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Editorial

Dear Reader, dear Fellow Researchers, dear
Colleagues,

Our Oncothermia Journal reached a milestone. You
have 30 volumes of this informative 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 transmitted 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 advanced
metastatic cases successfully treated with complex
Oncothermia treatments, 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 showing
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 introduce 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.

| hope this volume also provides relevant and up-to-
date information for your daily 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 most
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 published 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 greatly
appreciated.

Enjoy this 30th volume of the Oncothermia Journal.

e

Prof. Andras Szasz

Editor of the Oncothermia 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
Maoglichkeit geboten, ihre
auszutauschen und zu erfahren, wie andere
Elektrohyperthermietherapie anwenden.

Erkenntnisse

In den in diesem Band vorliegenden Arbeiten werden
wichtige Themen behandelt. Dr.Brockmann disku-
tiert einige kritische Aspekte komplexer Therapien,
einschlieSlich der PET-Diagnose, die fir die Planung
der Behandlung mit Oncothermie wichtig erscheint.
PET liefert Informationen zur metabolischen
Aktivitat und leitfahigkeitsbasierten Tumorselektion.

Dr. Pastores Fallberichte zeigen sehr fortgeschrit-
tene metastatische Falle, die erfolgreich mit kom-
plexen  Oncothermie-Behandlungen  therapiert
wurden und wahrscheinlich Anhaltspunkte in Bezug
auf die Behandlung von schweren Krebserkrankun-
gen fir 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 verbunden wird. Die Artikel
von Prof. van Gool fihren uns in die Komplexitat
dieser Therapie ein und zeigen eine bemerkenswerte
Immunaktivierung mit Newcastle-Viren.

Eine technische Diskussion stellt eine der Beson-
derheiten dieses Bandes dar. Die zwei Artikel von
Dr. Mihlberg zeigen die Bedeutung einer prazisen
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 miussen
minimiert werden, wenn der Patient mit Oncothermie
behandelt wird.

Ich hoffe, dieser Band bietet lhnen relevante und
aktuelle Informationen fir lhre tagliche Praxis. An
dieser Stelle mdchte ich zudem auf die Bedeutung
des Oncotherm-Newsletters hinweisen. Dieser bietet
lhnen jeden Monat einen Uberblick iber die neuesten
Artikel, die auf internationalen Domains vercffent-
licht wurden, informiert Sie Uber Ereignisse und
Tatsachen im Zusammenhang mit Hyperthermie in
der Onkologie und erganzt die klinischen
Informationen aus unserem Oncothermia Journal.

Dieser zweisprachige Band enthalt einige wichtige
Aspekte der klinischen Anwendung von Oncothermie
in deutscher Sprache und kommt somit unseren
deutschsprachigen Lesern zugute. Wir mochten so
herausfinden, ob die zwei-sprachigen Inhalte von
unseren Oncothermie-Anwendern angenommen
werden und inwiefern unseren Lesern diese Art von
Ausgabe zusagt. Ich wiirde mich freuen, lhre 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 fir Biotechnik, St. Istvan Universitat
Chief Scientific Officer der Oncotherm Gruppe
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Rules of Submission

As the editorial team we are committed to a firm and coherent editorial line and the highest possible printing standards. But it is mainly
you, the author, who makes sure that the Oncothermia Journal is an interesting and diversified magazine. We want to thank every one
of you who supports us in exchanging professional views and experiences. To help you and to make it easier for both of us, we prepared
the following rules and guidelines for abstract submission.

Als redaktionelles Team vertreten wir eine stringente Linie und versuchen, unserer Publikation den hochstméglichen Standard zu
verleihen. Es sind aber hauptsachlich Sie als Autor, der dafiir Sorge tragt, dass das Oncothermia Journal zu einem interessanten und
abwechslungsreichen Magazin wird. Wir mochten allen danken, die uns im Austausch professioneller Betrachtungen und Erfahrungen
unterstiitzen. Um beiden Seiten die Arbeit zu erleichtern, haben wir die folgenden Richtlinien fiir 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
towards 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 welcome.

- Clinical studies: regional or local or multilocal Oncothermia or electro cancer therapy (ECT) treatments, case-reports, practical
considerations in complex therapies, clinical trials, physiological effects, Oncothermia in combination with other modalities and
treatment optimization

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

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

- Hypotheses, suggestions and opinions to improve Oncothermia and electro-cancer-therapy methods, intending the development
of the treatments.

Further information about the journal, including links to the online sample copies and content pages can be found on the website of the
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 Verfiigung stellen mdchten. Das Oncothermia Journal ist neuen Inhalten gegentiber offen, sollte aber vor allem
Studienarbeiten, Fallstudien, Hypothesen, Meinungen und alle weiteren informativen Materialien, die fir die internationale Oncothermie-
Gemeinschaft hilfreich sein kénnten, enthalten. Werbung mit Bezug zum Thema ist ebenfalls willkommen.

- Klinische Studien: regionale, lokale oder multilokale Oncothermie oder Electro Cancer Therapy (ECT) Behandlungen, Fallstudien,
praktische Erfahrungen in komplexen Behandlungen, klinische Versuche, physiologische Effekte, Oncothermie in Kombination mit
anderen Modalitdten und Behandlungsoptimierungen

- Biologische Studien: Mechanismen der Oncothermie, thermale oder temperaturunabhangige Effekte, Ansprechen auf ein
elektrisches Feld, bioelektromagnetische Anwendungen bei Tumoren, Kombination von Oncothermie und anderen Modalitaten,
Effekte auf normale und maligne Zellen und Gewebe, immunologische Effekte, physiologische Effekte etc.

- Oncothermie-Techniken: technische Entwicklungen, neue technische Losungen

- Hypothesen und Meinungen, wie die Oncothermie- und ECT-Methoden 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

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

Manuskripte einreichen
Manuskripte kénnen online eingereicht werden: info@oncotherm.org

Preparation of Manuscripts

Manuscripts must be written in English, but other languages can be accepted for special reasons, if an English abstract is provided.
Texts should be submitted in a format compatible with Microsoft Word for Windows (PC). Charts and tables are considered textual and
should also be submitted in a format compatible with Word. All figures (illustrations, diagrams, photographs) should be provided in JPG
format.
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7.

Manuscripts may be any length, but must include:

- 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.

- Abstracts: Abstracts should include the purpose, materials, methods, results and conclusions.

- Test: unlimited volume

- Tables and Figures: Tables and figures should be referred to in the text (numbered figures and tables). Each table and/or figure
must have a legend that explains its purpose without a reference to the text. Figure files will ideally be submitted as a jpg-file
(300dpi for photos).

- References: Oncothermia Journal uses the Vancouver (Author-Number) system to 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 kénnen in Ausnahmefallen akzeptiert werden, wenn ein
englisches Abstract vorliegt.

Texte sollten in einem mit Microsoft Word fiir Windows (PC) kompatiblen Format eingereicht werden. Tabellen sollten in einem Word-
kompatiblen Format eingefiigt werden. Alle Graphiken (Illustrationen, Diagramme, Photographien) sollten im jpg Format vorliegen.
Manuskripte kénnen jede Lange haben, muissen aber die folgenden Punkte erfiillen:

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

- Abstracts: Abstracts mussen Zielsetzung, Material und Methoden, Ergebnisse und Fazit enthalten.

- Text: beliebige Lange

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

- Zitate: Das Oncothermia Journal verwendet die Vancouver Methode (Autornummer), um Zitate auszuweisen, z.B. (1], (1-3). Die
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 exclusive, the author(s) can use the submitted material without limitations, but the Oncothermia
Journal also has the right to use it.

Copyright

Es ist eine Publikationsvoraussetzung, dass die Autoren die Erlaubnis zur Publikation ihres eingereichten Artikels und des dazugehdrigen
Abstracts unterschreiben. Die tiberschriebenen 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 sind, werden die Autoren per E-Mail informiert. Gedruckte Kopien werden nicht per Post
versandt. Um Verzdgerungen in der Produktion zu verhindern, mussen die korrigierten Texte innerhalb von 48 Stunden per E-Mail oder
Fax zuriickgesandt 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 Mdglichkeit, 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 partially in English. The
advertising must have a connection to the topics in the Oncothermia Journal and must be legally correct, having checked that all
information is true.

Werbung

Das Oncothermia Journal akzeptiert Werbeanzeigen in allen Sprachen, bevorzugt, aber die zumindest teilweise Gestaltung in englischer
Sprache. Die Werbung muss eine Beziehung zu den Themen des Oncothermia Journals haben und der Wahrheit entsprechende Inhalte
aufweisen.
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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 right to reject any publication if its validity
has not been verified enough or the board is not convinced by the authors.

Haftung
Die Autoren aller im Oncothermia Journal ver&ffentlichten Artikel sind in vollem Umfang fiir ihre Texte verantwortlich. Das Oncothermia
Journal tibernimmt keinerlei Haftung fur die Artikel der Autoren. Die Redaktion hat das Recht Artikel abzulehnen.

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

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

Oncothermia Journal, Volume 30, April 2021



Contents

Pastore C.
Salvage therapy of a patient with metastatic uterine leiomyosarcoma combining chemotherapy

AN NYPEITNEITNIA ..ot 9

Pastore C.
Peritoneal carcinomatosis of gastric origin treated with a combination of Capecitabine and

oncological hyperthermia: @ CASE FEPOIT ...ttt 15

Fiorentini G. et al.
Updates of the application of regional hyperthermia in the treatment of esophageal, colorectal,

AN PANCIEATIC CANCEIS .......oeeceerereiiee ettt ss bbb et 20

Van Gool S. W. et al.
Addition of Multimodal Immunotherapy to Combination Treatment Strategies for Children with

DIPG: A Single INStItUtIoN EXPErIENCE ...ttt 37

Van Gool S. W. et al.
Randomized Controlled Immunotherapy Clinical Trials for GBM Challenged...........corneiccnneneescereeineeens 54

Miihlberg K.
Impedance matching and its consequences for modulated electro-hyperthermia ..., 83

Muhlberg K.
Power transmission of EHY-2000 — A HYPOThESIS ..........c.ccesceiceesisceisesssses st esssssssesnanns 104

Brockmann W.-P., Arnhold J., Denck M.
Die Albumin-Carrier-Therapie — Anwendung in der onkologiSChen PraXis............cneeneeneeneseeeesenesneneees n7

Brockmann W.-P.
Wird die Bedeutung des Serum-Albumins bei Malignom-Patienten mit Aszites, Oderen und

Pleuraerglissen unter- oder tberschdtzt? — MTX-HSA als Hilfe bei der Therapie..........cccccooeninniiniiciiciccins 121

Brockmann W.-P.
Das PET-CT im onkologischen Alltag — Eine wertvolle Hilfe zur Prognoseverbesserung...........enieneeneene. 125

Roussakow S.
Modulated electro-hyperthermia in the combined treatment of metastatic colorectal cancer a

retrospective cohort study with Meta-CompParison............ci s 132

Oncothermia Journal, Volume 30, April 2021



Initial publication

Salvage therapy of a patient with metastatic uterine
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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, which 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 adult 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 response 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 fourth systemic antiblastic treatment scheme she came to my
observation to set up further personalized treatment. The clinical condition was skeletal and pulmonary
metastases with obvious respiratory symptoms. The massive pulmonary metastasis with severe impairment of
respiratory capacity was documented by CT and spirometry tests. The patient had been oxygen support. |
worked out a protocol for the fifth therapeutic salvage line. The patient received a combination of biweekly
bevacizumab (2](3] with 3 mg/kg dose, 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 duration 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 reduction 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 line of the treatment. The combination of original and personalized
medications showed synergy in this case with the treatment of deep capacitive 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 therapy, 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 when 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 tissue 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 (). The German database shows that
the combination of cytoreductive 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 intraperitoneal 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 gastric 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 locoregional
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 extensive 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/m?2 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 consecutive 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 remission 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 extremely 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 (mEHT) (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 complementary 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 performed 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 chemotherapies in HIPEC are Mitomycin C, Cisplatin, Doxorubicin, Paclitaxel, and 5-FU (22]. I 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 clinical 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 triggers 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 cytokines (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 tissues (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 application. 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 carcinosis, 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 difficulty 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 deep 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 CRT, 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 in clinical 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 damage 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 types of
cancers. However, the number of clinics using the RHT method in their 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, inhibiting DNA repair mechanisms and stimulating the
immune system (1), (2). In association with RHT, local radiotherapy increases tumor immunogenicity and
systemically 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) or 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 observed 5 years survival rate, which is over 50% in
the same time period.

The progress, of course, was debated: “We are losing the war against cancer” (8], which was immediately
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 picture was a little diluted: “Perhaps not lost, but
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certainly not won.” (10). This was also supported ten years later (11). The emotional aggravation induces very
hurting opinions as the double Nobel-laureate L. Pauling formulated it, “Everyone should know that the ‘war on
cancer’ is largely a fraud” (12]. This is naturally hurting but copmpletely 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 years ago:
the mortality data from 1975-2000 are fairly constant, while the incidence (morbidity) slightly grows in the
same time-internal. (Interestingly, the incidence has a definite peak in the first half of the 1990s in the group of
males, but the mortality does not follow it.) Unfortunately, neither the incidence-rate nor the mortality rate
correlated with the five-year survival (6] for the same localization. It showed the imperfectness that cancers
with high incidence- and high mortality-rate growths, like lung, 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): “Are increasing 5-year
survival rates evidence of success against cancer?” Today the situation had improved dramatically. We have a
significant improvement in mortality data, significantly elongated survival time characterizes the nowadays
development, however, in the area of gastrointestinal cancer, especially in pancreatic localization, we see less
development of successes of conventional therapies than for other localizations in the human body.

Our objective is to show the possible addition to the conventional 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
gastrointestinal treatments (14, (15] in neoadjuvant treatment (16], (17), or complementary to adequate CHT,
treatment of the frequent colorectal metastases in 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
hyperthermia, 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 tumor temperatures and lower normal 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 portion 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 <5cm 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 (IR-A) radiation, microwave
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 IR-A 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 positioned 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 radiative 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 vields more favorable temperature distributions than capacitive heating, especially within
heterogeneous tissues (24].

Modulated electro-hyperthermia

Tumor blood flow increase is rather limited 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 necrotic 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 matrix. 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 hyperthermia 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 >50% of treatment duration (26).

Literature search

The literature search was performed in this narrative review in the databases PubMed-MEDLINE, Embase,
Cochrane, and ClinicalTrials.gov. with the search terms: hyperthermia, pancreatic, gastrointestinal, esophageal,
colon, rectal, colorectal, anal cancer. 934 articles 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 (0S) after potentially curative
surgery is 5-20% (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 chemoradiotherapy (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

(31)

CHT with
cisplatinum and
etoposide+HRT

(academical medical
center), phased array of
four 70MHz antennas, at a
power range of
800-1000 W

2 years 05=76%

Author Year Treatment Hyperthermia protocol No. ?:)Pts. Survival Tumor Response | RHT related toxicity
Sheng 2017 CRT with cisplatin- | Radiofrequency capacitive 50 3-year 05=42.5% ND Pain (G1-2) =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, n 1year 05=72.7% CR=27% ND
(29) cisplatin/5- capacitive heating system 2 years 05=54.5% SD=45%
fluorouracil, oral (Thermotron RF-8), at 5 years 05=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 05=56.3% DCR=41.7% toxicity G2 occurred
(32) docetaxel + RHT 5 years 05=50.0% CR=17.6% in six patients
Hulshof 2009 Neoadjuvant home-made AMC 28 1year 05=79% CR=19% PR=31% pain (sternal or
(33] CRT with (academical medical 2 years 05=57% SD=23% shoulder) or
carboplatin and center), phased array of 3 years 05= 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 1year 05=86% CR=9% Discomfortin 1

patient and ‘sock-
like’ sensory
neuropathy (G2) in 1
patient

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 relapse-free survival, n.s. = not significant, ND = not reported
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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. Tumor response is complete response (CR), partial response (PR), and stable disease
(SD) in 19%, 31%, 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/Il 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 (0S) 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 benefits 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 data.

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 become standard treatment for advanced rectal cancer (36). CHT is used to enhance 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 5-year 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 non-metastatic 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 0S of CRT alone or combined with RHT and reports that the complementary
therapy shows longer OS than CRT alone (5 years 05=76% versus 88% 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 (DF5=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 rectal cancer patients (table 2) (43), (44], (45), (46), (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 and are reported by 26-34% of patients (43), (44), (45), (46), (47).

mMEHT in association 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 S55% at 90 days and 89.5% at 3 months, and PFS is 12.1
months (range 3.5-32.6 months) (48). Another study applies mEHT in association with CRT to 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 RAT re L.ated
protocol toxicity
Ranieri 2020 Metastatic CHT with mMEHT 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 3.5-326 DCR=95% patients,
times) months). 3 months: Erythema in the
CR=5.3%, target areain 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 05=87.3%
cancer fluororuracil +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 05=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%

26

Oncothermia Journal, Volume 30, April 2021




Author Year Type of tumor Treatment Hyperthermia No. Pts. (n) Survival Tumor Response RHT r.el.ated
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 non-resected 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 BSD-2000 106 ND pCR rate 34%
(45) advanced rectal 61 CRT with 5- Once or twice a week 16.4% vs 6.7% hyperthermia
cancer Fluorouracil+RHT (1-9 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 20M Locally Neoadjuvant RHT with 8-MHz 214 5 years DCR=50.9% ND
(47) advanced rectal | CRT with 5-FU, radiofrequency 05=73.9%
cancer leucovorin and capacitive heating DFS=75.1%
mitomycin C+RHT device (Cancermia LRFS=
GHT-RF8) 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 re L.ated
protocol toxicity
Maluta 2010 Locally Neoadjuvant RHT with BSD-2000 76 5-years CR=23,6% GO-2 general or
(40) advanced rectal Once a week 05=86,5% DCR=94,8% local
cancer CRT+RHT (1-5 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 BSD-2000 37 5-year DCR=559% none
(41) cancer (PRC) CRT with 5- Once a week 05=60%
fluororuracil and (1-5 times)
recurrent rectal | leucovorin +RHT 18 DCR=28%
cancer (RRC)
Ott 2019 Squamous anal CRT with 5- RHT with the BSD 12 5 years ND Comparable
(42) cancer fluororuracil and 2000-3D- and BSD 05=95.8 vs. toxicity for
mitomycin C vs 2000-3D-MR- 74.5%, Grades 3-4
CRT with 5- Hyperthermia P=0.045 early side
fluororuracil and System DFS=89.1vs. 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, 0S=overall survival, SR=survival rate, Clinical benefit=complete response + partial response + stable disease, CHT =chemotherapy, DFS = Disease free 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 and allows 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 0S < 10%. This may be because 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 gemcitabine-based 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 has also
been introduced for pancreatic cancer treatment, enhancing the drug delivery and diffusion inside the tumor,
improving blood flow, reducing hypoxia, and inhibiting DNA repair, hence enhancing tumor apoptosis.

Three studies compared the survival of locally advanced pancreatic 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:
05=8.8 vs. 4.9 months (p = 0.02), 0S= 15 vs 11 months (p = 0.025), 1 year 05=80% vs 57% (p=0.021) and
PFS=18.6 vs. 9.6 months (p = 0.07) (table 3) (53], (54], (55).

The association of CHT to RHT also results in encouraging survival: median OS of 12.9 -17.7 months, 1 year
05=41%, and 2 years 05=15% (56), (57), (58]. As concerning the tumor response of locally advanced pancreatic
carcinoma, the association of CHT to RHT resulted in DCR of 50-61%, (58). The treatment is well tolerated with
a toxicity of G2 pain and a skin rash, and 5% grade lIl-IV toxicity (54), (58).

A significant increase in survival is also observed when CRT is associated with mEHT than CRT alone, as reported
by Fiorentini et al. (05=18.0 vs. 10.9 months, p<0.001) (26). The other two studies report similar survivals on
mMEHT to treat locally advanced pancreatic carcinoma, 0S of 8.9-15.8 months and PFS of 3.9-12.9 months (59),
(60). mEHT also shows high tumor response in locally advanced pancreatic carcinoma with DCR of 71-96% and
safety without grade lII-IV toxicity (26), (59). These better tumor response and survival results of CHT and/or
RT in association with mEHT are also observed in geriatric (>65 years) patients with pancreatic cancer. Indeed, a
greater DCR, OS, and PFS are reported for the mEHT group and no-mEHT group in this population (table 3) (61).
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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 0S=18 months | DCR=85% vs 26% 3% of G1-G2 skin
(67) 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 2018 mMEHT+RT or CHT with | MEHT with 13.56 MHz 106 05=18.0 3 months no grade -1V
(26) gemcitabine regimen (EHY-2000) twice a months vs 10.9 | DCR=52% vs 66% toxicity
VS week (8 times) months
RT or CHT (p<0.001)
lyikesici 2019 CHT with gemcitabine or | mEHT with 13.56 MHz 25 05=15.8 3 months None
(60) FOLFIRINOX regimen (EHY-3010) at 110- months (95% DCR=96%
+mEHT 130W power for 60 Cl, 10.5-21.1)
minutes PFS=12.9
months (95%
Cl, 11.2-14.6)
Ono 2019 CHT with FOLFIRINOX, | RHT with Thermotron 28 1year 05=41% | 3 months DCR=57% ND
(56] Gemsitabin plus nab- RF-8, for 50 minutes 2 years 6 months
Pacritaxel or 5-1+RHT | after CHT once a week 05=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 5-fluororuracil | RHT with Thermotron 13 1year Lower
(53) or gemcitabine + RHT RF-8, for 50 minutes 05=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 BSD-2000 27 PFS=5.9 DCR=50% no grade lll-IV
(57) and cisplatin +RHT day 2 and 4, Thour months toxicity
twice a week for 4 0S 12.9 months
months
Maluta 20M CRT with gemcitabine RHT with BSD-2000 68 Median 05=15
(55) based regimens+RHT Once a week vs 11 months
vs CRT (1-5 times) (p=0.025)
Volovat 2014 CHT (GEMOX) +mEHT mMEHT with EHY-2000 26 Median PFS= DCR=71% no grade llI-IV
(59] device 3.9 months. toxicity
at 70-150 W on day 1, Median 05=8.9
3, 5 of every CHT months.
cycle
Ishikawa 2012 CHT with RHT with Thermotron 18 Median 05=17.7 ORR=11.1% G2 pain and a skin
(58] gemcitabine+RHT RF-8 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 05=8.8 ND 5% grade llI-IV
(54) gemcitabine+RHT vs RF-8 at S00W power, vs. 4.9 months, toxicity
CRT once a week 1-3 hours P=0.02,
after RT and during Median
CHT PFS=18.6 vs.
9.6 months, P =
0.01

RT =radiotherapy, RHT =hyperthermia, 0S=overall survival, SR=survival rate, Clinical benefit=complete response + partial response + stable disease, CHT =chemotherapy, DFS = Disease free survival,
CRT = chemoradiotherapy, LRFS = local relapse-free survival, DCR = disease control rate, mEHT = modulated electro-hyperthermia, ORR = overall response rate
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These data suggest that RHT increases CRT and CHT benefit both in median 0OS and DCR in locally advanced or
metastatic pancreatic cancer with low toxicity. Further studies to investigate CRT and RHT in locally advanced
pancreatic cancer include the HEATPAC trial, a phase Il randomized trial (62].

Summary

In association with radiotherapy and/or chemotherapy, regional hyperthermia may increase median OS, PFS, and
tumor response 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 temperature 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, PFS, and
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 increase the temperature 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 randomized 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.

PanTum test

TKTL14
Immune cells B Above

ET10:1 | izf::;
E:T5:A | ]
ET1H ] Apo 10-
IFNg: - Bl Ahove
L4 Mormal
L2 B Below
NK cells I 0 2I(J 4I(J GIO SI(J 160
B cells | ] % of patients
T cells 1
Basophils
Eosinophils L] Circulating Tumor Cells
Monocytes I
lymphocytes |
Granulocytes |
Thrombocytes ]
W::': - mm CTCPDL1+
} n . . . . PDL1 mRNA- CTC POLI-
0 20 40 6 8 100 No CTC

% of patients

T
S ‘1’“ b‘B h“ %B .&B

% of patients
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.

A PFS B 0s
100+ == Group 1+ 2 (n=22) 100+ == Group 1+ 2 (n=28)
T s0- == Group 3 (n=13) T 80- == Group 3 (n=13)
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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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1. Introduction

Cancer is the second leading cause of death, accounting for about 1 in 6 human deaths.
Worldwide, in 2018, about 9.6 million deaths were due to cancer [1]. Between 2013 and
2017, the cancer death rate (mortality rate) in the US was 158/100,000 individuals per
year. The rate of new cases (incidence) in a similar period was 442/100,000 individuals per
vear [2]. Intensive preclinical and clinical research is being performed to find solutions. In
some domains, like pediatric hemato-oncology, major progress has been realized towards a
cure through systematic randomized controlled clinical trials (RC'Ts). In each trial, a new
experimental arm is assessed versus the best current treatment as the control arm [3,4], in
combination with careful monitoring of (long-term) side effects [5].

Despite being an orphan disease, brain tumors are the leading cause of cancer death in
males aged 20 to 39 years and the fourth most common cause of cancer death in fernales in
the same age range [6]. Clioblastoma Multiforme (GBM) is the most frequently diagnesed
malignant brain cancer in adults and has the worst prognosis [7,8]. The cause of GBM for-
mation is not known. Ageing that progressively suppresses normal immune surveillance
has been mentioned to contribute to GBM cell initiation and/or outgrowth [9]. Irradiation
is certainly a cause for GBM formation, and the prognosis of a second malignant GBM
is extremely poor [10]. Long-term exposure to higher doses of non-ionising irradiation
has been associated with the formation of GBM [11]. Finally, viral infections like CMV
(variants) have been mentioned as being potential triggers for GBM formation [12]. The
classic pillars of treatment for GBM nowadays are neurosurgery, radiochemotherapy, and
maintenance chemotherapy [13,14]. In recent years, the standard of care has not changed.
Intensive research in different domains has been performed to improve the prognosis
of GBM patients, including research in tumor-treating fields, anti-angiogenic treatments,
targeted therapies, oncolytic virus therapy, and immunotherapies. The latter term cov-
ers different approaches, like restorative immunotherapy, modulating immunotherapy,
passive immunotherapy, adoptive immunotherapy, and active-specific immunotherapy
with vaccines [15]. For the development and production of mostly personalized cell-based
therapies, Good Manufacturing Practice (GMP) facilities are required.

