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Editorial

Dear Reader, dear Fellow Researchers, dear
Colleagues,

Our Oncothermia Journal reached a milestone. You
have 30 volumes of this informativ e publication. We
had a long way to go since 2010 when the first
volume was published. More and more Oncothermia
experts and potential users are interested in the
information tr ansmitted by the Journal. This activity
is one of the resources for physicians to exchange
their experience and study how others use
modulated electro -hyperthermia therapies.

There are important topics covered in the articles in
this volume. Dr. Brockmann discusses some critical
aspects of complex therapies, including PET
diagnosis, that seems important to plan the
treatment of Oncothermia. PET informs us about
metabolic activity and conductivity -based tumor
selection.

Dr. Pastore's case reports show very a dvanced
metastatic cases successfully treated with complex
Oncothermia treatmen ts, likely giving clues for other
doctors to manage the severe stages of cancer.

Dr. Roussakow talked about a retrospective meta -
comparison of metastatic colorectal cancer showi ng
excellent results of Oncothermia in this common and
severe type of cancer.

Immunotherapy is one of the emerging areas of
oncology. We are pleased to see how busy work
connects Oncothermia with the promising new
method. Prof. van Gool's articles introduc e us to the
complexity of this therapy and show a remarkable

immune activation with Newcastle viruses.

One of the specialties of this volume is a technical
discussion. Two articles by Dr. Mihlberg show the
importance of a precise tuning method and advice on
correcting it. The generalization of her results shows

some universal aspects of the topic. An essential
part of this technical discussion is the sources of
unwanted energy losses, which must be

minimized when the patient is treated with
Oncothermia.

I hope this volume also provides relevant and up -to-
date information for your d aily practice. | would like
to direct your attention to the importance of reading
the Oncotherm Newsletter as well. This monthly
summary provides you with information on the mos t
recent articles published on international domains
and brings you news about events and actualities
related to hyperthermia in oncology. Reading this
news well completes the clinical information
included in our Oncothermia Journal.

This volume is bilingual. Some crucial aspects of the
clinical application of Oncothermia are publish ed in
German, favoring our German-speaking readers. This
is a trial to see how the bilingual topic reaches our
Oncothermia users and how readers accept this type
of edition. | would be happy to hear your opinion on
this. Your help and attention would be gr eatly
appreciated.

Enjoy this 30th volume of the Oncothermia Journal.

e

Prof. Andras Szasz

Editor of the Oncotherm ia Journal

Professor, Chair, Biotechnics Department of St. Istvan University
Chief Scientific Officer of Oncotherm Group
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Liebe Leserinnen und Leser, liebe Kolleginnen und
Kollegen aus Forschung und Praxis,

unser Oncothermia Journal hat mit 30 verdffentlich -
ten Banden einen Meilenstein erreicht und wir haben
seit der Publikation des ersten Bandes im Jahr 2010
einen weiten Weg zuriickgelegt. Immer mehr
Oncothermie-Experten und potenzielle Anwender
interessieren sich fur die Informationen, die das
Journal beinhaltet. Dariiber hinaus wird Arzten so die
Mdoglichkeit geboten, ihre
auszutauschen und zu erfahren, wie andere
Elektrohypertherm ietherapie anwenden.

Erkenntnisse

In den in diesem Band vorliegenden Arbeiten werden
wichtige Themen behandelt. Dr. Brockmann disku-
tiert einige kritische Aspekte komplexer Ther apien,
einschlieBlich der PET-Diagnose, die fur die Planung
der Behandlung mit Oncothermie wichtig erscheint.
PET liefert Informationen zur metabolischen

Aktivitat und leitfahigkeitsbasierten Tumorselektion.

Dr. Pastores Fallberichte zeigen sehr fortgeschr it-
tene metastatische Félle, die erfolgreich mit kom -
plexen  Oncothermie-Behandlungen  therapiert
wurden und wahrscheinlich Anhaltspunkte in Bezug
auf die Behandlung von schweren Krebserkrankun-
gen fur andere Arzte liefern.

Dr. Roussakow sprach uber einen retrospektiven
Metavergleich von metastasiertem Darmkrebs, der
hervorragende Ergebnisse durch den Einsatz von
Oncothermie bei dieser haufigen und schweren
Krebsart zeigt.

Die Immuntherapie ist eines der neu entstehenden
Gebiete der Onkologie. Wir sind erfreut zu sehen, wie
die vielversprechende neue Methode durch viel
Arbeit mit Oncothermie verbund en wird. Die Artikel
von Prof. van Gool fihren uns in die Komplexitat
dieser Therapie ein und zeigen eine bemerkensverte
Immunaktivierung mit Newcastle -Viren.

Eine technische Diskussion stellt eine der Beson-
derheiten dieses Bandes dar. Die zwei Artikel von
Dr. Muhlberg zeigen die Bedeutung einer prézisen
Abstimmungsmethode sowie Hinweise zu deren

Korrektur. Die Verallgemeinerung ihrer Ergebnisse
dokumentiert einige universelle Aspekte des
Themas. Ein wesentlicher Bestandteil dieser
technischen Diskussion sind die  Urspriinge
unerwiinschter Energieverluste. Diese missen
minimiert werden, wenn der Patient mit Oncothermie
behandelt wird.

Ich hoffe, dieser Band bietet Ihnen relevante und
aktuelle Informationen fur Ihre tagliche Praxis. An
dieser Stelle mochte ich zudem auf die Bedeutung
des Oncotherm-Newsletters hinweisen. Dieser bietet
Ihnen jeden Monat einen Uberblick tiber die neuesten
Artikel, die auf internationalen Domains veréffent -
licht wurden, informiert Sie {ber Ereignisse und
Tatsachen im Zusammenhang mit Hyperthermie in
der Onkologie und erganzt die Kklinischen
Informationen aus unserem Oncothermia Journal.

Dieser zweisprachige Band enthéalt einge wichtige
Aspekte der klinischen Anwendung von Oncothermie
in deutscher Sprache und kommt somit unseren
deutschsprachigen Lesern zugute. Wir méchten so
herausfinden, ob die zweksprachigen Inhalte von
unseren Oncothermie-Anwendern angenommen
werden und inwiefern unseren Lesern diese Art von
Ausgabe zusagt. Ich wiirde mich freuen, Ihre Meinung
dazu zu héren und hre Hilfe dankend annehmen.

Erfreuen Sie sich am 30. Band des Oncothermia
Journals.

e

Prof. Andras Szasz

Herausgeber des Oncothermia Journals
Lehrstuhl fiir Biotechnik, St. Istvan Universitat
Chief Scientific Officer der Oncotherm Gruppe

Oncothermia Journal, Volume 30, April 2021



Rules of Submission

As the editori al 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 eve ry one

of you who supports us in exchanging professional views and experience  s. To help you and to make it easier for both of us, we prepared
the following rules and guidelines for abstract submission.

Als redaktionelles Team vertreten wir eine stringente Linie und versuchen, unserer Publikation den hdchstmdglichen Standard zu
verl eihen. Es sind aber hauptséachlich Sie als Autor, der dafir Sorge tragt, dass das Oncothermia Journal zu einem interessanten und
abwechslungsreichen Magazin wird. Wir méchten allen danke n, die uns im Austausch professioneller Betrachtungen und Erfahrungen
unterstiitzen. Um beiden Seiten die Arbeit zu erleichtern, haben wir die folgenden Richtlinien fir 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
connected to the topic is also welc ome.

1 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 modali ties and
treatment optimization

1 Biological studies: mechanisms of Oncothermia, thermal - or non-temperature dependent effects, response to electric fields,
bioelectromagnetic applications for tumors, Oncothermia treatment combina tion with other modalities, effects on normal and
malignant cells and tissues, immunological effects, physiological effects, etc.

1 Techniques of Oncothermia: technical development, new technical solutions, proposals

1 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 webs ite of the
journal: www.oncothermia -journal.com

Umfang und Ziele

Das Oncothermia Journal ist das offizielle Magazin der Oncotherm Gruppe und soll diejenigen unterstiitzen, die ihre Ergebnisse der
Allgemeinheit zur Verfigung stellen méchten. Das Oncothermia Journal ist neuen Inhalten gegeniber offen, sollte aber vor allem
Studienarbeiten, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen Materialien, die fur die internationale Oncotherm ie-
Gemeinschatft hilfreich sein kdnnten, enthalten. Werbung mit Bezug zum Thema ist ebenfalls willkommen.

1 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 Modalitdten und Behandlungsoptimierungen

1 Biologische Studien. Mechanismen der Oncothermie, thermale oder temperaturunabhéngige Effekte, Ansprechen auf ein
elektrische s Feld, bioelektromagnetische Anwendungen bei Tumoren, Kombination von Oncothermie und anderen Modalitaten,
Effekte auf normale und maligne Zellen und Gewebe, immunologische Effekte, physiologische Effekte etc.

1 Oncothermie-Techniken technische Entwicklungen, neue technische Lésungen

9 Hypothesen und Meinungen, wie die Oncothermiee und ECFMethoden verbessert werden kénnen, um die Behandlung zu
unterstiitzen

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 kdnnen 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 pr ovided.

Texts should be submitted in a fo rmat 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 provi  ded in JPG
format.
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Manuscripts may be any length, but must include:

1 Title Page:title of the paper, authors and their affiliations, 1 -5 key words, at least one corresponding author should be listed, email
address and full contact information must be provided.

1 Abstracts: Abstracts shoul d include the purpose, materials, methods, results and conclusions.

i Test: unlimited volume

1 Tables and Figures: Tables and figures should be referred to in the text (numbered figures and tables). Each table and/or fig ure
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).

1 References: Oncothermia Journal uses the Vancouver (Author-Number) system to indicate 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 missen in englischer Sprache vorliegen. Andere Sprachen kdnnen in Ausnahmeféllen akzeptiat werden, wenn ein
englisches Abstract vorliegt.

Texte sollten in einem mit Microsoft Word fur Windows (PC) kompatiblen Format eingereicht werden. Tabellen sollten in einem W  ord-
kompatiblen Format eingefuigt werden. Alle Graphiken (lllustrationen, Diagramm e, Photographien) sollten im jpg Format vorliegen.
Manuskripte kdnnen jede Lange haben, missen aber die folgenden Punkte erflllen:

1 Titelseite: Titel der Arbeit, Autor, Klinikzugehdrigkeit, 1-5 Schlusselworte , mindestens ein Autor muss genannt werden, E-Mail-
Adresse und Kontaktdetails des Autors

1 Abstracts : Abstracts miissen Zielsetzung, Material und Methoden, Ergebnisse und Fazit enthalten.

1 Text: beliebige Lange

1 Abbildungen und Tabellen: Abbildungen und Tabellen sollten im Text erlautert werden (nummeriert). Jede Abbildung / Tabelle
muss eine erklarende Bildunterschrift haben. Bilder sollten als jpg eingereicht werden (300 dpi).

1 Zitate: Das Oncothermia Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B. [1], [1-3]. Die
Bibliografie erfolgt numerisch in Reihenfolge der Erwahnung im Text.

Copyright

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 e xclusive, the author(s) can use the submitted material without limitations, butthe  Oncothermia
Journal also has the right to use it.

Copyright

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

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 si nd, werden die Autoren per E-Mail informiert. Gedruckte Kopien werden nicht per Post
versandt. Um Verzégerungen in der Produktion zu verhindern, miissen die korrigierten Texte innerhalb von 48 Stunden per E -Mail oder
Fax zurtickgesandt werden.

