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Abstract  
 
AIM: to evaluate the efficacy and tolerability of electro-hyperthermia (ET) for the 
treatment of relapsed malignant glioma.  
Methods: this was a retrospective observational clinical study. Patients were included in 
the study if they had >18 years, informed consent signed, histological diagnosis of 
malignant glioma, failure of previous temozolamide-based chemotherapy and 
radiotherapy, indication for treatment with ET. 
Hyperthermia was performed with short radiofrequency waves of 13.56 MHz using a 
capacitive coupling technique keeping the skin surface at 26 C°. The applied power ranged 
between 40-150 Watts and the calculated average equivalent temperature in the tumors 
was above 40 C° for more than 90% of the treatment duration (20-60 minutes gradually). 
Results: 24 consecutive patients were enrolled in the study, 19 (79%) had glioblastoma 
multiforme (GBM) 13 were of grade 1-3 and 6 of rade 4, 5 (21%) ASTROCYTOMA.  
Tumor response analysis two months after ET showed 2 (8%) complete remission 
(astrocytomas) and 5 (21%) partial remission ( 2 ASTROCYTOMA, and 3 glioblastomas), 
with a response rate of 29%. The median duration of response was 16 months (range 6-
120).  
The median survival of whole study population was 19.5 months (range 2-156), 55% 
survival rate at 1 year, and 15 % at two years. We observed 3 long survivors at 156, 60, 62 
months in atrocitomas. 
Conclusions: ET appears to have promising efficacy in adults with relapsed malignant 
glioma. 
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Introduction 

The use of Hyperthermia has been known for long time, since it was found out that heat 
had the ability to kill cells. In the last decade, hyperthermia has been increasingly used as 
treatment choice for several types of cancer, because tumor cells are more sensible to 
heat than normal cells (1). Several methods of hypertermia for cancer treatment are 
currently available, such as magnetic nanoparticles (mNPs) inducing intracellular 
hyperthermia, external Radio-Frequency (RF), hyperthermic perfusion; frequency 
enhancers associated to magnetic field; catheter mediated hypertermia (2-4). 

Hyperthermia can be used alone or in association with chemotherapy or radiotherapy in 
order to improve and prolong their benefit (5-7). The synergic effect of traditional 
hyperthermia (41–43°C) with chemo and radio-therapy is due to apoptosis induction, 
angiogenesis inhibition, chemo- and radio-sensitivity activation and high drug 
concentration induction inside the lesion. The heat, moreover, can induce the 
externalization of new antigens, thus increasing the tumor sensitivity to immunotherapy 
(8, 9). 
Gliomas represent the majority (80%) of malignant brain cancers (10). According to the 
glioma grading system of the World Health Organization (WHO), the astrocytomas are 
classified by four grades (I, II, III, and IV); and oligodendrogliomas and oligoastrocytomas, 
by two grades (II and III). The most aggressive and common glioma is glioblastoma (a grade 
IV astrocytoma) (10). Glioblastoma multiforme (grade IV) (GBM) represent 65% of all 
gliomas (11). The prognosis is poor, especially for GBM patients, because of infiltration in 
surrounding brain tissues, and resistance to chemo- and radio-therapy (10). Anaplastic 
glioma (grade III) includes anaplastic astrocytoma, oligodendroglioma and 
oligoastrocytoma. It is less frequent and has a better prognosis than GBM (12). There are 
only few target therapy or biological drugs available for gliomas (13). The gold standard 
treatment consists of surgery followed by RT for high grade gliomas (HGG) (14). When 
surgey is not indicated radiation and chemotherapy in association with temozolomide 
(TMZ) is the most used choice for GBM (12-17). 
The effectiveness of chemotherapy is not clear, but most indicated adjuvant therapy is the 
association of temozolomide to radiation, resulting in longer overall survival (16, 17).  
However, most of HGG have disease recurrence. Median overall survival of recurrent HGG 
is 30-33 weeks, for this reason HGG therapy is very challenging. Treatment choices for 
recurrent HGG are surgical resection, re-irradiation (re-RT), chemotherapy, anti-angiogenic 
agents, and combination therapies of hypertermia with chemo- or radio-therapy (14). 
However, there is currently no standard treatment option, and surgery is indicated only for 
a limited group of patients with high performance status, small lesion, and young age (18). 
Radiofrequency (RF) and electro-hyperthermia can be applied intra- and extra-cranially and 
have efficacy of this treatment for brain-tumors (19, 20). As shown in randomized, 
controlled studies. (21). For this reason, the United States Food and Drug Administration 
approved brain-hyperthermia for HGG. 
Reports on electro-hyperthermia for MG are few (22-26). One retrospective study shows 
only palliative results (22). Hager et al. (23) treated 35 patients with 13.56 MHz capacitive 
coupled device hyperthermia, reporting good tolerability for HGG with 11% of adverse 
events. He also reported improvement of survival and quality of life. 
In our previous study, we treated with ET 12 patients with relapsed malignant gliomas and 
reported a response rate of 29% with a median duration of response of 10 months (range 
4-32) (12, 9). 
The purpose of this study was to extend our previous experiences to better evaluate the 
activity and toxicity of ET on relapsed malignant glioma patients. This article reports our 
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experiences to the recent advancements in ET treatment of patients with gliomas, in 
recurrent setting. 
 
