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Dear Readers, Dear Fellow Researchers, Dear Colleagues, 

Dear Friends, 

The recent volume of the Oncothermia Journal is the 28th now. 
We had started this open-access publication in 2011 intending to 
provide information for Oncothermia users and interested 
specialists about the current  professional news and results on 
clinical and experimental topics. I am pleased to recognize the 
wide interest in the publications and seeing how the Oncothermia 
Journal started being a reference source for many experts.  
The present volume covers many new clinical results. One of 
the articles presents important data of the abscopal effect of 
Oncothermia, as well as the low toxicity, whi ch were both 
proven in a human phase III clinical trial for advanced cervical 
cancer of HIV positive and HIV negative patients. Important case 
reports for other cancer types also support the abscopal effect, 
which is a new stage of oncothermia excellence i n advanced, 
metastatic cases. General research also shows the abscopal 
effect (this article is in German as it was originally published). 
The metabolic modifications with keto genic diet combined with 
oncothermia had also shown great benefits. Furthermore, a 
long time awaited clinical study on high dosed vitamin C shows 
advantages of  oncothermia in non-small -cell lung cancer 
patients as a phase II clinical trial proved, together with the 
significant improvement of the quality of life of the patients. A 
review of the clinical pieces of evidence of oncothermia 
summarizes the important practical results, presenting the 
clinical successes of the method, following various clinical trials 
and case reports and achievements of survival time and quality 
of life of pat ients. The control of the treatment process during 
the therapy could be followed by tumor markers, which are also 
presented in this volume (in German).  Important articles deal 
with the theoretical background of oncothermia. The hypothesis 
of the effect of  modulation, as well as the entropy development 
of the biological objects, are based on the governing of minimal 
entropy -production and strengthen the fundaments of the 
oncothermia method.  
I hope this new volume gives you more facilities for your 
importan t medical activity and helps your  suffering patients.  
I am thankful for your attention.  
 

 
Dr. Andras Szasz 
Professor, Chair, Biotechnics Department of St. Istvan University  
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

Liebe Leserinnen und Leser, liebe Kolleginnen und Kollegen 

aus Forschung und Praxis,  

 
das aktuelle Oncothermia Journal ist mittlerweile der 28. Band 
dieser Open-Access-Veröffentlichung. Wir haben im Jahr 2011 
dieses Projekt ins Leben gerufen, um Oncothermie-Anwendern 
und interessierten Spezialisten Informa tionen über Neuigkeiten 
und aktuelle Ergebnisse zu klinischen und experimentellen 
Themen zu geben. Ich freue mich über das breite Interesse an 
der aktuellen Veröffentlichung und die Tatsache, dass das 
Oncothermia Journal für viele Experten zu einer Referenzquelle 
geworden ist. 
Der vorliegende Band umfasst viele neue klinische Ergebnisse. 
Einer der Artikel enthält wichtige Daten zum abscopalen Effekt 
von Oncothermie sowie zur geringen Toxizität. Beides wurde in 
einer klinischen Phase-III-Studie für fortgesch rittenen 
Gebärmutterhalskrebs bei HIV-positiven und HIV-negativen 
Patienten nachgewiesen. Wichtige Fallberichte über andere 
Krebsarten unterstützen diesen abscopalen Effekt ebenfalls. 
Dies ist eine neue Etappe für die Oncothermie im Bereich von 
fortgeschri ttenen metastatischen Fällen. Allgemeine 
Froschungen zeigen den abscopalen Effekt ebenfalls 
(deutschsprachig). Die metabolischen Veränderungen durch 
eine Kombination aus einer ketogenen Diät und Oncothermie 
haben ebenfalls große Vorteile gezeigt. Darüber h inaus belegt 
eine lang erwartete klinische Phase-II-Studie die signifikante 
Verbesserung der Lebensqualität durch hochdosiertes Vitamin 
C in Verbindung mit einer Oncothermiebehandlung bei 
nichtkleinzelligen Lungenkrebspatienten. 
Ein Review der klinischen Evidenzstücke zur Oncothermie fasst 
die wichtigsten praktischen Ergebnisse zusammen und 
präsentiert die klinischen Erfolge der Methode, anknüpfend an 
verschiedene klinische Studien und Fallberichte sowie die 
Verlängerung der Überlebenszeit und die Verbesserung der 
Lebensqualität der Patienten. Tumormarker, die ebenfalls in 
diesem Band vorgestellt werden (deutschsprachige Publikation), 
können eingesetzt werden um den Behandlungsprozess 
während der Therapie zu überwachen.  
Wichtige Artikel befassen sich mit de m theoretischen 
Hintergrund der Oncothermie. Die Hypothese des 
Modulationseffekts sowie die Entropieentwicklung der 
biologischen Objekte, basierend auf der Beeinflussung der 
minimalen Entropieproduktion, stärken die Grundlagen der 
Oncothermie-Methode. 
Ich hoffe, dieser neue Band zeigt Ihnen mehr Möglichkeiten für 
Ihre wichtige medizinische Tätigkeit auf und kann Ihre leidenden 
Patienten helfen. 
Ich bedanke mich für Ihre Aufmerksamkeit  
 

 
Dr. Andras Szasz 
Professor und Vorsitzender der Fakultät für Biotechnik an der 
St. Istvan Universität  
 
 

Editorial 



Oncothermia Journal, Volume 28, June 2020  
 

 

As the editorial team we are committed to a firm and coherent editorial line and the highest possible printing standards. 

But it is mainly you, the author, who makes sure that the Oncothermia Journal is an interesting and diversified 

magazine. We want to thank every one of you who supports us in exchanging professional views and experiences. To 

help you and to make it easier for both of us, we prepare d the following rules and guidelines for abstract submission.  

Als redaktionelles Team vertreten wir eine stringente Linie und versuchen, unserer Publikation den höchst möglichen 

Standard zu verleihen. Es sind aber hauptsächlich Sie als Autor, der dafür Sor ge trägt, dass das Oncothermia  Journal zu 

einem interessanten und abwechslungsreichen Magazin wird. Wir möchten allen danken, die uns im Austausch 

professioneller Betrachtungen und Erfahrungen unterstützen. Um beiden Seiten die Arbeit zu erleichtern, haben  wir 

die folgenden Richtlinien für die Texterstellung entworfen.  

1. Aims and Scope 

The Oncothermia Journal is an official journal of the Oncotherm Group, devoted to supporting those who would like to 
publish their results for general use. Additionally, it provides a collection of different publications and results. The 
Oncothermia Journal is open towar ds new and different contents but it should particularly contain complete study -
papers, case-reports, reviews, hypotheses, opinions and all the informative materials which could be helpful for the 
international Oncothermia  community. Advertisement connecte d to the topic is also welcome.  

¶ Clinical studies: regional or local or multilocal Oncothermia or electro cancer therapy (ECT) treatments, case -
reports, practical considerations in complex therapies, clinical trials, physiological effects, Oncothermia in 
combination with other modalities and treatment optimization  
¶ Biological studies: mechanisms of Oncothermia, thermal - or non-temperature dependent effects, response to 

electric fields, bioelectromagnetic applications for tumors, Oncothermia treatment combinat ion with other 
modalities, effects on normal and malignant cells and tissues, immunological effects, physiological effects, etc.  
¶ Techniques of Oncothermia: technical development, new technical solutions, proposals  
¶ Hypotheses, suggestions and opinions to improve Oncothermia and electro -cancer-therapy methods, intending 

the development of the treatments  

Further information about the journal, including links to the online sample copies and content pages can be found on 
the website of the jou rnal: www.oncothermia -journal.com  

Umfang und Ziele  

Das Oncothermia Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstützen, die ihre 
Ergebnisse der Allgemeinheit zur Verfügung stel len möchten. Das Oncothermia Journal ist neuen Inhalten gegenüber 
offen, sollte aber vor allem Studienarbeiten, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen 
Materialien, die für die internationale Oncotherm ie-Gemeinschaft hilfreich sein könnten, enthalten. Werbung mit Bezug 
zum Thema ist ebenfalls willkommen.  

¶ Klinische Studien: regionale, lokale oder multilokale Oncothermie oder Electro Cancer Therapy (ECT) 
Behandlungen, Fallstudien, praktische Erfahrungen in komplexen Behandlungen, klinische Versuche, 
physiologische Effekte, Oncothermie in Kombination mit anderen Modalitäten und Behandlungsoptimierungen  
¶ Biologische Studien:  Mechanismen der Oncothermie, thermale oder temperaturunabhängige Effekte, Ansprechen 

auf ein elektrischesFeld, bioelektromagnetische Anwendungen bei Tumoren, Kombination von Oncothermie und 
anderen Modalitäten, Effekte auf normale und maligne Zellen und Gewebe, immunologische Effekte, 
physiologische Effekte etc.  
¶ Oncothermie-Techniken: technische Entwicklungen, neue technische Lösungen 
¶ Hypothesen undMeinungen, wie die Oncothermie- und ECT-Methoden verbessert werden können, um die 

Behandlung zu unterstützen 

Weitere Informationen zum Journal sowie Links zu Online-Beispielen und Inhaltsbeschreibung sind auf der Website zu 
finden: www. oncothermia -journal.com    

2. Submission of Manuscripts  

All submissions should be made online via email: info@oncotherm.org  

Manuskripte einreichen  

Manuskripte können online eingereicht werden: info@oncotherm.org  

3. Preparation of Manuscripts  

Manuscripts must be written in English, but other languages can be accepted for special reasons, if an English abstract 
is provided. 

Rules of submission 

http://www.oncothermia-journal.com/
mailto:info@oncotherm.org
mailto:info@oncotherm.org
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Texts should be submitted in a format compatible with Microsoft Word for Windows (PC). Charts and tables are 
considered textual and should also be submitted in a format compatible with Word. All figures (illustrations, diagrams, 
photographs) should be provided in JPG format. 

Manuscripts may be any length, but must include:  

¶ Title Page: t itle of the paper, authors and their affiliations, 1 -5 keywords , at least one corresponding author should 
be listed, email address and full contact info rmation must be provided  
¶ Abstracts: Abstracts should include the purpose, materials, methods, results and conclusions.  
¶ Test: unlimited volume  
¶ Tables and Figures: Tables and figures should be referred to in the text (numbered figures and tables). Each table 

and/or figure must have a legend that explains its purpose without a reference to the text. Figure files will ideally 
be submitted as a jpg-file (300dpi for photos).  
¶ References: Oncothermia Journal uses the Vancouver (Author -Number) system to indicat e references in the text, 

tables and legends, e.g. [1], [1-3]. The full references should be listed numerically in order of appearance and 
presented following the text of the manuscript.  

Manuskripte vorbereiten  

Manuskripte müssen in englischer Sprache vorl iegen. Andere Sprachen können in Ausnahmefällen akzeptiert werden, 
wenn ein englisches Abstract vorliegt.  
Texte sollten in einem mit Microsoft Word für Windows (PC) kompatiblen Format eingereicht werden. Tabellen sollten 
in einem Word-kompatiblen Format eingefügt werden. Alle Graphiken (Illustrationen, Diagramme, Photographien) 
sollten im jpg Format vorliegen.  
Manuskripte können jede Länge haben, müssen aber die folgenden Punkte erfüllen: 

¶ Titelseite: Titel der Arbeit, Autor, Klinik zugehörigkeit, 1-5 Schlüsselworte , mindestens ein Autor muss genannt 
werden, E-Mail-Adresse und Kontaktdetails des Autors  
¶ Abstracts : Abstracts müssen Zielsetzung, Material und Methoden, Ergebnisse und Fazit enthalten. 
¶ Text: beliebige Länge 
¶ Abbildungen und Tabellen: Abbildungen und Tabellen sollten im Text erläutert werden (nummeriert). Jede 

Abbildung / Tabelle muss eine erklärende Bildunterschrift haben. Bilder sollten als jpg eingereicht werden (300 
dpi). 
¶ Zitate: Das Oncothermia Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B. 

