livers

Review

Electrochemotherapy for Colorectal Liver Metastasis: What
Interventional Radiologists Need to Know

Alessandro Posa 1, Pierluigi Barbieri L*([ Marcello Lippi 1 Alessandro Maresca 1, Edoardo Vincenzo Andreani ! and

Roberto Iezzi 12

check for
updates

Academic Editor: Fabrizio Romano

Received: 4 December 2024
Revised: 13 January 2025
Accepted: 16 January 2025
Published: 7 February 2025

Citation: Posa, A.; Barbieri, P; Lippi,
M.; Maresca, A.; Andreani, E.V.; lezzi,
R. Electrochemotherapy for Colorectal
Liver Metastasis: What Interventional
Radiologists Need to Know. Livers
2025, 5,6. https://doi.org/10.3390/
livers5010006

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

Emergency and Interventional Radiology Unit, Department of Diagnostic Imaging and Oncologic
Radiotherapy, Fondazione Policlinico Universitario “Agostino Gemelli”—IRCCS, 00168 Rome, Italy;
alessandro.posa@policlinicogemelli.it (A.P.); marcello lippi0l@icatt.it (M.L.);
alessandro.maresca02@icatt.it (A.M.); edoardo.andreani0l@icatt.it (E.V.A.);
roberto.iezzi@policlinicogemelli.it (R.L.)

Faculty of Medicine and Surgery, Catholic University of Sacred Heart, 00168 Rome, Italy

*  Correspondence: pierluigi.barbieri@policlinicogemelli.it

Abstract: The global burden of liver metastases from different primary lesions is increasing,
resulting in significant challenges for public health systems. Accordingly, colorectal cancer
(CRC) remains a leading cause of cancer-related mortality, with a high incidence of liver
metastases. Although surgical resection is considered the standard curative treatment, it is
only viable for a limited subset of patients. This review aims to describe a potential alterna-
tive nonsurgical intervention, such as electrochemotherapy (ECT), in the treatment of CRC
oligometastatic liver disease. ECT has been largely used for the treatment of cutaneous and
subcutaneous lesions, while its visceral use is currently a novel approach. ECT consists of
the administration of intravenous anticancer drugs, followed by the application of intrale-
sional electrode needles, which release localized electrical pulses to induce electroporation,
a process that transiently increases cell membrane permeability, thereby facilitating the
intracellular delivery of otherwise membrane-impermeable drugs. The main topics of
this review focus on the technical and clinical applications, efficacy, safety, and possible
complications of ECT for CRC liver metastases. A comparison with other locoregional
treatments is also performed, highlighting possible advantages and disadvantages.
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1. Introduction

Colorectal cancer (CRC) is one of the most prevalent cancers globally, ranking as the
third most commonly diagnosed cancer and the second leading cause of cancer-related
deaths, with an estimated 1.9 million new cases and 935,000 deaths in 2020 alone [1]. The
incidence of CRC varies significantly across regions, with the highest rates observed in
high-income countries such as the United States, Canada, Australia, and much of Europe,
where the disease primarily affects individuals aged 50 and older. However, there is a
concerning trend of increasing CRC incidence among younger individuals, particularly
in regions with Westernized lifestyles characterized by poor diet, physical inactivity, and
obesity [2]. CRC is currently the third most frequently diagnosed cancer and the second
leading cause of cancer-related deaths globally, with 25-30% of CRC patients progressing to
develop liver metastases [2]. Liver metastases represent a significant challenge in oncology,
often indicating an advanced-stage disease with a poor prognosis [3]. As the liver is a com-
mon site for metastatic spread from various primary cancers, including colorectal, breast,
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and neuroendocrine tumors, effective local treatment options are crucial for improving
patient outcomes [3]. Liver metastasis significantly impacts prognosis, with patients who
have metastases typically experiencing a 5-year survival rate of less than 10%, compared to
over 90% for those with localized disease [4]. While surgical resection remains the gold
standard for curative intent, many patients are not suitable candidates due to the extent
of disease, underlying liver dysfunction, or comorbidities [5]. In fact, only a quarter of
CRC patients with liver metastases are eligible for resection [5]. Locoregional non-surgical
interventions, including tumor ablation, offer alternative treatment strategies for patients
who are not candidates for surgical resection. The European Society of Medical Oncol-
ogy (ESMO) includes local ablation procedures in its consensus guidelines for metastatic
colorectal cancer (mCRC) [6]. These interventions encompass thermal techniques such
as radiofrequency ablation (RFA), microwave ablation (MWA), and cryoablation, as well
as non-thermal modalities like stereotactic body radiation therapy (SBRT), brachyther-
apy (also referred to as interventional radiotherapy, IRT), and both irreversible (IRE) and
reversible electroporation, the latter which finds its application as electrochemotherapy
(ECT) [7-13]. The selection of the best and most appropriate treatment is influenced by
various factors, including the characteristics of the target lesion, and requires thorough
discussion in multidisciplinary meetings in order to personalize the treatment for every
patient and the lesion’s characteristics [14]. Thermal ablation techniques are increasingly
recognized as viable alternatives to open surgery for both primary and secondary liver
tumors [15], although limitations exist regarding the size and number of target lesions
according to the latest BCLC guidelines [16]. In such instances, chemoablation, particularly
electrochemotherapy, represents a valuable adjunct to local treatment options. In recent
years, ECT has emerged as a promising minimally invasive treatment modality for liver
metastases. This technique combines the administration of chemotherapeutic agents with
the application of electric pulses to the tumor site, enhancing drug uptake and cytotoxic-
ity [17]. ECT has shown potential in treating various solid tumors, and its application in
liver metastases has garnered increasing attention from clinicians and researchers alike [13].
The European Standard Operating Procedures for Electrochemotherapy (ESOPE) has estab-
lished guidelines for the application of ECT in cutaneous tumors [18], and its efficacy has
been extended to deep-seated tumors, including those in the liver. Being a non-thermal
technique, ECT offers several advantages over other ablative treatments for the liver, such
as its ability to treat lesions near or inside critical anatomical structures (i.e., main portal
trunk, inferior vena cava, main biliary duct, hepatic artery) while sparing healthy tissues,
the possibility of repetition, its independence from tumor histology, and its applicability
as a local therapy between chemotherapy cycles of treatment. The existing literature in-
dicates that patients generally tolerate ECT well, reporting minimal side effects and no
significant discomfort, nausea, or systemic adverse effects [19,20]. The aim of this narrative
review of the recent literature is to investigate the role of ECT in the treatment of mCRC,
and to provide a comprehensive overview, covering its physical principles, procedural
techniques, safety profile, adverse events, effectiveness, future perspectives, and ongoing
clinical trials. By examining the current state of knowledge and ongoing research, we seek
to elucidate the role of ECT in the management of liver metastases and its impact on patient
care. Furthermore, a direct comparison with other locoregional treatments was made in
order to facilitate the use of ECT in clinical practice, to underline the main advantages and
disadvantages, and to help physicians in clinical applications.

