Electrochemotherapy is a new thera-
peutic option for patients with locally
spread melanoma. It is based on the
phenomenon of reversible electro-
poration, i.e. a transient increase in
permeability of cell membranes un-
der the influence of an appropriately
modulated electric field. This allows
multiplication of toxicity of a cyto-
static agent entering the tumour cell.
It is highly effective, especially in the
palliative treatment of cancers locat-
ed in the integument of the human
body (skin and subcutaneous tissue).
Available literature provides a man-
date both for the application of this
method in the aforementioned cases
as well as for further work on its de-
velopment.

This paper focuses on reviewing the
literature concerning the use of elec-
trochemotherapy in the treatment of
melanoma.
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Introduction

Tumours, irrespective of their histology, can cause metastases to the
skin or subcutaneous tissue. Between 8% and 45% of patients diagnosed
with melanoma experience skin metastases of which 22.7% are satellite
and in-transit tumours; 50.2% are metastases in regional lymph nodes and
28.1% are distant metastases [1]. In the case of superficial lesions local ther-
apies include: surgical intervention, radiotherapy, cryotherapy, laser therapy,
RFA ablation, local chemotherapy, local immunotherapy with BCG, isolated
limb perfusion and as a last resort in the case of limbs —amputation [2-7].
In addition to local treatment, systemic therapy is increasingly used. Prog-
ress in new targeted therapies has been tremendous in recent years [2, 7].
Despite this, some of the superficial lesions are initially unresectable, e.g.
due to their size or location — e.g. face. Complications such as bleeding, in-
fections, psychological aspects often require application of local therapies,
even in stage 4 of the disease [8].

One of the newer therapies applied in metastatic melanoma is electro-
chemotherapy (ECT) which combines physical properties of electroporation
using electric current with chemical properties of chemotherapeutics. In this
method, by applying an electric current to the tissue, we induce a temporary
increase in permeability of the cell membrane, thus enabling a free flow of
large molecules into the cell, including cytostatics that at baseline are not
transported to the cytosol. As a result, their potential toxicity increases con-
siderably [9]. A flow chart presenting the procedure of electrochemotherapy
is shown in Fig. 1.

Combinations of different cytostatic agents and electroporation have
been studied in many pre-clinical studies and clinical trials. These studies
concerned, inter alia: bleomycin, cisplatin, carboplatin, mitomycin-c, and cy-
clophosphamide [10-13]. The highest rate of cytotoxic enhancement after
application of electroporation was reported for bleomycin, which increased
in toxicity by up to 1000 times and for cisplatin — up to 80 times.

The first results concerning application of ECT with the use of intravenous
bleomycin for melanoma were described by Rudolf et al. in 1995, and a year
later Glass et al. described their first experience with ECT and bleomycin
administered intratumourally [11, 14]. Both studies showed similar results
with ORR of 92%. ECT based on cisplatin is equally effective; however fewer
clinical data are available describing its use, mainly due to the necessity to
administer this cytostatic agent locally — into the tumour, which in the case
of disseminated skin lesions in one patient is often infeasible [12].

The ECT procedure is presented in detail in two papers: ESOPE (European
Standard Operating Procedures of Electrochemotherapy) and SOP (Standard
Operating Procedures) [9, 15]. In the case of qualification for treatment of
patients with small, single lesions (< 7 lesions and < 2 cm diameter of each
lesion), both bleomycin and cisplatin can be used locally — intratumourally.
The procedure starts with administration of a chemotherapeutic agent, and
after 1 minute electroporation is performed. If the skin lesions in the pa-
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Fig. 1. Flow chart presenting steps in electrochemotherapy (by courtesy of IGEA Ltd.)

tient are above 2 cm in diameter or there are more than
7 lesions, bleomycin administered intravenously is the
optimal cytostatic drug. Also in this case the procedure
starts with administration of the cytostatic agent, and
the supply of electric pulses begins after 8 minutes. The
optimum concentration of the chemotherapeutic agent is
maintained in the bloodstream from 8 to about 28 minutes
after administration. Depending on the planned length of
the procedure, it may be performed under local or general
anaesthesia.

