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Summary
Breast cancer is the most common cause of skin metas-
tases in women. The probability of their occurrence
ranges from about 5% in the entire population to as
much as 30% in the late stages of the disease. Although
rarely life-threatening, they have a major impact on the
quality of life of patients with this diagnosis, being the
cause of pain, effusion, ulceration, infection, and psycho-
logical discomfort. Available methods of treatment, both
local and systemic, often fail to provide adequate control
of the disease. A particular challenge seems to be the
treatment of those patients with cutaneous metastases
who, due to the extent of their metastases, are not eligi-
ble for resection, in whom the possibility of radiation
therapy has already been used, and in whom systemic
therapy is ineffective or contraindicated. A new method
providing the opportunity for effective treatment is elec-
trochemotherapy (ECT). ECT combines electropulsation
of tumor cells (by local application of electric pulses) and
administration of antineoplastic drugs such as cisplatin
or bleomycin (either intravenous or intratumoral). Sev-
eral clinical studies have demonstrated that ECT pro-
vides safe, efficient, and non-invasive locoregional treat-
ment for chest wall breast cancer recurrence.
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Introduction

Over the last decade, breast cancer has become the most com-
mon cancer in women. As a result of an increase in the detection of
the disease at an early stage and the development of new anticancer
therapies, it has also become one of the cancers with the highest
cure rate. Nevertheless, 5-30% of patients experience local skin re-
currence (chest wall recurrence, CWR) within 10 years of mastec-
tomy [1-3]. This recurrence may be the only symptom of an active
cancer, but it may also be accompanied by dissemination of the
disease to other organs.

CWR usually takes the form of multiple nodules in the skin and
subcutaneous tissue, which, without treatment, most frequently be-
come ulcerated, bleed, and cause chronic pain. The quality of life of
these patients is dramatically reduced. It has been proven that vari-
ous factors such as the size of the primary tumor, the tumor phe-
notype, and invasion of blood vessels affect the frequency of CWR
after mastectomy [4].

The spread of breast cancer to the skin is not always associated
with a poor prognosis, especially in the absence of markers for sys-
temic spread and when surgical resection of the recurrent cancer is
possible [5]. Resection may be supplemented with radiotherapy
(RT) and systemic treatment.

Where surgery, RT, and systemic treatments have already been
explored, or where they fail to produce positive results, the possi-
bilities for achieving local control are limited. One of the new
methods providing the opportunity for effective treatment is elec-
trochemotherapy (ECT).

Electrochemotherapy

ECT involves the non-thermal ablation of tumor tissue [6]. To
this end, it uses the phenomenon of reverse electroporation. The
basis for this method is the application of an external electric field
to the target tissue. Electric pulses of appropriate intensity and du-
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Fig. 1. Flow chart presenting steps of electrochemotherapy (courtesy of IGEA,
Carpi, Italy).

ration induce changes in the structure of the cell membrane, and
pores are formed making it non-selectively permeable. If at the
same time a cytostatic agent is present in the extracellular space, it
will permeate to the center of the cell as a result of a simple diffu-
sion mechanism. A few minutes after the impulse, the cell mem-
brane regains homeostasis, and high concentrations of the cyto-
static agent remain in the cytosol. As a result, the potential toxicity
increases significantly [7]. A flow chart demonstrating the ECT
procedure is shown in figure 1.

Currently, bleomycin and cisplatin are the most commonly
used chemotherapeutic agents, mainly due to the fact that, if used
conventionally, they present with poor penetration into the cell
center, while under the influence of electroporation their concen-
tration in the cytosol, and thus their toxicity, increase significantly.
In vitro studies demonstrated that in combination with electropo-
ration toxicity is increased up to 1,000 times for bleomycin and
80-100 times for cisplatin [8, 9].

