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Editorial

Dear Readers, Dear Fellow Researchers, Dear Colleagues,
Dear Friends,

The recent volume of the Oncothermia Journal is the 28th now.
We had started this open-access publication in 2011 intending to
provide information for Oncothermia users and interested
specialists about the current professional news and results on
clinical and experimental topics. | am pleased to recognize the
wide interest in the publications and seeing how the Oncothermia
Journal started being a reference source for many experts.

The present volume covers many new clinical results. One of
the articles presents important data of the abscopal effect of
Oncothermia, as well as the low toxicity, whi ch were both
proven in a human phase Il clinical trial for advanced cervical
cancer of HIV positive and HIV negative patients. Important case
reports for other cancer types also support the abscopal effect,
which is a new stage of oncothermia excellence in advanced,
metastatic cases. General research also shows the abscopal
effect (this article is in German as it was originally published).
The metabolic modifications with keto genic diet combined with
oncothermia had also shown great benefits. Furthermore, a
long time awaited clinical study on high dosed vitamin C shows
advantages of oncothermia in non-small-cell lung cancer
patients as a phase |l clinical trial proved, together with the
significant improvement of the quality of life of the patients. A
review of the clinical pieces of evidence of oncothermia
summarizes the important practical results, presenting the
clinical successes of the method, following various clinical trials
and case reports and achievements of survival time and quality
of life of pat ients. The control of the treatment process during
the therapy could be followed by tumor markers, which are also
presented in this volume (in German). Important articles deal
with the theoretical background of oncothermia. The hypothesis
of the effect of modulation, as well as the entropy development
of the biological objects, are based on the governing of minimal
entropy -production and strengthen the fundaments of the
oncothermia method.

| hope this new volume gives you more facilities for your
importan t medical activity and helps your suffering patients.

| am thankful for your attention.

e

Dr. Andras Szasz
Professor, Chair, Biotechnics Department of St. Istvan University
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Liebe Leserinnen und Leser, liebe Kolleginnen und Kollegen
aus Forschung und Praxis,

das aktuelle Oncothermia Journal ist mittlerweile der 28. Band
dieser Open-Access-Veroffentlichung. Wir haben im Jahr 2011
dieses Projekt ins Leben gerufen, um Oncothermie-Anwendern
und interessierten Spezialisten Informationen tber Neuigkeiten
und aktuelle Ergebnisse zu klinischen und experimentellen
Themen zu geben. Ich freue mich uber das breite Interesse an
der aktuellen Veréffentlichung und die Tatsache, dass das
Oncothermia Journal fir viele Experten zu einer Referenzquelle
geworden ist.

Der vorliegende Band umfasst viele neue klinische Ergebnisse.
Einer der Artikel enthalt wichtige Daten zum abscopalen Effekt
von Oncothermie sowie zur geringen Toxizitat. Beides wurde in
einer klinischen PhaselltStudie fiir  fortgesch rittenen
Gebarmutterhalskrebs bei HIV-positiven und HIV-negativen
Patienten nachgewiesen. Wichtige Fallberichte Uber andere
Krebsarten unterstiitzen diesen abscopalen Effekt ebenfalls.
Dies ist eine neue Etappe fir die Oncothermie im Bereich von
fortgeschri ttenen metastatischen Fallen.  Allgemeine
Froschungen zeigen den abscopalen Effekt ebenfalls
(deutschsprachig). Die metabolischen Veréanderungen durch
eine Kombination aus einer ketogenen Diat und Oncothermie
haben ebenfalls groRe Vorteile gezeigt. Dariiber hinaus belegt
eine lang erwartete klinische Phase-IFStudie die signifikante
Verbesserung der Lebensqualitdt durch hochdosiertes Vitamin
C in Verbindung mit einer Oncothermiebehandlung bei
nichtkleinzelligen Lungenkrebspatienten.

Ein Review der klinischen Fidenzstiicke zur Oncothermie fasst
die wichtigsten praktischen Ergebnisse zusammen und
prasentiert die klinischen Erfolge der Methode, anknipfend an
verschiedene Kklinische Studien und Fallberichte sowie die
Verlangerung der Uberlebenszeit und die Verbesserung der
Lebensqualitat der Patienten. Tumormarker, die ebenfalls in
diesem Band vorgestellt werden (deutschsprachige Publikation),
kénnen eingesetzt werden um den Behandlungsprozess
wahrend der Therapie zu Uberwachen.

Wichtige Artikel befassen sich mit dem theoretischen
Hintergrund  der  Oncothermie. Die Hypothese des
Modulationseffekts sowie die Entropieentwicklung der
biologischen Objekte, basierend auf der Beeinflussung der
minimalen Entropieproduktion, starken die Grundlagen der
Oncothermie-Methode.

Ich hoffe, dieser neue Band zeigt lhnen mehr Mdéglichkeiten fur
lhre wichtige medizinische Tatigkeit auf und kann lhre leidenden
Patienten helfen.

Ich bedanke mich fir Ihre Aufmerksamkeit

Er

Dr. Andras Szasz
Professor und Vorsitzender der Fakultat fir Biotechnik an der
St. Istvan Universitat
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Background : A Phase Ill randomized controlled trial investigating the addition of modulated electro -
hyperthermia (mEHT) to chemoradiotherapy for locally advanced cervical cancer patients is being
conducted in South Africa (Human Research Ethics Committee approval: M1704133; ClincialTrials.gov
ID: NCT03332069). Two hundred and ten participants were randomized and 202 participants were
eligible for six month local disease control evaluation. Screening 18F -FDG PET/CT scans were
conducted and repeated at six months post -treatment. Significant improvement in local control was
reported in the mEHT group and complete metabolic resolution (CMR) of extra -pelvic disease was
noted in some participants. We report on an analysis of the participants with CMR of disease inside
and outside the radiation field.

Method : Participants were included in this analysis if nodes outside the treatment field (FDG -uptake
SUV>25) were visualized on pretreatment scans and if participants were evaluated by 18F -FDG
PET/CT scans at six months post-tr eatment.

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

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

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

Introduction

The abscopal effect is a systemic response to ionizing radiation (IR) in which non-irradiated lesions
respond after irradiation of the primary treatment site (1, 2). It is generally accepted that the abscopal
effect is driven by underlying immune mechanisms which are a ctivated by IR (2h4). One proposed
mechanism is the immunogenic cell death (ICD) caused by IR (3) which requires the release of
damage associated molecular patterns (DAMPS). These in turn activate dendritic cells and enhance
antigen expression and presentation to the immune system. lonizing radiation has also been shown
to enhance the functioning of T -cells (4).

The frequency of reported abscopal effects in the literature is extremely low with only a handful of
published cases per year (3, 4). In a review, Reynders et al. summarized 23 case reports, one
retrospective study, and 13 pre -clinical papers, from the 1970s to 2014. Only one of these involved
a primary squamous cell carcinoma of the cervix. The patient (age 69 years) was treated with
external beam r adiation (EBRT) and brachytherapy (BT) for locally advanced cervical cancer (LACC)
and showed a complete response of the para -aortic nodes outside of the radiation field, as well as a
complete response of the tumor, on the post -treatment Abdominal and Pelvic Computed
Tomography (CT) and Pelvic Magnetic Resonance Imaging (MRI) scans (5). Reynders et al. concluded
that the abscopal effect is based on anti -tumor immunity and was more common in immunogenic
tumor types. Renal cell carcinoma had the most frequent ly reported cases of the abscopal effect
followed by hepatocellular carcinoma. The abscopal effect was observed at all ages and with a
variety of radiotherapy protocols. The preclinical data indicates that some immunomodulatory
agents may have potential to act synergistically with IR to induce a systemic response (4) which may
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explain the increase in the number of reported abscopal effects with the combined treatment of
immunotherapies and IR (6).

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

Modulated electro -hyperthermia (MEHT) applies amplitude modulated radiofrequency (13.56 MHz),
in a capacitive coupling st-up to target and heat malignant tissues, sensitizing them to treatments.
The technique exploits the differences in impedance between the malignant and healthy tissue as
well as impedance matching technology, to selectively deliver an energy to the malig nant tissues.
The energy deposition has the net effect of an increase in the thermal energy, and temperature. The
biophysics are further described in detail in the literature (10 h12). Preclinical research suggests that
MEHT combined with immunotherapies is able to elicit an inmune-mediated response (13) which may
even extend to untreated tumors. Vancsik et al. showed that mEHT induced DAMPs in murine models
was followed by an invasion of antigen presenting cells (APC) and T-cells at the site of the treated
tumor and that when mEHT was administered combined with a T -cell stimulating agent, APC and T-
cell invasion was also seen in the untreated tumors of the same murine model (14). In an in vivo
study, mEHT combined with dendritic cell therapy elicited a respo nse to untreated tumors in murine
squamous cell carcinoma (SCCVII) models (15). lonizing radiation has shown to increase the
expression of immunogenic molecules such as calreticulin, on the surface of tumor cells and
radiation-induced stress-response leads to the expression of heat shock protein70 (HSP70) on cell
membranes. This Heat Shock Protein plays an important role in mounting an immune response at
the site when released into the extracellular matrix (16). Yang et al. reported an increased release of
the expressed HSP70 and increased levels of calreticulin after mEHT, compared to other heating
methods (17).

The safety and heating efficacy of mEHT in cervical cancer patients has been demonstrated (18 h20).
Minnaar et al. (19) reported on local disease control in an ongoing randomized controlled ftrial
investigating the effects of the addition of mEHT to chemoradiotherapy (CRT) protocols for the
treatment of LACC. The trial was conducted in a resource -constrained setting and in high risk patients
in South Africa. In the report, 202 participants were eligible for six month local disease -free survival
(LDFS) and local disease control (LDC) (MEHT: n = 101; Control: n = 101), of which 171 [mEHT: n = 88
(87.1%); Control: n = 83 (82.2%)], were alive at six months post-treatment. Participants in the mEHT
group had a higher LDC and complete metabolic response of the tumor (45% and 58%), than those
in the Control Group (24% and 36%), (p = 0.005 and p = 0.003, respectively), and were significantly
more likely to achiev e six month LDFS (OR: 0.36, 95% CI: 0.190.69; p = 0.002) (19). During the LDC
analysis, it was noted that some of the participants with extra -pelvic disease present on the pre-
treatment Fluorodeoxyglucose (18F -FDG) Positron Emission Tomography (PET) /CT sans showed
a complete metabolic resolution (CMR) of disease outside the treatment field on the post -treatment
18~FDG PET/CT scans. An analysis of the subset of patients with extra-pelvic disease visualized on
the pre-treatment 18F -FDG PET/CT scans was shisequently planned. We present the results of this
analysis with the aim of investigating the possibility of an abscopal effect induced by the addition of
MEHT to CRT in these participants.
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Methods and Materials

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

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

Bligibility

Eligibility criteria for the trial: Females with International Federation of Gynecology and Obstetrics
(FIGO) (21) stages 1IB to IlIB primary, treatment naive, histologically confirmed squamous cell
carcinoma of the cervix (staged based on clinical examination, chest radiography, and a pelvic
ultrasound) eligible for CRT with radical intent; Signed informed consent; >18 years old; Eastern
Cooperative Oncology Group (ECOG) score <2; Creatinine clearance >60 mL/min. Screening
evaluations included full blood count, urea and creatinine levels, liver function, Human
Immunodeficiency Virus (HIV) test; and a CD4 count if necessary. An 18FFDG PET/CT scan was
performed on eligible participants prior to commencement of therapy, as a baseline study against
which response to treatment could be measured. Participants with bilateral hydronephrosis, visceral
metastases, or fistulas visualized on the 18F-FDG PET/CT scan were excluded from the study. HI\

positive patients were included provided their CD4 count was above 200 cells/ t L and/or they had
been on antiretroviral therapy (ART) for more than six months.

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

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

Data Management

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

11 Oncothermia Journal, Volume 28, June 2020



Treatment

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

a 2 cm margin, whichever was lower. The late ral borders were 2 cm beyond the lateral margins of
the bony pelvis. For the lateral fields, the superior and inferior borders were the same as for the AP -
PA fields. The anterior border was the mid to anterior third of the symphysis pubis and the posterior
border was S2h$3 to include the presacral nodes and possible tumor extension along the
uterosacral ligament.