Methodology

This review consisted of an advanced search on PubMed, Cochrane, and Scopus to
identify comprehensive articles evaluating the efficacy and safety of electrochemotherapy in
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mCRC with secondary liver lesions. The search focuses exclusively on full-text clinical stud-
ies of mCRC patients treated with ECT alone, excluding conference papers, surveys, letters,
editorials, and book chapters. The search was also limited to English-language publications
between 2003 and 2023, aimed to ensure relevance within the selected timeframe. The inclu-
sion criteria encompassed randomized-controlled trials (RCTs), prospective, retrospective,
and cohort studies utilizing percutaneous or surgical ECT.

2. Physical Principles

The fundamental principle underlying ECT is electroporation, a phenomenon in which
the application of short, high-intensity electric pulses temporarily increases the perme-
ability of cell membranes [19,20]. This process creates transient pores in the membrane’s
lipid bilayer, allowing for enhanced intracellular delivery of otherwise poorly permeable
molecules, such as certain chemotherapeutic agents. Electroporation occurs when an ex-
ternal electric field of sufficient strength is applied to a cell, inducing a transmembrane
voltage that exceeds a critical threshold. This leads to the formation of pores in the lipid
bilayer, dramatically increasing membrane permeability. This process can be reversible
or irreversible, depending on the electric field parameters and exposure duration. In the
context of ECT, reversible electroporation is desired, as it allows for the temporary per-
meabilization of tumor cells without causing immediate cell death. This transient state
enables the efficient uptake of chemotherapeutic agents, which can then exert their cyto-
toxic effects intracellularly [21,22]. The reversibility or irreversibility of electroporation
mainly depends on two electric pulse characteristics: electric field strength and time pulse
length. Many chemotherapeutics have been clinically tested in preclinical studies, but
bleomycin and cisplatin are currently the two chemotherapeutics most used in association
with ECT. After the drug administration, either intravenous or intratumoral, a short time
interval is required for drugs to penetrate the tumoral tissue. Bleomycin is responsible
for multiple DNA breaks, while cisplatin causes intrastrand and interstrand DNA bonds
in tumoral tissue cells. ECT primarily utilizes the hydrophilic chemotherapeutic agents
mentioned above, which normally have limited membrane permeability. The current most
commonly used drug in clinical practice is bleomycin, a large, hydrophilic molecule with
potent cytotoxic effects [23]. When combined with electroporation, the intracellular concen-
tration of bleomycin can increase by several orders of magnitude, significantly enhancing
its therapeutic efficacy. The cytotoxic effect of antitumoral drugs in ECT is increased
1000-fold for bleomycin and 80-fold for cisplatin; cells in the active mitotic phase may
exhibit non-repairable DNA damage due to the action of bleomycin or cisplatin and induce
cell apoptosis [24]. In addition to enhancing drug delivery, the application of electric pulses
in ECT has been observed to induce a transient “vascular lock” in the treated area. This
phenomenon, characterized by a reduction in blood flow, can contribute to the treatment’s
effectiveness by prolonging the exposure of tumor cells to the chemotherapeutic agent and
potentially inducing ischemic damage to the tumor tissue [25]. Emerging evidence suggests
that ECT may have a role in the immune response. The localized cell death induced by
ECT can lead to the release of tumor antigens and damage-associated molecular patterns
(DAMPs), potentially activating the immune system against the tumor. Since ECT does not
cause protein denaturation, any tumor-specific antigen may be released in its intact form
and recognized by inflammatory cells that migrate to the tumor lesion [26,27].

3. Procedural Technique

Electrochemotherapy on liver metastases can be performed percutaneously, laparo-
scopically, or during open surgery, depending on the tumor location, size, and number
of lesions [28,29]. Prior to the procedure, detailed imaging studies, typically contrast-
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enhanced CT or MR, are performed to accurately locate and characterize the liver metas-
tases (Figure 1). This information is crucial for treatment planning, including electrode
placement and determination of the treatment volume. The chemotherapeutic agent, most
commonly bleomycin, is administered either intravenously or intratumorally. For intra-
venous administration, bleomycin is typically given at a dose of 15,000 IU/m? body surface
area. The electric pulses are applied within a specific time window after drug administra-
tion, usually 8-28 min for intravenous bleomycin, to ensure optimal intratumoral drug
concentration. Electrode placement into the lesion is a critical step in the ECT procedure,
and its planning must be carefully performed in order to achieve the best clinical results.
Various electrode configurations are available, including needle electrodes for deep-seated
tumors and plate electrodes for superficial lesions [30]. For liver metastases, multiple long
single-needle electrodes or hexagonal electrode arrays are often used [30,31]. The electrodes
are inserted into and around the neoplasm under imaging guidance, typically ultrasound
or CT, to ensure accurate positioning (Figure 2) [32]. The arrangement of electrodes aims to
create an electric field that encompasses the entire tumor volume and a safety margin of
surrounding tissue [33]. Once the electrodes are in place and the optimal time window for
drug distribution is reached, electric pulses are delivered using the electroporation device.
The standard ECT protocol typically involves the application of eight pulses of 100 ps
duration at a frequency ranging from 1 Hz to 5 kHz, with a median duration of 25 min. The
applied voltage is adjusted based on the distance between electrodes to achieve the desired
electric field strength, usually around 1000 V/cm. For patients with multiple liver metas-
tases, the procedure can be repeated to treat different lesions in the same session. However,
care must be taken to avoid exceeding the maximum safe dose of the chemotherapeutic
agent, which is capped at 30,000 IU/m?, adjusted by age and creatinine [34]. Following
the procedure, patients are monitored for potential complications and treatment response.
Imaging studies are typically performed at regular intervals to assess tumor response and
to guide further management.