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 Méglichkeit,das Material in elektronischer Form herunterzuladen, Sonderdrucke und Nachdrucke des Oncothermia
Journals sind nicht erhéltlich.

Advertisement

The Oncothermia Journal accepts advertising in any language but prefers advertisements in English or at least par tially 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, bevorzuwgt, aber die zumindest teilweise Gestaltung in englischer
Sprache. Die Werbung muss eine Beziehung zu den Themen de®ncothermia Journals haben und der Wahrheit entsprechende Inhalte
aufweisen.
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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 righ t 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 veréffentlichten Artikel sind in vollem Umfang fir ihre Texte verantwortlich. Das ~ Oncothermia
Journal iibernimmt keinerlei Haftung fir die Artikel d er Autoren. Die Redaktion hat das Recht Artikel abzulehnen.

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

Bewertung
Die Texte fur das Oncothermia Journal werden durch die Redéaktion kontrolliert. Um Konflikte zu vermeiden, werden die Namen des
jeweiligen Korrektors nicht 6ffentlich genannt. Artikel, die nicht zu den Themen des Journals passen, kdnnen abgelehnt werden .
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Abstract

Uterine leiomyosarcomas in the metastatic phase are unfortunately still burdened  with a short period of
survival. In this paper, | present the case of Mrs. KP, 48 years old, wh ich came to my observation with the
widespread pre-treated disease. A personalized combination of chemotherapy and hyperthermia has made it
possible to prolong survival and improve quality of life.

Introduction

Uterine leiomyosarcomas mainly affect young a dult women. The disease has considerable biological
aggressiveness and frequently tends to metastasize in the lung and bone [1]. However, it is difficult to obtain
even a partial disease response after the second therapeutic line. Herewith | report a case of uterine
leiomyosarcoma treated with chemo -thermotherapy after the fourth therapeutic line. The case shows a
considerable partial remission in combination with a marked improvement in the quality of life and prolonged
the expected survival time. The resp onse period was eight months.

Case report

KP had a histological diagnosis, after bilateral hysteroannessiectomy, of high -grade uterine leiomyosarcoma.
After adjuvant chemotherapy and a year's follow -up with no evidence of residual disease, a single lung lesion
was revealed, which underwent surgical resection. Subsequently, the appearance of a vertebral lesion and new
lung lesions led to the consideration of multimetastatic disease with the need for periodic systemic
pharmacological treatment. After the four th systemic antiblastic treatment scheme she came to my
observation to set up further personalized treatment. The clinical condition wa s skeletal and pulmonary
metastases with obvious respiratory symptoms. The massive pulmonary metastasis with severe impai  rment of
respiratory capacity was documented by CT and spirometry tests. The patient had been oxygen support. |
worked out a protocol f or the fifth therapeutic salvage line. The patient received a combination of biweekly
bevacizumab [2][3] with 3 mg/kg dos e, together with a daily dose of 100 mg temozolomide [2][4][5] from the
first to fifth day of the week. The chemoprotocol was combined  with impedance coupled deep capacitive radio
frequency hyperthermia (EHY2000, Germany) in alternating days of sessions du ration of 55 minutes on the
chest [6][7][8][9][10]. After three months, a CT test showed partial response (figure 1, 2, 3) with a reduc tion of
the various disease-related complaints, considerable loss of symptoms, mainly the dyspnoea improved.

The applied complex treatment was well tolerated without noteworthy side effects and continued with disease
response for eight months.

Discussion

A neoplastic form in the metastatic phase is certainly drastically could suppress survival. Leiomyosarcomas do
not differ . Getting a disease response in a patient who has already received four treatment lines is a rare, great
achievement. Generally, the most promising treatment lines are the first two, and most frequently, the
neoplastic cells become resistant to the third | ine of the treatment. The combination of original and personalized
medications showed synergy in this case with the treatment of deep ¢ apacitive radio frequency hyperthermia.
This single success cannot define anything conclusive but can be a notable, interesting inspiration for further
study.

Key words: uterine leiomyosarcoma, chemotherapy, oncological hyperthermia, rescue therapy
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Abstract

My objective in this article is to present and discuss a clinical case of peritoneal carcinomatosis originated from
gastric cancer. The case was treated with complex therap y, combined whole-body and local hyperthermia
treatments with chemotherapy. The applied multimodal approach achieved complete remission of the disease
with a good quality of life.

Introduction

Recurrences and metastases in gastric cancer most frequently involve peritoneal carcinomatosis and are
regularly detected only in the advanced gastric cancer stage [1]. These cases are often considered incurable. A
clinical study shows that the mean survival is only 6.5 months [2], or even much less (2.2 months, [3]). A meta -
analysis also shows the poor therapeutic outcome [4]. The patients with this disease have an extremely poor
prognosis. The conventional palliative treatments' effect could provide some improvement whe n the disease is
diagnosed in early stages [5]. These results are significantly worse than cases of other metastases. The
peritoneal -plasma barrier [6] is probably one of the factors of poor clinical success. The relatively early
detection could be obtained by pathologic investigation of ti ssue specimens, which may detect microscopic
peritoneal carcinomatosis, which is usually not detectable in surgical interventions. The texture analysis could
be a useful tool also for early diagnosis [7], and the therapy could be optimized with neoadjuvant treatments,
including the hyperthermic intraperitoneal chemotherapy (HIPEC) [8]. It is also shown that in the cases of
microscopic carcinomatosis, HIPEC has curative benefit after surgery, too [9]. The German database sh ows that
the combination of cytored uctive surgery and HIPEC improves survival more than HIPEC alone [10]. The
concomitant application, using intraoperative HIPEC with cisplatin is also feasible and safe [11].

The high cellular heterogeneity of the intraper itoneal carcinomatosis complicates the disease [12], and probably
this is why surgery and HIPEC are relatively effective treatments.

My goal is to present a case showing a non-HIPEC oncological hyperthermia solution with success. The patient
had advanced peritoneal carcinomatosis of gastri ¢ cancer.

Case presentation

72 years old male patient was diagnosed with stomach cancer by gastroscopy in 2009 May. The patient
performed a partial gastric resection not followed by adjuvant chemotherapy as the removed lo  coregional
lymph nodes were disease-free, and there was no evidence of spreading disease in other body regions. In
November 2009, he began malaise, progressive weight loss, loss of appetite, abdominal pain until he came to
emergency surgery for intestinal obstruction. The surgeon detected e xtensive peritoneal carcinomatosis, and
although he had made a necessary temporal restore, he made a poor prognosis and predicted a very short
survival. The patient came to my attention for supportive and palliative care. The therapy set at that moment
was a combination of Capecitabine (1000 mg/m2 bid per os), deep radiofrequency oncological hyperthermia
(Oncotherm EHY-3010 ML device) twice a week for one hour without rest and three hours whole -body infrared
hyperthermia ( Heckel HT 3000 device) for five con secutive days for a month. The disease went into complete
remission. The patient gained his weight by eight kg, had good and has continued appetite, with significantly
improved quality of life. A CT scan documented the re mission with contrast. The therapy continued for eighteen
months with persistent remission. After eighteen months, a resurgence of the disease occurred, which proved
intractable and led to death after three months.

Discussion

The prognosis of peritoneal carcinomatosis of gastric origin is e xtremely poor in such advanced cases as the
patient reported above. My strategy differed from the usual hyperthermia applications. My hyperthermic idea
was a combination of local, cellularly selective modulated electro -hyperthermia (mMEHT) [13] and the whole
body homogeneous heating [14] treatments. Deep radiofrequency capacitive hyperthermia is employed in
combination with other methods (chemotherapy and radiotherapy) for years now and has proven to be a
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valuable complemen tary therapy. The mEHT had proven as a local treatment in many clinical studies of various
cancers [15], [16], and its locality enhanced by immunogenic effects [17]. Case reports proved its particular
applicability [18], [19], and a Phase Il study was perbrmed to show how mEHT is effective in peritoneal
carcinomatosis with malignant ascites [20]. The whole body hyperthermia with its physiological effect to
increase the blood flow and through this, the drug delivery to the tumor is also well proven [21]. In  contrast, the
most common chemothe rapies in HIPEC are Mitomycin C, Cisplatin, Doxorubicin, Paclitaxel, and%U [22]. | had
chosen Capecitabine in my hyperthermia protocol, as used by others too [23]. Capecitabine has a proven effect
on gastric cancer, and it is very indicated for this cli nical situation for the favorable tolerability profile [24] [25]
[26].

The temperature rises from 40 to 43°C during the hyperthermic treatments in the irradiated tissue and the
selected malignant cells. This temperature t riggers apoptosis in diseased cells. There is an enhancement for
any radiotherapy treatment. Locoregional vasodilatation favors the penetration of the drug where needed [27]
[28] [29] [30] and also there has been a strengthening of local immunity, induced by the heat-mediated release
of cyt okines [31]. Vasodilation is even more crucial in poorly vascularized body districts than the peritoneum.
Whole-body mild hyperthermia also enhances immune system activity, primarily through dendritic cell
activation, and promotes drugs' penetration into t issues [32] [33].

Conclusion

The case report presented describes an unusual and very favorable clinical history. | had remarkable success
with this protocol without using invasive surgical or laparoscopic HIPEC applicati on. This case report may
suggest a new approach to peritoneal disseminated cancer pathology and indeed may be the starting point to
investigate further the effectiveness of this complex therapy protocol in other tumors with peritoneal
dissemination.

Key words: gastric cancer, peritoneal car cinosis, hyperthermia, Capecitabine
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Abstract

The therapeutic value of regional hyperthermia (RHT) in oncological treatments has been known for years.
Several studies report RHT efficacy for tumor response and survival. RHT can also be used in combination with
chemotherapy (CHT), radiotherapy (RT), chemoradiotherapy (CRT), and immunotherapy, enhancing their benefit,
also in the treatment of gastrointestinal tumors as esophageal, colorectal, and pancreatic cancer. However, RHT
has not yet become a common therapy in regular clinical practice due to the d ifficulty in measuring the
temperature increase inside the tissues, the long duration of treatment, the need to have dedicated nurses and
doctors, adequate equipment and facilities.

Modulated electro -hyperthermia (mEHT) is a recent RHT method that targets malignant cell membranes and
the extracellular matrix, allowing de ep tumor sensitization, notwithstanding the adipose tissue's thickness and
overcoming the issue of homogenous heating.

Several studies confirm the advantage of RHT and mEHT association to QRT, CHT, and RT as neoadjuvant and
palliative setting in esophageal, colorectal, and pancreatic cancer. This article summarizes the available data of
RHT for these tumors.

Key words: regional hyperthermia, modulated electro -hyperthermia, colorectal cancer, esophageal cancer,
pancreatic cancer

Introduction

Regional hyperthermia (RHT) efficacy in remission of malignant tumors has been known for decades. RHT
increases the tissue/body temperature with an external radiofrequency (RF) electromagnetic field . The modern
technologies of local/locoregional heating offer safe therapies inclinical practice. The mild temperatures of RHT
(39.5 43°C)show beneficial effects accompanied with increased safety by optimizing the treatment for minimal
hot spot occurrence [1], [2]. Temperature rise >43°C, indeed, has potential risks, such as camage of surrounding
normal tissues and enhancement of blood flow that can potentially increase malignant cells dissemination and
distant metastases [3].

