structural pattern of the specimens as evaluated by 
pathologist, making the disease recognizable and providing prognostic information from the 
development of the disorder in the structure, compared to the natural healthy samples. The 
structural pattern provides an extra selection factor for electromagnetic interactions. The 
macroscopic disorder increases the macroscopic permittivity, which is observed microscopically. 
Consequently, macro-selection occurs due to the structure. However, the situation is more complex. 
The collectivity of healthy cells, accompanied by the synchrony of the various chemical changes in 
healthy cells, results in measurable fluctuation signals in the system, characterizing the homeostatic 
equilibrium. One example of such a fluctuation is the heart-rate variation (HRV), which has emerging 
applications in diagnostics and in the improvement of physical well-being and health. Other reactions 
(for example nervous signals, or even the extra- and intracellular signals transmitted via definite 
pathways), also produce definite and repetitive distributions of the fluctuations. These variations 
group the systemically regulated and controlled chemical reactions in space and time, which has a 
defined order and an interdependence in the healthy complex system. When the ordered complexity 
(homeostasis), is derailed, the spectrum of the fluctuations also changes, which can be used as tool 
for the early recognition of diseases. The mEHT method utilizes these complex fluctuations to 
further select between the healthy and the disordered malignant tissue. To achieve this, mEHT 
applies a modulation of the carrier frequency, which forces the correct homeostatic fluctuation 
(synchrony), of the interaction. The modulated signal aims to promote the complex regulations, 
suppressing the malignant disorder. One of the consequences is to promote the reconnection of the 
cells, limiting the autonomy of the malignant processes, [169]. The theory is that the applied 
fluctuation as modulation collectively vibrates the transmembrane proteins to reorganize and 
recreate intercellular bonds, as this represents the state of minimal energy expenditure. The re-
bonded connections promote the overall control, attaching the cells to neighboring tissues, and 
blocking the invasion into the vessels and the subsequent dissemination of malignant cells.  
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The absorbed energy also triggers extrinsic apoptotic signals, which could excite variants of the 
apoptotic processes: 

1. The apoptosis produces apoptotic bodies, exosomes and other small vehicles.  
2. A DAMP formation, which when appearing appropriately at the correct time and location, can 

complete the apoptosis via immunogenic cell-death (ICD).  
3. In the ICD process, the freed special DAMP molecules like the 70 kDa heat-shock proteins 

(HSP70), calreticulin, HGMB1 and ATP, provide “information signals”, “eat me signals”, “danger 
signals”, and “find me signals”, respectively; providing tumor-specific information for immune 
actions. 

4. The DAMP induced ICD forms APCs by maturation of the dendritic (DC), or other APC forming 
(macrophages), cells.  

5. The APC helps to produce tumor specific immune actions by forming killer (CD8+), and helper 
(CD4+), T-cells, directly carrying the tumor-specific information.  

6. The immune action promotes the abscopal effect, targeting the distant metastases by the 
naturally prepared T-cells.  
a. This may result in a positive change in the metastases (eliminate it completely or partially, 

or at least stop their growth) providing essential benefit for OS and QoL of the patient.  
b. The immune-process may function as a “tumor-vaccination” when the re-challenging of 

the same malignancy does not cause cancer.  
c. The production of active tumor-specific T-cells does not require outside laboratory work 

in this case, as these are prepared in-situ and in real-time.  

The HSP proteins have various functions in the living organisms; they are present in all cells from 
unicellular to multicellular systems. The HSPs have a chaperon-like role in the cells, are involved in 
protein folding, in apoptosis, in autophagy, and in immunity. Simply put, HSPs are protectors of the  
status of the system, internally providing support for the survival of that cell, while extracellularly 
they promote the healthy organizing actions, helping to eliminate the cells which are out of the 
expected order. Their Janus face character plays a role in the development of therapy resistance, 
but also has an extended role in the immune surveillance. Their role in the protection of the cancer 
cells among the massive environmental challenges during the proliferation is essential, aiding the 
adaptation of the cancer cells to the extreme conditions. On the other hand, when re-localized and 
expressed on the cancer cell membrane and released into the extracellular matrix, they supply 
information about their host which is essential to the APC forming tumor specific immune action. The 
differences between HSP concentrations in malignant and healthy cells is measurable, as cancer 
cells have significantly more stress, resulting in as much as a ten-fold increase in the intracellular 
HSP, in order to defend the cells against apoptosis or autophagy. However, when a general external 
additional stress, such as a temperature increase, activates the cellular protection in the healthy 
cells, the HSP expression increases drastically (up to ten-fold), while in the cancer cells where the 
original HSP concentration was extremely high, the newly expressed HSPs less than double the HSP 
concentration. This could be one of the factors causing the higher heat-sensitivity of cancer cells, 
which are unable to survive the heat-stress exposure as long as the healthy counterparts are able 
to. 

The vulnerability of cancer cells to heat also partly depends on their autonomy. The energy which 
targets them remains in the cell, as the cell is unable to share the energy with neighboring cells, 
through the intercellular network.   
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Other technical considerations  

Surface Cooling  

In order to ensure the optimal efficacy, the technique reduces the risk of burning and increases the 
general safety of the treatment. Generally applied surface cooling in hyperthermia technologies 
avoids the burning of the skin. While mEHT applies surface cooling methods, the methods are less 
intensive that those applied in conventional hyperthermia solutions. The temperature is adapted to 
the patient’s actual needs during mEHT, recognizing the limits of overcooling the surface by the 
mEHT technology by the active physiological feedback of the body. When the cooling is too intensive, 
the blood-flow is reduced by the thermal control of the body, and the surface layers lose their 
natural cooling capacity, and increase their isolating properties. These changes in an overcooled 
surface cause further (secondary), burns, as increased voltage is required in order to penetrate the 
increased isolating layers.  

The applied RF frequency  

The chosen carrier radiofrequency (RF), for mEHT is 13.56 MHz. The reasons why this frequency was 
chosen are: 

a. It is a free standard frequency available for medical use, so it avoids interferences 
with other devices.  

b. It is in the optimal range of the modification possibility of lipid-protein interaction, (𝛽/𝛿 
dispersion). The lower frequencies lose the range of the 𝛿 dispersion, and so lose 
some of the important lipid reactions.  

c. Its penetration depth (where its initial 100% energy decreases to 36%), is 18-cm, which 
is more than the half-thickness of most humans.  

d. The electric impedance of the lipid membranes of the cell are not negligible at this 
frequency. The higher frequency selection tends to neglect the differences and 
results in the homogenous energy absorption. 

e. The combination of this carrier with modulation is optimal. The carrier frequency has 
a deep penetration, carrying the information of the modulation, similarly to the 
radiobroadcasts.  

The applied modulation  

The RF signal in mEHT also acts as a carrier of information. The information is coded in the amplitude 
modulation in mEHT, [60]. The modulation frequency is broad spectrum (carrying information in a 
similar manner to the way radiobroadcasts carry the information of music or speech), [118]. It is 
chosen based on the natural homeostatic fluctuations, promoting the selected cells and their 
microenvironments to find their natural state of harmony and in doing so, to rearrange their lost 
connections and form a network again. In this manner, it has potential to force the system into a 
state of homeostasis. 

The homeostatic regulated living structure is self-organized and self-similar, which has a fractal 
structure in space and time. This fractal noise has the ability to synchronize various important signals 
by the process of autocorrelation. The width of the frequency spectrum is restricted only by the 
regulation of the standards.  

The modulation depth is optimized by the cellular selection of the active carrier. When the 
modulation depth is too high, selection function lowers. The modulation depth has to be higher than 
the rectification preciosity of the targeted membranes, and the signal gain by the process and may 
contribute to the triggering of the apoptotic pathways in the cell.  
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Dose and treatment control in mEHT treatments 

The preciosity, which also involves the tuning and the complete renewal of the electronics of EHY-
2030 with the latest technology, allows for a more precise dosing of during mEHT treatments. The 
principle of the dose paradigm has not changed, and the absorbed energy is still considered as the 
dose. Several clinical studies have demonstrated improved outcomes and efficacy, [241], [235], 
[202], [203], [193], while using this dosing concept instead of the traditional dose measurements 
such as the 𝐶𝐸𝑀43℃𝑇𝑥 method. Where intratumoral temperatures are not available (mostly due to 
safety reason), conventional hyperthermia may measure temperatures in a nearby lumen and the 
intraluminal temperature is often assumed to represent the tumoral temperature, however this is 
not accurate and there is a risk that this measurement provides misleading information about the 
treatment. 

The energy absorption measurement is controllable, and even more precise in the EHY-2030. Fig. 
12. shows a comparison of the conceptional difference between the doses CEM43 and mEHT doses. 
The essential difference between the homogeneous (contours of 𝐶𝐸𝑀43℃𝑇𝑥), and heterogenic 
(selective energy absorption provides large contrast between the heated and unheated parts), 
heating.  

 

a.  b.  
 
Figure 12. Comparison of the doses. (a), the 𝐶𝐸𝑀43℃𝑇𝑥 contours (measured in minutes), [𝑇𝑥 
contours show the approx., areas where the 𝑇 temperature could be regarded as 
homogeneous. x is the percentage of the area where the T temperature characterizes the 
isotherm.] Due to safety reasons the temperature is typically measured in a nearby lumen. (b), 
the selective energy absorption (𝑆𝐴𝑅 ∙ 𝑡𝑖𝑚𝑒), (measured in J/kg, [Gy]).  

 

The patient characteristics and sensitivity to the treatment is an important factor of the dose. In 
conventional hyperthermia, the patient information, such as tolerance and sensitivity, changes the 
preplanned treatment and the temperature is reduced to the tolerable level. As a consequence, the 
𝐶𝐸𝑀43℃𝑇𝑥 dose differs from patient to patient. This situation is similar during mEHT treatments 
where the feedback from the patient is a vital factor in the choice of power output. As in conventional 
hyperthermia, the energy dose may also differ based on the patient’s individual tolerance, however 
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due to the significantly lower incident power (in average 8 times lower), the patient will still tolerate 
a higher dose than in conventional heating.  

 

Doses in protocols 

The dosing of the mEHT treatment measures the effective interaction of RF-field with the tissues 
during the treatment, it gives information which is used for the active control of the therapy. Two 
doses need the attention of the physician:  

1. The treatment dose of the running session. This dose has an upper limit determined by the 
available maximum power from the device and the time of the session, which is fixed in the 
protocols. 
This dose is defined in the protocols for various cancer types, however, there may be 
variations based on the patient’s state, comfort and complaints. The planned dose is therefore 
only a proposal based on statistical evaluation of gathered data and allows for real-time 
modifications based on the situation. The protocol of the treatment is flexible due to the 
personalization of the process.  

2. The overall therapy dose that the patient receives altogether in the therapy period. This dose 
is usually a simple, mechanically formed sum of the actual doses in the individual treatment 
sessions, forming an overall dose of the therapy cycle.  
This dose is however not automatic, and it also requires extra attention to fit flexibly to the 
results of the cycle. The physician has to consider: 

a. What frequency, periodicity, of the treatment sessions will be applied in the cycle; 
b. What breaks were introduced between the individual treatments influencing the 

planned periodicity;  
c. The dose of the repeated cycles has to be considered and added to calculation.  
The protocols for cancer variants provide guidelines on how to manage this dose (e.g. 
how many sessions are proposed in a cycle for the given cancer), however this is mainly 
defined by the status of the patients and requires personalization based on the 
development of the patient’s cancer-state.  

In summary both dose types (the treatment and the therapy doses), have to be handled flexibly 
depending on the patient and on the progress of the therapy. These considerations are tailored to 
the patient-oriented cancer therapy and adapted to the complex personalized treatment.   

Dose units 

The dose unit requires well-defined properties: 
1. It must be measurable and reproducible. 
2. It must be an extensive parameter. This means that it depends on the size (mass), of the 

target, not the shape. The energy absorption has to be selective, regardless of the staging 
and comorbidities, and has to be able to be applied in combination with other therapies. 

3. It must include a safety concept and risk/benefit considerations (approved by dose-
escalation) and include the safety limit. 

4. It has to correlate with the efficacy (measure in clinical practice).  

Dose in conventional hyperthermia 

Presently conventional hyperthermia uses the cumulative equivalent minutes, which refers to the 
necrosis which occurs in the Chinese hamster ovarian carcinoma cell-line when heated to 43℃  in 
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vitro. This dose measurement has numerous challenges according to the basic requirements for 
dose concept: 

1. It is hard to measure in a living human 
a. The most accurate temperature sensing method is a point sensor, which has to be 

inserted invasively into the body and must remain in place throughout the duration of 
the hyperthermia treatment. 

b. The point sensor does not present an accurate picture of the entire tumor, due to the 
heterogeneity of the mass. The sensor reports only the temperature at the location 
of the sensor. One of the factors which contributes to the heterogeneity of 
temperature within the tumor is the variation in temperatures at the site of the 
arteries. The tissue in the immediate vicinity of the artery are cooled by the blood flow. 
These tissues are therefore likely to have a lower temperature. Multiple sensors 
would therefore need to be inserted in order to obtain an accurate picture of the 
temperature distribution within the tumor. 

c. The invasive process has to be repeated during each treatment session in order to 
measure the actual dose. The invasiveness is associated with some serious risks, such 
as infection and dissemination of the disease, and this destroys the risk/benefit 
balance of the treatment.  

d. The non-invasive temperature monitoring using magnetic resonance imaging (MRI), 
detects the time-shifts, which are not only temperature dependent. The reference for 
that measurement is a homogeneous phantom without dynamic chemical changes, 
which are characteristic to the life and to the effect of hyperthermia in action. The 
temperature is representative of the changing in the target after the absorption of 
energy and the alterations are detected by the MRI. Unfortunately, the modification of 
the structural or chemical changes in the target cannot be separated from the signal 
which is considered to be the temperature. When the modification occurs at a low 
temperature, the measurement on the MRI suggests a high temperature due to the 
time-shift change.  