Figure 1. Metastases of CRC, hepatic dome.
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Figure 2. ECT, electrode insertion encompassing lesion.

4. Safety

ECT for liver metastases has demonstrated a favorable safety profile in clinical studies,
with a low rate of serious adverse events [35]. However, as with any medical procedure,
there are potential risks and safety considerations that need to be addressed. Proper patient
selection is crucial for ensuring the safety and efficacy of ECT. Patient stratification plays a
critical role in clinical outcomes, with particular attention to liver function and performance
status. Contraindications to ECT include severe coagulation disorders, significant cardiac
arrhythmias, and epilepsy. Furthermore, several safety measures are necessary during the
ECT procedure, including cardiac synchronization with the electrocardiogram (ECG), to
avoid the vulnerable period of the cardiac cycle during electric pulse delivery, reducing
the risk of arrhythmias [36]. It is important to perform ECT under general anesthesia or
deep sedation, with careful and constant monitoring of vital signs, in a fully equipped
suite. A two-step analgosedation has been described, proposing an initial collaboration of
the patient during needle insertion using superficial sedation only, via administration of
midazolam (0.01-0.02 mg/kg), followed by a deep sedation with propofol and remifen-
tanil [37]. From a technical point of view, when treating liver lesions, special attention
must be paid to protecting surrounding structures, to avoid non-target positioning of the
needle electrodes and subsequent organ perforation. Nonetheless, several studies have
demonstrated a good safety profile of ECT, with neither indirect nor heat-/electric-induced
effects on surrounding structures during the activation of the needles, nor thrombosis or
other clinically significant damage to large blood vessels and bile ducts in the liver [38,39].

5. Adverse Events

Even though ECT is generally well tolerated by patients, various adverse events have
been reported in clinical studies. Adverse events associated with ECT for liver metastases
are mostly transient, mild to moderate in severity, mainly related to drug-induced alter-
ations, and can be managed conservatively. Post-procedural pain is common but usually
manageable with off-the-counter analgesics. Fever, nausea, vomiting, and diarrhea are
often related to the chemotherapeutic agent and can be controlled with medical therapy.
Patients may experience fatigue for several days following the procedure. Bleomycin
can determine dermatographism as well as skin hyperpigmentation in body parts that



Livers 2025, 5, 6

6 of 12

undergo traumatism during the treatment (e.g., adhesive tape for intubation, ECG electrode
placement) [40]. A mild to moderate increase in liver enzymes is common and usually
resolves spontaneously. Systemic administration of bleomycin can cause myalgia, which is
usually self-limiting. While rare, bleomycin-induced lung fibrosis is a potential concern,
particularly in patients with pre-existing lung disease or those receiving high cumulative
doses; a pre-treatment chest CT evaluation is therefore useful for patient screening. Proper
patient education, close monitoring, and prompt intervention when necessary are key to
minimizing the impact of these events on patient outcomes.

6. Effectiveness

The effectiveness of ECT for liver metastases has been demonstrated in several clinical
studies [28,35,41,42], although large-scale and multi-centric randomized controlled trials
are still lacking. The assessment of treatment efficacy typically involves the evaluation of
tumor response, local control rates, and the impact on patient survival. Tumor response to
ECT is generally assessed using the Response Evaluation Criteria in Solid Tumors (RECIST)
or modified RECIST (mRECIST) criteria. In a study by Spallek and colleagues, the objective
response rate (ORR) was 85.7% (complete response (CR) 61.9%, partial response (PR) 23.8%);
the mean progression-free survival (PFS) was 9.0 & 8.2 months, and the overall survival
(OS) was 11.3 £ 8.6 months [41]. ECT showed the best performance (in terms of PFS and
OS) in lesions between 3 and 6 cm in diameter (p = 0.0242 and p = 0.0297, respectively).
The efficacy of ECT did not depend on the localization of the lesion. PFS and OS were
independent of the histology of the treated lesion [41]. In a study by Edhemovic and
colleagues, the tumor response rate (ORR) was 75%, with 63% of patients achieving CR and
12% achieving PR. The median response duration was 20.8 months for metastases classified
as CR, and 9.8 months for those classified as PR. The treatment exhibited significantly
greater efficacy for metastases measuring less than 3 cm in diameter compared to larger
lesions. No differences in response rates were observed based on the location of the
metastases, whether central or peripheral. Furthermore, PFS was more favorable in patients
who exhibited a CR to ECT compared to those with a PR or progressive disease (PD).
However, OS did not differ significantly, with a median of 29.0 months [28]. Coletti and
colleagues performed ECT on a total of nine CRC liver metastases, which were treated
across five patients using 20 electrode applications. No intraoperative complications were
recorded. At 30 days post-treatment, the CR rate was 55.5%, while stable disease (SD) was
observed in 45.5% of cases. All five patients achieved an OS of 6 months, and four out of
the five patients experienced PFS for 6 months [29].

7. Comparison with Other Methods

While direct comparative studies are limited, ECT has shown promising results when
compared to other local therapies for liver metastases, offering several unique advantages:
in particular, its capacity to spare normal liver parenchyma, and to avoid thermal injuries
and surgery-related complications.

7.1. Systemic Chemotherapy

Systemic chemotherapy remains the backbone of treatment for many mCRC patients,
especially those with extrahepatic spread. In the case of metastatic liver cancer, adjuvant
systemic chemotherapy can be added to ECT for better tumor burden control at the dis-
cretion of the referring oncologist [29]. However, systemic side effects can be significant,
and chemotherapeutic drugs may show limitations against some tumor types, with the
development of drug resistance over time [14].
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7.2. Surgical Resection

Surgical resection is still considered the gold standard for curative-intent treatment of
oligometastatic liver disease when feasible, with the possibility to provide tissue for patho-
logical assessment [43]. The main disadvantages of surgery are related to its invasiveness
and associated surgical risks, as well as limitations to patients with adequate liver function,
and to anatomical resectability of the disease [14]. Moreover, patients with comorbidities
cannot undergo major surgery or general anesthesia, and some patients eventually refuse
surgical intervention. In addition, it is often difficult to achieve a complete surgical cura-
tive endpoint (R0) with metastasectomy, due to an extensive burden of disease. In this
case, a hepatectomy should be taken into consideration, and future liver remnant volume
evaluation represents one of the main concerns to avoid post-surgical liver failure [44]. In
the case of inadequate future liver remnant volume, hepatectomy must be preceded by a
right portal ligation or embolization, which might be combined with hepatic vein ligation
or occlusion to maximize the future liver remnant volume increase in size [45]. In case of
patients unfit for surgical resection due to lesion location, comorbidities, or patient refusal,
ECT can represent a viable alternative.