On the occasion of a regulatory audit in July 2019, in connection with the installation
of a new GMP facility at the [mmune Oncologic Centre in Kéln (IOZK, www.iozk.de)
and the running GMP-compatible production of I0-Vac® Dendritic cell (DC) vaccines, a
discussion was raised with respect to RCTs within the spectrum of delivered individualized
multimodal immunotherapy (IMI) activities. The background of this question is a subject of
current global debate regarding the future use of controlled RCTs to obtain evidence of the
efficacy of immunotherapies. This was exemplified by the symposium organized in Brussels
on 22 April 2020, entitled “are randomized trials obsolete?” [16]. On 27 May 2015, the IOZK
received a certificate of GMP manufacturing compliance (DE_NW_04 GMP_2015_0030)
and approval to produce specific autologous anti-tumor DC vaccines for intradermal
injection (DE_NW_04_MIA_2015_0033). Since then, multimodal immunotherapy has been
implemented in several domains of cancer. Both certificates were renewed on 20 May 2020
(i.e., DE-NW-04-GMP-2020-0054 and DE-NW-04-MIA-2020-0017).

The IOZK is a translational immune-oncelogy center specializing in the fast translation
of emerging novel insights derived from multiple domains of immunotherapy into clinical
applications for use on a compassionate basis (“Individueller Heilversuch”) for patients
with cancer. The key medicinal product is 1O-Vac®, which is an approved Advanced
Therapy Medicinal Froduct (ATMF). The TO-Vac® vaccine consists of autologous mature
DCs loaded with autologous tumor antigens and matured with danger signals including
the Newcastle Disease Virus (NDV). Over the vears, the IOZK has established its value
for the treatment of cancer patients. Several case reports and retrospective analyses of
patient groups have been published [17-20]. For the current retrospective analysis, the
database was fixed at 28 June 2020, including all records registered from 1 June 2015 to
31 May 2020. Over this 5-year time period, 1456 medical records were initiated at the
IOZK. The patients came from 69 countries (with 46% from Germany). From this group
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of patients, 1098 patients agreed to go through an immune-oncologic evaluation and
immunodiagnostic blood sampling in order to study the cell numbers and functioning
of their immune compartment, the tumor-host immune interactions, their general health
status, and their infection status. Ultimately, 651 were able to, and individually consented
to, starting multimodal immunotherapy, after being extensively informed about all aspects
of the treatment. These patients belonged to all categories of cancer disease. The three
most frequent cancer disease categories were neuro-oncology (42%), digestive oncology
(18%), and breast cancer (11%). The domain of neuro-oncology represents almost half of all
patients effectively treated at the IOZK. This group of patients is still a very heterogeneous
group, including multiple types of brain cancer disease, and including patients at different
stages of disease. From the 276 patients, 171 patients (62%) were recorded as having GBM.

Based on this large number of patients and the presence of extensive preclinical,
translational, and clinical expertise in immunotherapy for GBM, the discussion about the
challenges in setting up RCTs for immunotherapy herein will be focused on IMI for GBM,
in particular to demonstrate why RCTs to prove the efficacy of this type of treatment are
lacking, despite several meta-analyses pointing to a significant shift in overall survival (OS]
rates due to the use of active specific immunotherapy with DC vaccines [21-25]. We aim to
discuss this complex problem by reviewing the literature (Sections 2-7). Afterwards, we
illustrate elements from this narrative review with our own data obtained by a retrospective
analysis of our patient records (Sections 8-10).

2. Current Anti-Cancer Treatment Strategies for GBM

GBM is one of the leading causes of death due to cancer in humans and is a major
burden for the community [26,27]. Earlier, in the period of poor imaging possibilities,
neurosurgery was the only treatment for GBM, and this was mostly performed to make
pathological diagnoses and to temporarily relieve symptoms. Only during the last century
other treatment modalities became available, of which radiotherapy was the first approach.
Radiotherapy became part of the standard care for GBM in the 1940s. The authors could
not find any RCTs from that period. Evidence of the efficacy of radictherapy was certainly
created by the demonstration of a dose-response relationship [28]. An RCT, including
radiotherapy, chemotherapy, or best available care for anaplastic astrocytoma, was realized
around the same period, clearly demonstrating the effect of radiotherapy on OS [29]. Ra-
diotherapy was shown to improve the median OS of GBM patients by some months, and
60 Gy appeared to be the most efficacious and safe dose [30]. More recently, chemother-
apeutic agents and combination treatments have been implemented. The addition of
temozolomide (TMZ) during radiotherapy, followed by TMZ maintenance chemotherapy
(TMZm), further improved the median OS (again, by some months). Proof of evidence was
generated through a prospective RCT. In this trial, patients were stratified by World Health
Organization (WHQ) performance status, type of surgery, and institution [13]. Later on,
the data were presented according to an adapted Recursive Partitioning Analysis (RFA)
classification, which included age, WHO performance status, extent of surgery, and mental
status as variables, resulting in Class III, Class IV, and Class V patients [14].

The MGMT promotor methylation status of the tumor was rapidly recognized as a
key factor in the efficacy of TMZ [31]. Retrospective analyses of available MGMT promotor
methylation data in relation to the survival data in the RCT have shed new light on such
data [14]. The progression-free survival (PFS) benefit attained through the addition of
TMZ. to surgery and radiotherapy lost its significance in MGMT promotor unmethylated
patients, and the gain in median OS5 was only 0.8 months (i.e., 24 to 25 days), albeit still
being significant. Although the results of the original prospective RCT were published 15
years ago, this so-called Stupp regimen is still the standard of care world-wide for both
MGMT promotor-methylated and unmethylated patients. Due to its major effect, even
in multivariate analyses, the MGMT promotor methylation status has become part of the
in/exclusion criteria for RCTs or is used in the stratification of the randomization. Step
by step, more insight into the transcriptomic and genomic dimensions were found, and

Oncothermia Journal, Volume 30, April 2021 57



Cancers 2021, 13, 32

40f28

58

GBM molecular stratification appeared, pointing to EGFR, NF1, and FDGFRA /TDH]1 as
playing roles in triggering intracellular pathways but also in influencing the response to
anti-GBM treatments, formation of the tumor microenvironment, and tumor spread [32]. A
further molecular biological analysis including epigenetic profiling unraveled at least six
sub-types of GBM, all having different disease characteristics and prognoses [33].

Radiotherapy and chemotherapy treatment modalities are directed against the cancer
itself, but cause acute and long-term side effects to the body. These treatments might,
however, also have important effects on the immune system. [t is already well-known that
neurosurgical removal of the tumor transiently “relieves” the systemic immune system
from tumor-induced immunosuppression [34], which returns upon disease progression [35].
Both radiotherapy and TMZ have effects on inflammation and the systemic immune
compartment but may also influence the tumor microenvironment [36—40].

The improvement in therapeutic approaches has been paralleled by improvements
in imaging technologies. Furthermore, knowledge of the molecular biology domain has
increased rapidly, thereby introducing new approaches to the development of targeted
treatments with less toxicity. A whole series of targeted therapies have been investigated for
GBM, as single drugs in relapsed patients or as add-ons to the Stupp regimen [41-46]. Fast
molecular biological diagnostic procedures and initiation of adapted drug combinations
have opened the door to so-called personalized medicine. For the first time, a particular
tumor entity is no longer treated according to pre-designed treatments or study protocols
but may become adapted to the individual tumor biology profile of each individual patient.
Along the same line, targeted therapies can be implemented to treat any type of cancer,
regardless of where in the body it started or the type of tissue from which it developed,
pointing to the term “tumor-agnostic treatment” [47].

3. Challenges for RCTs

RCTs, originally conceived as a study concept by 5ir Austin Bradford Hill (wheo also
developed the criteria for determining a causal association) and applied for the first time in
1948 [48], aim to control for selection bias and allocation bias by balancing patient groups
based on known and unknown prognostic factors. Blinding further recluces experimenter
and subject biases. The study methodology allows the efficacy of an intervention under
investigation to be demonstrated with the greatest amount of evidence in a defined patient
population compared to a control population without this particular intervention. RCTs
are the gold standard for proving the efficacy of an intervention. Nevertheless, over the
vears, research has neglected the additional value of ocbservational studies, demonstrating
the effectiveness of interventions [49-54].

Evolution towards the personalization of medicine is challenging for classic RCTs,
especially when related to GBM [55]. Stratification is a requirement to avoid differences
between patients treated in an experimental arm versus patients treated in a control arm.
The need for larger patient groups has resulted in longer recruitment periods and more
expensive clinical trials. The rapid introduction of new drugs has forced clinical researchers
to form innovative statistical designs for clinical trials, such as Continual Reassessment
Method designs, Sequential Multiple Assignment Randomized Trial designs, and Multi-
Arm Multi-Stage clinical designs [56].

At present, most (if not all) single-drug-targeted therapy trials for GBM have failed [57],
and a new challenge has emerged. Indeed, GBM is a mixture of different tumor cell clones,
including glioma cancer stem cells, and there are dynamic changes in emerging and
disappearing clones during the course of the disease and in relation to the treatment(s)
given [58,59]. Keeping a patient under a fixed treatment protocol over time, eventually in
clinical trials, to treat a dynamically and rapidly changing deadly tumor might no longer
be considered appropriate in light of advances in modern medicine. Much more effort
should be put into studies on liquid biopsies in patients with GBM [60]. These tests should
be performed repeatedly during treatment in order to monitor changes in tumor biology
during treatment, as has been shown for other cancer diseases [61].
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Inflammatory reactions occurring in the context of immunotherapy might necessitate
medical intervention, such as the use of steroids or Bevacizumab, for a short period of
time. Due to the deadly nature of the disease, changes over time should be taken into
account when treating the patient using a study protocol. Such changes during the protocol
might induce drop-out of the trial, which is—from a medical perspective—an emotional
burden for the patient. Otherwise, changes in treatment have to be taken as data within the
protocol, which creates statistical conflicts with the control group of patients, who must
then be treated differently.

One of the particular statistical challenges in demonstrating the efficacy of an active
specific immunotherapy is the need to assess the increase of percentage long-term OS,
rather than the shift of PFS [62], the latter being the usual primary read-out for testing
new drugs in late stage phase Il RCTs. A phenomenon of GBM pseudo-progression due
to immunotherapy makes the read-out of PFS virtually impossible. Similar to the change
in using the MacDonald’s criteria [63] to the RANO criteria [64] to define progression at
a time when TMZ was implemented in routine clinical treatment, iIRANO criteria have
been developed to assess the progression of GBM disease in the context of immunother-
apy [65,66]. The increase in the percentage of long-term OS due to DC vaccines as a
primary read-out necessitates the use of a much higher number of patients in a RCT, as
compared with examining a shift in the median PFS, to yield results showing a significant
difference with high enough power. Still, long-term OS is the only relevant read-out from
immunotherapy trials.

4. Immunotherapy for GBM

Immunotherapy was called a “break-through for cancer” by Science in 2013. In 2011
and 2018, Nobel Prizes for Medicine were devoted to researchers who discovered impor-
tant insights into the use of immunotherapy for cancer. At present, immunotherapy is
definitively an important pillar in anticancer treatment in general, including GBM. Im-
munotherapy is a very broad term, comprising several technologies. Immunomodulation
with checkpoint inhibitors is considered to belong to the domain of tumor-agnostic treat-
ments [47]. Immunotherapies generally do not point to the molecular biological character-
istics inside tumor cells, but, rather, to the surface of tumor cells, including a heterogeneous
number of known and unknown tumor antigens [67] and immune costimulatory and
inhibitory molecules on the surface [68-70], as well as the production of cytokines and
chemokines that influence the immune system and the inflammatory response [71]. Terms
like “cold” versus “hot” tumors, describing differences in lymphocyte infiltration in the
tumor microenvironment, have become highly relevant [72]. The tumor mutational burden
might be related to the presence of more or less tumor antigens on the surface [73,74].
Some genetic abnormalities, such as the p53 mutation, affect the extent of the expression
of MHC molecules on the tumor cell surface [75]. An immunogram is created using the
tumor foreignness, general immune status, immune cell infiltration, absence/presence
of checkpoints, absence/presence of soluble inhibitors, absence/presence of inhibitory
tumor metabolism, and sensitivity of the tumor to immune effectors [76]. The recognition
that almost half of GBM tumors consist of cells belonging to the myeloid compartment
(e.g., M1 /M2 macrophages, tumor-associated macrophages, myeloid-derived suppressor
cells, microglia) makes the understanding of the response to treatment and the ultimate
outcome of patients more difficult [77,78]. Overall, the tumor microenvironment can be
categorized into three functional sub-types that play significant roles in the outcomes of
patients [79]. Interestingly, Hallaert et al. [80] also observed that the connection of GBM
to the sub-ventricular zone appears to be a novel, independent risk factor leading to a
worse proghosis. An association between sub-ventricular zone contact and markers related
to the epithelial-mesenchymal transition was discovered [81]. Moreover, there is a defi-
nite influence of the tumor and the response to treatment on the systemic immune and
inflammatory compartments [34]. Finally, stercids, radiotherapy, and chemotherapy all
influence antitumor immune responses [39]; this, again, differs from patient to patient. A
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strong correlation was found between OS5 and the systemic immune profile after neurosur-
gical resection and after radiochemotherapy when the extent of resection and timing of
immunotherapy were taken into account [40].

5. Risk Factors and Levels of Personalized Medicine

Allin all, in addition to the clinical risk profile, the intracellular molecular biology,
and the epigenetic profiling of tumor cells, the anatomic location of the tumor, tumor—host
interactions in the tumor microenvironment, the systemic immune system, the combination
treatment design and the reaction of the body, and dynamic changes in the tumor should
be taken into account and used as mandatory stratification tools in the design of RCTs with
experimental versus control groups (Table 1). Some of these have been included in novel
molecular RPA classification (GBM-molRPA) systems [82].

Table 1. Risk factors for stratification in randomization or for in/exclusion criteria.

1. Recursive Partitioning Analysis (RPA) clinical classification

¢ Grading

¢  EBxtent of resection

s Age

¢ Karnofsky performance index
¢  Mental status

¢ Dose of radiotherapy

2. Molecular biology of tumor
Tumor mutational burden
Epigenetic sub-typing
Molecular machinery of tumor cell clones
Metabolic features of tumor

. Load of glioma cancer stem cells in connection to periventricular zones of the brain
. Tumor—host immune reaction

H=- 2 & & & @

Tumor antigen expression

Check point expression

Inflammatory response, M1/M2 balance, Tumor-associated macrophages,
myeloid-derived suppressor cells, microglia reactivity

T-cell infiltration

Vascularization and oxidative stress

* »

L]

. Systemic immune compartment

.
.

5

¢ Cell numbers under standard of care treatment
¢ Thl/Th2 balance

¢  Presence of Treg

¢  Presence of MDSC

o Level of natural killer cell reactivity

6

. Systemic treatments outside standard of care

Steroids
Anti-angiogenic drugs
Complementary medicines

® & &

Immunotherapy covers many treatment modalities. Some of these treatment modali-
ties, such as cytokines, are not personalized to each patient. Other drugs, like antibodies, are
themselves not personalized, but are directed against personalized targets on the tumor cell
surface. For adoptive cell therapies with chimeric antigen receptor (CAR) T-cells or T cell
receptor-transduced T-cells, both the ATMP itself and the target are personalized [83-85].
In the domain of active specific immunotherapy with vaccines, the vaccine itself can be an
individual product at the level of the antigen carrier (like autologous DCs) and /or at the

Oncothermia Journal, Volume 30, April 2021



Cancers 2021, 13, 32

7 of 28

level of the antigen, such as tumor-derived antigens and, especially, highly individualized
tumor-specific epitopes [86-88]. Extensive individualization of the treatment drug and
target makes the design of a homogeneous experimental arm versus control arm very
challenging. By introducing immunotherapy into a first-line treatment combination, new
dimensions of personalization for the treatment of GBM have become clear (Table 2).

Table 2. Levels of personalized medicine for Gliocblastoma Multiforme (GBM).

1. Molecular biology of tumor

Tumor mutational burden

Epigenetic sub-typing

Molecular machinery of tumor cell clones
Metabolic features of the tumor

. Tumor-host immune reaction

.
.

.

L

2

s  Tumor antigen expression

s Check point expression

¢+ Inflammatory response, M1/M2 balance, TAM, MDSC, microglia reactivity

¢ T-cell infiltration

¢ Vascularization and oxidative stress

s  Load of glioma cancer stem cells in connection to periventricular zones of the brain
3

.

.

.

L

4

. Immune reactivity against the tumor

Thl/Th2 balance

Presence of Treg

Presence of MDSC

Level of NK cell reactivity

. Reaction of the immune system upon other treatments

s Sensitivity to radiotherapy
s Sensitivity to chemotherapy
¢  Use of steroids
s  Use of anti-angiogenic drugs
5, Response to treatment
6. Immunotherapy components

L)

Tumor antigens
Patient-derived cell products

-

Overwhelming evidence of the efficacy of DC vaccination for GBM has been presented
in preclinical models [89-101], as well as in phase I and early phase II non-controlled clinical
trials [88,102-164]. The observation of long-term OS in patients after DC vaccination,
noting that the intervention abruptly changes the 100% lethality of disease, has generated
strong evidence of its efficacy. Several meta-analyses have demonstrated a significant
improvement in long-term OS5 when GBM patients were treated with DC vaccines as
compared with patients given a control treatment [21-25]. Of note, the latter meta-analysis
also demonstrated a lack of additional toxicity due to immunotherapy in comparison with
the standard of care. This means that the set-up of new phase I or phase Ila clinical trials is
no longer innovative.

As has already been pointed out for the changes in molecular sub-clones over time
during treatment, evidence that tumor—host immune interactions can also change over time
has been obtained. Examples are the downregulation of specific target antigens [165] or the
upregulation of PDL1 on tumeor cells, allowing them to escape from immune attack during
immunotherapy [19]. Dynamic changes in the expression of tumor-associated antigens and
immunosuppressive factors in the tumor microenvironment during treatment have also
been described [164].
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6. Current Landscape

On 12 October 2020, we performed a search of Clinicaltrials.gov using the terms
“dendritic cell”, “interventional studies” “glioblastoma”, and “interventional phase 2 phase
3 phase 4”. Twenty-nine studies were available, with 12 of them reporting to be recruiting
(Table 3). Seven of these studies were RCTs, with six having OS in the read-out analysis.
Only one study (INCT04277221) was a phase 3 study. NCT03395587, NCT04115761, and
NCT01567202 integrated DC vaccination into the primary standard of care for IDHIwt
GBM. Similarly, NCT03548571 integrated DC vaccination into the primary standard of
care, but only for MGMT promotor non-methylated patients. The RCTs NCT02465268 and
NCT03688178 integrated DC vaccination into the standard of care, but did not mention the
requirement of IDH1 wild-type status.

Hence, at the moment of writing, seven RCTs are recruiting and studying DC vaccina-
tion for patients with initial diagnosis of GBM. None of these studies mentioned further
stratification. The median number of patients used for randomization was 106, ranging
from 24 to 136. Nevertheless, based on the analysis above, stratification at multiple levels
(as summarized in Table 1) should be used in order to design a proper control group.
Such stratification affects the number of patients recruited, and this number seems, in all
running trials, to be too small to yield a significant difference with sufficient power in the
efficacy of DC vaccination to increase the percentage of patients with long-term OS versus
an appropriate control group.
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Table 3. ClinicalTrials.gov Search Results on 12/10/2020 for “dendritic cell”, “interventional studies” “glioblastoma”, and “interventional phase 2 phase 3 phase 4”.

Estimated Study

Label Phase Number of Patients Randomized Status Primary Outcome c .
ompletion

NCT00576537 2 50 No Completed Safety /Toxicity 10/2011
NCT02649582 1+2 20 No Recruiting 08, Safety /Toxicity Feasibility 12/2020
NCT00846456 1+2 20 No Completed Toxicity, Imnmune response 02/2013
NCT00323115 2 11 No Completed fmmune response, Toxicity; 07/2013
NCT02366728 2 100 RCT Active, not recruiting 05, DC migration 08/2020
NCTO01204684 2 60 RCT Active, not recruiting PES, OS5 01/2021
NCT03927222 2 48 No Recruiting 05, DC migration 12/2023
NCTO01006044 2 26 No Completed PFS, Toxicity 08/2014
NCT03385587 2 136 RCT Recruiting OS, PFs 06/2023
NCT04523688 2 28 No Not recruiting PFs 12/2025
NCT03548571 2+3 60 RCT Recruiting PES, OS 0572023
NCT04115761 2 24 RCT Recruiting PSF 06/2022
NCT03014804 2 0 RCT Withdrawn

NCT03879512 1+2 25 No Recruiting Q85, PES 01/2022
NCT02772094 2 50 No Unknown 06, Toxicity 12/2016
NCT01567202 2 100 RCT Recruiting Respense, PES, O5 02/2020
NCT01213407 2 87 RCT Completed PES, OS 11/2015
NCT01291420 1+2 10 No Unknown Immune response Unknown
NCTO02465268 2 120 RCT Recruiting OS5, Immune response, PFS 06/2024
NCT04277221 3 118 RCT Recruiting OS, PFs 12/2022
NCT00323115 2 11 No Completed T-cell response 07/2013
NCT03400917 2 55 No Completed Q5 02/2023
NCT02546102 3 414 RCT Suspended 0s 12/2021
NCTO01280552 2 124 RCT Completed 0s 12/2015
NCT00045968 3 348 RCT Unknown PES 11/2016
NCT03688178 2 112 RCT Recruiting OS, Varhm“gﬁ safety, Treg 03/2025
NCT01759810 2+3 60 No Enrolling by invitation 0s 1272020
NCT02754362 2 No Withdrawn Immune response 06/2019
NCT04388033 1+2 10 No Recruiting Safety, PFS 1272023

DC: dendritic cell; O5: overall survival; PES: progression free survival; RCT: randomized controlled trial.
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7. Non-Scientific Challenges

In the design of larger RCTs with a control arm, clinical researchers have run into new
problems. GBM is a deadly disease. The first interest of the patient is the prolongation of
a good-quality life. As DC vaccination has already been shown to significantly prolong
long-term OS with a good quality of life, it eventually became unethical to prevent patients
in the control arm from being given this innovative fourth anti-GBM immunotherapy
modality. Therefore, some RCTs published with FFS as the primary endpoint used a cross-
over protocol from the control group to the DC vaccination group, either structurally within
the trial design (EudraCT 2009-018228-14) [151] or after reaching the primary end-point
{NCT00045968) [160]. By doing so, the OS assessment was, in fact, no longer controlled.
In the former study, stratification of RPA classification was used. In the latter study,
stratification for MGMT methylation was used.

It is notable that the three largest RCTs initiated to date have faced huge logis-
tic/financial problems, as follows: (1) The EudraCT 2009-018228-14 trial aimed to include
146 study objects but was abruptly closed by the sponscr after the inclusion of 135 pa-
tients. The reasons for this were kept confidential. Nevertheless, the scientific data were
made available, were extremely well-documented, and were partially transferred onto
the platform of the EU Project Computational Horizons in Cancer (www.chic-vph.eu).
Data on 132 patients were finally brought into a new study, named the Glioma Translat
Study, and published [166,167]; (2) NCT00045968 was designed to include 348 study objects
with PFS as the primary read-out and OS5 as the secondary read-out. Eighty sites in four
countries were used for recruitment. The study screened 1268 patients and ended up with
331 randomizations into the main study [160]. Patient recruitment was initiated in 2007
but was paused from 2009 to 2011 for economic reasons. The final patient was enrolled in
November 2015. This resulted in a recruitment period of nine years, an effective inclusion
period of six years, and a mean of four patients per recruiting site at an effective rate of less
than one patient per year per site. Five years later, at the time of writing, the final results
regarding the randomized data collected on these patients and the answer to the primary
question (PFS) have not yet been published; (3) NCT02546102 suspended further patient
randomization due to financial reasons [168]. It is not clear how many patients had already
been recruited into the trial.

Finally, patients have started searching on blogs and in social media communities for
solutions to surviving GBM. An impressive list of complementary medicines and diets
is available and freely accessible to patients. Some of these complementary medicines
surely influence the course of the disease or the reactivity of the host [169-173]. It seems
impossible to contrel for this when setting up and running RCTs at present.

8. Individualized Multimodal Immunotherapy for GBM

Two conclusions have become clear: (1) Individualized treatment at multiple levels,
with strategies that follow the dynamic changes in both the tumor and host (e.g., immu-
nity, inflammation) during treatment, is needed for the treatment of GBM; and (2) IMI is
becoming part of the first-line treatment for GBM, integrated into the standard of care.
The potential inherent immunization component of standard anti-GBM strategies (e.g.,
neurosurgery, radiotherapy, and chemotherapy) and the proven induction of immunogenic
cell death (ICD) through the use of innovative anti-cancer treatments (e.g., modulated
electrohyperthermia, oncolytic virus therapy) [174,175] should be exploited and strength-
ened with active immunization strategies and further optimized with immunomodulatory
strategies in the context of optimized complementary medicine. Only broad and long-term
immune control over GBM is able to induce long-term OS. The rationale of such a strategy
has been published [176]. In Sections 8-10, we aim to illustrate several elements discussed
in the former narrative review with observational data obtained by a retrospective analysis
of our own patient records. Over the years, we have developed a multistep treatment
approach, in which ICD is induced by the combination of bolus injections with NDV
and modulated electrohyperthermia (mHEHT) integrated as an add-in treatment during
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the alkylating mode of tumor cell killing induced by TMZm chemotherapy, followed by
[0-Vac® DC vaccination, in order to actively induce an antitumor immune response in com-
bination with individually adapted immunomodulatory strategies. Finally, ICD treatment
is maintained with immunomodulation [19].

Of the 171 recorded patients with GBM in the IOZK database, 90 patients (53%)
received IMI in combination with first-line treatment for compassionate use (“individueller
Heilversuch”). For the current retrospective analysis, we excluded all patients below
18 and above 75 years of age, patients with a proven pre-history of low-grade glioma
and/or proven IDH1 mutation, patients with proven histone mutations, and patients with
radiotherapy-induced GBM as a second malignancy, leaving 70 patients for analysis.