[1], [1-3]. Die Bibliographie erfolgt numerisch in Reihenfolge der Erwähnung im Text. 

4. Copyrigh t 
It is a condition of publication that authors assign copyright or license the publication rights in their articles, including 
abstracts, to the  publisher. The transmitted rights are not exclusive, the author(s) can use the submitted material 
without limitations, but the Oncothermia Journal also has the right to use it.  

Copyright  

Es ist eine Publikationsvoraussetzung, dass die Autoren die Erlaubnis zur Publikation ihres eingereichten Artikels und 
des dazugehörigen Abstracts unterschreiben. Die überschriebenen Rechte sind nicht exklusiv, der Autor kann das 
eingereichte Material ohne Limitation nutzen. 

5. Electronic Proofs  

When the proofs are ready, the corresponding authors will receive an e -mail notification. Hard copies of proofs will not 
be mailed. To avoid delays in the publication, corrections to proofs must be returned within 48 hours, by electronic 
transmittal or fax.  

Elektronische Korrekturfahne  

Wenn die Korrekturfahnen fertig gestellt sind, werden die Autoren per E -Mail informiert. Gedruckte Kopien werden nicht 
per Post versandt. Um Verzögerungen in der Produktion zu verhindern, müssen die korrigie rten Texte innerhalb von 48 
Stunden per E-Mail oder Fax zurückgesandt werden. 

6. Offprints and Reprints  

Author(s) will have the opportunity to download the materials in electronic form and use it for their own purposes. 
Offprints or reprints of the  Oncothermia Journal are not available. 

Sonderdrucke und Nachdrucke  

Die Autoren haben die Möglichkeit, das Material in elektronischer Form herunterzuladen, Sonderdrucke und Nachdrucke 
des Oncothermia Journals sind nicht erhältlich.  
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7. Advertisement  

The Oncothermia Journal accepts advertising in any language but prefers advertisements in English or at least partially 
in English. The advertising must have a connection to the topics in the Oncothermia Journal and must be legally correct, 
having checked that all inform ation is true. 

Werbung  

Das Oncothermia Journal akzeptiert Werbeanzeigen in allen Sprachen, bevorzugt, aber die zumindest teilweise 
Gestaltung in englischer Sprache. Die Werbung muss eine Beziehung zu den Themen des Oncothermia Journals haben 
und der Wahrheit entsprechende Inhalte aufweisen. 

8. Legal responsibility  

Authors of any publications in the  Oncothermia Journal are fully responsible for the material which is published. The 
Oncothermia Journal has no responsibility for legal conflicts due to any publications. The editorial board has the right 
to reject any publication if its validity has not been verified enough or the board is not convinced by the authors.  

Haftung  

Die Autoren aller im Oncothermia Journal veröffentlichten Artikel sind in vollem Umfang für ihre Texte verantwortlich. 
Das Oncothermia Journal übernimmt keinerlei Haftung für die Artikel der Autoren. Die Redaktion hat das Recht Artikel 
abzulehnen. 

9. Reviewing  

The Oncothermia Journal has a special peer-reviewing process, represented by the editorial board members and 
specialists, to whom they are connected. To avoid personal conflicts the opinion of the reviewer will not be released 
and her/his name will be handled confidentially. Papers which are not connected to the topics of the journal could be 
rejected without reviewing.  

Bewertung  

Die Texte für das Oncothermia Journal werden durch die Redaktion kontrolliert. Um Konflikte zu vermeiden, werden die 
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Background : A Phase III randomized controlled trial investigating the addition of modulated electro -
hyperthermia (mEHT) to chemoradiotherapy for locally advanced cervical cancer patients is being 
conducted in South Africa (Human Research Ethics Committee approval: M1704133; ClincialTrials.gov 
ID: NCT03332069). Two hundred and ten participants were randomized and 202 participants were 
eligible for six month local disease control evaluation. Screening 18F -FDG PET/CT scans were 
conducted and repeated at six months post -treatment. Significant improvement in local control was 
reported in the mEHT group and complete metabolic resolution (CMR) of extra -pelvic disease was 
noted in some participants. We report on an analysis of the participants with CMR of disease inside 
and outside the radiation field.  

Method : Participants were included in this analysis if nodes outside the treatment field (FDG -uptake 
SUV>2.5) were visualized on pre-treatment scans and if participants were evaluated by 18F -FDG 
PET/CT scans at six months post-tr eatment. 

Results:  One hundred and eight participants (mEHT: HIV-positive n = 25, HIV-negative n = 29; Control 
Group: HIV-positive n = 26, HIV-negative n = 28) were eligible for analysis. There was a higher CMR of 
all disease inside and outside the radiation field in the mEHT Group: n = 13 [24.1%] than the control 
group: n = 3 [5.6%] (Chi squared, Fisher's exact: p = 0.013) with no significant difference in the extra -
pelvic response to treatment between the HIV -positive and -negative participants of each gro up. 

Conclusion:  The CMR of disease outside the radiation field at six months post-treatment provides 
evidence of an abscopal effect which was significantly associated with the addition of mEHT to 
treatment protocols. This finding is important as the combin ed synergistic use of radiotherapy with 
mEHT could broaden the scope of radiotherapy to include systemic disease.  

Keywords: modulated electro -hyperthermia, abscopal effect, radiotherapy, cervical cancer, 

immunomodulation  

Introduction  

The abscopal effect is a systemic response to ionizing radiation (IR) in which non-irradiated lesions 
respond after irradiation of the primary treatment site (1, 2). It is generally accepted that the abscopal 
effect is driven by underlying immune mechanisms which are a ctivated by IR (2ƕ4). One proposed 
mechanism is the immunogenic cell death (ICD) caused by IR (3) which requires the release of 
damage associated molecular patterns (DAMPs). These in turn activate dendritic cells and enhance 
antigen expression and presentation to the immune system. Ionizing radiation has also been shown 
to enhance the functioning of T -cells (4). 

The frequency of reported abscopal effects in the literature is extremely low with only a handful of 
published cases per year (3, 4). In a review, Reynders et al. summarized 23 case reports, one 
retrospective study, and 13 pre -clinical papers, from the 1970s to 2014. Only one of these involved 
a primary squamous cell carcinoma of the cervix. The patient (age 69 years) was treated with 
external beam r adiation (EBRT) and brachytherapy (BT) for locally advanced cervical cancer (LACC) 
and showed a complete response of the para -aortic nodes outside of the radiation field, as well as a 
complete response of the tumor, on the post -treatment Abdominal and Pelv ic Computed 
Tomography (CT) and Pelvic Magnetic Resonance Imaging (MRI) scans (5). Reynders et al. concluded 
that the abscopal effect is based on anti -tumor immunity and was more common in immunogenic 
tumor types. Renal cell carcinoma had the most frequent ly reported cases of the abscopal effect 
followed by hepatocellular carcinoma. The abscopal effect was observed at all ages and with a 
variety of radiotherapy protocols. The preclinical data indicates that some immunomodulatory 
agents may have potential to  act synergistically with IR to induce a systemic response (4) which may 



10 Oncothermia Journal, Volume 28, June 2020  
 

explain the increase in the number of reported abscopal effects with the combined treatment of 
immunotherapies and IR (6). 
The addition of mild hyperthermia to local irradiation has s hown to have immunomodulating effects 
which may result in enhanced tumor regression and an abscopal effect when combined with 
radiotherapy, as was seen in a liposarcoma patient treated with hyperthermia and radiotherapy (7). 
Hyperthermia may directly activ ate the immune cells present in the tumor and its microenvironment 
(8) and may further enhance the function of the dendritic cells (9).  

Modulated electro -hyperthermia (mEHT) applies amplitude modulated radiofrequency (13.56 MHz), 
in a capacitive coupling set-up to target and heat malignant tissues, sensitizing them to treatments. 
The technique exploits the differences in impedance between the malignant and healthy tissue as 
well as impedance matching technology, to selectively deliver an energy to the malig nant tissues. 
The energy deposition has the net effect of an increase in the thermal energy, and temperature. The 
biophysics are further described in detail in the literature (10 ƕ12). Preclinical research suggests that 
mEHT combined with immunotherapies is able to elicit an immune-mediated response (13) which may 
even extend to untreated tumors. Vancsik et al. showed that mEHT induced DAMPs in murine models 
was followed by an invasion of antigen presenting cells (APC) and T-cells at the site of the treated 
tumor and that when mEHT was administered combined with a T -cell stimulating agent, APC and T-
cell invasion was also seen in the untreated tumors of the same murine model (14). In an in vivo 
study, mEHT combined with dendritic cell therapy elicited a respo nse to untreated tumors in murine 
squamous cell carcinoma (SCCVII) models (15). Ionizing radiation has shown to increase the 
expression of immunogenic molecules such as calreticulin, on the surface of tumor cells and 
radiation-induced stress-response leads to the expression of heat shock protein70 (HSP70) on cell 
membranes. This Heat Shock Protein plays an important role in mounting an immune response at 
the site when released into the extracellular matrix (16). Yang et al. reported an increased release of 
the expressed HSP70 and increased levels of calreticulin after mEHT, compared to other heating 
methods (17). 

The safety and heating efficacy of mEHT in cervical cancer patients has been demonstrated (18ƕ20). 
Minnaar et al. (19) reported on local disease control in an ongoing randomized controlled trial 
investigating the effects of the addition of mEHT to chemoradiotherapy (CRT) protocols for the 
treatment of LACC. The trial was conducted in a resource -constrained setting and in high risk patients 
in South Africa. In the report, 202 participants were eligible for six month local disease -free survival 
(LDFS) and local disease control (LDC) (mEHT: n = 101; Control: n = 101), of which 171 [mEHT: n = 88 
(87.1%); Control: n = 83 (82.2%)], were alive at six months post-treatment. Participants in the mEHT 
group had a higher LDC and complete metabolic response of the tumor (45% and 58%), than those 
in the Control Group (24% and 36%), (p = 0.005 and p = 0.003, respectively), and were significantly 
more likely to achiev e six month LDFS (OR: 0.36, 95% CI: 0.19-0.69; p = 0.002) (19). During the LDC 
analysis, it was noted that some of the participants with extra -pelvic disease present on the pre-
treatment Fluorodeoxyglucose (18F -FDG) Positron Emission Tomography (PET) /CT scans showed 
a complete metabolic resolution (CMR) of disease outside the treatment field on the post -treatment 
18F-FDG PET/CT scans. An analysis of the subset of patients with extra-pelvic disease visualized on 
the pre-treatment 18F -FDG PET/CT scans was subsequently planned. We present the results of this 
analysis with the aim of investigating the possibility of an abscopal effect induced by the addition of   
mEHT to CRT in these participants.  



11 Oncothermia Journal, Volume 28, June 2020  
 

Methods and Materials  

A Randomized controlled trial by Minnaar e t al. (19) is being conducted at the Charlotte Maxeke 
Johannesburg Academic Hospital, a public hospital in Johannesburg, South Africa, by the Radiation 
Sciences department of the University of the Witwatersrand. The trial was registered on the South 
Africa n National Clinical Trials Register before recruitment was started (ID:3012) and approval from 
the Human Research Ethics Committee was obtained (M704133/M190295). The trial was registered 
at ClincialTrials.gov (NCT03332069). Enrolment began in January 2014 and was closed in November 
2017. 

Two hundred and ten participants were randomized to receive either CRT alone (Control Group) or 
combined with mEHT (mEHT Group). Randomization was conducted using the REDCap on-line 
computer generated random -sampling tool with stratification according to HIV status and accounting 
for age and FIGO stage. Physicians reporting on the 18F-FDG PET/CT scans were blinded to treatment 
allocation and did not interact with the participants, eliminating the risk of biased reporting.  