2. The temperature is an average parameter, it does not change by the mass. An isothermal 
mass has the same temperature in all the parts. The mass is connected to the heating energy, 
which is proportional. 

3. The CEM reference is necrotic. In the majority of cases, conventional hyperthermia does not 
cause necrosis in the complete tumor mass, so it is not comparable to the in vitro 
experimental situation.  

4. The CEM reference is on a cell-line measurement, which is homogeneous, unlike tumors. 
5. The kink on the Arrhenius plot, which is the theoretical basis of the complete CEM 

construction, has not yet been fully explained. 
6. The CEM definition does not have a correct SI unit, and it cannot be correctly defined in its 

present form. 

It is well-known, that the temperature alone is not enough to ensure the appropriate distortion of the 
malignant cells. With WBH methods, the whole body may be heated to extremely high temperatures 
(up to the physiological limit of 42℃); and provide more CEM in one session than during any local 
treatment. However, the tumor-cells are not eliminated from the body. Most local hyperthermia 
techniques are able to achieve the planned 42℃, in only 10% of the target volume (𝐶𝐸𝑀43℃𝑇90 is 
calculated). Consequently, the overall CEM dose is smaller, and the basic average temperature is 
lower, than the temperature in the hottest 10% of the mass. This undermines the feasibility of the 
𝐶𝐸𝑀43℃𝑇𝑥 dose.  
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Dose in mEHT treatment 

The new paradigm changes the dose to one which better characterizes the treatment and is 
proportional with the mass as is naturally required. This dose is the absorbed energy (𝐸𝑎𝑏𝑠), 
measured in 𝐽/𝑘𝑔 units, which is the same principle as the dose in the ionizing electromagnetic 
radiation. In radiotherapy it is the Gray (𝐺𝑦 = 𝐽/𝑘𝑔). The dose provided in a second is measured by 
the specific absorption rate (SAR), in (𝑊/𝑘𝑔), units, which is limited by the highest available power 
from the mEHT equipment. The maximum power is determined by the safe penetration of the energy 
by the skin, which is ≈ 0.5 𝑊/𝑐𝑚2. The dose during one session is the sum of SAR multiplied by the 
time when it is actually active from 𝑡𝑠𝑡𝑎𝑟𝑡 to 𝑡𝑒𝑛𝑑, so the dose:  

 
𝐸𝑎𝑏𝑠 = ∫ 𝑆𝐴𝑅(𝑡)𝑑𝑡

𝑡𝑒𝑛𝑑

𝑡𝑠𝑡𝑎𝑟𝑡

  [
𝐽

𝑘𝑔
] 

(2) 

Notes on dose concept of mEHT 

The application of this type of dose requires numerous technical and conditional details.  
1. The energy absorption is directed to the targets, which are the malignant cells. The energy 

develops the expected and planned molecular and structural changes, which are proportional 
to the applied energy-dose.  

2. The basis of the dose is that due to the impedance matching by the resonance, the energy-
loss by coupling is small and regulated. We can therefore be sure, that the forwarded and 
controlled energy is accurately absorbed in the target. 

3. The coupling conditions are repeatable, so reproduction of the same coupling is precise. 
4. The surface cooling draws only a small part of the forwarded energy. 
5. The applicators and their boluses absorb only a low level of energy.  
6. The radiation of the RF circuit is negligible. 
7. This dose is independent from the measurable temperature, so it is safer and more precise.  
8. Due to the electromagnetic selection, the treatment adapts to the movement of the patient 

(shifting of the position), as well as the natural physiological movements of the system 
(breathing, heartbeat, peristaltic movements, etc.). The treatment effectively adapts to the 
physiological changes (like the non-linear change of blood flow), due to the impedance of the 
target, as it follows these variations. These processes make the dose personalized, so the 
mEHT reliably adapts its focus to the designated target volume.  

9. The energy-absorption is active in the presently undetectable micro-clusters as well, 
irrespective of the accuracy of the present imaging techniques.  

10. The built-in limit of the incident power density of mEHT (≈ 0.5 𝑊/𝑐𝑚2), guarantees the safety 
of the treatment, avoiding dangerous overdosing.  

The dose prescription has to be personalized in all therapeutic modalities. The personalization in 
mEHT means that when the patient cannot be treated with the prescribed dose during the specified 
time in one session, then the session time and/or the number of sessions per cycle can be increased.  

The dose for the actual treatment and the dose in the complete therapy consider different concepts. 
While the patient’s feedback regarding the sensation during the treatment modifies the actual 
treatment, the full therapy is defined by the efficacy of the treatments. The treatment sessions are 
maximized for the absorbed power, limited by the patient’s tolerance. However, the complete 
therapy (number of treatments) does not have a tolerance limit, and can be continued up to the time 
that the desired result has been achieved  
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The most effective way to assess local control is using imaging (CT, MRI, PET, etc.), studies. These 
should be administered after treatment cycles in order to determine the benefit and toxicity of the 
treatments. The long-term control of local disease can shift the mEHT protocols towards long term, 
chronic protocols.  

However, the efficacy of the treatment is determined by more than the local control. The local 
control of the tumor does not mean that the patient is cured. Micro and macro-metastases could be 
active at distant sites, which limits, the survival of the patients, as well as the quality of life. Due to 
these reasons, the measure of the efficacy of the therapy has to include the prolongation of the 
survival and the improvement in the quality of life.  

Step forward with the mEHT technology: the EHY-2030 

The concept of the mEHT treatment focuses on the interest of patients. The manufacturer 
summarizes these points in the proposed 3E+3S concept, which has been their core concept for over 
a decade, Fig. 13. 

 

 

Figure 13. The strict 3E+3S 
concept of development 
of EHY-2030. 

 

The continuous development of the mEHT technology is based on the research conducted primarily 
using the laboratory devices (LabEHY-100 and LabEHY-200). The laboratory works are combined 
with the theoretical and model calculations, developing various measurements which can be 
extrapolated from the lab setting to the clinical setting. Previously the clinical research has focused 
on the EHY-2000 and EHY-2000+ models. Based on the new research and the clinical experiences 
with the devices, a completely new model was developed (EHY-2030), and lunched. In this section 
we discuss the technical developments that have culminated in the launch of the EHY-2030, and the 
subsequent need for the modification of the protocols, [4], [119].  

The concept of the two devices, the EHY-2000 series and the EHY-2030, is the same: the cellular 
selection, molecular excitation and immunogenic effects, form the backbones of these applications. 
The difference between the devices is in the drastically improved user experience, including modern 
electronics, user-friendly automatization. The EHY-2030 has more precise impedance matching 
which results in higher treatment efficiency, more reliable treatments, and better control of the 
parameters, increasing the expected success of the treatment. The ergonomic design, the modern 
outfit, simplified operations, amongst other qualities, make the EHY-2030 attractive for patients and 
for the medical staff. Based on these improvements and advantages, and on the increased demands 
of the Medical Device Regulation (MDR), (previously the Medical Device Directive (MDD)), in the 
European Union (EU), the EHY-2030 replaces the older versions, providing a higher standard of 
mEHT.  

The theoretical work on mEHT is based on the concept modelled in silico. The next step was the 
experimental part with the LabEHY system, a device developed to mimic the human treatments on 
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murine and other animal models, providing feedback on the theoretical considerations, and 
supporting the further development of the human treatments.  

All of the research and development steps are interconnected and have a feedback loop which 
continuously drives the development forwards. The EHY-2000+ and the EHY-3000 have provided 
case-reports, studies, and trials which have supported the development of the new EHY-2030 
system.  

The new (completely flexible), patented, [120], electrode has been studied in selected clinics around 
the world. 

Initial evaluations on the performance of the EHY-2030 have been conducted in  Semmelweis 
University Budapest, Hungary; the Marques de Valdecilla University, Santander, Spain; and the Charité 
(Humboldt University), Berlin, Germany. The Oncology Center of the Semmelweis University provided 
data and practical information during the entire development process in the frame of the Hungarian 
Competitiveness and Excellence Program grant (NVKP_16-1-2016-0042), 2016 to 2019.  

The Oncotherm EHY-2030 (Fig. 14.) was developed to meet the high-level requirements of a modern 
medical practice. The equipment is isolated from the common power-network for safety purposes 
and is supported by a specially developed control and data management software. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. The EHY-2030 
device. 

 

This device combines the best clinical features from the EHY-2000+ and EHY-3010. The combined 
optimization is completed with the newest modern electronics, the updated knowledge of 
hyperthermia in general, and the state-of-the-art bioelectric triggering of molecular reactions, 
producing immunogenic effects to target the disease, systemically. 

 

Main parts 

It is recommended that the operators learn the names of the device parts (Fig. 15.) so that in the 
event that technical assistance is required, the problem can easily be reported to the Oncotherm 
technical team.  
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Figure 15. Parts of the EHY-2030. 1. Motorized electrode arm, 2. Linear actuator, 3. Smart 
electrode remove button, 4. Positioning guidance LED bar, 5. Smart electrode, 6. Grounding 
bar, 7. Magnetic grounding disc, 8. Patient stop button, 9. Emergency stop button, 10. Display 
interface buttons, 11. Touch screen display, 12. Synthetic leather cover, 13. Conductive fabric 
layer, 14. Mattress, 15. Front cover, 16. Coolant indicator/Fill-hole  

 

One of the main changes of the treatment bed is the replacement of the water-mattress with a soft, 
foam one. The change is not only formal, but also has an important electronic reason: the water 
mattress formed a part of the resonant circuit tuned by the device. In the EHY-2030 the electrode 
is near to the skin of the patient, increasing the energy-concentration on the tumor and the selected 
malignant cells. The new solution was initially applied in the EHY-3000 devices and the clinical 
publications proved the efficacy of this development, [121], [122], [123], [124], [125], [126], [127], [128], 
[129], [130], [131], [132].  

 

Smart electrode system (SES) 

The second electrode of the circuit, the upper applicator, has also undergone a drastic change. The 
construction of the SES avoids the technical impedance loads and concentrates on the patient’s 
impedance. In the new construction the RF-current does not flow through the water-bolus, and the 
active electrode is nearer to the skin of the patient than in the standard EHY-2000 electrode. Despite 
the close proximity of the electrode to the surface, the applicator remains flexible, and smooth 
enough to fit on the patient’s skin with appropriate contact between the patient and the full active 
surface of the electrode. The SES developments were also tested on the EHY-3000. The changes 
made to the electrode pair (the bed and the applicator), are a great step towards a higher 
concentration of the power on the patient’s malignancy, [133]. The solution increases the 
personalization because the resonant system is more sensitive to the impedances in the body, 
increasing the preciosity of the “theranostic-like” effects of the mEHT method.  

Other notable changes include the electronic adjustment, and the robotic positioning of the applicator 
instead of the manual fit used in the EHY-2000+ model. This solution makes it possible to ensure 
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the best available electric connection for the RF-current, so that together with the electrode changes, 
further reductions in the impedances in the resonant circuit are made.   

 

Coupling and tuning optimizing 

The smart applicator concept senses the precise fit of the electrode on the body-surface and 
provides visible signal feedback to the medical operator regarding the quality of the positioning for 
the improvement of the tuning. 

The device is sensitive to, and reacts to, the changes in the impedances, which involves the patient’s 
characteristics, the process of the treatment effects, and the movements of the patients including 
the normal internal movements such as breathing. The automatic selection of malignant cells by the 
electromagnetic method helps to focus the energy-absorption in the chosen cells, and this is further 
optimized by the tuning. 

 

Software 

The software is designed to be easy-to-use. The EHY-2030 system incorporates a Patient 
Management System (PMS), offering the possibility of data-collection and handling. In this module, 
recording and reviewing personal patient information and treatment data, designing treatments, 
treatment initialization, termination or monitoring, are available through a personal computer. 

 

Technical details of EHY-2030 

The equipment is a high-tech, high-quality unit, incorporating the latest available techniques from 
Oncotherm. The output power is stable enough for dosing, which requires the calculation of the 
forwarded energy. The technical data are as follows: 

Mains supply: 100-230V (50/60Hz) 

Max power consumption: 800 W  

Max output power by RF generator:  800 Wpp   

Rated RF output power: 350 Weff 

Adjustable RF range: 25-350W (5W resolution) 

Nominal electrical load:  50 Ω 

Output carrier frequency:  13.56 MHz 

Output modulating frequency:   0-10 000 Hz  

 (Time-fractal, experimentally optimized) 

Adjustable treatment duration: 1-90 min (1 min resolution) 

Dimension (L*W*H): 2500 mm x 1150mm x 1350 mm  

Total weight: 200 Kg  

Electrical safety classification: Class I, Type BF (IEC 60601-1),  
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Degree of protection: IP2X 

Max. weight of the patient: 150 kg 

Operating conditions: 

 Temperature:  +15°C …… +30°C 

 Relative humidity:  20% …… 60% 

 Air pressure:  800 hPa ….. 1060 hPa 

Electrode type: flexible tissue with metallic layers  

Bolus type: temperature-controlled bolus 

Coolant medium: distilled water   

Electrode variants: D200: 200 mm diameter max 150 W 

 D300: 300 mm diameter max 250 W 

Graphical user interface: LCD touchscreen, 800*600 pixel 

Viewing angle (vertical): 110º 

Expected Useful Life: 7 years 

Tuning: The auto-matching unit (auto-tuner), always tunes for a calibrated value, a standard 50 Ω 
(fits the impedance), so that the delivered output power is calibrated. 