The final patient group consisted of 70 patients (33 females, 37 males). The median
age of the patients was 50 years (range 18-69 years). The median Karnofsky performance
index score was 90 (range 50-100). Clinical patient characteristics are shown in Figure 1.
The patients presented for immune diagnostic blood sampling at IOZK at a median of
three months after operation (range 0.5-23 months); hence, most sampling was done after
radiochemotherapy. General blood counts and immune cell counts and functioning, as
analyzed in the routine clinical laboratory, are shown in Figure 2A. A large proportion of
patients were lymphopenic at that time—caused by the radiochemotherapy—a finding
compatible with published data [39].
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Figure 1. Clinical characteristics of the patients. Seventy adults with primary GBM receiving first-line
standard of care in combination with individualized multimodal immunotherapy were included in
this retrospective analysis: (A) age distribution; (B) distribution of Karnofsky performance index
scores; (C) reported resection (number of patients); and (D) reported location (number of patients).
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Figure 2. Immune variables before the start of immunotherapy. (A) Before the start of individualized multimodal

immunctherapy, blood was drawn and sent to the routine clinical lab for analysis. Different immune variables are shown.

The percentages of patients with values above (blue), within (normal, green), orbelow (red) the normal range are shown.

(B) Blood was also sent to Biofocus in order to detect circulating tumor cells based on mRNA expression of GBM-related

oncogenes. When cells were detected, the RNA expression for PDLI was subsequently analyzed and cells were defined as

negative (yellow) or positive (red) for the expression of mRNA for PDL1.
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The MGMT promotor methylation status of the resected tumor was documented
in 52 cases, from which 32 patients were categorized as unmethylated. In 67 patients,
the presence of circulating tumor cells (CTCs) was investigated at the time of immune
diagnostic blood sampling. Blood samples were sent to Biofocus (https:/ /www.hbiofocus.
de/) for analysis. In 28 patients, no CTCs were detected. CTCs were detected in 39 patients,
based on the presence of large cells with mRNA expression for specific oncogenes (EGFR,
ERBB2, C-kit, and Telomerase) above a cut-off in comparison with house-keeping mRNA
expression. In nine patients, mRNA expression for PDL1 was above the cut-off value of 2
(Figure 2B). In 11 patients, increased mRNA expression for MGMT was observed, of which
seven patents were histologically dassified as being MGMT promotor unmmethylated,
while three patients were classified as being methylated (one patient had an unknown
histology result). For 16 patients who had CTC without increased mRNA for MGMT, six
samples matched with a histologic classification as MGMT promotor methylated, while
nine samples mismatched with the histologic classification and were classified as MGMT
promotor unmethylated. It should be noted that the categories for both histology-based
MGMT promotor methylation and the mRNA expression of MGMT in CTCs were derived
from continuous variables linked with methylated versus unmethylated status. Moreover,
GBM might depict heterogeneity for MGMT promotor methylation, such that histology
sampling errors cannot be excluded. Finally, the presence of CTCs was investigated at a
median of three months after operation, thereby potentially illustrating clonal evolution
during the first period of radiochemotherapy

To further illustrate the biological evolutions that occurred during treatment, we
looked at the evolution of mRNA expressions in CTCs for the oncogenes EGFR, ERBB2,
C-kit, and Telomerase, as well as the mRNA for MGMT and PDL1 over ime. For this,
available data on mRNA expression in CTCs were sampled and put on a time line for each
patient starting from neurosurgery. As mentoned earlier, the patients started immunother-
apy at different ime points and were treated individually. This is reflected by the use of
an individual monitoring schedule for each patient. Figure 3A shows the evolution of the
EGFR mRNA expression over ime for individual patients. Changes in mRNA expression
were only observed in three patients. On the contrary, as shown in Figure 3B, mRNA
expression for ERBB2, C-kit, Telomerase, MGMT, and PDLI, in comparison to mRNA
expression for the house-keeping gene NADPH, clearly changed over time and was often
visible around the appearance of relapse. As an example, the mRNA expression for FDL1
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in the CTCs of patients 22,731 and 23,346 was low at the start of immunotherapy treatment.

These values, however, increased during treatment and were ultimately accompanied by
relapse. Patient 23,346 was treated with pembrolizumab. Patient 24,005 also had a very

high level of mENA expression for PDL1 when the CTCs became positive for the first time.

This patient also received four doses of pembrolizumab, after which the CTCs became
negative for the PDL1 marker. These descriptive data indirectly demonstrate the possible
relative changes in sub-clones during the disease process, which might contribute to the
occurrence of relapse and which might be monitored for timely intervention. GBM is thus
a dynamic tumoral process. The descriptive analysis illustrates the heterogeneity within
these 70 patients at the levels of clinical risk factors, immune variables in the peripheral
blood, and molecular tumor biology data, as well as the dynamic processes occurring in
the molecular biclogy of the tumor.

The patients received IMI within the first-line treatment. Table 4 shows the details
of the IMI treatment. A median of two (range 0-5) I0-Vac® DC vaccines, 25 (range 0-77)
NDV administrations, and 30 (range 0-77) sessions of modulated electrohyperthermia
were given to each patient. One I0-Vac® DC vaccine consisted of a median of 12.2 x 10°
autologous mature IO-Vac® DCs loaded with autologous tumor proteins derived from
tumor lysate (when available and appropriate to the GMP requirements) or obtained as

ICD-therapy-induced, serum-derived, antigenic, extracellular microvesicles, and apoptotic
bodies.
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Figure 3. Evolution of oncogene expression in drculating tumor cells. Circulating tumor cells were
measured repetitively in 46 patients. Each patient is referenced with a number on the y-axis. Time
in months is indicated on the x-axis. The scale of the color of each testis shown on the right-hand
side. (A) The level of mRINA expression for EGFR is expressed as the ceq (cell equivalent). Most
of the values are negative (red). However, as indicated by the arrows, some patients showed an
upregulation of EGFR during the disease course. (B) This shows a similar data set-up as in panel A.
For each patient, data on mRINA expression are relative to the house-keeping gene GADPH and are
shown in a particular color, for which the scale is shown on the right-hand side, For each patient, up
to five lines are shown at different moments during the disease course. From top to bottom, values
for ERBB2, c-Kit, telomerase, MGMT, and PDL1 are shown for each patient. Stars indicate new events.
At indicates when the patient died. An arrow to the right indicates the time at which the patient

was censored in the analysis.

Table 4. Treatment details.

Vaccine Local Hyperthermia  NDV DC Total  DC/Vaccine

N 69 70 69 70 112
Minimum 0 0 0 0 2,400,000
25%P 1 13 17 6,950,000 8,075,000
Median 2 25 30 20,115,000 12,200,000
75% 2 ) 1 34,200,000 19,145,000

NDV: Newcastle Disease Virus.

9. A Case of Complete Remission and Specific T-Cell Response

In our retrospective analysis of these 70 patients, one particular innovative finding
emerged. As the tumor-specific antigens were not known when using tumor lysate or
serum-derived, extracellular vesicles and apoptotic bodies, the imimune menitoring in our
clinical setting was not a major focus. Nevertheless, proof of principle of ICD therapy in
combination with TMZ maintenance chemotherapy followed by vaccination with [0-Vac®
DC vaccines loaded with ICD therapy-induced, serum-derived, antigenic, extracellular
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microvesicles, and apoptotic bodies [19] for the induction of a tumor-neo-epitope-specific
immune response was demonstrated in one patient. This 18-year-old patient had an
incomplete resection of a left frontal lobe IDHI wild-type and MGMT unmethylated
GBM. The tumor mutational burden was low (0.5 variants/megabase), and there was
no evidence for microsatellite instability or germline variants. She was treated with
radiochemotherapy and, subsequently, five cycles of TMZm chemotherapy (Figure 4).
At presentation, her Karnofsky performance index was 90. She was lymphopenic with
279 /ul CD3+ T-cells, 78 /uL CD19+ B-cells, and 56/ul CD16+CD56+ NK cells. Her NK cell
functioning was below the reference value. She had Th2/Th17 skewing. Her CTCs showed
upregulated expression (3.44) of mRNA for MGMT, which was compatible with the known
unmethylated MGMT promotor status. The expression of mRNA for PDL1 was 1.13 (cut-off
for positivity = 2). She continued treatment for another seven TMZm chemotherapy cycles
combined with 5-day ICD treatments, which were given during each TMZm cycle at days
8 to 12. Afterwards, she received two I0-Vac® DC vaccinations loaded with ICD treatment-
induced, serum-derived, antigenic, extracellular microvesicles, and apoptotic bodies. Later
on, she received two 10-Vac® DC vaccines loaded with tumor-specific peptides based
on the individualized tumor-specific neo-antigen detection tests performed at CeGaT (
www.CeGaT.de). At the time of writing, she receives monthly maintenance ICD treatments
and is still in complete remission. Interestingly, we were able to monitor the tumor antigen-
specific T-cell responses as, in this case, the neo-antigens were known. A first sample was
available after the fifth TMZm cycle, prior to the addition of multimodal immunotherapy.
A second sample was available at the time of blood sampling to prepare the second IO-
Vac® DC vaccine (Figure 4). From the data, it is clear that surgery, radiochemotherapy,
and five cycles of TMZm did not induce a tumor-specific T-cell response. However, the
addition of seven ICD treatments to the last seven TMZm treatments and the first IO-Vac®
DC vaccine loaded with [CD-treatment-induced, serum-derived, antigenic, extracellular
microvesicles, and apoptotic bodies generated a clear tumor antigen-specific CD4+ and
CD&+ T-cell response. The impact of this observation might be meaningful. First, it is not
mandatory to have fresh frozen tumor material to prepare a tumor lysate as an antigenic
source. This avoids the critical challenges of yielding, freezing, transporting, analyzing,
and preparing tumor material within a GMP context. Secondly, and even more importantly,
if molecular subclones can change over time, their antigenic profiles can change as well.
ICD treatment allows the yield of tumor antigens that are expressed within the body at the
time of treatment and makes it possible for the vaccine to immunize against the antigens
that are actually present, instead of tumor antigens identified at the time of tumor resection
prior to radiotherapy and chemotherapy and hence prior to eventual treatment-induced
tumor clone changes.
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Figure 4. Detection of tumor-specific T-cell clones. The treatment timeline for patient 24442 and
its multiple components are shown in the bottom part of the figure. TMZm indicates five days of
temozolomide maintenance treatment in cycles (every 28 days). ICD indicates immunogenic cell
death (ICD) treatment consisting of the combination of five injections with Newcastle Disease Virus
and five sessions of modulated electrohyperthermia. I0-Vac indicates a vaccination cycle including
six ICD treatments and an injection of 10-Vac® DC vaccine, consisting of autologous mature dendritic
cells loaded with ICD-treatment-induced, serum-derived, antigenic, extracellular microvesicles and
apoptotic bodies. IO-Vac-P vaccination cycles are equal to IO-Vac vaccination cycles, but the DCs
are loaded with tumor-specific neo-peptides. The upper part of the curve shows the specific peptide
sequences, the respective gene and coding information, the Novel Allele Frequency (NAF), and the
HLA phenotype. TP1 and TP2 indicate the two respective time points at which T-cells were frozen
for immune monitoring purposes. Slis the stimulation index, the ratio of polyfunctional activated
CD4+ or CD8+ T-cells (positive for at least two activation markers from CD154, IFN-g, TNF, and /or
IL-2) in the peptide-stimulated sample, compared with the unstimulated control. Additionally,
the percentage of activated CD4+ or CD8+ T-cells (positive for at least one activation marker of
CD154, IFN-g, TNE, and /or IL2) above the background and after in vitro amplification is given. This
percentage does not directly reflect the frequencies in vivo. SI > 2: weak response (+); SI > 3: positive
response (++); SI > 5: strong response (+++); SI > 10: very strong response (++++). Peptides 1-3, 4-6,
and 7-10 were pooled for the analysis of TP’1. Peptides 9 and 10 were pooled for the analysis of TP2.

10. Results in Term of OS

As we did not have reference radiology for the independent assessment of new
events, given the need to follow the iRANO criteria [65,66] and as OS is certainly the most
important outcome in the context of immunotherapy, we focused on the OS of the patients.
As described earlier in Section 8, the retrospectively analyzed group of 70 patients was
a heterogeneous group of patients. They best reflected adapted RPA class 4 patients, as
published by Stupp et al. [14]. This reference was used as a historical control. Data were
analyzed using GraphPad Prism version 7.00 for Windows (GraphPad Software, La Jolla,
CA, USA, www.graphpad.com). One patient was lost during follow up. The median OS
was 20.03 months (Figure 5A) with a 2-year OS of 38.83% (CI95%: +13.04, —13.25) and a
3-year OS of 31.41% (CI95%: +13.35, —12.55). Patients younger than 50 years (21 MGMT

Oncothermia Journal, Volume 30, April 2021



Cancers 2021, 13, 32

17 of 28

promoter unmethylated, 7 methylated, and 7 unknown) had a median OS of 22.07 months,
which was not statistically different from the median OS of 18.07 months observed for
patients older than 50 years (11 unmethylated, 13 methylated, and 11 unknown). We found
MGMT promotor methylation status to be a significant factor (Figure 5B, log-rank test: p =
0.0004): patients (n = 20) with patients with MGMT promotor methylation having a median
OS5 of 42.85 months versus 11.77 months for patients with unmethylated MGMT promotor
status (n = 32).
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Figure 5, OS5 data: (A) OS data of the total patient group (CI25% values are shown). One patient
out of 70 was lost during the follow up period and (B) the patient group was divided according to
MGMT promotor methylation status—methylated (grey), unmethylated (black), data not registered
(light grey). The p-values show significance using the Log-rank (Mantel-Cox) test.

For 16 patients, local therapy (neurosurgery, radiochemotherapy) was followed by
IMI (Group 1). ICD therapy (the combination of [V bolus injections of NDV together with
mEHT [19]) integrated into the TMZm chemotherapy cycles followed by I0-Vac® DC
vaccines and maintenance ICD therapy was given to 46 patients (Group 2). Fight patients
started with IMI after the last TMZ maintenance chemotherapy cycle (Group 3). The OS5
data were significantly different for the three treatment groups: 13.08 months for group
1, 22.46 months for group 2, and undefined for group 3 (median follow-up of surviving
patients: 28.59 months, range 26.3-55.9 months; Figure 6A). The latter likely points to
favorable selection of a small group of patients who experienced no events until after the
end of the maintenance chemotherapy and profited from subsequent IMI treatment. The
median OS of the patients with unmethylated MGMT promotor status was 11.25 menths
for group 1 (n = 7) and 18.07 months for group 2 (# = 21), with a 2-year OS5 of 0% in group 1
versus 17.18% (C195% +31.65, —15.86) in group 2 (Figure 6B, log-rank test: p = 0.0273). The
median OS5 of the patients with methylated MGMT promotor status was 42.85 months for
group 2 (n =15) with a 2-year OS of 66.66% (CI95%: +19.3, —32.96). There were only three
patients in group 1 who had a tumor with MGMT promotor methylation status. Within
treatment group 2, the differences in the OS curve due to MGMT promotor methylation
status were significant (Figure 6C, Log-rank test: p = 0.0036).
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Figure 6. OS5 data for the treatment groups. As explained in the text, patients were categorized
into three different treatment groups: {A) OS data for the three different patient groups; (B) OS
data for the patients without MGMT promotor methylation belonging to treatment groups 1 (blue)
and 2 (green); and (C) OS data of patients from treatment group 2, divided according to MGMT
promotor methylation status. The p-values show the significance calculated using the Log-rank
(Mantel-Cox) test.

Considering these data and the data published by Stupp et al. [14], patients with
MGMT promotor unmethylated status have no relevant benefit from the addition of
TMZ [14] or from treatment with IMI alone. However, the data from treatment group 2
suggest the potential benefit of the integration of ICD treatment within TMZm chemother-
apy followed by 10-Vac® DC vaccinations, which was found to increase the median OS by
about six months. On the other hand, treatment with IMI after local therapy for patients
with MGMT promotor methylated GBM yielded similar median OS data as treatment with
TMZm chemotherapy, while the integration of ICD treatment with TMZm chemotherapy
followed by IO-Vac® DC vaccinations increased the median OS further—by about 18
months. These data are worth validating in prospective clinical research.

11. Conclusions

In this paper, we reviewed the multiple challenges related to the use of immunotherapy
RCTs for GBM (Sections 2-7) and illustrated these challenges in a retrospective analysis of
GBM patients treated at [OZK (Sections 8-10). GBM treatment is affected by the complexity
of the tumor, the complexity of the immune and inflammatory micro-environment, the
complexity of combined treatment approaches, and the complexity of dynamic changes
occurring within the tumor, the tumor microenvironment, and the immune system. The
set-up of immunotherapy RCTs for GBM is affected by the need for multiple stratifications

Oncothermia Journal, Volume 30, April 2021



Cancers 2021, 13, 32

19 of 28

to create an appropriate control group. Both stratification and the read-out of OS necessitate
the use of a large number of study participants. The costs to run such RCTs are related
not only to the Good Clinical Practice (GCP) documentation but also to the production of
the ATMP in a GMP environment. As already mentioned, there has been an abundance
of smaller phase I and phase II single-arm clinical trials, and several meta-analyses have
shown the efficacy and safety of DC vaccination for GBM treatment. The high cost of
non-innovative small RCTs with predicted negative outcomes due to a lack of appropriate
stratification makes them not appropriate at this time due to limited resources. Models
for OS and immunotherapy responses in patients with GBM based on DNA-methylation-
driven, gene-based, molecular classifications and multi-omic analyses may be better tools
for predicting the efficacy individually for each patient [177]. However, patients suffering
today from GBM need better treatments, including the use of first-line immunotherapy to
fight their cancers.

The multimodality of immunotherapy, besides the standard of care, presents a further
challenge to the classic step-wise research methodology used in clinical research. [OZK
aims to contribute to the general knowledge and communicate their gained experiences to
the wider scientific community. The ATMP I0-Vac® DC vaccine has been used as part of
IMI treatment in the framework of “Individueller Heilversuch”. Each patient is treated at
all personalized levels necessary. For each individual patient, the best possible solution for
their medical needs is worked out. Prospective medical research questions on groups of
patients are not generated. Nevertheless, the IOZK aims to repetitively freeze the database
at certain time points and sample patient data to carry out scientifically correct retrospective
analyses. The current analysis suggests that the addition of ICD treatment with NDV and
mEHT during the application of TMZ maintenance chemotherapy, followed by 10-Vac® DC
vaccinations and maintenance ICD treatment, may be beneficial for both MGMT promotor
unmethylated and methylated GBM patients.

A final challenge in the broad implementation of innovative therapies like IMI, given
that its effectiveness has been accepted without the use of RCTs, is the expected cost
versus the length of additional survival. The production of personalized ATMPs under
GMP conditions is expensive. The control over the ATMP quality, and hence over the
costs, belongs to the authorities, who are also responsible for health policies in general.
This topic points to the need for a cost-effectiveness analysis to compare the costs and
outcomes of treatment options. The aim is to ensure the greatest possible health benefits
are attained with a given budget. For macroeconomic considerations, cost-effectiveness
thresholds (CETs) are usually related to the gross domestic product (GDP) per capita [178].
To the best of our knowledge, no representative data related to the integration of IMI
into standard of care treatment of GBM are available. Single studies have appraised the
additional cost of targeted therapies per year of survival if combined with chemotherapy.
In non-small-cell lung cancer, for example, the additional cost for using atezolizumab in
combination with carboplatin/nab-paclitaxel amounts to 333,199 USD per quality-adjusted
life year [179]. Understandably, the respective costs are difficult to calculate and depend
heavily on the type of cancer, the treatment in question, and the parameters used in the
cost-effectiveness study. Accordingly, different methods have been described [180]. What
we can say is that overall spending on cancer drugs has been increasing. For example,
spending on cancer drugs rose from €7.6 billion in 2005 to €19.1 billion in 2014 in the
EU [181]. For some types of cancer, calculations are available. Between 2007 and 2012, the
mean amounts of money spent in the first year after diagnosis was $35,849, $26,295, $55,597,
and $63,063 for breast, prostate, lung, and colorectal cancers, respectively [182]. In view of
the overall increase in costs, even higher expenditure must be expected today. A more recent
study on breast cancer reported the average cost per patient in the year after diagnosis
as being between $60,637 and $134,682, depending on the cancer stage [183]. Newly
approved pharmaceuticals easily cost more than $100,000 US per year. Costs are driven by
various factors that are not proportional to their often modest additional benefits [184,185],
exceeding the cost-effectiveness thresholds. In comparison, the addition of modulated
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electrohyperthermia to dose-dense temozolomide for the treatment of recurrent GBM has
proven to be cost-effective [186]. Taken together, it is methodically difficult to compare the
cost—benefit ratio of the integration of IMI into standard of care treatment. Considering the
far higher overall costs of targeted therapies, one may expect that the ratio would not be
unfavorable.
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Abstract

This paper demonstrates an opportunity to assess the suitability of an adjustable passive impedance matching
network. Various complex impedances shall be transformed to nominal fifty-ohm reference impedance at a
given constant carrier frequency. The terminating impedance for optimal matching and gradual mismatching
(different degrees of matching) were calculated using mathematics software MATLAB for a matching network's
known parameter range. The chosen method, together with the cheap solution, presents a descriptive
visualization of the matching network's working principle and resolution capacity. Therefore it can be used as a
supporting opportunity for matching network optimization. This network is used for cancer treatment by
modulated electro-hyperthermia (mEHT). The accurate matching allows the energy's dosing into the target,
which is selected by the body's impedance heterogeneities. The immunogenic effects follow the well-selected
energy absorption.

Introduction

Cancer is the number-one deadly disease for humans. Significant efforts and substantial resources are involved
in solving this challenge worldwide. A broad spectrum of various approaches exists in treating malignant
diseases. Among them, the most known, conventional treatments are surgery, chemotherapy, and radiotherapy
(1. Many additional therapies are emerging to increase the treatment efficacy, elongate survival, and
significantly increase the quality of life (QoL) of the suffering patients. One of the complementary methods is
hyperthermia, aiming to sensitize or even synergetically increase the conventional therapies' effect.
Hyperthermia is usually an isothermal mass heating approach, with the intention of high-temperature activity as
a condition to increase the efficacy of the conventional therapies. The majority of heating effects use
electrodynamical actions in a non-ionizing regime, and many of them are active in the radiofrequency (RF) range.
The technical challenge of these heating processes is optimizing the energy-absorption in depths, focus on the
tumor without safety problems; avoid burns on the body's surface or hot-spots inside. In order to solve this
problem, modulated electro-hyperthermia (mEHT, trade name oncothermia) was introduced. The mEHT method
breaks with the isothermal concept and applies heterogenic selection, targets the malignant cells without direct
heating of the tumor's entire mass.

However, this complex cellular manipulation with the applied electric field needs very necessary technical
conditions. The crucial point is to direct the energy by impedance matching. In heterogenic heating, the
temperature was the usual dose of energy-absorption. The measurability of temperature in the tumor causes
many complications. In heterogenic selection, the tumor's temperature cannot be the control parameter; the
target's energy absorption decides the dose (2]. The request of the preciosity needs a well-tuned energy-
delivery, involving challenges in the technical realization. The objective in this article is to show some parameters
of impedance matching in human cancer treatment.

Technical background

The electromagnetic RF energy is capacitively coupled to the body part, when the tumor is located, positioned
that the RF-current flows through the cancerous lesion (3). The carrier frequency is 13.56 MHz belonging to a
radio band that is freely usable for industrial, scientific, and medical (ISM) purposes. The capacitive coupling
carefully impedance matched, optimally using the minimal impedance by resonant arrangement. The RF-source
is an E-class (switching-mode) amplifier (4). The patient (which has only a capacitive component in the imaginary
part of the impedance) becomes a part of the entire electrical network. Therefore, the patient is considered
complex impedance due to the engineering convention being transformed to a 50 Q reference impedance by
using a passive matching network (tuner). The fixed carrier frequency allows the resonant impedance matching
to the load, which is the targeted human tissue.

The system dimensions allow a near-field impedance matching (5]). When the medium impedance changes, a
part of the propagated wave is reflected, which has to be minimized. Incoming and reflected waves interfere
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and create standing waves that represent mismatching. In this case, the system does not completely transfer
the available power to the load. However, for cancer patients' mEHT treatment, a continuous and maximum
possible power transmission is indispensable to ensure dosage assessment and control. A proper impedance
transformer is required to counteract the mismatching that matches the load impedance to the reference
impedance. Due to the switching mode resonant amplifier, the correct matching is also a strict request. The
patient as the load can have widely different impedances depending on size, muscle and fat content, body hair,
origin, treatment location etc., so that a variable impedance transformer with a large latitude of adjustment is
necessary. The impedance change during the treatment also could be large enough to correct the matching. The
impedance transformer/tuner in mEHT exists and shall be examined for its applicable bandwidth of a broad
range of patient impedances. The matching of patient impedances appears as a special challenge; even
impedance matching, in general, is a much-discussed topic (6], (7). However, most of the precise matching fit
the fixed antennas, allowing a constant tuning to unchanged impedance. While the patient impedances are
multifarious by patients and by treatments, the tuner has to work over a wide range of load parameters.

The compensation of an imaginary part and transforming of a real part to a 50 Q reference impedance requires
two independent adjustable tuner parameters. The impedance matching during the treatment has to be made
dynamically due to constantly changing patient impedances caused by respiration and other physiological
changes, including the tumor's change. Therefore, perfect matching cannot be achieved, the tuner has to follow
the rough changes and the matching regulation follows a fuzzy logic. In the course of this for the given patient
impedance, different tuner parameters constellations can lead to the same degree of matching that is here
called as a problem of an ambiguous assignment. This additionally exacerbates the controlling of the tuner. The
tuner’s optimal matching means that it compensates the impedance of the load (Z,,44) With its impedance
regulated (Zruner) impedance, having the Z, reference without imaginary part, Figure 1. (8).