The ECT standards have been developed based on the
use of a device called a Cliniporator (IGEA, Modena, Italy).
This system provides several types of needle applicators
that deliver current pulses to the tissue. The longest elec-
trodes have a length of about 3 cm, which is the maximum
depth for an effective treatment of lesions present in the
skin and subcutaneous tissue (Figs. 2, 3) [16].

The main contraindications to ECT include renal failure,
allergy to bleomycin or cisplatin, pulmonary fibrosis (in the
case of bleomycin), epilepsy, and a pacemaker. Neverthe-
less, according to the literature, ECT demonstrates a low
toxicity profile and limited, mostly minor side effects. The
main complications are local and include local pain, swell-
ing, redness, ulcers (due to necrosis of originally exophytic
tumours), and depigmentation [9, 16].

Material and methods

In the present paper, the method of electrochemother-
apy was discussed and a review of literature was con-
ducted concerning the treatment of melanoma with the
use of ECT. This review included five databases: PubMed,
HighWire Press, Science Direct, Wiley Online Library, and
Google Scholar. Initially, 772 publications were selected by
searching the phrases “electrochemotherapy” and “mel-
anoma”. We searched for publications on studies carried
out after the publication of ESOPE standards, i.e. from
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Fig. 2. Basic device Cliniporator™ with an applicator (by courtesy
of IGEA Ltd.)

08.2006 until 07.2017. After a preliminary analysis we re-
jected the following: papers repeated in different databas-
es, papers on preclinical studies, works only in the form of
abstracts, publications in languages other than English or
Polish, works in the form of presentations of clinical cas-
es, reviews of literature and publications prepared on the
basis of data from before the ESOPE study. We also ex-
cluded papers that described results of ECT on heteroge-
neous groups of patients, where a group of patients with
melanoma was not clearly isolated. Ultimately, 11 original
papers were qualified to the literature review. The scheme
for selection of publications is presented in Fig. 4.

Results

The paper containing the latest standards in ECT in the
treatment of metastatic melanoma is the aforementioned
ESOPE [9]. The study included 61 patients from 4 Europe-
an centres. ECT was performed using bleomycin i.t. or i.v.
or cisplatin i.t. In this publication patients with melanoma
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Fig. 3. Types of needle electrodes: A — linear; B — hexagonal; C — plate; D — ring (by courtesy of IGEA Ltd.
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Fig. 4. The process of selection of publications included in the lite-
rature review

constituted the largest homogeneous group. In 20 pa-
tients included in the study ECT was performed on 99 skin
lesions, achieving an OR (overall response) of 80.6% and
CR (complete response) of 66.3%.

One of the first works published after ESOPE was the
paper by Gaudy et al. in which patients were randomised
to two arms of the study — in the first arm the patients
were treated with ECT using bleomycin administered in-
tratumourally while in the other arm they received only
bleomycin intratumourally [17]. The study ultimately gath-
ered 40 patients, 24 of whom were randomised to the ECT
group and 16 to the group with bleomycin alone. OR and CR
for group 1 were 46% and 36%, respectively, and 25% and
8% for group 2, respectively. Treatments were performed
under local anaesthesia and the most common side ef-
fects were painful muscle spasms. Although a statistical-
ly significant difference was reported in CR, the group of
patients with no response or progression of the disease

| a
)
dampened enthusiasm for this method because the group
comprised 54% of all patients included in the study.

The best results with a representative group of 30 pa-
tients and 654 treated skin lesions were published by Ri-
cotti et al. in 2014 [18]. They evaluated CR for 20% and PR
(partial response) for 80% which together amounted to
100% of OR. A similar OR result was reported by Skarlatos
et al; however there were 5 patients with melanoma in
this study [19].

A group of 60 patients was gathered by Caraco et al.
who after 3 months of follow-up achieved OR of 86.6%,
and in 27.7% they achieved a CR to the treatment with
a follow-up of at least 27.5 months [20].

