HYPERTHERMIA COMBINED WITH CHEMOTHERAPY VS
CHEMOTHERAPY IN PATIENTS WITH ADVANCED
PANCREATIC CANCER: A MULTICENTER RETROSPECTIVE
OBSERVATIONAL COMPARATIVE STUDY

GIAMMARIA FIORENTINI |, DONATELLA SARTI 2, ANDREA MAMBRINI 3, IVANO
HAMMARBERG FERRI ', MASSIMO BONUCCI *, PAOLA GIORDANO SCIACCA °, MARCO
BALLERINI ¢, SALVATORE BONANNO 7, CARLO MILANDRI 8, ROBERTO NANI ?,
STEFANO GUADAGNI '°, PATRIZIA DENTICO ", CATERINA FIORENTINI 2

'Integrative Oncology, Integrative Oncology Outpatient Clinic, Bologna 40121, Italy
2Department of Oncology, Santa Maria della Misericordia Hospital, Urbino 60129, Italy

3Department of Oncology, Azienda Sanitaria Locale Toscana Nord Ovest, Massa Carrara Hospital, Massa
54100, Italy

4Integrative Oncology, Association Research Center for Integrative Oncology Treatments, Roma 00166, Italy
5Complementary Medicine Service, District Hospital of Merano, Merano 39012, Italy

SHyperthermia Unit, Bellessere Medical Center, Terni 05100, Italy

’Radiotherapy Unit, A. Rizza Hospital, Siracusa 96100, Italy

8Medical Oncology, San Donato Hospital, Arezzo 52100, Italy

®Interventional Radiology Unit, Humanitas Gavazzeni, Bergamo 24121, Italy

©Applied Clinical Sciences and Biotechnology, Section of General Surgery, University of L'Aquila, L'Aquila
67100, ltaly

"Hyperthermia Service, Medical Oncology Unit, San Giuseppe Hospital Empoli 50053, Italy

2Prevention and Sports Medicine, University Hospital Klinikum rechts der Isar, Technical University of
Munich, Munich 80331, Germany

Fiorentini, G. et al (2023) Hyperthermia combined with chemotherapy vs chemotherapy in patients with
advanced pancreatic cancer: A multicenter retrospective observational comparative study.
World J Clin Oncol 2023; 14(6): 215-226, DOI: https://dx.doi.org/10.56306/wjco.v14.i6.215.

Oncothermia Journal 34, June 2024: 60 — 77.




ABSTRACT

BACKGROUND

Several studies report the useful therapeutic results of regional hyperthermia in association
with chemotherapy (CHT) and radiotherapy for the treatment of pancreatic cancer.
Modulated electrohyperthermia (mEHT) is a new hyperthermia technique that induces
immunogenic death or apoptosis of pancreatic cancer cells in laboratory experiments and
increases tumor response rate and survival in pancreatic cancer patients, offering beneficial
therapeutic effects against this severe type of cancer.

AIM

To assess survival, tumor response and toxicity of mEHT alone or combined with CHT
compared with CHT for the treatment of locally advanced or metastatic pancreatic cancer.

METHODS

This was a retrospective data collection on patients affected by locally advanced or
metastatic pancreatic cancer (stage Il and 1IV) performed in 9 Italian centers, members of
International Clinical Hyperthermia Society-Italian Network. This study included 217 patients,
128 (59%) of them were treated with CHT (no-mEHT) and 89 (41%) patients received mEHT
alone or in association with CHT. mEHT treatments were performed applying a power of 60-
150 watts for 40- 90 min, simultaneously or within 72 h of administration of CHT.

RESULTS

Median patients’ age was 67 years (range 31-92 years). mEHT group had a median overall
survival greater than non-mEHT group (20 mo, range 1.6-24, vs 9 mo, range 0.4-56.25, P <
0.001). mEHT group showed a higher number of partial responses (45% vs 24%, P = 0.0018)
and a lower number of progressions (4% vs 31%, P < 0.001) than the no-mEHT group, at the
three months follow-up. Adverse events were observed as mild skin burns in 2.6% of mEHT
sessions.