ZTT = ZTuner + ZLoad = ZO (1)
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Figure 1. Distribution of the voltage amplitude along the wire versus the matching resistor {Standing Wave

Ratio, SWR}, (8]
This paper shows the possible load (patient) impedances for different degrees of matching that were calculated
by mathematics software MATLAB (9] with the aid of circuit simulation program “Serenade” (10] for a given
adjustable tuner with known parameters range and a constant carrier frequency of 13.56 MHz. The operating
principle, together with the resolution of the tuner and the load impedances, in synchrony with their best possible
degree of matching, are visualized graphically. Furthermore, the problem of ambiguous assignment of tuner
parameter constellations and degree of matching is presented.

The mathematical evaluation of adjustable tuner suitability is a well-illustrative method beneficial for fault
finding and optimization of the tuner.
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General challenge

Reflections are the consequence of medium impedance changing and can be suppressed by matching each
other's impedances. Within an RF circuit, impedance matching has to be considered - generally between source,
load, and transmission line. Therefore the common reference impedance Z, of usual 50 Q ehm has become
established (11] that facilitates the matching by constructing sources and transmission lines with impedance Z,,.
The reference impedance is also referred to as a line, nominal and reference impedance. In the calculation, the
E-class resonant RF-source is also fixed to 50 Q nominal reference impedance. Figure 2 shows the basic circuit
setup for mEHT treatment where the reference impedance is 50 €, and the generator delivers the entire power
if 50 Q transformed load impedance Z, are connected. The following considerations assume stable reference
impedance and carrier frequency.
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Figure 2. Circuit setup. Z, reference impedance, Z,,,4 load impedance, Z., transformed load impedance.

Zrr = Zruner t Ziroad: Zroad = Zioss t Zpts: Zpts = Zyealthy T Zrumor

The tuner has a grounding shortcut, so its impedance and the impedance of the complete load is transformed
to a parallel & serial transition. The notes Z;ypner and Z;,44 are the transformed impedances.

In complete tuning satisfies:
Zrr = Zruner + Zioss + ZHealthy + Zrumor = Zo (2)

This simply summation works only when the tumor-size corresponds with the electrode size. When it is not the
case, the ratio of the Rpis = Zyeqitny/Zrumor Modifies the simple addition. Presently we assume that
Rpps = 1.

This is the engineering task, the reference point, and the nominal Z, reference impedance is to solve the complete
tuning, make the engineering task of matching perfectly. The medical task is more complex than the tuning of
the hardware; that is, targeting the tumor in depth. The request from the equipment to treat patients is to have
perfect tuning (maximize the effect of the RF-generator) and minimize the hardware l0sses Zryner + Zioss- When
the technical request is fulfilled, the task is focused on the patient's net energy source (“medical source”).
Consequently, the medical task starts at the applicator on the patient, and the medical challenge is concentrating
on the Zrymor-
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Technical challenge

The occurring wave reflection due to mismatching can be quantified by complex reflection coefficient T.

Zrr—Z
T = ZTr 20 (3)
T It
Its absolute value can lie between O and 1, where O means perfect matching. In the case of reflection incident
and reflected wave interfer and create standing waves. The voltage standing wave ratio VSWR describes the
ratio between the maximum and minimum voltage of standing voltage wave. It can also be calculated using the

reflection coefficient.

14T

VSWR =
1—|T]

(4)

VSWR attains values of 1and higher where 1.0 corresponds to perfect matching. The amount of power loss
caused by reflections is expressed by return loss RL that describes the ratio between incident P; and reflected
power P. and can also be gained from VSWR.

P;
RL = 10 log,, (F) (5)

(6)

VSWR — 1)

RL = =20 logyo (VSWR 1

By equating formula (5) and (6), the ratio between reflected and incident power can be calculated:

3 VSWR — 1)?
= <7) = |2 (7)
P, \VSWR +1

An example: let us calculate when the reference impedance Z, = 50 Q and load impedance is transformed to
Zr = (60 —j10) Q. In this case, we receive the reflected power of about 1.6 %, taking the reflection coefficient
from (3) and the subsequent ratio between reflected and incident power from (7). The task is to minimize |T| and
the VSWR.

The transformation of complex load/patient impedance requires two independent adjustable tuner parameters
C, and C,. The transformed load impedance Z;, depends therefore on three parameters - the two tuner
parameters and the load. The reference impedance of Z, = 50 Q together with Z, determine the VSWR value.
The relations in general:

Zrr = f(Z0,VSWR) (8)

ZT‘r = f(ZLoad: C1, CZ) « ZLoad = f(ZTr' Cl' CZ) (9)

From (3) and (4) the perfect matching (VSWR = 1.0) can only be achieved if Z, equals Z,. Every possible
constellation of tuner parameters and deduced Z;, can be calculated in the perfect matching. However, in
mismatching (VSWR > 1.0) the calculation of load impedance becomes more complicated. Like (4) shows, only
the absolute value of the reflection coefficient (|T'|) is of interest to calculate the VSWR. The challenge happen
realizing that the different Z;, values can cause the same |I'|. Therefore it is not possible to calculate the
transformed load impedance Z;, in case of VSWR > 1.0. The relation between VSWR value and transformed
load impedance Zr, forms ring structures (Fig. 3.), allow the arbitrary direction of Z,. vectors keeping the
absolute value (Z;, = Z, + Z,) where |Z,| is the radius of the circles in Fig. 3. determined by a constant VSWR >
1.0.
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Figure 3. The relation between VSWR and transformed load impedance Z;.. The actually shown
transformed load is realized at VSWR = 3.

The middle point on Fig. 3. shows the clear assignment between Z;, and VSWR values when VSWR = 1.0. For
VSWR > 1.0 the |Z;,| has to be determined first. The tuning challenge is huge due to the Im{Z;,} could be
extremely large, while the shrinking real-part tends to Z, = Z,, when Im{Z;,} = 0. Consequently, the load
impedance in the circle has to be calculated for every constellation of tuner parameters. Note that Z;, values
are in pairs of positive or negative admittance at the same |Z,|. Introducing the parameter VSWR, ;. describes
the circle function on the corresponding set of impedances Z, causing a VSWR of value x. In contrast to that
VSWR, areq Characterizes that area that includes all load impedances Z,,,, which can be transformed to a
minimal VSWR of value x (best possible, optimal matching).

Based on the ultimate trans-match model (12], the tuner circuit could be realized like it is a circuit shown in Fig.
4. The L is the constant coil inductivity and C; and C, are adjustable rotary capacitors. Capacity C; consists of
two identical condensers controlled symmetrically, while C, is independent. Consequently, two separate
parameters define the tuning by individual control of the tho capacitive components. In calculation, we use a
resolution of 100 steps for each. The existence of the two parameters corresponds to the real and imaginary
parts of the matching. The number of the parameters defines the angle of Z;, by the vector components in the

circle of radius |Z,| when VSWR > 1.0.

Figure 4. Tuner circuit with adjustable capacitors C, and C, and constant coil inductivity L.

The transformed load impedance Z;,. can be calculated using figures 2 and 4. Thus the load impedance Z, ., at
constant carrier frequency f. is
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Zioaa = 1 _1 B jwC,
T 1  julL (10)
1 . JjwCy
E —]wCl
where
w = 2nf, ()

First, the transformed load impedances Z;,. for the specified VSWR value has to be found. In full matching Z;, =
Z,. Consequently, when the system is well-tuned (VSWR = 1.0; Z;, = Z,), the load can be calculated:

jwLCiZ, | 2Z, ; _L 1 _L
; G t e, TIOLL -t e, TG 12)
Zload — ] 1
](J)L +](U—Cl + wZZOLcl - ZZO

(Conventionally Z, = 50 Q, so we use this value for model-calculations.)

After that, all load impedances for all constellations of tuner parameters C;, C, and equally distributed and
quantitatively satisfactory Z;, on the VSWR,, ;. the circle can be calculated. The result of that depends on the
amount of Z, points numerous single impedance areas (for each Z,, point one area) that are overlapping and
evolve the entire area - the VSWR, 4,.,. From the gathered impedance points extracted from the border of
VSWR, areq- The density of impedance points in the area gives information about the resolution of the tuner and
with known C;, C, and L values for a specific Z;, the operating principle of the tuner can be comprehended. This
information is also used to visualize the ambiguous assignment of tuner parameter constellations and the
degree of matching.

With the aid of the circuit simulation program “Serenade” the VSWR, ;. functions were interpolated. The tuner
circuit shown in figure 4 and complex load impedance were implemented, and the reference impedance of 50 Q
and the carrier frequency of 13.56 MHz defined. Furthermore the constants and adjustable parameters with
their ranges in the tuner were set. For six different complex user-defined load impedances Z,,,; and the
determined goal VSWR value the C;, C, constellations were simulated. For each gathered Z, .44, Ci, C;
constellation the transformed load impedance Z;, was calculated. All six single simulations had the same goal
VSWR of value x so that the resulting Z;, points drawn in complex plane lay on the VSWR,, ;. circle. By method
of least squares using Gauss-Newton algorithm, the circle was interpolated and its function with radius r, real
axis shift m; and imaginary axis shift m, be extracted.

r?=(x—m)?+(y-my)? (13)

The circle function can also be expressed by polar coordinates where ¢ describes the angle between Z;,
impedance vector and real axis counterclockwise.

X=my+71"cose (14)
y=m,+r-sing

In 3.6° steps, the coordinates of 100 equally distributed and quantitatively satisfactory Z., points per circle were
obtained. The number of Z;, points is freely selectable, whereby a higher number of points provides a finer
border of the calculated entire impedance area.

In ideal conditions the VSWR = 1, and the possible Z,,., impedances have a large set of values. For perfect
matching Z, has to equal Z, that is assumed to be constant 50 Q. Therefore the load impedance is Z;,44. It
depends only on the two adjustable capacitors C; and C;: Z, 44 = f(Cy,C;). For 100 ¢, and 100 C, values the
load impedances Z,,,4 Can attain 10000 impedance points shown in a complex plane below. The different
adjusting of tuner capacitors and their resulting changing of load impedance Z,,,, is marked Fig. 5. This means
that all of these loads could be ideally matched with VSWR, ¢ 4req-
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Fig. 5. The complex Z;,qq at VSWR, 4 areq- The load impedance Z,,,4 depends on the transformed load
impedance Zr, and the two adjustable capacitors €, and Cy: Z,0aq = f(Z1r) C1, C3)-

When VSWR>1, then the reference points form a circle in the actual calculation as expected by Figure 3. For a
defined step size of ¢ the x and y values (resistances and reactances) of reference points could be generated
(Figure 6.). Subsequently, their impedance areas are calculated. The contour points were detected and collected.
The last step was evaluating the contour of the single contour points representing the border of the specified
VSWR area.

Re {ZTr}

Figure 6. 36 reference points for VSWR = 1.4. An arbitrary Z, is shown.
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For suboptimal degrees of matching like VSWR = 1.4, the load impedance Z;,.q depends not only on the
capacitor values C, and C, but also on the transformed load impedance Zr, Zioaq = f(Zrr, Cy, C,) (Figure 7.). The
transformed load impedance Zr, can actually attain infinite values laying on an impedance circle corresponding
to the specified VSWR value. Therefore infinite single load impedance areas result.

500 T T T T T T T

Figure 7. The VSWR; 4 4req NO perfect matching Every tenth single area from 100 calculated. Every single
load impedance area was calculated for 10000 different Cy, C, constellations.

The single impedance areas create an entire impedance area that border was detected for the specified
VSWR value in Figure 8.
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Figure 8. The borders of entire load impedance areas for chosen VSWR values.
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The calculated impedance area for perfect matching from figure 5 is related to capacitor values C, and C,. In

this case the single impedance area corresponds to the entire impedance area because the transformed
impedance load Zr, has to equal the reference impedance of constant 50 Q, Figure S.

€, inpF
Cy inpF
\\

100 w
a) oo ; Re(Z1p0a)In 0 b) Im{Z;qq}in Q . Re{Zjouu) in 0

Figure 9. ¢, and C, dependence on VSWR 4 area-

The calculated single impedance areas from figure 7 are shown with their related C, and C, values. However,
the load impedances not only depend on the adjustable capacitor values C,, C, but also on the transformed load
impedance Zr,. The overlapping single impedance areas plotted above form a volume, implying that the same

load impedance Z;,,,4 Can be tuned to a specified VSWR value greater than one by different C,, C, constellations
Figure 10.

Cy inpF
C, inpF

i ' IM{Z;p0a}in 0 - “ .
a) Im{Zioaa}in & Re{Zjpa)in @ b) Wit Re(Zi00a) n 0

Figure 10. C; and C, dependence on VSWR; 4 area-

The different density of load impedance points in figure 5 delivers two statements. The first is that the tuner
sensitivity is different within the impedance area. Load impedances within this area with very low or high real
part or low imaginary part can be tuned finer in general than impedances with the high imaginary part. This leads
to the second statement that an extension of tuner parameter range has only effect graphically seen for the
upper border of impedance area by adding lower €, values. In contrast to that, all other possible range
extensions of €, and C, do not enlarge the area due to the increasing density of points towards the borders. If a

higher resolution within the impedance area for perfect matching is desired the C; and C, steps have to be
minimized.

As expected does a lower degree of matching results in a larger load impedance area indicated by figure 7.
However, the area extension is not symmetrical in all directions that, due to non-existing impedances with the
negative real part, is comprehensible. Partly an overlapping of single impedance areas is shown that indicates

that two possible C,, C, constellations for one load impedance Z,,., lead to the same transformed load
impedance Zy,.

The plotted borders for chosen VSWR, 4., in figure 8. show, that generally, load impedances with high real and

low absolute imaginary part are more straightforward to match than those with low real part and high absolute
imaginary part.
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Considering the problem of ambiguous assignment of tuner parameters and degree of matching so can be said
that for a perfect matching in figure 9 every load impedance in this area has exactly one ¢;, C, constellation and
unique assignment prevail. In contrast to that figure 10 shows the ¢, and C, dependence for a worse degree of
matching. A specified load impedance in the VSWRs14 areq @rea can be transformed by different ¢, C,
constellations and the assignment is not unique anymore. For worse degrees of matching this problem
intensifies. The problem can be seen from another direction. For a measured VSWR value and known C;, C,
values obtained from step motors positions the load impedance Z,,,, cannot be determined that exacerbates

the controlling of the tuner. It shall be pointed out again that all considerations suppose stable reference
impedance and carrier frequency.

Technically essential to solving that the Z;,., is minimal when matches the Z,,.4 to the Z, reference. Other
technical challenges are connected to the minimalization of theZ, s,

Medical challenge

The complex medical task starts at the applicators, which are included in the medical task as an important
energy transmitter, constructed for human physiology, ergonomy, and medical practice, see Fig. 11. On the other

hand, the applicator has technical tasks also. The impedance matching sharply depends on how the transmitting
electrodes are connected to the human body.

From this point we have
medical challenge

Upper
applicator

LoWer applicatol

Figure 11. The RF-current flows through the body. The medical challenge starts at the applicators.

Important behavior of the applicators is the perfect shape adaptation avoiding the high impedance of the
transmission. The carefully selected materials and structure of the applicators minimize the losses. The broad
range of electromagnetic heterogeneity of the body is the next barrier Fig. 12. The only easing of the challenge
is the missing inductive factor in the body, so the impedance of tissues has only negative reactance.
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Fig. 12. The main, macroscopic electromagnetic heterogeneities of the body. (a) The layer structure (the
essential micro-heterogeneities of the various tissues are not shown.) (b) The resultant impedance
vector (Only some macro-heterogeneities are shown for clarity.)
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However, in capacitive coupling on a larger volume (like belly, chest), Eddy-current could generate a slight
induction, as shown in Figure 13.
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Upper
applicator

Figure 13. The induced Eddy current in a large part of the body by RF capacitive coupling. (It depends, of
course, on the frequency, the current conduction, and sizes of the body-part.

Measurements in various healthy human volunteers show this tendency in Figure 14. The possible Eddy current
inductivity in the belly significantly differs from other body-parts.
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Figure 14. Impedance measurements on human volunteers with capacitively coupled different plan-parallel
electrode sizes fit the size of the body-part. (a) the results depend on the person. (b) example of the wrist
measurement. (c) The black markers show the averages.

The technical solution has to serve the medical task to provide optimal energy in the tumor considering the
broad range of the individual variation of the impedances. This task is a considerable challenge that needs
technical and physiological, biophysical, and medical considerations. The solution could be the mEHT, which is
designed to handle all the demanding details.

The mEHT method is one part of the cancer therapies. The treatment goal is to deliver energy absorbed at the
tumor-cells and start the antitumor-effect by eliminating the selected cells and liberating their genetic
information to form an antigen-presenting process developing a tumor-specific immune-reaction by in-situ
effects, without ex-body laboratory manipulation (13].

The massive micro and macro heterogeneity of the living tissues block the isothermal heating, but it allows the
selection. The selection uses the bioelectromagnetic, thermal, and structural peculiarities of the malignant cells
and their microenvironment (mE) (14). The guiding selection factor are the impedance differences between the
malignant and healthy cells (15). The real part of the impedance is strongly influenced by the cells' ionic content
and their mE. The malignant cells mostly metabolize much more intensively, which is measurable by positron
emission tomography (PET). This shows the extreme glucose demand of the tumor, producing ATP in a
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fermentative way. This mode of ATP production is speedy and straightforward but considerably less effective
than the standard Krebs-cycle in mitochondria (16). The mitochondria function is suppressed, and it is stated as
the primary cause of cancer (17). Due to their huge energy-demand for cellular reproduction, so the ionic
component around them well differs from their host. The imaginary part of the mE is determined by the missing
(or damaged) networking of malignant cells. The cancer cells are mostly autonomous. They are individual,
separated “fighters” for the energy to survive. This autonomy changes their mE, the missing cellular
connections, and the disordered structure of aqueous electrolyte around them will increase the relative
dielectric constant (e,) of the mE region. The disorder is mE “dismantles of multicellularity” (18). The impedance
drastically changes by the higher conductivity and higher dielectric constant than standard. The two effects
support each other (19), and RF current flow recognizes it due to the noticeable changes.

The application of bioelectromagnetic differentiation in biological tissues attracts the attention of researchers
(20]. Various publications show considerable differences between the impedance parameters of malignant
tissues from their healthy hosts. The current density image by MRI (RF-CDI) well visualizes the increase of the
RF-current density in tumors [21). The in vivo measurements show that the necrotic cell-destruction approx.
linearly depends on the conductivity in the range of 10 Hz - 1 MHz (22]. (24 tumors of the K12/TRb rat colon
cancer.) The conductivity of VX — 2 carcinoma and normal rabbit liver tissues ex-vivo also shows the differences
(23]). The impedance variation shows good resolution of tumor-in the mice by control comparison with MRI (24).
In human measurements with coaxial line sensor, the heterogeneity well proven in ductal and lobular tumors
compare them to the surrounding tissues in 0.02 — 100 MHz range (25). The breast tissues were very intensively
examined to replace the ionizing radiation in mammography with more safe electromagnetic tomography (26),
(27). The water content of the tissue also has considerable addition to the electric behavior of tumor (28]; which
makes extra selection factor due to the water content is significantly higher in the tumor than its host.
Furthermore, the extracellular fluids in mE form bound water, which has larger values of ¢ and ¢ than free
water. Pleasant help, that the Debeye model comparable with the measurements (29), and when it modified,
the similar Cole-Cole model describes the situation (30]:

. * — )
Debeye: £ (W) = & + 2 .
Cole-Cole: £ (w) = o +ﬁ

The Cole-Cole model well approximates the heterogenic changes like organelles, cellular edemas, ischemic
tissues, gap-junctions, etc. (31) by deformation of the clear semicircular shape. The Cole-Cole formulation well
demonstrates the importance of the electromagnetic heterogeneities in the target (32]. The conduction
differences in the micro-range also used against pathogens in food-processing [33). For example, the frequency
dependence of energy absorption by insects used against rice weevil (34].

The heterogeneity affects the relaxational processes in a broad spectrum of frequencies (35). However, the
frequency dispersion modifies different parts of the tissue and cells, and gives a possibility for further selection
by low frequency (« — dispersion), radio frequency (B & & — dispersions ), and microwave frequency (y —
dispersion) processes (36). The usefulness of the 13.56 MHz is not only because it is a part of the medically
allowed ISM frequencies, but also because its geometrical selectivity (37), as well as its special position in the
boundary of the B & § — dispersions.

The B —dispersion targets the membrane-electrolyte structures of cells, performing Maxwell-Wagner
relaxation (38]. The interfacial polarization of the cell membranes (39), consequently, the charge distribution at
the cellular of interfacial boundaries (40] play a central role in the process. The charge buildup causes the
characteristic variation of the § — dispersion [41). A transition occurs from a — dispersion to  — dispersion in
ex-vivo haddock muscle (42] a few hours after its removal from the fish. It was increased in the same period of
time, according to The different tissue decomposition process mechanisms causing the change in this frequency
range. The upper-frequency boundary of B — dispersion has additional peculiarity usually noted as 1 —
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dispersion. The torque of biological macromolecules caused by the proteins keeping their orientation against
the disordering electromagnetic effects form large dipole moments, which do not follow the high-frequency
changes (43). The vast heterogeneity of the biological tissues causes multiple effects on the excited molecules,
like the conformational change of the polymers (44), the macromolecular relaxation interaction with the ionic
effect in the vicinity of them [45).

The § — dispersion is just overlapping the high-frequency end of the g — dispersion [46). The dipolar moments
of proteins and other large molecules (like cellular organelles, biopolymers) distinguish this frequency interval
(47). It is a second Maxwell-Wagner dispersion (§) act on suspended particles, diffusion of charged molecules
surrounded by a cell (48], near membrane bounds completed with protein-bound water, and cell organelles
such as mitochondria (49), (50). Electromagnetic selection of the malignant cells guides the energy delivery.
The B/§ — dispersion of the carrier frequency allows to distinguish the variance of the impedance of these cells
(51), orients the attack on the membrane reaction of the impedance selected cells (52), (53], primarily for the
groups of transmembrane proteins (54), (55), (56). The 13.56 MHz lies inside the 8/§ — dispersion, so it offers
a natural choice for medical electromagnetic applications (57]. The selection was shown on molecular levels,
too (58], [59). Importantly the bound water on the membranes and proteins also has a special absorption
increase in the 10 MHz range (60). The applied electromagnetic treatment synergically applies the field-effect
together with the increased temperature by the absorbed energy (61), depending a lot of biophysical interactions
in the microenvironment of the targeted cell (62]). The plasma membranes' heterogeneity has various origins,
but the decisional is a mixture of transmembrane membrane proteins with membrane-lipids, forming clusters,
called lipid rafts. Many molecular and physiological processes are determined by the heterogeneous lipid
domains serving as molecular sorting platforms (63). The malignant cells have a denser lipid-raft population on
their membranes than their healthy counterparts [64). Consequently, membrane heterogeneity has a crucial
role in the selective energy-absorption of malignant cells - see Figure 15.
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Figure 15. The electromagnetic heterogeneity of the selected tumor-cell as a target of the /6 —
dispersion. Abrevations/references: ¢, and o,, are the relative permittivity and conductivity of
extracellular electrolyte in the microenvironment of a cell [65]; €& and ol¥ are the relative permittivity
and conductivity of extracellular electrolyte in the microenvironment of a tumor cell [27]; : &,, and o,,, are
the relative permittivity and conductivity of the cell-membrane (66] ; &, and o, are the relative
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permittivity and conductivity of intracellular electrolyte of a cell (65]; ¢,_;, and a,_;, are the relative
permittivity and conductivity of intracellular side of raft proteins [67],(68];¢,_., and o,_,, are the relative
permittivity and conductivity of extracellular side of raft proteins [69),(70]. The apoptotic way is shown
by various publications [71], (72], (73].

The membrane structure may drastically change by variation of temperature producing a phase-transition of
the configuration (74). The membrane goes through a Gel/Sol transition from a denser to a more fluid state at
a defined temperature. The rearranged packing of unsaturated phospholipids results from a higher fluidity (75).
The transition decision involves the lipid rafts (76). Note that the well-known break on the Arrhenius plot (77)
could be formed by phase transition (78).

The phase transition is not as simple in living conditions as happens in most non-living situations. The conditions
of living reactions governed by various enzymes which catalyze and ease the transition, lowering the usual
energy-gap between the reactants (4,) and products (4,). The transition-state theory involves quantum-
mechanical considerations (79], (80), (81) to describe the excited enzymatic state (4*), allowing tunneling to
avoid the energy to jump through the high peak [82] (Figure 16.). The complex A* state could have direct jump
into final products 4, with unidirectional transition probability k5. However, the complex A* state is unstable in
the backward direction with k, transition probability:

keq
k
A A S 4 (16)
k>

The enzymatic process has a “point of no return”, when the reversing of the transition became impossible. This
interdisciplinary approach (83) explains the experiment-based classical Arrhenius law. In case of increasing
temperature like hyperthermia requests it, this phase-transition process determines the structures [84), which
were later verified independently, (85), (86).
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Figure 16. The direct transition between A, and A, is impossible due to the energy barrier. The height of
the barrier was lowered by enzymes and also by the electric field-assisted transition. The A* transition
state is a complex molecular reaction, and the field pushes it to the point of no return to finish the
transition process.

The transition state could be created by electromagnetic reactions (or its reaction complexes with molecules);
the temperature effects have certain similarities with electric field action (87).

The main step of the energy targeting is the selective absorption on the transmembrane proteins, which is
surrounded by the isolating lipid-bilayer of the membrane material (88). The clustered transmembrane proteins
(membrane rafts) absorb the energy, which is shown by model calculation too (89). The malignant cells follow
dominantly apoptotic way of death [90) in mEHT. The absorbed energy by transmembrane proteins ignites
particular signal-pathways to promote the programmed cell-death (apoptosis) (91), which could happen with a
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synergy of conventional chemotherapies [92). Molecular investigation shows the significant difference between
conventional heating and mEHT (93], (94]). The missing homeostatic harmony in cancer is also a selective factor.
Modulation is applied to recognize the homeostasis spectrum, selecting the nonharmonic parts of the target
(95). The amplitude modulation (AM, < 20 kHz) of the RF carrier frequency intensifies the tumor-specific
absorption [96). Despite the small energy absorption (97), the membrane demodulates the signal and causes
damages in the cytosol [98]. The complex action of MEHT well synergizes the “thermal” and “nonthermal”
effects (99), with high selective preciosity (51). The “gentle” elimination process allows liberating the genetic
information of the malignant cells by developing damage-associated molecular pattern (DAMP) (100). The
energy absorption triggers immune effects by specific apoptosis, the immunogenic cell-death (ICD) (101), (102).
The transferred genetic info allows maturating antigen-presenting cells (APCs) to produce helper and killer T-
cells for systemic antitumor effect on micro and macrometastases (abscopal effect) (13), (103]. In this way, the
local treatment could be extended systematically to the entire body when the tumor-specific immune reaction
develops, killing CD8+ T-cells prepared by the antigen information from cancer cells by ICD, (104], Fig. 17. The
systemic (abscopal) effect is proven in preclinical (105), and in clinical applications (106). This process well fits
the trend of the development (107].