Eligibility  

Eligibility criteria for the trial: Females with International Federation of Gynecology and Obstetrics 
(FIGO) (21) stages IIB to IIIB primary, treatment naïve, histologically confirmed squamous cell 
carcinoma of the cervix (staged based on clini cal examination, chest radiography, and a pelvic 
ultrasound) eligible for CRT with radical intent; Signed informed consent; >18 years old; Eastern 
Cooperative Oncology Group (ECOG) score <2; Creatinine clearance >60 mL/min. Screening 
evaluations included full blood count, urea and creatinine levels, liver function, Human 
Immunodeficiency Virus (HIV) test; and a CD4 count if necessary. An 18F-FDG PET/CT scan was 
performed on eligible participants prior to commencement of therapy, as a baseline study against 
which response to treatment could be measured. Participants with bilateral hydronephrosis, visceral 
metastases, or fistulas visualized on the 18F -FDG PET/CT scan were excluded from the study. HIV-
positive patients were included provided their CD4 count was  above 200 cells/ ʈL and/or they had 
been on antiretroviral therapy (ART) for more than six months.  

Exclusion Criteria for the trial: Bilateral hydronephrosis; Second primary malignancy/prior 
malignancy treated in the preceding two years; vesicovaginal fist ula or rectovaginal fistula that 
required a change in treatment protocols; Abnormal liver function tests; Pregnant or breast feeding; 
Prior hysterectomy; Cardiovascular disease (excluding controlled hypertension); Acute or life -
threatening infections or me dical conditions; Contraindications to any of the prescribed treatments.  

At the time of this analysis all participants were a minimum of six months post -treatment and local 
disease control data at six months post -treatment was available for all participant s (19). Participants 
were considered eligible for the sub -analysis presented in this report if: They met all the trial 
eligibility criteria; the pre -treatment 18F -FDG PET/CT scan showed FDG-avid (SUV > 2.5) nodal disease 
outside of the pelvic treatment fie ld; and the participants had a post-treatment 18F -FDG PET/CT scan. 

Data Management  

Participant data was captured using REDCap (Research Electronic Data Capture), an online, secure 
web-based application hosted by the University of the Witwatersrand.  
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Treatmen t  

All participants were planned to receive 50Gy in 25 fractions EBRT to the whole pelvis and 24Gy in 
3 fractions of high dose rate (HDR) BT (36Gy equivalent dose in 2Gy fractions for an alpha-beta ratio 
of 10; source used: Iridium-192) and two doses of cisplatin (80 mg/m2) administered 21 days apart 
(subject to the participant's fitness to receive cisplatin), as per institutional protocol. The goal of RT 
was for participants to receive a total dose of 86Gy equivalent by the combination of EBRT and BT. 
External beam radiation to the whole pelvis was delivered using a two dimensional four -field -box 
technique to include the tumor and pelvic nodes. Participants were simulated supine. The super ior 
border of the Anterior -Posterior and Posterior -Anterior (AP-PA) field was mid-L5. The inferior border 
was either the inferior part of the ischial tuberosity or the lowest extension of the tumor with at least 
a 2 cm margin, whichever was lower. The late ral borders were 2 cm beyond the lateral margins of 
the bony pelvis. For the lateral fields, the superior and inferior borders were the same as for the AP -
PA fields. The anterior border was the mid to anterior third of the symphysis pubis and the posterior  
border was S2ƕS3 to include the presacral nodes and possible tumor extension along the 
uterosacral ligament.  

Modulate electro -hyperthermia (Model: EHY2000+; Manufacturer: Oncotherm GmbH, Troisdorf, 
Germany) was administered twice per week (maximum ten tre atments), at a maximum power of 130 
W, immediately before EBRT (maximum 30 min from completion of mEHT to completion of EBRT). 
Step-up heating protocols were adhered to and mEHT treatments were administered at least 48 h 
apart. A 30 cm diameter round elect rode was used and treatment duration was 55 min at the final 
power output, with a minimum planned energy dose of 360 KJs. Details of the technique are 
described elsewhere in the literature (11, 19, 22). 

Outcome Measures  

Nodes with FDG-avid disease were grouped by region on the pre-treatment scans: Head and Neck; 
Thorax; Abdomen (including the upper pelvis outside of the radiation field); and Pelvis (within the 
radiation field). The standard uptake value (SUV) cut-off was considered to be 2.5 and evaluati on of 
the 18F-FDG PET/CT scans was based on PERSIST 1.0 Criteria. Tumor response was classified as 
Complete Metabolic Response (CMR); Partial Metabolic Response (PMR); Stable Metabolic Disease 
(SMD); Progressive Metabolic Disease (PMD) (23). On the follow-up scans each region was scored 
as: no change; resolved nodes; new nodes. Only the complete metabolic response of all disease 
(nodes outside of the radiation field, nodes inside the radiation field, and the tumor), as visualized on 
post-treatment 18F -FDG PET/CT scans, was considered an indicator of the abscopal effect. 

Statistics  

The frequency of the observed abscopal effect was compared by group (mEHT or Control) and HIV 
status (positive or negative) using a Chi-squared frequency table. Paired t -test was u sed to compare 
the difference in means between groups and logistic regression was used to test prognostic factors. 
Two-sided p values are reported and p < 0.05 were considered significant. STATA 13.0 Statistics 
software program (Stata Corporation, College Station, Texas, USA), was used to analyze the data. 

Ethics 

All procedures performed in studies involving human participants were in accordance with the ethical 
standards of the institutional and/or national research committee (M120477 and M190295) and with  
the 1964 Helsinki declaration and its later amendments or comparable  ethical standards. 
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Results  

Characteristics  

Two hundred and ten participants were randomized for treatment, of which 146 [70%] had FDG -avid 
nodal disease visualized outside of the radiation field on the pre-treatment 18F -FDG PET/CT scans 
(mEHT Group: n = 68 [64%]; Control Group: n = 78 [75%]). One hundred and eight of the participants 
with extra pelvic nodal disease survived six months post -treatment and were eligible for the post -
treatme nt 18F-FDG PET/CT scans (mEHT Group: n = 54 [79%]; Control Group: n = 54 [69%]) and 
were therefore included in this analysis. The characteristics, including treatment characteristics, of 
these 108 participants are listed in Table 1. The number of participants (grouped by treatment group 
and HIV status) with nodes visualized in each region on the pre-treatment 18F -FDG PET/CT scans are 
shown Figure 1. The median number of weeks between the final RT treatment and the follow -up 18F-
FDG PET/CT scans was 26.3 in the mEHT Group (Q1: 25.3; Q3: 27.3) and 27 in the Control Group (Q1: 
26; Q3: 29). 

 
Table 1. Characteristics of participants eligible for analysis of the abscopal effect.  
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Figure 1. Number of patients with nodes visualized by region. The number of participants with nodes 

visualized in each region is represented graphically, showing a similar pattern in all participants in each 
treatment group on the pretreatment 18F -FDG PET/CT. mEHT, Modulated Electro-Hyperthermia; HIV, Human 

Immunodeficiency Virus. 

Abscopal Effect as Visualized on 18F -FDG PET/CT 

An abscopal response was only considered if all disease, including the primary tumor, nodes within 
the radiation field, and all nodes outside of the radiation field showed a complete metabolic response 
(SUV <2.5) on the six month post -treatment 18F -FDG PET/CT. Therefore all participants who had an 
abscopal effect also showed local disease control (a complete metabolic response of the tumor and 
nodes within the pelvic radiation field). The percentage of partic ipants with complete resolution of all 
metabolically active disease on six month post -treatment 18F -FDG PET/CT scans was higher in the 
mEHT group: n = 13 [24.1%] than in the control group: n = 3 [5.6%] (Chi-squared: p = 0.013). There 
was no significant dif ference in the response between the HIV-positive (n = 51) and -negative (n = 57) 
groups (HIV-positive: n = 7 [13%]; HIV-negative: n = 9 [16%]; Chi-squared: p = 0.793) with a close to 
even split in frequency of abscopal responses observed between the HIV -positive and -negative 
participants in each treatment group, as seen in Figure 2. In a multivariate analysis (confidence 
interval [CI] 95%) of age, cisplatin cycles, total radiation dose, and the number of days between the 
final radiation treatment and the f ollow -up 18F-FDG PET/CT, none of the variables were indicators 
of an abscopal effect (Age: OR:1.01, p = 0.692, CI: 0.96-1.07; Cisplatin cycles: OR: 1.20; p = 0.671; CI: 
0.51-2.83; Days to PET/CT: OR: 1.01; p = 0.283; CI: 0.99-1.07; Total RT: OR: 0.66; p = 0.316; CI: 0.30-
1.47). In a univariate analysis, the CD4 count of participants was also not predictive of an abscopal 
effect (OR: 1.00, p = 0.893, CI: 0.997ƕ1.003). In the participants in whom an abscopal effect was 
observed, the mean time between the fina l radiation and the follow -up 18F-FDG PET/CT was 196 
days (range 162ƕ266). 
 



15 Oncothermia Journal, Volume 28, June 2020  
 

 
Figure 2. Frequency of observed abscopal effect in HIV -positive and HIV-negative participants in each 

treatment group. A significant difference between the frequency of abscopal effect was noted between the 
mEHT Group (13 out of 54[24.1%]) and the Control Group (3 out of 54 [5.6%]) (p = 0.013). There was no 
significant difference in frequency of the observed abscopal between the HIV -positive and HIV-negative 

participants. mEHT, Modulated Electro -Hyperthermia; HIV, Human Immunodeficiency Virus. 

Follow up  

One participant had visceral disease on the pre-treatment 18F -FDG PET/CT scan: multiple lung 
nodules (highest SUV in the left lung of 6.03 and the right lung of 4.38) and a lesion in the T11 vertebra 
(SUV 9.71). This participant was in the mEHT group. The follow-up 18F-FDG PET/CT scan showed no 
sign of metabolically active disease. This participant is 18 months post -treatment and is still disease 
free. Of the participants who  showed an abscopal effect, seven out of 13 mEHT participants and two 
out of three control participants have reached 2 years post treatment and are still disease free. Two 
participants in the mEHT group and one in the Control group demised before reaching two years 
(cause of death: acute renal failure).  Four participants in the mEHT group have not yet reached two 
years post treatment (two are 18 months and two are 12 months post -treatment), however they are 
still disease free. Table 2 lists all the sites of  FDG avid disease seen in the participants in whom an 
abscopal response was observed, the disease-free survival observed, the viral load, CD4 count, and 
the HIV status of the participants.  
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Table 2. Details of the extra -pelvic disease in participants with  an *Abscopal Effect.  

HIV Status 

In order to rule out the effects of HIV on the visualization of nodes, the cases were reviewed with the 
intention of discarding cases which had nodes known to be visualized in HIV disease. HIV-positive 
participants with hig h viral load levels may have benign hypermetabolic foci visualized on 18F -FDG 
PET/CT images, resulting in false positive interpretations of malignancy (24). Furthermore, Sathekge 
et al. showed that the CD4 count of HIV positive participants was inversely p roportional to the FDG 
uptake in the nodes (25). During acute HIV infection FDG uptake increases in the head and neck lymph 
nodes, in mid stage of HIV infection hypermetabolism occurs in cervical, axillary, and inguinal lymph 
nodes, and an increased FDG uptake occurs in the colon, mesenteric, and ileocecal lymph nodes 
during late HIV disease (24). None of our participants were in acute (newly diagnosed) or late stage 
(no Acquired Immune Deficiency Syndrome-defining illnesses other than cervical carcinoma) o f HIV 
infection. Four of the participants with an abscopal response showed increased FDG uptake in the 
axillary glands: one was HIV-negative and was therefore still included, three were HIV -positive and 
all had increased FDG uptake in extra-pelvic nodes other than the axillary nodes. These three 
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participants were therefore still included. Of the seven HIV -positive participants, one had increased 
FDG uptake in the inguinal nodes however several other extra-pelvic nodes were also visualized and 
the patient wa s included. 

