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Abstract: Electrochemotherapy (ECT) has evolved significantly during the last decade, expanding
treatment indications from superficial skin lesions to advanced-stage, deep-seated tumors in hard-to-
reach areas. Electrodes have also shown steady technological improvement throughout the years.
Besides standard and VEG (variable geometry electrode) electrodes, the introduction of laparoscopic
electrodes has brought on a new era in ECT treatment, making the minimally invasive approach
a reality. The exact role of ECT in the oncological dashboard is yet to be determined; however,
increased tumor response, pain relief, and a low number of adverse events may yield the way for
more widespread application of the technique with possible further inclusion of ECT in international
oncological guidelines. The aim of this review is to give an overview on the current status of ECT in
deep-seated tumor treatment and shed light on its emerging role in local anticancer therapy.
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1. Introduction

Electroporation is the phenomenon that occurs when a cell is exposed to an electric
field, which causes transient cell membrane permeabilization. Electrochemotherapy (ECT)
combines the oncological effect of cytotoxic agents—most frequently bleomycin (BLM)—
and electroporation, resulting in a successful local anticancer therapy used for a variety
of malignancies with mixed histologies. Bleomycin-based ECT in particular has proven
to be effective in the treatment of skin tumors, such as metastatic malignant melanoma,
or basal cell, squamous cell carcinoma and Kaposi sarcoma and is used with increasing
frequency for the treatment of numerous deep-seated tumors (e.g.,pancreatic carcinoma,
primary and secondary liver tumors, colon tumors, breast cancer, gynecological tumors,
soft tissue sarcomas, and bone metastases) as well [1-4].

Bleomycin may be administered intravenously based on body surface index for larger
tumors or multiple tumors or intratumorally for smaller and solitary lesions. During ECT,
the concentration of bleomycin may reach up to 10.000 folds inside the target cells, resulting
in increased damage to tumorous tissue. ECT stands as an easily reproducible procedure
with reduced burden to the patient [5]. Furthermore, unlike other ablative modalities
such as radiofrequency ablation, major vascular structures, organs (e.g., the duodenum,
bile ducts, etc.), or nerves (e.g., fascial nerves) often involved by tumors do not suffer
notable heat-damage during ECT, making it an applicable choice even in cases of extensive
tumor involvement.
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During the last decade, ECT has been extendedly applied in the treatment of advanced-
stage, deep-seated, bulky soft tissue tumors and malignancies involving intraabdominal
viscera [6,7]. Standard electrodes have been successfully used for the treatment of more
superficial tumors and those not exceeding 3 cm in depth. However, with the introduction
of variable electrode geometry (VEG) electrodes, ECT became feasible for the treatment of
larger neoplasms, even in hard-to-reach areas, applying electrodes directly (standard) or
percutaneously through the skin (VEG) with CT (computed tomography) guidance [8,9].

The aim of this review was to shed light on the oncological values of bleomycin-based
ECT and potentially define its place in oncological patient care.

2. Benefits of Electrochemotherapy

The direct effects of ECT on blood flow include but are not limited to the vascular
lock effect, meaning that cytotoxic agents, such as BLM, after being injected intravenously
or directly inside the tumor, due to consecutive vasoconstriction, become trapped inside
the vessels, initiating a damaging effect in the vasculature through the disruption of blood
flow [10,11]. Besides locally banishing tumor cells, a distant, abscopal effect (i.e., away
from the target) has also been observed, meaning that, e.g., it has an effect not only on the
primary liver tumor but also on simultaneous distant metastases during the same treatment
session [12,13]. In recent years, it has been also noted that ECT in combination with other
systemic therapies, such as immunotherapy, potentiates the oncological effect, resulting
in improved tumor response rates [14]. Moreover, by adding gene electro-transfer to the
recipe and transferring IL-12 into tumor cells, former “cold tumors” (lesions unrespon-
sive to IT), can be transformed into “hot tumors”, now responding to immunotherapy,
e.g., pembrolizumab, hence significantly improving the objective response rate (up to 41%,
according to RECIST—Response Evaluation Criteria In Solid Tumors) [15].

