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Introduction: Preclinical studies and some clinical observations indicate that modulated 

electromagnetic hyperthermia (mEHT), which employs a radiofrequency (RF) carrier (13.56 

MHz) with amplitude modulation (AM) at very low frequencies (VLF, <100kHz), enhances the 

effect of conventional mono-frequent RF hyperthermia. We conducted a physical evaluation 

to explore potential benefits of VLF modulation. 

Methods: We reviewed the electrical behavior of cell suspensions, normal tissues and tumors 

at VLF (table). Then, we conceptualized microscopic models upon tumors and their 

microenvironment and analyzed the mechanism of power dissipation (conductive versus 

dielectric) specifically in tumors and normal tissues (muscle, organs, fat). We outline that cell 

suspensions as well as suitable tumors can ensure demodulation if the time constant RC of 

the equivalent circuit diagram of the tumor (resistivity R, capacitance C) and cycle duration 

Tc=1/ of the carrier at frequency  satisfy the relationship RC~2Tc. R and C of different tissues 

(including tumor architectures) are estimated. Using this framework, we analytically solved 

the temperature/diffusion equation and calculated the magnitude of modulation-dependent 

thermal and non-thermal effects. 

Results: We substantiate that additional VLF modulation can increase the specific absorption 

rate (SAR) in the extracellular fluid of tumors (necrosis formation) by a factor of 10 or even 

higher as compared to conventional mono-frequent RF hyperthermia. Such SAR-peaks can 

induce effective or even thermoablative temperatures (hot spots) in necrotic areas of 

millimeter to centimeter size typically disseminated over tumors. A relationship between SAR 

peak value [W/kg] and required minimum size of necrosis [mm] for relevant temperature 

increases (>43-44°C) can be derived (figure). In addition, we recognized that VLF modulation 

would have an electro-chemical effect at biological membranes in an extracellular medium 

caused by alternating ion currents. In particular, movements of the ions through the 

membrane can impair/destroy the disparate ion concentrations between vital cells and the 

surrounding extracellular fluid and can principally lead to cell death. 

Conclusion: Our physical analysis suggests that RF hyperthermia with additional VLF-AM 

modulation is more effective against tumors than conventional RF hyperthermia due to 

thermal and non-thermal effects. Therefore mEHT should be further evaluated in prospective 

clinical trials. 
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