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Introduction: Hyperthermia is mostly a complimentary therapy applied together with 
conventional radio- and chemotherapies. Our objective is to show the molecular basis of the 
selectively applied hyperthermia and its interaction with radiotherapy and chemotherapy 
drugs. 

Method: Modulated electro-hyperthermia (mEHT, trade name: oncothermia) is a 
complementary treatment to conventional tumor-therapies. The impedance-controlled 
radiofrequency current is amplitude modulated and maximized to selective targeting of the 
tumor-cells. Biophysical differences between the malignant and healthy cells allow the 
selective energy absorption in the tumor-volume. There are numerous molecular evidences 
proving the extreme capability of mEHT to kill the malignant cells while the healthy cells are 
unharmed. Additional simple compounds like Quercetin, Methotrexate, or Salicylic acid were 
combined with mEHT.   

Results: The applied chemotherapies show synergic combination with the molecular 
processes of mEHT, and the radiation therapy also show synergy for cell-destruction. 
Significant tumor-cell death is shown by TUNEL caused by mEHT. Immunohistochemistry and 
apoptosis protein array proved elevated hsp70 and hsp90 expression extracellularly. The set 
of molecules in the measured apoptotic processes concluding to immunogenic cell-death 
(ICD). The abscopal effect is proven by the in-vivo experiment using an intratumoral dendritic 
cell (DC) injection together with the mEHT. The systemic antitumor effects are proven. The 
abscopal effect with mEHT works like vaccination. The ionizing radiation combined with mEHT 
increases the apoptosis significantly (20%) higher than in case of conventional heating, while 
the autophagy changes 5 times. The oxygenation of the tumor were significantly higher when 
mEHT was applied with radiation, than in conventional heating. All the combined application 
with chemo-agents had shown significantly better apoptosis than the same drugs with 
conventional heating did on the same temperature. The Quercetin helped the caspase 
independent apoptotic pathway significantly increasing the apoptosis inducing factor and the 
salicylic acid improved the abscopal effect of melanoma to lung. The preclinical experiments 
with liposomal doxorubicin also shown significant advantage of mEHT.  

Conclusion: Complementary application of mEHT with chemotherapies and radiation therapy 
showed its significant advantages in preclinical experiments.  



Oncothermia Journal, Volume 26, July 2019  151 



          Oncothermia Journal, Volume 26 July 2019 
 
152 



Oncothermia Journal, Volume 26, July 2019             153 
 



          Oncothermia Journal, Volume 26 July 2019 
 
154 



Oncothermia Journal, Volume 26, July 2019             155 
 



          Oncothermia Journal, Volume 26 July 2019 
 
156 

 



Oncothermia Journal, Volume 26, July 2019  157 