Materials and Methods 
Patients selection 
Patients were included in this study if had: >18 years old, informed consent signed, 
diagnosis of HGG relapsed, Eastern Cooperative Oncology Group (ECOG) performance 
status ≥2, normal hematological values and vital signs, previous temozolamide-based 
chemotherapy and radiotherapy. From April 2003 to January 2016, twenty-four patients 
with relapsed HGG were enrolled in the study.  
 
Description of the device 
EHT was administered with Oncotherm EHY-2000 device. This machine delivered a non-
ionizing therapy that elevates the temperature of the tumour macro and micro-
environments, in a controlled manner, to a therapeutic range of 40 –43°C (37-40). The 
device employs modulated electro-hyperthermia (mEHT) to achieve the controlled heating 
of a target anatomy (41,42) The device is a capacitive coupled impedance matching solid 
state electrical system that incorporates two electric capacitive plates (electrodes). One 
electrode is situated under the patient and is built into the treatment table, running the full 
length and width of the table platform. The second is a mobile electrode positioned over 
the patient’s target anatomical area, as directed by the prescribing physician. The 
electrodes are coupled to the patient with electrically conductive temperature controlled 
water bolus to conduct and distribute electric current into tissue, as well as help cool the 
skin’s surface. The capacitive system generates a 40-150-Watt radiofrequency (RF) carrier 
signal at 13.56 MHz, which is further modulated (amplitude modulation) for absorption by 
the tumour (41-44). 
 
Electro-hyperthermia protocol 
All patients received pre-procedural medications with a suspension of glycerol 18% and 
dexamethasone 12 mg before each ET session. 
ET with short RF waves of 13.56 MHz was applied with capacitive coupling technique 
maintaining 26 C° at skin contact. ET was performed with an EHY 2000 device (CE0123, 
Oncotherm, Traisdorf, Germany). We used a power from 40 up to 150 Watt, resulting in an 
average equivalent temperature of >40 C° in the tumors, for more than 90% of the 
treatment duration (from 20 up to 60 minutes). 
The targeted area was selectively treated using an electrode system cover, excluding the 
eye-area from the field. ET was performed in three sessions per week, increasing the power 
and time each session. First treatment was always at 40 Watt for 20 minutes. Time was 
gradually raised from 20 to 60 minutes and power from 40 up to 150 Watt in two weeks. 
Hyperthermia was given with short radiofrequency waves of 13.56 MHz using a capacitive 
coupling technique keeping the skin surface at 22°C. 
The applied power ranged between 40-150 Watts and the calculated average equivalent 
temperature in the tumors was above 40.5°C for more than 90% of the treatment duration. 
Duration treatment increases from 20 to 60 min. One treatment is: 3 session/wk for 4 
weeks and recycle   if evidence of clinical benefit or stable desease. Each patient received 
24 sessions                                        (range 12 – 64). 
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Outcome measures 
The tumor responses were evaluated by MR or CT scan every two months. A complete 
remission (CR) was considered the complete disappearance of the tumor. A partial 
remission (PR) was considered the reduction of at least 20% in the two greatest diameters. 
A stable disease (SD) was considered when no tumor reduction or reduction <20% was 
observed. Progression was established when tumor size increased. 
The ECOG performance status scale was used to evaluate the functional recovery. 
 
Statistical Analysis 
Descriptive statistical analysis was performed. Continuous date was reported as median 
and ranges. Proportions were reported as percentages. 
 
