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Electrochemotherapy offers a new approach to increase chemotherapeutic drug delivery. Exposure 

of cells or tissues to electric pulses potentiates the antitumor effectiveness of bleomycin and cisplatin, 

as demonstrated in vitro and in vivo on murine tumor mode/s and in clinical tria/s in head and 

neck carcinoma patients. To determine the antitumor effectiveness of electrochemotherapy with 

bleomycin in malignant melanoma patients, cutaneous and subcutaneous tumor nodules were treated 

with electric pulses after intravenous administration of bleomycin. Nodules oj various sizes were 

treated with single or multiple treatment. Also, antitumor effectiveness of electrochemotherapy with 

bleomycin was evaluated after severa! runs of electrochemotherapy treatment in the same patient 

with an interval of at least three weeks. The treatment effect was not dependent only on the tumor 

size, but also on the even distribution of the electric field for electropermeabilization of the nodules. 

Theref ore, nodules which were treated either with a single or severa! run s of electric pulses, and 

were completely covered by the treatment, regressed within two to three weeks after therapy. 

Electrochemotherapy was equally effective in the same patient when it was repeated after a three 

weeks interval. In reported 2 malignant melanoma patients complete response was achieved in 22 

out of 24 nodules treated. The preliminary results demonstrate that electrochemotherapy with 

bleomycin is effective in eradicating cutaneous and subcutaneous tumor lesions of malignant 

melanoma. Therefore, electrochemotherapy with bleomycin offers a successful approach to the 

treatment of cutaneous and subcutaneous tumor lesions in patients, without side effects and with 

high response rate. The treatment is applicable in nodules of varying sizes, since the nodules can 

be treated with multiple electric pulses to cover the whole tumor area and electrochemotherapy can 

be safely repeated severa! times. 

Key words: melanoma-therapy; bleomycin; electric stimulation therapy 

Correspondence to: Gregor Serša Ph.D., Institute of 
Oncology, Dcpartmcnt of Tumor Biology, Zaloška 2; 
61 l05 Ljubljana, Slovenia. Tei: + 386 61 323 063 cxt. 
29 33, Fax: + 386 61 131 41 80. 

UDC: 616.5-006.81-085 .84:615 .277 .3 

Introduction 

In cancer treatment electrochemotherapy utili

zes electric pulses to potentiate delivery of 

chemotherapeutic drugs into cells. Exposure of 

cells or tissues to short intense electric pulses 

increases permeability of plasma membrane 

without impairing celi viability. This nonselec-



230 Rudolf Z et al. 

tive plasma membrane permeabilization enables 

drugs to diffuse into the cells and reach their 

intracellular targets. 1-7 

Antitumor effectiveness of electrochemother

apy was extensively studied in murine tumor 

models using bleomycin or cisplatin as chemo

therapeutic drugs.8
-
17 In these studies it has

been demonstrated that for an effective antitu

mor action of electrochemotherapy very low 

drug concentration is needed, which is ineffect

ive when used without electric pulses. S-l7 The
chemotherapeutic drug can be given either sys

temically or locally, thus providing many possi

bilities of clinical application.15
-
17

,
18 

The first reports on antitumor effectiveness 

of electrochemotherapy in patients have already 

been published. In head and neck squamous 

celi carcinoma patients it was demonstrated 

that the treatment with bleomycin (10 mg/m2) 

followed by four or eight short intense electric 

pulses (100 µs, 1300 V/cm, frequency 1 Hz) 

administered through two external electrodes 

located on each side of the treated nodule was 

well tolerated. Objective responses were obtai

ned in a majority of the 40 treated nodules 

(72 % ) with 57 % complete response rate.19 

The aim of our study was to determine anti

tumor effectiveness of electrochemotherapy 

with bleomycin in malignant melanoma patients 

with terminal disease. In the study cutaneous 

and subcutaneous malignant melanoma nodules 

of various sizes were treated with single or 

multiple electrochemotherapy treatments. Also, 

the antitumor effectiveness of electrochemo

therapy with bleomycin was evaluated after 

severa! runs of treatment in the same patient. 

In this preliminary communication we report 

2 cases with repeated treatment for cutaneous 

and subcutaneous metastases of malignant me

lanoma. 

Patients and methods 

Patient description 

Patient 1: The female patient, bom in 1968 

(H.F.No.: 731/92), had a nevus on her right 

thigh removed 6 months after her first child-

birth, i.e. in October 1991, because during 

pregnancy, it grew bigger and became hemor

rhagic. Histological examination after radical 

removal revealed a nodular type of melanoma, 

Breslow 2.1 mm, Clark V. Due to the metasta

ses of the melanoma in the inguinal lymph 

nodes on the right, a radical inguinal dissection 

was carried out in December 1991. After the 

operation, the patient was treated with human 

leukocyte interferon alpha given in 2 MU doses 

once a week for 6 months. 