7.3. Thermal Ablation

When compared to thermal ablative techniques such as RFA or MWA for liver metas-
tases, ECT has the main advantage of treating lesions with anatomical difficulties; thanks to
its non-thermal mechanism, a “gating” is performed around the lesion. Needle electrodes
may be placed even outside the liver, adjacent to subcapsular lesions, due to the thin size
of the employed needles (up to 21-G) [42,46]. The main advantages of ECT, thus, consist of
treating lesions near large vessels (as it does not lead to vessel damage, and is unhindered
by the heat-sink effect), near central biliary structures (e.g., right or left biliary ducts, main
biliary duct), and near critical extra-hepatic structures such as the diaphragm, colon, or
stomach [47]. The versatility of the ECT in needle electrode placing and intra-procedural
electrode swapping permits the treatment of larger lesions compared to RFA and MWA,
according to clinical indications, either in downstaging of the disease, tumor burden and
local control, or in curative planning [48].

7.4. Transarterial Chemoembolization (TACE)

TACE involves the injection of chemotherapeutic drugs combined with embolic agents
into the hepatic artery supplying the tumor. In particular, drug-eluting beads plus irinote-
can (DEBIRI) TACE is the main option for intra-arterial treatment of CRC liver metastatic
lesions [49]. A 2 mL suspension of microparticles with a diameter of <100 um, contain-
ing irinotecan at a concentration of 50 mg/mL (totaling 100 mg per syringe), is slowly
infused, usually alongside 5 mL of sterile water for injection and 10 mL of non-ionic con-
trast medium. The infusion continues until the complete intended dose is administered.
The procedural objective is to achieve the targeted dose of the anticancer agent while
maintaining vessel patency, aiming for a state of “near-stasis” flow, while still maintaining
a combined ischemic effect. The main advantage of TACE in comparison to ECT is the
treatment of extensive hepatic burden in one or more sessions, especially when bilobar
involvement is assessed. However, as an intra-arterial procedure, its main disadvantages
consist of the risks of post-embolization syndrome and non-target embolization. Moreover,
as DEBIRI-TACE is focused on tumor burden control, it is considered mostly as a palliative
therapy in patients non-responding to chemotherapy rather than a curative treatment [50].
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7.5. Transarterial Radioembolization (TARE)

TARE might be a valuable option in the treatment of liver metastases by intra-arterial
administration of resin or glass microspheres loaded with Yttrium-90 (Y90) or other iso-
topes [51]. The main advantage of TARE is the ability to treat diffuse intralobar disease
while simultaneously determining contralateral liver hypertrophy, which can be useful
in cases of planned hepatectomy (bridge to surgery) due to the actinic effect of micro-
spheres [52]. Moreover, since portal thrombosis remains a relative contraindication for the
procedure, it might be used in this specific situation. Similarly, ECT is suitable for treating
lesions with associated portal thrombosis and also for treating neoplastic portal invasive
lesions [42]. The main disadvantages of TARE consist of possible non-target delivery of the
microspheres, leading to radiation-induced gastritis and gastric ulcers, pancreatitis, and
cholecystitis [52]. ECT may offer an advantage over TARE in terms of repeatability and
lack of radiation exposure.

8. Combination Strategies

There is growing interest in combining ECT with other treatment modalities to enhance
therapeutic efficacy; the potential synergy between ECT and immunotherapy agents, such
as checkpoint inhibitors, is an area of active research [53]. Currently, this combination is
employed in the treatment of cutaneous and subcutaneous primary and metastatic lesions,
but in the future, it might be extended to visceral applications [54]. Furthermore, recent
findings suggest that electrochemotherapy (ECT), in conjunction with immunotherapy, may
result in a better systemic response to tumors [54]. Calcium electroporation is a novel type of
electrotherapy-based treatment, currently under investigation, which involves high-voltage
pulses to permeabilize cell membranes and permits a high dose of calcium to enter the cell.
The cell usually maintains an adequate level of calcium at micromolar doses by its exchange
with a calcium ATPase. High levels of intracellular Ca++ lead to cellular apoptosis [55,56].
Currently, calcium electroporation is tested on cutaneous lesions, but in the near future, it
might also be tested on visceral lesions [57]. Gene electrotransfer (GET) is a promising non-
viral gene delivery method that uses electric pulses to temporarily increase cell membrane
permeability, facilitating DNA uptake [58]. It offers advantages in safety, flexibility, and
cost, with applications ranging from cancer treatment to DNA vaccination. Understanding
the underlying mechanisms and scaling up to human applications is currently under
in vitro and in vivo investigation. Despite these hurdles, GET has shown potential in
enhancing immune responses in DNA vaccination and delivering therapeutic genes for
cancer treatment, with ongoing clinical trials demonstrating its safety and efficacy.

9. Future Perspectives and Ongoing Trials

Currently, a European-wide, prospective, observational cohort registry (REgiStry for
Percutaneous ElectroChemoTherapy—RESPECT) is enrolling and collecting data from
patients with primary or secondary liver cancer treated with percutaneous ECT. The
main endpoint of the study is to assess the effectiveness of ECT in controlling primary
and secondary liver cancer, evaluating the 12-month local tumor control, whereas sec-
ondary endpoints are the assessment of patient safety, OS and PFS, patient’s quality of life,
and pain [59].