CONCLUSION

mMEHT seems safe and has beneficial effects on survival and tumor response of stage Ill-IV
pancreatic tumor treatment. Further randomized studies are warranted to confirm or not
these results.

KEY WORDS:

Modulated electro hyperthermia; Locally advanced pancreatic tumor; Overall survival; Tumor
response; Gemcitabine; Apoptosis; Immunogenic cell death
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CORE TIP:

Pancreatic cancer has very poor prognosis with a 5-year overall survival of 5% and a median
overall survival (OS) time of 8-12 mo. The concomitant use of modulated electro-hyperthermia
(mEHT) in addition to chemotherapy has been introduced. mEHT has specific antitumor
effects, increasing survival and tumor response. This was a retrospective data collection on
217 patients affected by locally advanced pancreatic cancer performed in 9 Italian centres,
aiming to assess survival, tumour response and toxicity. The mEHT group had a greater OS (20
mo vs 9 mo, P < 0.001), higher number of partial responses (45% vs 24%, P = 0.0018) and a
lower number of progressions (4% vs 31%, P < 0.001) than no-mEHT group. Adverse events
were observed in 2.6% of mEHT sessions. mEHT have beneficial effects on survival and tumor
response of stage IlI-IV pancreatic tumor patients, without adding toxicity.

INTRODUCTION

Pancreatic cancer (PC) is a particularly serious disease with poor prognosis[1,2]. Main risk
factors of pancreatic cancer are non-hereditary and environmental factors, such as increased
age, diabetes, obesity, smoking, alcohol intake and diet high in fat and low in vegetables. Only
10% of PC are familial or hereditary. Numerous molecular biology studies are underway the
genes and pathological conditions involved in PC onset, in particular, the most studied are:
Lynch syndrome, hereditary pancreatitis, Peutz-Jeghers syndrome, cystic fibrosis and breast
cancer gene (BRCA)[2].

The Lynch syndrome is an inherited condition that is associated with 5% of colon cancer
cases. Patients with this syndrome have about 10-fold increased risk of developing PC[3].

Hereditary pancreatitis is another rare inherited condition that is usually diagnosed in young
individuals (< 20 years); its main symptoms are frequent episodes of severe inflammation of
the pancreatic gland, leading to chronic pancreatitis. This pathology increases of about a 50%
the risk of developing PC; this risk is increased when associated to smoke[4].

Peutz-Jeghers Syndrome is characterized by polyps in the small intestine and pigmented
spots on nose and lips. Patients with this syndrome have a 10%-35% risk of developing PC[5].
Cystic fibrosis induces pancreatic insufficiency and chronic pancreatitis and increases of 5
to 6 times the risk of developing pancreatic cancer[6].

BRCA 1 and 2 mutations are often related to inherited ovarian and breast cancer. It is well
known that the BRCA1 mutation can also induce an increased risk (4-9 times) of developing
PCI[7].

Over the past twenty years, PC prognosis has been improved by early diagnosis, the use of
neoadjuvant, adjuvant and palliative therapies and the increased number of centres expert in
hepaticpancreatic surgery.

Today PC is the seventh cause of cancer-related death worldwide with a median overall
survival < 1year[1,2]. Incidence and mortality of this cancer have increased significantly in the
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last two decades[2]. The most common PC histology is adenocarcinoma that accounts for
about 90% of cases. Radical surgery followed by adjuvant radiotherapy (RT) and/or
chemotherapy (CHT) is considered the gold standard treatment for this tumor; however,
surgery is indicated only in 10% of patients at the first diagnosis, whereas, 90% are non-
resectable because they are locally advanced or metastatic. Neoadjuvant CHT or a
combination of RT and chemo-therapy can be performed in locally advanced PC without
evidence of distant metastases, in order to allow surgical approach[8,9].