Electrical safety classification:  Class I 

Type BF:   IEC 60601-1  

Type of certificate:   CE0123 (MDD),  

Certifications for compliance to the standards 

The technical safety of the mEHT devices is certified by the German TÜV, the largest Notified Body 
in Europe. The products have CE certification according to the Medical Device Directive (MDD), and 
the production is approved by ISO13485 standard, ensuring the highest quality and reproducibility of 
the products. All products have a certificate of conformity. The device safety includes the 
Electromagnetic Conformity (EMC), which guarantees the satisfaction of the radiation standards 
representing no risks for the patient or medical staff. The newest EHY-2030 has also completed all 
of the certificates in the EU and has entire market approval for EU utilization and for export.  

 

Evidence of the mEHT method 

Over the years, numerous case-reports, studies and clinical trials with the EHY-2000+ and EHY-
3000 devices have provided a solid basis for development of the EHY-2030. It takes a long time to 
move from the research and development phase to the clinical phase [134], and the process requires 
rigorous testing and feedback at each stage of the development. There are various challenges 
associated with hyperthermia [135], however the modern developments in mEHT technology are 
showing great strides in overcoming these challenges. This section highlights the preclinical and 
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clinical work on mEHT providing insight into the direction that we can expect mEHT to move into over 
the next few years [111].  

 

Theoretical and in silico studies 

The theoretical models behind mEHT have been discussed extensively in the literature with a vast 
amount of available publications which explain the method, [136] as described in the previous 
sections. The fundamental concepts of mEHT, as described previously, are the self-selection abilities, 
[76], [137], the importance of the homeostatic equilibrium, [138], the interdependence of the energy 
absorption, the temperature, [139], and change in the dosing concept enabling the energy to form 
the dose instead of the temperature, [42]. The change of the microenvironment of the selected 
malignant cells by the absorbed energy, [140] and the charge redistribution in this microenvironment, 
[141] are also discussed in the framework of the mEHT method. Several publications have 
demonstrated the synergistic relationship between the field and the thermal effects, [142],[143]. The 
complex characteristics of the technology are also discussed in detail in the literature, [144].  

  

The theoretical considerations of the noise fluctuations in the microenvironment of the cells describe 
the potential of the frequency to excite the membrane states of transmembrane proteins [145] by 
fractal noises, [146]. In a similar way to the modification of water-states in biomaterials [147] and the 
action of the electric field in a noisy environment due to the vector potential [148]. 

The feasibility of electromagnetism in cancer treatment has been discussed, [144] and a physical 
analysis of the amplitude modulation of the powerful carrier frequency has been conducted in order 
to better understand the effects of the modulation [149], [150].  

The effects of the basic selection mechanism of mEHT, considering the microenvironment of the 
cells, and applying the Warburg and Szent-Gyorgyi effects, are discussed in detail [151]. The 
membrane effects are discussed in the frame of the excitation of transmembrane proteins, involving 
the transient receptor potential vanilloid (TRPV) channel, [152]. In this study, mEHT was shown to be 
similar to nanoparticle heating, but instead of the injection of artificial nanoparticles, mEHT harnesses 
naturally found nano-units in the malignant cells: the membrane rafts. The nanoscopic treatment is 
discussed fully in connection with the therapeutic applications, [153]. Electromagnetic model 
calculations numerically demonstrate the nano-heating resulting from energy absorption at the 
membrane raft of malignant cells, [154].  

The intracellular impacts of the chosen RF current on the cytoskeleton has also been studied, [155], 
[156]. When exposed to the same temperature, the effects on in vitro cell lines are superior of mEHT 
with modulation are superior to other heating methods, [65].  

An essentially new theoretical approach had been published for the evaluation of single arm studies 
in a series of papers, [157], [158], [159]. The patients in terminal stage of disease do not have any 
further curative options as all other treatments have failed. A conventional palliation protocol starts 
at this time-point. The evaluation loses the possibility to form a satisfactory number of patients in 
the cohort for the control group, because of the highly variable history including multi-line therapies, 
as well as the personal differences between the patients. As there are not further options for 
treatment, enrolling a control group and administering treatment would be unethical. The best 
comparison would be to administer “best supportive care” protocols. In most of the cases mEHT 
administered at the end stages of disease faces the challenge of the control group and in most 
studies involving end-stage patients, the treatment is studies in a single arm trial with a prospectively 
or retrospectively controlled cohort. The single arm clinical trials are regarded as weak as there is 
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no “blinding”, no randomization, no control of the variables etc. This proposed approach applies the 
basic organization of the homeostasis as a reference, understanding that the tumor is out of this 
healthy structure. The survival measures, according to this model, could increase the level of 
evidence of studies on end-stage patients, [159].  

A clear trend in the desired outcome is the local treatment with systemic effects, likely through 
immunogenic abscopal mechanisms, [160], [161], [162].  

The theoretical considerations and model calculations were verified in measurements, on non-living 
phantoms, preclinical in vitro and in vivo experiments, and of course by clinical studies; which are 
summarized in the following part below.  

Phantom measurements 

The phantom measurements indicate the heating process in a stable system without physiological 
control. The phantom model is heterogeneous, and partly mimics the real conditions in the body. The 
material was chopped pork-meat, including muscle and fat in the approximate ratio of the real patient 
without cachexia, [163]. The results show the temperature development in the chopped meat 
phantom without malignant tissue. To demonstrate the selective action, a phantom of egg-white in 
distilled water was used and coagulation of the egg white was observed while the surrounding water 
was unheated, [164]. The liver, or balls of caviar, immersed in water were also used as a phantom 
and demonstrated selective heating [164]. The sophistically layered egg white phantom model 
experiment demonstrates the complex selection process of mEHT, [164]. A meat and liver layered 
phantom with a malignant liver tumor was also measured, [164], and the selection was shown. These 
experiments were presented at numerous conferences and attracted the interest of the participants. 
The selective heating characteristics of mEHT were independently simulated and successfully 
evaluated experimentally, [165]. 

The phantom comparison in real human devices was also measured and showed the advantages of 
the flexible electrode. Here the tuning loss was technically equalized. In these measurements (Fig. 
16.), the efficacy is 20% better in EHY-2030 and the heating profile is much more unified in depth.  

These phantom experiments presented on the EHY-2000+ formed part of the driving factors in the 
development, construction, and optimization of the EHY-2030, [166].  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
Figure 16. The comparison of the EHY-2000+ and EHY-2030 phantoms. (electrode 20 cm 
diameter, power 100W), (a), the setup of the meat-phantom, (b), the set-up of the phantom 
on the bed, (c), the setup for EHY-2000+ measurement, (d), the setup for EHY-2030 
measurement, (e), the results for EHY-2000+, (f), results for EHY-2030.  

 

In vitro preclinical evidence 

Intensive preclinical studies connect the theoretical and phantom experiments with the clinical 
applications. This step of the development proves the concepts in living objects and shows the direct 
molecular changes when the system homogeneously contains only malignant cells are 
demonstrated in vitro. The in vitro experiments focus on the cellular mechanisms and the results 
provide valuable information about the electromagnetic effects on the malignant growth and 
cellular reactions to the electromagnetic stresses.  

As with the phantom experiments, the preclinical measurements also provide important pieces of 
information to verify, validate, and calibrate the mEHT processes. However, the in vivo experiments 
differ from in vitro experiments in multiple crucial conditional points: 

• the inherent heterogeneity of the tumor,  
• the heterogeneity of the healthy host and their common boundary,  
• the non-linear thermal homeostatic control which regulates the blood flow, 
• the immune control of the animal, 
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• the possibility of the follow-up observation. 

A part of in vitro experiments studied the selection of the nano-sized membrane rafts of malignant 
cells verifying the previously formulated ideas, [167]. The important conclusion is that the nano-
effects fit the Arrhenius plot, confirming the thermal behavior of the process. However, it is shown 
that the effect is improved with the addition of the electric field effects. Apoptotic processes begin 
at a temperature approximately 3℃ lower with the electric field effects, compared to conventional 
homogeneous heating. The analysis of mRNA levels using Gene-Chip analysis, showed significantly 
different signal pathways in the apoptotic processes between the applied methods. When compared 
to homogenous water bath heating, mEHT also performed better, [168]. Other experiments showed 
additional effects of mEHT compared not only to water-bath, but to other capacitive coupling 
methods as well, observing significant differences supporting the mEHT method, [169]. Importantly, 
the energy dosing method proposed by mEHT has been demonstrated, supporting the replacement 
of temperature with energy control, [170].  

One study showed the growth of malignant cells was inhibited by apoptosis induced by mEHT in a 
glioblastoma cell-line, [171]. Such cellular effects inducing apoptosis are extensively investigated in 
vivo (see below).  

Some studies have focused on the complementary applications of mEHT. The combination with 
radiotherapy to treat lung cancer cell-lines shows the synergistic effect of mEHT with the ionizing 
radiation, [172], even in megavoltage applications, [173]. The combination with chemotherapy was 
investigated using doxorubicin alone, [88], and with liposomal envelops, [174], again showing 
synergistic effects.  

 

In vivo preclinical evidence 

The first technical step was the comparison between the bolus and new flexible electrode, in order 
to confirm improved efficacy, Fig. 17. The difference in the power output is high, but it was not 
possible to apply the same tuning solution in the LabEHY as in the human device. For the energy 
dose, the technical loss was calculated by software specific to the LabEHY and was considered as a 
modification of the energy. The efficacy of the flexible electrode is about 20% better than the bolus 
in the preclinical studies. The technical difficulties with the bolus in the LabEHY did not modify the 
results as with the preclinical in vivo experiments, it was possible to measure the temperature in 
order to determine absorbed energy, which provided the decisional parameter for the dose. In the 
human devices such technical discrepancies were not observed as the electronics with larger tuners 
in the human devices restricted the energy losses in tuning process. In the LabEHY the small size of 
the device prohibited the use of this technical solution for the bolus, where the isolating layers of the 
bolus have to be compensated. Such compensation was however not necessary for the flexible 
electrode as there was no need for an isolation rubber or additional layers. 
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(a)    b)       

 
 

(c) (d) 

  
(e) (f) 
Figure 17. The comparison of the efficacy of the bolus and flexible electrode. (a), the 
bolus arrangement, (b), the flexible electrode arrangement, (c), the power to achieve 42 
ºC in bolus system, (d), the power to achieve 42 ºC in flexible electrode system, (e), the 
temperature control for bolus system, (f), the temperature control of the flexible 
electrode system.  

 

While the in vivo murine studies can approach the human clinical results, there is still as significant 
variation expected due to a number of fundamental differences, such as: 

• the different complete homeostatic control and the high heartbeat rate,  
• the different immune reactions, 
• the artificially developed tumors and metastases,  
• the naturally shorter lifespan and the associated complications with the follow-up period.  

One of the first in vivo results showed a strong synergy between heat-energy and the modulated 
electric field in tumor cell killing observed in xenograft tumor model, [110]. This examination verified 
the hypotheses regarding the synergy of the thermal and electromagnetic factors in mEHT 
processes. The next step was to compare the efficacy of the electrode systems of the bolus-based 
EHY-2000+ and the flexible electrode applied in EHY-2030. The comparison proved the assumption 
of the higher efficacy, the with the same effect reached, with less power, as shown in Fig. 15. This 
important result has a direct impact on the human clinical applications in that it is likely that less 
power will be tolerated by the patients during the EHY-2030 treatments than during the EHY-2000+ 
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treatments. However, the improved efficiency of the treatment means that the effect will be similar, 
despite the lower power and this will still fit with the patient’s personal feedback.  

Verification of the improved performance of the EHY-2030 system, most of the in vivo preclinical 
treatments now use the flexible electrode system, providing further information about the complex 
effects.  

Another preclinical study reported early changes in mRNA levels a significant change in protein 
expression including the expression HSP, in xenografted human colorectal cell lines treated with 
mEHT, [175]. Preclinical in vivo studies have also shown the effect of the modulation compared to 
conventional heat, [176]. Injecting additional gold-nanoparticles (gNPs), into preclinical animal models 
(murine) demonstrated the selective nano-heating capacity of mEHT. In the study, when the gNPs 
were injected and the tumor was subsequently treated with mEHT, a reduced rate of apoptosis was 
observed compared to mEHT alone, despite the temperature in the combined treatment reaching 
the same as the temperature would without the gNPs. In this case it appears that the gNPs compete 
for the energy, and less effect is therefore expected on the membrane rafts, [177].   

The thermal dose absorption follows the expected selection, [178]; and this has also been visualized 
after the combination of mEHT with radiotherapy, [179], [180]. The thermal effect was measured 
invasively in the liver of anesthetized pig, [181], and in combination with radiotherapy in murine 
models, [182].  