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

Outcome Measures

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

Statistics

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

Ethics

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

Characteristics

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

26: Q3: 29).

FIGO Staging B
]
Race Alfrican
Caucasian
Other
Age [years] Mean
SO
Range
BMI Mean
SD
Range
Total RT dose Mean
(EQD2) sD
Range
No of Cisplatin Mean
doses sD
0 doses
1 dose
2 doses
Days between final Mean
RT and PET/CT sD
Range
CD4 count Mean
[cells/pL] sD
Range
No of mEHT doses Mean
SD
Range
Average KJ Mean
administered SD
during mEHT Range

No significant differences ir

groups. mEHT,

Table 1. Characteristics of participants eligible for analysis of the abscopal effect.
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mEHT
54

25 [46%)
29 [54%)

51 [94%)
1[2%)
2 [4%)

49.3
9.98
30-68

28.7
561
18-44

85.7Gy
1.65
74-86Gy

1.37
0.69
5 [9%)
19 [35%)
30 [56%)

188.2
24.05
54-310

5529
264.15
194-1077

954
1.07
4-10

382.6 KJ
29.95
259-427 KJ

Control
54

22 (41%)
32 (59%)

52 [96%]
0(0%)
2 [nl°£-]

49.9
9.99
28-70

270
6.01
15-39

86Gy
0
86Gy

125
0.76
6[11%)
20 [37%)
28 (52%)

193.4
22.16
155-266

543.9
276.36
134-1524

p=0776

p=0.127

p=0251

p=0321

p=0242

p = 0.089

ion Therapy:

KJ, Kilojoules.
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Figure 1. Number of patients with nodes visualized by region. The number of participants with nodes
visualized in each region is represented graphically, showing a similar pattern in all participants in each
treatment group on the pretreatment 18F -FDG PET/CT. mEHT, Modulated ElectreHyperthermia; HIV, Human
Immunodeficiency Virus.

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

An abscopal response was only considered if all disease, including the primary tumor, nodes within
the radiation field, and all nodes outside of the radiation field showed a complete metabolic response
(SUV <2.5) on the six month post-treatment 18F -FDG PET/CT. Therefore all participants who had an
abscopal effect also showed local disease control (a complete metabolic response of the tumor and
nodes within the pelvic radiation field). The percentage of partic ipants with complete resolution of all
metabolically active disease on six month post -treatment 18F -FDG PET/CT scans was higher in the
MEHT group: n = 13 [24.1%] than in the control group: n = 3 [5.6%)] (Chisquared: p = 0.013). There
was no significant difference in the response between the HIV-positive (n = 51) and-negative (n = 57)
groups (HIV-positive: n = 7 [13%)]; HIVVnegative: n = 9 [16%]; Chisquared: p = 0.793) with a close to
even split in frequency of abscopal responses observed between the HIV -positive and -negative
participants in each treatment group, as seen in Figure 2. In a multivariate analysis (confidence
interval [CI] 95%) of age, cisplatin cycles, total radiation dose, and the number of days between the
final radiation treatment and the f ollow -up 18~FDG PET/CT, none of the variables were indicators
of an abscopal effect (Age: OR:1.01, p = 0.692, Cl: 0.961.07; Cisplatin cycles: OR: 1.20; p = 0.671; Cl:
0.51-2.83; Days to PET/CT: OR: 1.01; p = 0.283; CI: 0.99.07; Total RT: OR: 0.66; p =0.316; CI: 0.30-
1.47). In a univariate analysis, the CD4 count of participants was also not predictive of an abscopal
effect (OR: 1.00, p = 0.893, CI: 0.997h1.003). In the participants in whom an abscopal effect was
observed, the mean time between the fina | radiation and the follow -up 18FFDG PET/CT was 196
days (range 162h266).
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Figure 2. Frequency of observed abscopal effect in HIV -positive and HIV-negative participants in each
treatment group. A significant difference between the frequency of abscopal effect was noted between the
MEHT Group (13 out of 54[24.1%]) and the Control Group (3 out of 54 [5.6%]) (p = 0.013). There was no
significant difference in frequency of the observed abscopal between the HIV -positive and HIV-negative
participants. mEHT, Modulated Electro -Hyperthermia; HIV, Human Immunodeficiency Virus.

Follow up

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

toPET ChT di on pre-treat t
PET/CT
mEHT group
Pos. (CD4: 21 2 Common carotid (SUV 7.5); Para 2YDFS
863; VL:27) tracheal (SUV 4.41); Axillary (SUV
5.59)
Pos. 163 1 Bilat. Jugular. digastric (SUV Left: OS: 335
(CD4:194; 2.62; Right: 3.34); Axillary (SUV
VL:<20) 4.49); Pre- (SUV 2.75) and
Sub-carinal (SUV 3.16);
Retrocrural (SUV 3.47) Bilat. PA
(SUV Left: 2.59; Right: 3.39)
Pos. (CD4: 200 2 Jug. Digastric (SUV 2.6); Hilar 2YDFS
905; VL: <20) (SUV2.92)
Pos. (CD4: 190 2 Bilateral supraciav. (SUV Right: 2YDFS
845; VL: ND) 6.04; Left: 2.94)
Pos. (CD4: 192 2 7 Bilat. cervical (highest 2YDFS
456; VL: ND) SUVA4.81); Axillary (SUV 4.24);
Subcarinal (SUV 2.73); Cl (SUV
Right: 2.93; Left: 4.73)
Pos. (CD4: 182 2 Bilat. Jug. Digastric (SUV Right: DFat18 m
284; VL:186) 7.42; Left: 2.72); Cl (SUV 3.89)
Neg. 185 1 Aorto-pulmonary (SUV 2.75) 2YDFS
Neg. 197 1 PA (SUV 4.73) 2YDFS
Neg. 185 2  Cervical (Level IA SUV 5.67; 2YDFS
Leve! lIB SUV 3.49)
Neg. 183 0 Bilat. axillary (SUV Left: 2.87; OS: 596
Right 2.98)
Neg. 198 2 Supraclav. (SUV 7.42); DFat 18 m
Paratracheal (SUV 20.38);
Aorto-pulmonary (SUV 14.72);
Bilat. hitar / Peribronchial (SUV
Right 17.86, Left 13.47); Multiple
Pulmonary nodules (SUV Right
6.03, Left 4.38); T11 (SUV 9.71)
Neg. 224 1 Coelic axis (SUV 7.93) DFat 12m
Neg. 189 2 Aorto-pulmonary (SUV 4.1); DFat12m
Pre-carinal (SUV 3.7)
Control
Pos, (CD4: 207 0 PA(SUV335);CISUV4509) OS: 483
564; VL: ND)
Neg, 266 2 Aorto-pulmonary (SUV 2.79); PA  2YDFS
(SUV 4.21)
Neg. 183 2 PA (SUV 4.81); Paravertebral 2YDFS
(SUV 6.56)

*An abscopal response was considered if there was complete metabolic resolution of
the extra-pelvic disease and pelvic disease, including the tumor and peivic nodes, on the
post-treatment "8F-FDG PET/CT scans, with an SUV of <2.5. ChT, Chemotherapy; Cl,
Common liac; DF, Disease Free; HIV, Human Immunodeficiency Virus; mEHT, Modulatea
Electro-Hyperthermia; ND, Not Detectable; OS, Overall Survival; PA, Para aortic; SUV,
Standard Uptake Value: YOFS, Years of Disease Free Survival: VL. Viral Load.

Table 2. Details of the extra -pelvic disease in participants with an *Abscopal Effect.

HIV Status

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

Discussion

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

Reynders et al. reported that the median time to achieve an abscopal response was five months,
ranging from 1 to 24 months (4). In our study we assessed the abscopal effect as part of the disease
response at six months, which corresponds to the findings by Reynders et al. In their review Reynders
et al. report on patients who had received multiple fractions of radiotherapy followed by a reduction

in size/metabolic activity of a non -irradiated lesion (partial response). In our report we present only
participants who showed a complete metabolic response of all disease, including the primary tumor.
This strengthens the probability of an abscopal response in our participants. Reynders et al. excluded
papers in which systemic cytotoxic drugs were administered (4) . We have included participants who
were treated with cisplatin as a radiosensitiser, however the administration of cisplatin to participants

in the mEHT Group and Control group was evenly matched suggesting that the difference between
responses in the two groups was not the due to the cisplatin and is associated with the addition of
mMEHT.Furthermore, cisplatin was not a predictor of an abscopal effect in our sample.

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

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

Introduction : HIV infection is associated with increased treatment-related toxicity and worse

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

Methods : Inclusion criteria: signed informed consent; International Federation of Gynecology and
Obstetrics stages 1IB to 1lIB squamous cell carcinoma of the cervix; HI\fpositive patients: CD4 count
>200 cell/ uL/on antiretroviral treatment for >6 months; eligible for CRT with radical intent.
Recruitment: January 2014 to November 2017 (ClinicalTrials.gov: NCT03332069). Acute toxicity
(evaluated using CTCAE v4 criteria) and quality of life (according to EORTC forms) in 206 participants
randomized for treatment were evaluated alongside the LC results to determine safety and efficacy

in HI\:positive participants.

Results: Compl i ance to MEHT treat ment wa s high (97 %
significant differences in CRT-related toxicity between treatment groups or between HIV -positive and
-negative participants. Adverse events attributed to mEHT were minor, even in obese patients, and

did not affect CRT compliance. Participants treated with mEHT reported improved fatigue, pain,
emotional and cognitive functioning.

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

Keywords: Modulated electro -hyperthermia, chemoradiotherapy, cervical cancer, early toxicity,
quality of life, HIV

Introduction

The incidence of locally advanced cervical cancer (LACC) in developed countries has decreased since
the introduction of screening and Human Papilloma Virus (HPV) vaccination programs [1,2], yet
morbidity and mortality rates remain high in low -resource settings [3]. Radiotherapy (R T) with weekly
concurrent cisplatin is the standard of care for LACC [4], however in patients who are unable to
receive cisplatin, hyperthermia (HT) delivered at 40 h43 °C for 60 h®0 min has shown to be as
effective as a radiosensitizer [5]. Studies have shown that HT plus RT improves local disease control
(LDC) and survival in LACC patients, compared to RT alone, without significant effects on RT-related
toxicity [6 h10]. Hyperthermia has been investigated as a chemo-sensitizer with response rates of
more than 50% and acceptable toxicity for the management of recurrent or residual cervical
tumors [11,12] and phase Il studies have demonstrated the safety of the addition of HT to
chemoradiotherapy (CRT) [13d5]. Adverse events directly attributed to HT include pain (8%),
superficial burns (6 h18%) [10,13], subcutaneous fatty burns (8 \12%) [5,10,11,13], and infections after
the introduction of interstitial thermometry catheters [10]. A retrospective analysis of 420 patients
treated with RT and HT reported that 153(36%) participants developed subcutaneous tissue toxicity,
ranging from grade 1h3 in severity, with one patient requiring surgical intervention [16]. Acute
neurotoxicity following the treatment of deep pelvic tumors with HT is a rare (2.3% incidenc e)
complication which can have an impact on the daily activities of the patient [5,17].

The effect of HIV infection on the treatment of LACC patients includes increased multi -system RT-

related toxicity, treatment interruptions, higher risks of residual di  sease [18] and lower survival rates
[19]. Increased chromosomal radio sensitivity has been observed in the lymphocytes of HIV -positive
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patients, compared to HIV-negative patients [20,21]. Fibroblasts from the skin of HIV -positive Kaposi
Sarcoma patients are more sensitive to ionizing radiation (IR) when compared to those of healthy
controls [22] and extreme mucositis has been reported in HIV -positive patients [23]. Housri et al. [24]
recommend that HIV-positive patients treated to the head and neck, abdomen and pelvis, with RT,
should be closely monitored for possible mucosal reactions and HIV -positive patients treated with
CRT should be closely monitored for hematologic toxicity. Possible contributors to the increased
radio sensitivity of HIV -positive patients include a systemic glutathione deficiency caused by HIV
infection, resulting in the depletion of radio -protective thiols and increased oxidative stress [25], and
the effect of the HIV -1 Tat protein on the cellular capacity of certain cells to repair ra diation-induced
DNA double strand breaks [24]. Information on the use of modulated electro -hyperthermia (mMEHT)
as a radiosensitizer in HI\(positive patients, who may be more likely to experience RT -related toxicity,
is not available and therefore requires investigation.