FOLFIRINOX (leucovorin, fluorouracil, irinotecan, oxaliplatin) and the combination of nab-
paclitaxel and gemcitabine are the more suitable upfront CHT for PC patients with good
performance status (PS). These protocols have partial activity, resulting in similar overall
survival (32-54 mo), but they have frequently severe side effects[8-10].

Recent studies on cisplatin therapeutic use in PC patients with BRCA 1and 2 mutations report
clinical benefit, although superiority over other chemotherapeutic treatments and optimal
dosing and combination therapies are still ongoing. PARP inhibitors such as niraparib and
olaparib have also promising results in this setting. They prevent single-strand DNA break
repair, resulting in doublestranded DNA breaks that cannot to be repaired by homologous
recombination deficiency tumors, causing cell cycle arrest and apoptosis. Olaparib increases
progression-free survival, when used as a maintenance therapy for PC patients responding to
first-line platinum-based therapy. Although these drugs show interesting results, however
their efficacy is undermined by drug resistance and high cost [7].

PC is generally refractory to CHT and RT because of its low perfused and hypoxic
microenvironment that is mainly due to large accumulation of non-tumor cells (stroma),
obstructing vascularization and the delivery systemic chemotherapeutics. This also reduces
oxygen delivery and hence the sensitivity to CHT and RT, impacting negatively on prognosis.
In vitro experiments have shown that hyperthermia can increase the effectiveness of
conventional treatments[15-19].

Regional hyperthermia (RHT) optimize the distribution of drugs in cancer cells, improves blood
circulation, increases district oxygen level, reduces DNA repair and promotes cancer cell
death[16]. RHT increases temperature inside the tumor up to 39.5/43 °C, using an external
radiofrequency equipment. RHT is often associated to CHT and RT, in order to increase
responses and overall survival (OS) in PC [20-24]. A systematic review shows the benefits of
hyperthermia added to CHT and/or RT for PC patients from 14 clinical trials, resulting in median
OS of 6-18.6 mo that is longer than that observed in the control cohorts and improved tumor
response with 31.3% overall response rate that is greater than the control cohort. These data
suggest that this combination positively affect tumor response and OS for PC patients[24-
28].

Modulated Electro- Hyperthermia (mEHT) is obtained with a 13.56 MHz capacitive equipment
and is a relatively new RHT technique (introduced in clinical practice in the last
decade)[25,27,28-30]. This type of RHT is more selective in killing tumor cells and overcoming
the limited tissue permeation of radiofrequency. There is no direct way to measure the
temperature inside the tissues in vivo, however it can be predicted from input power applied,
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because of the high efficacy of the electric field[29-34]. mEHT increases the temperature of
the targeted malignant cells over 3 °C higher than surrounding environment[29].

The high heterogeneity of PC cells is counteracted by mEHT, which selectively damages the
external membrane of cancer cells that have different energy uptake on the membrane rafts
from healthy tissue and different electron impedance compared to normal cells[17-19].

Data from the literature show that mEHT is safe and feasible and has not only palliative but
also therapeutic effects in several advanced cancer and also in pancreatic adenocarcinoma
in monotherapy or in combination with CHT and/or RT[25,27,28,32-35]. This method seems to
re-sensitize patients who are refractory to CHT and RT and improve palliation, increasing
survival time, tumor response and quality of life (QoL), prolonging OS and improving
Qol[25,27,28,32-34,36-39].

The purpose of this multicenter observational comparative study was to assess the
advantages of mEHT in association to CHT compared to CHT alone in locally advanced or
metastatic pancreatic tumors. This study was carried out by members of International Clinical
Hyperthermia Society-Italian Network and created the platform for a large randomized phase
Il trial to compare outcomes with or without mEHT application.