Results 
 
Sample characteristics 
Twenty-four patients were enrolled in the study. Nineteen (79%) patients had glioblastoma 
multiforme (13 were of grade 1-3 and 6 of grade 4), 5 (21%) astrocytoma (table 1). Most 
patients 22 (92%) were pre-treated with surgery, and all patients were pre-treated with 
temozolomide associated to radiotherapy. Thirteen (54%) were females and 11 (46%) were 
males, median age was 60 (22-81). All patients were pre-treated with surgery (22/24), 
temozolomide and radiotherapy. 
 
Tumor response and survival 
Tumor response analysis two months after ET showed 2 (8%) complete remission 
(astrocytomas) and 5 (21%) partial remission (2 ASTROCYTOMA, and 3 glioblastomas), with 
a response rate of 29%. The median duration of response was 6 months 6 months (4-24) 
for gliomas, and 44 months for atrocitomas (14-156+). Stable disease was observed in 8 
(33%) of patients and progression in 9 (38%) patiens. 
The median survival of whole study population was 19.5 months (range 2-156), 55% 
survival rate at 1 year, and 15 % at two years. We observed 3 long survivors at 156, 60, 62 
months in atrocitomas. 
Ten patients had an objective clinical benefit as resulting from an increase of their ECOG 
from 3 to 1 in 4 (16%) patients and to 0 in 2 (8%) patients. 
 
Five-year survival trends 
Median overall survival was 14 months for gliomas and 61 months for astrocitomas (71% 
survival rate at 1 year, 50% at 2 and 29% at 3 years). Astrocytoma patients had longer 
survival: 60,60+,156+,62,60,63 months (fig. 1-4). 
The 5-year survival data for the patients with the seven most commonly treated cancer 
types and stages was plotted on a Kaplan-Meier curve. This data was then compared to 
survival data for standard of care using the Surveillance, Epidemiology and End Results 
(SEER) database as a control for the evaluation of an integrative approach where LRHT was 
the primary variable being explored (fig.5). The graphs consist of survival probability on 
the vertical axis and Time from Diagnosis (in years) on the horizontal axis. 
 
Tolerability  
ET toxicity was mostly mild (G1). We observed one (4%) head pain, one (4%) scalp burn, 
five (21%) epilepsy that was resolved with a medication including diazepam 10 mg in 100 
ml of saline and levetiracetam in tablets without any further attack. 
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Discussion 
The first-line therapy for newly diagnosed HGG are several, including surgery, radiotherapy, 
chemotherapy with nitrosourea, temozolomide, bevacizumab, and irinotecan, alone or 
guided in combination and radiation alone or combined to temozolomide (27). There is 
currently no standard treatment for relapsed HGG, and several potentially active systemic 
drugs are not effective because of blood brain barrier blockade (28). Maintenance therapy 
and treatments for recurrent HGG widely vary according to physician, hospital and country 
and include surgery, re-radiation, second/third-line chemotherapies, biodegradable 
carmustine wafers, gene therapy and hyperthermia (28-32, 19-21).  
The use of Electric Capacitive Transference hypertermia increases heat of brain tumor and 
is harmless for surrounding brain tissue that in no case reaches a temperature > 39.2°C 
(20). Most common side effects of hyperthermia are pain, burns or discomfort, but they 
are temporary and most of normal tissues are not damaged during the therapy. 
Tumor cell are more sensible than normal cells to heat, and hypertermia inhibits the DNA 
repair system of tumor cells. For this reason, classic hyperthermia (42-43 °C) is often 
associated to chemotherapy or radiotherapy. This association is safe and well tolerated and 
increases the efficacy on overall survival and progression free survival (16, 18).  
We previously reported the results of ET treatment of 12 recurrent HGG patients (14). We 
showed 1 CR and 2 PR with a response rate of 25% and a median duration of response of 
10 months (12), without severe toxicity. The patient with CR is still alive with a progression 
free survival of 156 months. 
In this paper we report our experiences in ET treatment of a larger number of 24 recurrent 
HGG patients. Tumor response analysis showed a similar response to that of our past paper 
with a response rate of 29 % two months after ET 2 (8%) complete remission 
(astrocytomas) and 5 (21%) partial remission  ( 2 ASTROCYTOMA, and 3 glioblastomas). 
The median duration of response was longer 16 months (range 6-120) than our previous 
study 10 months (13). Tumor response was coupled to an improvement of performance 
status in 6 (24%) patients. Moran and colleagues reported a higher response rate 66%, 
however they observed only SD or PR and none CR (20). Tanaka et al. Had higher responses 
when treated 16 patients with brain cancers adopting hyperthermia with 13.56- MHz RF 
capacitive heating machine and showed a 50% of PR (19). However, the combination of 
hyperthermia with other methods did not allow to draw any conclusion about the efficacy 
of hyperthermia alone. 
The median OS of whole study population was 19.5 months, 55% survival rate at 1 year, 
and 15 % at two years. Of particular interest we underline the presence of 3 long survivors 
at 156, 60, 62 months. OS was higher than that of magnetic hypertermia that resulted in 
survival ranging from 2.1 to 7.9 months (33). 
OS was comparable to that reported by Sneed et al. 31% at the 2 years follow up (22)   
Limitation of our study are the absence of an active comparator, non-randomization, and 
low number of patients. Further multicenter randomized studies with a larger number of 
patients are required to confirm our data. 
 