Deep-seated tumors are frequently located in hard-to-reach areas, in the vicinity of
important structures, such as great vessels (common iliac artery- retroperitoneal sarcomas)
or nerves (femoral nerve retroperitoneal sarcomas and fascial nerve parotid tumors) and
even the bile ducts (Klatskin tumors, located at the intersection of hepatic ducts). Since
preserving such pivotal structures is essential, ablation techniques such as radio frequency
ablation, microwave ablation, cryoablation, high-intensity focused ultrasound, or LASER
are unavailable for treating lesions infiltrating such structures, since these modalities result
in a heat sink effect. ECT on the other hand has been proven to be capable of sparing vital
structures, by excluding the heat sink effect or mechanical damage, even in direct contact
with vital structures and organs [16—18]. During a phase I/1I study, I1zzo et al. performed
bleomycin-based ECT on 25 patients with locally advanced pancreatic cancer and found
that at 1 month, 76% had a partial response (PR) and 20% had stable disease (SD), while at
6 months, 44% had PR and 12% had SD, with overall survival reaching 11.5 months [19].
This study only included inoperable cases and although in these particular cases ECT
posed as a palliative modality, with improved overall survival, it confirmed the safety and
feasibility of ECT, which are obvious benefits of the technique [19]. Furthermore, Djokic
et al. treated 17 liver metastases with both standard and VEG electrodes and at the 1-month
follow-up found complete response (CR) in 88%, with the results still valid 20.5 months
after ECT [20].

The effects of ECT strongly depend on the extension of the lesions. It has been
previously confirmed that small lesions (2-3 cm) have a significantly better response to ECT
than larger ones (<3 cm) [21]. Djokic et al. [20] also noted that 11/17 liver metastases were
indeed smaller than 3 cm, with significantly higher CR rates for the latter, than those larger
than 3 cm [20]. Edhemovic et al. [22] treated 27 liver metastases with VEG electrodes and
found an 86% CR rate 33 days after ECT [22]. In our own prospective study conducted on
VEG ECT treatment for advanced-stage, bulky soft tissue sarcomas (STS), PR was found in
71.42%, however with a median tumor volume and diameter of 131.13 cm? (35.6-2456.22)
and 5.9 cm (3.7-22.5), respectively [1]. Hence, the results concerning STSs also confirm the
above-mentioned observation, with the smaller tumors responding better to ECT.
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3. ECT for Deep-Seated Tumors

The first experimental application and outcome evaluations with ECT were carried
out in the early 1990s by Mir et al. [23], with the then uncertain role of bleomycin slowly
clarifying and gradually coming into the limelight [23-25]. The first breakthrough was
the realization that although having a low ability to penetrate the cell membrane, in the
presence of an electric field, BLM can reach the cytosol and have a several thousandfold
intracellular effect compared to chemotherapy on its own without an electric field [26].
Since the introduction of the ESOPE (European Standard Operating Procedures for Elec-
trochemotherapy), the foundations for standardized treatment have been laid, leading
to easily reproducible and interpretable results [27,28]. The evaluation of treatment is
carried out according to the RECIST guidelines, mostly based on imaging results (CT—
computed tomography, MRI—magnetic resonance imaging, or PET-CT—positron emission
tomography—computed tomography) [29], serving as a precise follow-up tool for the treated
tumors (Figure 1) [1].

Figure 1. PET-CT of a myofibroblastic sarcoma of the retroperitoneum: (A): high metabolic activity
tumor recurrence after surgical resection (red circle); (B): partial tumor response after CT-guided
VEG ECT treatment, without a metabolically active tumor (2-month follow-up). Metal clips, placed
during the initial surgery with the intention to mark the tumor’s location, are visible on both images
(the two white lines inside the circles), guiding the placement of long needle electrodes during ECT.
PET-CT: positron emission tomography—computed tomography; VEG: variable electrode geometry;
ECT: electrochemotherapy.

3.1. Previous Oncological Treatment

In the majority of cases, patients scheduled for ECT have already exhausted numerous
oncological treatment options, such as surgery (often multiple), chemotherapy, radiother-
apy, immunotherapy, chemoradiation, and even previous ECT treatments. In our own
study conducted on VEG ECT treatment for STSs, we found that the median elapsed time
from the first diagnosis to ECT was 19 (8-144) months [1], a relatively long time, somewhat
pinpointing the current role of ECT among oncological regimens. According to an INSPECT
study on cutaneous metastases of breast cancers treated by ECT, 87% received previous
chemotherapy and 81% received previous radiotherapy [30]. Furthermore, Edhemovic et al.
also note that 48.7% of patients received chemotherapy + targeted therapy for colorectal
liver metastases prior to ECT [22]. According to the above data, it seems to be clear that
ECT still stands as a last resort in the oncological armamentarium for deep-seated tumors.