Nowadays, an increasing number of clinical studies show RHT efficacy in the treatment of different typ es of
cancers. However, the number of clinics using the RHT method intheir practice is suboptimal [1].

The primary biological rationale of heat utilization is enhancing radiation efficacy, increasing the delivery and
permeability of various chemotherapeutic medications, and supporting the immunotherapy effects . Heat
triggers tumor perfusion and oxygenation changes, irhibiting DNA repair mechanisms and stimulating the
immune system [1], [2]. In association with RHT, local radiotherapy increases tumor immuno genicity and
systemic ally acts through immune -mediated abscopal effects [3]. Modulated electro -hyperthermia (MEHT) is a
recent RHT method that targets malignant cell membranes and the extracellular matrix, allowing deep tumor
sensitization, notwithstanding the adipose tissue's thickness. The complementary application of regional
hyperthermia and mEHT with chemo-(CHT) a radiotherapy (RT) is reported to be successful in several types of
tumors, including esophageal, pancreatic, and colorectal cancers [3], [4], [5].

The analysis of elder evidence-based clinical data of the five -year survivals concluded [6], that the 5-year
survivals have been changing only a little from 1950 to 1995, and these changes depend more on the better
diagnosis than on the therapy. The contribution of curative and adjuvant cytotoxic chemotherapy to 5 -year
survival in adults (counting 22 different localizations) was estimated to be 2.3% in Australia and 2.1% in the USA
[7] in 2004 over 20 years. It is a minor contribution to the observe d 5 years survival rate, which is over 50% in
the same time period.

The progress, of course, was debat ed: dsWengartehel war [8¢gwhicmwgas immediatelye r A
corrected in a broader view, [9], taking into account the successes in pediatric cancer and in the quality of life of
the patients during the curative and palliative treatments. This picturewasalit t | e di l ut ed: 1 Per ha
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certai nl y[l0). dhis wasoalsa shpported ten years later [11] The emotional aggravation induces very

hurting opinions as the double Nobel-laureate L. Pauling formulated it,t Ever yone shoul d é&now t
cancer K i s | a2 ©hisls gpatuelly hurtingubdt Zopmpletely false opinion, which was induced by this

excellent researcher' s heated emotional background. The emotions are not surprising even nowadays because

cancer is the number one disease in many countries, touching not only the suffering patients but also their

families, friends colleagues, and motivating despair in society .

Filtering out the extreme opinions, the statistical data [13] supported the shadowed picture even 20 y ears ago:

the mortality data from 1975 -2000 are fairly constant, while the incidence (morbidity) slightly grows in the

same time-internal. (Interestingl y, the incidence has a definite peak in the first half of the 1990s in the group of

males, but the mortality d oes not follow it.) Unfortunately, neither the incidence -rate nor the mortality rate

correlated with the five -year survival [6] for the same local ization. It showed the imperfectness that cancers

with high incidence- and high mortality -rate growths, like | ung, liver, brain, and pancreas, had low gain in their 5-

year survival in that time. This is the essence of the negative answer to the question [6]: t Ar e | nRyeareasi n
survival rates evidence of success agaidiasntticalllaWelaveaA Tod
significant improvement in mortality data, significantly elongated survival time charact erizes the nowadays
development, however, in the area of gastrointestinal cancer , especially in pancreatic localization, we see less
development of successes of conventional therap ies than for other localizations in the human body.

Our objective is to show the possible addition to the con ventional therapies by complementary application of
hyperthermia. We review the updated clinical applications of RHT complementary with RT and/or CHT in the
therapies of esophageal, colorectal , and pancreatic cancers. We include into this review a new emerging
hyperthermia method : the modulated electro -hyperthermia (mEHT), which has promising data in
gastrointesti nal treatments [14], [15]in neoadjuvant treatment [16], [17], or complementary to adequate CHT,
treatment of the frequent colorectal metastases i n liver [18]. The feasibility of mEHT in the therapies of
pancreatic cancer is especially promising [19], [20], [21].

Types of hyperthermia

There are different hyperthermia types: superficial hyperthermia, deep/regional hyperthermia, whole -body
hyperthermi a, interstitial hyperthermia , intraperitoneal laparoscopic hyperthermia, of hyperthermia in  the body
cavities or lumens. [22].

Whole-body hyperthermia increases the entire body's temperature up to a maximum of 41.8°C, using thermal
conduction or radiant infrared techniques. Interstitial hyperthermia places heating electromagnetic devices
(needles or catheters) directly inside the tumor. This therapy's main advantage is that the heating occurs directly
inside the tumor, enabling it to reach higher local tumo r temperatures and lower nor mal surrounding tissue
temperatures. Similarly, hyperthermia can be achieved by inserting heating devices into natural body cavities
and lumens with tumors [22]. Deep/regional hyperthermia can increase the temperature of a porti on of the
body (at the tumor site) up to the depth of >5 cm with electromagnetic fields, minimizing the heating of the

surrounding tissue [22].

Superficial hyperthermia heats tissues <5¢cm in depth from the body's surface, using electromagnetic fields. As
in all types of hyperthermia, the blood flow variability within the treated region also contributes to the
temperature variation within the tumor region [22].

Regional Hyperthermia

Different methods are used for regional hyperthermia, such as using infrared -A (IRA) radiation, microwa ve
radiation by antenna-array, capacitive, and modulated electro -hyperthermia techniques.

The water filter IR -A radiation method uses a light source (halogen lamp at 24 V/150W) and a water -filter which
is built in as a closed cuvette and absorbs the energy, avoiding painful sensations and burns of the skins [23].
Both IRA radiation microwave radiation and capacitive systems are used for superficial hyperthermia to tumors
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infiltrating up to 4 cm into the tissue, such as melanoma [24] . Two electrodes are p ositioned on opposite sides
of the body, and the heat is produced by the electric current flowing between them. The electrodes are placed
in direct contact with the body surface through a water bolus.

There are several types of commercially available radia tive superficial systems, including flexible microwave
applicators. They all create heating at frequencies of 434 to 915 MHz and are positioned directly in contact with
the treated surface [24]. Both methods allow to homogeneous target heating and limiting hot spots . However,
radiative heating yields more favorable temperature distributions than capacitive heating , especially within
heterogeneous tissues [24].

Modulated electro -hyperthermia

Tumor blood flow increase is rather lim ited upon heating; hence, the heat dissipation is slower than that in
normal tissues. This is why tumor temperature rises higher than that in normal tissue during hyperthermia  [3].
However, a tumor's homogenous heating to a specified temperature is rather challenging due to the
heterogeneous distribution of vasculature inside malignant tissue. The tumor blood flow varies widely among

different tumor types and inside the same tumor, especially in the presence of necroti c areas within the tumor

(3].

A new method has been recently developed to improve the results and reduce thermal therapy's adverse
effects: the modulated electro -hyperthermia (mEHT) [25]. This method targets malignant cell membranes and
the extracellular m atrix. This allows sensitizing deep tumors, notwithstanding the adipose tissue's thickness, and
to heating the malignant cells [9] selectively . mEHT uses impedance coupled capacitive arrangement with 13.56
MHz (EHY-2000+, OncoTherm Ltd., Germany) and has comparable benefits to other types of hy perthermia for

a variety of tumors: hepatocellular carcinoma, rectal, cervical, brain, lung , and pancreatic cancers, improving
local disease control and in some cases, the survival [25], [26], [27], [28], [29] . This type of hyperthermia
increases malignant cells' temperature to 41.5°C for >90% of treatment duration [26].

Literature search

The literature search was performed in this narrative review in the databases PubMedMEDLINE, Embase,
Cochrane, and ClinicalTrials.gov. with the search terms: hyperthermia , pancreatic, gastrointestinal, esophageal,
colon, rectal, colorectal, anal cancer. 934 article s were retrieved . The further selection included only full -text
articles in the English language, reporting results from the observational or experimental trial about tumor
response, survival or progression -free survival or toxicity , among these were published in the time interval
between 2000 and 2020 . We selected 38 articles and divided these according to tumor type, and finally, only
25 original articles were included in tables. The other papers were used for the introduction and conclusions
sections.

Esophageal Cancer

The prognosis of esophageal cancer remains poor, and the overall survival (OS) after potentially curative
surgery is 5h20% [30], [31]. Several studies on neo-adjuvant chemotherapy (NCHT)alone fail to prove the
benefit of this pre -operative treatment . However, promising results have been achieved with the combination of
heat and chemotherapy in this setting [31], [32], [33], [34] .

NCHT or chemoradibtherapy (CRT) combined with RHT have positive results concerning survival and tumor
response of esophageal cancer patients (table 1).
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Table 1) Esophageal cancer

Author Year Treatment Hyperthermia protocol No. g:‘)Pts. Survival Tumor Response | RHT related toxicity
Sheng 2017 CRT with cisplatin- | Radiofrequency capacitive 50 3-year 0S=42.5% ND Pain (G12) =38.0%
[34] based heating device, with PFS= 34.9%
regimens+RHT microwave spiral strip
applicators, HRL-001,
within 30 min from RT, or
2h after CHT
Nishimura 2015 CRT with 8-MHz radiofrequency, 11 1 year OS=72.7% CR=27% ND
[29] cisplatin/5 - capacitive heating system 2 years 0S=54.5% SD=45%
fluorouracil, oral (Thermotron RF-8), at 5 years 0S=9.1%
fluoropyrimidine 400 -1400 W (median
and 1200 W) for 50 min once
irinotecan+RHT or twice a week
Nakajima 2015 CRT with ND 24 3 years 0S=56.3% DCR=41.7% toxicity G2 occurred
[32] docetaxel + RHT 5 years 0S=50.0% CR=17.6% in six patients
Hulshof 2009 Neoadjuvant home-made AMC 28 1 yearOS=79% CR=19% PR=319 pain (sternal or
[33] CRT with (academical medical 2 years 0S=57% SD=23% shoulder) or
carboplatin and center), phased array of 3 years OS= 54% general discomfort
paclitaxel+ RHT four 70MHz antennas, at a in seven patients
power of 800 W for 1.5 and in two patients
hour
Albregts 2009 Neoadjuvant home-made AMC 26 1 year OS=86% CR=9% Discomfort in 1
[31] CHT with (academical medical 2 years OS=76% pati entcka
cisplatinum and center), phased array of l' i keK se
etoposide+HRT | four 70MHz antennas, at a neuropathy (G2) in 1
power range of patient
800 -1000 W

RT=radiotherapy, RHT =hyperthermia, OS =overall survival, SR =survival rate, Clinical benefit =complete response + partial response + stable disease, CHT=chemotherapy, DFS =Disease free survival,
CRT=chemoradiotherapy, LRFS =local rela pse-free survival, n.s. =not significant, ND =not reported

24

Oncothermia Journal, Volume 30, April 2021




Neoadjuvant CRT with docetaxel associated with RHT results in a response rate of 41.7% with a CR of 17.6%
after surgery. This treatment has low toxicity , and 3- and 5-year survival rates are 56.3% and 50.0%,
respectively [34].