Bleomycin is an anticancer polypeptide antibiotic with a mini-
mal indicator of myelotoxicity [10]. It can induce interstitial
plasma cell pneumonia which in some cases leads to interstitial fi-
brosis. Pulmonary toxicity is recorded in about 10% of patients,
and lung fibrosis develops in 10% [11, 12]. There is a correlation
between the total dose of bleomycin received and the risk of pul-
monary fibrosis; the dose of 400,000 IU/m? should not be ex-
ceeded. Two-thirds of the administered bleomycin is excreted un-
changed in the urine; patients with renal failure may have elevated
levels in the blood. Therefore, the dose of bleomycin should be
modified depending on the estimated glomerular filtration rate. At
the cellular level, bleomycin leads to single- and double-stranded
damage within the DNA helix, and it is an inhibitor of DNA-de-
pendent polymerase. It causes fragmentation of DNA strands [13].

The ETC protocol allows the administration of bleomycin intra-
tumorally as well as intravenously. Topical application (into the
tumor) is legitimate if < 7 nodules of small diameter (< 20 mm) are
to be included in the therapy [14-16]. The dosage of the cytostatic
agent used topically depends on the size of the tumor and is set out
in the document titled ‘Standard operating procedures of electro-
chemotherapy (...)’ (SOP) [14]. First studies comparing the efficacy
of bleomycin administered topically versus in combination with
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electroporation demonstrated more than 2 times better results in
the case of ECT (complete response (CR) 31 vs. 78%) [17]. In the
case of more and larger tumors, intravenous administration of ble-
omycin is preferred; the dose is 15,000 IU/m? in such cases. This
dose is similar to that used in classic systemic chemotherapy with
bleomycin; however, during ECT, only 1 bolus of the chemothera-
peutic agent is administered which usually does not lead to the tox-
icity threshold being reached.

Cisplatin affects DNA similarly to bleomycin, damaging its
structure and leading to the initiation of cell apoptosis [18]. 90% of
cisplatin is excreted through the kidneys; hence, prior to its admin-
istration, diagnostic tests should be carried out for chronic kidney
disease, and, in order to prevent nephrotoxicity, the patient should
be well hydrated. 2 h after administration of 90% of cisplatin, it
binds to plasma proteins. Under ECT, cisplatin is administered in-
tratumorally; the exact doses are specified in the SOP protocol [14].

The final outcome of ECT is affected by a number of other ele-
ments besides the described increase in toxicity of the cytostatic
drugs as a result of electroporation. First, electric current pulses
cause contraction of the surrounding blood vessels, which results
in a temporary reduction in perfusion and a delay in the chemo-
therapeutic agent being transported away from the tumor (so-
called vascular lock) [19, 20]. Second, ECT locally limits the pro-
cess of neovascularization due to its pro-apoptotic properties af-
fecting also endothelial cells [21, 22]. Third, stimulation of the sys-
temic immune response also exerts an influence on the final
outcome of therapy. The use of ECT on the tumor tissue induces
massive necrosis, and the disintegrating cells release tumor anti-
gens which in large amounts enhance the natural immune re-
sponse; thus, this effect may be responsible for a systemic response
to the topical treatment [23, 24].

ECT Technique

Standard procedures for the use of ECT, including the protocols
on administration of cytostatic agents, were developed in 2006 in
the form of 2 documents: the European Standard Operating Proce-
dures of Electrochemotherapy (ESOPE) [7] and the aforemen-
tioned SOP [14]. These provide guidelines for the use of ECT to
this day. The procedure can be performed under local or general
anesthesia and can be repeated several times, even in patients with
coexisting diseases. Both described cytostatic drugs remain in use,
and their administration commences the procedure. Bleomycin or
cisplatin are administered intratumorally for about 1 min prior to
the application of the first pulse of electric current. In the case of
intravenous administration of bleomycin as a bolus lasting approx-
imately 1 min, the first application of current occurs after 8 min.
After 8 min of waiting for the proper concentration of the cyto-
toxic drug in the circulating blood, electroporation is carried out in
the intended area for another 20 min [14].