Despite the reportedly high complete response rate (62-91%) and positive patient-
reported outcomes, major guidelines such as those of the ESMO (European Society of
Medical Oncology) and the NCCN (National Comprehensive Cancer Network) still do
not include ECT as a potential treatment option for deep-seated tumors even in reserved
cases [31].
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3.2. Electrode Placement Planning

During VEG ECT of deep-seated lesions, planning of electrode placement is essential
on one hand for accurate assessment and complete covering of target tissue and also to keep
healthy tissue damage to a minimum. In order to successfully treat extended, bulky tumors,
the diameter /volume of the tumor and the tumor depth and distance from the surface of the
skin should all be accurately measured through -CT/MRI/PET-CT prior to the intervention.
Pre-treatment imaging is not only important for tumor staging (defining the extent of the
primary lesion and excluding/confirming lymph nodes and distant metastases) but also for
follow-up and comparison of the target lesion(s). Patient follow-up is carried out according
to RECIST, with the first image-based control after 2 months. The time interval between
image-based treatment planning should be minimized as tumor volume can change with
time, jeopardizing accurate electrode placement and tumor targeting. During our own
practice, we used Pulsar software version 1.0 (IGEA, S.p.A, Carpi (MO), Italy) for electrode
placement planning, supplemented by intraoperative ultrasound (US), which enables con-
firmation of precise tissue depth and adequate coverage of tumor volume, maintaining
safety margins (10 mm). Recently, patient-specific planning for electroporation-based treat-
ments has also shown major improvements. Three-dimensional modelling of tumors inside
solid organs in relation to neighboring vessels and vital structures has made treatment
outcomes and electric field distribution more predictable compared to simply uploading
medical images (e.g., CT, or MRI) [32,33]. Moreover, web-based planning software has been
developed, facilitating more precise treatment planning through uploading of DICOM
images; hence, clinicians, otherwise laymen, regarding biomedical engineering are easily
able to assess electric field calculation and visualization [34]. Standard electrodes do not
require placement planning; hence, these treatments are more rapid and straightforward
than VEG treatments. Placement of VEG electrodes can be indeed time-consuming; how-
ever, accurate positioning of electrodes is paramount for successful target covering. Soft
tissue VEG electrodes can vary from 12 to 24 cm in length with an active tip of 3-4 mm,
depending on the lesion size and depth. Electrodes have to be placed parallel with one
another, with the inter-electrode distance not extending 30 mm. Hence, in some cases, VEG
electrode placement can be quite difficult, resulting in an overall prolonged procedure.

Each organ and tissue requires different treatment planning, taking tissue heterogene-
ity (meaning that electric field distribution and effect can also differ within the same tissue)
into account. Cindric et al. [14] reported on electric field distribution changes observed
in liver tissue and found that major hepatic structures indeed affect EFD; hence, this phe-
nomenon should be carefully considered in order to reach a sufficient electric threshold
in the target tissue [14,35]. It is important to keep in mind that bleomycin-based ECT can
be carried out in a 2040 min time window, 8 min after the intravenous administration
of bleomycin; thus, VEG electrode placement—which in the case of bulky lesions takes
a substantial amount of time—should be completed before administering the cytotoxic
drug. In the case of bulky tumors with large treatment areas, multiple VEG electrodes are
used, which can be repositioned during the same session in order to treat the complete
extent of the lesion. Both vertical and horizontal repositioning can be carried out during
treatment, meaning that the complete tumor volume can be sufficiently covered (Figure 2).
Considering fragile structures such as major liver vessels or the bile ducts, an important
question rises as to whether the train of electric pulses and eventually ECT have any kind
of damaging effect on them. Zmuc et al. [17] conducted an animal model study, which
confirmed no clinically significant damage or severe inflammatory response to major liver
structures after ECT [17]. In their phase II study, Edhemovic et al. [36] reported no serious
adverse events during the ECT treatment of 39 patients with inoperable colorectal liver
metastases of which 44% were located centrally next to liver vessels and the bile ducts [36].
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Figure 2. Treatment planning of an extended retroperitoneal sarcoma with long needle VEG elec-
trodes. Planning of electrode re-positioning in order to cover the complete tumor extent (red
line) including safety margins (dotted line). (A): Treatment of subdomain 1—area in orange and
(B): subdomain 2—area in purple. VEG: variable electrode geometry.

3.3. Electrodes

During the last decade, the improvement of electrodes has granted treatment for not
only extended, bulky lesions (with VEG electrodes) but also the endoscopic and laparo-
scopic treatment of intraabdominal tumors (the introduction of IGEA Stinger®), further
upgrading reversible electroporation and electrochemotherapy by covering each aspect of
tumor access [37,38]. Standard electrodes have enabled the treatment of both superficial
and deep-seated lesions with linear, hexagonal constellation and even finger electrodes for
hard-to-reach areas, especially body cavities (e.g., vulva carcinomas).

The introduction of a new pulse generator called the Cliniporator Vitae (IGEA SpA,
Carpi, Italy) and long needle VEG electrodes has paved the way for the treatment of
malignancies in specific deep locations (e.g., lesions invading great vascular structures
such as the inferior vena cava in the case of liver tumors) and prompted the introduction of
percutaneous US/CT-guided techniques with less burden to the patient, further reducing
in-patient stays [8].