MEHT

MEHT is a capacitive technology which transmits amplitude modulated radiofrequency (RF) waves
at a frequency of 13.56 MHz, between two electrodes [26 h29]. The small electrode is covered by a
water bolus in an adjustable arm, and the lar ge electrode is in the bed and is covered by a water
mattress. The amplitude modulation, which is the main difference between mEHT and other
capacitive devices, is described elsewhere in the literature and is purported to be a key component
of the enhanced efficiency of mEHT, allowing for a lower power output [29,30]. The effects of the
amplitude modulation are not yet fully understood and are still under debate.

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

Lee et al. [33] observed an increase in temperature to a maximum average of 385 °C in cervical
tumors after 60 min heating at a planned power output 150 W (although the actual power output is
not described in the article), which is 20 W higher than our planned maximum power output. This
was accompanied by an increase in blood perfusion. The same group showed that mEHT combined
with platinum -based chemotherapy improved outcomes for recurrent/residual disease in cervical
cancer patients [34]. The mild temperatures re ached during mEHT treatments alone cannot explain
the improved outcomes seen after the mEHT treatments, confirming the importance of the addition

of amplitude -modulation. The specific interaction of mMEHT in tumors allows for an effective
treatment with les s total power in comparison to conventional RF -systems. The data reported in the
studies by Lee et al. [33,34] provided the rationale to evaluate the use of mEHT for the primary
management of locally advanced and nonresectable cervical cancer.

MEHT isbeing investigated in a phase Ill randomized controlled trial as a radiosensitizer (whole pelvic
radiation), combined with cisplatin, for the treatment of LACC in a low -resource setting and in HIV-
positive and -negative patients. This is the first randomiz ed controlled trial on mEHT combined with

CRT for LACC, and the only study in a lowresource setting and in HIV-positive patients. Table 1
summarizes the local control (LC) outcomes at six months post -treatment, as reported by Minnaar

et al. [35]. Two hundred and two participants were eligible for LC analysis (mEHT: n =101; Control:
n=101) at 6 months post-treatment, of which 171 (mEHT: n=88 (87.1%); Control: n =83 (82.2%)),

were alive at six months post -treatment. The study did not show any significa nt difference in

treatment related toxicity between the two treatment groups [35].
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Table 1. Summary of local control outcomes at 6 months post-treatment in
the trial by Minnaar et al. [35].

mEHT group Control group p-value
Tumor response on PET/CT 49/85 (58%) 26/73 (36%) 0.005
LC censored for survival 40/88 (45% ) 20/83 (24%) 0.003
LDFS 39/101 (39%) 20/101 (20%) 0.003

PET/CT: position emission tomography/computed tomography; LC: local con-
trol; LDFS: local disease free survival.

[ Enrollment ]

Excluded (n=61)

271 Patients assessed Not meeting inclusion criteria (n=50)
for eligibility > Declined to participate (n=9)

Other reasons (n=2)

Y.

Allocated to mEHT (n=106) |(-[ Allocation ]—)I Allocated to Control (n=104)
| 210 Randomised |
A 4 A 4
Received allocated Rx (n=105) Received allocated Rx (n= 103)
Did not arrive for treatment- no further [ Treatment ] Did not arrive for treatment- no further
information available (n=1) information available (n=1)

A 4 A 4
Lost to follow up after treatment (n=1) | [ Follow up ] | Lost to follow up after treatment (n=1)
AE: AE:
-Available for on Rx assessment (n=105) -Available for on Rx assessment (n=101)

-Deceased during Rx- no AE data (n=2)
Six month LDFS:
-Eligible for analysis (n=101) [ Analysis ] Six month LDFS:
-Excluded (n=3)* -Eligible for analysis (n=101)
-Excluded (n=1)®

2 Too unwell to travel: (n=1)
High care with bowel perforation: n=1 ®Too unwell to travel (n=1)
Deceased COD unknown: (n=1)

Figure 1. CONSORT diagram of the 271 patients who were screened and subsequently included or excluded in
the trial, as reported by Minnaar et al. [35] and available for evaluation of early toxicity. AE: adverse events;
COD: cause of death; LDFS: local disease free survival; Rx: treatment.

Participants who were eligible for evaluation of LC by 18Fluorodeoxyglucose (18F -FDG) positron
emission tomography/comput ed tomography (PET/CT) scans (creatinine clearance >60ml/min,
controlled glucose levels, were able to lie still for the duration of the scan), had a second 18F -FDG
PET/CT scan at six months posttreatment. Local control was considered a failure if any dis ease was
confirmed either by 18F-FDG PET/CT, CT, clinical examination, cytological evaluation or fine needle
aspiration of palpable lymph nodes in the radiation field. Participants treated with mEHT were
significantly more likely to achieve six -month local disease-free survival (LDFS; odd ratio (OR): 0.36,
95% confidence interval (Cl): 0.19h0.69; p =0.002) and the association between HIV status and six
month LDFS was not significant (p =0.338). The authors reported that the age, number of cisplatin
doses, treatment time, RT dose, and CD4 count, were not significant predictors of six -month LDFS.
In the mEHT group, body mass index (BMI), number of mEHT treatments, and energy dose were not
predictors of six -month LDFS. In a preliminary report on the first 70 participants in the study to reach
two years post -treatment, two year survival was more likely in the participants treated with mEHT
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(78 vs. 65%; Prob> 72 =0.0334; adjusted for age), as was 2 -year progression free survival, adjusted
for age (76 vs. 61%; Prob> 72 =0.0317) [36].

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

Materials and methods

An ongoing phase Il randomized controlled trial is being conducted at the Charlotte Maxeke
Johannesburg Academic Hospital in Gauteng, South Africa, by the Radiation Sciences Department at
the University of the Witwatersrand. The sample size calculation was based on the estimated
required sample sizes foratwo-sampl e compari son of survivor Ks fu
minimum sample size of 200 participants. A total of 271 patients were screened between January
2014 and November 2017, of which 210 were randomized for trial (see Figure 1). A stratified on -line
software generated random -sampling tool supplied by the data management system, REDCap, was
used to randomize participants to either the Control or mEHT Group; stratum: HIV status.
Randomization accounted for age (<30 years; 30 h50 years; >50 years), and International Federation
of Gynecology and Obstetrics (FIGO) stage (1IB; IlIA and 1lIB). The outcomes are the local disease
control at six mo nths post -treatment (reported by Minnaar et al. [35]) and 2 -year survival. Approval
has been obtained to follow participants for 5 years post -treatment. The 2 - and 5-year follow -up
period is ongoing and is expected to be completed in 2023. This analysis includes the 206 participants
who arrived for treatment after randomization (MEHT Group: n =105; Control Group: n=101).
Eligibility for the trial, as well as randomization and masking, are described previously [35].

Compliance with ethical standards

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

Informed consent

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

Treatment

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

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

Thermometry

It is recommended that thermometry be used to evaluate the efficiency of hyperthermia treatments
[38,39], however this is associated with challenges such as increased cost and complexity, and the
ability to heat uniformly and consistently regardless of tumor and patient characteristics [40]. Within

the mEHT concept non-thermal (energy -dependent) effects are supposed to provide the dominant
sensitization effect. As the temperature increase is limited and the temperature is not considered a
key parameter in this concept, there is nho need to measure it. Instead the a pplied dose of mMEHT was
controlled by measurement of the energy, which can be measured more easily and reliably
[26,28,41]. This principle makes administering the treatments less complex and less costly and
suggests that mMEHT could be suitable for low -resource settings.

Outcome measures

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

classi fied according to the CTCAE v4.0 <criteria

disorders| Ot her K.

QoL was measured at enrollment and again at six weeks, and three months post completion of
treatment using the validated quality of life questionnaires (QLQ) C30 and Cx24, from the European
Organization for Research and Treatment of Cancer (EORTC). Validatd translations were available
in English, Afrikaans, isiZulu, Sesotho, and isiXhosa [45]. The QLQC30 incorporates five functional
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scales (physical, role, cognitive, emotional and social), three symptom scales (fatigue, pain, and
nausea and vomiting), a dobal health status, and perceived financial impact of the disease [46]. The
QLQ Cx24 contains symptoms specific to cervical cancer and its treatment [47]. For the literate
participants, the QLQ forms were provided in five different languages and the parti cipants completed
the forms themselves. For illiterate participants, nurses were asked to administer the forms and
translate as needed. Nurses were blinded to the treatment group into which the participants were
randomized. All scoring and reporting were d one in accordance with the manual published by the
EORTC which is made available with the QLQ forms.

Statistics

Chisquared tests were employed to assess observed frequency differences of all toxicities in each
treatment arm and by HIV status. Multivariate logistic regression models were used to determine
predictors of outcomes such as the development of grades 3 h4 toxicity.

For QoL, items were scored and analyzed according the EORTC scoring manual and were linearly
converted to scores from 0 hi00 where a high score represents higher functioning or a higher
symptom experience [48]. Unpaired t -tests were used to analyze differences in linear scores
between the groups at each event. Paired t-tests were used to evaluate the changes in the linear
scores between the groups.

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

Role of the funding sources

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

Results

The median age was 48.7 (range: 26.5hY2.2 years), 63.6% of particip ants had stage lll disease and
51% of participants were HIV-positive. Patient and treatment characteristics were evenly matched in
both treatment groups as listed in Table 2.

Radiotherapy

The median time to complete RT was 41days in both treatment groups with a range of 13 h65 days
in the mEHT group and 10@7 days in the control group. Reasons for taking in excess of 51 days to
complete all RT include skin desquamation, bleeding and anemia, vomiting and dehydration and
technical causes (such as machine services and repairs). The frequency of RT delays was significantly
associated with HIV status (?2: p =0.020) with 12(11.4%) delays in the HI\:positive participants versus
three (3%) delays in the HIV-negative participants (OR: 0.237; p=0.0 30; 95% CI: 0.065 h0.868). The
association between treatment arm and RT delays was not significant with six out of 105(5.7%) in
the mEHT group versus nine out of 101(8.9%) in the control group (?2: p=0.377; OR: 1.614; =0.381,;
95% CI: 0.553h4.712).
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Table 2. Characteristics of participants and treatment.

mEHT Control
105 101 p-value
HIV status
Positive 52 (50%) 53 (53%)
Negative 53 (50%) 48 (48%)
FIGO staging
1B 40 (38%) 35 (35%)
I 65 (62%) 66 (65%)
Race
African 97 (92%) 94 (93%)
Caucasian 4 (4%) 1 (1%)
Other 4 (4%) 6 (6%)
Age (years)
Mean 48.1 494 0.384
SD 10.8 103
Range 26.5—-68.9 284-72.7
BMI
Mean 278 27 0.387
SD 6.92 6.48
Range 15—-49 15-42
Total RT dose
Mean 84.7Gy 853 0.483
SD 761Gy 5.69
Range 20Gy-86Gy 30—-86Gy
Treatment days
Mean 416 428 0.255
SD 5.96 8.81
Range 13—-65 10-97
Number of cisplatin doses
Mean 137 1.28 0323
SD 0.67 0.69
0 doses 11 (11%) 14 (14%)
1 dose 44 (42%) 45 (45%)
2 doses 50 (48%) 42 (42%)
CD4 count (cells/pL)
Mean 586.1 525.1 0.242
SD 258.6 2728
Range 1481204 95—-1524
No of mEHT doses
Mean 9.26
SD 1.65
Range 1-10
Average KJ administered during mEHT
Mean 380.18
SD 32.07
Range 237.1-4545

BMI: body mass index; FIGO: International Federation of Gynecology and
Obstetrics; KJ: kilojoules; RT: radiation therapy; SD: standard deviation.