Conclusions 
ET hyperthermia therapy for recurrent HGG is feasible and may increase tumor response 
and survival. ET is a non-invasive method to treat HGG without severe toxicity 



          Oncothermia Journal, Volume 22 February 2018 
 

38 

References 
1. Soares PI, Ferreira IM, Igreja RA, Novo CM and Borges JP: Application of 

hyperthermia for cancer treatment: recent patents review. Recent Pat Anticancer 
Drug Discov 7: 64-73, 2012. 

2. Datta NR, Krishnan S, Speiser DE, Neufeld E, Kuster N, Bodis S, Hofmann H. 
Magnetic nanoparticle-induced hyperthermia with appropriate payloads: Paul 
Ehrlich's "magic (nano)bullet" for cancer theranostics? Cancer Treat Rev. 2016 
Nov;50:217-227. doi: 10.1016/j.ctrv.2016.09.016. PMID: 27756009 

3. Kim KS, Hernandez D, Lee SY. Time-multiplexed two-channel capacitive 
radiofrequency hyperthermia with nanoparticle mediation. Biomed Eng Online. 
2015 Oct 24;14:95. doi: 10.1186/s12938-015-0090-9. PMID: 26499058 

4. Solari N, Sucameli F, Gipponi M, De Cian F, Cafiero F. Laparoscopic hyperthermic 
isolated limb perfusion a new minimally invasive approach for HILP. Int J 
Hyperthermia. 2017 Apr 24:1-5. doi: 10.1080/02656736.2017.1315179. PMID: 
28540806 

5. Lee SY, Lee NR, Cho DH, Kim JS. Treatment outcome analysis of chemotherapy 
combined with modulated electro-hyperthermia compared with chemotherapy 
alone for recurrent cervical cancer, following irradiation. Oncol Lett. 2017 
Jul;14(1):73-78. doi: 10.3892/ol.2017.6117. PMID: 28693137 

6. Ranieri G, Ferrari C, Palo AD, Marech I, Porcelli M, Falagario G, Ritrovato F, Ramunni 
L, Fanelli M, Rubini G, Gadaleta CD. Bevacizumab-Based Chemotherapy Combined 
with Regional Deep Capacitive Hyperthermia in Metastatic Cancer Patients: A Pilot 
Study. Int J Mol Sci. 2017 Jul 6;18(7). pii: E1458. doi: 10.3390/ijms18071458. PMID: 
28684680 

7. Brüningk SC, Ijaz J, Rivens I, Nill S, Ter Haar G, Oelfke U. A comprehensive model for 
heat-induced radio-sensitisation.  Int J Hyperthermia. 2017 Jul 5:1-11. doi: 
10.1080/02656736.2017.1341059. PMID: 28641499 

8. Moy AJ, Tunnell JW. Combinatorial immunotherapy and nanoparticle mediated 
hyperthermia. Adv Drug Deliv Rev. 2017 Jun 15. pii: S0169-409X(17)30092-3. doi: 
10.1016/j.addr.2017.06.008. PMID: 28625829 

9. Baronzio G, Gramaglia A, Fiorentini G. Hyperthermia and immunity. A brief 
overview. In Vivo. 2006;20:689–695. [PubMed] 