MATERIALS AND METHODS
SAMPLE SELECTION

This study was multicenter, retrospective, observational, comparative and case-control,
aiming to assess survival and tumor response of CHT or mEHT plus CHT for the treatment of
locally advanced or metastatic pancreatic tumors. Inclusion criteria were: Older than 18 years,
informed consent signed, histological diagnosis of locally advanced or metastatic pancreatic
tumor, PS of O-2, treatment with CHT, mEHT or mEHT plus CHT, data on tumor response and
survival. From 2003 to 2021, 628 patients with locally advanced or metastatic pancreatic
tumor were treated in nine Italian centers, 217 of them were included in this study, 89 (41%) of
them were treated with mEHT plus CHT (mETH group) and 128 (59%) with only CHT (no-mEHT
group). CHT regimen was mostly gemcitabine-based in both study groups (Tablel). The
majority (95%) of gemcitabine-based treatments were administered on the same day of
MEHT treatment. In a minority of patients (5%), it was administered the following day or within
the following 72 h because of precarious clinical conditions and geographic accessibility. Even
if gemcitabine had a half-life of 42-94 min and was eliminated within 5-11 h after infusion, the
pharmacokinetic elimination half-life for dFdU varies between 2 and 24 h, and it is still present
systemically in concentrations greater than 1 umol/L up to 1wk after infusion.

This was a retrospective data collection, CHT type was chosen by singular physician, we
collected the data when the treatments (CHT and mEHT) were already done.
MEHT TREATMENT PROTOCOLS

MEHT was performed with EHY-2000 plus device (CEOQ123 Oncotherm, Torisdorf, Germany)
and a radiofrequency current of 13.56 MHz as previously described[28-31]. mEHT treatments
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were performed 1-3 times/week for a total of 4-6 wk, starting at 60 W/40 min and increasing
up to 150 W/ 90 min in 2 wk[28]. Power increase was performed in the initial mEHT sessions,
in order to assess patient treatment tolerance. Starting with the increased potency could have
caused a feeling of heat and pain on the scars, as indicated in previous protocols that we have
set up[32,36]. Power increase is performed in the initial MEHT sessions and was not used for
efficacy purpose, the efficacy was measured after reaching the final power of 150 W/90 min.
The computer connected to the hyperthermia machine has a program that calculates and
converts the Kilojoules dispensed by the machine into degrees of temperature at the
treatment site. This was represented on the screen and printed on graphs. Temperature on
the target was 41-42.5°C during mEHT sessions as they were assessed in previous publications
from the manufacturer of the device[38]. As concerning metastases, most patients had
disease located in the upper abdomen and for this reason the treatment was suitable because
we used an applicator-antenna of 30 cm diameter that allowed to treat the entire upper
abdomen and multiple liver or nodal metastases at the same time.

OUTCOME MEASURES

The primary objective was OS that was measured from date of diagnosis to date of death or
last available follow up date. The analysis of OS was made for the whole mEHT and no-mEHT
group or by age 2 70 years or < 70 years. Secondary objectives were tumor response and
treatment tolerability. Progression free survival (PFS) was computed from date of treatment
start to progression.

Tumor response was measured with the Response Evaluation Criteria in Solid Tumors version
14 at three months follow up imaging. In case of multiple tumors, the target lesion was
considered that with the largest diameter in outcome measures. Complete response was
obtained if every target lesion disappeared; partial response (PR) if tumor diameter decreased
by > 30%; progressive disease (PD) was observed if tumor size increased by > 20%, or one or
more new lesions appeared. Stable disease (SD) was considered in all the other cases.

Since no data were available on cardiac toxicity due to radiofrequency disturbance from
MEHT applied on upper abdomen; twenty-one patients out 89 treated with mEHT were
monitored with electrocardiogram and echocardiogram before and after treatment in order
to evaluate any alterations in cardiac rhythm and morphology.

As concerning the other adverse events were all monitored according to clinical practice and
classified using the Common Terminology Criteria for Adverse Events version 5.0.