Due to the theoretical assumptions, a large amount of information has collected on the cell-death 
of the targeted malignant cells. It has subsequently been clearly demonstrated that mEHT is a strong 
inducer of apoptosis [95], promoting a more gentle method which fits in with the natural balance 
and order, to induce cell-killing rather than causing direct destruction to the tissue. The apoptotic 
cell-distortion differs from necrosis in that it is not forced, and it does not trigger the same 
homeostatic feedback reaction to clear up the damage at the necrotic site.  It has also been shown 
that the apoptosis following mEHT corresponds to the energy-dose concept of mEHT, [183]. One 
study even measured the potential of mEHT-induced apoptosis in ovarian and cervical cancers of 
tumor-bearing mice, in combination with macrophage-inhibitor, [184]. 

Saupe et al showed reported that mEHT treatments resulted in the breaking up of the clustered 
rouleaux’s formation of erythrocytes in human cases, which may increase the surface area of the 
erythrocytes, potentially allowing for enhanced oxygen uptake, [185]. 

The mEHT produces a DAMP induced by an apoptotic process, [99]. The DAMP plays an important 
role in the immunogenic actions and therefore may contribute to the effect seen in distant 
metastases after mEHT treatments, [186]. However, in some cases the stress induced p53-mediated 
growth inhibition has been observed without major immunogenic effects, [187]. The combination of 
mEHT and dendritic cell (DC), injection has also shown a tendency towards triggering an abscopal 
effect, [101], throughout the maturation (forming antigen presenting cell, APC), of the injected DC. 
The mature DC produces CD4+ and CD8+ “helping” and “killer” T-cells, which could trigger a tumor-
specific action, all over the body. This APC produced immunity could be strong enough to protect 
against a recurrence, as was noted after the re-challenge of the same tumor in murine models was 
rejected after the treated the initial tumor with the mEHT and DC combination, [188]. This shows the 
possibility of the “tumor vaccination”, [102], which induces tumor-specific immunity against the 
relapsing of developing tumor again.  
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Clinical evidence 

The clinical evidence validates the above theoretical considerations and measurements. First, the 
clinical applications need to demonstrate the thermal component of the mEHT therapy. The 
complementary application requires improved blood perfusion. A temperature increases sufficient 
to improve perfusion in cervical tumors has been demonstrated clinically, [189]. The improved 
pharmacokinetic action as a result of  mEHT has also been demonstrated, [190], [191] and the safety 
has been demonstrated, with acceptable thermal toxicity,  [192], even in high risk (obese, 
radiosensitive) populations, [244].  

Recently, a comprehensive review on the clinical results of mEHT was published, [193]; providing the 
general feasibility of the method in clinical oncology. Retrospective clinical reports have even 
demonstrated significant increases in the overall survival rates in various advanced, late stage 
cancers treated with naturopathic therapies [194]. New clinical trials are in progress [195].  

The management of brain tumors with mEHT is one of the most impressive applications as the 
technique allows for the transcranial, non-invasive, safe treatment of the central nervous system. 
Modulated electro-hyperthermia has been used for the management of a variety of brain tumors, 
including glioblastoma multiforme (GBM), in their primary, relapsed, and advanced stages [196]. 
Safety has been demonstrated when mEHT was combined with chemotherapy (ACNU), for the 
treatment of brain tumors, [197], and phase II studies subsequently reported improved outcomes 
without any adverse events [198], [199], [200]. Similar results were reported at different clinical sites 
[201], [202]; with improved survival and disease control when compared to best standard of care 
for relapsed and recurrent tumors [203], [204]. A retrospective evaluation of 140 patients with 
different stages of disease demonstrated similar results with improved survival rates when treated 
with mEHT, [205]. Recent reports indicate the induction of immunogenic cell death (ICD) during 
maintenance chemotherapy and subsequent multimodal immunotherapy for GBM, [206], [207]. 
Finally a meta-analysis of the research on mEHT used to treat GBM, which also included an economic 
evaluation, showed that mEHT significantly enhances the efficacy of dose-dense temozolomide 
regimens with significantly less toxicity, and that the addition of mEHT was cost-effective, [208].  

A range of organs from the gastrointestinal (GI) tract have been treated with improved outcomes 
with mEHT, [209]. The most frequently treated malignancy of the GI tract is colorectal cancer and 
liver metastases from colorectal cancer, where the results show significant improvement in overall 
survival [210], [211]. One case report has even demonstrated the complete response of a stage III 
colorectal tumor in an 81 year old patient not eligible for surgery, following treatment with 
Oxaliplatin, 5-florouracil (5-FU) and calcium folinate (FOLFOX6), concomitant to RT and local mEHT,  
[212]. The preoperative, neoadjuvant application of mEHT has also shown promising results, [213]. 
The second most frequently treated GI tract malignancy is advanced gastric cancer, [123].   

A phase II study reported that the treatment of advanced hepatocellular carcinoma treatment with 
mEHT combined with sorafenib was safe, feasible and showed promise for improved survival 
outcomes, [214]. Heavily pretreated hepatocellular carcinoma patients responded with improved 
well-being and stable disease after treatment with mEHT with/without Oxaliplatin, [215]. One case of 
successful treatment of cholangial carcinoma has also been reported, [216].  

Pancreatic cancer is associated with a poor prognosis, with limited treatment options available 
showing improved long-term survival. The use of mEHT has shown to be of benefit in advanced, 
pancreatic tumors which have failed previous treatments and for which there are no further options. 
In these cases, mEHT applied as a monotherapy, resulted in improved well-being, prolonged survival 
and increased rates of disease stabilization, [217]. In combination with conventional chemotherapy 
regimens, mEHT and supportive treatments showed improved survival rates when applied as a first-
line treatment, [121]. These results were repeated with other complex treatment combinations in a 
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larger number of patients, [218], [219], [220]. The benefit of mEHT in second-line treatment 
protocols has been shown, [221], [222]. A pilot study showed potential for mEHT to be used for the 
treatment of partially resected (R1) pancreas tumors, [223].  

Lung cancer is the leading cancer globally with the highest number of cancer related deaths reported 
worldwide, [224]. The application of mEHT in advanced non-small-cell lung cancer (NSCLC) cases 
shows feasibility and improved survival,  [225], [226], and a report on four cases of advanced 
adenocarcinoma of the lung treated with chemotherapy and mEHT showed survival rates beyond 
two years, [227]. The combination of mEHT with chemotherapy and supportive therapies 
demonstrated feasibility, [124], and a case report combining mEHT with radiotherapy for the 
management of NSCLC in an 83 year old patient resulted in complete response and the patient was 
alive and disease free at 18 months post treatment, [228].The rarer, but more aggressive, small-
cell-lung cancer (SCLC) has also responded well to mEHT treatment, [229]. Interesting research on 
intravenously administered high-dose vitamin C therapy with mEHT for heavily pretreated, advanced, 
refractory NSCLC showed that the combination was safe, [230] and had better outcomes compared 
to patients treated only with best supportive care, [231]. 

The gynecological applications of mEHT include cervix, ovary, and breast tumors. Breast cancer is 
the most common cancer in women globally, and in developing countries cervical cancer has the 
highest mortality rate of all cancers in women, [224]. These are therefore important fields in mEHT 
research and applications, [232], [233]. Case studies, [234], and clinical trials confirm the efficacy of 
mEHT for the treatment primary, [41], or residual / recurrent, [235], cervical tumors. The research 
on mEHT and other hyperthermia methods used to treat cervical cancer is extensive, allowing the 
comparison between mEHT and other conventional hyperthermia methods used to treat cervical 
cancer. Modulated electro-hyperthermia has shown similar, [236], [237], or better [238], [53], 
results compared to other techniques in randomized clinical trials. An extended Phase III randomized, 
controlled clinical trial for locally advanced cervical tumors has been conducted in South Africa on 
HIV positive and negative patients, including an evaluation of the viral status of the participants, [239]. 
Local control was evaluated by 18F-FDG PET/CT imaging studies at six months, [240], [241], and 
survival updates have been made available, [242], [243]. The study has been extended to include a 
five-year post-treatment survival evaluation. Quality of life was independently evaluated 
demonstrating improved QoL and mEHT was not associated with additional chemotherapy and 
radiotherapy related adverse events. The safety of mEHT was demonstrated, with low rates of 
adipose burns, even in obese patients, when compared to other methods of heating, [244]. The six-
month post treatment evaluation also suggested the presence of an abscopal effect triggered by 
mEHT, and this was evaluated and reported separately, [245].  

Ovarian cancer is a dangerous malignancy due to the risk of early and extensive metastatic disease 
in the peritoneum. Low dose check-point inhibitors in combination with complex therapies, including 
mEHT, has shown potential to improve outcomes [246]. Safety in relapsed, refractory, heavily 
pretreated ovarian cancer patients treated with mEHT has been proven, [247] Modulated electro-
hyperthermia combined with traditional Chinese medicine has also been compared to HIPEC and 
showed less toxicity and improved results, [248]. 

The complex treatment of breast cancer with mEHT has shown some benefits as well, [249]. Long-
term survival of a breast cancer patient with extensive liver metastases treated with mEHT, 
immunotherapy and virotherapy resulted in a five-year disease-free survival, [250].  

Sarcomas have shown a good response to hyperthermia treatment and are especially helpful in limb 
sparing treatment protocols and for inoperable tumors. Results of various sarcomas treated with 
mEHT showed the potential for mEHT to be used to treat this malignancy, [251]. The treatment of 
case of primary leiomyosarcoma of the breast with mEHT as a complementary treatment to 
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chemotherapy was also successful, [252]. Clinical trial of the management of advanced abdominal 
soft-tissue sarcoma after relapse treated with mEHT also shows benefit, [253].  

Multiple other localizations have been studied, [254], [255], [256], and the abscopal effect has been 
observed in combination with check-point inhibitors, [257]. Interesting research on mEHT applied as 
a monotherapy, when no other possibilities were available, for a variety of tumor is promising, [203], 
[202], [258]. 

The most important development in the clinical field of mEHT is the immune application, which has 
the potential to extend the treatments to beyond the local disease and to target systemic disease as 
well, [259]. The systemic extension has a pivotal role in extending the survival of patients by reducing 
the risk of distant metastases and possibly aiding in the elimination of distant metastases. In the 
latter case, mEHT could prove useful in treating palliative patients with curative intent. The immune-
stimuli in vivo also showed the distant effects of mEHT after local treatments, [186], [101], [188], 
which is in line with observations in humans, [245], [257]. The combination of mEHT with low dose 
radiation and using low-dose Granulocyte-macrophage colony-stimulating factor as an immune 
stimulant, [260] in NSCLC, further alludes to the immunogenic effects of mEHT. The effect of 
immune stimulation by mEHT has even been intensively used in combination with traditional Chinese 
medicine, [261].  

Last, but certainly not least as there is surely more to come in the near future, is the research on 
mEHT combined with Newcastle virus, [262], [263], as an immune stimulant, [206], [264], for tumors 
including advanced metastatic breast cancer, [250], and bone-metastatic prostate cancer, [265]. 

Protocols  

The detailed data above and the everyday practice with 500+ devices worldwide has allowed the 
development of recommendations for protocols and treatment implementation. Years of use have 
shown that the all solid tumors, irrespective their TNM and stage, could be treated with mEHT. The 
important factor is that the target volume differs from the healthy tissue, based on the 
characteristics describe in Section 4. Primary, metastatic and recurrent tumors are eligible for 
treatment with mEHT. Experience with the three devices have been combined and summarized in 
order to develop the most optimal use of the newest model, the EHY-2030. The following guidelines 
assume the knowledge and understanding of the earlier published guideline, [4] and protocol, [266], 
for the EHY-2000, as well as an understanding of the basic knowledge of the mEHT method, [9]. 
The traditional, conventional chemotherapy protocols which have been applied for decades in 
combination with mEHT are collected elsewhere, [267].  

 

General safety 

Modulated electro-hyperthermia is not a substitute for conventional therapies, but rather it is a 
supportive treatment.  

The operator has to follow the instructions mentioned in the following paragraphs, otherwise 
burning or overheating of the tissue may occur. The temperature calculation (displayed 
temperature), is only a calculation. Take into consideration that the temperature of some points of 
the heated local area can be considerably higher than the average. This effect is called “hot spots” in 
the literature. This inaccuracy can cause overheating of the healthy tissue. The calculation is based 
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on the so-called “equivalent temperature” concept. This means that mEHT heats up the tissue 
according to a dynamic, gradient. 

The efficacy of the energy absorption, calculated using the difference between the forwarded and 
reflected power, is checked during the start of each treatment but will not be checked continuously 
during the treatment. Factors such as shifting in the patient’s position, movement of the electrode, 
or local interferences may result in an increase in the reflected power during the treatment, which 
could risk overheating of the tissue. The smart electrode system on the EHY-2030 has automatic 
positioning to find the optimal electrode position and the device should only report a small reflected 
power during a well-tuned treatment. Despite this, the reflected power must still be checked during 
the treatment by the operator. In the event that the reflected power increases, adjustments to the 
patient, electrode and surroundings need to be made to reduce the reflected power. Should this fail, 
pausing the treatment, repositioning, and restarting the treatment may be required. 

We the authors have not noted any negative cross-effects between mEHT and applied 
complementary therapies and we have not reported a reduction in the efficacy of therapies with the 
addition of mEHT. The manufacturer has confirmed that they have also not been notified of any of 
the above from any of their many users around the world.  