10. . Louis, D. N., Perry, A., Reifenberger, G., von Deimling, A., Figarella-Branger, D., 
Cavenee, W. K., et al. (2016). The 2016 world health organization classification of 
tumors of the central nervous system: a summary. Acta Neuropathol. 131, 803–
820. doi: 10.1007/s00401-016-1545-110.1007/s00401-016-1545-1  

11. Ostrom, Q.T., H. Gittleman, J. Fulop, M. Liu, R. Blanda, 
www.impactjournals.com/oncotarget 80099 Oncotarget C. Kromer, Y. Wolinsky, C. 
Kruchko, and J.S. BarnholtzSloan. CBTRUS Statistical Report: Primary Brain and 
Central Nervous System Tumors Diagnosed in the United States in 2008-2012. 
Neuro Oncol. 2015; 17 Suppl 4: iv1- iv62 

12. Rees JH: Diagnosis and treatment in neuro-oncology: an oncological perspective. 
Br J Radiol 84: S82-S89, 2011 

https://www.ncbi.nlm.nih.gov/pubmed/17203747#_blank


Oncothermia Journal, Volume 22, February 2018             39 
 

13. Uhm JH, Porter AB. Treatment of Glioma in the 21st Century: An Exciting Decade of 
Postsurgical Treatment Advances in the Molecular Era. Mayo Clin Proc. 2017 
Jun;92(6):995-1004. doi: 10.1016/j.mayocp.2017.01.010. PMID: 28578786 

14. Fiorentini G, Giovanis P, Rossi S, Dentico P, Paola R, Turrisi G and Bernardeschi P: A 
phase II clinical study on relapsed malignant gliomas treated with electro-
hyperthermia. In Vivo 20: 721-724, 2006. 

15. Heo J, Kim SH, Oh YT, Chun M, Noh OK. Concurrent hyperthermia and re-irradiation 
for recurrent high-grade gliomas. Neoplasma. 2017 Jun 8. doi: 
10.4149/neo_2017_520. PMID: 28592133 

16. Stupp R, Hegi ME, Mason WP, et al. Effects of radiotherapy with concomitant and 
adjuvant temozolomide versus radiotherapy alone on survival in glioblastoma in a 
randomised Phase III study: 5-year analysis of the EORTC-NCtrial IC. Lancet Oncol. 
2009;10(5):459–466. [PubMed] 

17. Clarke JL, Iwamoto FM, Sul J, et al. Randomized Phase II trial of chemoradiotherapy 
followed by either dose-dense or metronomic temozolomide for newly diagnosed 
glioblastoma. J. Clin. Oncol. 2009;27(23):3861–3867. [PMC free article] [PubMed] 

18. Wust P, Hildebrandt B, Sreenivasa G, Rau B, Gellermann J, Riess H, Felix R and Schlag 
PM: Hyperthermia in combined treatment of cancer. Lancet Oncology 3: 487-497, 
2002. 

19. Tanaka R, Kim CH, Yamada N and Saito Y: Radiofrequency hyperthermia for 
malignant brain tumors: preliminary results of clinical trials. Neurosurgery 21(4): 
478-483, 1987. 

20. Moran CJ, Marchosky JA, Wippold FJ 2nd, DeFord JA and Fearnot NE: Conductive 
interstitial hyperthermia in the treatment of intracranial metastatic disease. J 
Neurooncol 26(l): 53-63, 1995. 

21. Ley-Valle A: Non invasive intracranial hyperthermia with capacitive transference –
ECT- intratumoral and cerebral thermometry results. Neurocirurgia 14 (1): 41-45, 
2003 

22. Sneed PK, Stauffer PR, McDermott MW, Diederich CJ, Lamborn KR, Prados MD, Chang 
S, Weaver KA, Spry L,Malec MK, Lamb SA, Voss B, Davis RL, Wara WM, Larson DA, 
Phillips TL and Gutin PH: Survival benefit of hyperthermia in a prospective 
randomized trial of brachytherapy boost +/–hyperthermia for glioblastoma 
multiforme, Int J Radiat Oncol Biol Phys 40(2): 287-295, 1998. 

23. Hager D, Dziambor H, App EM, Popa C, Popa O and Hertlein M: The treatment of 
patients with high-grade malignant gliomas with RF-hyperthermia. Abs No. 470, 39th 
Proceedings ASCO, 2003. 