The ESOPE guidelines were prepared based on the use of a de-
vice called Cliniporator™ (IGEA.r.L,, Carpi, Italy) (fig. 2). 1 appli-
cation consists of 8 consecutive pulses of electric current with a
voltage of 400-700 V, a duration of 100 ps, and a frequency of
5,000 Hz. The pulses are delivered by means of needle electrodes.
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Fig. 2. Basic Clinipo-
rator™ device with ap-
plicator.

Fig. 3. Types of needle electrodes: 1, linear; 2, hexagonal; 3, plate; 4, ring.

The manufacturer provides several types of electrodes dedicated to
different lesion sizes and locations (fig. 3). The maximum electrode
length is 3 cm, and lesions located within that depth range are suit-
able for this therapy.

The main contraindications for ECT include renal failure, al-
lergy to bleomycin or cisplatin, pulmonary fibrosis (in the case of
bleomycin), epilepsy, and a pacemaker. Nevertheless, according to
the literature, ECT demonstrates a low toxicity profile with limited
and mostly minor side effects. Main complications are local and
include local pain, swelling, redness, ulcers (due to necrosis of orig-
inally exophytic tumors), and depigmentation [14].

Aim, Material, and Methods

In the current paper, the method of ECT is discussed and a re-
view of literature presented concerning the treatment of breast
cancer metastasis to the skin and subcutaneous tissue with ECT.
The literature review included 5 databases: PubMed, HighWire
Press, Science Direct, Wiley Online Library, and Google Scholar.
Initially, 409 publications were selected by searching the phrases
‘electrochemotherapy’ and ‘breast cancer’. We searched for publi-
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Publications on the use of ECT in breast cancer

N= 403

Number of publications after rejecting repetitions
and preclinical studies

N=40

Number of publications after rejection:
- abstracts, (N=15)

-publications in a language other than English
and Polish, (N=2)

- presentation of cases, [N=6)
- publications prior to ESOPE, (N=5)

- literature reviews (N=4)

Fig. 4. Process of se-
lection of publications
included in the litera-

Final number of publications selected for the
literature review

N=8
ture review.

cations on studies carried out after the publication of the ESOPE
standards, i.e. from August 2006 until October 2016. After a pre-
liminary analysis, we rejected papers repeated in different data-
bases, papers on preclinical studies, works only in the form of ab-
stracts, publications in languages other than English and Polish,
works in the form of presentations of clinical cases, literature re-
views, and publications prepared on the basis of data before the
ESOPE study. We also excluded papers which described results of
ECT on heterogeneous groups of patients, where a group of pa-
tients with breast cancer was not clearly isolated. Ultimately, 8
original papers qualified for inclusion in the literature review. The
scheme for the selection of publications is presented in figure 4.

Results

All papers on ECT published after August 2006 referred to
ESOPE in which results of multicenter studies aimed at establish-
ing guidelines for the use of ECT were presented for the first time
[7]. The study included 61 patients from 4 European centers. Both
bleomycin and cisplatin were used as cytostatic agents. Bleomycin
was administered both intratumorally and intravenously. Cisplatin
was administered intratumorally only. The final response to treat-
ment was evaluated in 41 patients. Overall response (OR) to treat-
ment amounted to 84.8% (including CR, 73.7%). No statistically
significant differences were observed between the results of ECT
with bleomycin or cisplatin as well as between the different routes
of delivery. One limitation of this study was that the only isolated
homogenous group included patients diagnosed with melanoma.
Hence, this work, despite its fundamental value for the current in-
dications for the use of ECT, was not included in the list of publica-
tions selected for this literature review. All 8 publications included
in the discussion are presented in table 1.
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Table 1. Selected publications on the use of electrochemotherapy (ECT) in the treatment of breast cancer metastasis to the skin and subcutaneous tissue