10. Conclusions

In conclusion, ECT represents a promising minimally invasive treatment option for
liver metastases. Its unique mechanism of action, favorable safety profile, and encouraging
efficacy results make it an attractive alternative or complement to existing therapies. The
safety profile and manageable adverse event spectrum of ECT make it an attractive option
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for patients with liver metastases, particularly those who may not be candidates for more
invasive treatments. As ongoing research continues to optimize treatment protocols and
explore novel applications, ECT is poised to play an increasingly important role in the
multidisciplinary management of patients with liver metastases. Understanding its physical
principles is crucial for optimizing ECT protocols and expanding its applications in the
treatment of liver metastases. As research in this field progresses, refinements in our
understanding of these mechanisms will likely lead to improved treatment outcomes and
broader clinical adoption. The decision to treat liver metastases with ECT depends on
various factors, including tumor characteristics, patient condition, device availability, and
operator expertise. This should be considered in the context of a multidisciplinary tumor
board discussion to tailor the most appropriate treatment for the patient’s needs, whether
alone or in combination with other treatment modalities. Moreover, ongoing vigilance and
reporting of adverse events are crucial for continually refining the safety protocols and
improving patient care.

Author Contributions: Conceptualization, A.P. and P.B.; methodology, A.P.; software, P.B.; vali-
dation, A.P. and P.B.; formal analysis, P.B.; investigation, P.B.; resources, P.B.; data curation, P.B,;
writing—original draft preparation, M.L., AM., E.V.A. and P.B.; writing—review and editing, A.P.
and R.L; visualization, A.P. and R.I; supervision, A.P. and R.I; project administration, A.P. and R.I.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the observational nature of the study.

Informed Consent Statement: Patient consent was waived due to the observational nature of
the study.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer . Clin. 2021, 71,209-249. [CrossRef]
[PubMed]

Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics. CA A Cancer J. Clin. 2020, 70, 7-30. [CrossRef]

Engstrand, J.; Nilsson, H.; Stromberg, C.; Jonas, E.; Freedman, J. Colorectal cancer liver metastases—A population-based study on
incidence, management and survival. BMC Cancer 2018, 18, 78. [CrossRef]

Sag, A.A.; Selcukbiricik, F.; Mandel, N.M. Evidence-based medical oncology and interventional radiology paradigms for
liver-dominant colorectal cancer metastases. World J. Gastroenterol. 2016, 22, 3127-3149. [CrossRef]

O’Leary, C.; Soulen, M.C.; Shamimi-Noori, S. Interventional Oncology Approach to Hepatic Metastases. Semin. Intervent Radiol.
2020, 37, 484-491. [CrossRef] [PubMed]

Van Cutsem, E.; Cervantes, A.; Adam, R.; Sobrero, A.; Van Krieken, ].H.; Aderka, D.; Aranda Aguilar, E.; Bardelli, A.; Benson, A;
Bodoky, G.; et al. ESMO consensus guidelines for the management of patients with metastatic colorectal cancer. Ann. Oncol. 2016,
27,1386-1422. [CrossRef]

Hackl, C.; Neumann, P.; Gerken, M.; Loss, M.; Klinkhammer-Schalke, M.; Schlitt, H.]. Treatment of colorectal liver metastases in
Germany: A ten-year population based analysis of 5772 cases of primary colorectal adenocarcinoma. BMC Cancer 2014, 14, 810.
[CrossRef]

1zzo, F; Granata, V.,; Grassi, R.; Fusco, R.; Palaia, R.; Delrio, P; Carrafiello, G.; Azoulay, D.; Petrillo, A.; Curley, S.A. Radiofrequency
Ablation and Microwave Ablation in Liver Tumors: An Update. Oncologist 2019, 24, e€990-e1005. [CrossRef] [PubMed]

Glazer, D.I; Tatli, S.; Shyn, P.B.; Vangel, M.G.; Tuncali, K.; Silverman, S.G. Percutaneous Image-Guided Cryoablation of Hepatic
Tumors: Single-Center Experience With Intermediate to Long-Term Outcomes. AJR Am. ]. Roentgenol. 2017, 209, 1381-1389.
[CrossRef]


https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21590
https://doi.org/10.1186/s12885-017-3925-x
https://doi.org/10.3748/wjg.v22.i11.3127
https://doi.org/10.1055/s-0040-1719189
https://www.ncbi.nlm.nih.gov/pubmed/33328704
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.1186/1471-2407-14-810
https://doi.org/10.1634/theoncologist.2018-0337
https://www.ncbi.nlm.nih.gov/pubmed/31217342
https://doi.org/10.2214/AJR.16.17582

Livers 2025, 5, 6 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Scorsetti, M.; Clerici, E.; Comito, T. Stereotactic body radiation therapy for liver metastases. J. Gastrointest. Oncol. 2014, 5, 190-197.
[CrossRef] [PubMed]

Walter, E; Rottler, M.; Nierer, L.; Landry, G.; Well, J.; Rogowski, P.; Mohnike, K.; Seidensticker, M.; Ricke, J.; Belka, C.; et al.
Interstitial High-Dose-Rate Brachytherapy of Liver Metastases in Oligometastatic Patients. Cancers 2021, 13, 6250. [CrossRef]
[PubMed]

Meijerink, M.R.; Ruarus, A.H.; Vroomen, L.G.P.H.; Puijk, R.S.; Geboers, B.; Nieuwenhuizen, S.; van den Bemd, B.A.T.; Nielsen,
K.; de Vries, J.].J.; van Lienden, K.P.; et al. Irreversible Electroporation to Treat Unresectable Colorectal Liver Metastases
(COLDFIRE-2): A Phase II, Two-Center, Single-Arm Clinical Trial. Radiology 2021, 299, 470-480. [CrossRef] [PubMed]

Probst, U.; Fuhrmann, I; Beyer, L.; Wiggermann, P. Electrochemotherapy as a new modality in interventional oncology: A review.
Technol. Cancer Res. Treat. 2018, 17, 153303381878532. [CrossRef]

Adam, R.; De Gramont, A.; Figueras, J.; Guthrie, A.; Kokudo, N.; Kunstlinger, F.; Loyer, E.; Poston, G.; Rougier, P.; Rubbia-Brandt,
L.; et al. Jean-Nicolas Vauthey of the EGOSLIM (Expert Group on OncoSurgery management of LIver Metastases) group.
The oncosurgery approach to managing liver metastases from colorectal cancer: A multidisciplinary international consensus.
Oncologist 2012, 17, 1225-1239. [CrossRef]

Goldberg, S.N.; Gazelle, G.S.; Mueller, PR. Thermal ablation therapy for focal malignancy: A unified approach to underlying
principles, techniques, and diagnostic imaging guidance. Am. J. Roentgenol. 2000, 174, 323-331. [CrossRef]