Deep-seated malignancies often include advanced-stage, already metastatic neo-
plasms, previously treated with numerous different modalities. In our previous study
conducted on bleomycin-based VEG ECT treatment of STSs, the average time from the
initial diagnosis to ECT treatment was 19 months [1]. This time delay is mainly attributed
to the fact that the use of ECT has increased during the last decade. With a wide spectrum
of treatable tumors and objective response rates as high as 85% [31], the exact role of ECT is
yet to be defined in the oncological ball game [8].

As regards ECT being safe, with mild side effects, and the fact that it can be used
in combination with different treatment modalities (surgery, chemotherapy, radiation
therapy, and immunotherapy), we believe that earlier integration into treatment strategies
would be more beneficial in the management of advanced tumors than reserving it only as
an “ultimum refugium” (with palliative intent). In addition, in case of recurrence or the
development of novum metastases, ECT is easily repeatable without precluding additional
treatment modalities on the same patient.

3.4. Adverse Events

As regards serious adverse events, they are only sporadically mentioned in the lit-
erature [1]. Common side effects include involuntary muscle contractions during the
application of electric pulses. These are transient contractions, with only mild discomfort to
the patient. During ECT of visceral tumors localized in the upper quadrant of the abdomen,
the train of electric pulses must be synchronized to the heart’s absolute refractory period in
order to avoid interference with cardiac electrical activity [39,40].
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The minor side effects of deep-seated ECT are similar to the well-published side effects
of ECT used on superficial tumors: skin ulceration, hyperpigmentation, maculopapular
rash, skin suppuration and odor, flu-like symptoms, and headaches.

The necrosis of tumorous tissue, if near the surface of the skin, becomes visible with
a firm, black, ulcerated area at the treatment site. However, in the case of deep-seated
or visceral lesions treated with the percutaneous approach, skin marks can only be seen
according to electrode placement (Figure 3C).

Figure 3. (A): Planning of long needle electrode placement in the case of a left-sided retroperitoneal
sarcoma near the left iliac crest. (Red line indicates tumor extent, dotted red line indicates safety
margin from tumor boarder). (B): Positioning of VEG electrodes before starting ECT treatment.
(©): Skin marks of long needle VEG electrodes after ECT. In order to cover the complete tumor extent,
two sets of electrodes were applied (cranial set—white circle; caudal set—black circle). VEG: variable
electrode geometry; ECT: electrochemotherapy.

In the case of the deep-seated treatment of liver tumors, mainly mild side effects are
reported, such as post-ECT fever, transient ascites formation, or mild pain elevation [16,22,41].
After ECT treatment of patients with locally advanced pancreatic cancer, Izzo et al. found
delayed gastric emptying in 30.8% and 25% and pleural effusion in 30.8% and 16.7% with
standard and VEG electrodes, respectively [19]. Our own study on STSs showed 4/7 cases
of local ulceration at the treatment site, all of which could be managed conservatively.
However, nerve damage and transient plegia of the quadriceps femoris muscle were also
observed in one case of left-sided retroperitoneal myofibroblastic sarcoma treated with
CT-guided VEG ECT, which gradually improved with medication and physiotherapy [1].

An additional observation after ECT is the reduced level of pain experienced by
patients. In our practice, a VAS (visual analogue scale) was used, which is a simple, bedside
score, that easily indicates patient pain levels. Ranieri et al. analyzed VAS results after
percutaneous VEG ECT in 20 patients with a variety of primary tumors (lung, breast,
colorectal, kidney, melanoma, etc.) and found a mean pre-ECT VAS of 7.5, shifting to
3 one month after ECT [42]. Simioni et al. reported on 30 patients treated mostly for STSs
and melanoma (43%) with bleomycin-based ECT, without any serious adverse events and
notably improved pain levels and tumor response (CR: 63%, PR: 27%, and SD: 10%) [43].
Electrochemotherapy in the treatment of bone metastases also showed promising results,
especially in terms of pain reduction after treatment [44].

4. Summary and Future Perspectives

With low toxicity and fast recovery, ECT serves as a promising local anticancer therapy
that can successfully supplement other systemic treatment modalities, such as chemo-
or immunotherapy. The question, however, still arises as whether ECT will be able to
possess a more autonomous role in the near future and whether it will be upgraded as
a first line treatment option. Although phase I/1I studies have been conducted on assessing
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the efficacy of ECT for deep-seated tumors, a proper number of randomized studies are
still needed.

Clinical application of ECT has been expanding in recent years with improved ob-
jective response rates and a low number of adverse events, making it indeed a feasible
supplementary treatment option in combination with other treatment modalities. With
positive results and the emerging popularity of the technique, we hope that this promising
modality will no longer serve as an “ultimum refugium” treatment and can be built into
oncological practice.
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