Discussion  

The CMR of disease outside the radiation field at six months post-treatment in our sample provides 
evidence of an abscopal effect. The frequency of the observed abscopal effect was significantly 
associated with the addition of mEHT. This finding is important as methods to enhance the abscopal 
effect could broaden the scope of ionizing radiation from a local treatment to a systemic and 
potentially curative modality for metastatic and systemic disease. The abscopal effect was seen 
equally in HIV-positive and -negative participants in the group treated with mEHT. This suggests that 
the potentiation of the systemic, immune -mediated response to IR was not inhibited by HIV-infection 
and could still be possible in such high-risk patients. 

Reynders et al. reported that the median time to achieve an abscopal response was five months, 
ranging from 1 to 24 months (4). In our study we assessed the abscopal effect as part of the disease 
response at six months, which corresponds to the findings by  Reynders et al. In their review Reynders 
et al. report on patients who had received multiple fractions of radiotherapy followed by a reduction 
in size/metabolic activity of a non -irradiated lesion (partial response). In our report we present only 
participants who showed a complete metabolic response of all disease, including the primary tumor. 
This strengthens the probability of an abscopal response in our participants. Reynders et al. excluded 
papers in which systemic cytotoxic drugs were administered (4) . We have included participants who 
were treated with cisplatin as a radiosensitiser, however the administration of cisplatin to participants 
in the mEHT Group and Control group was evenly matched suggesting that the difference between 
responses in the two  groups was not the due to the cisplatin and is associated with the addition of 
mEHT. Furthermore,  cisplatin was not a predictor of an abscopal effect in our sample.  

The rarity of the abscopal effect documented in the literature suggests that the abscopal effect 
alone is unlikely to impact clinical regimes and influence treatment choices (3). Considering their 
immune components, the combination of radiotherapy with immunotherapies and mEHT may 
provide an opportunity to boost abscopal response rates. Reynder s et al. reported on four case 
reports of the abscopal effect using Ipilimumab (one in adenocarcinoma of the lung and three in 
melanoma patients), one using BCG-vaccination (adenocarcinoma of the lung) combined with IR, and 
one retrospective study in which  11 out of 21 melanoma patients treated with Ipilimumab followed 
by palliative radiotherapy showed an abscopal response (4). The increase in use of immunotherapies 
combined with IR has resulted in an increase in the reports of abscopal effects. At least te n trials 
have been registered on ClincialTrials.gov to investigate the effects, including the abscopal effect, of 
immunotherapies combined with IR. The lack of reliable biomarkers to predict and confirm the 
presence of an abscopal effect may impact on the future optimization of protocols to induce an 
abscopal effect. An important future field of investigation is therefore the development of 
biomarkers which can reliably predict and quantify the presence of an abscopal effect.  

Preclinical data on the synergistic effects of immunomodulating agents and mEHT with IR, as well 
as case reports, and the results of this study, provide strong support for the development of trials 
on the combined use of IR with mEHT and immunotherapies. Positive results in such trials would 
broaden the scope of ionizing radiation from local or palliative treatment to a potentially curative 
modality in metastatic and systemic disease.  
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Abstract  

Introduction : HIV infection is associated with increased treatment -related toxicity and worse 
outcomes in locally advanced cervical cancer patients (LACC), especially in resource -constrained 
settings. Local control (LC) in a phase III randomized, controlled trial inves tigating modulated electro -
hyperthermia (mEHT) on LACC patients in South Africa (ethics registration: M120477/M190295), was 
significantly higher in participants randomized to receive chemoradiotherapy (CRT) with mEHT 
compared to CRT alone (stratum: HIV status, accounting for age and stage). This analysis investigates 
whether mEHT adds to the toxicity profile of CRT in HIV-positive LACC participants. 

Methods : Inclusion criteria: signed informed consent; International Federation of Gynecology and 
Obstetrics s tages IIB to IIIB squamous cell carcinoma of the cervix; HIV-positive patients: CD4 count 
>200 cell/ µL/on antiretroviral treatment for >6 months; eligible for CRT with radical intent. 
Recruitment: January 2014 to November 2017 (ClinicalTrials.gov: NCT03332069). Acute toxicity 
(evaluated using CTCAE v4 criteria) and quality of life (according to EORTC forms) in 206 participants 
randomized for treatment were evaluated alongside the LC results to determine safety and efficacy 
in HIV-positive participants.  

Results : Compliance to mEHT treatment was high (97% completed ǆ8 treatments) with no 
significant differences in CRT-related toxicity between treatment groups or between HIV -positive and 
-negative participants. Adverse events attributed to mEHT were minor, even  in obese patients, and 
did not affect CRT compliance. Participants treated with mEHT reported improved fatigue, pain, 
emotional and cognitive functioning.  

Conclusion : mEHT did not cause unexpected CRT-related toxicities and is a safe treatment modality 
fo r HIV-positive patients, with minor limitations regarding body weight, even in a low -resource setting.  

Keywords: Modulated electro -hyperthermia, chemoradiotherapy, cervical cancer, early toxicity, 

quality of life, HIV  

Introduction  

The incidence of locally advanced cervical cancer (LACC) in developed countries has decreased since 
the introduction of screening and Human Papilloma Virus (HPV) vaccination programs [1,2], yet 
morbidity and mortality rates remain high in low -resource settings [3]. Radiotherapy (RT) with weekly 
concurrent cisplatin is the standard of care for LACC [4], however in patients who are unable to 
receive cisplatin, hyperthermia (HT) delivered at 40 ƕ43 °C for 60ƕ90 min has shown to be as 
effective as a radiosensitizer [5]. Studies have shown that HT plus RT improves local disease control 
(LDC) and survival in LACC patients, compared to RT alone, without significant effects on RT-related 
toxicity [6 ƕ10]. Hyperthermia has been investigated as a chemo-sensitizer with response rates of 
more tha n 50% and acceptable toxicity for the management of recurrent or residual  cervical 
tumors [11,12] and phase II studies have demonstrated the safety of the addition of HT to 
chemoradiotherapy (CRT) [13ƕ15]. Adverse events directly attributed to HT include pain (8%), 
superficial burns (6ƕ18%) [10,13], subcutaneous fatty burns (8ƕ12%) [5,10,11,13], and infections after 
the introduction of interstitial thermometry catheters [10]. A retrospective analysis of 420 patients 
treated with RT and HT reported that 153(36%) participants developed subcutaneous tissue toxicity, 
ranging from grade 1ƕ3 in severity, with one patient requiring surgical intervention [16]. Acute 
neurotoxicity following the treatment of deep pelvic tumors with HT is a rare (2.3% incidenc e) 
complication which can have an impact on the daily activities of the patient [5,17].  
 
The effect of HIV infection on the treatment of LACC patients includes increased multi -system RT-
related toxicity, treatment interruptions, higher risks of residual di sease [18] and lower survival rates 
[19]. Increased chromosomal radio sensitivity has been observed in the lymphocytes of HIV -positive 
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patients, compared to HIV-negative patients [20,21]. Fibroblasts from the skin of HIV -positive Kaposi 
Sarcoma patients are more sensitive to ionizing radiation (IR) when compared to those of healthy 
controls [22] and extreme mucositis has been reported in HIV -positive patients [23]. Housri et al. [24] 
recommend that HIV-positive patients treated to the head and neck, abdomen and pelvis, with RT, 
should be closely monitored for possible mucosal reactions and HIV -positive patients treated with 
CRT should be closely monitored for hematologic toxicity. Possible contributors to the increased 
radio sensitivity of HIV-positive patients include a systemic glutathione deficiency caused by HIV 
infection, resulting in the depletion of radio -protective thiols and increased oxidative stress [25], and 
the effect of the HIV -1 Tat protein on the cellular capacity of certain cells to repair ra diation-induced 
DNA double strand breaks [24]. Information on the use of modulated electro -hyperthermia (mEHT) 
as a radiosensitizer in HIV-positive patients, who may be more likely to experience RT -related toxicity, 
is not available and therefore requires investigation. 

mEHT 

mEHT is a capacitive technology which transmits amplitude modulated radiofrequency (RF) waves 
at a frequency of 13.56 MHz, between two electrodes [26 ƕ29]. The small electrode is covered by a 
water bolus in an adjustable arm, and the lar ge electrode is in the bed and is covered by a water 
mattress. The amplitude modulation, which is the main difference between mEHT and other 
capacitive devices, is described elsewhere in the literature and is purported to be a key component 
of the enhanced efficiency of mEHT, allowing for a lower power output [29,30]. The effects of the 
amplitude modulation are not yet fully understood and are still under debate.  

Preclinical studies have shown that mEHT is distinctly more effective than water -bath, infrared , or 
RF-hyperthermia, if adjusted to the same temperature [31] and mEHT, when applied at 42 °C, induces 
both thermal and non -thermal effects on cells. In a study by Andocs et al. [32], the ratio of cell killing 
was enhanced by a factor of 3.2 in tumors tre ated with mEHT at 42 °C in comparison to tumors 
treated with infrared heating at 42 °C, reflecting the non-thermal effects of mEHT and the 
potentiation of the effects of radiofrequency heating at 13.56 MHz by the addition of amplitude 
modulation.  

Lee et al. [33] observed an increase in temperature to a maximum average of 38.5 °C in cervical 
tumors after 60 min heating at a planned power output 150 W (although the actual power output is 
not described in the article), which is 20 W higher than our planned maximum power output. This 
was accompanied by an increase in blood perfusion. The same group showed that mEHT combined 
with platinum -based chemotherapy improved outcomes for recurrent/residual disease in cervical 
cancer patients [34]. The mild temperatures re ached during mEHT treatments alone cannot explain 
the improved outcomes seen after the mEHT treatments, confirming the importance of the addition 
of amplitude -modulation. The specific interaction of mEHT in tumors allows for an effective 
treatment with les s total power in comparison to conventional RF -systems. The data reported in the 
studies by Lee et al. [33,34] provided the rationale to evaluate the use of mEHT for the primary 
management of locally advanced and nonresectable cervical cancer.  

mEHT is being investigated in a phase III randomized controlled trial as a radiosensitizer (whole pelvic 
radiation), combined with cisplatin, for the treatment of LACC in a low -resource setting and in HIV-
positive and -negative patients. This is the first randomiz ed controlled trial on mEHT combined with 
CRT for LACC, and the only study in a low-resource setting and in HIV-positive patients. Table 1 
summarizes the local control (LC) outcomes at six months post -treatment, as reported by Minnaar 
et al. [35]. Two hund red and two participants were eligible for LC analysis (mEHT: n =101; Control: 
n =101) at 6 months post-treatment, of which 171 (mEHT: n=88 (87.1%); Control: n =83 (82.2%)), 
were alive at six months post -treatment. The study did not show any significa nt difference in 
treatment related toxicity between the two treatment groups [35].  
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Figure 1. CONSORT diagram of the 271 patients who were screened and subsequently included or excluded in 
the trial, as reported by Minnaar et al. [35] and available for evaluation of early toxicity. AE: adverse events; 

COD: cause of death; LDFS: local disease free survival; Rx: treatment. 

Participants who were eligible for evaluation of LC by 18Fluorodeoxyglucose (18F -FDG) positron 
emission tomography/comput ed tomography (PET/CT) scans (creatinine clearance >60ml/min, 
controlled glucose levels, were able to lie still for the duration of the scan), had a second 18F -FDG 
PET/CT scan at six months post-treatment. Local control was considered a failure if any dis ease was 
confirmed either by 18F-FDG PET/CT, CT, clinical examination, cytological evaluation or fine needle 
aspiration of palpable lymph nodes in the radiation field. Participants treated with mEHT were 
significantly more likely to achieve six -month local  disease-free survival (LDFS; odd ratio (OR): 0.36, 
95% confidence interval (CI): 0.19ƕ0.69; p =0.002) and the association between HIV status and six 
month LDFS was not significant (p =0.338). The authors reported that the age, number of cisplatin 
doses, treatment time, RT dose, and CD4 count, were not significant predictors of six -month LDFS. 
In the mEHT group, body mass index (BMI), number of mEHT treatments, and energy dose were not 
predictors of six -month LDFS. In a preliminary report on the first 70 participants in the study to reach 
two years post -treatment, two year survival was more likely in the participants treated with mEHT 
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(78 vs. 65%; Prob> ʔ2 =0.0334; adjusted for age), as was 2 -year progression free survival, adjusted 
for age (76 vs. 61%; Prob> ʔ2 =0.0317) [36]. 