A phase Il study with chemotherapy (carboplatin and paclitaxel) and radiotherapy in association with RHT as neo-
adjuvant treatment results are in good locoregional control and overall survival for esophageal cancer patients
that have all RO resection. Tumo r response is complete response (CR), partial response (PR), and stable disease
(SD) in 19%, 3%, and 23% of patients, respectively . The survival rates at 1, 2, and 3 years are 79%, 57 %, and
54%, respectively. Quality of life is improved for these patients , and the toxicity is low [33]. Similar results in
survival are reported by another phase I/ll study, showing 1- and 2-year survival rates of 69 and 62%,
respectively [31].

Intensity-modulated radiotherapy (IMRT) in association with hyperthermia results in a 3-year progression -free
survival (PFS) rate and overall survival (OS) rate was 34.9% and 42.5%, respectively, with low toxicity and
excellent local control of esophageal cancer with supraclavicular lymph node metastasis [34].

The results of a meta -analysis comparing the CRT+RHT and RT groups show that RHT increased significantly the
1, 2-, 3- and 5-year OS of esophageal cancer patients; decreased both recurrence, distant metastases , and
gastrointestinal reaction rates [30]. This evidence of CRT+RHT berf@s in esophageal cancer neoadjuvant
therapy is very promising . However, further randomized clinical trials with a more significant number of patients
are required to confirm these da ta.

Colorectal cancer

Colorectal cancer (CRC) is the third most common cause of cancer death in both men and women in the United
States [35]. In the past decades, neoadjuvant radiotherapy alone or in association with chemotherapy followed
by surgery has be come standard treatment for advanced rectal cancer [36]. CHT is used toenhance RT effects
of radiotherapy. RHT is another method to amplify radiotherapy, overcoming the low oxygen concentrations
that are present in large size tumors and hamper the effect of radiotherapy. RHT, indeed, increases the tumor
blood flow and hence promotes the RT with the tissue oxygenation [37].

Neoadjuvant CRT + RHT results in greater 5year long-term local control (98% vs 87%, p=0.09) and OS (88%
versus 76%, p=0.08) than CRT alone in locally advanced non-metastatic rectal cancer [38]. Similar results are
reported in other studies on neoadjuvant CRT + RHT in locally advanced noametastatic rectal cancer, resulting
in 5-year OS ranging 60-87.3% (table 2), distant metastases -free survival (DMFS) and local control (LC) of
79.9% and 95.8% respectively [39], [40], [41] .

In particular, a study compares OS of CRT alone or combined with RHT and reports that the complementary
therapy shows longer OS than CRT alone (5 years OS=76% versus 8% p < 0.08) [38]. This improvement in
survival is also observed when the neoadjuvant CRT and RHT is performed for anal cancer treatment with 5
years OS (95.8 vs. 74.5%, P =0.045), disease-free survival (D FS=89.1 vs. 70.4%, P=0.027), and the local
relapse-free survival (LRFS =97.7 vs. 78.7%, P=0.006) is more favorable than CRT alone [42].

As concerning the tumor response, the disease control rates (DCR) of CRT combined to RHT range is 28.5%-
94.8% in rec tal cancer patients (table 2) [43], [44], [45], [4 6], [47]. The association of RHT to CRT in neoadjuvant
treatment of rectal cancer does not increase the toxicity of CRT , and the hyperthermia -related adverse events
were mainly of mild -moderate intensity an d are reported by 26 -34% of patients [43], [44], [ 45], [46], [47] .

mMEHT inassociation with CHT is used in a study for the treatment of metastatic colon cancer patients with good
tumor response rates and survival ; indeed, the DCR is 95% at 90 days and 89.5% at 3 months, and PFS is 12.1
months (range 3.5 h82.6 months) [48] . Another study applies mEHT in associationwith CRTto treat rectal cancer
patients, reporting minimal, moderate, near -complete, and complete regression of primary tumor of 15.0%,
51.7%, 18.3%, and 15.0%, respectively [49]. In both studies, the mEHT is well tolerated, with mostly mild
hyperthermia toxicity [48], [49].
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Table 2) Colorectal and anal cancer

Author Year Type of tumor Treatment Hyperthermia No. Pts. (n) Survival Tumor Response RHT r glated
protocol toxicity
Ranieri 2020 Metastatic CHT with MEHT with 13.56 40 PFS=12.1 90 days: PR=30% | mild positional
[49] colon cancer Beva+FOLFOX4+m MHz (EHY¥2000) months (range | SD=65% PD=5% pain in four
EHT twice a week (8 3.5hB2.6 DCR=95% patients,
times) months). 3 months: Erythema in the
CR=5.3%, target area in 3
PR=26.3%, patients, power -
SD=55%, related pain
PD=10%, occurred in two
DCR=89.5% cases
You 2020 Rectal cancer Neoadjuvant MEHT with 13.56 60 ND minimal, 26.7%
[48] CRT with 5 MHz (EHY¥2000) moderate, near developed
fluorouracil or twice a week (8 total, and total thermal toxicity,
oral capecitabine+ times) regression of which was
MEHT primary tumor mostly G1
was 15.0%, (93.8%)
51.7%, 18.3% and
15.0%
respectively.
Zwirner 2018 Locally Neoadjuvant CRT Deep regional 86 5-years ND ND
[39] advanced rectal with 5- hyperthermia once 0OS =87.3%
cancer fluo roruracil +RHT or twice a week DFS =79.9
LRFS =95.8%
Gani 2016 Rectal cancer Neoadjuvant RHT with Sigma Eye 103 5-years ND ND
[38] 43 CRT with 5 or Sigma-60 0S=76% vs
fluororuracil vs applicator (BSD 88%
60 CRT with 5- 2000/3D) once or p <0.08
fluororuracil +RHT twice a week DFS= 73% vs
78%
LRFS =77% vs
75%
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Hyperthermia

RHT related

Author Year Type of tumor Treatment No. Pts. (n) Survival Tumor Response .
protocol toxicity
Shoji 2015 Rectal cancer Neoadjuvant RHT with 8 MHz RF 49 ND DCR=28.5% One grade 3
[43] CRT with capacitive heating patient had
Capecitabine+RHT | device (Thermotron perianal
33 were resected RF-8) after RT for dermatitis,
16 nonresected 50 minutes (5 29.7% suffered
weeks) pain, and 2.1%
had
subcutaneous
induration
Kato 2014 Rectal cancer Neoadjuvant RHT with 48 ND CR=29.2% No
[44] CRT+RHT Thermotron RF-8, hematological
Once a week toxicity
(2-5 times)
Schroede 2012 Locally Neoadjuvant RHT with BSDB2000 106 ND pPCR rate 34%
[45] advanced rectal 61 CRT with5- Once or twice a week 16.4% vs 6.7% hyperthermia
cancer Fluorouracil+RHT (2-9 times) discontinuation,
VS due to pain or
45 CRT with 5 hot-spot
Fluorouracil phenomena,
urinary tract
infections,
hypertension,
tachycardia or
severe skin
toxicity
Kang 2011 Locally Neoadjuvant RHT with 8 MHz 214 5 years DCR=50.9% ND
[47 advanced rectal CRT with 5FU, radiofrequency 0S=73.9%
cancer leucovorin and capacitive heating DFS=75.1%
mitomycin C+RHT device (Cancermia LRFS=
GHTRF8) twice a 93,9%
week during RT DMFS=
79.8%
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Author Year Type of tumor Treatment Hyperthermia No. Pts. (n) Survival Tumor Response RHT r glated
protocol toxicity
Maluta 2010 Locally Neoadjuvant RHT with BSBD2000 76 5-years CR=23,6% GO0-2 general or
[40] advanced rectal Once a week 0S=86,5% DCR=94,8% local
cancer CRT+RHT (2-5 times) DFS=74,5% discomfort in
LRFS= 15%, no G3, G4
73,2% Subcutaneous
burns in 5.2%
Rau 2000 primary rectal Neoadjuvant RHT with BSDB2000 37 5-year DCR=59% none
[41] cancer (PRC) CRT with 5 Once a week 0S=60%
fluororur acil and (-5 times)
recurrent rectal leucovorin +RHT 18 DCR=28%
cancer (RRC)
Oott 2019 Squamous anal CRT with5- RHT with the BSD 112 5 years ND Comparable
[42] cancer fluororuracil and 2000 -3D- and BSD 0S=95.8 vs. toxicity for
mitomycin C vs 2000 -3D-MR- 74.5%, Grades 3hd
CRT with 5 Hyperthermia P=0.045 early side
fluororuracil and System DFS=89.1 vs. effects: skin
mitomycin C + RHT | once or twice weekly 70.4%, reaction,
(5-10 times) P=0.027 diarrhea,
LRFS =97.7 vs. stomatitis, and
78.7%, nausea/
P=0.006 emesis, with the

only exception
of a higher
hematotoxicity
rate for the
CRT+RHT group
(66 vs. 43%, P=

0.032).

RT=radiotherapy, RHT =hyperthermia, OS =overall survival, SR =survival rate, Clinical benefit =complet e response + partial response + stable disease, CHT=chemotherapy, DFS =Diseasefree survival

CRT=chemoradiotherapy, LRFS =local relapse-free survival, ND =not specified
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Neoadjuvant CRT in association with RHT and mEHT does not increase toxicity ashallows to achieve encouraging
results in terms of tumor response and survival in the rectal, colon, and anal cancer patients. Further
randomized studies are required to confirm these data.

Pancreatic cancer

Pancreatic cancer has a poor prognosis with a 5-year OS < 10%. This may bebecause pancreatic cancer is quite
resistant to RT and CHT because of its hypoxic microenvironment that diminishes sensitivity to these therapies
[50]. Most used CHT schedules include gemcitabinebased regimes, nab-paclitaxel, and for fit patients , the
FOLFIRINOX (leucovorin, fluorouracil, irinotecan, and oxaliplatin) [51], [52]. These drugs, however, have high
toxicity and often low efficacy. For this reason, the association of RTH to conventional CHT and RHT haslso
been intro duced for pancreatic cancer treatment, enhancing the drug delivery and diffusion inside the tumor,
improving blood flow, reducing hypoxia , and inhibiting DNA repair, hence enhaning tumor apoptosis .

Three studies compared the survival of locally advanced p ancreatic cancer after treatment with the combination

of CRT and RHT versus CRT alone. Their results show that the addition of RHT increased significantly the survival:
0S=8.8 vs. 4.9 months (p = 0.02), OS= 15 vs 11 months (p = 0.025), 1 year OS=80% vs 57%p=0.021) and
PFS=18.6 vs. 9.6 months (p = 0.01) (table 3)[53], [54], [55] .

The association of CHT to RHT alsoresult s in encouraging survival: median OS of 12.9-17.7 months, 1 year
0S=4%, and 2 years OS=15%[56], [57], [58] . As concerning the tumor re sponse of locally advanced pancreatic
carcinoma, the association of CHT to RHT resulted in DCR of 5661%, [58] . The treatment is well tolerated with
a toxicity of G2 pain and a skin rash, and 5% grade II}HV toxicity [54], [58] .

A significant increase in survival is also observed when CRT is associatedwith mEHT than CRT aloneas reported
by Fiorentini et al. (OS= 18.0 vs 10.9 months, p<0.001) [26] . The other two studies report similar survival s on
mEHTto treat locally advanced pancreatic carcinoma, OS o 8.9 -15.8 months and PFS of 3.9-12.9 months [59],
[60] . mEHTalso shows high tumor response in locally advanced pancreatic carcinoma with DCR of 71-96% and
safety without grade Il -1V toxicity [26], [59] . These better tumor resp onse and survival results o f CHT and/or
RT in association with mEHT arealso observed in geriatric (>65 years) patients with pancreatic cancer . Indeed, a
greater DCR, OSand PFS are reported for the mEHT group and nomEHT group in this population (table 3) [61].