A large group of patients with metastatic melanoma
was treated with ECT by Campana et al. who achieved
very good results. OR of 92% (CR 48%, PR 44%) [21]. After
2 years of follow-up LPFS (local progression-free survival)
was 87%, and after 26 months a local recurrence was ob-
served in 6 patients from the originally CR group. The most
common complications associated with the treatment
included postoperative pain, vomiting, nausea, fever, and
skin lesions (ulcers, discolouration).

Another paper presenting very good results was the
publication of Quaglino et al. [22]. This paper described
results of application of ECT on a group of 14 melanoma
patients, and OR amounted to 93% after 8 weeks of fol-
low-up. After 24 months of follow-up, 74.5% of CR patients
had no local recurrence.

In 2014, Solari presented the results of his studies on
ECT in melanoma [23]. In a group of 20 patients he used
ECT with intravenous bleomycin and achieved CR and PR
of 10% and 45%, and SD (stable disease) and PD (progres-
sive disease) in 15% and 30%, respectively. It should be
noted, however, that he used a longer follow-up period
after which he assessed his patients, i.e. 6 months.

In 2017, Kunte and an international team published
a study InspECT based on 151 patients demonstrating high
efficacy of ECT [24]. The overall response was 73% with
a minimum follow-up 60 days. One year overall survive
was 67%. The most common side effects were related to
hyperpigmentation and ulceration (42%, G3 in 2 patients),
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Table 1. Selected publications on the use of electrochemotherapy in the treatment of melanoma

Author Number Number Drug applied/ Number Response to treatment Follow-up Local
(year) (_)f ?f delivery of ECT Complete  Partial Stabilization Progression I
patients lesions route courses (CR) (%)  (PR) (%) (SD) (%) (PD) (%) control rate
Scarlatos 5 ND bleomyciniv. 7 (avg. 1.4) 60 40 0 0 60 days ND
et al. 2011 orit.
[19]
Gaudy et al. 12 30 bleomycin i.t. ND 36 10 29 25 min. 12 weeks ND
2006 [17]
Marty et al. 20 98 bleomycin ND 66.3 14.3 ND ND min. 60 days, ND
2006 [9] iv.orit; average of
cisplatin i.t. 133 days
(from 60 to
380 days)
Mir-Bonafe 31 ND bleomycin i.v. 57 23 49 0 28 360 days ND
etal. 2014 (avg. 1.54)
[42] from 1to 3
courses
Kreuter 20 ND bleomycin i.v. 46 20 30 20 30 ND ND
etal 2014 (avg. 2.3)
[43]
Ricotti et al. 30 654 bleomyciniv. Avg. 132 20 80 0 0 min. 4 weeks, LTCR 72%
2014 [18] average of 20  after 24
months months
Solari et al. 20 ND bleomycin i.v. ND 10 45 15 30 6 months ND
2014 [23]
Caraco et al. 60 ND bleomycin i.v. 100 48.4 38.3 0 133 min. CR 27.7%
2013 [20] (avg. 1.66) 3 months, after 27.5
from1to 5 average of months
courses 27.5 months
Campana 34 373 bleomycin i.v ND 50 ND ND ND min. 8 weeks, ND
et al. 2009 ori.t. average of
[44] 9 months
Quaglino 14 233 bleomycin i.v. 24 50 43 7 0 min. 8 weeks, LTCR 74.5%
et al. 2008 (avg. 1.71) average of 21 after 24
[22] months months
Campana 85 268 bleomycin 226 48 44 6 19 min 4 weeks, LPFS after
etal 2012 iy, i.t.or (avg. 2.66) average of 26 24 months
[21] combination months 87%
Kunte et al. 151 394  bleomycin i.v. 188 58 19 20 2 (1% not min.60days, OR73%
2017 [24] orit. (avg. 1.3) evaluable)  average 116 after 60
days days
Total/ 502 2050 40.1 34
average
~OR = 74%

i.v. — intra venous; i.t. — intra tumorally; ND — no data

and others included: post-operative pain (39%), flu-like
symptoms (4%), nausea (3%), and swelling (3%). This pa-
per drew some important conclusions regarding ECT indica-
tions. In multivariate analysis, factors positively associated
with overall response were tumour size < 3 cm, absence
of visceral metastases, treatment of non-irradiated areas,
presence of lymphoedema, and coverage of deep margins
and lateral margins. This publication was a prospective mul-
ticentre study on a large group of patients and therefore
these results strongly confirm the conclusions of the previ-
ous publications and prove the effectiveness of the method.

