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Abstract

BACKGROUND

An increasing number of studies report the beneficial effects of regional
hyperthermia in association with chemotherapy (CHT) and radiotherapy for the
treatment of pancreatic cancer; in particular, the use of modulated electro-
hyperthermia (mEHT) results in increased survival and tumor response.

AIM
To compare outcomes of CHT alone or in association with mEHT for the
treatment of stage Il and IV pancreatic cancer.

METHODS
This was an observational retrospective study; data were collected for patients
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with stage III-IV pancreatic cancer that were treated with CHT alone or in
combination with mEHT from 2003 to 2019. A total of 158 patients were included
in the study out 270 patients screened in four Italian hospitals; 58 (37%) of these
received CHT + mEHT and 100 (63%) CHT. CHT was mainly gemcitabine-based
regimens in both groups.

RESULTS

Overall (19.5 mo vs 11.02 mo, P < 0.001) and progression-free (12 mo vs 3 mo, P <
0.001) survival were better for the CHT + mEHT group compared to the CHT
group. The association of mEHT resulted also in an improvement of tumor
response with disease control rate 95% vs 58% (P < 0.001) at 3 mo. Toxicity was
comparable in the two study groups, and mEHT related adverse events were
limited in 8 patients presenting G1-2 skin burns.

CONCLUSION
The addition of mEHT to systemic CHT improved overall and progression-free
survival and local tumor control with comparable toxicity.

Key Words: Modulated electro-hyperthermia; Locally advanced pancreatic cancer; Tumor
response; Survival

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Modulated electro-hyperthermia is a relatively new regional hyperthermia
method. It targets tumor cell membranes and extracellular matrix to increase their
temperature. New studies have appeared in tumor palliation reporting incremental
benefits of chemotherapy and radiotherapy and few additional side effects. In patients
with stage III and IV pancreatic cancer, modulated electro-hyperthermia in association
with chemotherapy results in significant improvements of overall and progression-free
survival and tumor response with comparable toxicity.

Citation: Fiorentini G, Sarti D, Ranieri G, Gadaleta CD, Fiorentini C, Milandri C, Mambrini A,
Guadagni S. Modulated electro-hyperthermia in stage III and IV pancreatic cancer: Results of
an observational study on 158 patients. World J Clin Oncol 2021; 12(11): 1064-1071

URL: https://www.wjgnet.com/2218-4333/full/v12/i11/1064.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i111.1064

INTRODUCTION

Pancreatic cancer has one of the worst prognoses in oncology, with a 5-year overall
survival (OS) of 9%, and is the seventh most common cause of cancer deaths in the
world in 2018[1]. Adenocarcinoma is the main morphology of this tumor (90%), and its
incidence and mortality are increased during the last 2 decades[1]. Surgery followed
by adjuvant therapy is the only curative treatment of pancreatic tumors; however, only
10%-20% of them are resectable at diagnosis, whereas 30%-40% are locally advanced
and 50%-60% are metastatic.

Non-metastatic, locally advanced pancreatic cancer (LAPC) can be treated with
neoadjuvant chemotherapy or chemoradiotherapy to allow surgical resection.
Gemcitabine in association with nab-paclitaxel and FOLFIRINOX (leucovorin,
fluorouracil, irinotecan, oxaliplatin) for fit patients are two current standard first-line
options in LAPC, but they have high toxicity and often low efficacy[2-4]. Pancreatic
cancer is quite resistant to radiotherapy (RT) and chemotherapy (CHT) because of its
hypoxic microenvironment that diminishes sensitivity to these therapies. In order to
increase tumor response, the use of regional hyperthermia is often associated to CHT
and RTI[5]. Regional hyperthermia (RHT) efficacy in cancer remission is well known,
indeed, it enhances drug delivery and diffusion inside the tumor cells, improves blood
flow, reduces hypoxia, and inhibits DNA repair, resulting in apoptosis[6].