In order to determine the effects of mEHT on CRT -related toxicity in HIV -positive participants, an 
analysis of the acute toxicity and  quality of life of HIV -positive versus HIV-negative participants in the 
study by Minnaar et al. [35,36] was conducted. The effects of characteristics such as obesity on the 
frequency of adverse events in the study sample are included in this report. Quali ty of life (QoL) 
characteristics, such as physical well -being, can have an impact on clinical outcomes [37] and given 
the high morbidity associated with LACC, CRT treatment and with HIV-infection, QoL in the HIV-positive 
and HIV-negative participants in each treatment group is also reported.  

Materials and methods  

An ongoing phase III randomized controlled trial is being conducted at the Charlotte Maxeke 
Johannesburg Academic Hospital in Gauteng, South Africa, by the Radiation Sciences Department at 
the University of the Witwatersrand. The sample size calculation was based on the estimated 
required sample sizes for a two -sample comparison of survivorƘs functions at two years with a 
minimum sample size of 200 participants. A total of 271 patients were screened  between January 
2014 and November 2017, of which 210 were randomized for trial (see Figure 1). A stratified on -line 
software generated random -sampling tool supplied by the data management system, REDCap, was 
used to randomize participants to either the Co ntrol or mEHT Group; stratum: HIV status. 
Randomization accounted for age (<30 years; 30ƕ50 years; >50 years), and International Federation 
of Gynecology and Obstetrics (FIGO) stage (IIB; IIIA and IIIB). The outcomes are the local disease 
control at six mo nths post -treatment (reported by Minnaar et al. [35]) and 2 -year survival. Approval 
has been obtained to follow participants for 5 years post -treatment. The 2 - and 5-year follow -up 
period is ongoing and is expected to be completed in 2023. This analysis includes the 206 participants 
who arrived for treatment after randomization (mEHT Group: n =105; Control Group: n=101). 
Eligibility for the trial, as well as randomization and masking, are described previously [35].  

Compliance with ethical standards  

All procedures performed and work conducted in this trial involving human participants was in 
accordance with the ethical standards of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments or c omparable ethical standards. 
Approval was obtained from the Human Research Ethics Committee (Medical) of the University of 
the Witwatersrand (M190295/M120477). The trial was registered on ClinicalTrials.Gov (ID: 
NCT03332069), and, as required by the instit utional research committee, on the National Clinical 
Trials Register of South Africa (ID: 3012) before recruitment began.  

Informed consent  

All participants in the clinical trial described in this article have given written consent: to the inclusion 
of mate rial pertaining to themselves; that they acknowledge that they cannot be identified via the 
article and that they have been fully anonymized in the report. The written consent obtained from 
all participants was approved by the institutional Human Research and Ethics Committee. 

Treatment  

All participants were planned to receive 50 Gy external beam radiation (EBRT) in 25 fractions, 24 Gy 
high dose rate (HDR) brachytherapy (BT) in three fractions (36 Gy equivalent dose in 2Gy fractions 
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for an alpha-beta ratio  of 10; source used: Iridium-192), and two doses of cisplatin (80 mg/m2) 
21days apart, not on mEHT or HDR BT days (subject to the participantƘs ability to receive cisplatin), 
as per institutional protocol. The EBRT target volume was planned and delivered to the whole pelvis 
using a four-field box technique on one of four Siemens linear accelerators in the department.  

Two mEHT (Model: EHY2000+; Manufacturer: Oncotherm GmbH, Troisdorf, Germany) treatments 
were administered per week (maximum 10). mEHT was applied immediately before external beam 
radiation with a maximum of 30 min between the completion of mEHT and the completion of EBRT. 
This protocol was based on logistics and work -flow integration in the public hospital. A 30 cm 
electrode was used in the adjustable arm in order to cover as much of the pelvic field as possible. 
The treatment power was started at 60 W and increased using a step-up protocol over five minutes 
to the desired power of 90 W for the first treatment, 105 W for the second treatment, an d a planned 
130W for the third and subsequent treatments (See Supplementary 1: hyperthermia schedule). 
Treatments were planned for a minimum of 55 min and a minimum energy dose of 360KJ per 
treatment. The first treatment is a safety treatment during which  the participant is acclimatized to 
the treatment and the operator was able to identify potential risks. The first treatment is therefore 
administered at a low power without modulation.  

Thermometry  

It is recommended that thermometry be used to evaluate the  efficiency of hyperthermia treatments 
[38,39], however this is associated with challenges such as increased cost and complexity, and the 
ability to heat uniformly and consistently regardless of tumor and patient characteristics [40]. Within 
the mEHT concept non-thermal (energy -dependent) effects are supposed to provide the dominant 
sensitization effect. As the temperature increase is limited and the temperature is not considered a 
key parameter in this concept, there is no need to measure it. Instead the a pplied dose of mEHT was 
controlled by measurement of the energy, which can be measured more easily and reliably 
[26,28,41]. This principle makes administering the treatments less complex and less costly and 
suggests that mEHT could be suitable for low -resource settings. 

Outcome measures  

Adverse events that occurred within 90 days of the start of RT were considered acute RT -related 
toxicity. The study utilized the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 
from the National Cancer Institute (NCI) to define adverse events. The toxicity data was tabulated by 
treatment arm and HIV status. Thirty -nine adverse events from six categories (upper gastrointestinal 
(GIT); lower GIT; genitourinary tract (GUT); dermatologic and subcutaneous; neurological; 
hematological) at three time points (on treatment, six weeks and three months post -treatment) were 
analyzed. The frequency of all toxicities was reported and separate analyses for grade 3 ƕ4 toxicities 
for each system were conducted. Ototoxicity an d peripheral neuropathy were grouped together 
under neurological toxicities, as these are both known to be potential cisplatin -related toxicities [42 ƕ
44]. Adipose tissue burns, presenting as hard, painful, mobile masses within the adipose tissue, were 
classified according to the CTCAE v4.0 criteria under the heading ƗSkin and subcutaneous tissue 
disordersƖOtherƘ. 

QoL was measured at enrollment and again at six weeks, and three months post completion of 
treatment using the validated quality of life questionnaires (QLQ) C30 and Cx24, from the European 
Organization for Research and Treatment of Cancer (EORTC). Validated translations were available 
in English, Afrikaans, isiZulu, Sesotho, and isiXhosa [45]. The QLQ-C30 incorporates five functional 
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scales (physical, role, cognitive, emotional and social), three symptom scales (fatigue, pain, and 
nausea and vomiting), a global health status, and perceived financial impact of the disease [46]. The 
QLQ Cx24 contains symptoms specific to cervical cancer and its treatment [47]. For the literate 
participants, the QLQ forms were provided in five different languages and the parti cipants completed 
the forms themselves. For illiterate participants, nurses were asked to administer the forms and 
translate as needed. Nurses were blinded to the treatment group into which the participants were 
randomized. All scoring and reporting were d one in accordance with the manual published by the 
EORTC which is made available with the QLQ forms. 

Statistics  

Chi-squared tests were employed to assess observed frequency differences of all toxicities in each 
treatment arm and by HIV status. Multivariate  logistic regression models were used to determine 
predictors of outcomes such as the development of grades 3 ƕ4 toxicity.  

For QoL, items were scored and analyzed according the EORTC scoring manual and were linearly 
converted to scores from 0 ƕ100 where a high score represents higher functioning or a higher 
symptom experience [48]. Unpaired t -tests were used to analyze differences in linear scores 
between the groups at each event. Paired t-tests were used to evaluate the changes in the linear 
scores between t he groups. 

Two-sided p-values are reported and p values <0.05 were considered significant. STATA 13.0 
Statistics software program (Stata Corporation, College Station, TX), was used to analyze the data.  

Role of the funding sources  

The funding sources did not have any role in protocol design, data collection, analysis or reporting. 
The corresponding author had full access to all the data and was responsible for the final 
submission. 

Results  

The median age was 48.7 (range: 26.5ƕ72.2 years), 63.6% of particip ants had stage III disease and 
51% of participants were HIV-positive. Patient and treatment characteristics were evenly matched in 
both treatment groups as listed in Table 2.   

Radiotherapy  

The median time to complete RT was 41days in both treatment groups with a range of 13 ƕ65 days 
in the mEHT group and 10ƕ97 days in the control group. Reasons for taking in excess of 51 days to 
complete all RT include skin desquamation, bleeding and anemia, vomiting and dehydration and 
technical causes (such as machine services and repairs). The frequency of RT delays was significantly 
associated with HIV status (ʔ2: p =0.020) with 12(11.4%) delays in the HIV-positive participants versus 
three (3%) delays in the HIV-negative participants (OR: 0.237; p =0.0 30; 95% CI: 0.065 ƕ0.868). The 
association between treatment arm and RT delays was not significant with six out of 105(5.7%) in 
the mEHT group versus nine out of 101(8.9%) in the control group (ʔ2: p =0.377; OR: 1.614; p=0.381; 
95% CI: 0.553ƕ4.712). 
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Cisplatin  

Ten (9.5%) and 14 (13.9%) of mEHT and control group participants, respectively did not receive 
cisplatin. The mEHT group received a mean of 1.37 cycles and the control group received a mean of 
1.28 cycles (p =0.323) of cisplatin. The most co mmon reasons for omission of the second cycle 
were renal dysfunction (mEHT: n =19; Control: n =11), followed by a delay in the administration of the 
first cycle (mEHT: n =10; Control: n =7). Table 3 lists the reasons for cancellation/omission of 
cisplatin. 

In ʔ2 analyses, there were no significant associations between HIV status and number of cisplatin 
cycles (p =0.549) or delays (p =0.444) or between treatment arm and number of cisplatin cycles 
(p =0.610) or delays (p =0.575). HIV status was not a  predictor of cisplatin dose delays (OR: 0.795; 
p =0.452; 95%CI: 0.436 ƕ1.448), or cancelations (OR: 0.735; p=0.474; 95%CI: 0.316ƕ1.709). Likewise, 
the treatment group was not a predictor of cisplatin dose delays (OR: 1.180; p =0.588; 95%CI: 0.648 ƕ
2.150), or cancelations (OR: 1.504; p=0.348; 95%CI: 0.641ƕ3.530).  

mEHT-specific toxicity  

One hundred and five participants were treated with mEHT of which 102 (97%) were able to receive 
eight or more (ǆ80%) of the mEHT treatments. One participant had four treatments and two 
participants had six treatments. Of the three participants who received less than eight mEHT 
treatments, two had a Body Mass Index (BMI) over 25 and all three reported adipose burns, which 
was the cause for the reduction in the number of mE HT treatments.  

Of the 105 participants treated with mEHT, 17(16.2%) reported adverse events: grade 1ƕ2 adipose 
tissue burns (n =10, 9.5%); grade 1 surface burns (n =2, 2.0%) and pain (n =9, 8.6%). Four (23.5%) 
of the participants with adverse events had a normal BMI and 13(76.5%) were overweight (BMI 25ƕ
29.9) or obese (BMI >30) [49]. A multivariate analysis showed that HIV status (OR: 1.47; p =0.500; 
95% CI: 0.480ƕ4.512), increased BMI (OR: 1.78; p=0.375; 95% CI: 0.499 ƕ6.335) and average energy 
(in Kilojoules) administered (OR: 0.986; p =0.067; 95% CI: 0.98 ƕ1.00) were not significant predictors 
of adverse events associated with mEHT treatments.  