Precociously matched capacitive The high permittivity of The energy triggers signals ;
coupling fits the impedance of the the cell-microenvironment o immunogenic cell-death M?””F"’”A‘{:CDC
to optimize the energy-absorption promotes the selection orming
$ - L)
T N N %o X
RF-generawﬁ_,--" RF-yhfent s \ N { ‘C"IZI:HI‘;eJ:] _ (C;l:z:té:l
” 2 ﬁ' o @ i Y

WD) o oo e

’ ® o )}‘d z 1“~1 AT
Specific cytotoxic lysis of tumor

N 4 T
AL .
% ¢ [ 13- Y o O CRT eatme” signal
< [um]: BN & ATP find me” signal
L lﬁ; ()" o s broducing el
- @ P70 infe” sgnl CDA+, CD8+, y5T-cell
The high conductivity of The transmembrane Molecules releésed to the (tumor-specific adaptive
the cancer promotes the proteins absorb the energy teXttch”u'a; ma;nx :ransptortetd immune reaction)
selection of the cancer in their lipid environment 0 the lymph nodes to maturate

dendritic cells.

Fig. 17. The mEHT method has a series of effects. The first step is the accurate matching for energy-control,
and then the impedance differences make the selection. The hyperthermic step happens when the membrane
raft absorbs the energy. In consequence, a set of signals to death is triggered (immunogenic cell-death), which
prepares antigen-presenting possibility, forming tumor-specific immune reaction.

Conclusion

The proper oncological hyperthermia needs high-preciosity matching and target-selected energy-absorption. Its
resolution capacity, the load impedances for a given degree of matching, the effect of tuner parameter adjusting,
and the problem of ambiguous assignment of tuner parameters and degree of matching were visualized.
Thereby the conceivable extension of tuner parameter ranges and their optimization limits could be
demonstrated. For further optimization of the tuner, the illustrated problem of ambiguous assignment could be
used to improve the degree of matching during the tuning for known VSWR value and tuner parameters read
off motors step positions. The modulated electro-hyperthermia (mEHT) is devoted to this particular task. The
challenge involves an accurate matching to provide the energy from the source to the patient, allowing the
conventional energy-dose, the same concept as the ionizing radiation applies. The uncontrolled energy loss
makes the energy-based dosing of the treatment impossible. The adequately matched circuit promotes the
selection mechanisms, and the energy is provided to the membrane rafts of the malignant cells causing
immunogenic cell death. This type of cellular process gently liberates the genetic information of the malignant
cells, which could be used for antigene presenting and promote building up a tumor-specific systemic immune
reaction. This paper showed a beneficial opportunity to assess the suitability of a present adjustable passive
impedance matching network in a mathematical way. Consequently, the proper matching optimized the
electromagnetic effect on the selected cells and made possible the abscopal effect through the immune-
modification.
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Abstract

Our study concentrates on the high-preciosity type of RF-energy transmission by capacitive coupling (impedance
matching). We describe the main fitting parameters, the correct impedance matching pitfalls, and generalize the
obtained results for various applications. The careful calculation and the discussion of the matching in detail
have particular importance in therapeutical applications because the “load” is the patient who changes by the
therapy. A further challenge is that the patients and their treated bodyparts have a broad scale of impedances
that forces a frequent complete reset of the matching before starting the treatment. The present calculation
gives some clues to optimize the system in a broad impedance regime.

The needs for particular practical application

The energy is used for therapy in oncology (hyperthermia) as a complementary treatment to conventional
therapies. During the treatment, the technical challenge is that the RF-generator's maximum power shall be
transmitted to the patient during the treatment. This request needs three optimizations:

1. Apply the most effective RF-source to avoid the energy-loss in the source. We chose the E-class
amplifier to minimize this loss.

2. The maximum power (best efficacy) of the circuit, when the load resistance (Z,) is real (the imaginary
part of its impedance is zero), and it is equal with the inner impedance of the source (Z). Conventionally,
we choose Z, = 50 ( as common impedance.

3. Due to the near-field approach in the impedance matching, the conventional fit by minimizing the signal's
phase-shift by the load creates the optimal energy transmission. With a careful mechanism instead of
the less accurate measurement of the phase-shift, we may use a power meter to measure the
forwarded and reflected powers and calculate the high efficacy of transmission.

Transmission Lines - Theory

The applied carrier frequency is 13.56 MHz, chosen as a medical RF-frequency in the radio band that is freely
usable for industrial, scientific, and medical (ISM) purposes. The wavelength of this wave in a vacuum is about
Ao = 22.1 m. The propagation through material shortens the wavelength. For example, the wavelength in a coax
cable with Z, = 50 O wave impedance at this frequency will be 1, =~ 13.6 m. The wave impedance denotes the
relation between a voltage and a current wave propagating through the cable in forward direction. The wave
impedance at all points of the cable depends on frequency but has nearly a constant real value at high
frequencies like 13.56 MHz. When the cable is considerable short (about less than one-tenth of the wavelength),
the voltage and current amplitude are nearly the same at all points of the cable. For longer cables the voltage
and current amplitudes are depending on the location along the cable. In that case, the term “transmission line”
is used for the cable.

A source with inner impedance Zs is connected to a transmission line with Z, wave impedance that is terminated
by aload Z, - see Fig. 1.

Transmission line
connecting cable

ZNefer.ence
point

Zs

RF-generator

E-class (resonant)

Fig. 1. The simplified drawing of the studied RF circuit.
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The generator in the matching case is directly loaded by Z, - equivalent with the tuned multicomponent load.
The Zs and Z, are serially connected to each other. The voltage signal travels through the transmission line after
switching on the source. The current signal has to be in phase with voltage because of the Z, = 50 Q resistive
wave impedance. Both signals propagate through the cable. The terminating impedance Z, is placed at the end
of the cable. If this load differs from the transmission line's wave impedance, the voltage and current suddenly
have to jump in their amplitude and phase. Simpler said: Something goes into a port, but something else appears
at the port's other end. To bring equilibrium into this equation, we need the reflections. So when a wave is
propagating through a transmission line that is terminated by an impedance differing from Z, there will always
be reflections.

Imagine that the wave is the first time reflected because the load does not match the wave impedance. The
forward and reflected wave overlap. The relation of the overlapped voltage and current waves — in amplitude
and phase —describe the transformed load impedance at each point of the cable. In the case that the transmission
line has a length of A./2 and reflections occur due to mismatch, the transformed load impedance at the
beginning of the transmission line equals the terminated load impedance. Therefore, this transmission line is
also known as 1:1 transformer. From the source’ perspective it is connected to the transformed load impedance.
If the source impedance Zs does not match the transformed load impedance there will appear a further
reflection. This we call re-reflection. The other part that is not re-reflected is transmitted to the generator that
can regulate its output signal now. So for mismatching at both ends of the transmission line, there will be several
reflections.

Reflections cannot always be avoided and are not a curse in general. In the case of a quarter-wave-transformer
two transmission lines with different wave impedances Z, and Z, are connected with a third transmission line -
the so-called quarter-wave-transformer. As the name indicates, its length corresponds to one-fourth of the
wavelength. Furthermore its wave impedance Zg,, has to meet the condition Zg,, = \/Z;Z,. Thereare reflections
- infinity much - that in sum act like a reflection of zero so that the entire power is delivered to the load. Of
course, the cable attenuation has to be considered. When a wave propagates through a cable, it will always be
attenuated.

In the following, we would like to explain how voltage and current signals propagating through a transmission
line can be expressed. We assume a signal with amplitude y,,.x and phase shift ¢ at angular frequency w that
only depends on time:

Y(t) = Ymax - cos(wt + @) (17)

The wave propagation through transmission lines attenuates the signal. So the amplitude exponentially
depends on the distance z from the starting reference point in the cable - see Fig. 2.

Uz, A

v At

-

A
>

Fig. 2. Attenuated harmonic wave at two points in time with difference At (1]

(1) Leone, M., 2018. Theoretische Elektrotechnik: Elektromagnetische Feldtheorie fiir Ingenieure. Wiesbaden: Springer
Vieweg, pp. 349-411.
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The modified signal with constant attenuation « is:

—Qaz

y(t,z) = ype~% - cos(wt + @) (18)

where y, is the signal amplitude at the beginning of the transmission line (at z = 0 position).
Note that the attenuation constant has to be inserted in the unit Neper [Np].

In (10)
20

If we investigate the previous picture, then we see a harmonic signal that is location-dependent. The “frequency
of this signal depends on the wavelength that is shortened when entering the material. The wavelength is linked

1dB = [Np] = 0.115 Np

with the phase constant g, like g = 27” The signal can be completed now:

y(t,z) = yoe % - cos(wt — fz + @) (19)
If we express the signal in complex form, we get the vector Y:
Y(t,2) = ype~ - l@t=Bz4@) =y ot oipo=(@tiB)z = y pi(@L+R)gVZ (20)
wherey = a + iff = ik is the propagation constant, and k is the wavenumber. The amplitude can be summarized
and is complex.
Y(t,2) = Yo(t,2)e”Y” where Y,(t,2) = yel@tt®) (21)
Now we differentiate between forwarded (+) and reflected (-) signal, and the potential (U) and current (I) looks:

Uy =Usp e U =U,e?

» (22)
L=Lo-et” I_=1,"e

Note that the reflected signal behaves oppositely as the forwarded (mirror imaging at vertical axes) - the
negative sign in exponent gets positive.

The sum of the forwarded and reflected signal is the resulting signal.

U(2) =U+(2) +U-(2) and I(2) = L(2) +1-(2) (23)
U@ =Uspo-e P +U o e™ and [(z) =Ly e+, e (24)
The wave impedance Z,, is:
_ Ui _ U,
2T Lo 25

The wave impedance for higher frequencies is a constant real value. Then the current can also be expressed by:

Uio - U_o
I — =" vz _ =9 ,tyz
1(2) Z e Z e (26)

The complex reflection I coefficient at an arbitrary point at the transmission line can be calculated as:

U@ _ U,

L) = U.(2) B Uso

e*t?r” (27)

The reflection coefficient at the end of a transmission line with length Lis:

U_(1
£w=ﬁ% (28)
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The resulting voltage and current at a terminating impedance Z, have to be the same as the summarized voltage
and current at the end of the transmission line.

_U®_uO+U00 _UO+U-O

L2210 LOr L0 T LO-LO © 29)
The reflection coefficient inserted into the previous equation we obtain:
Z, —Z
NOE =L =0 (30)

Z,+ 2o

The absolute value of I'(1) ranges in (0,1] interval, where the zero is the perfect matching. In the case of reflection
incident and reflected wave interfer and create standing waves. As already meantioned, the transmission line
depending on its length acts as an impedance transformer for the load. We would like to derivate the reason for
this here. In Fig. 3 a transmission line with wave impedance Z, is terminated by a load impedance Zqy,.

I 1(2) 15
.

o
-

91 L_J(Z) QZ ZTh

Zo

0o |

Fig. 3. The load Zry, closes the line at the end of successive drop of voltage

Y
N

The voltage and current signals can be expressed as the following:

I=

1 1 _ (37)
L=gUo=Uo)  L=g (U e™ Uy e™)

=Usiot U Up=Upo-e ' +Uy e

Forwarded and reflected voltage can then be expressed as:

1
Uso =5 (U + ZoL)e™! Yo = E(QZ —ZoL)e™!! (32)

N| =

The voltage and the current at the beginning of the transmission line are then:

1 1 B et 4 71 etV — ¥t
Uy =5 (U + Zob)e™ + 5 (Up = Zob)e ™ = Uy ————+ Zob, ——
(33)
1(U 1(U Upet —e7! et et
L=-(Z+L|e! -2 -L)e == +1,
2\Z, 2\z, Z, 2 2

Now with the relations, the signals result in the mathematical form of the transmission line equations.

U, = U, cosh (Zl) + Z,1, sinh (Zl) L = Z_—Zsinh (Zl) + I, cosh (Zl) (34)

Z0
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The ratio of these two signals describes the impedance Z; at the beginning of the transmission line.

h(yl inh (y!l
L= ) lonnly) 35)
zsmh (Zl) + I, cosh (Zl)

Note that the load impedance can be expressed by:

Zth = (3 6)

=S

We obtain now the transformed load impedance that depends on the load, wavelength and length, and
attenuation of the transmission line.

% + tanh (yl)
Zi=2,—= ~ (37)

0
o Zth
1+ Ztanh (Zl)
In the following, some exceptional cases of impedance transformation by a transmission line are presented. For

all cases, the attenuation of the transmission line is assumed to be zero.

1) Zm =2 Zi=Z
2) Zt, =0  (tanh(ix) = i-tanh(x)) Z; = iZ, - tanh (BI)
3) Zm = Zi= i-tafw
4) 1="2 L

~ Zm
5) 1= % Zi =Ztn

Power Transmission — An Example

In this section, we would like to explain how the power is propagated from the RF generator to the load. The
"therapy" load Zry, here represents all that is behind the connecting cable - including the applicator arm, both
applicators with boluses, and the patient. In perfect matching Z, = Z, = Z + Z;,, the circuit is tuned, and the
therapy load Z;, completed with the tuners impedance Z; to fix the Z, = Z, requirement. As shown in the
previous section, our connecting cable with 1./2 length is a 1:1impedance transformer. It means that connecting
the cable input to the spectrum analyzer shows us the therapy-load impedance Z;, as well - see Fig. 4.
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Z,

connecting cable

Reference
point

III..

Tuner

Load

..lIIIlIIIlIIIIIIIIIIIIIIIIIIIIIIIIII‘

Zs

RF-generator

E-class (resonant)

Fig. 4. The RF-circuit with the details discussed in the text

In the following example, the load impedance is assumed to be:

Zmm = (20 — 300)Q (38)
Further, we want to assume that the insertion loss caused by the tuner is 5 % and for the connecting cable of
% = 6.8 m length is 0.5 dB. The efficacy factor of the tuner is therefore 95 % and for the connecting cable is

. . Pin (0.5 dB)
89.13 %. (Note the power transmission =100 )

out

The coax cable between the RF generator and tuner is assumed to be such short that there are no reflections
and the only cable where reflections appear is the connecting cable. For a load Zr, at the end of the connecting
cable, the reflections depend on the wave impedance of the cable and load impedance. The reflection coefficient
can be calculated as:

Zth — Zo

Iy = Zon + 2o (39)
The wave impedance is:
Zy=500Q (40)
It follows:
6 15
Iy = _5_El |£Th| = 0.5571 (47)

Note: The reflection factor describes how much the signal’s voltage and current respectively is reflected by the
load. In power consideration, we are interested in the power transmitted to the therapy-load.

Preﬂ 2
= |Ira| =0.3103 (42)

Pforw
At the end of the connecting cable are 31.03 % of power reflected due to the unperfect match between wave

and load impedance. The following table shows the wave propagation through the system. At the beginning, we
have 100 % power between generator and tuner. Because of the tuner, only 95 % of original power is measured
between the tuner and connecting cable. Because of the connecting cable loss, only 84.67 % of the original
100 % source power is measured between connecting cable and load. Due to the mismatching of impedances,
reflections appear at the end of the connecting cable. So that from the original power, only 58.40 % is
transmitted to the load. The other part is reflected. Consider that the load also includes the arm of the therapy
applicator where due to radiation further loss appears so that even less power reaches the patient.
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The reflected wave propagating through the cable to the tuner is attenuated due to the cable loss. Only 23.41 %
power is measured between the tuner and connecting cable. Now we do not know how much is re-reflected. Let
us assume that the treatment is performed when VSWR = 1.1. This acceptable value is measured between the
generator and the tuner, supposed that the matching is well done. From the VSWR value, we can obtain the
reflection coefficient by applying the formula:

VSWR—-1 11-1

= =0. 43
VSWR+1 11+1 0.047619 (43)

|G| =

When we start with a forwarded power of 100 %, we can calculate the reflected power with a known reflection
factor between the generator and the tuner.

2
Ii—i = |r;| =0.002268 (44)

Consequently, obtaining a VSWR = 1.1 the reflected power measured between generator and tuner has to be
0.2268 %. We also know that the tuner attenuated this low power. The power between the tuner and connection
cable is 0.2387 %. From the 23.41 % reflected power reaching the beginning of connection cable, only 0.2387 %
can be transmitted; otherwise, there will be a higher VSWR value measured. So, the other 23.1713 % has to be
re-reflected. This is the point where we can calculate the necessary re-reflection factor at the cable beginning
at tuner sight (connection cable beginning at the tuner):

2

P
—refl _|r,| = 0.9898 (45)

Pforw

This result is for the further calculation of re-reflections used. The re-reflected power propagates through the
connection cable. It is attenuated so, and 20.65 % reaches the end of the cable where again it is partly reflected
and so on. Fig. 5 visualizes the consecutive power transmission.

Power between T: transmitted power | Power between Power between T: transmitted power
generator & tuner tuner & cable cable & load
R: reflected power R: reflected power
T:58.40 %
100% oo sssssssssssss) | 95.00 % 84.67 %
R:26.27 %
02068 % el 02000 23.41 %
' ’ R: 23.1713 % N
T:14.24 %
20.65 %
R:6.41 %
T:0.06 %
0.0570 % <¢mmmm 571 %
R: 5.65 %
T:3.48%
5.04 %
R: 1.56 %
0.095 % T:0.01 % 1.39 %
. 0 .
TR 1.38% ’
T:0.85%
1.23 %
R:0.38 %
T: ...
o 0.34 %
R:0.34 %
T.0.21%
0.30 %
R: 0.09 %
| ]
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Legend
" Tuner loss of 5 % -> efficacy 95 %

Power reflection of 31.03 %

Cable loss of 0.5 dB for forward and re-reflected waves -> efficacy 89.13 %

Cable loss of 0.5 dB for reflected waves -> efficacy 89.13 %

Fig. 5. The cascade process of the energy-losses.

Calculating the sum of all power reaching the load:

Pioad = 5840 % + 14.24 % + 3.48 % + 0.85 % + 0.21 % = 77.18 % (46)

Now we would like to check the VSWR value between generator and tuner. The forward power is:
Pforw_GenTun = 100 % (47)
The reflected power is:
Prefl_GenTun = 0.2268 % + 0.0570 % + 0.0095 % = 0.2933 % (48)

The reflection factor is, therefore:

Preﬂ_GenTun

Ir| = = 0.0542 (49)

Pforw_GenTun

The VSWR value can be determined by:

1+]|r
VSWR = ﬁ =1.11 (50)
1-|r

so our calculation is verified.

Let us suppose we would like to measure the VSWR value between the tuner and connection cable. At this point,
we discuss first the power meter itself. The power meter works in a way that a part of forwarded and reflected
power is decoupled. It can consist of a short coax cable, and an additional wire is inserted in parallel to the inner
conductor. This way, the power meter characterizes the impedance. If we insert it between the tuner and
connection cable, the power meter actually extends the connection cable because both have the same
wave/characteristic impedance. By measuring the forwarded and reflected waves with a power meter between
the tuner and connection cable, we obtain the cable-parameter. Then the measured forwarded power is more
than what we originally supposed:

Prorw Tuncable = 95 % + 23.1713 % + 5.65 % + 1.38 % + 0.34 % = 125.54 % (51)
The reflected power in this case is:
Prefl Tuncable = 2341 % + 5.71 % + 1.39 % + 0.34 % = 30.85 % (52)

We see the high forwarded power greater than 100 % and the strong reflection. In the case of a large degree
of mismatch, we will measure impossible results. Due to the resulting Uy, value, the electrical length of the
supply line changes as a result of inductive and capacitive load changes, so the vector diagram of voltage and
current also changes. Our measuring instrument determines the power in relation to the wave impedance,
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P_m
Y2z,

2
Umax

(53)

where mis the traveling wave ratio, which is the reciprocal of the SWR, and Z; is the wave impedance. With the
same power on the line, Uy,,, can be up to 1/+/m times, which could cause the apparent impossibility.

This effect could be observed experimentally in measuring between the tuner and connection cable. The
reflection coefficient and VSWR value are then:

I 1+ |
| = |Srefluncable _ g 4957 VSWR = 1ir 2.97 (54)
Pforw_TunCable 1- |£|
Power Transmission - Generalization
First, we have to define some quantities.
Quantity Description Previous
Example
Ne Power transmission efficacy connection cable 0.8913
nr Power transmission efficacy tuner 0.9500
Power reflection at connection cable end due to load impedance
R, : : 0.3103
mismatching
R Measured/defined power reflection between the generator and tuner 0.002268
G (VSWR = 1.1)
Ry meas | Measured power re-reflection at connection cable beginning at the tuner? 0.4957
Ry Power re-reflection at connection cable beginning at the tuner3 0.9898

The first four constants are given or can be easily calculated. The last two of them have to be determined from

formulas we will have constituted at the end of this section. Note that we use for power reflection |£|2 =R.The

next step is the generalization of the calculated values.

Coefficient Description E;?ri%ué

A Forward power from the generator Ay =100 %
B, Forward power between tuner and bed cable By = 95.00 %
Cn Attenuated forward power at the end of connection cable at the load sight | C, = 84.67 %
D, Transmitted power to the load Dy = 5840 %
E, Reflected power at the load Ey=2627%
F, gtgtﬁ:uated reflected power at the beginning of connection cable at tuner Fy = 2341 %
Gn Transmitted power to the tuner Go = 0.2387 %
H, gr:’;e:ﬁs;tsd transmitted power in backward direction between generator Hy = 02268 %

Note Re-reflected power becomes the next B - coefficient-> new cycle n By =23.1713 %

2 It describes the relation of the cumulated re-reflected power (including the initial forwarded power) to the cumulated
reflected power.

3 It describes, how much power is re-reflected fo a single reflected wave.
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In the following, the relations between the coefficients are constituted.

Ap- =B
o T 0 ZDnZPload
By nc =Gy n
C,'R, =E,
1
Cu(1-R) =D, 1D Hn = R
n
E,nec =E
E,*Rr = Bpyy
. E
Fn'(l_RT) =Gn Zn—anRT_meas
nbn
Gpnr = Hy

The most interesting parameter is, of course, the power transmitted to the load. However, first, we will have a
look at what the measured reflection Ry .45 is at the cable beginning at tuner sight.

D F=) Eac Z Rmc—ZBRLnC —RchB

Z F, n=0 n=0
RT_meas = Zan RLT]C Zn ()B
n RT_meaLs - oo—B
n=0

RT_meas = nCZRL

Note that the measured reflection Ry ,.qs Detween the tuner and connection cable does not correspond to the
actual reflection factor Ry at this point. We will determine this factor in the following.
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1

4o

convertto Ry ...

(oo}

1+ 1< 1<
ZHnZA_OZGnnTZA_OZanT'(l_RT)ZA_OZEnnCr]T'(l_RT)
n=0 n=0 n=0

n=0

1 oo
== CancnrRy- (1= Ryp)
0n=0

77C2 nrR, - (1 - RT)Z B
n
A

n=
LT U S S
Nc n=077¢:RL " n=077¢:2RL " nzonCZRLRT m
Bni1 =nc*Ry Ry - By

ZanBo+Bl+Bz+

n=0

1 [00)
:A_Z B, Tlcz nrR,-(1—Ryp) =
0=0

Bo: Aot
By: nCZRLRT "By
By: (nCZRLRT)Z "By

Z B, = Agnr + Z(Tlc RLRp)™ - Aonr

=0 n=1

nc?R,Rr <1 - apply rule of geometric series

(o0}

1
RRp)' = ——
Z(Uc LRp)" = 1_TICZRLRT
n=1
N Aoy
B, = Ay + Aghiyp [————— — 1) = —2T
Z) n = Aoflr + OnT<1—nCZRLRT ) 1 — nc2R,Ry

iZH ne* nrRy - (1= RT)ZB _776 nr?Ry - (1 = Ry)
Ag " Ao 1—=nc?R.Rr

R. = nc® nr*RL—Rg
T — 2 2_
nc*RL(MT*—RG)

Of course, we are especially interested in the power delivered to the load.

Pioga = ZDn
n

>, Zc (1—RL)—ZBnnC (=R =nc- (1—RL>ZB
n=0 n=0
S A
ZBn Aot
1_77C Ry Ry

n=0
p Ao’?c’lT (1-Ry)
load = 1— Ne RLRT
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Verification of the generalization - recheck the previous example

After the previous generalization, recheck the power-transmission example calculated before.

Load impedance Z, = (20 —300)Q
for Z, = 50 Q: |I| = 0.5571
R, = |r|* = 0.3103

Reflection factor at load

Power transmission efficacy — connection cable ne = 0.8913
Power transmission efficacy - tuner nr = 0.9500
VSWR =1.1
Reflection factor between generator and tuner for Zy = 50 Q: |I;| = 0.0476
R = |Is|” = 0.002268
Delivered power of the generator Ay =100 %

Measured reflection between tuner and connection
Ry meas = 0.2465 — VSWR = 2.97

cable
Reflection factor at the tuner R; =0.9923
Transmitted power to the load Proaa =77.32%

The power is nearly the same as in the previous example calculation, but here the values are a bit higher because
after a lot of reflections, a small power was added. The VSWR value between the tuner and cable is the same
for both calculations. The reflection factor at this point is (formula) a bit higher here. Otherwise, the power
transmitted back to the generator increases, and therefore the VSWR value was limited too.

Special cases
We will consider the following three special cases:

no connection cable attenuation
no reflection at load
no re-reflection at the tuner

The results:

no connection cable attenuation
Pload = 9476 %
R, =0
no reflection at load L
Pioga = Ao = 84.67 %

. RT = 0

no re-reflection at the tuner
Proaa = Aol * 1- RL) = 58.40 %

The important role of cable attenuation due to multiple reflections looks essential. When the therapy-load
matches better to the connection cable, then more power is delivered to the load. In the case that the load does
not match the cable, there has to be a strong re-reflection, causing considerable loss of energy.