Oncothermia Journal, Volume 30, April 2021 29



Table 3) Locally advanced pancreatic cancer

Author Year Treatment Hyperthermia No. of Pts. Survival Tumor Response | RHT related toxicity
protocol (n)
Sarti 2020 MEHT+RT or CHT with | mEHT with 13.56 MHz 32 OS= 18 months | DCR=85% vs 26% 3% of G1-G2 skin
[61] gemcitabine regimen (EHY-2000) twice a (range 10.3- (p=0.0018). pain and burns
VS week (8 times) 28.6) versus
RT or CHT 10.97 months
(range 4.00 -
22.16)
PFS=12 months
(range 3-28.6)
Versus
4.53 months
(range 1.33
17.57)
(p=0.003)
Fiorentini 2019 MEHT+RT or CHT \th MEHT with 13.56 MHz 106 0S=18.0 3 months no grade 1V
[26] gemcitabine regimen (EHY-2000) twice a months vs 10.9 | DCR= 92% vs66% toxicity
VS week (8 times) months
RT or CHT (p<0.001)
lyikesici 2019 CHT with gemcitabine or | mEHT with 13.56 MHz 25 0S=15.8 3 months None
[60] FOLFIRINOX regimen (EHY-3010) at 1106 months (95% DCR=96%
+mEHT 130W power for 60 Cl, 10.521.1)
minutes PFS=12.9
months (95%
Cl, 11.r14.6)
Ono 2019 CHT with FOLFIRINOX, | RHT with Thermotron 28 1 year OS=41% | 3 months DCR=57% ND
[56] Gemsitabin plus nab RF8, for 50 minutes 2 years 6 months
Pacritaxel or S-1 +RHT | after CHT once a week 0S=15% DCR=45%
(5 times) 12 months
DCR=12%

18 months DCR=6%
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Author Year Treatment Hyperthermia No. of Pts. Survival Tumor Response | RHT related toxicity
protocol (n)
Maebayashi 2017 CRT with 5fluororuracil RHT with Thermotron 13 1 year Lower
[53] or gemcitabine + RHT RF8, for 50 minutes 0S=80% vs hematological and
vs CRT at 800 -1200W power 57% (p=0.021) gastrointestinal
once or twice a week toxicity than CRT
(5 times) alone
Tschoep-Lechner 2013 CHT with gemcitabine RHT with BSB2000 27 PFS =5.9 DCR=50% no grade 1V
[57] and cisplatin +RHT day 2 and 4, 1 hour months toxicity
twice a week for 4 OS 12.9 months
months
Maluta 2011 CRT with gemcitabine RHT with BSDB2000 68 Median OS= 15
[55] based regimens+RHT Once a week vs 11 months
vs CRT (25 times) (p = 0.025)
Volovat 2014 CHT (GEMOX) +mEHT | mEHT with EHY¥-2000 26 Median PFS= DCR=71% no grade IV
[59] device 3.9 months. toxicity
at 70-150 W on day 1, Median OS= 8.9
3, 5 of every CHT months.
cycle
Ishikawa 2012 CHT with RHT with Thermotron 18 Median OS=17.7 ORR=11.1% G2 pain and a skin
[58] gemcitabine+RHT RF8 at 1100 to 1500 months DCR=61.1% rash
W power for 40
minutes once a week
Ohguri 2008 CRT with RHT with Thermotron 29 Median 0S=8.8 ND 5% grade IV
[54] gemcitabine+RHT vs RF8 at 900W power, vs. 4.9 months, toxicity
CRT once a week 13 hours P =0.02,
after RT and during Median
CHT PFS=18.6 vs.
9.6 months, P =
0.01

RT=radiotherapy, RHT=hyperthermia, OS =overall survival, SR =survival rate, Clinical benefit =complete response + partial response + stable disease, CHT=chemotherapy, DFS =Diseasefree survival,
CRT=chemoradiotherapy, LRFS =local relapse-free survival, DCR =disease control rate, nEHT =modulated electro -hyperthermia, ORR=overall response rate
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These data suggest that RHT increases CRT and CHT benefit both in median OS and DCR in locally advanced or
metastatic pancreatic cancer with low toxicity. Further studi es to investigate CRT and RHT in locallyadvanced
pancreatic cancer include the HEATPAC trial, a phase Il randomized tria[62] .

Summary

In association with radiotherapy and/or chemotherapy, regional hyperthermia may increase median OS, PFSand
tumor resp onse of patients with esophageal, colon, rectal, anal , and locally advanced or metastatic pancreatic
cancer. The mEHT is a relatively new regional hyperthermia method that targets tumor cell membranes and
extra matrix tissue to increase cancer tissue temperatur e and sensitize it to cancer therapies. This method has
relatively few published studies . However, the results are interesting and comparable to those of other RHT,
amplifying both chemotherapy and radiotherapy's benefits in all the considered tumors and it is well tolerated.

Conclusion

The data presented in this narrative review are from retrospective and prospective studies and suggests that
regional hyperthermia in association with radiotherapy and/or chemotherapy may increase median OS, PFSand
tumor response of patients with esophageal, colon, rectal, anal , and locally advanced or metastatic pancreatic
cancer. mEHT is a relatively new method of regional hyperthermia that targets tumor cell membranes and extra
matrix tissue to increa se the temperat ure inside cancer tissue and sensitize it to cancer therapies. This method
has few published studies in gastrointestinal cancers . However, the results are comparable to those of other
RHT, amplifying both chemotherapy and radiotherapy's benefits in all the considered tumors and is well
tolerated [63].

The studies presented have a heterogeneity as concerning the RHT protocols, for this reason , it is difficult to
compare the results of different studies. Standardized RHT protocols and more rand omized clinical trials are
needed for each tumor type to address this issue.
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Abstract: Background: The prognosis of children with diffuse intrinsic pontine glioma (DIPG)
remains dismal despite radio- and chemotherapy or molecular-targeted therapy. Immunotherapy is a
powerful and promising approach for improving the overall survival (OS) of children with DIPG.
Methods: A retrospective analysis for feasibility, immune responsiveness, and OS was performed on
41 children treated in compassionate use with multimodal therapy consisting of Newcastle disease
virus, hyperthermia, and autologous dendritic cell vaccines as part of an individualized combinatorial
treatment approach for DIPG patients. Results: Patients were treated at diagnosis (n = 28) or at the
time of progression (n = 13). In the case of 16 patients, histone H3K27M mutation was confirmed by
analysis of biopsy (n = 9) or liquid biopsy (n = 9) specimens. PDL1 mRNA expression was detected
in circulating tumor cells of ten patients at diagnosis. Multimodal immunotherapy was feasible
as scheduled, until progression, in all patients without major toxicity. When immunotherapy was
part of primary treatment, median PI'S and OS were 8.4 m and 14.4 m from the time of diagnosis,
respectively, with a 2-year OS of 10.7%. When immunotherapy was given at the time of progression,
median PFS and OS were 6.5 m and 9.1 m, respectively. A longer OS was associated with a Th1 shift
and rise in PanTum Detect test scores. Conclusions: Multimodal immunotherapy is feasible without
major toxicity, and warrants further investigation as part of a combinatorial treatment approach for
children diagnosed with DIPG.

Keywords: DIPG; multimodal immunotherapy; DC vaccination; Newcastle disease virus;
hyperthermia; PanTum Detect test; Th1 shift

1. Introduction
Diffuse intrinsic pontine glioma (DIPG) is a rare brainstem tumor that typically occurs in children.

The overall incidence rate of all primary brain tumors ranges between 3-6 per 100,000 children and
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adolescents between 0 and 19 years of age [1,2]. About 10-15% of these tumors are located in the brain
stem [2,3] and 75-80% of pediatric brainstem tumors are DIPG [3], making its incidence less than one
per 100,000 children each year. DIPG is diagnosed by assessment of clinical symptoms derived from
the pyramidal tract, the cerebellum, and the cranial nerves, together with the typical imaging on MRI,
which manifests as a T1-weighted hypointensity, T2-weighted hyperintensity involving »50% of the
pons, with occasional ring contrast enhancement [4]. Most, but not all, of these lesions are driven by
histone mutations [5], classifying them as diffuse midline gliomas (DMG), according to the current
WHO brain tumor classification [6]. About 85% of DIPGs harbor histone mutations [7].

There is no known cure for DIPG [7] and the 2-year overall survival (OS) remains below 10%.
Insufficient data in the literature preclude analysis of the 5-year OS of this disease [8]. The poor
prognosis of DIPG is in contrast to the more favorable prognosis of pediatric glioblastoma multiforme
(GBM), which results in a 5-year OS of about 20% in cases involving favorable clinical risk factors
(e.g., age, location, extent of resection) [9]. In contrast, DIPG is inoperable, and radiotherapy is
generally accepted as the standard-of-care treatment, reducing temporarily acute symptoms [10-13].
Changing radiotherapy modalities, or the addition of (neo)adjuvant chemotherapy or other drugs, has
not changed the OS over the past 30 vears [14]. Re-irradiation is possible [15]. A breakthrough came
when biopsy was developed as a safe and feasible procedure [16,17]. Knowledge on the molecular
biology of the tumor has resulted in the development of molecular-driven treatment strategies [18,19].
The worldwide networks for biology data and the DIPG registry for clinical and radiological data
together form the basis for future development in the field [20,21]. Apart from radiotherapy as a single
treatment modality or clinical trials combining radiotherapy with classic chemotherapy [22], innovative
treatment modalities have emerged such as local treatments via convection-enhanced delivery [23-25].

Immunotherapy and biologic treatments for DIPG are emerging fields of research.
A Clinicaltrials.gov search (September 2019) for “DIPG/Immunotherapy” vielded six trials studying
the role of vaccines including two trials with dendritic cell (DC) vaccines (NCT03396575, phase 1,
recruiting; NCT02840123, phase 1, active, not recruiting), two trials focused on immunomodulation
with Indoximod (NCT04049669, phase 2, not yet recruiting; NCT02502708, phase 1, recruiting), one trial
with tumor-initiating-cells (NCT01400672, phase 1, suspended), and one with the H3.3K27M peptide
vaccine ((NCT02960230, phase 1, active, not recruiting). One trial was registered using the oncolytic
virus Adenovirus DNX-2401 (NCT03178032, phase 1, recruiting). Each of these studies included a
limited number of patients, and focused on feasibility, toxicity, or preliminary efficacy. Treatments
typically included radiotherapy. Data from these trials would give important, but limited, information
on the research question.

In addition, individualized combination treatment strategies outside of clinical trials are a
well-known phenomenon, not only in the scientific community but also in patient communities.
Particularly for DIPG, treatment approaches outside of clinical trials are common [26]. [tis of utmost
importance for both the scientific and patient community that the results from these individualized
treatment approaches are analyzed and reported. We therefore aimed to present the data of a
retrospective analysis of 41 children with DIPG consecutively treated with multimodal immunotherapy
in compassionate use at the Immun-Onkologisches Zentrum Koéln (IOZK), between October 2011 and
February 2018.