A significant difference in grade 1ƕ2 adipose burns between the treatment groups in the on-treatment 
analysis (mEHT: 10 out of 105(9.5%) compared to Control: 1 out of 101(1%); p=0.023) was noted. 
This difference was not significant at six weeks or three months post -treatment.  

Early toxicity analyzed by treatment group  

The toxicities were analyzed by treatment group in order to determine if the addition of mEHT had 
any effect on the toxicity of either the chemotherapy or radiotherapy. Chi -squared frequency tables 
showed a significant association between the number of grade 1ƕ2 neurological to xicities and the 
addition of mEHT (mEHT Group: n=5(5%); control group: n =0(0%); p =0.030) at three months post 
treatment. The neurological toxicities reported were tinnitus (n =1; HIV-positive), hearing loss (n =2; 
one HIV-negative and one HIV-positive participant) and peripheral neuropathy (n =3; all in HIV-
negative participants). However, the significance of the association between treatment group and 
toxicity disappeared when the neurological toxicities were separated into peripheral neuropathy 
(p =0.095) and ototoxicity (p =0.174). Only one participant developed grade 3ƕ4 neurological toxicity 
(HIV-positive, in the mEHT group, treated with cisplatin). There were no other significant associations 
between the treatment group and grade 1ƕ2 or grade 3ƕ4 toxicities. Supplementary 2 contains the 
results of the Chi -squared analyses comparing the grades 3ƕ4 toxicities of each treatment group, 
and the grades 3ƕ4 toxicities reported by HIV -positive compared to the HIV-negative participants. 
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Early toxi city analyzed by HIV status  

There were some significant differences in specific symptoms associated with HIV status (diarrhea; 
creatinine clearance; vomiting and pigmentation); however, no clear pattern of association between 
the significant toxicities and  mEHT treatments could be seen. At six weeks post treatment, HIV -
negative participants reported a significantly higher frequency of grade 1 ƕ2 upper GIT symptoms, 
including nausea and vomiting (HIV-positive: n =0(0%); HIV-negative: n =4(4%); p =0.044). N o other 
significant associations were seen in our sample (see Supplementary 2).  

Participants were then further analyzed by HIV status within each treatment group in order to identify 
any effect of mEHT on toxicity in HIV -positive participants. These result s are shown in Table 4. In the 
mEHT Group, there were more grade 3ƕ4 renal toxicities in the HIV-positive participants (n =5) than 
in the HIV-negative participants (n =0) on treatment (p =0.027). In comparison, the control group had 
three HIV-positive (6%) and three HIV-negative participants (6%) who developed grade 3ƕ4 renal 
toxicity (p =0.900). Eight of the participants with grade 3 ƕ4 renal toxicities were HIV-positive and 
three were HIV-negative (p =0.137) and the difference by treatment group overall was not significant 
(mEHT: n=5(5%); Control: n =6(6.3%); p =0.707). In the control group there were significantly more 
grade 1ƕ2 lower GIT toxicities on treatment reported in the HIV -positive participants (n =28(53%) vs. 
n =15(31%); p=0.028 ). However, at six weeks post -treatment there were significantly more grade 
1ƕ2 upper GIT toxicities in the HIV-negative control group participants than in the HIV -positive control 
group participants (n =0(0%) vs. n =4(8%); p =0.043).  
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Multivariate r egression analyses  

In a multivariate regression analysis for the development of early toxicities in each system, HIV 
status, the number of cisplatin doses, and the treatment group, were tested for predictors of 
outcomes. These results are shown in Table 5. Seven participants developed grade 1ƕ2 neurological 
toxicities, six of which were in the mEHT group, and the only participant to develop grade 3 ƕ4 
neurological toxicities was also in the mEHT group. The odds of developing a neurological toxicity 
were therefore almost eight times higher in patients treated with mEHT (OR: 7.98; p =0.053; 95%CI: 
0.98ƕ65.19). However, this was not a significant predictor of neurological toxicity development in the 
multivariate regression analysis, but cisplatin was a perfect predictor of the development of 
neurotoxicity, with all participants reporting neurotoxicity having received cisplatin. HIV -infection and 
receiving cisplatin were both significant predictors of the development of dermatological or 
subcutaneous early toxicities. Cisplatin was a significant predictor of renal toxicity (OR: 0.13; p <0.005; 
95% CI: 0.05ƕ0.33) while HIV-status and the administration of mEHT were not significant predictors 
of renal toxicity.  

 

Quality of life  

There were no statistically significant differences in QLQ scores between the two groups at baseline 
assessment. At the 6 -week time point the mean change in cognitive function in the mEHT group was 
significantly higher than in the control group. At three months post treatment, fatigu e and pain were 
significantly reduced in the mEHT group (Table 6). 

 

At the three month time point there was an overall improvement in the mEHT group with significant 
improvements in: social functioning (mEHT: mean: 83.9, SD: 31.6, 95%CI: 77.4ƕ90.4; Contro l: mean: 
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73.3, SD: 39.4, 95%CI: 64.8ƕ81.8; p=0.049), and emotional functioning (mEHT: mean: 83.9, SD: 24.3, 
95%CI: 78.9ƕ88.9; Control: mean: 73.5, SD: 33.3, 95%CI: 66.3ƕ80.6; p =0.017). The mean 
improvement in social, emotional and physical function at six weeks post-treatment was significantly 
higher (p =0.0048; 0.0141 and 0.0155, respectively) in participants who had a complete response. 
Social-and emotional function continued to be higher in participants with a complete response at six 
months post -tr eatment (p =0.0074 and 0.0035, respectively), as was the perception of body image 
(p =0.0496). Supplementary 3 tabulates the significant improvements in QoL alongside the local 
control at six months post treatment.  

Discussion  

Models have shown that RF capacitive heating to deep pelvic tumors is not possible without severe 
adipose burns [50,51]. mEHT is a capacitive technology which has shown to increase the 
effectiveness of CRT in the management of LACC patients [35] despite the surprisingly low power 
output compared to other capacitive technologies. The cell killing effects of ionizing radiation are 
enhanced with the addition of mEHT at 41°C to RT treatment regimens, as shown in preclinical [52] 
and clinical studies [35], and mEHT has shown to be cytotoxic at temperatures of only 38.5 °C 
[32,53]. Temperatures above 40 °C are not required during mEHT treatments as the dominant effect 
is non-thermal [32], allowing for a lower power output and for the treatment of deep seated cervical 
tumors [34,35], even in participants with a BMI of >27, with extremely low toxicity. These non -thermal 
effects are a result of the amplitude modulation.  

In a theoretical model by Wust et al. [54], the temperature increase in the tumor during mEHT was 
not relevant and in clinical practice Lee et al. [33] demonstrated only mild temperature increases in 
cervical tumors treated with mEHT. The improved outcomes observed with the addition of mEHT to 
treatment protocols for cervical cancer [34,35] despite the low temperatures, corrobo rate the 
hypothesis that the dominant effects of mEHT may be non -thermal [32].  

Although subcutaneous burns (grade 1ƕ2) due to mEHT were significantly higher in the mEHT Group 
on treatment, these resolved by three months post -treatment and the overall derma tological and 
subcutaneous toxicity was not significantly different between the treatment groups. Subcutaneous 
adipose tissue is particularly sensitive to the effects of EBRT and exposure to radiation can lead to 
an alteration of the tissueƘs developmental potential [55] and fibrosis of the soft tissues is a known 
complication of EBRT [56]. It is therefore not unexpected that one participant in the control group 
presented with what appeared to be a subcutaneous burn at six weeks post -treatment. Our 
participants reported less subcutaneous toxicity than other studies using HT techniques in which a 
much higher power is applied. Additional thermometry to measure the skin temperature and prevent 
burns is therefore not necessary during mEHT, likely due to the effe ctive cooling mechanisms and 
lower power output.  

The development of neurotoxicity was more frequent in the mEHT Group however cisplatin was a 
perfect predictor of neurotoxicity in the multivariate regression analysis and was therefore the most 
likely cause of the development of neurotoxicity. Although peripheral neuropathy is a known but rare 
side effect of HT to the pelvis [5,17] and we therefore cannot exclude the potential effects of deep 
heating on the development of peripheral neuropathy related to inc reased local effectiveness.  

In our participants treated with mEHT, the adverse events were less frequent and less severe than 
what is expected based on available literature [5,10,11,13,16,57], our participants could receive more 
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treatments (allowing for up  to two treatments per week with a total of ten treatments), and the 
local control outcomes were significantly improved [35].  

HIV 

In our study, HIV infection was associated with an increased rate of RT delays; however, it was not a 
predictor of RT -related toxicities as reported in the literature [19,58,59]. The increased rate of renal 
toxicity in HIV-positive participants treated with mEHT, and decreased rate of renal toxicity in HIV -
negative participants treated with mEHT, compared to the control group, is  an unexpected result. 
Although the multivariate analysis showed cisplatin to be a significant predictor of renal toxicity, 
while HIV-status and treatment group were not significant predictors of renal toxicity, we suggest 
that renal function be closely mo nitored in HIV-positive patients treated with mEHT to the pelvis, 
combined with CRT. 

All of our participants had either been on antiretroviral therapy (ART) for longer than six months or 
had a CD4 count above 200 cells/µL and this may have contributed to the improved outcomes and 
lower hematological toxicities seen in our HIV -positive participants, compared to reports in the 
literature. We did not observe significant differences in CRT or mEHT-related toxicity between HIV -
positive and -negative patients, indicating that mEHT can be safely applied with CRT in HIV-positive 
patients. We did however observe an increase in upper GIT symptoms, such as vomiting, in the HIV-
negative participants, which was also seen in a study analyzing the differenc es in CRT-related 
toxicities in HIV-positive (on ART; CD4 count >200 cells/µL) and HIV-negative cervical cancer patients 
in Zambia [60]. 

Temperature and thermometry  

Thermometry in this study was not carried out as recommended with standard RF -capacitive heating 
or phased array heating techniques [61,62]. Thermometry is applied during HT treatments in order 
to provide a safety parameter and to predict effectiveness of the treatment. Various thermometry 
methods are available and have provided a large body of data, however the methods are expensive 
and demanding for the user. The power output [35] and temperatures reached during mEHT are 
lower than those achieved during conventional hyperthermia [33] and the toxicity associated with 
mEHT is not significant. The application of thermometry during mEHT is therefore not necessary as 
a safety parameter when treating cervical tumors.  

As the treatment is effective, even under low temperatures and low power, the use of thermometry 
to predict effectiveness is not conside red relevant during mEHT. The authors therefore suggest that 
the applied cumulative energy (power -on-time) might be more suitable as a dosing parameter during 
mEHT, as any non-thermal effects should be dependent on the exposure time of the amplitude -
modulated RF. 

Quality of life  

These results show an improved functioning and symptom experience associated with the addition 
of mEHT and an improved QoL associated with local control. A complete response increases 
participantƘs ability to return to normal functioning status sooner, ultimately reducing the social 
burden of the disease. 
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Conclusion  

The addition of mEHT applied at a low power of 130 W to CRT did not result in any unacceptable 
treatment -related toxicity in our high -risk (HIV-positive and partly obese ) patient sample. The 
toxicities directly related to mEHT were mild and did not compromise the dose or timing of the 
cisplatin or RT. mEHT is therefore a safe adjunct to CRT protocols in HIV-positive participants and in 
a resource-constrained setting. This report is an important contribution to the field of knowledge in 
mEHT and provides important safety data for the use of mEHT in high risk populations, in the absence 
of sophisticated thermometry and planning technologies, providing evidence of the safety and 
efficacy of a technology that can easily be incorporated into general practices.  
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Purpose: True abscopal responses from radiation therapy are extremely rare; the combination of 
immune checkpoint inhibitors with radiation therapy has led to more reports of the abscopal effect, 
but even in this setting, the genuine magnitude remains unknown and is still considered generally 
uncommon. We report the occurrence of what appears to be putative, durable abscopal tumor 
responses with associated auto -immune systemic reactions resulting from the combination of local 
radiotherapy (RT) and modulated electroh yperthermia (mEHT). 