Conclusion

The matching of the load in the RF-circuit is a complex task. The matching process must fit multiple
interconnected parameters, which work collectively and make a sensitive balance of optimum. The therapeutic
application's main challenge is the time-dependent load, so the standard fixed antenna matching does not work.
The changing patients and their coupling and the changing by the therapy's effect all could drastically modify
the tuning conditions, and the coupling worsens, deviates from the optimum. Only the proper real-time adjusting
allows long-time stability for the therapeutic efficacy. The above-generalized parametrization makes it possible
to follow the situation in real-time. The reaction time is limited by RC time-constant of the circuits, but in the
human physiological changes allows a few minutes delay.
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Die Albumin-Carrier-Therapie -
Anwendung in der onkologischen Praxis

Wulf-Peter Brockmann, Jiirgen Arnhold, Michael Denck

Albumin ist das im menschlichen Organismus am hidufigsten vertretene Protein. Es hat sine Halbwertszeit von 19 Tagen
und ist fur viele Transportfunktionen im Blut zustindig. Vor rund 20 Jahren wissen Biochemiker am Deutschen Krebsfor-
schungszentrum nach, dass Zellen von soliden Tumoren groBe Mengen an Albumin aufnehmen, nicht aber gesunde Zellen.
Der logische Schluss war, therapeutische Wirkstoffe an das Tragermolekil Albumin zu binden, um es nach dem trojanischen
Prinzip in Tumorzellen zu schleusen. Die Arbeiten dazu wurden damals eingestellt, jedoch weniger aufgrund von mangeln-
den Erfolgen, sondem vielmehr aufgrund der strategischen Neuausrichtung des beteiligten Pharmaziekonzerns. Die Stiftung
Albumin-Carrier-Therapie hat das Ziel, diese vielversprechende Therapieform aus der Versenkung zuriickzuholen und sie
weiterzuentwickeln. Mit Erfolg. Beispiele aus der onkologischen Praxis zeigen eindrucksvoll, zu welchen Ergebnissen die

Therapie mit albumingebundenem Methotrexat filhren kann.

Fallbeispiel 1. Patientin mit Astrozytorn Grad [l

Aus der Privatpraxis fiir indivicuete Krebstherapie und -diagnostik,
Insffut Oncolight, Dr. med. Wuif-Peter Brockmann, Hamburg

Der Erstkontakt mit cler Patientin (Jahrgang 1967) in meiner Pra-
xis fand am 17.06.2013 unter Vorlage von MRT-Aufnahmen eines
bis dato nicht histologisch abgeklarten, soliden, ausgepragt und
homogen Kontrastmittel-aufnehmenden li.-frontoparietalen Hirn-
tumors mit kraftigem, perifokalem Odem statt. Die MRT-Unter-
suchung zuvor erfolgte am 31.05.2013 {Abb. 1 a-c) wegen eines
epileptischen Anfalls. AnschlieBend erfolgte eine Tumorresektion
am 19.07.2013 mit histopathologischem Ergebnis: malignes As-
trozytom Grad 1, RO-reseziert. Nachfolgend erfolgten adjuvant
Radiofrequenz-Applikationen in simultaner Kombination mit zwei
Vakzinationen autologer dendritischer Zellen; das Intervall betrug
vier Wochen.

&

> K o

Abb a - MRAT das Hirnschddals, TT-Saguanz, nach iv. Kii-Gaha
fam 31.05.2013)

Abb. Za —c MAT des Hirnschddals, T1-Sequanz, nach iv. KM-Gaba
fam 22.08.2013)

Im ersten postoperativen MRT vom 22.08.2013 zeigte sich nur ein
diskretes ringfrmiges Kontrastmittel-Enhancement am Rande des
OP-Defektes als typisches Zeichen einer unverdichtigen post-
operativen Luxusperfusion {Abb. 2a-c, siehe Pfeile 2a und 2c). Im
zweiten postoperativen MRT vom 21.10.2013 finden sich dann zwei
klieine homogen kontrastierte Tumomezidive am operativ bedingten
Defektrand {Abb. 3a-d, siehe Pfeile). Darauthin erfolgten der Ab-
bruch der Dendritischen Zell-lmmuntherapie und die Durchfihrung
einer Serie aus Kombinationsbehandlungen. Diese umfassten:

a. insgesamt 29 intravendse Curcumingaben (jeweils 450 mg, 5 im
Novernber, & im Dezember, § im Januar, 8 im Februar und 2 im
Marz),

b. insgesant 7 intravendse Gaben von jeweils 80 mg MTX-HSA (mit
kowvalent an Humanes Serum-Albumin gebundenem Methotrexat)
im Abstand von jeweils etwa zwei bis drei Wochen,

c. simultan zu jeder Infusion jeweils eine einstiindige Radicfre-
quenz-Hyperthermie des Hirmschidels, die antitumoral aufgrund
ihrer elektromagnetischen Wechselstromfelder einwirkt, wahrend
ihre Wirkung im Bereich ces Gehirns nicht oder nur marginal auf
Uberwarmungseffekten beruht.
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Zur Verhinderung klinischer Komplikationen im Sinne allergiformer
Reaktionen gegenliber dem Lésungsmittel des Curcumins wurde das
Curcumin grunds&tzlich in 1 Liter NaCl-Lésung Uber etwa 5 Stunden
nach Pramedikation von 4-8 mg Dexamethason infundiert. Die Halb-
wertszeit des MTX-HSA im Serum liegt bei rund drei Wochen.

Als erste Nebenwirkung waren entztndliche Schleimhautreaktionen
im Bereich der Mundhhle zu erwarten gewesen (MTX-Stomatitis).
Jedoch konnten weder diese noch andere Nebenwirkungen infolge
des MTX-Anteils oder anderer Therapieanteile beobachtet werden,
was auch fur die gute Bindung des MTX an das in aller Regel nur
von malignen Zellen utilisierbare HSA spricht. Dieser Umstand war
auch fur die entsprechend gute Lebensqualitat der Patientin ver-
antwortlich; wahrend der gesamten Behandlungsserie blieb die ge-
flhlte Lebensqualitit konstant gut.

Nach vier MTX-HSA-Gaben war im Sinne einer guten Teilremission
bei einer MRT-Kontrolle am 23.02.2014 nur noch eines der beiden
Tumorrezidive am parietalen Rande des Resektions-bedingten
Substanzdefektes nachweisbar, wie die Positionierung der beiden
Pfeile in Abb. 4 {a und b) anzeigt.

Nach Beendigung der gesamten Behandlungsserie waren wie
auch bei allen nachfolgenden MRT-Untersuchungen, zuletzt am
19.07.2017, bei fortgesetzter Beschwerdefreiheit keine Kontrast-
mittel-Enhancements mehr diagnostizierbar, sodass eventuell von
einer Heilung der Patientin ausgegangen werden kdnnte (Abb. 5a
und b, Untersuchung vom 27.01.2017).

Bewertung

Das Ergebnis dieser Behandlung ist zumindest fur Patienten mit
schnell wachsenden Astrozytomen (kenntlich am ausgepragten
perifokalen Odem) ermutigend, da etwa im Gegensatz zu Temo-
zolomid-Behandlungen praktisch keine Nebenwirkungen auftreten
und schon nach wenigen Wochen (hier nach vier Gaben MTX-HSA)
eine Tendenz zum Erfolg oder Misserfolg dokumentierbar werden
kann, was in letzterem Falle ausreichend schrell einen notwendi-
gen Therapiewechsel erlaubt hatte. Gleichzeitig bestatigt das vorlie-
gende Ergebnis die mehr als zehn Jahre alten Untersuchungen und
Studienergebnisse, die von Dr. Hannsjtrg Sinn selbst angestrengt
worden waren, aber leider weitestgehend in Yergessenheit gerieten.

Dartber hinaus spricht einiges daflr, dass diese Therapie auch bei
nicht-zerebralen malignen Tumoren eine Rolle spielen kdnnte, so- o, 23 02 2074)
lange es sich dabei um Malignome handelt, die MTX-empfindlich
sind, was molekularbiologisch bzw. molekulargenetisch anhand von
Resistenzparametern und Tumorzellen im peripheren Yenenblut der
Patienten detektierbar zu sein scheint (z.B. Institut Metavectum,
Hamburg). Hierfur sprechen weitere Behandlungsergebnisse aus
Einzelféllen meiner Praxis, die zeitnah publiziert werden sollen.

Dass Studien notwendig sind, um diese Therapieform zumindest ei-
nem gréBeren Patientenkreis mit Astrozytomen Grad Ill zukommen
zu lassen, versteht sich von selbst. Ein starker Gegenwind hierge-
gen, der von Skonomisch interessierter Seite entstehen wird, sollte
dabei nicht entmutigen! Es ist zu bedenken, dass es sich sowohl
beim HSA als auch beim MTX um vertragsarztlich zugelassene Me-
dikamente handelt, die abrechnungsfahig von einem hierfir zuge- 2 | Ad B3
lassenen Apotheker nach Rezept kovalent miteinander verbunden  aph 5a b: MAT des Himschidels, T1-Sequenz, nach i.v. KM-Gabe
werden dirfen. fam 27.01.2017)
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Fallbeispiel 2: Ohrspeicheldriisenkrebs
Aus der Praxis Dynamic Health Care, Dr. med. Jirgen Arnhold, Kdnigsstein

Der ménnliche Patient, Jahrgang 1927, erhielt die Diaghose: Parofis-Karzinom links mit
Lymphknotenmetastasen cervical finks. Zu Beginn des Jahres 2015 war bei dem Patienten
eine linksseitige Facialisparese aufgefallen. Diese wurde zundchst als Verdacht auf cerebralen
Insult diagnostiziert und behandelt, jedoch ohne Erfolg. Bei einer im Mérz 2015 durchgefihr-
ten Biopsie zeigte sich dann histologisch Folgendes: ein infiltrierendes, gut differenziertes
Spindslzell-Karzinom der Parotis mit pathologisch vergréBertem Lymphknoten cervical i,

Von Mai bis Juli 2015 erfolgte eine photodynamische Tumortherapie mit Chlorin E6 90 mg
und Curcumin 150 mg, jeweils i.v. Danach wurde sine Punktion des Tumors und der pa-
thologisch vergroRerten Lymphknoten zur interstitiellen Laserbestrahlung unternommen. Im
folgenden Zsitraum von September 2015 bis Februar 2016 kam die intravendse Therapis
mit Humanalbumin-gebundenem Methotrexat 100 mg (MTX-HSA) zum Einsatz. Sie wurde
in Kombination mit Curcumin 150 mg jeweils in 250 ml NaCl sowie mit siner intravendsen
Laserlichtapplikation (rot, gelb, blau, grun) jeweils Uber 15 Minuten vorgenommen.

Follow-up 2016 bis Dezember 2017: Die komplstte Remission des Tumorgeschehens konnte
dokumentiert werden in einer Sonographie {08/2017), mittels einer Computertomographie
(08/2017) sowis im MRT (11/2017). Die Facialisparese indes hatte sich nicht gebessert. Hier
bleibt der Patient auf eine chirurgische Intervention angewiesen.

Resimee

Die beiden Best Case-Praxisfélle haben eines gemeinsam: Die behandelnden Arzte haben
MTX-HSA nicht als Monotherapsutikum eingesetzt, sondern in Kombination mit anderen
Wirkstoffen, Damit haben die Arzte aus den Ergebnisse der friheren Phase-I/Il-Studien be-
reits gelernt und MTX-HSA nicht mehr monotherapeutisch singssetzt. Da Albumin aus Gewe-
ben und Organen uber die Lymphbahnen in den Kreislauf zurtickgefuhrt wird und MTX-HSA
sich wie ein natirliches Albumin verhalt, kbnnen neben soliden Tumoren und Metastasen
auch Lymphknotenmetastasen durch die systemische Verabreichung erreicht werden.

Die Stiftung Albumin-Carrier-Therapie verfolgt das Ziel, neben MTX weitere Wirkstoffe, ins-
hesondere auch Naturstoffe wie beispielsweise Curcumin, Artemisinin und Hypericin an
Albumin als Tragerstoff zu binden. Die ersten Kopplungsn mit Albumin waren positiv. Die
neuesten Analytikergebnisse nach der Phase der Optimierung stehen noch aus. Der nachste
Schritt wird es nun sein, die Wirkungsweise von den Naturstoff-Kopplungen nachzuweisen.
Es gilt zunéchst herauszufinden, welche Wirkstoffkombination bei welchen Tumorarten am
erfolgversprechendsten sind.

Wie Dr. med. Brockmann bereits erwéhnt hat, sind wissenschatftliche Studien notwendig,
um den Bewsis fir die Wirkung anzutreten. Nur damit kann die schonende Therapisform
einem gréBeren Patientenkreis zugénglich gemacht werden. Die Stiftung Albumin-Carrier-
Therapie hat sich dies zur Aufgabe gemacht und ist dafur auf breite Unterstitzung von
Arzten, Kliniken und Spendern angewissen.

Auter Einleitung und Reslimee:

Wichagl Denck, Stiftung Albumin-Carrier-Therapie

Hannah-Arendt-StraBe 40, 80438 Frankfurt am Main

Tel. +49 [0)58-69 8 69-172, E-Mail: m.denck@albumin-carrier-therapie. org, www.albumin-carrier-therapie. org

Autor Fallbeispiel 1

Dr. med. Wulf-Peter Brockmann, FA flr Radiclogie und Strahlentherapie
Privatpraxis fur individuelle Krebstherapie und -diagnostik, Institut Onoolight
Beim Strohhause 34, 20097 Hamburg

E-Mail: wpbrockmann@aol. com, www oncolight.de

Auter Fallbeispiel 2

Dr. med. Jargen Anhold, Arzt far Urologie

Dynamic Health Care

Debusweg 8, 61462 Kénigstein

E-Mail: info@clynamic-health-care.com, www.dynamic-health-care.com
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Wird die Bedeutung des Serum-Albumins bei Malignom-Patienten
mit Aszites, Odemen und Pleuraergiissen unter- oder iiberschitzt?
- MTX-HSA als Hilfe bei der Therapie

Wulf-Peter Brockmann

Nicht selten leiden Patienten mit Malignomen unterschiedlichs-
ter Pathohistologie an Aszites, Pleuraerglssen und ausgepragten
Weichteilddemen (insbesondere der Beine). Bei der Frage nach der
Genese denkt der behandelnde Arzt regelméBig zuerst an Perito-
neal- und Pleurakarzinosen sowie an retroperitoneale, Lymphbah-
nen-okkludierende Lymphknotenmetastasen/Lymphome - und
dies insbesonders, wenn lstzters schon schnittbilddiagnostisch
dokumentiert sind.

Oft ist in solchen Féllen die Pleuraflussigkeit klar, hell, leicht
gelblich bis bernsteinfarben; Gleiches gilt fur die Aszitesqualitét.
Wenn dann in entsprechenden Punktaten zytologisch keine Tu-
morzellen gefunden werden, erkldrt man sich dies beispielsweise
mit einer (zu) geringen Punktatmengs, und wenn tatséchlich zy-
tologisch einige maligne Zellen gefunden werden, fihlt man sich
umso mehr in der Vermutung bestatigt, dass die Atiologie fur die
pathologischen und die Patienten oft hochgradig in ihrer Lebens-
qualitat belastenden, nach Entlastungspunktion immer schneller
und volumingser rezidiviersnden Flussigksitsmengen im karzino-
matdsen oder sarkomatiéisen Befall von Pleura und/oder Perito-
neum begrindet liegen.

Dabei mussen sich alle Behandler bewusst sein, dass jede klinisch
ausrsichend entlastende Aszitespunktion zu immer neusn EiweiB-
verlusten fuhrt und die daraus resultierende progrediente Verrin-
gerung des onkotischen Drucks im Sinne eines circulus vitiosus zu
gleichermaBen immer schneller progredienten Flussigkeitsmengen
in Pleura- und Peritonealraum fuhrt.

Einen derart verursachten EiweiBmangel durch rezeptiertes, intra-
vends zugefihrtes, kostentrdchtiges Humanalbumin ausgleichen zu
wollen, gilt im Normalfall als kontraproduktiv: Zwar spiegelt sich der
EiweiBmangel im Serum in aller Regel schon bei der ersten Diag-
nose von Aszites, Pleuraergissen und/oder Beinddemen in Labor-
ergebnissen wider und muss auch auf Tumorutilisation von Blutei-
weiB zurlickgefihrt werden. Eine spezislle HSA-Substitution wirde
dann jedoch nur ein Anfittern von Krebszeflen und eben keinen
achten Ersatz des dringend bendtigten Serumalbumins bedeuten.

Die Albumin-Carrier-Therapie

Die in meinem vorangegangenen Artikel (Forum Komplementére
Onkologie 2018 (1). 3-5; kostenfreier Bezug via E-Mail: medwiss@
forum-medizin.de) beschriebene Moglichkeit, die Albumin-Carrier-
Therapie gegen Zellen von Astrozytomen Grad [l als einzig gegen
Tumorzsllen und eben nicht gegen normale Zellsn gerichtetes Agens
intravends zu verabreichen, erscheint mir chne Weiteres auch ana-
log gegsn andere maligne Tumorsn sinsetzbar, wenn zuvor mole-
kularbiologisch/ molekulargenetisch im peripheren Venenblut und/
oder Aszites/Pleurapunktat festgestellt werden kann, dass sich bei
den Tumorzellen gegeniiber MTX (noch) keine Resistenzen singe-
stellt haben. Diese mehrmalige Applikation von MTX-HSA (100 mg
MTX kovalent gebundsn an 10 g HSA) als Infusion in 14-t&gigen
Intervallen soll (mdglichst zusammen mit jeweils zwei Curcumin-
Infusionen & 450 mg in 1 Liter 0,9 % NaCl und jeweils 3 simultanen
lokoregiondren  Radiofrequenz-Tiefenhyperthermie-Anwendungen
des Bauches und/oder Thorax per entsprechend langer Tuchelek-
trode des EHY 3010, Fa. Oncotherm) im Best Case dreietlei bewirken:

a. Verhinderung therapiebedingter Nebenwirkungen

b. Vernichtung aller Krebszellen, die in hchem MaBe HSA verstoff-
wechseln

c. Wegen der langen Halbwertszeit von MTX-HSA im Serum von
knapp drei Wochen eine Anhebung des Serum-HSA-Wertes in
Richtung Normbersich, zumal das MTX-HSA wé&hrend einer Be-
handlungsserie alle zwei Wochen verabreicht werden soll

Letzteres wird moglicherweise nicht ausreichen, um den vendsen
onkotischen Druck (hist: neg. Druck = Sog) so weit zu verstérken,
dass ausreichend viel Uberschussige Flussigkeit aus den Geweben
(insbesondere der Beine) sowie aus Pleura- oder Abdominalraum
nach intravasal zurlickverlagert werden kann. Wenn man jedoch mit
MTX-HSA zUgig innerhalb weniger Tage eine entsprechend hohe
Anzahl an Tumorzellen vernichten kann, bedeutet eine zusétzliche
HSA-Substitution mit ebenfalls regelméBigen, hohen HSA-Gaben (je
100 ml, 20 %) kein Problem mehr.

der beiden Pfeile in Abb. 4 (a und b} anzeigt.

angefordert werden, E-Mail: medwiss@forum-medizin.de

Anmerkung der Redaktion: In dem Vorgénger-Artikel ,,Die Albumin-Carrier-Therapie — Anwendung in der onkologischen Praxis® (Forum
Komplementdre Onkologie 2018 (1): 3-5) hat sich seitens der Redaktion ein Fehler eingeschlichen. Der 3. Absatz auf Seite 4 ist irrtamilich
doppelt enthalten (,Nach Beendigung der gesamten Behandlungsserie waren ..."); korrekt muss der 3. Absatz wie folgt lauten:

Nach vier MTX-HSA-Gaben war im Sinne einer guten Teilremission bei einer MRT-Kontrolle am 23.02.2014 nur noch sines der
beiden Tumorrezidive am parietalen Rande des Resektions-bedingten Substanzdefektes nachweisbar, wie die Positionierung

Wir bitten den Fehler zu entschuldigen. Der korrigierte Aufsatz kann kostenfrei in der Wissenschaftsredaktion des Forum Medizin Verlags

Forum Komplementdre Onkologie / Immunologie

Oncothermia Journal, Volume 30, April 2021



Behandlungsheispiel

Die Maglichkeiten des MTX-HSA zu dieser Thermatilc lassen sich in-
nerhalb der drei nachfolgenden Abbildungen im klinischen Vedauf
eines Patienten mit Z.n. sinem Cholangiokarzinom (Klatskin-Tumor,
Primar-OP 2012} und erfolgreicher Strahlentherapie progredienter
Lymphknotenmetastasen retroperitoneal in 2016 und in 2017 auch
mediastinal / pulmonal bei zunehmenden Pleurasrgiissen, Aszites und
extremem Lymph&dem beider Beine (Mai 2017) gut nachvollziehen.

Abbildung 1 zeigt den Yerlauf der retroperitonealen Lymphkno-
tenfiliae, progredient im September 2016 vor Chemoradiotherapie
{(hyperfraktioniert-akzeleriert) und die sehr gute Teilremission bis zu
sieben Monate spéter im Mai 2017, Im Mai 2017 nach zwischen-
zeitlich gleichermaien radiconkologisch @uch per Cyberknife) be-
strahlten Lymphknotenmetastasen perihiléir re. {mit konsekutiven
radiopneumenitischen Infiltraten) beidseitige Pleurasrgisse und
vermehrt Aszites; klinisch zusatzlich hochgradige Zunahme der vor-
bestehenden Lymphddeme beider Beine im Sinne eines allgemei-
nen Tumorprogresses.

Abbildung 2 zeigt die Ergebnisse aus der Chemosensitivititstes-
tung von Tumorzellen im Aszites im Mai 2017 {Institut Metavectum,
Hamburg, Leitung Dr. Steffan), ohne Resistenzfaktoren (grin) gegen
Methotrexat (MTX). Gegeniber Gemcitabine finden sich hingegen
nun fast schon erwartungsgemal solche Tumorzell-genetischen
Faktoren {gelb), die zu Beginn der Behandlung im September 2016
im Serum noch nicht nachweisbar gewesen waren (ohne Abbildung).

Abhildung 3 spiegelt die unter zweimaliger intraarterieller Che-
moperfusion des Abdomens und unter wichentlichen Low-dose-
Gemeitabinegaben (jeweils mit 125 mg iv.) und iv. Low-cose-
Nivelumabinfusionen e 10 mg) bis zum Metastasenprogress im
April/Mai (petr. Lunge und Knochen) erbrachten Ergebnisse der
LMetavectum®-Venenbluttestung im guten klinischen Verlauf beim
Patienten recht gut wider — ohne Nebenwirkungen und im insgesamt
bis zum Progress im Mai 2017 sinkenden Serumtumonmarker Cal19-2.

LK-Metastasen in Ramission 05/2017;
Aszitaszunahme

Pat. H., Th., mannl. "0&/85, 108417
Cholangiozellulares Karzinom seit 2012
mit Zn. Li.-Hemihepatektomie (hiologisch
behandelt), LE-filiag sait 2014

Eratkontakt in Praxis Ende August 2016

05/2017 Pleuraergisse bds., radiog. Pneumonits re.

Abb. 1 Verauf der Lymphlnotenmetastasisrung mit Remission zwischen
Septamber 2076 und Mar 2077
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Anti-Cancer Agent Gene Praofile (+) Gene Profile (- | Gene Profile
normal

5-FUI, Xaloda T8 + TP (=), DPD ()
Adriamycin, Epirubicin TOPOILAT = +

Alkylators (Fiosphamid, | GCS= +, GSTp = +, MET +
Cyclophospamid etc.)

Amygdalin Beta-Glucosidase +
Apigenin CYP10A1 +

Aromatase-Inhibitoren CYP

Artemesinin, Artesunate | TF +

Foiastin HIF +, VEGFA +
Brentuximah CD30 +

Busulfan, Tresosulfan GCS = +, GSTpi = +, MET +

Carmustin, Lomustin etc. | GGS = +, GSTpi = +, MET +
Ntrosahanrstoffe

Cabozantinib, Cnzotinib | CD122 +, MET +
COX2nhibitoran COX2n
Cureumin HFKB +, THF +

Dacarbacin CD44 + MGMT +
Denosumab

EGFR-Inhibitoren: EGFR +
Cetuximaty, Erlatinib etc.

Etoposide

Faslodex

Fludarabin, Litalir ete.
Gemcitakin, Cytarabin DGK +, RRM1 +
Herzaptin, Labatinit ERBB2 = +
IF-alpha, IL2
Imatinib, Glivec

Methotrexat,
Pematrexad

Mitormyein G GCS = +, GSTpi = +
Mitoxantrone

Nivalumab,
Pembrotizumat

Platinverbindungen HSPB1/2 + ERGC1 n
Quercetin, Sulforaphan
Revlimid VEGFA +
Rituximahb
Sorafenib, Sunitinity PDGFRbeta = +
Tamoxitan, Raloxiten ER1 +

Tauralidin TNF +

Taxane MET + MDR1 n
Tivantinib atc

Topo-, Innetecan TOPOI n

Vemuratanib
Vinca-Alkaloide
Vitamin-C-Hochdosis HIF +

Abk 2 Brgsbnisse dar Chamosansitivitdtstastung von Tumorzallan im
Aszites, Mai 2077 blau und grin = ohns ersichtfiche Resisterziaktoran;
galb = mit eirzelnen Resistanzfalitoran; rot = mit deutlichen Resistenziaktoran
fodar nach wenigan Madikarmentangaben zu erwartan)
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Interessant wére in diesem Zusammenhang zu
erfahren, wie haufig und wie lange Pleurodesen

bei Krebspatienten gslingen, deren Punktate blu-

tig tingiert sind, im Vergleich mit Patienten, de-

ren Punktate nicht blutig tingiert sind, kaum oder

gar keine positive Tumorzytologien erlauben und

eventuell sogar nur vom HSA-Mangel im Serum

unterhalten werden.