24. Wismeth C, Dudel C, Pascher C, Ramm P, Pietsch T, Hirschmann B, Reinert C, 
Proescholdt M, Rümmele P, Schuierer G, Bogdahn U, Hau P. Transcranial electro-
hyperthermia combined with alkylating chemotherapy in patients with relapsed 
high-grade gliomas: phase I clinical results. J Neurooncol. 2010;98(3):395-405. doi: 
10.1007/s11060-009-0093-0. PMID: 20033471 

https://www.ncbi.nlm.nih.gov/pubmed/19269895#_blank
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2727290/
https://www.ncbi.nlm.nih.gov/pubmed/19506159#_blank


          Oncothermia Journal, Volume 22 February 2018 
 

40 

25. Cha J, Jeon TW, Lee CG, Oh ST, Yang HB, Choi KJ, Seo D, Yun I, Baik IH, Park KR, Park 
YN, Lee YH. Electro-hyperthermia inhibits glioma tumorigenicity through the 
induction of E2F1-mediated apoptosis. Int J Hyperthermia. 2015;31(7):784-92. doi: 
10.3109/02656736.2015.1069411. PMID: 26367194 

26. Sun J, Guo M, Pang H, Qi J, Zhang J, Ge Y. Treatment of malignant glioma using 
hyperthermia. Neural Regen Res. 2013;8(29):2775-82. doi: 10.3969/j.issn.1673-
5374.2013.29.009. PMID: 25206588 

27. Yamaguchi F. Therapy Decisions for Patients with High-Grade Glioma and Their 
Families. World Neurosurg. 2017 Jun;102:671-672. doi: 10.1016/j.wneu.2017.03.094. 
PMID: 28359926 

28. Stöckelmaier L, Renovanz M, König J, Nickel K, Hickmann AK, Mayer-Steinacker R, 
Nadji-Ohl M, Ganslandt O, Bullinger L, Wirtz CR, Coburger J. Therapy for Recurrent 
High-Grade Gliomas: Results of a Prospective Multicenter Study on Health-Related 
Quality of Life. World Neurosurg. 2017 Jun;102:383-399. doi: 
10.1016/j.wneu.2017.02.061. PMID: 28288921 

29. Buonerba C, Di Lorenzo G , Marinelli A, Federico P, Palmieri G, Imbimbo M, Conti P, 
Peluso G, De Placido S, Sampson JH. A comprehensive outlook on intracerebral 
therapy of malignant gliomas. Crit Rev Oncol Hematol. 2011 Oct;80(1):54-68. doi: 
10.1016/j.critrevonc.2010.09.001. PMID: 20888252 

30. Burger MC, Mildenberger IC, Wagner M, Mittelbronn M, Steinbach JP, Bähr O. 
Bevacizumab for Patients with Recurrent Gliomas Presenting with a Gliomatosis 
Cerebri Growth Pattern. Int J Mol Sci. 2017 Mar 29;18(4). pii: E726. doi: 
10.3390/ijms18040726. PMID: 28353668 

31. Sai K, Zhong MG, Wang J, Chen YS, Mou YG, Ke C, Zhang XH, Yang QY, Lin FH, Guo CC, 
Chen ZH, Zeng J, Lv YC, Li X, Gao WC, Chen ZP. Safety evaluation of high-dose BCNU-
loaded biodegradable implants in Chinese patients with recurrent malignant 
gliomas. J Neurol Sci. 2014 Aug 15;343(1-2):60-5. doi: 10.1016/j.jns.2014.05.022. PMID: 
24874252 

32. Glaser T, Han I, Wu L, Zeng X. Targeted Nanotechnology in Glioblastoma Multiforme. 
Front Pharmacol. 2017;8:166. doi: 10.3389/fphar.2017.00166. eCollection 2017. PMID: 
28408882 

33. Silva AC, Oliveira TR, Mamani JB, Malheiros SM, Malavolta L, Pavon LF, Sibov TT, 
Amaro E Jr, Tannús A, Vidoto EL, Martins MJ, Santos RS, Gamarra LF. Application of 
hyperthermia induced by superparamagnetic iron oxide nanoparticles in glioma 
treatment. Int J Nanomedicine. 2011;6:591-603. doi: 10.2147/IJN.S14737. PMID: 
21674016 