Materials and Methods : Data from advanced cancer patients treated palliatively with RT and mEHT 
between January and December 2017 were collected as part of a post -marketing safety monitoring 
program of mEHT therapy. We specified a minim um RT dose of 30 Gy and at least four mEHT 
treatments for reporting toxicities, which was the primary aim of the larger study.  

Results:  Thirty -three patients treated with RT and mEHT, both applied to the same lesion, were 
included. The median RT dose was 45.5 Gy in 20 fractions (fxs) and the median number of mEHT 
treatments was 12 (range, 4ƕ20). Most patients had subsequent systemic therapy after one course 
of RT and mEHT. Three patients (9.1%) developed autoimmune toxicities. Case number 1 received RT 
and mEHT only; case number 2 had two cycles of concurrent low dose chemotherapy during RT; 
and case number 3 received concurrent immune checkpoint inhibitors. None of the three patients 
received any further systemic treatment due to obvious treatment -related autoimmune reactions 
which occurred rapidly after RT; one had autoimmune hepatitis, one had dermatitis herpetiformis and 
the third developed severe myasthenia gravis. Interestingly, what we surmise to be long -lasting 
abscopal responses outside the irradiate d area, were noted in all three patients.  

Conclusion:  RT combined with mEHT could putatively result in enhancing immune responsiveness. 
These preliminary observational findings lead to the generation of a hypothesis that this combination 
induces both an in-situ, tumor -specific immune reaction and an anti-self -autoimmune reaction, in at 
least a small proportion of patients, and of those who experience the auto -immune response, tumor 
response is a concomitant finding. Mechanisms underlying this phenomenon need to be investigated 
further.  

Keywords: modulated electrohyperthermia, immunotherapy, radiotherapy, abscopal effect, 

immune -related adverse events  

Introduction  

Local hyperthermia (HT) has long been regarded as an effective radio -sensitizer (1). Modulated 
electrohyperthermia (mEHT) therapy is one form of hyperthermia (2). mEHT utilizes the biophysical 
differences between malignant and normal cells for cancer -cell specific selective energy deposition, 
believed to be due to the lower impedance on the transmemb rane protein clusters of malignant cells 
(3). The modulated electromagnetic frequency spectrum of 13.56 MHz from mEHT is similar to the 
alternating electrical field generated from tumor treating field therapy (TTField, Novocure, Inc.) (4 ƕ
6). mEHT applies lower power than conventional HT, thus interstitially measured average 
temperature is relatively low, around 39.5°C. However, the corresponding transmembrane 
temperature differential across a cell is often quiet high (7). This transmembrane thermal stress 
destabilizes cell membranes, resulting in necrosis, and also enhanced apoptosis (8ƕ11). This effect 
has been shown to enhance the release of heat shock proteins (HSPs), produce damage-associated 
molecular patterns (DAMP) and leads to increased immunogenicit y, thereby mediating immunogenic 
cell -death (12). The electric field effect has also been demonstrated to activate intensive lymphocytic 
and dendritic cell penetration into tumor (13).  

The abscopal effect from radiotherapy (RT) has been known for a long ti me and was interpreted as 
an immune-mediated effect (14). Despite millions of patients having been treated with RT, only 46 
abscopal cases induced by radiation treatment alone have been described between 1969 and 2014 
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(15). In preclinical models, the combination of immune check point (ICP) inhibitors with RT has 
demonstrated abscopal effects, but human reports still remain sparse, largely restricted to 
melanoma and non-small cell lung cancer (16ƕ21). However, in all such reports, it remains difficult 
to ascribe the abscopal effect purely to RT alone or in combination with immune enhancing 
therapeutics (22). A prospective trial of RT, with a granulocyte -macrophage colony stimulating 
factor in metastatic diseases, reported a surprisingly high abscopal effect o f 27.6% (23). RT creates 
tumor and normal tissue damage, lysis, and antigen release for sustained in -vivo vaccination events. 
Thymus-derived regulatory T (Treg) cells played a critical role in the control of immune tolerance 
to self -antigens, however, they  also resulted in reduced anti -tumor immunity (24). There were very 
few literature reports on how therapy related autoimmunity -mediated antitumor activity (25, 26).  

We speculated that the incidence of the abscopal effect may be higher in patients who devel op 
autoimmunity. Bakacs et al. reported that immune related adverse events (irAEs) induced by 
ipilimumab are very similar to the chronic graft vs. host disease that ensues allogenic bone marrow 
transplantation (27). Autoreactive T cells may bypass the nega tive selection pressure in the 
microenvironment of the tumor and differentiate to memory T cells that recognize both ƚselfƛ and 
ƚtumor.ƛ We report, we believe for first time, that patients treated with RT and mEHT may have a 
long treatment -free period once they unleash an autoimmune reaction, and further, that in such 
patients, successful salvaging through low -dose ICP inhibitors may be possible at tumor recurrence. 

Materials and Methods  

We performed a single institution, observational case -cohort study for  patients with metastatic 
cancers of various origins, treated with a combination of RT and mEHT, with a minimum RT dose of 
30 Gy and at least four mEHT treatments, to report unexpected adverse events. This retrospective 
analysis was conducted as part of a post-marketing safety surveillance program after the approval 
of the mEHT device in the class III medical category in Taiwan. The study was approved by the 
Institutional Review Board and was conducted according to the guidelines of Good Clinical Practice. 

Patient Selection  

Enrolled patients were 20 years of age or older, presented with inoperable, recurrent, or metastatic 
diseases, requiring palliation with RT. In our study, all patients underwent concurrent RT and mEHT 
with or without systemic therapies, b ased on the underlying clinical condition. All institution -specific 
consent requirements were adhered to; written informed consent was obtained from the participants 
for the publication of the case series.  

Radiotherapy  

RT was performed using conventional f ractionation (and not hypofractionated) schedules, with a 
dose of 2 to 3.5 Gy per fraction (fx), five times per week to at least 30 Gy, as clinically appropriate 
and necessary. The clinical target volume (CTV) was defined as the gross tumor volume (GTV) pl us 
a margin of 3ƕ5 mm, based on the specific tumor type being addressed. Patients were treated with 
Elekta Synergy® (Elekta, Stockholm, Sweden) or TomoTherapy® (Accuray, Sunnyvale, CA, USA) 
with standard immobilization devices, using image-guided, modulated arc therapy with 6 -MV photons 
for most of the patients. For patients who had received RT prior to the study, the original treatment 
plans were retrieved in every case of suspected overlap with the prior RT fields, and appropriate 
organ-at-risk constraint s were adhered to. 

Hyperthermia (mEHT)  

The mEHT treatment was applied using an EHY 2000+ hyperthermia device (OncoTherm GmbH, 
Germany). Treatment lasted for 60 min and was administered once weekly. A 30 cm in diameter 
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circular electrode was placed at the i rradiated tumor site, approximating placement at the radiation 
field isocenter. A 13.56 MHz radiofrequency (RF) was used with a real-time, automatic tuning device 
resulting in energy -transfer matching and ensuring a standard wave ratio of ~1 (the most idea l value). 
The power was initially set to 80 Watts (W) and a step -up protocol was applied to increase by 20 ƕ
30 W every 5 min, until 150 W was reached for the remaining treatment duration. The goal for the 
target energy delivered was minimally set at 500 kJ per treatment. All appropriate vital sign 
monitoring during and after treatment was conducted as per standard practice. With this technique, 
intratumoral temperature measurement is typically not performed because the temperature 
elevation measured by a conventional thermocouple is usually <2°C (28). Adverse events were 
assessed throughout each treatment, which included heat sensitivity, skin burning, pain, and gastric 
discomfort.  

Outcomes Evaluation  

The primary endpoint was toxicity, which was evaluated wee kly and recorded using the Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.0. during the RT and mEHT period and 2 
months after. The secondary outcome was the radiologic response, which was evaluated on the 
irradiated lesions according to t he Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 
(29) every 3 months with CT, PET-CT, or tumor markers, based on a baseline selection 
diagnostic/imaging finding. The response categories of interest included complete response (CR), 
partial response (PR), stable disease (SD), and progressive disease (PD). Most patients received some 
kind of systemic treatment afterward. The length of follow -up was defined from the last day of RT 
to the last follow -up visit. Baseline measurements and changes in the neutrophil to lymphocyte ratio 
(N/L) before and after treatment were collected.  

Statistical Analysis  

The impact of patient -, tumor -, and treatment -related factors on response was evaluated using a 
univariate and multivariable analysis. Survival curves were estimated using the Kaplan -Meier method. 
FisherƘs exact test (two -tailed test) was used for evaluating 2 × 2 tables for significance. Statistical 
analyses were performed with the SAS statistical software (version 9.2; SAS Institute, Ca ry, NC, USA). 
P < 0.05 were set for statistical significance.  

Results  

Patient and Disease Characteristics  

Thirty -three patients with recurrent or metastatic cancer was enrolled between January 2017 and 
December 2017. Patient characteristics are listed in Table 1. The median patient age was 59.3 years 
(range, 38ƕ84 years). Breast cancer, lung cancer, hepatoma, cholangiocarcinoma, and urothelial 
carcinoma were the five most common disease entities. The thorax was the most commonly treated 
site (12 patients in total, including four lung cancer patients and eight for breast cancer) followed by 
abdomen (nine patients) and liver (six patients). During the RT and mEHT treatment, 16 patients 
received concurrent chemotherapy, nine had ICP inhibitors and six were treated with both agents. The 
median follow -up time was 11.6 months (range, 4ƕ22.7 months) with no patients lost for follow -up. 
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Table 1. Patient characteristics. 

Treatment  

The median RT dose was 45.5 Gy (range, 30ƕ66 Gy), and the mean GTV was 138.9 cm3 (ranged 
between 20 and 5064.7 cm3). The median number of mEHT treatment fractions was 12 (range, 4 ƕ
20). 

Treatment Outcome and Toxicities  

The combination of RT and mEHT treatment was well -tolerated. A full listing of adverse events 
during the RT plus mEHT treatment is provided in Table 2. Common treatment -related adverse 
events were grade 1 skin, and grade 2 myelotoxicities. Transient core body temperature elevation 
(>38°C), which resolved shortly after mEHT treatment, was noted in six patients; two ob ese patients 
had localized subcutaneous fat induration that persisted for several weeks, and then resolved. The 
most important adverse events that went beyond our expectation were autoimmune related 
toxicities (three out of 33 patients, 9.1%). One patient treated only with RT and mEHT developed 
grade 3 autoimmune hepatitis. One patient who was simultaneously treated with low -dose ICP 
(Yervoy® and Opdivo®) developed grade 3 myasthenia gravis, and another patient developed grade 
2 autoimmune-related skin toxi city (dermatitis herpetiformis). All three patients who developed 
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autoimmune toxicities had long lasting abscopal effects in the absence of any further subsequent 
systemic treatment . 

 
Table 2. Treatment toxicities during RT + mEHT. 