Reig, M.; Forner, A.; Rimola, J.; Ferrer-Fabrega, J.; Burrel, M.; Garcia-Criado, A Kelley, R K.; Galle, P.R.; Mazzaferro, V.; Salem, R.;
et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. ]. Hepatol. 2022, 76, 681-693.
[CrossRef]

Miklav¢i¢, D.; Mali, B.; Kos, B.; Heller, R.; Sera, G. Electrochemotherapy: From the drawing board into medical practice. Biomed.
Eng. Online 2014, 13, 29. [CrossRef]

Gehl, J.; Sersa, G.; Matthiessen, L.W.; Muir, T.; Soden, D.; Occhini, A.; Quaglino, P.; Curatolo, P.; Campana, L.G.; Kunte, C.; et al.
Updated standard operating procedures for electrochemotherapy of cutaneous tumours and skin metastases. Acta Oncol. 2018,
57,874-882. [CrossRef] [PubMed]

Campana, L.G.; Miklav¢i¢, D.; Bertino, G.; Marconato, R.; Valpione, S.; Imarisio, I.; Dieci, M.V.; Granziera, E.; Cemazar, M.;
Alaibac, M.; et al. Electrochemotherapy of superficial tumors—Current status: Basic principles, operating procedures, shared
indications, and emerging applications. Semin. Oncol. 2019, 46, 173-191. [CrossRef] [PubMed]

Campana, L.G.; Edhemovic, I.; Soden, D.; Perrone, A.M.; Scarpa, M.; Campanacci, L.; Cemazar, M.; Valpione, S.; Miklav¢i¢, D.;
Mocellin, S.; et al. Electrochemotherapy—Emerging applications technical advances, new indications, combined approaches, and
multi-institutional collaboration. Eur. J. Surg. Oncol. 2019, 45, 92-102. [CrossRef]

Cornelis, EH.; Korenbaum, C.; Ben Ammar, M.; Tavolaro, S.; Nouri-Neuville, M.; Lotz, ].P. Multimodal image-guided elec-
trochemotherapy of unresectable liver metastasis from renal cell cancer. Diagn. Interv. Imag. 2019, 100, 309-311. [CrossRef]
[PubMed]

Yarmush, M.L.; Golberg, A.; Ser$a, G.; Kotnik, T.; Miklav¢i¢, D. Electroporation-based technologies for medicine: Principles,
applications, and challenges. Annu. Rev. Biomed. Eng. 2014, 16, 295-320. [CrossRef] [PubMed]

Orlowski, S.; Belehradek, J., Jr.; Paoletti, C.; Mir, L.M. Transient electropermeabilization of cells in culture. Increase of the
cytotoxicity of anticancer drugs. Biochem. Pharmacol. 1988, 37, 4727-4733. [CrossRef] [PubMed]

Ivanov, M.A.; Lamrihi, B.; Szyf, M.; Scherman, D.; Bigey, P. Enhanced antitumor activity of a combination of MBD2-antisense
electrotransfer gene therapy and bleomycin electrochemotherapy. J. Gene Med. 2003, 5, 893—-899. [CrossRef]

Markelc, B.; Sersa, G.; Cemazar, M. Differential mechanisms associated with vascular disrupting action of electrochemotherapy:
Intravital microscopy on the level of single normal and tumor blood vessels. PLoS ONE 2013, 8, e59557. [CrossRef]

Calvet, C.Y.; Famin, D.; André, EM.; Mir, L.M. Electrochemotherapy with bleomycin induces hallmarks of immunogenic cell
death in murine colon cancer cells. Oncoimmunology 2014, 3, e28131. [CrossRef] [PubMed]

Cadossi, R.; Ronchetti, M.; Cadossi, M. Locally enhanced chemotherapy by electroporation: Clinical experiences and perspective
of use of electrochemotherapy. Future Oncol. 2014, 10, 877-890. [CrossRef]

Edhemovic, L; Brecelj, E.; Gasljevic, G.; Marolt Music, M.; Gorjup, V.; Mali, B.; Jarm, T.; Kos, B.; Pavliha, D.; Grcar Kuzmanov, B,;
et al. Intraoperative electrochemotherapy of colorectal liver metastases. J. Surg. Oncol. 2014, 110, 320-327. [CrossRef]

Coletti, L.; Battaglia, V.; De Simone, P,; Turturici, L.; Bartolozzi, C.; Filipponi, F. Safety and feasibility of electrochemotherapy in
patients with unresectable colorectal liver metastases: A pilot study. Int. J. Surg. 2017, 44, 26-32. [CrossRef]

Corovi¢, S.; Sakere, B.A.; Haddad, V.; Miklavéi¢, D.; Mir, L.M. Importance of Contact Surface between Electrodes and Treated
Tissue in Electrochemotherapy. Technol. Cancer Res. Treat. 2008, 7, 393-400. [CrossRef] [PubMed]

Ritter, A.; Bruners, P; Isfort, P.; Barabasch, A.; Pfeffer, J.; Schmitz, J.; Pedersoli, F.; Baumann, M. Electroporation of the liver:
More than 2 concurrently active, curved electrodes allow new concepts for irreversible electroporation and electrochemotherapy.
Technol. Cancer Res. Treat. 2018, 17, 1533033818809994. [CrossRef]