The new electrode system on the EHY-2030, using more precise tuning of the resonance combined 
with state-of-the-art electronic support, increases the available current density at the same power. 
The higher current density in the EHY-2030, compared to the EHY-2000, increases the treatment 
efficiency at the same power output. The risk of a treatment-related burn is therefore higher in the 
EHY-2030 than in the EHY-2000+, at the same power output. However, the higher power output on 
the EHY-2030 allows for the use of a larger electrode, as is used in the EHY-3000. The device 
recognizes the electrode size and limits the power to a 0.5 𝑊/𝑐𝑚2 incident density. The risk is that 
when the electrode placement is not correct, and the entire electrode surface is not in contact with 
the skin, a higher incident power density may develop on the reduced surface area of the portion of 
the electrode which is in contact with the skin. To reduce this risk as much as possible, there is an 
additional electronic sensing of the electrode position built in, with an LED-light row on the electrode, 
signaling the correct contact. 

The safe distances during the treatment are shown in Fig. 18. Unlike conventional hyperthermia 
installations, no shielding is needed in the treatment room. The average room-size is 30 𝑚2 and this 
includes space for the patient’s companions to accompany him or her, and space for the operator. A 
distance of 1.5m should be maintained around the device during treatments, which is slightly different 
to the recommended 1m for the EHY-2000+. 
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Figure 18. (1), EHY-2030 device, (2), Mains, (3), Power cable cord, (4)Patient, (5),  Operator, (6), 
Patient’s companions, (7), Forbidden area; aside from the operator and the nurses, nobody else 
is allowed to remain there during the treatment. (distance = 0.5 meter), (Orange area), (8), Free 
Area; The minimum distance from the device is 1.5 meter. (Yellow Area) 

Safety conditions  

• The importance of the condition warrants repeating: mEHT does not substitute 
conventional therapies, it only supports the treatments. 

• Before each treatment, all metallic and magnetic objects (necklaces, rings, watches, 
piercings and other jewels, pipes, coins, phones, hairpins, pens, etc.), should be removed 
from the patient’s body and placed at least 1.5m away from the bed.  

• All electronic equipment must be removed from the patient, including hearing-aids, 
headphones, cellphones, music devices and “wire-connected” instruments. 

• Do not treat near the eyes of the patient. The direct RF-radiation can cause temporary or 
permanent blindness. The treatment of the head requires special training at one of the 
Oncotherm reference clinics.  

• Special care is necessary when the treatment area contains hair, (e.g. pubic hair, facial 
hair, the hair on the scalp or hair on the chest), as burning and mistreatment are a likely 
result. To prevent burning, the area should be shaved, or at the very least, the treatment 
should be conducted with extra care, paying close attention to the region, applying a lower 
power for a longer period if necessary. Alternatively, ultrasound/ECG gel can be applied 
to the treatment region to improve the contact over the hair. Stop the treatment 
immediately if the patient notes any discomfort or redness or reports any other adverse 
events.  

• Operating the device is not suggested for staff during pregnancy. 

• When rearranging and/or repositioning the applicator, please pause the treatment. 

• In case of any necessary medical assistance during the treatment (injection, infusion, etc.), 
please pause/stop the treatment while in contact with the patient and administering the 
medical care. 
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• Stop the treatment immediately if anything unusual happens (e.g. erythema, burning, etc.), 
and ask for the help of a trained doctor if it is needed.  

 

Contraindications  

Prohibited treatment conditions 

The device cannot be used when the patient is under deep sedation or anesthesia and the 
application of analgesics in the treated area is prohibited. This is because the patient’s 
feedback of the thermal sensitivity is a vital safety parameter. 

For the same reason as above, do not use the device on patients with a reduced ability to 
sense pain.  

The device cannot be used when the patient is unconscious. 

The device cannot be used on patients with a reduced ability to communicate. 

Do not use the device on patients with an open wound, hemorrhagic syndrome, ulcerating 
tumor, or unhealed postoperative suture on the head or neck. The risk of inducing bleeding 
near vital structures and vessels as a result of the treatment could be life-threatening. 

Do not use the device on pregnant patients. 

Do not use the device on patients with a Karnofsky performance index less than 30%. 

Treatments should not be administered to patients with breast prosthesis in the treatment 
field, as rupture and leakage of the prosthesis may occur. 

Contraindications with conditional possibilities 

Some clinical practices have experience and results in the following otherwise contraindicated 
situations. In order to treat under the following circumstances, experience and specialized conditions 
and preparation are required: 

When the patient has an implanted active medical device in any anatomical location, even if it 
is outside the treatment field (e.g. cardiac pacemaker, deep brain stimulator, implanted 
hearing aids, implanted erectile function stimulator, etc.), treatment with mEHT is 
generally prohibited. However, when the conditions are prepared for any unexpected 
problems, it might be possible. Such preparations include the immediate availability of 
emergency medical aid should any adverse event occur as a result of RF interference 
with the built-in device. Treatments in these cases are the sole responsibility of the 
physician in charge and must be supervised by the prescribing physician. Special written 
consent from the patient is also required with an explanation of the risk versus benefits.  

These restrictions are especially valid when the patient is treated in the head and neck area 
and has any implanted medical device or any non-removable object in the neck or head 
(e.g. implanted deep brain stimulator, implanted hearing aids, etc.). 

Extreme care must be taken when treating with any of the following in the treatment field: 

− Metallic implants 

− Plastic prosthesis  

− Stents  
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− Urinary Catheter 

− Stoma 

− Drains e.g. cranial/post op 

− Staples or clips due to prior surgeries 
In the event of any uncertainty regarding items within the treatment field, please contact 
the manufacturer for guidance prior to commencing and planning treatments. 

 

Cautions 

The user of this device must be a physician and/or a trained clinical staff member. Oncotherm 
issues certificates for authorized/trained operation personnel. 

The treatment must be continuously monitored by the trained and certified staff member.  

Smart Electrode placement: Check the position of the smart electrode to keep it as parallel 
to the bed surface as possible (try to avoid placing the smart electrode at an angle to the 
bed). The applicator (smart electrode), has a flexible water-bolus to enable the best fit 
with the patient. Please note that the inclined positioning of the smart electrode must be 
carefully controlled because some temperature increase can occur at the skin’s surface. 
This will not be an immediate effect and can be managed appropriately with patient 
feedback during the treatment. In addition, users are advised to place medical hygienic 
paper between the smart electrode and the patient to avoid direct skin contact. When 
positioning the smart electrode, avoid direct patient contact with the white plastic 
enclosure of the smart electrode during the treatment to reduce the potential for burning. 

Do not use the equipment for any purpose or in any manner other that the manner for which 
it is intended, doing so can be dangerous. Always refer to the User’s manual for guidance.  

Check the patient and ask for feedback regarding the sensations and any potential discomfort.  

Check that the water-cooling mechanism of the smart electrode is working before positioning 
it.  

The use of any additional tool during the treatment, such as a temperature measurement 
device, that has not been authorized or manufactured by Oncotherm for control, is 
prohibited. External metallic devices could function as an antenna. Do not use any system-
independent electric device during the treatment. It can cause an electric shock due to the 
broken safety isolation. 

Magnetically sensitive products are to be kept far away from the device in order to prevent 
the loss of information on data carriers.  

Do not clean the smart electrodes while the equipment is on! Do not use wet textiles that can 
result in the release of water into the equipment. 

The optimal placement of the applicator is the horizontal position (parallel with the counter 
electrode). Such an arrangement provides the most effective power. Note, that in many 
cases a low power is required for the treatment (for example when treating a brain 
tumor), and this can be affected by the output power control or by placing the smart 
electrodes in a non-parallel arrangement. The patient must be between the smart 
electrode and counter electrode. 
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Do not wrap the small electrode in any textile material for the treatment. Reduce the 
thickness of any textile material to the minimum between the smart electrode and the 
skin of the patient (i.e. remove clothing on both sides of the treatment area). Textile quality 
influences the tuning, which can lead to a system error in tuning under the given 
circumstances. Ideally, isolate the patient’s skin from the smart electrode surface using 
medical hygienic paper-toweling (see detailed description in Accessories and Appendix 6 
for datasheet in the user’s manual). Any other material may impact the tuning of the 
device. 

Radio-frequency treatment influences the surroundings. Therefore, some attention should be 
paid to the set up and furnishings in the room in which treatments will take place. Do not 
install the machine in the vicinity of any sensitive equipment (ECG, EEG, intensive-care 
control-monitor, ultra-sound, video rectoscopy and other sensitive imaging systems, etc.), 
without shielding. Shielding is also required to protect the device if it is in the vicinity of 
large electro-magnetic sources and high-power machines (power transformer, X-ray 
units, NMR, CT, etc.). It should be noted that microwaves could influence the Oncotherm 
device in the treatment room as well, and vice-versa. Make sure that these machines are 
sufficiently shielded.  

The personnel responsible for the treatment/equipment should check the cables before each 
treatment. At any doubt about the integrity of the isolation, stop the treatment and call 
for an immediate service check-up.  

Clean the smart electrodes before each treatment. Follow the procedure described in 
“disinfecting the accessories” in the user’s manual. 70% IPA (Isopropyl Alcohol), based 
solution (or its substitute), must be used for disinfecting.  

Before beginning the treatment, any sharp objects (knives, scissors, needles, pens, pencils, 
glasses, etc.), must be removed and kept far away from the mattress. 

All metallic and magnetic items, including clothes, jewelry, watches, cell phones and bank 
cards with magnetic strips should be removed from the patient’s body and placed safely 
away from the device during the treatment. 

Accessory equipment connected to the analogue and digital interfaces must be certified 
according to the respective IEC standards. If in doubt, consult the technical service 
department or your local representative. 

Inherent risks of the treatment 

➢ When the patient has acute inflammation, locally or systemically. 
➢ When the patient is too weak to tolerate the pressure of the applicator. 
➢ When the patient has thick adipose tissue at the treated area. 
➢ When the patient intensively sweats under the electrode. 
➢ When the patient is thin, and the applicator is over a volume with lower blood-flow 

(like ears and bony areas in thin patients). 
➢ When the patient has hair on the treated area. 
➢ When the patient has plastic, saline or metallic implants in the treated volume. 

Treatment through the breast implants is prohibited.  
➢ When the patient has ascites in the treated volume. 
➢ Avoid having natural liquid (like urine, liquid in the stomach, etc.), in the treated area.  
➢ Isolate the umbilicus from direct power when it is under the electrode.  
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Developing hotspots 

The safety of mEHT treatments performs better than conventional hyperthermia processes. The 
selective heating does not necessitate high incident energy, as only a small part of the targeted 
tumor represents the malignant cells. The maximum power density on the electrode is 0.5 𝑊/𝑐𝑚2, 
which is safe. The usual problem involving the formation of hot-spots in conventional hyperthermia 
is not of significant concern during mEHT on the EHY-2030 as the energy focus is in depth and the 
highest temperature outside the focus would be at the surface, where the power starts to penetrate 
the body. This skin surface is kept cool, so overheating is unlikely. From the surface the energy 
absorption exponentially decreases (the penetration depth is defined in the depth where the starting 
surface power drops to 36% of its original power, which is approximately 18 cm deep in the average 
human body). The autofocusing successfully modifies this exponential decay and further lowers the 
risk of unwanted overheating of any tissues involved.  

The crucial sensing method is the patient and the patient feedback. The patient must report any 
discomfort during the treatment, avoiding any overheating of the skin due to an incorrectly fitted 
electrode on the body surface. When only a part of the electrode is in contact with the patient, the 
entire power goes through the area in contact, increasing the power density to above the critical 
0.5 𝑊/𝑐𝑚2.  

 

Written consent for the treatment 

In such countries, where it is necessary or mandatory, a written consent has to be signed by the 
patient before the start of the first treatment. This consent has to contain the following points: 

• Clear capacity (or ability), to make the decision.  
• The medical provider must disclose information on the treatment, test, or procedure in 

questions, including the expected benefits and risks, and the likelihood (or probability), that 
the benefits and risks will occur.  

• The patient must comprehend the relevant information.  
• The patient must voluntarily grant consent, without coercion or duress. 

Doctors must provide the patient with sufficient information about a particular treatment or test so 
that the patient can decide whether or not they wish to undergo such a treatment or test. This 
process of understanding the risks and benefits of treatment is known as informed consent. It is 
based on the moral and legal premise of patient autonomy: Patients have the right to make decisions 
about their own health and medical conditions.  

The patient must give their voluntary, informed consent for the treatment as is the case for most 
medical tests and procedures. The legal term for failing to obtain informed consent before 
performing a test or procedure on a patient is called battery (a form of assault).  

For many types of interactions (for example, a physical examination with the doctor), the implied 
consent is assumed.  

For more invasive tests or for those tests or treatments with significant risks or alternatives, the 
patient must be asked to give explicit (written), consent. 

Under certain circumstances, there are exceptions to the informed consent rule. The most common 
exceptions are these:  

I. An emergency in which medical care is needed immediately to prevent serious or 
irreversible harm. 

http://www.emedicinehealth.com/script/main/art.asp?articlekey=13551
http://www.emedicinehealth.com/script/main/art.asp?articlekey=18376
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II. Legal incompetence in which someone is unable to give permission (or to refuse 
permission), for testing or treatment. 

Protocol-consensus 

The presented protocols are conditional pieces of information, formulated from in silico, in vitro and 
in vivo preclinical research, as well as from the available practical clinical experience. As mEHT 
treatments are personalized for the patients, the protocols can be considered as guidelines and are 
not absolute. The adaptation of the treatment parameters to the actual patient, to the conditions of 
the tumor, to the patient physiology, including the immune and general status, and to the additional 
non-mEHT treatments, is essential.  