Table 3. Reasons for missed or delayed cisplatin.

One dose No cisplatin
mEHT Control mEHT Control
Renal dysfunction 19 1 7 10
Delayed first dose® 10 7
Leucopenia 0 0
Noncompliant 2 0 1 1
Anemia 1 2 1
Missed dose 1 1
Vomiting dehydration 1 0
Deceased 1 1
Sepsis 0 3
Technical 0 3
Too weak 0 1 0 1
Dehydration 0 1
Low CD4 count 0 1
Total 35 30 10 14

®Reasons for delayed first dose were renal dysfunction (mEHT: n = 1; Control:

n=1), leucopenia (mEHT: n = 2; Control: n = 1), non-compliant (mEHT: n=0;
Control: n=1), anemia (mEHT: n=4; Control: n=4), sepsis (MEHT: n=2;
Control: n=1) and supply problems (mEHT: n=1; Control: n=0).
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Cisplatin

Ten (9.5%) and 14 (13.9%) of mEHT and control group participants, respectively did not receive
cisplatin. The mEHT group received a mean of 1.37 cycles and the control group received a mean of
1.28 cycles (p=0.323) of cisplatin. The most co mmon reasons for omission of the second cycle

were renal dysfunction (MEHT: n =19; Control: n=11), followed by a delay in the administration of the
first cycle (mEHT: n =10; Control: n=7). Table 3 lists the reasons for cancellation/omission of

cisplatin.

In 72 analyses, there were no significant associations between HIV status and number of cisplatin
cycles (p =0.549) or delays (p =0.444) or between treatment arm and number of cisplatin cycles
(p=0.610) or delays (p =0.575). HIV status was not a predictor of cisplatin dose delays (OR: 0.795;
p=0.452; 95%CI: 0.436 h1.448), or cancelations (OR: 0.735; p=0.474; 95%CIl: 0.316h1.709). Likewise,
the treatment group was not a predictor of cisplatin dose delays (OR: 1.180;p =0.588; 95%CI: 0.648 hu
2.150), or cancelations (OR: 1.504; p=0.348; 95%CIl: 0.641 h3.530).

MEHT- specific toxicity

One hundred and five participants were treated with mEHT of which 102 (97%) were able to receive

ei ght or mor e ( dz8 0 %) of the mEHT t r &nmebtsnand twe .

participants had six treatments. Of the three participants who received less than eight mEHT
treatments, two had a Body Mass Index (BMI) over 25 and all three reported adipose burns, which
was the cause for the reduction in the number of mE HT treatments.

Of the 105 participants treated with mEHT, 17(16.2%) reported adverse events: grade 1h2 adipose
tissue burns (n =10, 9.5%); grade 1 surface burns (n=2, 2.0%) and pain (n=9, 8.6%). Four (23.5%)
of the participants with adverse events had a normal BMI and 13(76.5%) were overweight (BMI 25hu
29.9) or obese (BMI >30) [49]. A multivariate analysis showed that HIV status (OR: 1.47; p =0.500;
95% CI. 0.480 h4.512), increased BMI (OR: 1.78; p0.375; 95% CI: 0.499 h6.335) and average energy
(in Kilojoules) administered (OR: 0.986; p =0.067; 95% CI: 0.98 h1.00) were not significant predictors
of adverse events associated with mEHT treatments.

A significant difference in grade 1h2 adipose burns between the treatment groups in the on-treatment
analysis (MEHT: 10 out of 105(9.5%) compared to Control: 1 out of 101(1%); p=0.023) was noted.
This difference was not significant at six weeks or three months post -treatment.

Early toxicity analyzed by treatment group

The toxicities were analyzed by treatment group in order to determine if the addition of mMEHT had
any effect on the toxicity of either the chemotherapy or radiotherapy. Chi -squared frequency tables
showed a significant association between the number of grade 1h2 neurological to xicities and the
addition of MEHT (mEHT Group: r=5(5%); control group: n =0(0%); p =0.030) at three months post
treatment. The neurological toxicities reported were tinnitus (N =1; HIVfpositive), hearing loss (n =2;
one HIV:negative and one HIVfpositive participant) and peripheral neuropathy (n =3; all in HIV-
negative participants). However, the significance of the association between treatment group and
toxicity disappeared when the neurological toxicities were separated into peripheral neuropathy
(p =0.095) and ototoxicity (p =0.174). Only one patrticipant developed grade 3h4l neurological toxicity
(HIV-positive, in the mEHT group, treated with cisplatin). There were no other significant associations
between the treatment group and grade 1 h2 or grade 3h4 toxicities. Supplementary 2 contains the
results of the Chi-squared analyses comparing the grades 3 hd toxicities of each treatment group,
and the grades 3hd toxicities reported by HIV -positive compared to the HIV-negative participants.
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Early toxi city analyzed by HIV status

There were some significant differences in specific symptoms associated with HIV status (diarrhea;
creatinine clearance; vomiting and pigmentation); however, no clear pattern of association between
the significant toxicities and mEHT treatments could be seen. At six weeks post treatment, HIV -
negative participants reported a significantly higher frequency of grade 1 h2 upper GIT symptoms,
including nausea and vomiting (HI\(positive: n =0(0%); HIV-negative: n =4(4%); p =0.044). N o other

significant associations were seen in our sample (see Supplementary 2).

Participants were then further analyzed by HIV status within each treatment group in order to identify
any effect of mMEHT on toxicity in HIV -positive participants. These result s are shown in Table 4. In the
MEHT Group, there were more grade 3h4 renal toxicities in the HIV-positive participants (n =5) than
in the HI\tnegative participants (n =0) on treatment (p =0.027). In comparison, the control group had

three HIV-positive (6%) and three HIV-negative participants (6%) who developed grade 3 h4 renal
toxicity (p =0.900). Eight of the participants with grade 3 h4 renal toxicities were HIV -positive and
three were HIV-negative (p =0.137) and the difference by treatment group overall was not significant
(mEHT: n=5(5%); Control: n =6(6.3%); p =0.707). In the control group there were significantly more

grade 1n2 lower GIT toxicities on treatment reported in the HIV -positive participants (n =28(53%) vs.
n=15(31%); p=0.028 ). However, at six weeks post-treatment there were significantly more grade

1h2 upper GIT toxicities in the HIVfnegative control group participants than in the HIV -positive control
group participants (n =0(0%) vs. n =4(8%); p =0.043).

Table 4. Frequency of grade 3-4 toxicities in each treatment group analyzed by HIV status.

mEHT Control

HIV-positive HIV-negative p-value HIV-positive HIV-negative p-value
On treatment n =52 n=>53 n=>53 n = 48
Hematologic 6 (12%) 6 (11%) 0.972 8 (15%) 6 (13%) 0.706
Neurological 1 (2%) 0 (0%) 0.310 0 (0%) 0 (0%)
Lower GIT 0 (0%) 1 (2%) 0.320 0 (0%) 0 (0%)
Upper GIT 0 (0%) 1 (2%) 0.320 0 (0%) 0 (0%)
Dermatologic 3 (6%) 1 (2%) 0.299 1 (2%) 1 (2%) 0.727
Urogenital 3 (6%) 1 (2%) 0.299 1 (2%) 2 (4%) 0.500
Renal 5 (10%) 0 (0%) 0.027* 3 (6%) 3 (6%) 0.900
Multiple 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Six weeks n =48 n =50 n =48 n =47
Hematologic 0 (0%) 2 (4%) 0.162 3 (6%) 3 (6%) 0.979
Neurological 1 (2%) 0 (0%) 0.305 0 (0%) 0 (0%)
Lower GIT 1 (2%) 0 (0%) 0.490 0 (0%) 0 (0%)
Upper GIT 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Dermatologic 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0.320
Urogenital 1 (2%) 0 (0%) 0.305 0 (0%) 2 (4%) 0.149
Renal 1 (2%) 0 (0%) 0.490 0 (0%) 0 (0%)
Multiple 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Three months n =45 n = 48 n =43 n =42
Hematologic 3 (7%) 0 (0%) 0.069 1 (2%) 5 (12%) 0.085
Neurological 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Lower GIT 0 (0%) 1 (2%) 0.330 1 (2%) 2 (5%) 0.543
Upper GIT 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0.320
Dermatologic 1 (2%) 0 (0%) 0.299 0 (0%) 0 (0%)
Urogenital 1 (2%) 0 (0%) 0.299 1 (2%) 3 (7%) 0.294
Renal 3 (7%) 0 (0%) 0.069 1 (2%) 2 (5%) 0.543
Multiple 0 (0%) 0 (0%) 0 (0%) 0 (0%)

GIT: gastrointestinal tract.
*Significant.
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Multivariate r egression analyses

In a multivariate regression analysis for the development of early toxicities in each system, HIV
status, the number of cisplatin doses, and the treatment group, were tested for predictors of
outcomes. These results are shown in Table 5. Seven participants developed grade 1h2 neurological
toxicities, six of which were in the mEHT group, and the only participant to develop grade 3 h4
neurological toxicities was also in the mEHT group. The odds of developing a neurological toxicity
were therefore almost eight times higher in patients treated with mEHT (OR: 7.98;p =0.053; 95%CI:
0.98 h65.19). However, this was not a significant predictor of neurological toxicity development in the
multivariate regression analysis, but cisplatin was a perfect predictor of the development of
neurotoxicity, with all participants reporting neurotoxicity having received cisplatin. HIV  -infection and
receiving cisplatin were both significant predictors of the development of dermatological or
subcutaneous early toxicities. Cisplatin was a significant predictor of renal toxicity (OR: 0.13; p <0.005;
95% CI: 0.05 h®.33) while HIV-status and the administration of MEHT were not significant predictors
of renal toxicity.

Table 5. Regression analysis for overall acute toxicity by system.

Variable Odds ratio [OR] p-value 95% (I
Neurological
HIV status 0.82 0.771 0.21-3.20
Cisplatin All participants with neurological adverse
events received cisplatin
mEHT 7.98 0.053 0.98-65.19
Dermatologic/subcutaneous
HIV status 261 0.033* 1.08-6.29
Cisplatin 3.54 0.016* 1.27-9.84
mEHT 1.35 0.485 0.58-3.11
Renal
HIV status 0.58 0.098 0.30-1.12
Cisplatin 0.13 <0.005* 0.05-0.33
mEHT 0.95 0.887 0.50-1.82
*Significant.

Quality of life

There were no statistically significant differences in QLQ scores between the two groups at baseline

assessment. At the 6 -week time point the mean change in cognitive function in the mEHT group was
significantly higher than in the control group. At three months post treatment, fatigu e and pain were
significantly reduced in the mEHT group (Table 6).

Table 6. Significant changes in the QoL results.

mEHT group Control group
Mean change SD 95% Cl Mean change SD 95% Cl p-value

Six weeks

Cognitive function 13.6 33.1 6.97-20.24 35 30.6 2.89-9.85 0.031
Three months

Social functioning 83.9 31.6 77.4-90.4 733 394 64.8-81.8 0.049

Emotional functioning 83.9 243 78.9-88.9 735 333 66.3-80.6 0.017

Fatigue —13.6 26.0 —18.86 to —8.15 3.0 39.9 11.53-5.59 0.037

Pain -21.0 33.0 27.76 to —14.18 —6.7 36.6 —14.62 to 1.05 0.007

SD: standard deviation.

At the three month time point there was an overall improvement in the mEHT group with significant
improvements in: social functioning (MEHT: mean: 83.9, SD: 31.6, 95%CI: 77.4h90.4; Contro I: mean:
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73.3,SD: 394, 95%Cl: 64.8h81.8; p=0.049), and emotional functioning (MEHT: mean: 83.9, SD: 24.3,
95%Cl: 78.9h88.9; Control: mean: 73.5, SD: 33.3, 95%Cl: 66.3 h80.6; p =0.017). The mean
improvement in social, emotional and physical function at six weeks post-treatment was significantly
higher (p=0.0048; 0.0141 and 0.0155, respectively) in participants who had a complete response.
Social-and emotional function continued to be higher in participants with a complete response at six
months post -tr eatment (p =0.0074 and 0.0035, respectively), as was the perception of body image
(p=0.0496). Supplementary 3 tabulates the significant improvements in QoL alongside the local
control at six months post treatment.