All data collected from the publications included in the
literature review are presented in Table 1.

Conclusions

In the case of limited in-transit melanoma metastases
to the skin and subcutaneous tissue surgery remains the
main therapeutic option. The most available and, there-
fore, most frequent intervention used in the case of cu-
taneous metastatic cancer in the case of ineligibility for
surgery is a systemic chemotherapy and immunotherapy.
Other methods used include radiotherapy and techniques
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of local therapies e.g. PDT (photodynamic therapy) and
local chemotherapy (intralesional therapy — ILT). A me-
ta-analysis published in 2014 presenting the results of
47 prospective studies compared five available therapies
used for skin cancers (ECT, RT [radiotherapy], PDT, topical
treatment — injection of a cytostatic drug into the tumour
[ILT], and systemic treatment) —in the case of ECT the OR
result was 75.4% (CR 47.5%), with a low toxicity profile
(> 3 toxicity based on the CTC toxicity scale in less than
6% of patients). OR for RT was 62.7%; OR for PDT was
67.8%; OR for ILT was 21.4%; and OR for systemic therapy
amounted to 12.9% [25]. In the presented meta-analysis
melanoma recurrence accounted for 83,3% of cases.

The efficacy of ECT has been proven in the treatment
of many cancers, including melanoma, Kaposi’s sarcoma,
leiomyosarcoma, breast cancer spread, head and neck
cancers, and primary skin cancers [19, 26-28]. Most often
it is a palliative treatment when other methods do not
bring a positive effect [29]. However, due to its proven ef-
ficacy, ECT can be considered a method of choice in the
case of contraindications to surgery and radiotherapy, e.g.
for a palliative provision of bleeding ulcers, thus improving
the quality of life of patients. The advantage of ECT over
other therapies is that it can be applied when chemother-
apy, radiotherapy, and surgery have been used earlier and
it can be repeated in the same area several times.

Different mechanisms are postulated to explain the
achieved anti-tumour effect of ECT. The best document-
ed include: an which increase in the intracellular concen-
tration and, consequently, in activity of cytostatic drugs
administered locally or systemically [30, 31]; induction of
ischaemia in the mechanism of local contraction of arte-
rioles (including the so called “vascular lock” — a delayed
wash-out of the drug from the treated area) [32, 33] and
the toxicity for endothelial cells [34, 35]; promotion of in-
flammatory infiltration in the treated area [36, 37]; toxicity
associated with electrolysis and migration of electrolytes
in the intracellular matrix and with disruptions of the
transmembrane potential [38, 39].

An increasing number of studies showing the influence
of ECT on immunological response were the basis of com-
bining ECT with immunotherapy. Two recent studies seek-
ing to evaluate the potency of the combination of ipilimum-
ab and ECT have produced very encouraging results [40, 41].
In the case report published by Brizio et al. [40], local ECT
treatment of cutaneous lesions of melanoma was followed
by ipilimumab administration, resulting in the complete re-
gression of all the cutaneous and visceral metastases for
at least 1 year. Interestingly, vitiligo-like lesions developed
exclusively around the sites of previous ECT, suggesting that
a prior ECT-driven immune activation was enhanced by ip-
ilimumab. The other study reported that the volume of dis-
tant non-ECT-treated tumours decreased or was stabilised
in nine patients out of 15, possibly through ipilimumab-in-
duced regulatory T cell depletion [41].

In the near future we can expect further studies on new
combinations of ECT with immunotherapy. Not only drugs
but also nucleic acids can be transferred into target cells
via the delivery of electroporation, e.g. electro-gene thera-
py, i.e. the electroporation-mediated transfer of therapeu-

tic genes, which is currently under clinical evaluation and
can potentially bring us to the next level of cancer fighting.

These methods, however, are relatively new and re-
quires further studies, especially in large randomised
groups of patients.

The authors declare no conflict of interest.
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