I Es scheint maglich zu sein, die Albumin-Carrier-

Therapie mit MTX nach Dr. Hannsjérg Sinn auch

—— bei nicht-zerebralen malighen Tumorerkrankun-

gen praktisch nebenwirkungsfrei erfolgreich an-

zuwenden, insbesondere bei Tumor-bedingten

= Pleuraergliissen und Weichteilddemen sowie
|

Aszites. Voraussetzung hierfir sollte jedoch eine

Abdomens

Gemcitabine 1256 mg pro Woche plus
Nivelumab 10 mg pre Weche

Abnahme von Aszites, Pleuraergilssen
und Beinédemen

* Sefunialbumin = 20 zuletzt <30 mg %

positive Chemosensitivitdtstestung auf moleku-
larbiologischer / molekulargenetischer Basis von

Ca19-9,ng/ml
T
D)
TEm H
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T
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- . |
Em Pleur und * ¥
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T
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2016 1 StiTher. StrTher.
LK-Met, Lu.-Met.
1. u. 2. intraarterielle
Chemoperfusion des 1. 2. 5. 6. 7. MTY-HSA

Tumorzsllen im peripheren Venenblut und/oder
in Ergussanteilen gegeniber MTX sein. Ein Teil
des Therapieerfolges beruht bei diesen Patien-
ten sicherlich auch auf der drastischen Vermin-
derung der vermehrten Flussigkeitsvolumina im
Pleura- oder Peritonsalraum infolge der durch

Abb. 3: Tumormarkerverfauf (CAT8-9); Therapien und Klinik des Patienten

Im zeitlichen Anschluss zeigt die Abb. 3 schon unter bzw. nach den
ersten zwsi (von sisben) Gabsn MTX-HSA (ohne Curcumin wegen
Nebenwirkungen aufgrund des Curcumin-L&sungsmittels Kolliphor,
aber unter simuftanen Radiofrequenz-Hyperthermien) einen extrem
sprunghaften Anstieg des Cal19-9 von stwa 200 U/ml Serum auf
mehr als 1.600 U/ml infolge massiven Tumorzellzerfalls. Gleichzei-
tig verschwanden sonographisch nach rapider Rilckerlangung sehr
guten Allgemeinbefindens groBe Volumenanteile des Aszites und
der Pleurasrgisse sowie vollstandig die Beintdemes. Dabei stieg
das Serumalbumin von unter 20 mg-% auf fast 30 mg-% an, und
gleichzeitig fiel auch der Tumormarker Cal9-9 wieder auf Werte um
200 U/ml ab. Der Patient konnte zu diesem Zeitpunkt meine Praxis
im 2. Stock erstmalig seit vielen Wochen wieder zu FuB und ohne
Inanspruchnahme des Fahrstuhls errsichen. Dabsi zeigten sich
nach den einzelnen MTX-HSA-Gaben ausgeprégte, kurzzeitige, er-
neute Anstiege des Ca19-9, doch anschlieBend jedes Mal ein weiter
gehender Abfall als zuvor, passend zur verbesserten klinischen
Situation des Patienten.

Vor einer geplanten Schnittbilddiagnostik-Kontrolle nach der 7.
MTX-HSA-Gabe verstarb der Patient zuhause vollig unerwartet un-
ter pldtzlich aufgetretener Luftnot (August 2017). Mangels Obduk-
tion (infolge Ablehnung durch die Angehdrigen) muss am ehesten
von einer Tumor-assoziierten Lungenembolie als Ursache fur den
Tod des Patienten ausgegangen werden.

Schlussfolgerungen und Zusammenfassung

Erst, wenn der Aszites auffallig blutig tingiert ist — gleiches gilt fur
Pleuraerglisse —, verdréngt als Ursache die jeweilige Karzinose oder
Sarkomatose in der Genese von progredienten Ergussbildungen
den HSA-Mangsl.

Forum Komplementdre Onkologie / Immunologie

MTX-HSA-Infusionen ermdglichten zusétzlichen

HSA-Gaben. Hierzu wirde auch das Auftreten

von zytologisch und schnitthilddiagnostisch ein-
deutig nachgewiesenen Pleura- und Peritonealkarzinosen ohne
klinisch auffallige Ergussbildungsn oder gréBere Aszitesvolumina
passen, solange das Serum-HSA nicht oder kaum verringert ist.

Ergdnzende Anmerkung: Da bei Albumin-Carrier-Therapien wie
beim MTX-HSA feste chemische Bindungen vorliegen, zum Beispiel
,kovalente Bindungen" (die jsdem Bindungspartner ssine beabsich-
tigten medikamentds wirksamen Eigenschaften belassen), und da
aus dem Ergsbnis dieser Bindungen auch wsitere praktisch neben-
wirkungsfreie, erfolgreiche antitumorale Therapien resultieren kdn-
nen, muss man befurchten, dass okonomisch interessierte Kreise
versuchen werden, Albumin-Carrisr-Therapien auch mit andsren
zytostatischen Préparaten (wie zum Beispiel Anthrazyklinen) mithilfe
des AMG zu verhindern oder endgliittig aus der praktischen Anwen-
dung zu dréngen, etwa indem die Verfasser einer zukunftigen AMG-
Novelle Jede Form einer Verbindung zweier |angst zugelassener
medikamentoser Substanzen als neues Medikament definieren,
das dann nach jahrelanger Verzdgerung eine eigene kostenintensive
Zulassung bendtigen wirde.

Auter:

Dr. med., Wulf-Peter Brockmann, FA fir Radiclogie und Strahlentherapie
Institut Oncolight, Beim Strohhause 34, 20097 Hamburg

E-Mail: wpbrockmann@aol.com, wanww.oncolight.de

Im Fachmedium Forum Komplementére Onkologie sind folgende Arbeiten
zur Albumin-Carrier-Therapie erschienen, die bei der Wissenschaftsredaktion
kostenfrei angefordert werden kénnen, E-Mail: medwiss@forum-medizin.de
— Die Albumin-Carrier-Therapie: Ein neuer Ansatz fir die Behandlung

von Krebserkrankungen

— Die Albumin-Carrier-Therapie — Anwendung in der onkologischen Praxis

- Wird die Bedeutung des Serum-Albumins bei Malignom-Patienten
mit Aszites, Odemen und Pleuraergissen unter- oder Uberschatzt?
- MTX-HSA als Hilfe bei der Therapie
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Comment

The mEHT method selects the cancer cells in the
targeted volume. One of the selection's essential
factors is the higher conductivity in the tumor cell's
microenvironment than in other regions. The
radiofrequency current flows into the path where
the resistance is low (the conductance is high). The
high metabolic rate of (primarily
fermentative glucose consumption, Warburg effect)

cancer

produces ionic species in the neighborhood of cancer.
Measuring the glucose metabolism, which is the
primary effect of PET diagnostics, gives a piece of
direct information about glucose intake, which is
proportional to ion production. In this way, the PET
indicates the areas where the radiofrequency
current will have a high density at the treatment. The
PET intensity suggests the efficacy of the initial
selection mechanism of mEHT. Dr. Bockmann’s
article discusses the PET process, giving a hint for
the selection mechanism of mEHT.

Kommentar

Die mEHT-Methode wahlt die Krebszellen im
Zielvolumen aus. Einer der wesentlichen Faktoren
der Selektion ist die hohere Leitfahigkeit in der
Mikroumgebung der Tumorzelle gegeniber anderen
Regionen. Der Hochfrequenzstrom flief2t da lang, wo
der Widerstand niedrig ist (bzw. die Leitf&higkeit hoch
ist). Die hohe Stoffwechselrate von Krebs
(hauptséchlich  fermentativer ~ Glukoseverbrauch,
Warburg-Effekt) erzeugt eine ionische Spezies im
ndheren Umfeld des Krebses. Die Messung des
Glukosestoffwechsels, der der primdre Effekt der
PET-Diagnostik ist, liefert eine direkte Information
Uber die Glukoseaufnahme, die proportional zur
lonenproduktion ist. Auf diese Weise zeigt das PET die
Bereiche an, in denen der Hochfrequenzstrom bei der
Behandlung eine hohe Dichte aufweist. Die PET-
Intensitdt legt die Wirksamkeit des anfdnglichen
Selektionsmechanismus ~ von mMEHT  nahe.
Dr.Bockmanns Artikel diskutiert den PET-Prozess
und gibt einen Hinweis auf den Selektionsmechanis-
mus von mEHT.
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Das PET-CT im onkologischen Alltag -
Eine wertvolle Hilfe zur Prognoseverbesserung

Dr. med. Wulf-Peter Brockmann

In der Positronen-Emissions-Tomographie (= PET) nutzt man gegenlber bosartigen Tumoren deren speziellen Energie-
stoffwechsel aus, der auf der Glykolyse beruht, der Oxidation von Zucker bis zur Milchsaure als Endprodukt. Appliziert
man intravends Glukose, die an einen radicaktiven Tracer gebunden ist (18F), so reichert sie sich innerhalb von etwa
einer Stunde Uberall dort an, wo vermehrt Zucker im Korper utilisiert wird, normalerweise im Gehirn, im Herzen, in der
Leber, in der Darmwand oder im Rahmen der Ausscheidung des radioaktiven Tracers in den ableitenden Harnwegen
(Nieren, Ureteren und Harnblase/Harnrshre), aber auch in Tumoren und deren Metastasen, wenn sie vermehrt Zucker

bendtigen.

Im Falle anderer Tumorzell-avider Moleklle, die sbenfalls mit ei-
nem radicaktiven Tracer verbunden werden kénnen, werdsn ent-
sprechend andere Formen des PET-CT verwendet: das DOTA-
TOC-FPET-CT bei neuroendokrinen Tumoren sowie shemals das
18F-Cholin-PET-CT und aktuell das 68Gadolinium-PSMA-PET-CT
beim Prostatakarzinom. In der neuesten Entwicklung ldsst sich das
PSMA auch an das 18F binden, dessen um die Halfte kirzere Halb-
wertzeit bei &hnlichem Bindungsverhalten im Kdrper im Vergleich
zum 88Gallium-PSMA die Strahlenbelastung der Untersuchung
betrachtlich vermindern durfte. Andererseits ist in der radioaktiven
Zuckerverbindung, der 18F-FDG, bei der gebrauchlichsten Onko-
PET-Version die Halbwertszeit des 18F-Nuklids mit 110 Min. so
kurz, dass die Patienten recht punktlich zum Einbestellungstermin
erscheinen mussen und zudem nichtern, damit flr eine erkennbare
Strahlung des Zuckerstoffwechsels maligner Befunde noch eins
ausreichende Menge der radioaktiven Glukoseverbindung zum Ein-
bau in die Befunde zur Verflgung steht.

Vor- und Nachtelle der PET-CT-Untersuchung

Technisch-physikalisch und biologisch bedingt: In der bildge-
benden Tumordiagnostik galten abgesehen von endoskopischen
Verfahren bis zur Jahrtausendwende Ultraschall (US), Computerto-
mographie (CT) und Magnetresohanztomographie (MRT) mit hoher
Aufldsung im Zielbereich als besonders Erfolg versprechend. Dage-
gen fuBten die altbekannten nuklearmedizinischen Methoden in ihrer
Aufnahmetechnik auf sichtbar gemachten Stoffwechssifunktionen,
die sich jedoch nur relativ unscharf abbilden lieBen, so beispiels-
weise die Knochenszintigraphie, in der ein vermehrter Knochenauf-
bau durch benigne Osteoblasten wiedergegeben wird. Seit einigen
Jahren kénnen die Befunde dieser Methode anhand der gleichen
mathematischen Algorithmen wie bei CTs oder MRTs auch in din-
nen, unscharfen Querschnitten abgebildet werden, wobei sich auf
solche unscharfen Schichtdokumentationen an identischer Lokali-
sation hochauflésende Lowdose-CT-Aufnahmen eines integrierten
Computertomographen legen lassen. Diese SPECT-Bilder erhéhen
das Potenzial szintigraphischer Moglichkeiten betréchtlich, wenn es
etwa um periossdre Weichteilanteile von Knochenmetastasen geht,
war aber noch verbesserungsfahig: So ist bei einer PET-Diagnostik
von Vorteil, dass vermehrt Glukose-verbrauchende Tumore oder
ihre Metastasen — relativ unabhéngig von ihrem Sitz im Kdrper — ab
drei bis funf Millimetern Durchmesser als Strahlungsherde sichtbar
werden und sich somit ihr spezieller Energiestoffwechsel zusammen

mit ihrem malighen Gewebe in Knochen, Leber, Lymphknoten oder
anderen Weichteilgeweben abbilden [dsst. Je hdher andererseits
der Zuckergrundumsatz der umgebenden Normalgewebe ist, also je
stérker die gesunde Hintergrundstrahlung in den Normalstrukturen
krebsbefallener Organe ausgeprégt ist, desto schwieriger wird es,
in solchen Geweben kleine maligne, zusétzlich strahlende Befunde
zu erkennen: am schwierigsten folglich in der Leber, im Gehirn, im
Darm und insbesondere in den ableitenden Harnwegen.

In der Lunge verschleift die Atembeweglichkeit die eigentlich stark
umschriebens Strahlung weniger Millimeter groBer Metastasen bis
zur Unkenntlichkeit. Dieser Nachteil erweist sich jedoch als weniger
problematisch, da in diesem Crgan der ins PET-Geréat integrierte
Computertomograph (PET-CT) ab 3 Millimeter Durchmesser meta-
statische Rundherde regelmasig darstellen kann. Fur PET-Unter-
suchungen des Gehirns gibt es Rechenmethoden, die die kréftige
Grundstrahlung des Organ-typischen Glukoseverbrauchs bis zu ei-
nem gewissen MaBe subtrahieren kénnen und dadurch doch noch
Metastasen-verdéchtige Befunde, primére maligne Hirntumore oder
-tumorrezidive erkennen lassen. Eine spezielle Form der PET-Dia-
gnostik ist auch aus diesem Grund die synchrone Verbindung des
PET-Gerates mit einem MR-Tomographen (PET-MRT), der insbe-
sondere im Gehirn und in der Leber die Diagnostik vervellkomm-
nen kann, aber wegen des noch hdheren Gerdtepreises und seiner
diagnostischen Abbildungslicke gegenuber kleinen Lungenmetas-
tasen in nuklearmedizinischen Standorten seltener vorhanden ist.
Allen PET-Methoden ist gemeinsam, dass sie nicht wie Knochen-
oder Schilddrusenszintigraphien auf der Erkennung und Messung
ionisierender Gammastrahlung radioaktiven Zerfalls eines Techne-
tium-Isotops beruhen, sondern auf der viel schwécheren Positro-
nenstrahlung, beispielsweise des 18Fluor-Isotopes, die bei seinem
BetaPlus-Zerfall entsteht, und deren minuzidser Empfang anhand
spezieller Detektoren sowie ihre Verarbeitung zu Schichtaufhahmen
mit den schon erwdhnten mathematischen Algorithmen ungleich
aufwendiger ist.

In Organen wie der Leber und dem Gehirn, die schon von vornher-
ein einen recht starken Glukosegrundumsatz aufweisen und daher
auch einen prinzipiell vermehrten Einbau radioaktiver Glukosever-
bindungen, ist mittels PET die Primérdiagnostik kleiner Malignome
sicherlich etwas weniger sensitiv als per CT oder MRT, nicht aber
ihre posttherapeutische Verlaufsdiagnostik: Waren und bleiben sie
nach Therapie noch darstellbar, erlaubt die Intensitdtsdynamik ihrer
Strahlung, d.h. ihr Funktionsstoffwechsel, wertvolle Schlusse auf
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Behandlungsergebnisse und das MaB einer erhofften Remission.
Dartiber hinaus reichern nicht alle Krebstumore regelmaBig die ra-
dioaktive Glukoseverbindung an. Hierzu gehdrt insbesondere das
primére Magenkarzinom. Ansonsten lassen sich Karzinome und ihre
Metastasen fast ohne Einschrankungen ebenso gut per PET-CT
darstellen wie Sarkome und primare Lymphome.

Auf Patientenseite: Einerseits kann Platzangst die Durchflihrung
der Untersuchung erschweren und muss evtl. medikamentds ka-
schiert werden; aber auch die Dauer der Untersuchung von bis zu
45 Minuten wie bei der MRT kann sich insbesondere flir Schmerz-
patienten oder M. Parkinson-Erkrankte problematisch auswirken,
da sich die Patienten wahrend der Untersuchung nicht bewegen
sollten. Erhohte Nichtern-Blutzucker-Werte bei Diabetespatienten
kénnen ebenfalls die Untersuchung erschweren.

Bedeutung des PET-CT bei der der Prognoseverbesserung:
Fallbeispiele aus dem ambulanten onkologischen Alltag

Die Bedeutung des PET-CT fuBt auf der Korrelation zwischen der
Prognose maligner Erkrankungen und einer fachgerechten PET-
CT-Indikationsstellung zur friihen und damit oft noch rechtzeiti-
gen Erkennung bzw. Verifikation der Ausbreitung eines Malignoms
beim pratherapeutischen Staging: Hangt vom positiven Untersu-
chungsergebnis ab, ob und wo im Koérper der Erkrankten noch
ein lokal kuratives Vorgehen mdoglich ist, das bei erfolgreicher Be-
handlung eine Vollremission bis hin zu einer Heilung erlaubt, ruht
eventuell das Schicksal des Patienten in einer solchen PET-CT-Un-
tersuchung. Wie schnell PET-CTs auf Anderungen klinischer Ver-
ldufe reagieren und wie sinnvoll es sein kann, schon zwei Monate
nach einem ersten PET-CT noch ein weiteres durchzufiihren, zeigt

Fallbeispiel 1: H.B., weibl., 82 Jahre

Abb. 1a: tumords aufgetriebener Uterus,
PET- und CT-Querschnitte aufeinander projiziert

? .

.d

Abb. 2a: in 03/20 sind préthe-
rapeutisch der Primartumor
und beide Metastasen im PET
gut erkennbar

Abb. 2b: in 07/20 nach The-
rapieabschiuss Vollremission
(hach hyperfraktioniert-akze-
lerierter Strahlentherapieserie
Elektrohyperthermieserie und
Insufin-potenzierten Lowdose
Chemotherapien), passend
zum Titerabfall des CA15-3 von
314 U/mi auf 13,7 Uimlund
beim CA125 von 86,8 Uim{ auf
4,2 Ufmi

18F-FDG-PET-CT 03/20: Darstellung eines Uterussarkoms als Befall des gesamten Organs sowie Diagnose einer ossadren Metastase
im re. Os lleum mit groBem Weichteiltumor sowie einer weiteren Metastase paraaortal

Abb. 1b: Os ileum-Metastase re., PET- und
CT-Querschnitte aufeinander projiziert

Abb. 1c: Paraaortalmetastase, PET- und
CT-Querschnitte aufeinander projiziert

Abb. 2¢: 09/20, nach foudroy-
anter Entwickiung eines triple
doseneg. Mammakarzinoms

i. schon multiple Metastasen
lymphonodulédr in Weichteilen
und ossér; dabei deutlicher
Wiederanstieg des CA15-3

auf 32 6 U/mi, und des CA-125
auf 33 U/mi

Abb. 2d: 11/20, nach nochma-
liger Lowdose Chemothera-
pie, aber entsprechend einer
Liguid-Biopsy-Empfehlung, in
Kombination mit Elektrohyper-
thermmien, dhniich ausgeprigte
Remission wie zuvor, in PET
und Serum-Tumormarker-
Titern: mit 6,3 U/mi beim CA125
und 22,6 U/mi beim CA15-3
(Therapie wird fortgesetzt).
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Fallbeispiel 1 einer 82-jahrigen Patientin, bei der anfanglich erfolg-
reich ein groBes inoperables Uterussarkom mit zwei abdominalen
Metastasen behandelt worden war (Abb. 1a-c und 2a), aber schon 2
Monate nach dem Erhalt der Vollremission {(Abb. 2b) ein drittes PET-
CT multiple Knochen- und regiondre Lymphknotenmetastasen ei-
nes zwischenzeitlich aufgetretenen kleinen Mammakarzinoms (triple
neg.) aufzeigte (Abb. 2c). Der schnelle Erfolg der sehr gut vertragli-
chen altersadaptieren Komplementartherapie spiegelte sich schon
2 Monate spater auch fir das Zweitmalignom in Abb. 2d zusammen
mit abnehmenden Tumormarker-Titem von CA125 und CA15-3
wider. Wie sinnvoll sich solch eine eng verbundene Partnerschaft
von PET-CT und subtiler, engmaschiger Tumormarker-Diagnostik
auf einen mehrjahrigen klinischen Verlauf {Fallbeispiel 2} bei thera-
peutisch praktisch unbeeinflusster Lebensqualitit auswirkte, zeigen
die PET-CT-Abbildungen uni- und oligolokuldrer Metastasen nach

triple-neg. Mammakarzinom mit jeweils nachfolgenden Vollremissi-
onen, die nach minimalem Serumtumormarker-Anstieg von CA125
und CA15-3 (sogar noch innerhalb des Normbereiches!) jedes Mal
Grundlage flr die anschlieBenden Behandlungserfolge waren (be-
bilderte Fallschilderung in FKO 2018 (2), 6-8; kostenfreier Bezug:
medwiss@forum-medizin.de).

Fallbeispiel 3 zeigt die aktuell noch anhaltende Vollremission bei
einer 68-jhrigen Patientin mit triple neg. Mammeakarzinom, bei der
vor drei Jahren alle vier lokalisierbaren Metastasenregionen dank
der PET-CT Staging-Diagnostik erfolgreich und gréBtenteils lokal
behandelt worden waren (s. Abb. 3a-c, 4, 5 u. 6 sowie die Legenden
hierzu). Fallbeispiel 4 handelt von einem jungen Patienten mit Z.n.
adenoidzystischem Parotiskarzinom, der bei einer Liquid Biopsy
zur Chemosensitivitdtstestung ein Uberraschend positives Ergebnis

Abb. 3a; Lymphinotenmetastasen
(m Fadenkrauz), ii. parathyreoidal

Abb. 3b: Lymphknotenmetastasen,
re.-suprakiavikular u. retro-finfraldavikular

Fall 3: T.C., weibl., 71 Jahre. Z.n. Mammakarzinom, triple neg. Abb. 3 u. 4: 18F-FDG-PET-CT
mit Metastasendiagnose 11/2017

Abb. 3¢ Lymphknotenmetastasen,
re.-axilfdr mit zentraler Nekrose

Abb. 4: ossédre [paraossdre Sternummetastasen,
aine von muftiplen Metastasen (para-)ossdr
imfunter dem gesamten corpus sterni sowie
imfam angrenzenden Rippenknorpe!

{s. PET-Ubersicht, Abb. 5)

Abb. 5: PET-CT vor Therapie (11/17), alle
Strahfungsbefunde auferhalb von Herz,
Migren und Harnblase sind Metastasen
und afle Herde innerhalb des Ovals sind
parasternale/sternale Metastasen

Abb. 6 PET-CT (11/2020) nach intermittie-
render 3-{ahriger Therapiekombination aus
hyperfraktioniert-alzelerierter Strahfenthe-
rapie, Elektrohypertharmian und insufinpo-
tenzierter Lowd'ose-Chemotherapie sowie
Vatzinationan mit autologen Dendfitischen
Zellen. Ergebnis: stabife Vollremission, da
PET ohne pathologische Herde bej normaler
18FDG-Utifisation von Herz und Leber sowie
ungestorter Ausscheidung tber Migren und
Harnbiase.
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betr. PSMA auswies, das mit einem positiven 68Gadolinium-PShA-
PET-CT bestatigt werden konnte (Abb. 7a u. 7b). Die damals progre-
dienten Lebermetastasen des Patienten konnten anschlieBend via
Leberarterie im Rahmen einer 90Y-DOTATOC- statt 177Lutetium-
PSMA-Behandlung {wegen zu schneller Auswaschung des Lute-
tiums aus dem Metastasengewebe) in eine hepatische Vollremis-
sioh gebracht werden {Abb. 8a-c) und anschlieBend nach weiteren
Nuklidbehandlungen auch die re.-inguinale LK-Metastasienung
{Abb. 8b,c). Nach mehr als 20 Maohaten der hierdurch bewirkten und
monatelang konstant gebliebenen Remissionen verstarb der Pati-
ent leider an erneutem Tumomprogress (03/19). Dass dieser Fall die
hohe Validitat der Liquid Biopsy auf molekularbiologischer /moleku-
klargenetischer Grundlage {Institut Metavectumn, Dr. Steffan, Ham-
burg) betont, sel nur am Rande erwahnt.

Deutschlands unrihmliche Sonderstellung beim PET-CT

Der defétistische Slogan der Pharmakoonkologie ,einmal gestreut,
immer gestreut” im Sinne von ,einmal gestreut, nur noch palliativ und
damit vomehmlich nur noch medikamentts behandslbar®, wirde
Medizinern prinzipiell schon im Falle einer einzigen Fernmetastase
erlauben, betroffene Krebskranke zu Palliativpatienten mutieren zu
lassen, die dann einzig medikamentds, also vom Pharmakoonkolo-
gen selbst, zu behandeln waren und passt zur ihrer haufig vorgetra-
genen Behauptung, dass eine PET-Untersuchung viel zur teuer ware
und sich daflir kaum rentiere. Diese Verleugnung ihres wahren Wer-
tes wird jedoch wie schon dargestellt in meiner Praxis und ebenso

auch regelmaBig im Ausland immer wieder von einer cleutlich erfreu-
licheren Realitét (berholt. Behandelte man anderenfalls Patienten
mit Fernmetastasen tatséichlich unabhangig von Anzahl, GréBe, und
Lokalisation unter gewohnt pessimistischen Pramissen prinzipiel
und a priori nur palliativ, und wlrde man auf diese YWeise den Wert
des PET-CT auch zukUnftig GBA-gem&B einfach ignorieren, wirde
man sich dessen Pessimismus zwangslaufig selbst bestatigen und
sogar in einer gefahrlichen Form von evidence based medicine im-
mer wieder vermeidbare tédliche Resultate festschreiben. Da muss
man sich fragen, warum PET-CTs aller Couleurs nur im Ausland die
ihnen zustehende hohe Wertschatzung zum Nutzen aller hierflr in
Frage kommenden Patienten erfahren und eben nicht in Deutsch-
land, wao sie nur bei Privatpatienten oder fast nur als |GEL-Leistungen
bel Kassenpatienten zusammen mit einer entsprechend akribischen
Tumeormarker-Diagnostik viel fruher als gewohnt lokale Befunde auf-
zeigen durfen und diese Patienten beim gesigneten Therapeuten als
lokal behandelbar einstufen lassen. Anscheinend wird vom GBA und
von verantwortlichen Kollegen villig ignoriert, dass beispielsweise
in Polen klinische onkologische Therapiestudien regelmaBig unter
PET-CT-Kontrollen stattfinden sollen, und dass Krebspatienten aus
dem Ausland {USA, Turkei, Asien, Russland} regelmaBig PET-CT-
Diagnostiken zur Erstvorstellung mitbringen.