2. Materials and Methods

The database consisting of all patients who had contact with the IOZK was fixed at 15 July
2018, A search for DIPG as the primary diagnosis vielded 142 records of patients from at least
33 countries (data not available for 16 patients). Forty-one of these patients (29%) were actively treated
with immunotherapy at the IOZK as an individualized treatment approach in compassionate use
{“individueller Heilversuch”) between October 2011 and February 2018. Thirty-six patients (88%)
began treatment between 2016-2017. The last OS5 analysis was performed at the end of September 2019.
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All patients started immunotherapy with a blood investigation focused on the functional status
of the immune system. The immunotherapy consisted of vaccination cycles and/or immunogenic
cell death (ICD) therapy. Full vaccination cycles consisted of five consecutive days of treatment
with intravenous injection of Newcastle disease virus (NDV) in combination with local modulated
electrohyperthermia (mEHT) via the Oncothermia EHY-2000 device {Oncotherm GmbH, Troisdorf,
Germany) for 40 min at an intensity of 40 W. During mEHT, 0.9% Na(Cl infusion was administered.
On the eighth day, a sixth session of NDV/mEHT was administered. Autologous mature DCs were
loaded with NDV/mEHT-induced serum-derived antigenic extracellular microvesicles and apoptotic
bodies. DCs were injected intradermally in the upper third of the arm. This personalized vaccine,
approved as an advanced therapy medicinal product since May 2015 and registered as I0-VAC®,
was prepared as described [27]. The therapy consisted of two consecutive vaccination cycles with an
interval of three weeks between each cycle. ICD therapy consisted of three days of NDV/mEHT. ICD
therapy was incorporated at days 8, 9, and 10 in conjunction with 5/28 days oral TMZ. Following the
maintenance chemotherapy, vaccination cycles were started following a similar schedule as described
for adults with GBM [27]. ICD therapy was also given as maintenance immunotherapy after two full
vaccination cycles for all patients who reached that stage.

Plasma circulating tumor DNA {ctDNA) analysis was used to screen for H3.3K27M mutation in
21 patients, as described previously [28,29]. Briefly, cell free DNA was isolated from 1 mL of plasma,
and digital droplet PCR (ddPCR) was performed as per [29] to detect, and quantify the abundance of
the H3F3A wildtype and K27M mutant alleles,

Patients were monitored during treatment at three levels. Routine cell numbers and immune
functional tests were determined in the clinical laboratory (www.synlab.com). The percentage of IL-4
and [FN-g expression within CD4+ T cells was determined using FACS. Circulating tumor cells (CTC)
were isolated and the mRINA expression level of PDL1 was analyzed by Biofocus (www.biofocus.de).
The PanTum Detect tests were performed at IOZK using the Epitope Detection In Monocyte (EDIM)
technology as described [30-33].

3. Results

3.1. Patient Characteristics

Forty-one children (n = 10 male, 31 female) from 16 countries were effectively treated with
multimodal immunotherapy at the IOZK, following an in-depth explanation of the treatment strategy
and written informed consent from the patient or patient’s guardian. Qur retrospective analysis
focused on this group of patients. An additional 101 children with DIPG were registered in the
database, but did not follow treatment for various reasons. The treated children were subdivided into
three groups: Group 1, children receiving immunotherapy before radio- and chemotherapy (n = 6);
Group 2, children receiving immunotherapy in conjunction with the first line of treatment provided by
the local oncology center (n = 22 total; radiotherapy only = 13, radiotherapy and chemotherapy = 9);
and Group 3, children treated with immunotherapy upon disease progression following the first
line of standard treatment, which consisted of radiotherapy for all patients, and a combination of
radio/chemotherapy in the case of nine patients (n = 13 total). The median age at diagnosis for all
children was five years, with a range from two to 19 yvears (Figure 1A). The age range did not differ
between the three patient groups (Kruskal-Wallis test). The median Lansky Playing Scores (LFPS) of the
three patients groups were 80, 90, and 60, respectively, indicating no significant difference between the
groups (Kruskal-Wallis test), although the minimum LPS were 70, 60, and 20, respectively (Figure 1B).
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Figure 1. Characteristics of retrospective cohort consisting of 41 children with diffuse intrinsic
pontine glioma (DIPG). Patients included in this retrospective cohort wete stratified into three groups
based on the treatment modalities they received in addition to immunotherapy. Patients in Group
1 received immunotherapy priot to radiation therapy, while patients in Group 2 received radiation
therapy before beginning immunotherapy as their first line of treatment. Patients in Group 3 received
immunotherapy at the time of progressive disease, following their first line of treatment. (A) Age
distribution (median and interquartile range). (B) Lansky score at admission for immunotherapy
(median and interquartile range).

All children received the diagnosis of DIPG based on MRI diagnostics in the local treating oncology
center and were counseled accordingly. A retrospective central radiology review was not organized.
Data on the length of symptoms prior to diagnosis were not systematically captured. Histone mutations
were molecularly confirmed by tissue biopsy in nine patients (19.5%) (n = 1/6 patients from Group
1, 5/22 from Group 2, and 3/13 from Group 3). ddPCR analysis of plasma ctDNA indicated that 9/21
patients tested were positive for H3.3K27M mutation [34,35]. Plasma ctDNA mutation detection was in
accordance with histone mutation status confirmed by tissue biopsy in 2/3 patients. Hence, molecular
support for the DIPG diagnosis was present in 16/41 patients (n = 1/6 patients from Group 1, 12/22
from Group 2, and 3/13 from Group 3).

An immune diagnostic procedure was performed on patients prior to the start of immunotherapy
(Figure 2). Three different categories of tests were performed. (1) The number and functions of T
cells, B cells, and NK cells were compatred to the reference values of the laboratory. The relatively
high proportion of patients falling below the lower reference limit reflects their first line of treatment
with chemotherapy (administered to three patients in Group 1) and/or radiotherapy {administered to
all patients in Group 2). The three children who did not receive chemotherapy or radiotherapy from
Group 1 had also at least one variable below the reference lirnit for cytokine production. These children
did not receive steroids. Patients from Group 3 were no more affected than patients from Groups 1 or
2. (2) A PanTum Detect test was performed in all children at diagnosis. The PanTum Detect test is a
novel screening test based on two general markers in cancer, Apol0 and TKTL1, which can be detected
with intracellular staining and FACS analysis in CD14+CD16+ gated circulating monocytes using
EDIM technology [30-33]. The Apel0 protein epitepe marks tumeor cells with abnormal apoptosis and
proliferation. The transketolase-like protein 1 {TKTL1) represents the enzymatic basis for anaerobic
glucose metabolism even in the presence of oxygen, which is concomitant with a more malignant

phenotype due to invasive growth/metastasis and resistance to radical and apoptosis-inducing therapies.

Interestingly, at least one PanTum Detect test score was in the pathologic range in all patients. Only

four patients, all belonging to Group 2, had a borderline Apol0 value with a normal value for TKTL1.

(3) Although plasma for ctDNA analysis was not systematically sampled at diagnosis, circulating tumor
cell (CTC) detection was performed in almost all children. The latter test isolates CTCs derived from
brain tumeors as these cells are larger than circulating blood cells, remain on top of a filter, and harbor
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oncogenic MRNA expression profiles (e.g., elevated expression of telomerase, ERBB2, C-kit, and EGER,
relative to the expression of housekeeping genes). CTCs were detected in 2/5 patients from Group 1,
17/20 patients from Group 2, and 5/8 patients from Group 3. Increased PDL1 mRNA expression in
CTCs was detected in one, seven, and two patients from Groups 1 to 3, respectively. In five patients
with positive CTC detection, PDL1 mRNA expression was not elevated compared to the housekeeping
genes. In 3/9 patients tested, no CTCs were detected in the blood. In one biopsied patient from Group
3, no CTC data were available. Together, the immune function variables, the PanTum Detect test
variables, and the evidence of FDL1 mRINA expression in CTCs all indirectly provide information on
the tumor microenvironment including the interaction between the tumor and the host’s immune
system. The results of these tests can inform and refine personalized immunotherapy.
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Figure 2. (A) Proportion of patients deviating from the normal reference values: White blood cell count,
hemoglobin, thrombocyte count; relative values for white blood cell subpopulations as percentage
(granulocytes, lymphocytes, monocytes, eosinophils, basophils); absolute values for lymphocyte
subpopulations (T cells, B cells, NK cells); percentage cytokine producing CD4+ T cells (IL-2; IL-4,
[EN-g) and cytetoxic NK cell function at three effector target ratios (E:T 1:1, 5:1, 10:1). (B) Proportion
of patients showing levels (normal, border, above the reference values) of Apold and TKTL1 within
the CD14+CD16+ monocytes. (C) Proportion of patients without (no CTC) or with CTCs, and with
negative (CTC PDLI1-) or positive (CTC PDL1+) PDL1 mRNA expression.

3.2, Treatment Data

Before the start of immunotherapy, three patients in Group 1 received chemotherapy prior to
radiotherapy, according to the Polish standard of care. One of these patients received a complex
cocktail of different repurposing and complementary drugs (Agomelatine, minocycline, valproic acid,
curcumin, Boswelia, scorpion venum extract, CBD), and another patient received photodynamic
treatment (PDT, www.webermedical.com). This latter child and one additional patient were further
treated with PDT during immunotherapy. Patients in Group 2 were all treated with radiotherapy prior
to immunotherapy. Nine patients also received chemotherapy, five of whom continued Temozolomide
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(IMZ) maintenance chemotherapy together with immunogenic cell death (ICD) treatment until the
first progression, after which full dendritic cell {{DC) vaccination cycles were initiated. One patient was
treated respectively with CED treatment, oral panobinostat, gallium maltonate, and Bevacizumab as
part of the first line of treatment prior to immunotherapy. During immunotherapy, one patient was also
treated with CED, PDT, and gallium maltonate, respectively. As a result, 14/22 patients from Group
2 received multimodal immunotherapy following radiotherapy without any concomitant treatment
modality. Two of the 13 children in Group 3 combined multimodal immunotherapy with gallium
maltonate treatment. The use of complementary drugs or diet was not systematically reviewed.

The technical details of the multimodal immunotherapy are shown in Figure 3. [CD treatment
consisted of the combination of intravenous NDV administration together with mEHT. Each DC
vaccination cycle consisted of six NDV/mEHT treatments combined with intradermal injection of
autologous mature DCs loaded with NDV/mEHT-induced serum-derived antigenic extracellular
microvesicles and apoptotic bodies from the patient’s tumor. There was no significant difference in
the numbers of DCs, vaccinations, hyperthermia sessions, or NDV administrations between the three

groups of patients (Kruskal-Wallis test).
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Figure 3. (A) Number of sessions of modulated electrohyperthermia (mEHT); (B) number of injections
of Newcastle disease virus (NDV); (C) number of dendritic cell (DC) vaccines; and (D) number of DCs
injected for the three patient groups.

3.3. Clinical Evolution

All treatments were administered in an ambulatory setting. Twenty-four children received a
central venous access device placed prior to the start of immunotherapy, while 15 children received the
immunotherapy without central venous access. Two children received a central venous access during
immunotherapy. One child with fast progressive DIPG and LPS of 40 received a central venous access
device, aimed at providing general support including a short hospitalization. This patient discontinued
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immunotherapy after one week. Treatment-induced side effects were not systematically screened
using questionnaires. At each patient contact, clinical signs were discussed. Most symptomatology
was attributed to the DIPG itself and/or other antitumoral treatments given. Nevertheless, low grade
complaints of fever (n = 1), dizziness (n = 2), neuralgia (n = 1), and headache (n = 1), all likely related to
immunotherapy, and ascites in the context of a ventriculo-peritoneal drainage (n = 1) were registered
in the database.