STATISTICAL ANALYSIS

Survival and patients’ age were indicated as median and range values, whereas frequencies
were indicated as percentages. Kaplan-Meier method and log-rank test were used or OS
analysis, with survival probability on the Y axis and time (months) on the X axis. Mann-Whitney
test and Student’s test for proportions were used to assess statistical significance (P < 0.05)
among differences of patient characteristics. x2 test was used to assess statistical
significance (P < 0.05) among differences of tumor response.
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RESULTS
SAMPLE DESCRIPTION

The sample included 217 pancreatic patients: 122 (56%) were males and 95 (44%) were
females, 89 (41%) of these were treated with the combination of CHT and mEHT (mETH group)
and 128 (59%) with only CHT (no-mEHT group). Their median age was 67 years (37-89 years,
range). Most patients were metastatic (65%). In the 217 patients, 235 metastatic sites were
observed, with liver being the most frequent metastatic site (132/235, 57%). Previous CHT was
administered to 136 (63%) patients, previous RT to 10 (5%) and surgery to 51 (24%). Most
frequent CHT regimen was gemcitabine-based regimens: Gemcitabine-oxaliplatin (35%),
gemcitabine (29%) and gemcitabine-abraxane (9%). Inclusion criteria indicated both radio
and CHT in concomitant used with mEHT, however, none of the patients included in the study
received RT in association to mEHT. The two groups had similar characteristics (Table 1).

OVERALL SURVIVAL AND PROGRESSION FREE SURVIVAL

mMEHT group had a median OS greater than non-mEHT group (20 mo, range 1.6-24, vs 9 mo,
range 0.4- 56.25, P < 0.001) (Figure 1). mEHT group had a median PFS greater than non-mEHT
group (7 mo, range 2-24, vs 5 mo, range 0.4-41, P < 0.05) (Figure 2). The analysis of OS by age
> 70 years or < 70 years showed that there was no difference in OS between mEHT 2 70 years
(20 mo, 2-43 mo range) and < 70 years (20 mo 3-27 mo range) P = 0.235, whereas no-mEHT
<70 years had a higher OS than no-mEHT 2 70 years group (12 mo range 1-56 vs 8 mo range
1-47, P = 0.01) (Figure 3). mEHT had a longer OS than no-mEHT group both among > 70 years
(20 mo range 3-27 vs 8 mo range 1-47, P < 0.01) and < 70 years (20 mo range 2-43 vs 12 mo
range 1-56, P < 0.01).

TUMOR RESPONSE

Tumor response at three months follow-up was available for 87 (98%) of mEHT and 111 (88%)
patients for non-mEHT group. mEHT patients showed a higher number of PR (45% vs 24%, P =
0.0018) and a lower number of progressions (PD) (4% vs 31%, P < 0.01) than no-mEHT group.
SD had similar value in both groups: 51% for mEHT and 45% for no-mEHT (Table 2).

MEHT SAFETY

Median mEHT sessions was 16.8 (range 6-25), resulting 1495 mEHT delivered sessions. Adverse
events were observed in 2.6% of cases and included: Low grade (G1) skin pain in 22 (1.5%)
sessions and lowmild grade (G1-2) burns in 16 (11%) cases that resolved in a few days.
Hyperthermia did not increase haematological, hepatic, pulmonary and metabolic toxicity due
to CHT.

In particular no increased blood pressure or any other cardiac changes were observed for
MEHT sessions in patients who received adequate cardiological monitoring including clinical
examination, electrocardiogram and echocardiogram.
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DISCUSSION

Hyperthermia involves the application of heat-generating energy to tumors, increasing their
temperature to 39-43.5 -C and improving the response to systemic therapies. Hyperthermia
has been studied for cancer treatment since the 80s, especially for the benefits observed in
laboratory experiments, clinical case series and phase Il studies. The results of these studies
show that hyperthermia enhances CHT, RT and immunotherapy efficacy (tumor response and
survival) for several cancers and also in pancreatic adenocarcinomal16-20,24-28,32-36].