In general, the recommendations are to administer mEHT on the same day as chemotherapy. 
However, there are examples of cases where chemotherapy was not administered on the same day. 
When a trimodal (radio-chemo-thermo), therapy is applied, we must consider that some 
chemotherapeutic agents are also radiosensitizers (such as cisplatin). In this case the mEHT can be 
applied on non-chemotherapy days. Another reason for not applying chemotherapy and mEHT on 
the same day is when a clinical trial requests the standardization of the patient cohort, but the 
repeated drug administration is not tolerable for all the participants. In such a case, mEHT may be 
administered independently from chemotherapy in order to standardize the variables as much as 
possible.   

The protocol for each patient must focus on the specific requirements of the patient allowing some 
variability of the guidelines in order to optimize the protocol for the patient. 

 

Complementary applications  

Modulated electro-hyperthermia is primarily a complementary therapy, most commonly applied in 
cases where conventional solutions alone delivered unsatisfactory results. The mEHT treatments 
are especially useful in the cases where the conventional curative approach has been changed to 
palliative protocols as a result of failure of the curative treatment. The intent may therefore be 
curative, or palliative, and mEHT may be applied in first the first line of treatment or later. When the 
goal is palliative, pain-reduction and the improvement of QoL are the most common endpoints. The 
complimentary application of mEHT may also be of benefit in early stages of disease, for example 
in instances where patients are unable to tolerate the required curative dose of the conventional 
treatment. Tumor indications include any solid tumors, primary, metastatic or recurrent, in any 
treatable cases, without limitation according to the TNM stages.  

The combined application of mEHT with conventional treatments serves two main purposes: 
• Increase the efficacy of the conventional oncotherapy, sometimes in combination with more 

than one (like chemoradiotherapy), 
• Re-sensitization of the refractive tumor for re-treatment with the conventional therapy. 

The basic principle of the mEHT protocols is to always adjust the mEHT protocol according to the 
conventional protocols. However, all of the treatment protocols of mEHT have some common 
points, [268], which are applicable for all types of mEHT devices: 

1. Firstly, the “gold standards” of treatment for the specific tumor must always be applied. 
Modulated electro-hyperthermia should be applied in combination with conventional 
treatments when the conventional treatments alone have failed (for example in refractory 
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disease, relapsed disease, or inoperable tumors), or when the conventional treatment alone 
is not expected to result in the desired outcome.  

2. The application of mEHT as a complementary treatment to a first-line conventional therapy 
is justified when the expectations of the results of the standard therapy alone are sub-
optimal. The following situations are examples of such instances:   

a. The treatment of tumors with known radioresistance (for example hypoxic, large, or 
bulky tumors), with ionizing radiation.  

b. When there is a risk that the chemotherapy is not able to actively (optimally), 
penetrate the tumor, for example due to the tumor’s high internal pressure, 

c. When immediate and complete absorption of the applied treatment is required, for 
example after the injection of laboratory prepared active cells such as CAR-T, 

d. When the natural enzyme processes or the drug itself requires a higher temperature 
to increase the reaction-rate, 

e. Combined with the use of liposomal or other heat-sensitive vehicles delivering the 
drug to the tumor. 

The conditions of the treatment should fulfill the following points:  
1. Treatment time shall be between 45 and 90 minutes (average: 60 minutes).  

a. The shorter time could be applied with special intermittent protocols (see later).  
b. Increasing treatment times beyond 90 minutes is associated with a risk of the 

development of thermo-resistance, which decreases the efficacy of the cellular 
distortion.  

2. Treatment frequency  
a. shall be two to three times a week, with at least 48 hours between the treatments. 

This time between treatments allows the tumor to recover from the heat-resistant 
state of chaperone proteins (HSPs).  

b. in some cases, low-doses can be applied every day for a radio-sensitizing effect. In 
this case the low intensity of heating develops less HSPs, and the radiotherapy 
surmounts this blockage. This protocol requires that irradiation is completed within 
30 minutes of the completion of the mEHT treatment.   

3. The number of treatments in a cycle are between 4 and 12 (average: 5.8). This again must 
follow the conventional treatment and be optimized to the protocols of the conventional 
treatment.  

4. The number of cycles shall follow the complementary protocols 
a. Applied according to the number of cycles of the conventional therapy (average: 2.3), 
b. when the conventional therapy has chronic, long-term periodicities, then mEHT could 

be continued in between the treatment periods. 

Ensuring a relaxed environment and promoting a relaxed state in the patient improves the patient 
experience, but importantly also improves patient tolerance, which could be impaired by anxiety and 
stress. The physio-feedbacks activated in response to stress (raised blood-pressure, blood flow, 
nerve activation, sweating, etc.), impair patient tolerance could reduce treatment efficiency. A relaxed 
condition may also reduce the development of stress-proteins. 

Notes:  
a. in cases of the treatment of sensitive organs (such as the brain), different protocols 

have to be applied, adapting the heating conditions and the modulation effects,  
b. the averages in brackets are based on clinical experience and published reports and 

are only a guideline. The patient stage, tolerability and the development of the curative 
process, will ultimately determine the required number of treatments.  
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Complementary to drug administration 

Recommendations for applying mEHT combined with intravenous (i.v.), or oral drug administration 
(chemotherapy, immune therapy, supportive therapy, etc.):  

Usually, the most effective protocol is the concomitant application of mEHT with the drug 
administration.  

1. This aids in: 
a. The selection of the local tumor, due to the local mEHT action, 
b. The targeting of the tumor cells by the drug due to the selective heating of the 

microenvironment, 
c. The promotion of blood vessel-permeability to improve the delivery of the drug to 

the target, 
d. Increasing the permeability of the cellular membrane for the action of the drug, 
e. Increasing the local pharmacokinetic activity and the chemical reaction rate of the 

drug at the target, based on the Arrhenius law. 
2. Combining mEHT with the i.v. or oral administration of drugs: 

a. When applied simultaneously, if the i.v. administration time is shorter than the 
prescribed mEHT dose/session, mEHT shall be continued until its prescribed dose.  

b. When applied simultaneously, if the mEHT treatment time is shorter than the i.v. drug 
administration time, the mEHT treatment should still not exceed a time of 90 minutes.  

c. In the case of chrono-chemotherapy (12-24h i.v. administration), mEHT can be applied 
at any time during the chrono-chemotherapy, although the ideal timing is as close to 
the start of the drug administration as possible, 

d. When the i.v. drug is repeated weekly or monthly, mEHT should be applied weekly 
(one to three times per week), with a step down-protocol on the days on which no 
other therapy is administered, and a step–up protocol on the days that mEHT is 
administered simultaneously with the i.v. medication.  

e. When different i.v. or oral treatments are administered each day, mEHT can be applied 
every day concomitantly, but only at a maximum of half of the usual energy dose.  

f. When mEHT is combined with the daily oral administration of a drug, then mEHT 
should be administered one to three times per week, using a step-up protocol. 

Complementary to ionizing radiation 

When considering the effects of the stand-alone radiotherapy or stand-alone hyperthermia on 
cellular destruction, both treatments may induce necrosis, which in itself has positive feedback. 
Based on this, necrosis would occur independent of the order of the treatments. In order to 
determine the order of the treatments and the protocols for mEHT, an understanding of the 
additional effects of mEHT on radiotherapy sensitization is essential. 

The cell-killing effects of radiotherapy are primarily a result of double strand breaks in the DNA, and 
the addition of hyperthermia inhibits the repair of DNA double strand breaks. However, the most 
important boost in the cell-killing effects of radiotherapy is a result of the physiological reaction to 
the heat. As such, the heat-producing effect of the energy-absorption during mEHT plays the leading 
role when combined with radiotherapy.  

The physiological effects of hyperthermia include an increase in the electrolyte transport systems 
like the blood-flow and lymphatic movement. This in turn increases the oxygen perfusion in the 
target volume. The presence of oxygen at the time of irradiation causes radiation sensitivity, [269], 
enhancing the cell-killing effects of radiotherapy.  However, there could also be an inhibitory effect 
when HT induces hypoxic conditions, which may happen at temperatures higher than  43℃, which 
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stimulate vasoconstriction. The timing and the sequencing of the radiotherapy and mEHT is 
determined based on a complex set of physiological interactions: 

1. The first point is to consider the blood-perfusion in the targeted tumor:  
a. When the tumor is hypoxic, it is becoming more resistant to radiotherapy, because the 

broken DNA strands have quicker reparation. Ionizing radiation causes DNA damage 
by producing a free radical. Oxygen has a high affinity to electrons and therefore 
quickly reacts with the radical, resulting in creation of reactive oxygen species, which 
in turn causes irreversible damage to the tumor cell DNA, [33]. To increase the 
oxygenation in the target, mEHT should be applied first, at a low (less than half), dose, 
with the sole purpose of increasing the blood flow, and subsequently boosting the 
effects of the following irradiation. In this case, the time between mEHT and 
radiotherapy has to be reduced to as short as possible, with a maximum of 30 minutes 
between the completion of mEHT and the completion of radiotherapy. Any longer and 
the tumor begins to cool, and the oxygen perfusion returns to normal.  

b. Depending on the tissue, the effects of ionizing radiation and the formed radicals in 
the tissue may last two to six hours beyond the completion of irradiation. It is 
therefore also possible to apply mEHT as a radiosensitizer after the administration of 
radiotherapy. In this instance a higher dose of mEHT should also be applied in order 
to trigger all the additional benefits of mEHT, other than simply the improved 
perfusion at mild temperatures.  When the tumor is well oxygenated, it is already 
sensitive to radiotherapy, then ionization radiation must always be applied first, with 
mEHT afterwards, at the highest dose possible. When mEHT is applied after 
radiotherapy, the timing between radiotherapy and mEHT should be as short as 
possible, with a maximum benefit noted when the mEHT is started within two hours 
of completing radiotherapy. The maximum recommended time between completion 
of mEHT and radiotherapy is four hours.  

2. Mild temperature increases are sufficient to enhance perfusion, [270] and to enhance the 
formation of numerous reactive oxygen species (ROS), such as hydrogen peroxide, 
superoxide anions, nitric oxide, hydroxyl radical, etc. Superoxide dismutase (SOD), forms an 
essential component in the defense against ROS. Another benefit to the heating the tumor is 
that heat-stress could result in a decrease in SOD levels, which also leads to cell death, [271].  

3. There is a risk that the heating protocol described could support the repair of DNA when 
heating is applied after radiotherapy. The first thirty minutes of “warming up” period could be 
considered as preheating. This preheating could increase the activity of reparation enzymes, 
[272], although the risk is reduced once the thermal and field effects begin to take effect in 
the tumor. As such the field effects of mEHT are important when mEHT is applied after 
radiotherapy. In order to block the enzyme activity, a threshold temperature must be 
exceeded. So the protocol when mEHT is applied after radiotherapy should apply a maximum 
power (using a quick step-up protocol), for no more than six minutes, after which the power 
may be reduced to the original protocols, and based on the patient’s tolerance. This blocks 
the enzymatic activity early on in the treatment. Intermittent, and short increases in power 
for no longer than six minutes can be repeated through throughout the treatment.  

The other important interaction to consider is the blocking of DNA repair mechanisms in the presence 
of heat. Two mechanisms are possible:  

1. The increased presence of oxygen inhibits DNA repair. Oxygen has a high electron affinity and 
therefore it readily reacts with the free radical found at the lesion produced by ionizing 
radiation on the DNA strand. In doing so, oxygen cements the damage to the lesion, inhibiting 
further repair. In the absence of oxygen, the damage caused by the free radicals is more 
easily restored by hydrogen donation from non-protein sulfhydryls in the cells, [269].   
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a. In severely hypoxic tumors, there may be no oxygen available to block the repairs and 
improving the blood flow improves the oxygen perfusion in the target volume.  

b. The blood flow however must be not too intensive, because it could promote the 
tumor-growth and risk the dissemination of tumor-cells.  

c. The heat stress must be limited, because the radiotherapy induces extra stress 
proteins and together with the intensive heating, resistance to the treatment may 
develop.  

d. When the temperature is too high, causing vasoconstriction, again increasing the 
hypoxic conditions, the heat treatment could have a negative, or inhibitory effect on 
the ionizing radiation. 

2. Deactivation of the repair enzymes is a complex task.  
a. The hyperthermia induced HSP70 and HSP27 are involved in regulating the base 

excision repair enzymes in response to radiotherapy stress, [273]. This is initially a 
supportive mechanism of reparation, but this only lasts until the heat-shock load is 
too much, resulting in the deactivation of the enzymes. The stress caused by 
radiotherapy also produces HSPs, but different types and amounts.  

b. The heat-stress independently affects enzyme activities, such as a variety of 
irreparable DNA mismatches, heat-activated methylation, hydrolysis, mono- or di-
adduct damages, etc. 

Monotherapy applications 

Modulated electro-hyperthermia as a monotherapy (stand-alone treatment), can only be applied in 
cases when there are no further conventional options for treatment. Examples of such instances 
include organ failure, haemato-insufficiency, immune-deficiency, refractory disease, or psycho-
resistance. Modulated electro-hyperthermia has also been applied as a chronic treatment to reduce 
the risk of relapse or to induce a state of stable disease.  