Avtar:

Dr. med. Wulf-Peter Brockmann, FA fir Radiclogie und Strahlentherapie
Privat praxis fir individuslle Krebstherapie und -diagnostik, Inastitut Oncolight®
Beimn Strohhause 34, 20097 Harmburg

E-Mail: wpbrockmann@acol com, wnr oncolight .de

Fallbeispiel 4: F.M., m., 26 J., 68Gallium-PSMA-PET-CT (02/17)
Verifizierung v. 3 Lebenmetastasen eines adenoidzystischen Karzinoms zur Kiarung der Option einer 177 Lutetium-PSMA-Therapieserie {Abb. 7)

Abb. 7b im 88Galium-PSMA-
PET-CT Darsteliung dar griften
Lebarmeatastass sowrs baidsaitiger
Misrara nechnitte

Ve | ©

Abb.Far im 88Galfum-
PEMA-PET firdan sich draf
grtfare Labarmatastasan;
M= Misre, H = Hamblass

Abb. Ba-cr Auswdrtige Rezaptor-PET-CTe mit 88Galium-D0TATOC vorinach
Mukdidtharapien mit 177LU-D0OTATOC und 20Y-DOTATOC: gamizchte Ramissions-
arfolya. Abb. 8a (12/17) vor arstar Tharapia. Abb. 8b (03/718)° Labarnvollramizsion,
abar re-inguinaler LK-FPrograss. Abb. 8c (07718); Laistenvollramission re., abar
baginnandar Frograss re-axiiér
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INTRODUCTION

Modulated electro-hyperthermia in the combined treatment of metastatic
colorectal cancer:a retrospective cohort study with meta-comparison
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FACTS ABOUT COLORECTAL CANCER

4%

W Localized (39%)
Confined to Primary Site

* 3rd the most diagnosed cancer in the

WOI].d M Regional (35%)

Spread to Regienal Lymph Nodes

Distant (22%)
Cancer Has Metastasized

= 4th leading cause of cancer death
among men & women combined in
the world

Unknown (4%)

Unstaged

= 2nd leading cause of cancer death
among men & women combined in

the developed countries 100
90
= In the USA: g ©
= 140,250 estimated new casesin 2018 2 4
[7]
= 50,630 estimated deaths in 2018 z %
g 40 35.4%
& 30
20 14.2%
10
: €

Localized Regional Distant Unknown

TRIAL DESIGN

Modulated electro-hyperthermia in the combined treatment of metastatic
colorectal cancer:a retrospective cohort study with meta-comparison
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TRIAL DESIGN

= A retrospective, cohort, two-
center study.

= Two centers in Budapest
(Hungary):
= HTT-MED Clinic (HTT);
= Peterfi Hospital (PFY).

= Enrollment:

= HTT from 08/04/1997 to 10/17/2002
(63 months),

= PFY from 05/01/1999 to 04/30/2002
(37 months).

= No inclusion / exclusion criteria

= Exitus
= National Hungarian Civil Registry.

= Primary endpoints:
* Median Survival Time (MST)
= Overall Survival (OS) at 1, 3,5 years

= The endpoints are in two options:
= from the diagnosis
= from the lst session of MEHT

= Secondary endpoint:
= clinical response (RECIST 1.1).

INTERVENTION AND BASIC TREATMENT

BASIC TREATMENT

* Radical or debulking surgery
= Adjuvant chemotherapy

= Symptomatic radiotherapy

INTERVENTION

* Modulated electro-hyperthermia
(oncothermia)

= Applicator @ 30 cm
= Power 120 — 150 W.

= Time:
= Radio- chemo-enhancement, 45 min.
= Adjuvant monotherapy, 60 min.
= Palliative monotherapy, 90 min.

* Localizations: up to 2.
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RESULTS

Modulated electro-hyperthermia in the combined treatment of metastatic
colorectal cancer:a retrospective cohort study with meta-comparison

DEMOGRAPHY AND AGE DISTRIBUTION

Number 218
Sex
Female 85 39.0% ; oAl
BHTT
Male 133 61.0% 2 12 -
Age at diagnosis -% 10
Averagetse  57.5+0.7  (561-589) o z I
Median (range) 58 (27 - 85) (56 -59) E 3 |
>65 years 52 23.9% 5 2 l ” || i ' I n HH
= o | ot Nl J | I T
>68 years 30 13.8%

27 32 37 42 47 52 57 62 67 72 77 8

Age, years

Oncothermia Journal, Volume 30, April 2021



DISTRIBUTION BY STAGE

HTT-PFY

na;11%

I-II; 10%

SEER

na; 4%

I-II; 39%

IV; 22%
III; 26%

III; 35%

3

FLOWCHART (HTT ARM)

IV: 53% P<0.0001

CombPinattiexttnmatiment
Included

o
g
R
co
1]
X

175 (100%) S | 100%
70% l 67%
66080 71%
~qE
Refused treatment Pre-treatment 40% l
3006 24% -
4 (23%) 139 (79.4%) v B W 1955 24%
- 20% e .
Averag*e 2 lines. 10% . l . 1,5% .30, I
004 = - N . — L
Combination 3 ;
MEHT treatment with ﬁ é@égﬂ @Qgﬂ & ”ﬁ #
(monotherapy) MEHT & M‘ @ﬁs
& &
¥ &

4 (2.3%) 171 (97.7%%)

Average 3 lines (1-7). O
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CHEMOTHERAPY

Combination No % No %
5FU & combinations 191 70.7% 703 74.5% 5000
SFU alone 81 30.0% 276 29.3% 40,0%
BFU+Leucovorin & combinations 68 25.2% 263 27.9% °300%
20,0%
SFU+Mitomycin C & comb 34 12.6% 140 14.8%
10,0%
Other 5FU combinations 8 3.0% 24 2.5% 0.0%%
Other chemo & combinations (36) 79 29.3% 240 255% & s & & g &
£ AR A & &
TOTAL: 270 100% 943 100% & & & o &
X "Q-e
& o

MODULATED ELECTRO-HYPERTHERMIA
Paremeter — vame |

Median treatment line 3.610.1
The terminal treatment 87.4% (183 / 115)
Time from diagnosis to 13t MEHT, months Ave.19.3 £ 1.4; Med. 12 (0-138)
Number of sessions Ave. 7.9+ 0.3; Med. 6 (2-42)
Duration of session, min Ave.72.6 + 1.4; Med. 60 (45 — 135)
Dose per course, k] Ave.29.1 £1.9; Med. 20.9 (0 - 207)
Days per session Ave. 7.2 +£0.4; Med. 6 (1 - 358)
Number of fields (1 vs. 2) 97.1% (170 / 178) vs.2.9% (8 / 118)

liver 58.9% (106 / 180)

colorectal 18.9% (34 / 180)

lungs 4.4% (8 / 180)

other or not indicated 18% (32 / 180)
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OVERALL SURVIVAL

Parameter From
1st MEHT

MST, months
1-year OS
2-year OS
3-year OS
4-year OS

5-year OS

0,9
0,8
0,7
0,6
0,5

10 -
09 |
038
0,7
0,6
05
04
0,3
0,32
01
0,0

SURVIVAL

29.7
(26.3-34.9)

85.2%
(80.5-89.9%)

63.2%
(56.7-69.7%)

41%
(34.3-41.1%)

29.4%
(22.9-35.9%)

25.2%
(18.8-31.6%)

9.6
(1.8-11.8)

42.2%
(35.4-49.0%)
42.2%
(35.4-49.0%)
20.5%
(14.8-26.3%)

20.5%
(14.8-26.3%)

20.5%
(14.8-26.3%)

BY STAGES

Curnul ative Probability of Survival, S(t)
s & e P e B E e B B

From
/ diagnosis
From
" 1st MEHT
-o.-ow--ﬂ-c-'ﬁ—m.,_‘_“‘_‘_‘“_

Time (months)

Oncothermia Journal, Volume 30, April 2021

139



ANALYSIS

Modulated electro-hyperthermia in the combined treatment of metastatic
colorectal cancer:a retrospective cohort study with meta-comparison

COLON CENCER V5. RECTAL CANCER

From diagnosis From 1t MEHT

o e oy
S e ——th |

-
me (months)

||~ | 105 | 205 | 305 | 405 505 | MST |Response

Colon Cancer 88/175 81.80% 58.00% 39.80% 31.30% 27.60% 29.3 48.90%
RR 0.96 0.89 0.93 1.02 1.06 0.98 0.99
p-value 178 0.567 0.361 0.632 0.773 0.867 0.394 0.941

Rectal Cancer 87/175 85.10% 65.40% 42.70% 30.80% 26.00% 29.9 49.40% O

. X
me (months)
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MEHT-+SURGERY VS. MEHT WITHOUT SURGERY

From 1st MEHT

From diagnosis

1,0
08
08
0,7
06
05
04
03
02
01

0,0

|| N 105 205 305 | 405 | 505 | MST _Response]

With Surgery 202/218 85.00% 62.90% 40.20% 29.40% 25.80% 28.5 40.10%
RR 0.97 0.95 0.78 1.03 8.83 0.9 1.28
p-value 0.7996 0.8114 0.3919 0.9486 0.0897 0.37 0.487
No Surgery 16/218 871.50% 66.10% 51.40% 28.60%  0.00% 31  31.30% O
mnmmmn“
1% elderly (>68) -1 23 144% 26,7% 175 1,24 0,52
) Age at diagnosos* -1 79 494% z 46,7% 175 0,99 0,11
] % st. IV at diagnosis -1 91 60,3% 10 71,4% 165 1,06 0,12
Y| %> MO at diagnosis 1 24 150% O 0,0% 175 1,85 0,87
P No. lacalizations of metastases*® -1 B9  369% 2 13,3% 175 0,61 0,17
B % without liver metastasis 1 62 388% 65 333% 175 1,04 0,18
% multiple metastasis -1 174 155% 8 80,0% 108 1,01 0,07
Maxumum tumor diameter™ -1 54 48,2% 4 50,0% 120 1,00 0,13
I INo. of treatment lines™ 1 75 469% 5 33,3% 175 1,13 0,23
BT % chemotherapy 1 139 86,9% 11 73,3% 175 1,08 0,10 pOA=
P ¥INo. of chemotherapy lines* 1 26 187% 2 18,2% 150 1,00 0,17 0,732
P PINo. of chemotherapy cycles*® 1 87 626% 4 36,4% 150 1,29 0,28
P EDuration 1 71 51,1% 3 27,3% 150 1,33 0,50
P Line of MEHT* -1 B8 425% 3 20,0% 175 0,70 0,17
P TITime to MEHT (%OST)* -1 80 50,0% 3 20,0% 175 0,61 0,15
P TINo. MEHT sessions* 1 48 30,0% 6 40,0% 175 0,91 0,19
P ¥iDose of MEHT* 1 97 606% 10 66,7% 175 0,98 0,10
BT % palliative treatment -1 183 956% 15 100,0% 175 1,01 0,01
T % progression before MEHT -1 141  881% 12 80,0% 175 0,97 0,06
T progression after MEHT -1 65 40,6% I 46,7% 175 1,03 0,17
P ToTAL: 1,23 (1,01 - 1,44), p=0,230 1,23 021 105 0,230
B scE 1,23 (0,92 - 1,54), p=0,304 1,23 0,31 0,74 0,304
PDIAGNOSIS 1,25 (0,99 - 1,51), p=0,249 1,25 0,26 0,97 0,249
PN TREATMENT 0,79 (0,60 - 0,98), p=0,218 0,79 0,19 1,10 0218
I chemotherapy 1,38 (1,20 - 1,56), p=0,045 1,38 0,18 2,08 0,045
I MEHT 0,38 (0,22 - 0,53), p<0,001 0,38 0,15 4,08 0,000
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MEHT-+SURGERY VS. MEHT WITHOUT SURGERY

From diagnosis

1,0
08
08
0,7
06
05
04
03
02

01

0,0

From 1st MEHT

1,0
h

o
o

L
08 }

60 80 100 120

DISTORTION __ |SIZE (RR
ey v:v S O 0 (0.18 - 7.85), p=0.959
- | 23 (0.88 - 1.72), p=0.340
YY" | 03 (0.34 - 4.87), p=0.979
T A 0. 70 (0.20 - 2.44), p=0.553
e T e S Al .83 (0.84 - 3.94), p=0.454
| Radiotherapy | M@(KEE
_EEEE_O 44 (0.18 - 0.87), p<0,001

95% CI. p-value

1.31), p=0.228

|| N 105 205 305 | 405 | 505 | MST _Response]

With Surgery 202/218 85.00% 62.90% 40.20% 29.40% 25.80%

RR
p-value
No Surgery

0.97 0.95 0.78 1.03 8.83
0.7996 0.8114 0.3919 0.9486  0.0897T

16/218 871.50% 66.10% 51.40% 28.60%  0.00%

28.5
0.9
0.37
31

40.10%
1.28
0.487

31.30% O

MEHT+CHEMO VS. MEHT WITHOUT CHEMO

From diagnosis

1,0
09
08
0,7
06
05
04
03

From 1st MEHT

1,0 &f

09
'

08 'Y

i

DISTORTION __ [SISE (RR
e | co (0.62 - 10.85), p=0.819
- | o5 (1.65 - 3.85), p=0.234
T T N 0 .75 (0.45 - 1.36), p=0.289
e VO | 24 (0.46 - 5.26), p=0.870
I 7 2 . 03 (0.97 - 1.09), p=0.374
I ™Y T'Y S 7Y A 1 06 (0.56 - 3.12), p=0.935
[ MEHT |

0.75 (0.37 - 1.12), p=0.131

95% CI, p-value

—nmmmmmm

With CTx
RR
p-value
No CTx

150/175 82.70% 59.90% 40.10% 31.30% 26.50%

0.94 0.83 0.84 1.03 0.87
0.527 0.298 0.415 0.752 0.634

25/175 88.00% 72.00% 48.00% 30.50% 30.50%
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MEHT+RT V5. MEHT WITHOUT RT

From diagnosis From 15t MEHT

10 10

039 14
)

oz ' I
[DISTORTION __ |SISE (RR. 95% CL_p-value
preyv: R > 51 (1.58 - 3.66), p=0.049
U< - | <0 (1.04 - 1.90), p=0.126
OGS T 1.7 (1.0 - 2.43), p=0.062
B oV N 117 (1.35 - 4.42), p=0.848
T T 2 | .05 (0.92 - 1.19), p=0.516
- T e Al 1.19 (0.97 - 1.19), p=0.003
_?JEE_O 52 (0. zs 0.65), p<0,001
120

100

—nmmmmmm

09
08
07
06
a5
04
03
0.2
01

o,o

With RT 47/175 91.80% 76.40% 58.20% 42.30% 30.90% 45.3  55.30%
RR 1.14 1.36 1.66 1.56 1.19 1.68 1.18
p-value 178 0.087 0.017 0.00Z 0.016 0.052 0.041 0.323

No RT 1287175 80.50% 56.30% 35.10% 27.20% 26.00% 27 46.90% O

MEHT ONLY VS. COMBINED MEHT

From diagnosis From 15t MEHT

.................

ool g M WU e o0 i Combined

,;. g b treatment

£ £ MEHT Only

§ ISTORTION __ [SISE (RR, 95% CL p-value 8, | ey A<

IR0 95 (012 -154), p=0901 (.. 1

BN .52 (0.66 - 1.03), p=0.039 a0 :'\_f_f.._.._--_-::-i"_"_-'_"_':'_T:_T::_'_'f'_'__':_::_:'_f:f::_::_'_'f

TS Srl1.19 (0.97 - 1.47), p=0.176 ° © rimefmontrs W

MEHT Only §3/175 28.30% 22.60% 18.90% 18.90%  18.90% 5 39.60%

RR 175 0.58 0.77 0.76 0.76 0.76 0.42 0.74

p-value 0.001 0.023 0.027 0.027 0.0217 0.003 0.098

Combinedtrtm  122/175 49.20% 29.60% 24.70% 24.70%  24.70% 12 53.30% O
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 MEHT is a powerful treatment factor.

* The effect of MEHT 1in the treatment
of metastatic colorectal cancer
seems to exceed the effect of
chemotherapy and is comparable to S e
the effect of surgery. . ANALYSIS

+ Combining MEHT with other i BIQNS:
treatments significantly increases its
efficacy.

META-COMPARISON

Modulated electro-hyperthermia in the combined treatment of metastatic
colorectal cancer:a retrospective cohort study with meta-comparison
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MODULATED ELECTRO-HYPERTHERMIA IN THE
COMBINED TREATMENT OF METASTATIC COLORECTAL
CANCER: A RETROSPECTIVE COHORT STUDY WITH
META-COMPARISON

Vs.

CROOKE H, KOBAYASHI M, MITCHELL B, ET AL.

ESTIMATING 1- AND 5-YEAR RELATIVE SURVIVAL
TRENDS IN COLORECTAL CANCER (CRC) IN THE UNITED
STATES: 2004 TO 2014.

J CLIN ONCOL 2018:36(4):567.

ALLEMANT C, RACHET B WEIR HK, ET AL

COLORECTAL CANCER SURVIVAL IN THE USA AND
EUROPE: A CONCORD HIGH-RESOLUTION STUDY.
BM]J OPEN. 2013; 3(9):E003055.

1&5-YEAR SURVIVAL COMPARED T¢ SEER & EUROCARE

HTT-PryY SEER
na,11% I-1I, 10% na, 4%

IV, 22%
III, 26%

P<0.0001

I-1I, 39%

IV, 53%

IIT, 35%
Primary 49/165 B7.80% 32.40% 16.20% 16.20% 0.00% -
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FIVE-YEAR AGE STANDARDIZED SIRVIVAL

0 40
rrance | NNSERE-
Northern Europe 56 = !
Finland | 56 —
{ |
Western Europe ‘ 54 w Netherlands _
European registries ]
Pol r
‘'opean registries
US registries g ! |

US registries

Rhodelsland |
Colorado |
Allemani C, Rachet B, Weir HK, et al. caiifornia. [
Colorectal cancer survival in the USA and New York |0
Europe:a CONCORD high-resolution study. Louisiana |
BM] Open. 2013; 3(9):e003055. Hinois |

South Carolina I

1&5-YEAR SURVIVAL COMPARED TO SEER

70,00% 65%

[=]

o
w

o
[

Primary

) = N
60,00 59% 58% ] i
B :
50,00 5% z \
% 3 07 !
40,00 B o6 | 4
2 '
30,00% 3 0s | 1 All (+tertiary)
H
. o 0.4 '
20,00% P<0 05 14%00/ s :
Y n
10,00% 1% 6% 2%
B W
Il B o
0,00% - '
1-year 5-year 3 01 H
==
mUS <65 mHU-Expected m US>65 0.0
mUSAll BHU-Exp-All  #HU-Actual -

Time (months)

| N | 105 | 205 | 305 | 405 | 505 | MST |Response]

All (+tertiary) 116/165 79.00% 50.80% 25.70% 19.00% 17.60% 24
RR 65 1.37 1.57 1.59 1.17 17.83 i
p-value 0.005 0.007 0.019 0.0 0.035 0.015
Primary 49/165 57.80% 32.40% 16.20% 0.00% 14 O
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MODULATED ELECTRO-HYPERTHERMIA IN THE
COMBINED TREATMENT OF METASTATIC
COLORECTAL CANCER: A RETROSPECTIVE COHORT
STUDY WITH META-COMPARISON

Vs.

ESTIMATING 1- END 5-YEAR RELATIVE SURVIVAL
TRENDS IN COLORECTAL CANCER (CRC) IN THE
UNITED STATES: 2004 TO 2014.

COLORECTAL CANCER SURVIVAL IN THE USA AND
EUROPE: A CONCORD HIGH-RESOLUTION STUDY.

' CONCLUSION'

Modulated electro-hyperthermia provides
significantly better than expected 1-year
survival in metastatic colorectal cancer.

MODULATED ELECTRO-HYPERTHERMIA IN THE
COMBINED TREATMENT OF METASTATIC COLORECTAL
CANCER: A RETROSPECTIVE COHORT STUDY WITH
META-COMPARISON
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YIN H, LU K, QIR0 WB, ZHENG HY, SUN D,Y0U {S. A , )

WHOLE-LIVER RADIOTHERAPY CONCURRENT WITH . COMPARISON
CHEMOTHERAPY ES A PALLIATIVE TREATMENT FOR
COLORECTAL PATIENTS WITH MASSIVE AND MULTIPLE
LIVER METASTASES: A RETROSPECTIVE STUDY.
ASIAN PAC ] CANCER PREV 201415 (4): 1597-602

DEPARTMENT OF RADIOTHERAPY, THE CANCER HOSPITAL OF
HARBIN MEDICAL UNIVERSITY, HARBIN, CHINA
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MULTIPLE LIVER METASTASES FROM CRC

Yin H, Lu K, Qiao WB, Zhang HY, Sun D, You Q5. Whole-liver Radiotherapy Concurrent with
Chemotherapy as a Palliative Treatment for Colorectal Patients with Massive and Multiple Liver
Metastases: a Retrospective Study. Asian Pac J Cancer Prev. 2014;15 (4): 1597-602.
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MULTIPLE LIVER METASTASES FROM CRC
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MODULATED ELECTRO-HYPERTHERMIA IN THE COMBINED
TREATMENT OF METASTATIC COLORECTEL CANCER: A
RETROSPECTIVE COHORT STUDY WITH META-COMPARISON

Vs.

WHOLE-LIVER REDIOTHERAPY CONCURRENT WITH
CHEMOTHERAPY AS A PALLIATIVE TREATMENT FOR
COLORECTAL PATIENTS WITH MASSIVE AND MULTIPLE
LIVER METASTASES: A RETROSPECTIVE STUDY.

Modulated electro-hyperthermia
significantly improves the 2-year overall
survival and the median survival time in
colorectal patients with massive and
multiple liver metastases treated with
whole-liver radiotherapy with concurrent
chemotherapy.

MODULATED ELECTRO-HYPERTHERMIA IN THE
COMBINED TREATMENT OF METASTATIC COLORECTAL
CANCER: A RETROSPECTIVE COHORT STUDY WITH
META-COMPARISON

Vs.

DY GK, HOBDAY Tj, NELSON G, WINDSCHITL HE, 'CONNELL MJ, \

KLBERTS SR GOLDBERG R, NIKCEVICH DA, SERGENT D] COMPARISON.
LONG-TERM SURVIVORS OF METASTATIC COLORECTAL i

CANCER TREATED WITH SYSTEMIC CHEMOTHERAPY

RLONE: A NORTH CENTRAL CANCER TREATMENT GROUP

REVIEW OF 3811 PATIENTS, N0144.

CLIV COLORECTAL CANCER, 2009 812)- 8893,

ROSWELL PARK CANCER INSTITUTE, BUFFALO, NY
MAYO CLINIC AND MAYO0 FOUNDATION, ROCHESTER, MN
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MODULATED ELECTRO-HYPERTHERMIA IN THE
COMBINED TREATMENT OF METASTATIC COLORECTAL
CANCER: A RETROSPECTIVE COHORT STUDY WITH
META-COMPARISON

Vs.

LONG-TERM SURVIVORS OF METASTATIC COLORECTAL
CANCER TRERTED WITH SYSTEMIC CHEMOTHERAPY
ALONE: R NORTH CENTRAL CANCER TREATMENT GROUP
REVIEW OF 3811 PATIENTS, N0144.

Modulated electro-hyperthermia
significantly improves the 3-4-year overall
survival in the treatment of metastatic
colorectal patients with systemic
chemotherapy alone.

MODULATED ELECTRO-HYPERTHERMIA IN
METASTATIC COLORECTAL CHENCER:

* provides significantly better than
expected l-year survival compared to
large databases

 significantly improves survival in the
colorectal patients with massive and
multiple liver metastases treated with
whole-liver radiotherapy with concurrent
chemotherapy

 significantly improves survival in the
metastatic colorectal patients treated with
systemic chemotherapy alone
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Erd e 11 + MEHT provides significantly

S 0 OS better than expected better than expected 1-year
= P<0.05 survival compared to large
databases

» MEHT significantly improves

MEHT significantly improves Unbiased su-rvival iq the colorectlal paﬁients
survival in the metastatic sample with massive and multiple liver
colorectal patients treated metastases treated with whole-
with systemic chemotherapy liver radiotherapy with

alone concurrent chemotherapy

Evidence 2:
Better 2-3y OS MLM CRT

Evidence 3
Better 3-4y OS CTx only

P<0.05 P<0.05

MODULATED
ELECTRO-
HYPERTHERMIA
SIGNIFICANTLY
IMPROVES SURVIVAL
IN METASTATIC
COLORECTAL
CANCER.

ULTIMATE CONCLUSION
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CLINICAL EXAMPLE

= 44-year-old female patient.
= 27 March, 1996:
= Diagnosis: colon cancer, stage IV, liver metastasis.
= Primary tumor resection.
= Adjuvant chemotherapy (April-May 1996)
= November 1996:
= Tumor relapse,re-resection. .
= Five cycles of chemotherapy (December 1996 — April 1998) 2, & . Va

= September 1998: - . LY J
= Progression, multiple liver metastases \ A | 5 4
= Palliative MEHT from October 199€_6 sessions 90 min each

= Partial response,no hepatomegaly, normal condition.

= After the completion of MEHT, the patient was not examined
was not observed, she did not seek help.

= At the time of termination of the study (10.12.2003), t
was alive.
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EHY-2030

> Arevolutionary new concept

New automatic controlled step motor tuning system for rapid impedance matching
to achieve faster tuning times

Newly developed RF generator with modified power

Electronically controlled electrode arm to easily and accurately horizontally position
the smart electrode

User friendly touch screen display with full system control

New shape and design to ease patient anxiety

Changeable stretchy textile electrode for the smart electrode system and bed
Hand-held emergency stop switch for the patients

Integrated PMS-100 Patient Management System
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