RHT is achieved by increasing the cancer cells” temperature to 39.5-43 °C with an
external device. A new method of RHT has been recently developed: The modulated
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electro-hyperthermia (mEHT) that is performed with a 13.56 MHz capacitive coupled
device. It targets malignant cell membranes and extracellular matrix, allowing to
overcome the issue of reaching deep tumors and achieving homogenous heating[7,8].
The mEHT has comparable benefits to other RHT methods and improves survival and
local tumor control for several tumors, including pancreatic cancer[9-11].

MATERIALS AND METHODS

Patient selection

This was a large retrospective observational multicentric study aimed to compare
outcomes of chemotherapy alone or in association with mEHT for the treatment of
locally advance pancreatic cancer, in terms of survival and tumor response. Data were
collected retrospectively, and patients were selected according to the following
inclusion criteria: > 18 years, stage III and IV pancreatic cancer, treatment with CHT
alone or in combination with mEHT, and informed consent signed. Patients were
excluded from the study if they had a pacemaker, bilirubin, or transaminase level > 3
times the normal value upper range level or bleeding.

From January 2003 to December 2019, 270 patients with stage III and IV pancreatic
cancer were screened in four Italian hospitals; 158 of these patients met the inclusion
criteria and were included in the study, 58 (37%) of these received CHT + mEHT and
100 (63%) CHT alone. CHT was mainly gemcitabine-based regimens in both groups.

mEHT protocol and device

Modulated electro-hyperthermia was performed using the EHY-2000plus device
(CE0123, Oncotherm, Torisdorf, Germany), applying a radiofrequency current of 13.56
MHz as carrier frequency that was modulated by time-fractal fluctuation. The energy
was transferred by capacitive coupling, with precise impedance matching[12].

The hyperthermia protocol included three mEHT treatments/week for 2 mo,
starting at a 60 W power for 40 min. Following treatments were performed by
increasing the power up to 150 W and the time up to 90 min in 2 wk. mEHT was
administered after CHT or within 48 h, in order to couple the high drug blood concen-
tration with the modulated electro hyperthermia and optimize their synergy.

The majority (95%) of gemcitabine-based treatments were administered on the same
day of electro-hyperthermia 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 system-
ically in concentrations greater than 1 pmol/L up to 1 wk after infusion[13].

Outcome measures

The primary outcome was to monitor OS and progression free survival (PFS). OS was
considered from diagnosis to death or last follow up date; PFS was considered from
treatment start to date of progression.

Secondary outcome was local tumor control and toxicity. Response Evaluation
Criteria in Solid Tumors version 1.4 was used for tumor assessment from magnetic
resonance imaging or computed tomography scans. Complete response (CR) was
considered when all target lesions disappeared. Partial response (PR) was considered
when the sum of diameters of all target lesions was reduced of at least 30%.
Progressive disease (PD) was considered when the sum of diameters of all target
lesions was increased of at least a 20%, or one or more new lesions appeared. Stable
disease (SD) was considered when the sum of diameters of all target lesions reduced <
30%, increased < 20%, or did not change.

Toxicity was assessed with Common Terminology Criteria for Adverse Events
version 5.0.

Statistical analysis

Age and survival were reported as median and ranges; frequencies were reported as
percentages. Kaplan-Meier non parametric estimates was used for OS and PFS
analysis, reporting survival probability on the y axis and time in months on the x axis.
Chi square test, Student’s ¢ test, and log-rank test were used for statistical significance,
and P < 0.05 was used to indicate statistically significant differences.
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RESULTS

Sample characteristics

The study included 158 consecutive patients, 58 (37%) of these received CHT + mEHT
and 100 (63%) CHT alone. The two sub groups had similar characteristics concerning
gender distribution, presence and site of metastases, and previous surgery (Table 1).
Some differences were found between CHT + mEHT and CHT groups in median age
(64 vs 69 years, P = 0.013), previous RT (2% vs 12%, P = 0.023), number of previous
CHT lines (2 Lines: 19% vs 35%, P = 0.037), and type of chemotherapy. Gemox was the
most used chemotherapy in CHT + mEHT group (P = 0.004), whereas FOLFOX and
FOLFIRINOX were used only in CHT group (P < 0.05).

Survival

Median OS was greater for CHT + mEHT group than CHT group (19.5 mo vs 11.02 mo,
P < 0.001); also PFS was improved (12 mo vs 3 mo, P < 0.001) for the CHT + mEHT
group (Figure 1A and B).