https://doi.org/10.3978/j.issn.2078-6891.2014.039
https://www.ncbi.nlm.nih.gov/pubmed/24982767
https://doi.org/10.3390/cancers13246250
https://www.ncbi.nlm.nih.gov/pubmed/34944869
https://doi.org/10.1148/radiol.2021203089
https://www.ncbi.nlm.nih.gov/pubmed/33724066
https://doi.org/10.1177/1533033818785329
https://doi.org/10.1634/theoncologist.2012-0121
https://doi.org/10.2214/ajr.174.2.1740323
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1186/1475-925X-13-29
https://doi.org/10.1080/0284186X.2018.1454602
https://www.ncbi.nlm.nih.gov/pubmed/29577784
https://doi.org/10.1053/j.seminoncol.2019.04.002
https://www.ncbi.nlm.nih.gov/pubmed/31122761
https://doi.org/10.1016/j.ejso.2018.11.023
https://doi.org/10.1016/j.diii.2019.01.001
https://www.ncbi.nlm.nih.gov/pubmed/30691970
https://doi.org/10.1146/annurev-bioeng-071813-104622
https://www.ncbi.nlm.nih.gov/pubmed/24905876
https://doi.org/10.1016/0006-2952(88)90344-9
https://www.ncbi.nlm.nih.gov/pubmed/2462423
https://doi.org/10.1002/jgm.438
https://doi.org/10.1371/journal.pone.0059557
https://doi.org/10.4161/onci.28131
https://www.ncbi.nlm.nih.gov/pubmed/25083316
https://doi.org/10.2217/fon.13.235
https://doi.org/10.1002/jso.23625
https://doi.org/10.1016/j.ijsu.2017.06.033
https://doi.org/10.1177/153303460800700507
https://www.ncbi.nlm.nih.gov/pubmed/18783290
https://doi.org/10.1177/1533033818809994

Livers 2025, 5, 6 11 of 12

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Pavliha, D.; Kos, B.; Mar¢an, M.; Zupanié, A.; Ser8a, G.; Miklav¢i¢, D. Planning of Electroporation-Based treatments using
Web-Based Treatment-Planning Software. J. Membr. Biol. 2013, 246, 833-842. [CrossRef] [PubMed]

Esmaeili, N.; Friebe, M. Electrochemotherapy: A review of current status, alternative IGP approaches, and future perspectives.
J. Healthc. Eng. 2019, 2019, 2784516. [CrossRef] [PubMed]

Jaroszeski, M.].; Dang, V.; Pottinger, C.; Hickey, J.; Gilbert, R.; Heller, R. Toxicity of anticancer agents mediated by electroporation
in vitro. Anticancer Drugs 2000, 11, 201-208. [CrossRef]

Barbieri, P; Posa, A.; Lancellotta, V.; Madoff, D.C.; Maresca, A.; Cornacchione, P; Tagliaferri, L.; Iezzi, R. Electrochemotherapy
in the locoregional treatment of metastatic colorectal liver metastases: A systematic review. Curr. Oncol. 2024, 31, 7403-7413.
[CrossRef]

Fedorov, V.V,; Nikolski, V.P; Efimov, L.R. Effect of electroporation on cardiac electrophysiology. Methods Mol. Biol. 2008, 423,
433-448. [CrossRef]

Iezzi, R.; Posa, A.; Caputo, C.T.; De Leoni, D.; Sbaraglia, F.; Rossi, M.; Tortora, G.; Tagliaferri, L.; Valentini, V.; Colosimo, C. Safety
and feasibility of analgosedation for electrochemotherapy of liver lesions. Life 2023, 13, 631. [CrossRef] [PubMed]

Zmug, J.; Gasljevic, G.; Sersa, G.; Edhemovic, I.; Boc, N.; Seliskar, A.; Plavec, T.; Brloznik, M.; Milevoj, N.; Brecelj, E.; et al. Large
Liver Blood Vessels and Bile Ducts Are Not Damaged by Electrochemotherapy with Bleomycin in Pigs. Sci. Rep. 2019, 9, 3649.
[CrossRef] [PubMed]

Gasljevic, G.; Edhemovic, I.; Cemazar, M.; Brecelj, E.; Gadzijev, EIM.; Music, M.M.; Sersa, G. Histopathological findings in
colorectal liver metastases after electrochemotherapy. PLoS ONE 2017, 12, e0180709. [CrossRef] [PubMed]

Davis, K.P,; Gaffey, M.M.; Kompelli, A.R.; Richter, G.T. Cutaneous hyperpigmentation following bleomycin sclerotherapy for
vascular malformations. Pediatr. Dermatol. 2022, 39, 103-106. [CrossRef]

Spallek, H.; Bischoff, P.; Zhou, W.; De Terlizzi, E.; Jakob, F.; Kovacs, A. Percutaneous electrochemotherapy in primary and
secondary liver malignancies—Local tumor control and impact on overall survival. Radiol. Oncol. 2022, 56, 102-110. [CrossRef]
[PubMed]

Tarantino, L.; Busto, G.; Nasto, A.; Fristachi, R.; Cacace, L.; Talamo, M.; Accardo, C.; Bortone, S.; Gallo, P.; Tarantino, P;
et al. Percutaneous electrochemotherapy in the treatment of portal vein tumor thrombosis at hepatic hilum in patients with
hepatocellular carcinoma in cirrhosis: A feasibility study. World J. Gastroenterol. 2017, 23, 906-918. [CrossRef]

Akgiil, 0. Cetinkaya, E.; Ersoz, S.; Tez, M. Role of surgery in colorectal cancer liver metastases. World ]. Gastroenterol. 2014, 20,
6113-6122. [CrossRef] [PubMed]

Sandstrom, P; Resok, B.L; Sparrelid, E.; Larsen, PN.; Larsson, A.L.; Lindell, G.; Schultz, N.A.; Bjernbeth, B.A.; Isaksson, B.; Rizell,
M.; et al. ALPPS improves resectability compared with conventional two-stage hepatectomy in patients with advanced colorectal
liver metastasis. Ann. Surg. 2018, 267, 833-840. [CrossRef]

Heil, J.; Korenblik, R.; Heid, F; Bechstein, W.O.; Bemelmans, M.; Binkert, C.; Bjornsson, B.; Breitenstein, S.; Detry, O.; Dili, A.; et al.
Preoperative portal vein or portal and hepatic vein embolization: DRAGON collaborative group analysis. Br. J. Surg. 2021, 108,
834-842. [CrossRef]

Kovdécs, A.; Bischoff, P.; Haddad, H.; Zhou, W.; Temming, S.; Schafer, A.; Spallek, H.; Kaupe, L.; Kovécs, G.; Pinkawa, M.
Long-Term comparative study on the local tumour control of different ablation technologies in primary and secondary liver
malignancies. J. Pers. Med. 2022, 12, 430. [CrossRef]

De Muzio, E,; Cutolo, C.; Dell’Aversana, E.; Grassi, F.; Ravo, L.; Ferrante, M.; Danti, G.; Flammia, F.; Simonetti, I.; Palumbo, P; et al.
Complications after Thermal Ablation of Hepatocellular Carcinoma and Liver Metastases: Imaging Findings. Diagnostics 2022,
12,1151. [CrossRef] [PubMed]