MRI was performed at the local oncology center. Progressive disease can be difficult to discern in
the context of DIPG, and, reference radiology was not systematically performed in all patients, further
complicating the identification of disease progression. Moreover, the contribution of immunotherapy
made the interpretation of MRI findings more difficult. IOZK provided all information when requested
for the assessments at the local hospitals. For the analysis in this retrospective study, PFS was defined as
the moment when a new treatment strategy was implemented by the local oncology center. Data were
available for 22 patients from the 28 first-line DIPG patients belonging to Group 1 (immunotherapy
before radiotherapy) and Group 2 {immunotherapy after radiotherapy). The median PFSwas 8.4 m
(Figure 4A). The six-month PFS was 90.9% (CI95%: +6.7, —22.6). We recognized that our patient group
was highly biased with children still being able to travel, and with parents putting maximal effort
and resources for treatment. A similar profile, however, was present in the 13 children from Group
3 who came for immunotherapy at the time of progressive disease. In these children, we calculated
PFS as the time between diagnosis and the date of a second event, hence first-line treatment without
immunotherapy. For these 13 children, the median PT5 was 6.5 m, and the 6-month PI'S was 53.8%
(CI95%: +22.1, —29.0), which was significantly (Log-rank test: p = 0.013) less than that of the patients
who received immunotherapy as part of their first-line treatment.
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Figure 4. Progression-free survival (PFS) (A) and overall survival (OS) (B) are shown for patients
from Groups 1 and 2 (black line: patients receiving immunotherapy as the first line of treatment either
before (Group 1) or after (Group 2) radiotherapy) and from Group 3 (red line: patients receiving
immunotherapy at the time of progressive disease, following the first line of treatment). Log-rank test
for PFS showed a p value of 0.014. Log-rank test for OS5 showed a p value of 0.057.

It is generally accepted that OS is the ultimate outcome to be considered in patients with DIPG.
A similar approach was therefore performed to assess the OS5 of patients from each group. Data from
all children were available, and all had an event. The median OS of the Groups 1 and 2 patients
combined was 14.4 m, with a 1-year OS of 64.3% (CI95%: +14.6, —20.5), and a 2-year OS of 10.7%
(CI95%: +14.3, —8.0) (Figure 4B). The longest OS5 of patients in Groups 1 and 2 was 38 m (Figure 4B).
There was no significant difference between Group 1 (median OS5: 16.9 m; 2-year OS5: 16.6%, CI95%:
+35, —15.9) and Group 2 (median OS: 14.4 m; 2-year OS: 9%, CI95%: +16, —7.5). The OS for the patients
in Group 3, calculated from the time of initial diagnosis, was 9.1 m, with the longest OS of 22.9 m.
There was a trend toward a longer OS when patients were treated with immunotherapy as part of
first-line treatment (p = 0.057),

Two patients from Group 3 with progressive disease were treated prior to 2015. One patient
from Group 1 began treatment in September 2015. One patient from Group 2 began treatment in
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February 2018. All other patients were treated between 2016-2017. Thus, the general policy for rescue
treatments was quite homogeneous. A total of 8/28 patients from Groups 1 and 2 received re-irradiation
upon progression. One of these eight patients received CED therapy in London, and subsequently
received intra-arterial chemotherapy in Monterrey (ideoimexico.com). One other patient proceeded
with antineoplaston treatment followed by intra-arterial chemotherapy in Monterrey. We are not aware
whether chemotherapy rescue protocols were initiated. Most patients went to palliative treatments.

3.4. Laboratery Data Menitoring

Data on the evolution of the above described values over time were available for 14 patients
with longer follow up (one patient from Group 1, 11 patients from Group 2, and two patients from
Group 3). Data on the PanTum Detect test scores were available for two further patients from Group
2 (23794 and 23887). Ten patients from Groups 1 and 2 had an OS that was longer than the median
0§, while four patients had an OS that was shorter than the median ©OS. Data on the shift in Th1/Th2
balance are shown in Figure 5A. Although mostly within the normal reference range, 5/9 patients

with an OS longer than the median shifted toward Thl upon immunotherapy, and 4/9 toward Th2,

The three patients with a shorter OS all shifted toward Th2 upon immunotherapy. One patient (22837)
first shifted to Thl, but then clearly to Th2. The median OS5 of the patients that shifted to Thl was

23.5 months, whereas the median OS5 of the patients that shifted to Th2 was 17.7 m (not significant).
The two patients from Group 3 shifted toward Thl immediately following their two vaccination cycles.
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Figure 5. Evolution of immune variables in blood was followed in 14 patients. Patients treated with
immunotherapy as part of their primary treatment with an OS5 longer than the median OS are shown
in green, and patients with an OS shorter than the median OS are shown in red. Marked in blue are
two patients treated with immunotherapy at the time of progressive disease following the first line of
treatment. (A) Percentage [L-4 and IFN-g producing CD4+ T cells measured at different time points.
The arrow indicates the evolution. (B) Longitudinal PDL1 mRNA expression in CT'Cs over the course of
12 months, The reference cut-off was 2 {dashed line). (C) The evolution of the sum of Apol10 and TKTL1
over 12 months. The maximum cut-off was 249 (dashed line). (D,E) Individual data of Apo10 + TKTL1
scores in patients 23794 and 23887, Each treatment block is indicated. During each immunotherapeutic
intervention, Apel0 + TKTL1 scores were measured before the start of, and at each consecutive day
during treatment.
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Available mRNA values for PDL1 in CTCs (Figure 5B) did not change significantly over time
as compared to the immunodiagnostic test. Values for the sum of ApolQ and TKTL1 scores were
also followed over months in this subset of patients (Figure 5C). The values reflect the content of
tumor-derived Apel0 and TKTL1 within CD14+CD16+ monocytes in peripheral blood. The levels of
these values are influenced by the volume of tumor cell damage as well as tumor cell death in response
to treatment. The two patients treated at the time of relapse had a reduction in Apol0 and TKTL1
scores over time. Additionally, two patients from Groups 1 and 2 with shorter than median OS had
decreasing values, while patients from Groups 1 and 2 who showed longer than median OS5 had mostly
stable or increasing values, reflecting persistent uptake of Apol0 and TKTLI from dying tumor cells.
The more detailed curves of patients 23794 and 23387 showed an initial increase followed by a stable
and decreasing curve, respectively (Figure 5C). Of note, these two children were treated according to
the German standard of care with radiochemotherapy and up to 12 maintenance TMZ cycles, to which
ICD treatments were added, similar to the schedule published previously for adults with GBM [27].
At the immune diagnostic blood sampling, both patients had a low content of Apol0 and TKTLI in
the CD14+CD16+ monocytes, though both were treated only with radiochemotherapy. Both patients
showed an increase in their PanTum Detect test scores and a subsequent decrease, potentially reflecting
the effect of transient radiochemotherapy and maintenance chemotherapy plus ICD therapy. Patient
23794 received seven TMZ cycles with ICD treatment, experienced disease progression, and was then
re-irradiated and received two DC vaccination cycles and further maintenance ICD treatments. Patient
23887 received five TMZ maintenance cycles with ICD treatment, experienced disease progression,
and finished immunotherapy, but then received re-irradiation and anti-GD2 antibedy.

Focusing on the evolution of the PanTum Detect test results as a marker of response to ICD
treatment [36], we began daily PanTum Detect test measurements during treatment. Data from two
patients (23794 and 23387) were available. Figure 510,E show the daily evolution of the available
PanTum Detect test results during immunotherapy at different treatment episodes. The retrospectively
sampled dataset was incomplete, however, one can appreciate the marked increase in the FanTum
Detect test results in Patient 23887 upon the first 3-day ICD treatment (Figure 5E). The ICD treatment
did not induce a further increase in the PanTum Detect test scores on a day-by-day basis when the
starting value of the treatment block was increased, but the increase in the PanTum Detect test scores
became clear again when the starting value of the treatment block was lowered. In Patient 23794, at the
time of DC vaccinations and the 5-day I[CD treatment, an apparent day-by-day increase was again
observed upon injection with NDV and treatment with mEHT (Figure 5D). Together, the data suggest
that the values of the PanTum Detect test scores evolve over time, and that this evolution is likely to be
influenced by both the response to the standard antitumor treatment (transient increase and decrease
over months) and the response to ICD treatment (rapid increase day-by-day).

4, Discussion

In this study, we summarized the data obtained from a retrospective analysis of a cohort of
children diagnosed with DIPG who received multimodal immunotherapy as a primary treatment,
or at the time of progressive disease, at the [OZK mainly between 2016-2017.These children were
treated using an individualized approach. As such, the data should be taken with great caution, and
no firm conclusions can be drawn. The authors, however, do believe that the reporting of such data
is of high value to the field of DIPG research, and also holds value for the community of patients
and their families. It is critical to provide comprehensive data gathered from retrospective analyses,
in order to aid in (1) the counseling and guidance of future patients on the basis of the analyzed data,
and (2) the development of new innovative clinical trials.

Immunotherapy and molecular biology-based treatments are emerging in the field of DIPG.
H3K27M is recognized as a tumor-specific antigen [37,38], and vaccination strategies using the
long-peptide are under consideration. Immune responses have been generated using autologous
DCs loaded with lysate from DIPG cell lines [39]. Moreover, DC vaccination technology has
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been shown to be feasible and safe. The tumor micreenvironment remains a major obstacle in
immunotherapy approaches [40], and oncolytic virus therapy can play a major role in modulating
the tumor microenvironment [41,42]. NDV was shown in vitro to reduce the viability of DIPG
cell lines (Carolien Koks, unpublished data). Infiltration of tumor-reacting T cells within a DIPG
microenvironment was demonstrated in animal models upon treatment with the Delta-24-RGD
oncolytic virus [43,44]. A concern in the field of oncolytic virus therapy is the antiviral immunity of
the patient. However, anti-viral immunity in an animal model using NDV as the oncolytic virus has
been shown to potentiate its immunotherapeutic efficacy [45]. mEHT is a method to treat cancer by
inducing heat stress, which selectively targets tumor cells due to their altered metabolic dependencies
relative to healthy cells, resulting in different conductivity of electromagnetic waves [46]. mEHT is
known to induce immunogenic cell death [47-50], and has been previously utilized in the treatment
of brain tumors [51]. Overall, there are sufficient data as well as experience at the IOZK to support
multimodal immunotherapy for these children as an individualized treatment approach.

While the patient group is small, the collation of retrospective data from 36 patients with DIFG
over a period of two years in one institution remains remarkable. The drive for this retrospective
study was mainly the interest both among clinicians and parents of children with DIPG, as evidenced
by social media. The authors realize that this is a highly biased patient group at multiple levels
including the medical condition and the attitude of the parents. However, when considering the age
distribution and LP5 distribution of this cohort, the patient group reflects the typical DIPG patient
profile. The LPS was very low in some patients from Group 3, presenting with progressive disease.
Whereas all patients had typical clinical symptoms and MRI findings to substantiate the diagnosis of
DIPG, the diagnosis was further supported in 16/41 patients (39%) by molecular analysis via tissue
or plasma liquid biopsy, facilitating the identification of diagnostic histone H3K27M mutations in a
subset of patients. Nonetheless, MR imaging was the key factor in DIPG diagnosis. The available data
did not allow an appropriate matching analysis between tissue biopsy and liquid biopsy.