Discussion

Models have shown that RF capacitive heating to deep pelvic tumors is not possible without severe
adipose burns [50,51]. mEHT is a capacitive technology which has shown to increase the
effectiveness of CRT in the management of LACC patients [35] despite the surprisingly low power
output compared to other capacitive technologies. The cell killing effects of ionizing radiation are
enhanced with the addition of mMEHT at 41°C to RT treatment regimens, as shown in preclinical [52]
and clinical studies [35], and mEHT has shown to be cytotoxic at temperatures of only 385 °C
[32,53]. Temperatures above 40 °C are not required during mEHT treatments as the dominant effect
is non-thermal [32], allowing for a lower power output and for the treatment of deep seated cervical
tumors [34,35], even in participants with a BMI of >27, with extremely low toxicity. These non -thermal
effects are a result of the amplitude modulation.

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

Although subcutaneous burns (grade 1h2) due to mEHT were significantly higher in the mEHT Group
on treatment, these resolved by three months post -treatment and the overall derma tological and
subcutaneous toxicity was not significantly different between the treatment groups. Subcutaneous
adipose tissue is particularly sensitive to the effects of EBRT and exposure to radiation can lead to
an alteration of t h epoténiiak[SHuaadibrosid ef the dofotigsomes is & kenbwn
complication of EBRT [56]. It is therefore not unexpected that one participant in the control group
presented with what appeared to be a subcutaneous burn at six weeks post -treatment. Our
participants reported less subcutaneous toxicity than other studies using HT techniques in which a
much higher power is applied. Additional thermometry to measure the skin temperature and prevent
burns is therefore not necessary during mEHT, likely due to the effe ctive cooling mechanisms and
lower power output.

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

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

HIV

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

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

Temperature and thermometry

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

As the treatment is effective, even under low temperatures and low power, the use of thermometry

to predict effectiveness is not conside red relevant during mEHT. The authors therefore suggest that

the applied cumulative energy (power -on-time) might be more suitable as a dosing parameter during

MEHT, as any nonthermal effects should be dependent on the exposure time of the amplitude -
modulated RF.

Quiality of life

These results show an improved functioning and symptom experience associated with the addition

of mMEHT and an improved QoL associated with local control. A complete response increases
participant Ks abil ity oningstatusedoaner,nultintately reduainghtné sodiau n c t i
burden of the disease.
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Conclusion

The addition of mMEHT applied at a low power of 130 W to CRT did not result in any unacceptable
treatment -related toxicity in our high -risk (HIV-positive and partly obese) patient sample. The
toxicities directly related to mEHT were mild and did not compromise the dose or timing of the
cisplatin or RT. mEHT is therefore a safe adjunct to CRT protocols in HI\-positive participants and in
a resource-constrained setting. This report is an important contribution to the field of knowledge in
MEHT and provides important safety data for the use of mMEHT in high risk populations, in the absence
of sophisticated thermometry and planning technologies, providing evidence of the safety and
efficacy of a technology that can easily be incorporated into general practices.
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= Background: Survival outcomes are still far from being satisfactory in patients with
- advanced gastric cancer, despite availability of novel chemotherapeutic regimens.

Aim: This study evaluated the outcomes of patients with advanced gastric cancer

- who received chemotherapy along with additional treatment modalities targeting

multiple tumor cell vulnerabilities. Materials and Methods: A total of 24 patients
diagnosed with stage III-IV locally advanced or metastatic gastric adenocarcinoma
that received metabolically supported chemotherapy (MSCT) combined with
ketogenic diet, local hyperthermia, and hyperbaric oxygen therapy (HBOT) between
April 2014 and October 2017 were included in this retrospective study. Survival
outcomes were cvaluated. Results: In 22 patients (88.0%), complete response
was achieved. Mean duration of follow-up was 23.9 + 12.7 months. Mean overall
survival was 39.5 months (95% confidence interval [CI]: 28.1-51.0) and mean
progression free survival was 36.5 months (95% CI: 25.7-47.2). No problems were
encountered due to fasting, hypoglycemia, ketogenic diet, hyperthermia or HBOT.
Conclusions: The combination treatment used in this study (MSCT together with a
ketogenic diet, hyperthermia and HBOT) appears to be promising in the treatment
of advanced gastric cancer. Further research and comparative clinical trials are
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warranted to support and standardize this novel treatment protocol.

KeywoRrbps: Advanced gastric cancer, hyperbaric oxygen therapy, hyperthermia,
ketogenic diet, metabolically supported chemotherapy

INTRODUCTION

ric cancer represents a global health problem with
Q:‘bstantial mortality and morbidity burden. In 2012,

dlmost one million new cases were diagnosed with
gastric cancer and >700,000 died."

Surgery provides high cure rate for early stage disease
(stage IA/B). but these patients represent a minority
of the cases. Almost 80%-90% of patients are either
diagnosed at an inoperable stage or develop recurrence
after curative surgery: and patients with advanced disease
with inoperable, recurrent or metastatic tumors have
poor prognosis, even poorer without chemotherapy.®
Currently, chemotherapy is the mainstay of treatment in
advanced gastric cancer, although there is no consensus
on the ideal regimen.”
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The recent ESMO Clinical Practice Guidelines for
diagnosis, treatment, and follow-up of gastric cancer
recommends doublet or triplet platinum/fluoropyrimidine
combinations for fit patients with advanced/metastatic
disease as first line treatment.” In addition, encouraging
results have been obtained with regimens consisting
of oxaliplatin, leucovorin, and 5-FU in patients with
advanced gastric cancer.*' However, the survival
outcomes are still far from being satisfactory in this
group of patients with poor outlook.
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In cancer cells, acrobic fermentation compensates for
insufficient oxidative phosphorylation, a phenomenon first
described by Otto Warburg who hypothesized that “cancer
is a disease of metabolic dysregulation.”"***! This abnormal
energy metabolism characterized by glucose dependency and
increased lactate production has been linked to mitochondrial
dysfunction and genetic mutations."'¢l Metabolically
supported chemotherapy (MSCT) is a novel chemotherapy
administration strategy targeting this metabolic difference
of cancer cells!”'% In an attempt to increase membrane
permeability for chemotherapeutic agents™ and to develop
mild hypoglycemia resulting in an acute metabolic stress
on cancer cells, MSCT integrates 12-h fasting before each
chemotherapy session and concomitant administration of
insulin to the usual chemotherapy schedule. An additional
approach to target glucose dependency of cancer cells is the
adaption of a ketogenic diet, which has been shown to slow
the progression of cancer."*?>!

Hyperthermia causes direct cytotoxicity and has the potential
to sensitize cancer cells to radiotherapy and chemotherapy as
evidenced by previous studies.'™"***%I Hyperbaric oxygen
therapy (HBOT) involves the administration of oxygen
at an eclevated pressure resulting in better oxygenation of
tissues. It has the potential to counteract unfavorable effects
of hypoxia during chemotherapy and radiotherapy.®"*
Several clinical studies demonstrated its benefit when used
in combination with chemotherapy and radiotherapy for the
treatment of various malignancies.?5273]

MSCT, ketogenic diet, hyperthermia, and HBOT seem
to have a synergistic action since they target overlapping
metabolic pathways and vulnerabilities of cancer cells.
Combination of these four modalities may prove more
efficient when compared to chemotherapy alone. To date,
no study has examined the role of this novel combinatorial
therapeutic strategy in the management of gastric cancer.

This study aimed to evaluate the survival outcomes of
patients with advanced gastric cancer who received MSCT
with triplet taxane/platinum/fluoropyrimidine combination
together with ketogenic diet, hyperthermia, and HBOT.

MATERIALS AND METHODS

Study design and patient selection

This retrospective single-center study included 24 patients
diagnosed with stage III-IV locally advanced or metastatic
gastric adenocarcinoma that received MSCT combined
with ketogenic diet, local hyperthermia and hyperbaric
oxygen therapy between April 2014 and October 2017.
The above-mentioned combination treatment used in
this study is the routine treatment approach adopted in
our clinic. Eligible patients were identified from the
institutional database through screening of medical records
of all patients diagnosed with gastric cancer (any class,
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stage, or subtype) and treated at our clinic during the
study period: and the data were extracted retrospectively.
Inclusion criteria were as follows: Biopsy-proven gastric
cancer, measurable disease as defined by Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST
1.1),5% radiologically proven stage III-IV disease, and
receiving study treatment during the study period.

Study treatments

All patients were advised to adapt a ketogenic
diet throughout the treatment period. Before each
metabolically supported chemotherapy session patients
fasted overnight and immediately before chemotherapy
administration they received regular insulin (Humulin®R)
in doses ranging between 5 and 20 IU (in order to
achieve a state of mild hypoglycemia with blood glucose
levels around 50-60 mg/dL for normoglycemic patients
and in accordance with previous MSCT protocols).!'”'%
All patients were administered a chemotherapy regimen
consisting of docetaxel 25 mg/m? (over 60 min),
carboplatin AUC 2 (over 30 min and subsequent to
docetaxel), and 5-FU 600 mg/m> This combination
treatment was administered in an outpatient setting and
repeated on the first and eighth day of every three-week
cycle until disease progression. Following progression,
patients were administered a chemotherapy regimen
consisting of oxaliplatin 85 mg/m? IV over 2 h on day
1 plus leucovorin 400 mg/m* IV over 2 h on day 1 plus
5-FU 400 mg/m? IV bolus on day 1, then 1,200 mg/m?*day
for 2 days (total 2,400 mg/m* over 46-48 h) continuous
infusion, repeated every 2 weeks as second-line
treatment. Patients received maintenance therapy with
their latest regime until death as long as they tolerate.

After each chemotherapy session, patients received
60-min of local hyperthermia application and 60 min of
hyperbaric oxygen therapy. For each hyperthermia session,
OncoTherm EHY-3010 HT device (OncoTherm, Troisdorf,
Germany) was used to gradually increase the temperature
of the tumoral region to 45°C with a mobile electrode.
Quamvis 320 hyperbaric oxygen chamber (OxyHealth,
CA, USA) was used to produce an operating pressure of
1.5 atmospheres absolute (ATA) in each HBOT session.

Assessment of response

Assessment of treatment response was based on
radiographic evaluations at the end of each 3-month
period and was done by PET-CT. In patients with
complete response based on PET-CT scan, confirmatory
endoscopic evaluation was also done.

Statistical analysis

Data were analyzed using IBM SPSS Statistics version 21.0
software (SPSS Inc., Chicago, IL, USA). Descriptive data
were presented in number (percentage), median (range),
mean (95% confidence interval), where appropriate. The



time between the date of diagnosis and death from any
cause was defined as overall survival. Progression-free
survival was defined as the time frame between the date
of diagnosis and death from any cause or progression.
Patients without event at the last follow-up were censored.
Kaplan-Meier analysis was used to estimate survival rates
and intergroup comparisons were performed using log-rank
test. Level of statistical significance was set at P < 0.05.

RESuULTS

Patient characteristics are shown in Table 1. Majority

Table 1: Patient characteristics

Characteristic n=24
Age, year. median (range) 54 (32-76)
Male gender 14 (58.3%)
Disease extent

Metastatic (stage IV) 18 (75.0%)

Locally advanced (stage III) 6 (25.0%)
ECOG status

I-11 15 (62.5%)

I 9 (37.5%)
Histology

Adenocarcinoma 9 (37.5%)

Signet ring cell carcinoma 15 (62.5%)
Radiotherapy 12 (50.0%)
Surgery 7 (29.2%)

Unless otherwise stated, data presented as n (%). ECOG=Eastern
Cooperative Oncology Group

of the patients (75.0%) had metastatic disease and more
than one-third had relatively poor performance status
(ECOG status >2). In 22 patients (88.0%), PET-CT
showed complete response at follow-up and this was
confirmed by the endoscopic and histological absence
of tumor (in blind biopsies) in all patients. In three
patients, partial response could be achieved (12.0%).
Seven patients received surgical treatment (29.2%).
Three of them (12.5%) had surgery before chemotherapy
and considered to be at advanced stage based on
intraoperative or histopathological findings. The
remaining four (16.7%) had surgery after complete
response to chemotherapy.