Author, Patients,  Lesions,  Drug/ ECT Response to treatment, % Follow-up LPES
year [ref.] n n delivery route courses, n
CR PR SD PD
Skarlatos, 8 BD bleomycin i.v. 13 (avg 1.6) 25 75 0 0 60 days ND
2011 [6] ori.t.
Kreuter, 2014 13 BD bleomycin i.v. 20 (avg 1.5) 7.7 385 154 385 ND ND
(28]
Cabula, 2015 113 214 bleomycin i.v. 113 (avg 1) 584 318 71 1.8 min. 8 weeks 12-month LPFS 86.2%;
[25] or i.t. (avg 5.9 months) in group with CR 96.4%
Campana, 55 212 bleomycin i.v. ND (avg 2) 473 127 0 min. 8 weeks 2-year LPFS < 70 years of
2014 [29] ori.t. (avg 32 months) age 93%; > 70 years 67%
Campana, 35 516 bleomycin i.v. 62 (avg 1.8) 543 371 86 0 min. 8 weeks 36-month LPFS 81%
2012 [38] (avg 32 months)
Matthiessen, 12 25 bleomycin i.v. 27 (avg 2.2) 8 76 8 min. 8 weeks ND
2012 [27] (avg 11 weeks)
Benavento, 12 142 bleomycin i.v. 16 (avg 1.3) 75.3 17 7.7 0 min. 4 weeks ND
2012 [26] (avg 30 weeks)
Wichtowski, 7 35 bleomycin i.v. 9 (avg 1.3) 43 0 14 min. 8 weeks ND
2016 [39] (avg 12 weeks)
Total/ 255 1,454 37 16 8
average

OR =76%

CR = Complete response; PR = partial response; SD = stable disease; PD = progressive disease; LPFS = local progression-free survival; i.v. = intravenous;
i.t. = intratumoral; min. = minimum; avg = average; ND = no data; OR = overall response.

The largest group of patients was gathered by Cabula et al. [25]
in their paper published in 2015 in which the results on 113 pa-
tients and a total of 214 lesions treated with ECT are presented.
Similar to most studies, the authors used bleomycin administered
intravenously or intratumorally depending on lesion number and
size in a given patient. The overall percentage of positive responses
within a 2-month follow-up amounted to 90.2%, including CR in
58.4% of patients. With regard to long-term results, 86.2% of pa-
tients achieved a 12-month period free from local progression, and
in the group of CR patients this percentage was 96.4%. In multi-
variate analysis, the factors which were statistically significant in
achieving CR included: tumor size < 3 cm, absence of visceral me-
tastases, positive expression of estrogen receptor, and Ki-67 index
< 14%. The most common complications included: sharp pain in
the first 48 h after surgery; in the long-term follow-up, 8% of pa-
tients experienced grade 3 ulcers and 8.8% grade 2 hyperpigmenta-
tion according to Common Toxicity Criteria (CTC).

The best results in terms of CR were obtained by Benavento et
al. [26] who applied ECT in 12 patients with a total of 142 lesions.
Response to treatment was assessed after 30 days, and the median
follow-up time was 210 days. The percentage of CR amounted to
75.3%; after adding the percentage of partial responses (PR; 17%)
the overall percentage of positive responses was at the level of
92.3% (OR). Patients received 1-3 courses of treatment. No serious
complications were observed in relation to the ECT procedure. 1
patient experienced sharp pain for 48 h, another experienced ul-
ceration persisting after surgery, which was due to necrosis of the
tumor tissue.
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The most skeptical results were published by Matthiesen et al.
[27] and similarly by Kreuter et al. [28]. In the former, the CR rate
amounted to 8%, the PR rate was also 8%, and the percentage of
lesions assessed as stabilized (lack of progression, stable disease
(SD)) was 76%. In the latter, CR was 7.7%, but PR amounted to
38.5%, which adds up to an OR of 46.2%. In the case of the publica-
tion by Matthiesen et al. [27], it should be noted, however, that the
response to treatment was evaluated only in tumors > 3 cm in di-
ameter, while many other studies suggested that the effectiveness
of ECT is dramatically reduced in tumors > 3 cm. In the study by
Matthiesen et al. [27], a complication was observed in the form of
chronic neuropathic pain with grade 3 intensity based on CTC.
This is a complication which was not observed during treatment of
smaller diameter lesions.