Luerken, L.; Doppler, M.; Brunner, S.M.; Schlitt, H.].; Uller, W. Stereotactic percutaneous electrochemotherapy as primary
approach for unresectable large HCC at the hepatic hilum. Cardiovasc. Intervent Radiol. 2021, 44, 1462-1466. [CrossRef]

Tezzi, R.; Kovacs, A.; Prenen, H.; Chevallier, P.,; Pereira, P.L. Transarterial chemoembolisation of colorectal liver metastases with
irinotecan-loaded beads: What every interventional radiologist should know. Eur. |. Radiol. Open 2020, 7, 100236. [CrossRef]
[PubMed]

Vogl, T.J.; Lahrsow, M. The role of conventional TACE (CTACE) and DEBIRI-TACE in colorectal cancer liver metastases. Cancers
2022, 14, 1503. [CrossRef]

Boas, EE.; Bodei, L.; Sofocleous, C.T. Radioembolization of colorectal liver metastases: Indications, technique, and outcomes.
J. Nucl. Med. 2017, 58, 1045-111S. [CrossRef] [PubMed]

Mahnken, A.H.; Spreafico, C.; Maleux, G.; Helmberger, T.; Jakobs, T.F. Standards of practice in Transarterial Radioembolization.
Cardiovasc. Intervent Radiol. 2013, 36, 613—-622. [CrossRef]

Hadzialjevic, B.; Omerzel, M.; Trotovsek, B.; Cemazar, M.; Jesenko, T.; Sersa, G.; Djokic, M. Electrochemotherapy combined with
immunotherapy—A promising potential in the treatment of cancer. Front. Immunol. 2024, 14, 1336866. [CrossRef]

Goggins, C.A.; Khachemoune, A. The use of electrochemotherapy in combination with immunotherapy in the treatment of
metastatic melanoma: A focused review. Int. J. Dermatol. 2019, 58, 865-870. [CrossRef] [PubMed]


https://doi.org/10.1007/s00232-013-9567-2
https://www.ncbi.nlm.nih.gov/pubmed/23780414
https://doi.org/10.1155/2019/2784516
https://www.ncbi.nlm.nih.gov/pubmed/30719264
https://doi.org/10.1097/00001813-200003000-00008
https://doi.org/10.3390/curroncol31110546
https://doi.org/10.1007/978-1-59745-194-9_34
https://doi.org/10.3390/life13030631
https://www.ncbi.nlm.nih.gov/pubmed/36983788
https://doi.org/10.1038/s41598-019-40395-y
https://www.ncbi.nlm.nih.gov/pubmed/30842517
https://doi.org/10.1371/journal.pone.0180709
https://www.ncbi.nlm.nih.gov/pubmed/28686650
https://doi.org/10.1111/pde.14869
https://doi.org/10.2478/raon-2022-0003
https://www.ncbi.nlm.nih.gov/pubmed/35148468
https://doi.org/10.3748/wjg.v23.i5.906
https://doi.org/10.3748/wjg.v20.i20.6113
https://www.ncbi.nlm.nih.gov/pubmed/24876733
https://doi.org/10.1097/SLA.0000000000002511
https://doi.org/10.1093/bjs/znaa149
https://doi.org/10.3390/jpm12030430
https://doi.org/10.3390/diagnostics12051151
https://www.ncbi.nlm.nih.gov/pubmed/35626306
https://doi.org/10.1007/s00270-021-02841-1
https://doi.org/10.1016/j.ejro.2020.100236
https://www.ncbi.nlm.nih.gov/pubmed/32426423
https://doi.org/10.3390/cancers14061503
https://doi.org/10.2967/jnumed.116.187229
https://www.ncbi.nlm.nih.gov/pubmed/28864605
https://doi.org/10.1007/s00270-013-0600-8
https://doi.org/10.3389/fimmu.2023.1336866
https://doi.org/10.1111/ijd.14314
https://www.ncbi.nlm.nih.gov/pubmed/30479009

Livers 2025, 5, 6 12 of 12

55.  Frandsen, S.K; Gissel, H.; Hojman, P.; Tramm, T.; Eriksen, J.; Gehl, J. Direct therapeutic applications of calcium electroporation to
effectively induce tumor necrosis. Cancer Res. 2012, 72, 1336-1341. [CrossRef] [PubMed]

56. Frandsen, S.K.; Kriiger, M.B.; Mangalanathan, U.M.; Tramm, T.; Mahmood, F; Novak, I.; Gehl, J. Normal and malignant cells
exhibit differential responses to calcium electroporation. Cancer Res. 2017, 77, 4389-4401. [CrossRef]

57. Falk, H.; Matthiessen, L.W.; Wooler, G.; Gehl, J. Calcium electroporation for treatment of cutaneous metastases; a randomized
double-blinded phase II study, comparing the effect of calcium electroporation with electrochemotherapy. Acta Oncol. 2018, 57,
311-319. [CrossRef] [PubMed]

58. Rosazza, C.; Meglic, S.H.; Zumbusch, A.; Rols, M.P,; Miklavcic, D. Gene Electrotransfer: A Mechanistic Perspective. Curr. Gene
Ther. 2016, 16, 98-129. [CrossRef]

59. ClinicalTrials.gov. Available online: https://clinicaltrials.gov/study/NCT05267080 (accessed on 28 November 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1158/0008-5472.CAN-11-3782
https://www.ncbi.nlm.nih.gov/pubmed/22282658
https://doi.org/10.1158/0008-5472.CAN-16-1611
https://doi.org/10.1080/0284186X.2017.1355109
https://www.ncbi.nlm.nih.gov/pubmed/28816072
https://doi.org/10.2174/1566523216666160331130040
https://clinicaltrials.gov/study/NCT05267080

	Introduction 
	Physical Principles 
	Procedural Technique 
	Safety 
	Adverse Events 
	Effectiveness 
	Comparison with Other Methods 
	Systemic Chemotherapy 
	Surgical Resection 
	Thermal Ablation 
	Transarterial Chemoembolization (TACE) 
	Transarterial Radioembolization (TARE) 

	Combination Strategies 
	Future Perspectives and Ongoing Trials 
	Conclusions 
	References