During the mean duration of follow-up of
239 =+ 127 months (median 22.2, range
8.6-63.5 months), 9 patients died. Mean overall survival
was 39.5 months (95% confidence interval [CI]:
28.1-51.0) and mean progression free survival was
36.5 months (95% CI: 25.7-47.2). Figure 1 shows

Kaplan-Meier curves for overall survival and
progression free survival.
Table 2 shows mean overall survival and mean

progression-free survival by patient characteristics.
None of the patient characteristics, including age,
gender, disease extent, performance status, histology or
additional treatments, had any effect on overall survival
or progression free survival.

Table 2: Survival rates by patient characteristics

Characteristic Mean OS Months (95% CI) ) o Mean PFS Months (95% CI) P>

All patients (n=24) 39.5(28.1-51.0) 36.5(25.747.2)

Age
<Median (n=12) 41.7 (25.2-58.2) 0.735 39.3(22.8-55.7) 0.701
>Median (n=12) 294 (244-344) 27.4(22.1-328)

Gender
Male (n=14) 33.2(25.9-40.5) 0.925 32.3(24.3403) 0.700
Female (n=10) 42.6 (22.6-62.6) 38.0(20.4-55.6)

Disease extent
Metastatic (n=18) 35.7(23.947.5) 0.318 32.3(21.2434) 0204
Locally advanced (n=6) 41.3 (32.7-49.9) 40.9 (31.7-50.2)

ECOG status
I-II (n=15) 46.2 (31.5-60.9) 0.675 44.8 (30.9-58.6) 0.420
I (n=9) 31.9 (24.0-39.8) 29.1 (21.1-37.1)

Histology
Adenocarcinoma (1=9) 35.6 (26.8-44.5) 0.608 31.9(22.34L15) 0.992
Signet ring cell carcinoma (n=15) 39.5(25.2-53.9) 37.7(23.4-52.0)

Surgery
Surgery (n=12) 39.9 (29.8-49.9) 0.331 39.8 (29.8-49.9) 0.220
No surgery (n=12) 36.7 (24.2-49.2) 32.9(21.2-44.6)

Radiotherapy
Radiotherapy (n=7) 33.7 (28.2-39.2) 0.246 31.7(25.6-37.8) 0.369

No radiotherapy (7=17)
*Log-rank test

35.3(23.3-47.4)

33.3(21.345.3)

*Significance was set at P < 0.05. OS=overall survival; PFS=progression-free survival; ECOG=Eastern Cooperative Oncology Group
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Figure 1: Kaplan-Meier curves for overall survival (a) and progression-free
survival (b) — all patients. P values are calculated with log-rank test

During the study period, no problems were encountered
due to fasting, hypoglycemia, ketogenic diet,
hyperthermia, or hyperbaric oxygen therapy.

DiscussioN

This study integrated additional modalities targeting
multiple susceptibilities of tumor cells into a
chemotherapy schedule in patients with advanced
gastric cancer and obtained promising results in terms
of survival outcomes. To the best of our knowledge,
this study is the first to examine the efficacy of a
chemotherapy schedule administered in a metabolically
supported fashion, together with ketogenic diet,
hyperthermia, and HBOT, in patients with advanced
gastric cancer.

A recent meta-analysis compared triplet versus doublet
chemotherapy as a first-line treatment in patients
with advanced esophagogastric cancer.””’ Triplet
chemotherapy was associated with superior survival
and response outcomes, despite increases in grade 3-4
thrombocytopenia, infection, and mucositis risks.””! In
that meta-analysis, reported overall survival rates ranged
between 9.2 and 14.6 months in the arms of patients
that received triplet combinations with taxane, platinum,
and fluoropyrimidine. Among them, the largest V325
study reported 9.2 months of overall survival in the arm
of docetaxel and cisplatin plus fluorouracil,”™ which is
similar to the chemotherapy regimen administered in
the present study. In addition, a recent study included
advanced gastric cancer patients with good performance
status (0-1) to test the efficacy and tolerability of
docetaxel and cisplatin plus S-1 combination as a
first-line chemotherapy and obtained median progression
free survival and overall survival of 6.5 and 15.5 months,
respectively."” In this study, a taxane, platinum, and
fluoropyrimidine-based combination was administered as
a first-line treatment to advanced gastric cancer patients
with relatively poor outlook (75% having distant
metastasis and more than one-third with ECOG PS >2)
and encouraging survival outcomes were obtained (mean
overall survival, 39.5 months; mean progression free
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survival 36.5 months) during a mean follow-up period of
2 years. However, median survival could not be reached
since >60% of the patients were alive at the time of last
evaluation. These promising findings may be attributed
to the possible contribution of metabolically supported
administration and additional modalities targeting
multiple susceptibilities of the tumor cell included in the
present study, which merit further investigation in large
comparative trials.

To the best of our knowledge, only a few studies have
reported on the use of MSCT in several malignancies:
A retrospective clinical study and two case reports.
A recent study in patients with unresectable ductal
pancreatic adenocarcinoma examined the efficacy of
standard gemcitabine-based and/or FOLFIRINOX
protocol administered in a metabolically supported
fashion and reported a median survival of 19.5 months
for these patients with poor expected outcome.!”
FOLFOX6 regimen administered using MSCT approach
in an elderly patient with locally advanced rectal
cancer provided complete clinical and pathological
response,’™® and an MSCT regimen combining
docetaxel, doxorubicin, cyclophosphamide in a an
overweight 29-year-old woman with stage IV (T4AN3M1I)
triple-negative invasive ductal carcinoma of the breast
provided complete clinical, radiological, and pathological
response.'’!

Previous studies provided evidence on potential
mechanisms through which metabolic support to
chemotherapy may exert its beneficial effects. Both
insulin itself and the resultant induced hypoglycemia
seem to have role. Induced hypoglycemia targets the
dysregulated metabolism and glucose dependency of the
tumor cell.!*'¢#1 [ ow availability of circulating glucose
would pose an acute metabolic stress and probably
improve cytotoxicity of the chemotherapeutic agent.
Insulin itself has the potential to increase membrane
permeability to chemotherapeutics, thereby increasing
their availability for the tumor cell, through the
formation of drug-insulin complexes.*'*! In addition,
number of insulin and insulin-like growth factor (IGF)
receptors is higher on tumor cells when compared to
healthy cells.**l Reaction between insulin and these
receptors has the potential to extend the S-phase and
render cancer cells more susceptible to the cytotoxic
effects of chemotherapeutics for longer periods,”*! while
relatively sparing healthy cells, thereby improving safety
and tolerability.

Ketogenic diet, another component of our combination
treatment also targets metabolic dysregulation of tumor
cells and possibly exerts its action through lowering
the level of available circulating glucose. To date,



several preclinical studies and case reports provided
support for its potential adjunctive use in the treatment
of malignant conditions.""?'*#%1  Hyperthermia,
exploits heat sensitivity of cancer cells and causes direct
cytotoxicity, and HBOT target the reliance of tumor cells
on glycolysis, a major contributor to the upregulation
of antioxidant activity responsible for the increased
resistance of the tumor to pro-oxidant chemotherapy
and radiation therapies.” The synergism observed in
various combination of these therapies (ketogenic diet,
hyperthermia, HBOT) and their benefits in increasing
the efficacy of conventional therapies have already
been reported in a number of studies studying various
malignant conditions.!!5:192+29355657 Among them, the
study by Ohguri er al. added hyperthermia and HBOT
to carboplatin/paclitaxel chemotherapy in NSCLC
patients with multiple pulmonary metastasis and
obtained promising results (an objective response in
almost two-thirds of the patients).”! In addition, a recent
study evaluated the effect of administration of all these
three modalities along with MSCT in stage IV triple
negative breast cancer patient with complete response.”
This study also used all three modalities in addition to
MSCT and targeted multiple vulnerabilities at metabolic,
cellular and pharmacological level, which explains the
high survival rates obtained.

Finding of this study, along with previous pre-clinical
and clinical evidence, implies that adding modalities to
complement conventional treatment may prove beneficial
in many malignant conditions, provided that they target
multiple vulnerabilities of tumor cells in an attempt to
augment the efficacy and specificity of chemotherapeutic
agents. Further research is warranted.

Retrospective design and the lack of a control group are
the major limitations of this study. A randomized trial
design would provide more robust evidence. In addition,
relatively small sample size could have prevented to
achieve power sufficient to detect survival differences
between subgroups. Larger clinical studies with
prospective design would further clarify the potential
benefits of this treatment combination.

CONCLUSION

The combination treatment used, in this study (MSCT
together with a ketogenic diet, hyperthermia and HBOT)
is promising in the treatment of advanced gastric
cancer. Further research and comparative clinical trials
are warranted to support and standardize this novel
treatment protocol.
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Purpose: True abscopal responses from radiation therapy are extremely rare; the combination of
immune checkpoint inhibitors with radiation therapy has led to more reports of the abscopal effect,
but even in this setting, the genuine magnitude remains unknown and is still considered generally
uncommon. We report the occurrence of what appears to be putative, durable abscopal tumor
responses with associated auto -immune systemic reactions resulting from the combination of local
radiotherapy (RT) and modulated electroh yperthermia (MEHT).

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

Results: Thirty -three patients treated with RT and mEHT, both applied to the same lesion, were
included. The median RT dose was 4.5 Gy in 20 fractions (fxs) and the median number of mEHT
treatments was 12 (range, 4 h20). Most patients had subsequent systemic therapy after one course

of RT and mEHT. Three patients (9.1%) developed autoimmune toxicities. Case number 1 received RT
and mEHT only; case number 2 had two cycles of concurrent low dose chemotherapy during RT;
and case number 3 received concurrent immune checkpoint inhibitors. None of the three patients
received any further systemic treatment due to obvious treatment -related autoimmune reactions
which occurred rapidly after RT; one had autoimmune hepatitis, one had dermatitis herpetiformis and
the third developed severe myasthenia gravis. Interestingly, what we surmise to be long -lasting
abscopal responses outside the irradiate d area, were noted in all three patients.

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

Keywords: modulated electrohyperthermia, immunotherapy, radiotherapy, abscopal effect,
immune -related adverse events

Introduction

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

The abscopal effect from radiotherapy (RT) has been known for a long ti me and was interpreted as
an immune-mediated effect (14). Despite millions of patients having been treated with RT, only 46
abscopal cases induced by radiation treatment alone have been described between 1969 and 2014
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(15). In preclinical models, the combination of immune check point (ICP) inhibitors with RT has
demonstrated abscopal effects, but human reports still remain sparse, largely restricted to
melanoma and non-small cell lung cancer (16 h21). However, in all such reports, it remains difficult
to ascribe the abscopal effect purely to RT alone or in combination with immune enhancing
therapeutics (22). A prospective trial of RT, with a granulocyte -macrophage colony stimulating
factor in metastatic diseases, reported a surprisingly high abscopal effecto f 27.6% (23). RT creates
tumor and normal tissue damage, lysis, and antigen release for sustained in -vivo vaccination events.
Thymus-derived regulatory T (Treg) cells played a critical role in the control of immune tolerance

to self -antigens, however, they also resulted in reduced anti -tumor immunity (24). There were very
few literature reports on how therapy related autoimmunity -mediated antitumor activity (25, 26).

We speculated that the incidence of the abscopal effect may be higher in patients who devel op
autoimmunity. Bakacs et al. reported that immune related adverse events (irAEs) induced by

ipilimumab are very similar to the chronic graft vs. host disease that ensues allogenic bone marrow
transplantation (27). Autoreactive T cells may bypass the nega tive selection pressure in the

mi croenvironment of the tumor and differentiate t (
ttumor. A We report, we believe for first time, theée
long treatment -free period once they unleash an autoimmune reaction, and further, that in such

patients, successful salvaging through low -dose ICP inhibitors may be possible at tumor recurrence.