Clinical practice 

Step-up-heating 

To optimize the treatment efficacy, a step-up protocol is proposed for the heating process. The 
protocol exploits the concept of quasi-adiabatic energy-absorption during the heating period. This 
principle allows for the excitation and subsequent heating of the membrane rafts by the absorbed 
energy; however, the heating time is short enough to prevent the spread of the heat to the areas 
outside of the target volume. The time required for the heat to start spreading, based on the 
physiology, is approx. ≈ 6 𝑚𝑖𝑛, and occurs when the blood flow regulation starts to cool down the 
heated area to control the thermal homeostasis. Once the spreading of the heat is underway, an 
increase in the power will step-up the energy-absorption, and the targeted heating begins again, in a 
quasi-adiabatic way, while the physiological control again follows the change. 

The timing of the step-up heating depends on the personal condition of the patient, including the 
actual blood pressure, stress, and heartbeat. The personal variability could influence the results, so 
it has to be considered as an important factor when deciding on the applied protocol. The rate of the 
temperature increase depends on the tolerance of the patients. In general, when the patient has 
unusual stress towards the treatment, the heat tolerance is much lower and prolonging the step-up 
time allows for a more comfortable experience. However, as the patient becomes more 
comfortable, heat tolerance during the subsequent treatments may improve. The step-up process 
does not only apply to the individual treatments, but also to the treatments in a cycle of therapy. In 
other words, the maximum power output of the first treatment is lower and is increased further at 
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each subsequent treatment. Patients adapt to the treatment dose in a gradually increasing manner, 
with subsequently repeating sessions, Fig. 19. The operator may slightly, delicately try to increase 
the power until it is tolerated while the patient’s feedback is continually and closely monitored. This 
could optimize the applied power due to the acclimatization of the patient. This practice requires 
extended experience from the operator and is not suggested for unexperienced staff.  

 

 

Figure 19. Patients could gradually develop a 
higher adaptability of the treatment than the 
initial one.  

 

Step-up heating is necessary for combined therapies. The gradually increased power keeps the 
homeostatic control active and exercises the adaptability of the patient. This process becomes a 
selection possibility due to the stress adaptability of the healthy tissue to the heat control and the 
developing resistance is significantly higher in the healthy tissue than in the tumor, where the cells 
are under continuous stress. The stabilized healthy host develops stress-resistive chaperone 
proteins, which may be useful for the resistance of the drug or radiotherapy stresses in the healthy 
tissue as it prepares the healthy tissue to become selectively desensitized to the complementary 
conventional therapy. In this way, mEHT may assist in decreasing the adverse effects of 
concomitantly applied conventional therapies.   

In some cases, when the patient has a low tolerance, intermittent heating increases the efficacy. This 
heating is an alternative on-off process when the maximum available power is used for a short time 
(less than the half of the physiological reaction), after which the power is turned off for a period as 
long as it was on maximum. After this the treatment power is returned to the same level as before 
applying the on-off surge. This process could be repeated several times during the treatment in 
order to increase the dose to the tumor. The operator can apply as many of these on-off surges, 
with as high a power as is tolerated by the patient.  

In most of the cases, mEHT is applied using a step-up heating protocol. The principle of this heating 
method considers the huge jump of heat-shock protein development in healthy cells while the jump 
in cancer-cells is only moderate, [79]. Consequently, the protection against the increasing 
temperature is higher in healthy cells. In other words: cancer cells are more sensitive to heat. The 
gradually increased temperature (step-up heating), helps to adapt healthy cells to the heat, which is 
not the case for malignant cells. In this way, the treatment develops a selective protection for non-
malignant cells.  

Furthermore, the step-up heating allows the homeostatic thermal feedback to stabilize the 
homeostasis, which creates the appropriate blood flow for the drug delivery; but keeps it controlled 
by the moderate mass-heating. The step-up heating promotes increased blood-perfusion to the 
subcutaneous tissue, which helps to optimize the treatment and increases its efficacy, [103]. The 
thermal homeostasis makes the vasodilatation more effective which increases the risk of 
dissemination of malignant cells forming micro and macro-metastases. For this reason, mEHT is 
only applied together with other cell-killing methods in a step-up heating protocol. Modulated 
electro-hyperthermia complements their effects for the best available destruction of the tumor 
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without risking the dissemination of the vivid malignant cells. Vasodilatation is based on the 
adaptability of the patient, and it is also required to complement other therapy modalities 
(conventionally chemotherapy or radiotherapy), making them more effective. The basic steps of 
step-up heating are shown in Fig. 20.  

 
(a) (b) (c) 

   
Figure 20. The step-up heating method creates a gradual (quasi-stationary), temperature 
increase, making sure that the average time of the reconstruct the homeostatic equilibrium 
is 6 min. (a), the example of a recommended protocol, (b), example of the tolerance of the 
patient, which depends on the personal feelings, (c), the repeated treatments modify the 
tolerance level in most of the cases. 

 

Step-down heating  

When applied as a stand-alone treatment, the situation is different, and a step-down heating protocol 
is more appropriate for optimizing the treatment. When applied with other treatments, mEHT 
supports the actions and boosts the effects of the conventional treatments, and the immunogenic 
actions of mEHT are secondary, and in some cases may even be suppressed by the applied drug or 
ionizing radiation. Contrary to the step-up heating, which seeks to achieve equilibrium, the step-down 
heating creates a non-equilibrium situation which is constantly maintained during the treatment. In 
this approach the heating of the membrane rafts, the production of immunogenic cells death by 
appropriate DAMP, and development of the (systemic), tumor-specific immune action are the most 
important effects. In addition to the bio-electromagnetic selection, the increasing hypoxic conditions 
within the tumor at increased temperatures also contribute to the selection process in step-down 
heating. The step-down heating starts with a maximum power, and the rate of energy-decrease is 
determined by the tolerance of the patient. If the patient tolerates the power, the power can be left 
on the maximum output. However, as the patient experiences discomfort, the power output should 
be decreased accordingly. From the patient’s perspective, the step-up heating is based on the 
adaptability, while the step-down is based on the tolerance of the patient, Fig. 21. The forced non-
equilibrium heating in the step-down process could create vasocontraction in the cancerous tissue, 
[4], which further increases the temperature within the target, promoting the characteristic selection 
of the temperature development. The inner temperature blocks the blood-supply as much as 
possible and so quickly utilizes the available metabolic energy in the absence of replacements which 
would otherwise have been brought by the fresh blood-flow.  
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Figure. 21. In case of the step-down 
treatment protocol, the treatment runs on 
the maximal tolerated power throughout 
the duration of the treatment. The dashed 
line is the overall maximum; and the solid 
line shows an example on]f how to reduce 
the power according to  the patient’s 
tolerance, which is communicated verbally.  

 

The step-down heating can lower the activation energy of the leading lipid chemical reactions of the 
cells when the starting temperature is higher than 43°𝐶, [274]. At this temperature lipid phase-
transition occurs, [275], and the new compound has a lower energy barrier for the reaction, [276].  

However, we expect less effective treatment in a step-down protocol than in the complementary 
step-up cases with conventional hyperthermia, if the temperature rises too much, over 40℃. At high 
temperatures the step-down heating also has a Janus-face characteristic. Too high a temperature 
suppresses the activity of the immune cells and at the end blocks the immunogenic activity, blocking 
the systemic effect against the distant micro- and macro-metastases. The high temperature in the 
step-down heating is mostly good for the local response but could negatively affect the overall 
survival.  

The higher dissemination rate is followed by a decrease in the survival. The heterogenic tumor has 
an “onion” structure: the most vivid parts are on the tumor-surface and the main heat absorption is 
inside rapidly heating up the inner volume of the solid tumor, [277]. This thermal contrast of the 
“onion” heterogeneity is connected to physiological changes. The healthy neighborhood develops 
rapid, non-linear vasodilatation, increasing the blood flow and promoting dissemination of the rapidly 
proliferative outside cells of the tumor. This external “layer” therefore represents a “danger zone”. 
In this process the vasocontraction in the inner tumor will be irrelevant in the development of 
metastases via the blood-transport, but its high temperature improves the interfacial gradient and 
the contra-action of the treatment goals. Fortunately, the macroscopic temperature in mEHT 
increases only moderately. 

In these special conditions, when mEHT is applied as monotherapy, [278] the number of cycles could 
be drastically increased, [279], and may have the potential to convert the disease into a chronic 
condition, when the macroscopic temperature (not the nanoscopic temperature estimate as 
displayed on the device), in every treatment in the session is limited to under 40°𝐶, as occurs during 
mEHT treatments. 

Positioning 

The correct position of the electrode and the patient is important for the success of the treatment. 
The electrode must cover the diagnosed tumor and should be as parallel with the mattress on 
treatment bed as possible, Fig. 22.  

 



102 Oncothermia Journal Special Edition, September 2020 
 

 
 

Figure 22. The position of 
the electrode covers the 
diagnosed tumor 

 

The self-selective, self-focusing process will be activated, and the absorbed energy will be 
concentrated on the membrane rafts of the tumor-cells, resulting in the heterogenic heating of the 
tumor volume.  

Pillows and props may be used to ensure the correct position of the patient, however it is imperative 
that the pillows or props are not in the treatment field and do not block the direct path of the RF-
current from the upper electrode down to the mattress electrode, Fig. 23. The placement of 
blankets, textile tissues, or other items which may block the flow of the RF-current is also not 
permitted. The only exception is the placement of hygienic, medical paper-toweling between the 
electrode and the skin of the patient.  

The supine, prone, and lateral recumbent treatment positions of the body are shown on Fig. 24., 
[280].The abbreviations for the names of the positions are listed in Fig. 25.  
 
 
a.
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b.  c.  
Figure 23. The unobstructed path for RF-current (a), the current flow, (b), example of 
an incorrect pillow position, (c), correct pillow position.  

 

 

 
Figure 24. Positions of the electrode on the various body-parts.  
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Figure 25. List of abbreviations of positions. 

 

Dosing 

The recommended protocols for the most frequently treated malignancies are listed in Fig. 26. Note 
that these are guidelines and the final protocol depends on the actual situation and the patient’s 
individual reaction. These doses are averages from reports as well as the anecdotal experiences of 
the doctors. The real dose must be adjusted to the patient’s tolerance. In case of lung cancer, the 
length of the treatment may be longer than 60 minutes but should not exceed 90 minutes.  

The sensitivity of the patient for the applied power can highly increase when the perspiration or any 
wet layer appear on the treated skin under the electrode. When the patient complains, please wipe 
the skin and the electrode surface dry. You may apply a thin layer of antiperspirant spray or use 
talcum powder to avoid the intensive development of sweat on the surface. In serious cases, 
antiperspirant medication can be applied. 
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Abr. Name View

Electrode 

Diameter

[cm]

Start 

power

[W]

End 

power 

[W]

duration 

(min)

DOSE 

(kJ)

PDA Right Pulmonary Front Supine 30 80 116 65 478

PSA Left Pulmonary Front Supine 30 80 116 65 478

PSP Right Pulmonary Rear Prone 30 80 120 70 523

PDP Left Pulmonary Кear Prone 30 80 120 70 523

MSA Mediastimal Front Supine 30 80 115 78 539

MSP Mediastimal Rear Prone 30 80 111 70 481

ABD Abdominal Supine 30 80 120 75 547

HBB Hepato-Biliary Large Supine 30 80 123 70 537

ABP Abdominal-Pelvic Supine 30 80 119 68 508

KNP Renal Prone 30 80 115 60 453

KND Renal Right Prone 20 60 108 65 459

KNS Renal Left Prone 20 60 108 64 456

GSA Gastric Supine 20 60 102 60 413

HBS Hepato-Biliary Small Supine 20 60 107 71 476

HPL Hepato-Pancrio-Splenic Supine 20 60 107 71 476

COD Colono-Ovarian Right Supine 20 60 103 66 437

COS Colono-Ovarian Left Supine 20 60 104 70 456

PMA Small Pelvis Supine 20 60 100 60 403

CRP Colorectal Prone 20 60 103 72 459

PCD Pectoral Right Supine 20 60 98 65 410

PCS Pectoral Left Supine 20 60 98 65 410

CXA Front Neck Supine 20 60 97 60 388

CXP Rear Neck Prone 20 60 99 60 399

CXL Lateral Neck Lateral 20 60 95 60 382

CLD Clavicular Right Supine 20 60 102 65 431

CLS Clavicular Left Supine 20 60 102 65 431

AXD Right Axillary Supine 20 60 99 60 399

AXS Left Axillary Supine 20 60 99 60 399

TXL Lateral thoracic Lateral 20 60 102 65 431

IND Right inguinal Supine 20 60 97 60 388

INS Left inguinal Supine 20 60 97 60 388

CRL Lateral Cranial Lateral 20 60 90 60 356
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Figure 26. List of proposed doses in different positions. 

 

One of the key principles of mEHT is the restoration of the natural state of homeostasis. To this end, 
mEHT aims to avoid applying too much pressure on the system which could in turn tip the 
homeostatic mechanisms further from the imbalance that already exists as a result of the malignant 
tissue. By alerting the immune system to the presence of the malignant cells (via mechanisms such 
as triggering the release of extracellular HSP70 and triggering apoptosis which releases genetic 
material used to identify the malignant cells), the tumor becomes recognizable and in this way mEHT 
can support the homeostatic actions involved in destroying the unwanted malignant cells.  