Hyperthermia can be performed with different electromagnetic devices/techniques that can
be classified as loco-regional or whole-body methods, according to the size of the body
treated[26,31,40- 44]. First studies on hyperthermia effects in PC were made mainly using
whole-body hyperthermia, whereas, more recent clinical studies apply mainly loco-RHT, such
as mEHT that is non-invasive technique that balances low-power thermal effects and non-
thermal electric processes, operating with capacitive coupled impedance on a radiofrequency
of 13.56 MHz[25-31,37-38]. Current mEHT protocols show that optimal treatment is obtained
when the mEHT is performed two or three-times a week, resulting in improvements of OS,
disease control and QoL and PFS[25-28,33,39,40]. mEHT has also benefits in tumor control
when used as neoadjuvant therapy in combination with CHT and RT[42].
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Table 1 The sample, n (%)

Whole sample, n =217 mEHT, n=89 No-mEHT, n=128
P value'

Median Range Median Range Median Range
Age (yr) 67 34-89 64 38-82 69 34-89 NS
Student’s test for proportions
M 122 56 58 65 64 50 NS
F 95 44 31 35 64 50 NS
Metastatic 142 65 70 79 72 56 0.004
Previous chemotherapy 136 63 68 76 68 53 0.005
Previous Radiotherapy 10 5 1 1 9 7 NS
Current chemotherapy type
Gemcitabine /oxaliplatin 76 35 34 38 42 33 NS
Gemcitabine 62 29 26 29 36 28 NS
Gemcitabine /abraxane 39 18 9 10 30 23 NS
Gemcitabine /5-fluorouracil 5 2 4 4 1 1 NS
Gemcitabine/cisplatin 10 5 2 2 8 6 NS
Gemcitabine /Nab-paclitaxel 2 1 0 0 2 2 NS
FOLFIRINOX 5 2 1 1 4 3 NS
Other 10 5 5 6 5 4 NS
None 8 4 8 9 0 0 NS
Site of metastases (N = 235) (N =132) (N =103)
Liver 132 57 70 33 63 6l NS
Peritoneum 35 23 35 7 20 19 NS
Lymph nodes 37 16 2 17 15 15 NS
Other 10 4 5 4 5 5 NS

'Mann-whitney test.

FOLFIRINOX: Folinic acid/fluorouracil/irinotecan/oxaliplatin; NS: Not significative.

Table 2 Tumor response, n (%)

mEHT n=87 no-meHT n=111 P value
PR 39 45 0.0018
SD 44 51 0.8430
PD 4 4 <0.001

PR: Partial response; PD: Progression disease; SD: Stable disease; mEHT:

hyperthermia
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mMEHT can counteract heterogenicity of PC and its resistance to systemic therapy, because it
targets selectively tumor cells (heating homogeneously the target tissues), exploiting their
several biophysical differences from normal cells, such as energy absorption and damage-
associated molecular patterns[16- 19,37,38]. mEHT induces programmed or immunogenic
apoptosis of tumor cells, increasing DNA fragmentation, MAPK/ERK signaling pathways and
pro-apoptotic Bcl-2 activation, low mitochondrial membrane potential, the concentration of
intracellular Ca2+, Fas and c-Jun N-terminal kinases and the expression of pro-apoptotic
genes (EGR1, JUN, and CDKNIA), while silencing other genes that are associated with
cytoprotective functions[16-19,30].
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Figure 1 Overall survival of modulated electro-hyperthermia (mEHT) and no-mEHT
groups. Dots represent censors, cloud area represent 95%CIl. mEHT: Modulated electro-
hyperthermia.
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Figure 2 Progression free survival of Modulated electro-hyperthermia (mEHT) and no-
mEHT groups. Dots represent censors, cloud area represent 95%CIl. mEHT: Modulated
electro-hyperthermia
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In our study, mEHT group had a longer OS than the no-mEHT group (20 mo vs 9 mo, P < 0.001).
This effect was present also among 2 70 years patients (20 mo, range 3-27 vs 8 mo, range 1-
47, P < 0.01). mEHT group had also a median PFS greater than non-mEHT group (7 mo, range
2-24, vs 5 mo, range 0.4-41, P < 0.05). OS improvement was observed in other studies when
MEHT was associated with CHT, resulting in an OS of 12.9 mo (95%Cl: 9.9-15.9) and disease
control rate of 50% in pancreatic cancer treatment [35-38]. Other studies on mEHT reported
an OS of 8.9-19 mo and a PFS of 3.9-12.9 mo in advanced pancreatic adenocarcinoma [25-
28,32,33]. The results of our study are in agreement with the above data, even if they used
different types of deep hyperthermia devices but similar CHT regimens.