Interesting results were presented by Campana et al. [29] in their
paper published in 2014. The authors obtained satisfactory overall
results, yielding an overall percentage of positive responses of
87.3%. When assessing the period free from recurrence within a
2-year observation, it was noted that statistically better results were
achieved in patients < 70 years of age (93 vs. 67%); however, disease
progression was more frequently observed in the group < 70 years
of age than in the group > 70 years of age, and most frequently it
affected areas outside the initial ECT treatment (39 vs. 30%). When
describing the incidence of recurrence outside the ECT therapy area
at 60% referring to the entire group of patients included in the
study, the authors emphasized how important it is to understand
that ECT is a palliative method of local treatment. The complica-
tions reported in his study were similar to those mentioned by other
authors and included postoperative pain and ulcers.

Wichtowski/Murawa/Kulcenty/Zaleska



Summary

In the case of limited metastases from breast cancer to the skin
and subcutaneous tissue, surgery remains the main therapeutic
option. Often, however, unresectable, extensive, ulcerating recur-
rence around the mastectomy scar presents as the only symptom
of cancer recurrence and constitutes a therapeutic challenge for
the surgical oncologist. From the patient’s perspective, it causes
significant reduction in quality of life. The most available and,
therefore, most frequently used intervention in the case of cuta-
neous metastatic cancer ineligible for surgery is systemic chemo-
therapy which is often ineffective. Other methods used include
RT and local techniques such as photodynamic therapy (PDT)
and local chemotherapy (intralesional therapy, ILT). A meta-
analysis published in 2014 presenting results of 47 prospective
studies compared 5 available therapies used for skin cancers:
ECT, RT, PDT, ILT, and systemic cytotoxic treatment. In the case
of ECT, the OR was 75.4% (CR 47.5%), with a low toxicity profile
(2 3 toxicity based on the CTC toxicity scale in less than 6% of
patients). OR was 62.7% for RT, 67.8% for PDT, 21.4% for ILT,
and 12.9% for systemic therapy [30]. In the presented meta-anal-
ysis, metastatic breast cancer and melanoma recurrence ac-
counted for 96.8% of cases.

The effectiveness of ECT has been proven in the treatment of
many cancers including melanoma, Kaposi’s sarcoma, leiomyosar-
coma, breast cancer metastasis, head and neck cancer, and primary
skin cancers [6, 31-33]. Most frequently, it is a palliative treatment
at a time when other methods have failed to produce positive re-
sults [34]. However, due to the proven efficacy, it may also be used
as a method of choice in the case of contraindications to surgery
and RT, e.g. to palliatively treat bleeding ulcers.

The new generation of ECT devices (Cliniporator Vitae which is
still undergoing clinical trials) is equipped with electrodes with a
length and shape enabling the treatment of tumors of parenchyma-
tous organs such as liver and pancreas [35, 36]. There is also an
open avenue to combine ECT with immunotherapy. Interesting
data were provided by preclinical studies in mice, which compared
the use of ECT in immunocompetent mice versus mice with im-
mune disorders [24]. High efficiency with a statistically significant
difference was demonstrated in the first group.

Most studies concerning the use of ECT in breast cancer de-
scribe its effectiveness in the treatment of cutaneous metastasis
after mastectomy. In the future, once the device and electrodes
have been upgraded, the extension of its application also to pri-
mary breast cancer should be considered, e.g. as a neoadjuvant
therapy for tumors with > T3 features, replacing the long-term
preoperative systemic chemotherapy. In 2013, Cabula [37] pub-
lished positive results achieved in a patient treated with ECT for
primary breast cancer. The author concluded that research in this
area should be continued.

The main advantages of ECT include high efficacy, duration of
response to treatment, reduced toxicity, and quick and full recov-
ery after surgery. This, combined with the simplicity of the proce-
dure itself, makes it a useful therapeutic option, especially in pa-
tients with stage 4 cancer.
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