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1. Aim of the document

The aim of this document is to define the standard operating

procedures (SOP) in order to safely and conveniently treat, by

electrochemotherapy, patients with cutaneous and subcutane-

ous nodules. To this end this document provides the reader with

the basis for understanding the mechanisms of the electroche-

motherapy as well as its possibilities as antitumour treatment.

It also has a decision chart to help the physician in choosing

among the different treatment modalities reported in this SOP.

1.1. Definition of ECT

Electrochemotherapy is a new tumor ablation modality provid-

ing delivery into cell interiors of non-permeant drugs with

intracellular targets. It is based on the local application of short

and intense electric pulses that transiently permeabilize cells

in tissues. To date, its main application has been the treatment

of tumour nodules when the electric pulses are associated with

non-permeant drugs having high intrinsic cytotoxicity. The

most convenient drug is bleomycin, a currently used antican-

cer drug, but cytotoxicity of cisplatin is also increased in vivo

by means of this original drug delivery approach.

It is important to note that the physico-chemical basis of

this treatment allow to predict that it works on all the tumours

types. Both the preclinical and clinical results published until

now clearly support this assessment. It actually brings a new

world of indications for the two drugs that until now have been

proved efficient under this approach, the cisplatin and the ble-

omycin. The data already collected around the world have

demonstrated the effectiveness of this technique which over-

comes the ineffectiveness of classical chemotherapy and often

allows avoidance of surgery, for example in previously irradi-

ated areas. Moreover, it has repeatedly shown that hemor-

rhagic nodules stop bleeding immediately after the

treatment, and the pain of painful lesions is also greatly re-

duced. The consequences of this treatment are simple, and tak-

ing into account the economic issues, the cost of this method is

really low. This therapy should therefore be offered to the pa-

tients to improve their quality of life independently of life

expectancy, to heal painful or bleeding lesions, as well as to im-

prove thepatient’s cosmesis and associated social interactions.

Although ECT following the SOP here described can be per-

formed with any electroporation system approved for clinical

use and delivering 8 pulses of 100 ls at appropriate voltages,

and with IT bleomycin doses different from those here recom-

mended, we recommend that electrochemotherapy is per-

formed with the newly developed CliniporatorTM machine

that is CE certified for use on patients. This electric pulses gen-

erator has several advantages that make it a leading product

on the market in this area. It generates square wave electric

pulses with variable amplitude of electric pulses, and pos-

sesses two options for the frequency of the delivered electric

pulses (1 or 5000 Hz). The device is computer controlled. There

are several levels of the control: on the level of the machine

manipulation as well as on the level of the electrical parame-

ters that can be delivered. In addition it provides storage of the

patient’s characteristics as well as of the electrical parameters

used for the treatment including traces of the voltage actually

applied as well as the current delivered during the treatment.

Moreover, the CliniporatorTM is the only device that offers the

control of the pulses delivered on a screen, just after the deliv-

ery of the pulses. The operator can then receive a visual con-

firmation of the quality of the delivered pulses. In the case

of an inadequate positioning of the electrodes, a trained user

will detect the potential failure of the treatment and may re-

peat it immediately, without supplementary constraints for

the patient (the electric pulses can be delivered again taking

advantage of both the anaesthesia already operated and the

dose of chemotherapeutic agent already injected). The Clini-

poratorTM, CE marked, is produced by IGEA, an Italian

spin-off company of the University of Modena that placed its

experience at the disposal of the Cliniporator and ESOPE

European consortia for the development, elaboration and

distribution of CliniporatorTM to the medical community.

2. Principle of electrochemotherapy

Electrochemotherapy combines administration of non-

permeant or poorly permeant chemotherapeutic drugs with

application of electric pulses to the tumours in order to facil-

itate the drug delivery into the cells. Thus, enhanced drug

delivery can substantially potentiate chemotherapeutic drug

effectiveness, locally at the site of cell electropermeabiliza-

tion by electric pulses, without affecting the tissues unex-

posed to electric pulses.

Based on numerous preclinical studies on electrochemo-

therapy using either bleomycin or cisplatin, the first clinical

study on electrochemotherapy with bleomycin was performed

in 1991 by Mir et al.1 demonstrating good antitumour effective-

ness on cutaneous metastases of head and neck carcinoma

patients. After that initial study, several clinical studies on

electrochemotherapy using bleomycin and cisplatin adminis-

tered locally or systemically were initiated. Cutaneous metas-

tases of different tumours were treated, such as head and neck

squamous cell carcinoma, malignant melanoma, basal cell

carcinoma, adenocarcinoma of the breast and salivary gland,

hypernephroma, Kaposi sarcoma and transitional cell carci-

noma of the bladder (reviewed in Gothelf et al.2 and in

Sersa et al.3). All together 1009 nodules in 247 cancer patients

have been treated. Overall results of these studies show that

electrochemotherapy is an effective treatment; objective re-

sponses were obtained in 48–100% of the treated nodules. Bet-

ter response was obtained on smaller tumour nodules where

the whole tumour mass could be adequately electroporated,

than in bigger and thicker tumour nodules, where optimal tu-

mour electroporation is more difficult to obtain. In some cases

the treatment had to be repeated in consecutive sessions.

Electrochemotherapy is a new approach for the treatment of

accessible tumour nodules, either cutaneous (this SOP) or

1 Mir LM, Belehradek M, Domenge C, Orlowski S, Poddevin B,
Belehradek J, Schwaab G, Luboinski B, Paoletti C, 1991. Electr-
ochemotherapy, a novel antitumour treatment: first clinical trial.
C R Acad Sci Paris 313:613–8.

2 Gothelf A, Mir LM, Gehl J, 2003. Electrochemotherapy: results
of cancer treatment using enhanced delivery of bleomycin by
electroporation. Cancer Treat Revs 29:371–87.

3 Sersa G, Cemazar M, Rudolf Z, 2003. Electrochemotherapy:
advantages and drawbacks in treatment of cancer patients.
Cancer Ther 1:133–42.
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