Materials and Methods

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

Patient Selection

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

Radiotherapy

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

Hyperthermia (mEHT)

The mEHT treatment was applied using an EHY 2000+ hyperthermia device (OncoTherm GmbH,
Germany). Treatment lasted for 60 min and was administered once weekly. A 30 cm in diameter

48 Oncothermia Journal, Volume 28, June 2020



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

Outcomes Evaluation

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

to the last follow -up visit. Baseline measurements and changes in the neutrophil to lymphocyte ratio
(N/L) before and after treatment were collected.

Statistical Analysis

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

Results

Patient and Disease Characteristics

Thirty -three patients with recurrent or metastatic cancer was enrolled between January 2017 and
December 2017. Patient characteristics are listed in Table 1. The median patient age was 59.3 years
(range, 38h84 years). Breast cancer, lung cancer, hepatoma, cholangiocarcinoma, and urothelial
carcinoma were the five most common disease entities. The thorax was the most commonly treated
site (12 patients in total, including four lung cancer patients and eight for breast cancer) followed by
abdomen (nine patients) and liver (six patients). During the RT and mEHT treatment, 16 patients
received concurrent chemotherapy, nine had ICP inhibitors and sk were treated with both agents. The
median follow -up time was 11.6 months (range, 4h22.7 months) with no patients lost for follow -up.
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Characteristics No. %

Sex

Female 17 51.5
Male 16 48.5
Age, median, range, years 59.4 38-84 years-old
Disease entities

Breast cancer 8 24.4
Lung cancer 4 12.1
Hepatocellular carcinoma 3 9
Cholangiocarcinoma 3 9
Urothelial carcinoma 3 9
Others 12 36.5
Treatment before RT+ mEHT

Surgery 12 36.3
RT 19 57.6
ChT (include hormone, target therapy) 21 63.6
(@] 0 0
Cht+1O 2 6
Treatment during RT+ mEHT

ChT (include hormone, target therapy) 16 48.5
(@] 9 272
ChT+IO 6 18.2
Treatment after RT+ mEHT

Surgery 1 4.6
ChT (include hormone, target therapy) 13 59.1
IO 3 13.6
ChT+IO 5 22.7

Cht, chemotherapy; IO, immune-Oncology.

Table 1. Patient characteristics.

Treatment

The median RT dose was 45.5 Gy (range, 3066 Gy), and the mean GTV was 138 cm3 (ranged
between 20 and 5064.7 cm3). The median number of mEHT treatment fractions was 12 (range, 4 hu
20).

Treatment Outcome and Toxicities

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

Treatment toxicity (CTCAE v4.0)

Toxicity Case number (N) %
Skin toxicity

Grade 0 20 60.6
Grade 1 12 36.3
Grade 2 1* 3.1
Grade 3 0 0
Hepatic toxicity

Grade 0 31 93.8
Grade 1 1 3.1
Grade 2 0 0]
Grade 3 1 3.1
Myelotoxicity

Grade 0 24 727
Grade 1 1 3.1
Grade 2 6 18.2
Grade 3 2 6.0
Neurotoxicity

Grade 0 32 96.6
Grade 1 0 0
Grade 2 0 0
Grade 3 i 3.1
Nausea and vomiting

Grade 0 30 20.9
Grade 1 1 3.1
Grade 2 2 6.0
Grade 3 0 0
Diarrhea

Grade 0 30 90.9
Grade 1 1 3.1
Grade 2 2 6.0
Grade 3 0 0
Elevated core body temperature (after treatment)

Yes 6 18.2
No 27 81.8
Fat induration

Yes 2 6.0
No 31 94.0

*Autoimmune reaction: Dermatitis herpetiformis.
**Autoimmune reaction: Autoimmune hepatitis.
***Autoimmune reaction: Myasthenia gravis.

Table 2. Treatment toxicities during RT + mEHT.

Among the in-field evaluable lesions treated with RT and mEHT (39 lesions in 33 patients), CR, PR,
SD, and PD were observed in 6.1, 54.5, 27.3, and 12.1% of patients (Table 3). All eight breast cancer
patients had | PR response. Somewhat surprisingly, large r tumors (>500 ml) demonstrated superior
responses than smaller tumors (<500 ml) (100 vs. 48%, p = 0.012) (Table 3). All the patients with
autoimmune toxicities had a tumor size of more than 500 ml. Because of the small sample size,
multivariate analysis f ailed to show significant differences between response and age, tumor size,
number of MEHT treatments, tumor depth, the use of ICP inhibitors, chemotherapy, and autoimmune
reactions. Thirteen patients (39.4%) had a decreased N/L ratio 1 month after RT + mEHT, which
includes two patients with CR, six with PR, three with SD and two with PD (Table 3). The three patients
with an autoimmune abscopal effect had an elevated N/L ratio before treatment (>8) which
decreased to <3.5 after treatment. The median surviva | time was 11.4 months (range, 2.6h16.9
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months) in patients whose N/L decreased, vs. 8.9 months in patients with elevated N/L (range, 1.7 hu
16.2 months).

Response Metastatic/recurrent GTV >=500ml GTV <500ml Decreased N/L ratio post Increased N/L ratio post
N =33 N =8)*"™ (N =25) treatment (N = 13)**** treatment (N = 20)
CR 2(6.1%) 2 0
VGPR® 5 (15.2%) 8" (100%) 12 (48%) 3 2
PR 13 (39.4%) 3 10
7.3%
D 927.3%) 0 (0%) 13 (52%) . .
PD 4 (12.1%) 2 2

*VGPR, Very good partial response defined as >90% regression.

**p = 0.012 Fisher's exact test.

***The 8 patients with large tumors included 3 patients with autoimmune toxicities including 1 CR (urothelial carcinoma); 1 VGPR (breast cancer), 1 PR (cholangiocarcinoma). Another
5 patients included 1VGFR (hepatoma) and 4 PR (1 cervix and 3 breast cancers).

****p = 0.245 Fisher's exact test.

Table 3. Response rate of the irradiated sites.

Case Presentation: Autoimmune Phenomena Associated Wit h Abscopal Tumor Response

Case 1l

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

advanced breast cancer with tumor abscopal effect on bilater al axillary and internal mammary

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

Case 2

A 60-year-old female had right renal pelvis urothelial carcinoma diagnosed in October 2016. She
underwent robotic right nephroureterectomy and bladder cuff excision, revealing a pT4NO tumor
treated with adjuvant tumor bed radiotherapy to 48 Gy in 24 fxs (c ompleted in January 2017). In May
2017, she presented with a rapidly growing, painful, palpable abdominal mass. An abdominal CT scan
showed multiple intra -abdominal masses and a right retroperitoneal mass attached to the right
psoas muscle. The largest tum or was 4.5 cm. There was also a separate lower anterior abdominal
wall mass and a liver segment 7 metastases. She received a second course of palliative RT targeting
the symptomatic and dominant right lower quadrant mass and the lower abdominal wall mass, both
treated to 40 Gy in 20 fxs, along with five weekly mEHT treatments. Concomitant carboplatin at 300
mg and gemcitabine at 600 mg were given for only two cycles and discontinued after pancytopenia
developed. The abdominal pain resolved quickly, and she developed a mild fever with elevated CRP
and pancytopenia in the 3rd week of treatment. A generalized itchy skin rash developed over the
trunk in the 4th week of treatment. She was diagnosed with dermatitis herpetiformis and macrocytic
anemia with positive anti-parietal cell antibody. The skin lesions were controlled with low -dose
prednisolone (10 mg, once daily). A CT scan in August 2017 showed CR at the irradiated sites.
Unexpectedly, an abscopal effect of the hepatic metastases was also identified (Figur e 2) which was
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unlikely to be from the systemic effect of only two cycles of low doses of carboplatin and
gemcitabine. No further treatment was administered. A recent follow -up CT scan in May 2019, 2
years after palliative RT, showed persistent CR of all d isease sites.

Before treatment After treatment

Figure 2. Representative patient (Case 2) with autoimmune mediated abscopal effects: metastatic
urothelial carcinoma with abscopal tumor effect on liver metastases.

Case 3

This 69-year-old male patient had a biopsy-proven cholangiocarcinoma with multiple metastases
diagnosed in August 2017. He began treatment with immunotherapy (Yervoy® at 50 mg for one
dose only and Opdivo® at 60 mg every 2 weeks) for eight cycles, RT (45 G y in 15 fxs to the liver, 30
Gy in 10 fxs to the scapula, L1 spine, and right pelvic bone), and weekly mEHT for 12 sessions starting
from September 2017. In December 2017, he suffered from progressive muscle weakness with mild
ptosis, lethargy, and difficu Ity in swallowing. He developed an aspiration pneumonia, requiring
intubation and supportive management in the neurology intensive care unit. A positive acetylcholine
receptor (AchR) antibody with electromyogram findings confirmed a new diagnosis of myasth enia
gravis (MG). The patient gradually recovered after receiving plasmapheresis, steroids, and antibiotics.
He did not receive any further anti-neoplastic therapy and was maintained on prednisolone, 5 mg
once daily, for the subsequent 10 months. Follow -up imaging showed good PR at irradiated sites with
measurable PR of the unirradiated L5 spine metastases. The CA 199 level peaked to 555 U/ml in
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2018/3 and gradually dropped to 76.7 U/ml in 2019/6 (Figure 3) and he remained asymptomatic
without any systemic treatment.

-sEE8Es

- "
L .

Myasthenia gravis Recovery from MG

Before treatment After treatment O MMM

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

Discussion

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

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

Are the local and abscopal responses reported herein, especially their depth and du rability, expected
and routine? Patients in this study were generally at such an advanced stage of their disease, that
first, the expected response rates would be rather low, and second, durability would be very
uncommon. This leads us to hypothesize that our clinical observations would require the
development of unleashed anti -tumor autoimmunity, possibly from combinatorial mMEHT and RT. In
the three cases with autoimmune toxicity, Case 1 was treated with RT and mEHT only; Case 2 received
only two cycles of reduced dose concomitant chemotherapy and Case 3 had immunotherapy with

55 Oncothermia Journal, Volume 28, June 2020



RT. It would be very unlikely that the abscopal liver metastasis response in Case 2 was a
chemotherapy effect. Whether the remote bony metastases response in Case 3 qualified as a pur e
tabscopal effectA i s debatabl e. Neverthel ess, t he
treatment were quite clear. Immune response through in -situ vaccination might be amplified by the

addition of ICP inhibitors as the third case described or might yield a deeper response as the second

case described. Gauci et el. recently reported that in order to prolong survival, a CR or PR within 3

months after treatment was mandatory with anti -PD-(L)1 monotherapy for multiple cancer types

(33).

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

As the use of immunotherapy becomes more popular, irAE is emerging as an issue (35). irAEs from

I CP inhibitors are gemietrya,lN yh orweegvaerrd, e da ansu meb etrt ooxfi r
appear in the literature claiming that patients with higher irAEs may have a higher response rate (36,

37). In addition, patients with irAE have longer treatment durations and more time to develop

autoim mune toxicities (35). Clearly, immunotoxicity and autoimmunity is a balancing act. In our study,

three out of 33 patients (9.1%) had induced autoimmune reactions from RT + mEHT. They all had a

profound abscopal effect (>90% shrinkage of non -irradiated tumor, lasting for more than 12

months) without any substantial systemic targeted, cytotoxic, or ICP inhibitor therapy when

autoi mmune toxicities were noted. Most abscopal ef
(i.e., >90% tumor reduction), nor durable. For example, in the series by Golden et al. (23), only two

of 41 patients (4.9%) had a dramatic abscopal response according to the criteria of >90% tumor

reduction. Therefore, we argue that the effective immunity may be coupled to autoimmunity.