All patients were counseled and treated for DIPG by the oncologic center. Thirteen children from
Group 2 were treated with radiotherapy as the first line treatment alone, while in total, three children
from Group 1 (Polish protocol, though meant to be followed by radiotherapy) and nine children from
Group 2 were treated with radiotherapy and chemotherapy. This distribution also reflects the current
reality for DIPG treatment practices [26]: 52% of our patients with first diagnosis were treated by the
oncologic center with radiotherapy alone.

A surprisingly high proportion of patients exhibited immune variables below the reference values
at the time of presentation for multimodal immunotherapy. Both the disease itself and the treatments
given have a clear effect on immune potency. Even the three children who were not treated with steroids
or other prior treatments (radio- or chemotherapy) had levels below the reference limit for at least one
functional immune variable (cytokine production, NK killing function). This is a notable finding, as the
DIPG tumor microenvironment has been recently characterized as neither highly immunosuppressive
nor inflammatory [40]. Furthermore, approximately half of the patients with newly diagnosed DIPG
were treated with only radiotherapy prior to blood sampling. However, radiotherapy given only
locally can still have a systemic effect on the immune system [52]. The addition of Temozolomide
during and after radiotherapy further affects immune function. Nevertheless, a strategy to combine
maintenance Temozolomide with immunoegenic cell death treatment and subsequent D vaccination
after maintenance chemotherapy has already been published for adults with GBM [27]. Together,
the data point to a weakened immune status of the patient at the time of DIPG diagnosis, which is
worsened by any further medical intervention.

Another remarkable finding is the presence of CTCs in the blood at the time of the
immunodiagnostic blood sampling prior to immunotherapy. This test, provided by LADR Biofocus,
detects CTCs based on filtration techniques for the enrichment of cancer cells from the blood [53-55].
Molecular detection is subsequently performed by quantitative real-time PCR to measure the mRINA
expression of Telomerase, ERBB2, C-kit, and EGFR in comparison to GADPH mRNA expression.
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These general markers for brain tumors are used for tumor cell detection, as specific H3K27M
mRNA markers are not currently available. CTCs were detected in 73% of patients, a detection rate
higher than the detection rate for brain tumors (60%) mentioned by the company. Although there
is emerging knowledge on CTCs in patients with GBM [56,57], no specific literature is available for
DIPG. Nevertheless, this finding might lead to more systematic detection in these patients, as the
presence of CTCs in peripheral blood may reflect changing tumor biology and treatment resistance.
Importantly, 42% of CTC-positive samples showed elevated mRNA expression for PDL1 relative to the
housekeeping gene mRNA. FDL1 positivity in these CTCs might contribute to immune resistance,
similar to the mechanism published for PDL1l-expressing GBM-derived extracellular vesicles [58].
Correlations between the expression of PDL1 mENA in CTCs and data on the tumor—host interaction
derived from pathology investigations on biopsies is not currently available, but warrants further study.

All patients were treated with an individualized treatment approach in compassionate use
(“individueller Heilversuch”) with the goal of prolonging individual survival and maintaining quality
of life. The OS is the most important read-out of any clinical approach for DIPG patients, but remains
very poor. All previous attempts to date to improve OS have failed [10-12]. The survival prediction
model published in 2015 can be considered as actual [13]. In this model, the age, duration of symptoms,
and use of chemotherapy are linked to improved OS, whereas ring contrast enhancement on MRI at
diagnosis is an unfavorable predictor of OS [13]. In the presented retrospective series, we did not
have all the data available to calculate the individual DIPG risk score for each patient. However, only
one child from Group 2 was younger than three years of age at diagnosis, and 14/22 (64%) patients
did not receive chemotherapy; these two important factors influenced the DIPG risk score for most
patients with “+7” in the absence of “—4”. Accordingly, one can estimate that most patients belong to
the intermediate and high risk groups. Although the patient cohort in this study remains biased in
many respects, and no definite conclusions can be drawn from this retrospective analysis, the observed
14.4 month median OS5 for Group 2 exceeded the published median OS of 9.7 months for intermediate
risk patients and seven months for high risk patients, respectively, in the published survival prediction
model [13]. All patients from Group 3 were older than three years, and only four patients (31%) did not
receive chemotherapy. The median OS5 of 9.1 months from diagnosis in this group reflects the published
data [13]. These patients represent an equally biased patient group as those from Groups 1 and 2.
Therefore, one can conclude that the introduction of immunotherapy as a first line treatment may
provide potential benefit, compared to the introduction of immunotherapy at the time of progressive
disease. This finding is further supported by the data showing that the estimated PFS shifted by
about two months upon introduction of immunotherapy as first line treatment. Immunotherapy at an
early stage of disease is generally accepted to be more effective than at a later stage of disease [59].
As most patients did not undergo a tumor biopsy, and hence no tumor DINA was available to determine
mutation status or other molecular biology characteristics, we could not further compare the OS data
in this study with data published on patient groups defined by the molecular biology of the tumor [60].

We were able to measure cytokine production during treatment in several patients. For all
monitoring data, patients from Groups 1 and 2 were divided into (a) those living longer or shorter than
the median OS5, and (b) patients treated at relapse. The authors realize that this is a rough descriptive
analysis. A total of 67% of patients with longer OS5 had an immune response shift toward Thl, while all
patients with shorter OS shifted toward Th2. A Thl shift linked to a better OS upon immunotherapy
has also been observed in patients with GBM treated with immunotherapy [27]. In GBM, the profile
of the myeloid cells and microglia within the tumor microenvironment contributes to the Th1/Th2
balance, and hence the Th2 shift upon treatment might reflect a more immunosuppressive tumor
microenvironment [61]. Similarly, the Th1/Th2 balance has been linked to PDL1/PD2 axis activity [62].
However, the tumor—host mechanisms observed in GBM cannot be transferred to the DIPG tumor
microenvironment [40]. Furthermore, the peripheral blood immune status does not necessarily reflect
the intra-tumor status. We were not able to detect links between oncologic, immune, or treatment
characteristics predicting the shift direction.
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During the years in which the 41 children in this cohort were treated, we developed the PanTum
Detect tests using the EDIM platform as a potential marker of response to treatment [36]. These tests
were originally developed for cancer screening purposes [30-33], but showed value in the temporal
monitoring of patient responses [63,64]. Data in GBM patients suggested that high PanTum Detect
test scores could reflect responsive patients with better survival [27]. A similar observation was
present in this cohort of patients. The kinetics of these markers showed a transient response to the

different treatment modalities and allowed a day-by-day assessment of the effect of ICD treatment.

Both NDV [41,42] and mEHT [47-50] have been shown to induce ICD. The in vivo assessment of ICD
is difficult, as biomarkers in blood are strongly diluted and are not fully representative of the biological
processes occurring within the tumor. Most in vivo assessment of ICD relies on the abscopal effect that
can be studied in pre-clinical in vivo models. Intracellular staining of tumor-related markers such as
Apol0 and TKTL1 can be considered as a methodology using the circulating CD14+CD16+ myeloid
cells in the blood, which may provide information on the tumor. Any kind of tumor cell damage
causing leakage of Apol0and TKTL1 could be picked up by myeloid cells. Thus, the interpretation of
the PanTum Detect test scores is complex and influenced by many factors. However, the repetitive
day-by-day increase upon ICD treatment might suggest a causal relationship between ICD treatment
and increased biomarker levels,

5. Conclusions

We report our experiences with multimodal immunotherapy in a large cohort of children with
DIPG treated within a short time frame. This retrospective analysis has uncovered several interesting
observations that may allow further optimization of multimodal immunotherapy for DIPG as part
of primary treatment, focusing on Th1/Th2 shifting, the mode of NDV application, and the intensity
of mEHT. The evolution of PanTum Detect test scores may emerge as a tool for assessing treatment
response on a daily basis. This retrospective analysis consisted of a biased group of patients, and all
associated limitations should be considered. Further preclinical mechanistic data should be generated
to support the treatment concept. Nevertheless, the observed median OS of 14.4 months, 1-year
survival of 65%, and 2-year survival of 10% for children belonging to intermediate or high-risk profiles
remain remarkable. The data suggest that multimodal immunotherapy may be useful when integrated
with the first line of treatment. A phase I/II clinical trial incorporating multimodal immunotherapy
after the standard radiotherapy, and measuring the variables described here, is the most appropriate
design at the current stage. This report aims to provide information to the scientific community for
appropriate counseling of patients, and ultimately for consideration of the inclusion of multimodal
immunotherapy in innovative clinical trials.
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Simple Summary: Although multiple meta-analyses on active specific immunotherapy treatment
for glioblastoma multiforme (GBM) have demonstrated a significant prolongation of overall survival,
no single research group has succeeded in demonstrating the efficacy of this type of treatment in a
prospective, double-blind, placebo-controlled, randomized clinical trial. In this paper, we explain
how the complexity of the tumor biology and tumor-host interactions make proper stratification of a
control group impossible. The individualized characteristics of advanced therapy medicinal products
for immunotherapy contribute to heterogeneity within an experimental group. The dynamics of each
tumor and in each patient aggravate comparative stable patient groups. Finally, combinations of
immunotherapy strategies should be integrated with first-line treatment. We illustrate the complexity
of a combined first-line treatment with individualized multimodal immunotherapy in a group of
70 adults with GBM and demonstrate that the integration of immunogenic cell death treatment within
maintenance chemotherapy followed by dendritic cell vaccines and maintenance immunotherapy
might provide a step towards improving the overall survival rate of GBM patients.

Abstract: Immunotherapies represent a promising strategy for glioblastoma multiforme (GBM)
treatment. Different immunotherapies include the use of checkpoint inhibitors, adoptive cell thera-
pies such as chimeric antigen receptor (CAR) T cells, and vaccines such as dendritic cell vaccines.
Antibodies have also been used as toxin or radioactive particle delivery vehicles to eliminate target
cells in the treatment of GBM. Oncolytic viral therapy and other immunogenic cell death-inducing
treatments bridge the antitumor strategy with immunization and installation of immune control over
the disease. These strategies should be included in the standard treatment protocol for GBM. Some
immunotherapies are individualized in terms of the medicinal product, the immune target, and the
immune tumor-host contact. Current individualized immunotherapy strategies focus on combina-
tions of approaches. Standardization appears to be impossible in the face of complex controlled trial
designs. To define appropriate control groups, stratification according to the Recursive Partitioning
Analysis classification, MGMT promotor methylation, epigenetic GBM sub-typing, tumor microenvi-
ronment, systemic immune functioning before and after radiochemotherapy, and the need for/type
of symptom-relieving drugs is required. Moreover, maintenance of a fixed treatment protocol for
a dynamic, deadly cancer disease in a permanently changing tumor-host immune context might
be inappropriate. This complexity is illustrated using our own data on individualized multimodal
immunotherapies for GBM. Individualized medicines, including multimodal immunotherapies,
are a rational and optimal yet also flexible approach to induce long-term tumor control. However,
innovative methods are needed to assess the efficacy of complex individualized treatments and
implement them more quickly into the general health system.

Keywords: GBM; newcastle disease virus; moedulated electrohyperthermia; dendritic cell vaccination;
clinical trial; individualized multimodal immunotherapy
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