OS improvement was of particular interest for elderly patients who suffer most from side
effects of CHT. The analysis of OS by age 2 70 years or < 70 years showed that there was no
difference in OS between mEHT 2 70 years and < 70 years, whereas no-mEHT < 70 years had
a higher OS than no-mEHT 2 70 years group (12 mo range 1-56 vs 8 mo range 1-47, P = 0.01).
These data would recommend to use mEHT in elderly patients instead of a second or third
line of CHT with heavy side effects.

The combination mEHT with CHT also improved tumor response, disease control rate (DCR =
96%), as it was reported in other studies (DCR = 71%-96%)[21,23,24,29]. mEHT group had a
higher number of PR (45% vs 24%, P = 0.0018) and a lower number of progressions (PD) (4%
vs 31%, P < 0.001) than the no-mEHT group. This was also reported in other studies, showing
higher DCR of mEHT group than that of no-mEHT group (96% vs 77%, P < 0.05)[16-19].
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Figure 3 Overall survival of modulated electro-hyperthermia (mEHT) and no-mEHT
groups divided by age. Dots represent censors, cloud area represent 95%CIl. mEHT:
Modulated electro-hyperthermia.

Adverse events that were related to hyperthermia were observed in 2.6% of the sample,
showing G1- 2 pain and a skin burns. These data agree with toxicity reported in other studies
(5%) and suggest that mEHT-related toxicity is low[25,28,33]. Little has been published on the
possible cardiotoxicity of radiofrequencies produced by mEHT when applied to the upper
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abdomen, in locations close to the heart. Twenty-one patients out 89 treated with mEHT were
evaluated by electrocardiogram, echocardiogram before and after treatment with mEHT. We
observed that upper abdominal mEHT does not generate rhythm disturbance, changes in
electrocardiogram, cardiac morphology and blood pressure elevation.

The novelty of this study is the accurate reporting of a significant number of patients treated
with mEHT compared with an equally large number of patients who received second and third-
line CHT. The data on such a large total number of patients (217) and on the therapeutic effect
of mEHT against PC has not been published before in the literature, of particular interest is
also the improvement the of older patients’ prognosis of older patients that reaches values
comparable to that observed in younger patients.

The observational and retrospective nature of the study is the main limitation together with
the long period of observation and inclusion from 2003 to 2021 during which many diagnostic
and therapeutic approaches were modified and the still low number of patients treated with
mMEHT due the limited number of centers using mEHT in Italy. Future immunological research
for PC treatment should be directed on circulating tumor cells (CTCs). It should be of interest
characterize the transcriptomes of human pancreatic ductal adenocarcinoma CTCs, primary,
and metastatic lesions at single-cell scale. Cell-interaction analysis and functional studies in
vitro and in vivo reveal that CTCs and natural killer (NK) cells interact via the immune
checkpoint molecule pair HLA-E:CD94-NKG2A. The breakdown of this interaction by blockade
of NKG2A or knockdown of HLA-E expression could enhance NK-mediated tumor cell killing in
vitro and prevents tumor metastasis in vivo[43].

Other methods of hyperthermia when the tumor is metastatic are currently being studied
such as whole body hyperthermia but still seem to be at an early stage of application in clinical
practice or burdened with excessive complexity[44].