In April 1993, a number of skin metastases 

were detected on the gluteal part of the right 

thigh as well as in two inguinal lymph nodes 

on the right. The metastatic nodes in the in

guino-femoral region and two skin metastases 

of melanoma origin on the right thigh were 

removed by surgery. In June 1993, after the 

third of total five cycles of chemo-immunothe

rapy with vinblastine ( 4 mg/m2 intravenous (i. v.) 

on day 1), lomustine (60mg/m2 per os on day 

1), cisplatin (20mg/m2 given in a two-hour 

infusion on days 2-5) and interferon alpha-2b 

(6 MU subcutaneously on days 3-7), a complete 

response of the skin metastases in the right 

gluteal region was established. 

In March 1994, chemotherapy with dacarba

zine (400 mg/m2 i.v. on days 1-5) was applied 

due to recurrent melanoma growth on the skin 

and in the inguinal and retroperitoneal lymph 

nodes. The four-month treatment resulted in a 

complete response of skin metastases, whereas 

a partial response was noted in the inguinal and 

retroperitoneal lymph nodes. 

Four months after completed therapy, skin 

metastases of melanoma were cytologically con

firmed in the right gluteo-femoral region ex

tending over a 30 x 20 cm smiace. The inguinal 

and retroperitoneal lymph glands were not 

found to have enlarged since the previous ex

amination. US and CT examinations failed to 

detect metastases in the visceral organs. Perfor

mance status by Kamofsky scale was 100. The 

total blood count and chemistry were within 

normal limits. 

Patient 2: The patient, bom in 1951 

(H.F.No.: 2721/92), was operated on in January 

1992 in order to have a rapidly growing pigmen-
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ted nevus on the left thigh removed. Histologi

cal examination after radical removal revealed 

a nodular type of melanoma, Breslow 3.9 mm, 

Clark III. In July 1992, a radical inguino-femo

ral dissection of the lymph nodes on the left 

was carried out because of cytologically con

firmed melanoma metastases in the inguinal 

lymph nodes. After surgery, the patient was 

rcceiving human leukocytc interferon alpha, 2 

MU once weekly for 2 months. During the 

treatment with human leukocytc interferon al

pha, a number of skin metastases emergcd on 

the left thigh. In October 1992, the patient 

received radiotherapy for the skin metastases 

on thc left thigh and was simultaneously also 

treated by chemo-immunotherapy with dacar

bazine (interferon alpha-2b days 1-4, 3 MU 

daily; and dacarbazine 800 mg/m2 on day 5 i.v. 

bolus repeated every thrce weeks). Altogether, 

the patient had undergone four treatment 

cycles. In January 1993, a complete response 

of thc skin metastases was observed in the 

irradiated area whercas further progression of 

metastases was noted in the area outside the 

radiation field. Between January and July 1993, 

the skin metastases with the largest diameter 

not exceeding 5-15 mm were treated with seve

ral intratumoral applications of interferon al

pha-2b. This treatment resulted in a complete 

response of all skin mctastases, which was main

tained until June 1994, when further progres

sion of the disease was noted in thc iliac lymph 

nodes on the lcft and in the inguinal lymph 

nodes bilaterally, together with the occurrence 

of skin metastases on the left thigh and shank, 

and pulmonary metastascs. After three cycles 

of chemo-immunotherapy with dacarbazine and 

interferon alpha-2b a complcte response of the 

pulmonary metastases was observed along with 

further progression of skin and lymph node 

metastases. The systemic treatment was there

fore stopped and replaced with irradiation of 

the bilateral inguinal lymph node metastases. 

The patient received daily dose of 600 cGy 

twice a week to an irradiation field of 9 x 13 

cm; left and right inguinal lymph node sites 

were irradiated with a total dose of 3000 cGy 

each. 

Before electrochemotherapy treatment of 

skin metastases, the patient's performancc sta

tus by Karnofsky scale was 60; severa! subcuta

neous metastases with the largest diameter ran

ging from 2 mm to 3 cm were noted on the left 

thigh and shank. The metastatic inguinal lymph 

nodes were enlarged on both sidcs. No mela

noma metastases could be found in the lung 

and !iver. The total blood count and chemistry 

were within the limits of normal values. 

Electrochemotherapy treatment 

Electrochemotherapy consisted of i.v. admini

stration of bleomycin (Mack, Germany) fol

lowed by exposure of melanoma nodules to 

electric pulses. Bleomycin was administered i.v. 

in 30 seconds at the dose of 10 mg/m,2 regar

dless of the number of nodules treated. The 

interval between bleomycin administration and 

electric pulse application was 8 minutes. Thc 

nodules to be trcated were sprayed few minutcs 

before electric pulse application with xylocaine 

(Astra, Germany) in order to avoid pain. 