34. Lee Titsworth W1, Murad GJ, Hoh BL, Rahman M. Fighting fire with fire: the revival of 
thermotherapy for gliomas. Anticancer Res. 2014;34(2):565-74. PMID: 24510985 

35. Hegyi G, Szigeti GP, Szász A. Hyperthermia versus Oncothermia: Cellular Effects in 
Complementary Cancer Therapy. Evid Based Complement Alternat Med. 
2013;2013:672873. doi: 10.1155/2013/672873. PMID: 23662149 



Oncothermia Journal, Volume 22, February 2018             41 
 

36. Heo J, Kim SH, Oh YT, Chun M, Noh OK. Concurrent hyperthermia and re-irradiation 
for recurrent high-grade gliomas. Neoplasma. 2017;64(5):803-808. doi: 
10.4149/neo_2017_520. 

37. Szentgyorgi A. Electronic biology and cancer. New York, NY, USA: Marcel Dekker; 
1998. 

38. Singh BB. Hyperthermia--a new dimension in cancer treatment. Indian J Biochem 
Biophys. 1990;27(4):195-201. 

39. Warburg O. Oxygen,the creator of differentiation, biochemical energetics. New York, 
NY, USA: Academic Press; 1966. 

40. Warburg O. The prime cause and prevention of cancer, revised lecture at the 
meeting of the nobel-laureates . . June 30, 1966. 

41.  Szasz A, Szasz O, Szasz N. Electrohyperthermia: A new paradigm in cancer therapy. 
In: 33rd ed., 2001:91-99. 

42.  Szasz O, Szasz A. Oncothermia – nano-heating paradigm. J Cancer Sci Ther. 
2014;1(6):117-121. 

43. Szasz A, Szasz O, Szasz N. Physical background and technical realization of 
hyperthermia, in: Locoregional radiofrequency-perfusional- and wholebody- 
hyperthermia in cancer treatment: New clinical aspects. ; 2006. 

44. Szasz A, Vincze G, Szasz O, Szasz N. An energy analysis of extracellular 
hyperthermia. Electromagnetic Biology and Medicine. 2003;1(22):103-115) 



          Oncothermia Journal, Volume 22 February 2018 
 

42 

Table 1) Chracteristics of the sample 
 
ID Sex Age Type of glioma MGMT 

metilate
d 

IDH1  Respons
e 

OS 
(months) 

01 F 41 ASTROCYTOMA YES YES PR 60 
02 M 26 ASTROCYTOMA NO YES RC 60 
03 M 22 ASTROCYTOMA YES YES RC 156 
04 F 56 ASTROCYTOMA III NO NO SD 62 
05 M 63 ASTROCYTOMA/GBM YES NO SD 60 
06 M 58 GBM IV NO NO SD 2 
07 M 45 GBM IV NO NO SD 14 
08 F 67 GBM IV NO NO PD 10 
09 M 66 GBM IV NO NO PD 9 
10 M 54 GBM ND ND PD 14 
11 F 46 GBM YES YES PR 24 
12 M 65 GBM ND ND PD 5 
13 F 75 GBM ND ND SD 8 
14 F 76 GBM ND ND PD 6 
15 M 62 GBM IV NO NO PD 14 
16 M 74 GBM NO NO SD 15 
17 F 81 GBM ND ND PD 8 
18 M 53 GBM ND ND SD 36 
19 M 66 GBM ND ND PR 25 
20 F 66 GBM ND NF SD 15 
21 F 33 GBM ND ND PD 32 
22 F 49 GBM ND ND PD 32 
23 M 52 GBM IV YES ND PR 24 
24 F 66 ASTROCYTOMA III ND ND PR 63 
25 F 34 NOT DEFINED ND ND PR 5 
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Figure 1) ASTROCYTOMA G III (G.E. 32 yrs) 1-Response  
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Figure 2) Astrocytoma GIII (g.e. 32 yrs) 2-response   

2013/12/04 2016/23/08 
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Figure 3) ASTROCYTOMA G III (G.E. 32 yrs)  
3- Progression at 59 months later  
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Figure 4) ASTROCYTOMA G III (G.E. 32 yrs)  
3- Progression at 59 months later  
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Figure 5) Survival data was compared to survival data for standard of care using the 
Surveillance, Epidemiology and End Results (SEER) database (in black) as a control for 
the evaluation of an integrative approach where EHT was the primary variable being 

explored 

 
 

  