Patient adaptation for the dose 

The concept that the difference between the medicine and the poison is the dose, is also applied to 
the prescription of mEHT. The dose of mEHT is determined by the energy required to support the 

Abr. Name View

Electrode 

Diameter

[cm]

Start 

power

[W]

End 

power 

[W]

duration 

(min)

DOSE 

(kJ)

STR Sternal Supine 20 60 102 73 457

VBT Thoracic spine Prone 20 60 99 60 399

VBL Lumbar Prone 20 60 99 60 399

VBS Sacral Prone 20 60 99 60 399

SCD Scapular Right Prone 20 60 101 68 436

SCS Scapular Left Prone 20 60 101 68 436

OIS Left Iliac Prone 20 60 104 66 445

OID Right Iliac Prone 20 60 104 66 445

GLS Left Gluteal Prone 20 60 96 60 384

GLD Right Gluteal Prone 20 60 96 60 384

FAD Front Right Femoral Supine 20 60 99 60 399

FAS Front Left Femoral Supine 20 60 99 60 399

FPD Rear Right Femoral Prone 20 60 96 60 384

FPS Rear Left Femoral Prone 20 60 96 60 384

TBD Right Tibia Supine 20 60 96 60 384

TBS Left Tibia Supine 20 60 96 60 384

GCD Right Calf Prone 20 60 99 60 399

GCS Left Calf Prone 20 60 99 60 399

ABL Lateral Abdominal Lateral 20 60 105 70 463

AHD Rigt Shoulder Prone 20 60 90 60 356

AHS Left Shoulder Prone 20 60 90 60 356

ACL Coxofemoral Lateral 20 60 93 60 370

FML Lateral Femoral Lateral 20 60 93 60 370

ATT Anterior Thorax Trans Supine 45 90 158 70 695

ATL Anterior Thorax Long Supine 45 90 158 70 695

AAT Anterior Abdomen Trans Supine 45 90 164 68 715

AAL Anterior Abdomen Long Supine 45 90 164 68 715

APT Anterior Pelvic Trans Supine 45 90 178 68 774

APL Anterior Pelvic Long Supine 45 90 178 68 774

PTT Posterior Thorax Trans Prone 45 80 155 60 639

PTL Posterior Thorax Long Prone 45 80 155 60 639

PAT Posterior Abdomen Trans Prone 45 80 160 60 662

PAL Posterior Abdomen Long Prone 45 80 160 60 662

PPT Posterior Pelvic Trans Prone 45 80 154 60 634
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movement towards homeostasis in the body. When the dose of mEHT is too low, then the efficacy 
fails, when it is too high, then “poisoning” can occur in the sense that the natural processes are 
disrupted beyond repair. For example, applying the maximum power possible can result in 
discomfort and adverse effects in the patient, and the power should always be adjusted to the 
patient’s tolerance in order to support the treatment of the patient. The dose principle in mEHT 
therefore has its own limitations: 

1. The optimal dose is patient dependent, so the patient-oriented focus is essential.  
2. A specific value or dose can therefore not be determined for a cycle of treatment, even in 

the same patient. The dose has an interval where the optimum range could be defined (it 
follows fuzzy logic).  

3. The timing of administration and the overall sum of dose are also decisional factors for the 
optimal treatment.   

The supportive effects of mEHT include: 
1. Slight increase in the temperature (under the threshold of 40°𝐶), creating a normal 

homeostatic reaction (local fever-like, or inflammatory condition), 
2. Triggering various apoptotic pathways (to promote natural programmed cell-death), in the 

selected malignant cells  

The dose of mEHT which supports the homeostasis:  
1. The optimal dose of mEHT treatment is ensured by the patient feedback during the process, 

avoiding erythema or burns in the skin or adipose tissue.  
2. Monitoring the patient’s response to treatment in order to ensure an adequate number of 

treatments to achieve the desired clinical outcome.  
3. The timing of administration has three factors:  

a. The duration of the treatment is limited by two factors: the maximum time limit (less 
than 90 min), to protect against thermo-resistance, and the tolerance limit of the 
patient in the given treatment. When the recommended dose in KJ is not achieved, 
increasing the duration of the treatment could be helpful (Fig. 27.), provided the 
treatment time does not exceed 90 min. In cases where prolonging the treatment 
time still does not achieve the desired dose, then the number of sessions in the cycle 
could be increased to fit the requested overall energy.  

b. Determining how long to continue a treatment cycle for is based on the tumor’s 
response to the treatment. Evaluating the tumor response can be achieved using 
imaging studies or hematological investigations where possible, such as the use of 
tumor markers Fig. 28, [281], [282].  

c. The complete dose is calculated after all cycles, once the patient reaches a follow-up 
period, without treatments. This dose depends on the patient’s status, which has to be 
measured by imaging techniques together with the disappearance of the symptoms. 
The dose is the sum of all doses divided by the number of treatments. 
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 Figure 27. The elongated 
treatment-time could correct 
the missing dose from the 
recommended protocol due to 
the actual limit of toleration.  

 

 

 

Figure 28. Clinical study of the 
tumor-marker in pancreas-
carcinoma cases. The measured 
clinical response by imaging shows 
good correspondence with the 
tumor-marker changes, and the 
difference shown by the tumor-
marker CA-19-9 is significant.  

 

One of the main differences between the newer EHY-2030 and the EHY-2000 series technology is 
the higher efficacy of the EHY-2030 treatments. As such, the recommended doses with the EHT-
2030 are 15% less than what is applied with the EHY-2000+. However, the dose calculation must 
account for the surface energy-load (measured in 𝑊/𝑚2), when the electrode size is larger than 
those recommended (and available), for EHY-2000+. In this case, dose has to be increased 
proportionately to the increase in the surface areas.  

Brain treatment 

The only meta-analysis comparing mEHT to other hyperthermia techniques was conducted on brain 
tumors. The results were significant and demonstrated significantly improved outcomes and 
economic benefits when mEHT was applied for the management of brain tumors, compared to 
treatment without hyperthermia, [208]. For this reason, mEHT is indicated in the management of 
patients with glioblastoma multiforme tumors. Treating the brain requires special care and therefore 
a special mention in this review.    

It is important to carefully monitor and control side-effects of the patient which could be a result of 
the brain tumor, the conventional treatment, or the mEHT treatment (headache, dizziness, epilepsy, 
etc.), and ask before each treatment how the patient felt after the last treatment. In case of adverse 
effects, do not increase the dose, until the adverse effects resolve. 
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Please, position the electrode carefully, it must be as far as possible from the eye, Fig. 29.  

 

   

Figure 29. The electrode positioning for 
brain tumor treatment. 

The patient must lay down on the bed. When placing any normal pillow under his/her head, the air in 
the pillow will prevent the RF-current to flow, and all the current will flow through the neck and 
shoulder to the counter electrode,  Fig. 30.  

 

a.  b.  
Figure 30. a) incorrect placement of the pillow. b) correct placement of the pillow 

If a pillow is required for proper positioning, use the optionally provided special electrode pillow, 
supplied by the manufacturer, under the head of the patient, Fig. 31., or as a temporary solution a 
distilled water-filled pillow can be used.  

 

   

Figure 31. Position 
correction by water-pillow 
or other provided 
(specially coated), pillow 
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The patient must be in a relaxed position and the body should be stabilized and supported with 
additional pillows or blankets to ensure comfort during the treatment The possible positions are 
shown in Fig. 32., [280].  
 

At the initial treatment, apply 30-40 W for 30 minutes without modulation.  

At the second treatment, increase the power from 40 W to 60 W gradually over 40 minutes. 

From the third treatment onwards, apply modulation and increase the power from 40 W to 80 W 
gradually for 60 minutes. The protocol is shown in Fig. 33.  

Please repeat the protocol two to three times a week, with at least one-day between the treatment 
sessions. 

 

 

Figure 32. Possible 
electrode positions for 
brain treatment with 
mEHT. 

 

1. Session 2. Session 3. Session 4. Session 5. Session 6. Session 

… 

Further 
min Watt min Watt min Watt min Watt min Watt min Watt min Watt 
10 30 20 40 20 40 20 60 20 60 20 60 20 60 
20 40 20 60 20 60 20 80 10 80 10 80 10 80 

  
20 80 20 100 20 100 10 100 10 100 

  
10 120 10 120 10 120 

 10 140 10 140 
20  40  60  60  60  60  60  
 
Figure 33. The protocol for brain treatment with EHY-2030. This is an optimized version of the 
protocol of EHY2000 shown in a safety clinical trial, [196]. The modification is based on the higher 
performance of the EHY-2030. Please be careful however, because it is extremely patient 
dependent, so monitor the patient frequently, and reduce the dose when necessary.   
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Summary  

The concept 

1. The new paradigm has essential consequences in the practice of hyperthermia. The process 
of providing energy during the treatment has been modified. Instead of continuously pumping 
the energy into the system during the mEHT treatment, step-up heating is required. This 
heating method gradually increases the power (and consequently the absorbed energy), 
depending on the actual patient and tumor conditions.  

a. The actual conditions are partially defined by the blood-flow of the target. The 
temperature at the given continuous incident energy first increases linearly (quasi-
adiabatic condition), and then in time it starts to deviate from the starting slope, 
showing that the energy is spread by natural heat conduction mechanisms as well as 
by the temperature induced (non-linear), blood flow. Over time the temperature in the 
region reaches a stable point and does not change, provided the power is constant. 
However, the active period of energy-absorption in the selected target occurs when 
the energy does not spread and is not removed via the various transport systems 
(blood, lymph). So, keeping the optimal energy-absorption, when the slope of 
temperature development begins to deviate from the initial linear slope, the power is 
again increased, again creating a linear slope for the optimal use of the energy.  

b. In the case, where the energy is applied as a monotherapy (in the absence of any other 
complementary treatments), the step-up heating is not optimal, due to adaption of 
the blood flow to the situation. In these cases, the maximum available power should 
be continuously applied, reduced only when the patient reports discomfort. When the 
patient complains, the power is decreased gradually until the discomfort is resolved.  

2. The most important factor of the treatment practice is the patient’s ability to sense and report 
back to the operator. 

a. The treating process has to react to any distress during the treatment, which is not 
only a safety issue, but an important physiological factor as well. The patient under 
distress has numerous physiological reactions (such as sweating, changing the blood 
pressure, changing the homeostatic regulation by the nervous system and developing 
stress proteins against the treatment).  

b. The patient is the main safety sensor. The individual sensing of the heat allows the 
personalization of the treatment and limits the risk factors.  

c. The temperature sensing is individually tuned by transient receptor potential channels 
(TRP), of the cells, representing the cellular temperature sensor on the membrane. 
When one patient is more sensitive to the rising temperature than another patient, it 
means that the membrane effects, - which are the goal of the treatment, - require 
less energy absorption initially. In this case, do not force a higher energy dose, as the 
lower dose could have the same effects on a nanoscopic level in the patient, 
compared to the patient with a higher dose.  

d. The patient as a sensor is partly “built-in” to the electric regulation, because any 
changes in the target, modifies the tuning and the device optimizes the treatment.  

3. The patients’ personal involvement in the treatment control does not only involve the 
sensing, but also the adaption to the changing conditions. These adaptive mechanisms could 
be short term (during the actual treatment), or long term (during the cycle involving 
numerous treatment sessions). Each adaptation changes the temperature sensing and 
modifies the therapy conditions. Consequently, all treatments are individual, and there is no 
possibility for an automated treatment protocol.  
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The treatment processes 

The following points contain the steps of a typical treatment. It is suggested to keep a copy of this 
page near the device. 

1. Choose the proper electrode and disinfect it. 

2. Fix the electrode to the holding arm and connect the water tubes. 

3. Connect the electrode ground magnet disc to the ground bar. 

4. Lay the patient on the bed and place the electrode as smoothly as possible on the patient in the 
identified treatment area.  

5. Turn on the device using the switch on the right side of the display.  

6. Let the self-test run. The self-test takes less than a minute. 

7. Set the treatment parameters using the display. 

8. Start the treatment with the Start button (or soft button on the display). 

9. Let the treatment run until the set time runs out. The device signals the end of the treatment 
with an audio signal. After pushing the Stop button the device runs a self-test automatically. 

10. Remove the patient from the bed. 

11. Once the self-test is completed, you can begin the next treatment. 

 

Possible adverse effects 

Like all medical treatments mEHT can also have adverse effects. It is important to mention that 
these are rare and are often connected to comorbidities and the extreme sensitivity of the patient.  

 

Possible short-term side-effects 

 Moderate local pain during the procedure 
 Nausea  
 Vomiting 
 Diarrhea  
 Confusion 
 Slowed psychomotor functions 
 Dizziness 
 Somnolence  
 Hemiparesis  
 Cranial nerve dysfunction  
 Aphasia 
 Seizures  
 Hydrocephalus 
 Thirstiness  
 Facial flushing  
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 Skin effects, typically the local skin erythema in the area of exposure 
 Fatigue, short-term asthenia 
 Headache (mainly in brain applications) 
 Short-term euphoria 
 Sub-febrile temperature for several days after treatment 

 

Possible long-term side-effects 

◼ Burns of the skin 
◼ Burns of subcutaneous tissue 
◼ Subcutaneous fat-burn 
◼ Subcutaneous fatty fibrosis 

 

Conclusion 

The mEHT treatment is safe and has demonstrated efficacy for local control as well as for overall 
survival with improved quality of life. The efficacy of mEHT can also be seen in cases when the 
conventional therapies have failed. The future of mEHT tends towards the field of immuno-oncology, 
with the potential to induce abscopal effects to target distant lesions as well as the local disease. 
The new EHY-2030 device is a highly improved system, integrating the long history of scientific, 
practical, and clinical experience of the mEHT applications worldwide.  
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