Our study would like to open a new avenue in the treatment of locally advanced pancreatic
cancer including mEHT in therapeutic options, since the results of CHT alone are not
satisfactory. Itis also necessary to know that the centers that practice hyperthermia at a good
level are few both in Europe and in the World. Therefore, it is not easy to reach case studies
with numerous patients to implement randomized trials. Future studies with a greater number
of patients and randomized protocols are needed to confirm these results.

CONCLUSION

Skilled doctors who use RHT on a daily basis argue that the reasons for the progress hampered
in this field are not the lack of effectiveness of technique but the paucity of qualified
hyperthermia centres, lack of quality assurance processes, poor temperature monitoring and
heterogeneous practices, lack of funding, poorer tolerance of older technology, limited access
for the patients.

To overcome these limitations, we performed this study on a disease with high lethality where
current therapeutic options in advanced stages are still unsatisfactory.
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Therefore, our observations do not have the value of a prospective randomized study with
defined and adequate times and methods of unfolding but, this study, despite many
limitations, showed that mEHT group had improved OS and disease control rate in stage llI-IV
pancreatic cancer. These data are also reported for elderly patients. These data suggest that
the association of mEHT to CHT is effective for the treatment of pancreatic tumors. mEHT was
safe and had only mild toxicity. Notably not adding any toxicity compared to CHT. We hope
that the results of our study will orient the scientific community to perform prospective,
randomized, clinical study to further define the mEHT safety and efficacy in pancreatic cancer
patients.

ARTICLE HIGHLIGHTS
RESEARCH BACKGROUND

Modulated Electro- Hyperthermia (mEHT) optimize the distribution of drugs in cancer cells,
improves lood circulation, increases district oxygen level, reduces DNA repair and promotes
cancer cell death. mEHT is effective for different types of tumors and also in pancreatic
adenocarcinoma resulting in better tumor response and longer survival, as reported in clinical
case series and phase |l studies.

RESEARCH MOTIVATION

Pancreatic cancer is generally refractory to chemotherapy (CHT) and radiotherapy because
of its low perfused and hypoxic microenvironment that reduces the efficacy and sensitivity
to these treatments. The high heterogeneity of pancreatic cancer cells is counteracted by
mEHT, which selectively damages the external membrane of cancer cells that have different
energy uptake on the membrane rafts from healthy tissue, inducing immunogenic death of
cancer cells or apoptosis.

RESEARCH OBJECTIVES

The aim of this study was to assess the advantages of mEHT in association to CHT compared
to CHT alone in locally advanced or metastatic pancreatic tumors.

RESEARCH METHODS

This was a retrospective data collection on patients affected by metastatic or locally
advanced pancreatic cancer performed in 9 Italian centres. This study included 217 patients,
128 (59%) of them were treated with CHT (no-mEHT) and 89 (41%) patients received mEHT
alone or in association with CHT. mEHT treatments were performed applying a power of 60-
150 watts for 40-90 min two or three times a week for 4-6 wk.
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RESEARCH RESULTS

MEHT group had a median overall survival (OS) greater than non-mEHT group (20 mo, range
1.6-24, vs 9 mo, range 0.4-56.25, P < 0.001). mEHT group showed a higher number of partial
responses (45% vs 24%, P = 0.0018) and a lower number of progressions (PD) (4% vs 31%, P <
0.001) than the no-mEHT group, at the three months follow-up. Adverse events were observed
in 2.6% of mEHT sessions.

RESEARCH CONCLUSIONS

The results obtained in this study provided new evidence that mEHT is safe and has beneficial
effects on survival and tumor response of stage lll-IV pancreatic tumor treatment. Further
studies are warranted.

RESEARCH PERSPECTIVES

This multicentre retrospective observational comparative study on 217 patients provides
further evidence that mEHT improved OS and disease control rate in stage IlI-IV pancreatic
cancer. This study would like to open a new avenue in the treatment of locally advanced
pancreatic cancer including mEHT in therapeutic options, since the results of CHT alone are
not satisfactory.
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