Tumor response

The association of mEHT resulted also in an improvement of tumor response at the 3
mo time point, with a disease control rate (DCR) 95% wvs 58% (P < 0.001) in CHT +
mEHT group and CHT group, respectively (Table 2). CHT + mEHT group, in
particular, had a greater PR (52% vs 14%, P < 0.001) and lower PD (5% vs 58%, P <
0.001) than CHT group.

Adverse effects and safety
Each patient received an average of 13 (range = 4-28) sessions of mEHT. Out of a total
of 754 mEHT delivered sessions, the safety assessment of mEHT showed a limited
number of adverse events 23/754 (4%). mEHT toxicity consisted of skin pain in 15
(3%) patients and burns in 8 (1%).

All these side effects were G1-G2 intensity and resolved with local medications and
discontinuation of treatment for 1 wk. All patients were evaluated before and after
mEHT with electrocardiogram and cardiac ultrasound. No one had cardiac toxicity.

DISCUSSION

Hyperthermia has been used as cancer therapy for decades, especially for its benefits
in enhancing chemotherapy and radiotherapy efficacy[6,14-22]. mEHT has been more
recently introduced among hyperthermia methods, targeting malignant cell
membranes and the extracellular matrix and overcoming the issue of homogenous
tissue heating[7,8]. The efficacy of mEHT was shown for several types of tumors,
including pancreatic cancer, increasing tumor response and survival[5,9,15-21].

The current study showed that mEHT improved OS (19.5 mo vs 11.02 mo, P < 0.001)
and PFS (12 mo vs 3 mo, P < 0.001), resulting also in an increased tumor response with
DCR 95% vs 58% (P < 0.001) than CHT alone. Toxicity was comparable in the two
study groups and hyperthermia-related adverse events were mainly G1-2.

The beneficial effect of hyperthermia on survival of locally advanced pancreatic
cancer was reported if combined with chemotherapy by Tschoep-Lechner, reporting in
23 patients an OS 12.9 mo (95%CI: 9.9-15.9) and a DCR in 16 patients with available CT
scans of 50%[20].

Similar results are observed when associated to chemo-radiotherapy (CRT). Three
studies, in particular, showed OS of 8.8-15 mo vs 4.9-11 mo (P < 0.05) in the association
group than CRT alone group and PFS = 18.6 mo vs 9.6 mo (P = 0.01)[17-19]. The
association of CHT to RHT also result in encouraging survival: Median OS of 12.9-17.7
mo, 1-year OS = 41% and 2-year OS = 15%[15-17]. Similar survivals are reported by
other four studies on mEHT for the treatment of locally advanced pancreatic
carcinoma, OS of 8.9-19 mo and PFS of 3.9-12.9 mo[9-11]. The results of the present
study were in agreement with the above data, showing OS of 19.5 mo and PFS of 12
mo for CHT + mEHT group. In OS analysis, the survival curve was crossed; this may
be due to the fact that stage III-IV pancreatic cancer has always had a poor outcome
and, inevitably, when comparing the curves of two treatments, they cross because all
patients had died.

Improvements were reported also in tumor response for locally advanced
pancreatic carcinoma a consequence of the association of CHT to mEHT with a DCR of
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Table 1 Sample characteristics

CHT + mEHT, n (%) CHT, n (%) P value
Median age (range) 64 (38-82) 69 (34-92) 0.013
M 39 (67) 57 (57) 0.204
F 19 (33) 43 (43)
Non-Metastatic 16 (28) 37 (37) 0.223
Metastatic 42 (72) 63 (63)
Site of Metastases
Liver 40 (61) 51 (70) 0.164
Peritoneum 16 (24) 6(8)
Lymph nodes 9 (14) 6(8)
Lung 12 8 (11)
Previous surgery 14 (24) 24 (24) 0.981
Previous RT 1(2) 12 (12) 0.023
Previous CHT 52 (90) 52 (52) <0.001
Number of previous CHT lines
1 31 (60) 25 (48) 0.334
2 10 (19) 18 (35) 0.037
>3 11 (21) 9(17) 0.619
Type of CHT
Gemox 28 (54) 12 (23) 0.004
Gemcitabine 12 (23) 7 (13) 0.205
Gemcitabine abraxane 16 (31) 15 (29) 0.830
FOLFIRINOX 0 (0) 5 (10) 0.022
FOLFOX 0 (0) 4(8) 0.041
Other 2 (4) 9(17)

Significative values were reported in bold. mEHT: Modulated electro-hyperthermia; CHT: Chemotherapy; RT: Radiotherapy.