Among the in-field evaluable lesions treated with RT and mEHT (39 lesions in 33 patients), CR, PR, 
SD, and PD were observed in 6.1, 54.5, 27.3, and 12.1% of patients (Table 3). All eight breast cancer 
patients had ḷPR response. Somewhat surprisingly, large r tumors (>500 ml) demonstrated superior 
responses than smaller tumors (<500 ml) (100 vs. 48%, p = 0.012) (Table 3). All the patients with 
autoimmune toxicities had a tumor size of more than 500 ml. Because of the small sample size, 
multivariate analysis f ailed to show significant differences between response and age, tumor size, 
number of mEHT treatments, tumor depth, the use of ICP inhibitors, chemotherapy, and autoimmune 
reactions. Thirteen patients (39.4%) had a decreased N/L ratio 1 month after RT + mE HT, which 
includes two patients with CR, six with PR, three with SD and two with PD (Table 3). The three patients 
with an autoimmune abscopal effect had an elevated N/L ratio before treatment (>8) which 
decreased to <3.5 after treatment. The median surviva l time was 11.4 months (range, 2.6ƕ16.9 
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months) in patients whose N/L decreased, vs. 8.9 months in patients with elevated N/L (range, 1.7 ƕ
16.2 months). 

 
Table 3. Response rate of the irradiated sites.  

Case Presentation: Autoimmune Phenomena Associated Wit h Abscopal Tumor Response  

Case 1 

A 42-year-old female patient presented with a left breast ulcerative fungating mass (>10 cm) with 
palpable bilateral axillary lymph nodes. She was diagnosed with metastatic, left breast, triple -
negative invasive ductal carcinoma. She refused chemotherapy and received palliative RT consisting 
of 50 Gy in 25 fxs plus weekly mEHT for six treatments. Elevated serum alanine and aspartate 
aminotransferases (ALT and AST), alkaline phosphatase and bilirubin was identified 2 weeks after 
RT. Positive anti-microsomal antibody and anti -smooth muscle antibody levels assisted in making a 
diagnosis of autoimmune hepatitis. She was treated with prednisone (starting at 40 mg daily and 
tapered to 10 mg daily within 4 weeks). The primary tumor shrank rapidly to ~1 cm 1 month after 
treatment and a wide excision was performed 2 months later (Figure 1A). The bilateral axillary and 
the left internal mammary metastatic lymph nodes outside the local treatment field demonstrated 
dramatic and sustained regression, qualifying for our abscopal response criteria. More than 1 year 
later, she developed lung metastases and was treated bi -weekly with reduced -dose ICP inhibitor 
treatment (60 mg of Opdivo®) for two doses with a significant response (Figure 1B), r esulting in a 
CR. Subsequently, her serum AST, ALT, and bilirubin levels increased once again, suggesting relapse 
of her autoimmune hepatitis, resulting in discontinuation of immunotherapy (Figure 1C). Despite this, 
her lung metastases demonstrated sustain ed remission, and she is still alive and tumor -free, >12 
months after discontinuing ICP therapy. 
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Figure 1. Representative patient (Case 1) with autoimmune mediated abscopal effects. (A) Locally 
advanced breast cancer with tumor abscopal effect on bilater al axillary and internal mammary 

lymph nodes. (B) Progressive lung metastatic lesions successfully salvaged with 2 cycles of low 
dose Opdivo®. (C) Flare up of autoimmune hepatitis by RT plus mEHT and ICP inhibitors. 

Case 2 

A 60 -year-old female had right renal pelvis urothelial carcinoma diagnosed in October 2016. She 
underwent robotic right nephroureterectomy and bladder cuff excision, revealing a pT4N0 tumor 
treated with adjuvant tumor bed radiotherapy to 48 Gy in 24 fxs (c ompleted in January 2017). In May 
2017, she presented with a rapidly growing, painful, palpable abdominal mass. An abdominal CT scan 
showed multiple intra -abdominal masses and a right retroperitoneal mass attached to the right 
psoas muscle. The largest tum or was 4.5 cm. There was also a separate lower anterior abdominal 
wall mass and a liver segment 7 metastases. She received a second course of palliative RT targeting 
the symptomatic and dominant right lower quadrant mass and the lower abdominal wall mass, both 
treated to 40 Gy in 20 fxs, along with five weekly mEHT treatments. Concomitant carboplatin at 300 
mg and gemcitabine at 600 mg were given for only two cycles and discontinued after pancytopenia 
developed. The abdominal pain resolved quickly, and she developed a mild fever with elevated CRP 
and pancytopenia in the 3rd week of treatment. A generalized itchy skin rash developed over the 
trunk in the 4th week of treatment. She was diagnosed with dermatitis herpetiformis and macrocytic 
anemia with positive anti-parietal cell antibody. The skin lesions were controlled with low -dose 
prednisolone (10 mg, once daily). A CT scan in August 2017 showed CR at the irradiated sites. 
Unexpectedly, an abscopal effect of the hepatic metastases was also identified (Figur e 2) which was 
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unlikely to be from the systemic effect of only two cycles of low doses of carboplatin and 
gemcitabine. No further treatment was administered. A recent follow -up CT scan in May 2019, 2 
years after palliative RT, showed persistent CR of all d isease sites. 

 
Figure 2. Representative patient (Case 2) with autoimmune mediated abscopal effects: metastatic 

urothelial carcinoma with abscopal tumor effect on liver metastases.  

Case 3 

This 69-year-old male patient had a biopsy-proven cholangiocarcinoma with multiple metastases 
diagnosed in August 2017. He began treatment with immunotherapy (Yervoy® at 50 mg for one 
dose only and Opdivo® at 60 mg every 2 weeks) for eight cycles, RT (45 G y in 15 fxs to the liver, 30 
Gy in 10 fxs to the scapula, L1 spine, and right pelvic bone), and weekly mEHT for 12 sessions starting 
from September 2017. In December 2017, he suffered from progressive muscle weakness with mild 
ptosis, lethargy, and difficu lty in swallowing. He developed an aspiration pneumonia, requiring 
intubation and supportive management in the neurology intensive care unit. A positive acetylcholine 
receptor (AchR) antibody with electromyogram findings confirmed a new diagnosis of myasth enia 
gravis (MG). The patient gradually recovered after receiving plasmapheresis, steroids, and antibiotics. 
He did not receive any further anti -neoplastic therapy and was maintained on prednisolone, 5 mg 
once daily, for the subsequent 10 months. Follow -up imaging showed good PR at irradiated sites with 
measurable PR of the unirradiated L5 spine metastases. The CA 19-9 level peaked to 555 U/ml in 
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2018/3 and gradually dropped to 76.7 U/ml in 2019/6 (Figure 3) and he remained asymptomatic 
without any systemic  treatment.  

 
Figure 3. Representative patient (Case 3) with autoimmune mediated abscopal effects: metastatic 
cholangiocarcinoma with abscopal tumor effect on L5 bony metastases and change of CA -199 

level. 

Discussion  

Although our patients were heterogeneou s in terms of histology, lesion numbers, and prior 
treatments, in general, they represented a relatively common pool of patients referred for palliative 
radiotherapy, i.e., relatively large, symptomatic disease, either heavily pretreated or having declined  
during other therapies. In that context, the 60.6% overall response rates of the locally treated (RT 
plus mEHT) lesions may suggest a synergistic or radiosensitizing effect. Unexpectedly, tumors larger 
than 500 ml, had an even better response rate. Intrig uingly, three cases of autoimmunity occurred 
after treatment, which was associated with abscopal tumor response.  

What possible mechanisms could be at play here? The combination of systemic autoimmune effects 
and tumor abscopal effects provoked by combined mEHT and RT from local treatment leads us to 
speculate the possibility of the clonal expansion of a subset of T cells targeting both tumor antigens 
and shared normal tissue epitopes. These patients required steroids for managing their autoimmune 
reactions, without loss of tumor control. mEHT induces tumor cytotoxicity through a combination of 
localized thermal effects, and the temperature independent signal -excitation effect for DAMP 
release (12, 30). HSP-associated DAMP could facilitate immunogenicity, especially in the context of 
concomitant RT and possible combination with immune checkpoint inhibitors. The addition of ICP 
inhibitors after concomitant chemoradiotherapy (CCRT) in stage III lung cancer patients, improves 
both progression -free and overall sur vival rates relative to any other consolidative approach, 
suggesting the possibility that localized therapy creates a milieu for ICPs to have more durable 
effects (31, 32). 

Are the local and abscopal responses reported herein, especially their depth and du rability, expected 
and routine? Patients in this study were generally at such an advanced stage of their disease, that 
first, the expected response rates would be rather low, and second, durability would be very 
uncommon. This leads us to hypothesize that our clinical observations would require the 
development of unleashed anti -tumor autoimmunity, possibly from combinatorial mEHT and RT. In 
the three cases with autoimmune toxicity, Case 1 was treated with RT and mEHT only; Case 2 received 
only two cycles of  reduced dose concomitant chemotherapy and Case 3 had immunotherapy with 
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RT. It would be very unlikely that the abscopal liver metastasis response in Case 2 was a 
chemotherapy effect. Whether the remote bony metastases response in Case 3 qualified as a pur e 
ƚabscopal effectƛ is debatable. Nevertheless, the autoimmune reactions in the three cases after local 
treatment were quite clear. Immune response through in -situ vaccination might be amplified by the 
addition of ICP inhibitors as the third case described or might yield a deeper response as the second 
case described. Gauci et el. recently reported that in order to prolong survival, a CR or PR within 3 
months after treatment was mandatory with anti -PD-(L)1 monotherapy for multiple cancer types 
(33). 

Larger tumors had better responses to combined RT and mEHT treatment, which is counterintuitive. 
Explanations for this include the possibility that large tumors, especially those near the body surface 
under the electrode, absorb more energy from the RF current (3 4). For example, in an in vivo 
experiment, the use of a large 20 mm diameter electrode to deliver mEHT to 8 mm diameter size 
murine tumors resulted in impressive apoptosis, necrosis, and extracellular damage -associated 
molecular secretion patterns (12, 13) , presumably because the entirety of the tumor was able to 
absorb energy effectively. Similarly, all eight breast cancers responded to this treatment. The 
radiation fractional dose used in our series is classic and typical for palliative radiotherapy, but 
atypical as far as several preclinical combinatorial immune checkpoint -radiation experiments 
recommend (for example 5 ƕ9 Gy per fraction, 3ƕ5 fractions). Despite the use of lower fractional 
doses, the responses observed herein are robust. This could reflect  the combinatorial use of mEHT. 
However, it is also worth considering that other clinical reports, such as the one by Chandra et al., 
demonstrated that radiation fraction size <3 Gy was the only parameter identified to be associated 
with favorable index le sion response in a cohort of melanoma patients treated with immune 
checkpoint inhibitors and radiotherapy (20).  

As the use of immunotherapy becomes more popular, irAE is emerging as an issue (35). irAEs from 
ICP inhibitors are generally regarded as a ƚtoxicity,ƛ however, a number of reports are beginning to 
appear in the literature claiming that patients with higher irAEs may have a higher response rate (36, 
37). In addition, patients with irAE have longer treatment durations and more time to develop 
autoimmune toxicities (35). Clearly, immunotoxicity and autoimmunity is a balancing act. In our study, 
three out of 33 patients (9.1%) had induced autoimmune reactions from RT + mEHT. They all had a 
profound abscopal effect (>90% shrinkage of non -irradiated tumo r, lasting for more than 12 
months) without any substantial systemic targeted, cytotoxic, or ICP inhibitor therapy when 
autoimmune toxicities were noted. Most abscopal effects reported in the literature are neither ƚdeepƛ 
(i.e., >90% tumor reduction), nor durable. For example, in the series by Golden et al. (23), only two 
of 41 patients (4.9%) had a dramatic abscopal response according to the criteria of >90% tumor 
reduction. Therefore, we argue that the effective immunity may be coupled to autoimmunity.  

This case series of combining mEHT and RT for palliative purposes demonstrated unexpected 
autoimmune toxicities along with dramatic and sustained tumor regression. Despite being interesting 
and inspiring, these results must be interpreted with great caution and at best provide initial 
observations for hypothesis -generation, as there are considerable limitations given the retrospective, 
single institution analysis, with limited patient numbers, and considerable heterogeneity. An official 
prospective trial comb ining immune check point inhibitors with RT and mEHT will be launched. 
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