This case series of combining MEHT and RT for palliative purposes demonstrated unexpected
autoimmune toxicities along with dramatic and sustained tumor regression. Despite being interesting
and inspiring, these results must be interpreted with great caution and at best provide initial
observations for hypothesis -generation, as there are considerable limitations given the retrospective,
single institution analysis, with limited patient numbers, and considerable heterogeneity. An official
prospective trial comb ining immune check point inhibitors with RT and mEHT will be launched.
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receiving 1 g/kg * d IVC concurrently with mEHT, three times a week for 25 treatments in total) or BSC
alone (n = 48 in the control arm). After a median follow-up of 24 months, progression-free survival
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Vitamin C

Modulated electrohyperthermia
Non-small-cell lung cancer
Overall survival

Quality of life

Remission rate

(PFS) and overall survival (0S) were significantly prolonged by combination therapy compared to BSC

alone (PFS: 3 months vs 1.85 months, P < 0.05; 0S: 9.4 months vs 5.6 months, P < 0.05). QoL was signif-

icantly increased in the active arm despite the advanced stage of disease. The 3-month disease control

rate after treatment was 42.9% in the active arm and 16.7% in the control arm (P < 0.05). Overall,

IVC and mEHT may have the ability to improve the prognosis of patients with advanced NSCLC.

© 2020 THE AUTHORS. Published by Elsevier BV on behalf of Cairo University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Lung cancer is the most common cancer type and the leading
cause of cancer mortality in China [1], accounting for 19.6% of all
newly diagnosed cancer cases [2]. Nearly 85% of lung cancers are
non-small-cell lung cancer (NSCLC), which has a 5-year survival
rate of 17.1%. The majority of patients diagnosed with NSCLC are
found to be at an advanced stage. The overall survival (OS) of
patients who fail to respond to conventional anticancer therapies
(chemotherapy, radiotherapy, targeted therapy, immunotherapy,
etc.) remains unsatisfactory.

The application of vitamin C for malignant diseases has had a
renaissance [3]. Studies [4,5] have found that high-dose intra-
venous pharmacological administration of vitamin C produces
plasma concentrations 100-1000 times higher than those of
healthy nutritional levels and up to 100-fold higher than the max-
imally tolerated oral intake [6]. Phase I clinical trials show its
safety, high tolerability and relief from the side effects of
chemotherapy [7,8]. Clinical trials indicated the potential efficacy
of intravenous vitamin C (IVC), with improved performance status
or prolonged disease progressionfoverall time in ovarian [9] and
pancreatic cancers [10]. Its synergy with chemotherapy improves
quality of life (QoL) [10].

High-dose vitamin C is also applied for lung cancer. It decreases
cell proliferation in lung cancer cell lines [11}], including mecha-
nisms of cell cycle arrest [12] and apoptosis [13]. Clinical studies
[9] suggested that a large dose of IVC can increase the efficacy or
reduce the toxic side effects of chemotherapy when used in syn-
ergy with chemotherapy. Recently, Schoenfeld [14] presented a
phase Il study of advanced-stage NSCLC patients (n = 14) treated
with IV carboplatin (area under the curve (AUC), 6; 4 cycles), IV
paclitaxel (200 mg/m?, 4 cycles), and IVC (75 g twice a week, four
cycles). No grade 3 or 4 toxicities related to vitamin C were
reported. Four out of the 14 patients showed a partial response
(PR), 9 out of the 14 patients showed stable disease (SD), and
one showed progressive disease (PD), which indicated the poten-
tial efficacy of IVC in NSCLC therapy.

Hyperthermia (HT) is a method of treating tumors at the lesion
site, which is mainly divided into local, regional, and whole-body
HT. It is a complementary cancer treatment, often used in associa-
tion with chemotherapy or radiotherapy, increasing the efficacy
and prolonging the survival time [15,16]. Takayuki et al [17] sug-
gested that HT and radiotherapy exerted a synergistic effect in
the treatment of NSCLC. Modulated electro-hyperthermia (mEHT)
is a regional electromagnetic HT method. The major advantage of
mEHT is the nano-range energy liberation, rather than overall
heating of the target [ 18]. Due to its high efficacy [ 18] and the syn-
ergy of the electric field [19], the targeted cancer cells absorb the
heat that raises the temperature 3 °C higher than the enviorment
[20]. Studies have found that the antitumor mechanism of mEHT
is as follows: inducing cell apoptosis, improving tumor perfusion,
inhibiting tumor angiogenesis and resolving tumor hypoxia
[18,20-23]. Clinical data show that mEHT has long been used in
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clinical practice for various malignant diseases, and has clinical
results for NSCLC [24-26]. mEHT can be used alone or in combina-
tion with radiotherapy (RT), chemotherapy, and chemoradiother-
apy, and a growing number of studies are exploring
combinations of mEHT and other therapies [27-29]. In a retrospec-
tive study, 93 patients with advanced NSCLC (stage IIIB-1V) were
divided into HT combined with chemotherapy and chemotherapy
groups, and the results indicated that HT combined with
chemotherapy might lead to the development of a better therapeu-
tic strategy for advanced NSCLC patients with malignant pleural
effusion and greatly reduce the toxic effects of chemotherapy on
the incidence of weakness and gastrointestinal adverse reactions
in advanced NSCLC patients [30]. A multi-institutional prospective
randomized trial observed that RT + HT improved local PFS in the
treatment of locally advanced NSCLC [31].

In our previous phase I clinical study [32], we found that IVC
with simultaneous mEHT is safe and well tolerated, and concomi-
tant application significantly increases the plasma vitamin C level.
The average scores for the functioning scale increased continu-
ously, and the average values for symptoms decreased gradually,
which indicates that QoL is improved when patients receive the
above treatments.

Therefore, we conducted a randomized phase 11 trial to evaluate
the effect of best supportive care (BSC) with or without IVC com-
bined with simultaneous mEHT on tumor response, progression-
free survival (PFS) and OS in previously treated patients with
refractory advanced (stage IlIb or IV) NSCLC. Herein, we present
the results of this trial.

Materials and methods
Patient recruitment

Eligible patients were adults (>18 years <70 years) who had an
Eastern Cooperative Oncology Group (ECOG) performance status of
0-2; who had a histologically proven diagnosis of primary NSCLC,
stage IlIb or IV; who were not curable with surgery or showed
radiographically confirmed PD during previous radiotherapy and/
or four to six cycles of platinum-based chemotherapy (mostly cis-
platin/carboplatin in combination with vinblastine, etoposide, or
paclitaxel); who had failed to respond to targeted therapy or
immunotherapy or were intolerant of their latest anticancer ther-
apy regimen; and who showed at least one measurable disease
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) (Table 1).

Patients were excluded if they showed G6PD deficiency or a his-
tory of oxalosis by urinalysis; were receiving anticancer therapies;
were diagnosed with a comorbid condition that would affect sur-
vival, such as end-stage congestive heart failure, unstable angina
or myocardial infarction within 6 weeks prior to the study; or
had metallic implants or replacements in the treatment area or
implanted electronic devices anywhere in the body.



Table 1
Patient baseline characteristics.

Characteristics Active arm (n = 49) Control arm (n = 48)
Age (years)
Median 62 63
Range 42-72 43-72
Sex
Male 38 37
Female 1 1
ECOG performance status
Grade 0 25 26
Grade 1 12 11
Grade 2 12 11
Stage at study entry
Stage IB 25 25
Stage IV 24 23
Pathology
Squamous cell carcinoma 24 25
Adenocarcinoma 23 23
EGFR in Adenocarcinoma 2 0
EGFR in Adenocarcinoma
EGFR(-) 13 6
EGFR(+) 10 17
Smoking status
Current 3 4
Prior 36
Never 10 11
Unknown 0
Reason for failure of last anticancer therapy
Refractory 45 43
Intolerant 4 5

ECOG: Eastern Cooperative Oncology Group.

All patients provided written informed consent. The study was
approved by the Ethics Committee of the Clifford Hospital affiliated
with Jinan University. All patients provided written informed consent
according to Good Clinical Practice (GCP) and national regulations
[No: 2/2015-10].

Study design and treatment

The study was a single-center, Phase II, randomized clinical
trial. Trial Registration: ClinicalTrials.gov, NCT02655913; registra-
tion date, 7th Jan 2016. The date of enrollment of the first and last
participants in the trial was 17th Jan 2016 and 17th July 2017,
respectively, and all participants were recruited by the Clifford
Hospital affiliated with Jinan University.

Eligible patients were randomized to receive IVC + mEHT + BSC
(active arm) or BSC alone (control arm) (Fig. 1). BSC included mul-
tidisciplinary care, BSC documentation, symptom assessment and
symptom management [32]. In the active arm, patients received
IVC 1 g/kg-d three times a week for 25 treatments in total. Each
milliliter of vitamin C injection contained 3 g of sodium ascorbate
and water for injection, with the pH adjusted to 6.5-8.0 with
sodium bicarbonate. Vitamin C was infused for 120 min. We used
the mEHT method for HT treatment with the EHY2000+ device.
This impedance-coupled device works with an amplitude-
modulated 13.56 MHz carrier frequency, and its principles and
practice are described in our previous study [32]. The treatment
regimen of mEHT was 60 min/session; the power of mEHT was
gradually increased from 135 W to 150 W depending on the
patient’s actual tolerance. The applicator used was 7.1 dm?. The
applied energy range in one session was between 486 k] and
540 kJ. The patients were placed lying in the prone position, and
the treatment covered the complete lung (30 cm diameter circle).
The temperature of the treatment area was in the range of
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40-42 °C, calculated indirectly by the treatment device. BSC
focuses on helping patients obtain relief from symptoms such as
nausea, pain, fatigue or shortness of breath.

The primary endpoint of this study was OS assessed by an
independent investigator. Secondary endpoints included PFS, the
3-month disease control rate (DCR) that was defined as the propor-
tion of patients with a complete response (CR) or PR or SD, QolL,
and the association between biomarkers and treatment outcome.

Randomization and masking

We used a computer-generated random sequence to allocate
patients (nonmasked) to BSC (control arm) or IVC + mEHT + BSC
(active arm). The minimization method was used for randomiza-
tion. When a new subject was added, the unevenness of the distri-
bution of influencing factors in each group was calculated, and
then the group of the subject was determined with different prob-
abilities to ensure that the unevenness of the distribution of influ-
encing factors was minimized. Patients were stratified by histology
(adenocarcinoma or squamous cell carcinoma), ECOG performance
status (ECOG score 0, 1, or 2), Epithelial growth factor receptor
(EGFR) mutation in adenocarcinoma, medical records of anticancer
therapies in the past 6 months, and stage of cancer.

Best supportive care

Since BSC was the control arm in our clinical trial, we designed a
BSC program based on the recommendations from Zafar [33].
Patients from the BSC arm received appropriate treatments judged
by the team including nurses, physicians, psychologist, and dieti-
tians. Therapeutic measures included antibiotics, analgesic drugs,
and dietetic assistance according to actual situations of patients.
All the symptoms, supportive or palliative care methods and
results were documented. Symptoms were assessed at baseline
and throughout the trial in person. The symptom assessment was
followed up by telephone every two weeks. Clinical assessment
was performed during each hospitalization. Tumor-control assess-
ment was assessed by radiographic examination every three
months. Assessment methods are detailed in the study assess-
ments section below. Symptom management was based on the
National Comprehensive Cancer Network (NCCN) guidelines.

Study assessments

Enhanced chest and abdomen CT scans, brain MRI and bone
scans were carried out at baseline and every 4 weeks for the first
12 weeks from the start of the study. All scans were assessed by
an independent central radiology review. Response measurements
were carried out according to RECIST 1.1. PFS was defined as the
time from the onset of the study until disease progression or death
from any cause. Three-month DCR was measured 3 months after
therapy and defined as the percentage of subjects with a CR, a PR
or SD at 3 months relative to all randomly assigned patients. We
categorized patients as nonresponding when they had PD; other-
wise, patients were categorized as responding. OS was defined as
the time from randomization to death due to any cause. Adverse
events were recorded, and their severity was assessed according
to the Common Terminology Criteria for Adverse Events, version
3.0. To evaluate the maintenance of improvement in the QoL, the
European Organization for the Research and Treatment of Cancer
Quality of Life Questionnaire (QLQ-C30) was used.

Statistical analysis

The statistical systems GraphPad Prism 6 and PASS 15 were
used for modeling and analysis. The sample size was determined
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