Table 2 Tumor response at 3 mo

CHT + mEHT, n (%) CHT, n (%) P value
DCR 40 (58) <0.001
PR 13 (14) <0.001
SD 27 (28) 0.064
PD 56 (58) <0.001

Significative values were reported in bold. mEHT: Modulated electro-hyperthermia; CHT: Chemotherapy; DCR: Disease control rate; PR: Partial response;

SD: Stable disease; PD: Progressive disease.

JBaishideng®
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95% that were in agreement with previous data: DCR of 71%-96%[8-11] and resulted
higher than that reported by CHT associated with local hyperthermia, showing a DCR
of 50%-61%[17-19]. The level of hyperthermia related toxicity was 5% as reported by
other studies, showing G2 pain and a skin rash and 5% grade III-IV toxicity[15,18].
These data suggest that RHT increases CRT and CHT benefit both in terms of median

OS and in DCR in pancreatic cancer with a low toxicity.
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The main limitations of this study were due to the observational nature of this study
that resulted in some imbalances distribution between the two subgroups as
concerning number of patients and median age, since CHT group had a greater
number of subjects (100 vs 58) that were of median older age (69 years vs 64 years) than
CHT + mEHT group. Age should not be considered an issue, since the improvement of
survival and tumor response was observed also in older patients (> 65 years) with
stage III and IV pancreatic cancer[9]. Further prospective, randomized trials on a
larger number of patients are required to develop these initial data.

CONCLUSION

The addition of mEHT to systemic CHT improved OS and PFS and local tumor control
with comparable toxicity.

ARTICLE HIGHLIGHTS

Research background

Hyperthermia has been used as cancer therapy for decades, especially for its benefits
in enhancing chemotherapy and radiotherapy efficacy. Modulated electro-
hyperthermia (mEHT) is a relatively new method of hyperthermia that targets
malignant cell membranes and the extracellular matrix, overcoming the issue of
homogenous tissue heating.

Research motivation
The efficacy of mEHT is known for several types of tumors, including pancreatic
cancer. Pancreatic cancer has a poor prognosis, and the combination of mEHT with
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chemo- and/or radiotherapy might be important to increase tumor response and
improve survival.

Research objectives
The aim of this study was to compare outcomes of chemotherapy (CHT) alone or in
association with mEHT for the treatment of locally advanced pancreatic cancer.

Research methods

Data were collected retrospectively from a cohort of 158 consecutive patients with
stage III-IV pancreatic cancer that were treated with CHT alone (63%) or in
combination with mEHT (37%) from 2003 to 2019. These data included patients’
characteristics, type of chemotherapy, previous surgery or radiotherapy, tumor
response, survival, progression free survival, and adverse events.

Research results

The evaluation of survival showed that CHT + mEHT group had a longer overall (19.5
mo vs 11.02 mo, P < 0.001) and progression free (12 mo vs 3 mo, P < 0.001) survival.
The association of mEHT improved also tumor response with disease control rate 95%
vs 58% (P < 0.001). Toxicity was comparable in the two study groups and
hyperthermia-related adverse events were mainly G1-2.

Research conclusions

The results obtained in this study provided new evidence that mEHT improved
survival and tumor response, delaying the progression insurgence. The introduction of
mEHT, moreover, did not influence chemotherapy tolerability, and hyperthermia-
related adverse events were limited.

Research perspectives

This observational study provides further evidence that mEHT association to
chemotherapy can enhance its benefit in pancreatic cancer patients. Further studies are
required to confirm these results in a large cohort study and to evaluate treatment
safety and efficacy.
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