Square wave electric pulses of 100 µs, 910 V 

amplitude (1300 V/cm), frequcncy 1 Hz were 

delivered through two parallel stainless steel 

elcctrodes ( distance 7 mm; width 7 mm; length 

14 mm, with rounded tips) with an electropul

sator Jouan GHT 1287 (Jouan, France). Electri

cal parameters were controlled using oscillos

cope HM 205-3 (Hameg Instruments, Germa

ny). Electric pulses were delivered in two trains 

of four pulses with one second interval, delive

red in two perpendicular directions ( 4 + 4 

configuration). Good contact between the elec

trodes and the skin was assured by means of 

conductive gel. When severa! nodules were 

treated in the same session electric pulses were 

delivered one after the other at the intervals of 

at least one minute. Largc nodules wcre treated 

with severa! runs of electric pulses, administe

red in adjacent position in the way that the 

whole tumor area was covered. 

Follow up 

During the electrochemotherapy treatment pa

tients were carefully monitored for evaluation 
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of treatment effects. After the treatment the A 
patients remained in the outpatients clinic for 

two hours, when they were examined and relea-

sed. As outpatients they were examined weekly 

and the treatment response was evaluated. Tu

mor nodules were measured with caliper and 

were photographed before and after the treat

ment. The therapeutic response of electroche

motherapy was scored according to WHO gui

delines as progressive disease (PD) if tumors 

increased more than 20 % in size, no change 

(N C) if the tumors decreased in size less than 

50 % , partial response (PR) if the tumors B
decreased more than 50 % and complete re

sponse (CR) if they became unpalpable. 

Results 

Case reports 

Patient 1 received bleomycin 10 mg/m2 i. v. on 

December 6, 1994; 8 minutes later electric 

pulses were applied to two metastases measu

ring 5 x 5 x 3 mm (39 mm3) and 5 x 3 x 2 mm 

(16 mm3), respectively; another two lesions 

untreated by electric pulses served as controls .. 

Both electrochemotherapy treated lesions un

derwent complete response after 14 days while 

the control lesions progressed. (Table 1, session 

A). Second electrochemotherapy session (Table 

1, session B) was introduced on December 21, 

1994 for a skin metastasis of 22 x 27 x 2 mm 

(622 mm3). Electric pulses were applied con

secutively in 12 runs, administered in adjacent 

position, covering the whole tumor area. After 

21 days a complete response of the treated skin 

metastases was confirmed, as illustrated in Fig

ure lA and B. 

Table l. Patient 1: eleetroehemotherapy eonditions 
and effects. 

Session No. of No. of Sizc ofthc trcatcd Rcsponsc+ 

trcatmcnts* nodules nodules (mm3) 

A none 1 
none 1 

1 
1 1 

B 12 1 

Bcfore trcatmcnt 
-4 weeks latcr 

39 
9 

39 
16 

622 

188 

56 
o 
o 

o 

PD 

PD 

CR 
CR 

CR 

* treatment application of 4 + 4 eleetric pulses 
+ PD - progressive disease; CR - complete response

Figure l. In patient 1 the smaller tumor nodule was 
treated with single application (4 + 4) of eleetric pulses 
in the first session. The marks whcre the electrodes 
were positioned are stili visible (A). In the bigger 
tumor nodule the positions of the electrodes for the 
12 treatments with electric pulses in 4 + 4 configuration 
were marked with ballpen. Three and five weeks after 
the first and the second electrochemotherapy session, 
both tumor nodules were in complete response (B). 
Electrode marks and superficial scabs on the bigger 
tumor nodule are clearly visible. 

In January 1995, the patient was referred to 

irradiation of the central nervous system due 

to two inoperable brain metastases. Because of 

severe neurological symptoms and epilepsy, no 

further electrochemotherapy treatment of skin 

metastases was indicated or applied. The pa

tient was maintained on symptomatic therapy 

until May 1995, when she died of brain edema 

due to further progression of brain metastases. 

All electrochemotherapy treated metastases 

remained in complete response until the pa

tient's death. 

Patient 2 received bleomycin 10 mg/m2 i.v. 

on October 24, 1994, 8 minutes later two meta

stases measuring 29 x 24 x 8 mm (2915 mm3) 



Electrochemotherapy with bleomycin 233 

and 16 x 11 x 5 mm (461 mm3), respectively, 

on the left thigh and shank were treated by 

electric pulses, while another metastasis measu

ring 18 x 13 x 5 mm (613 mm3) untreated by 

electric pulses served as a control (Table 2, 

session A). The control metastasis and smaller 

metastasis treated with electrochemotherapy 

progressed, while the bigger one underwent a 

decrease. 

On November 28, 1994, after the application 

of bleomycin, 5 skin metastases on the left 

thigh and one on the left forearm, their largest 

diameters ranging from 4 to 15 mm, were 

treated with electric pulses (with tumor volumes 

251, 88, 17, 17, 17 mm3 , respectively). The 

biggest one (on the Ieft thigh, 251 mm3) was 

treated with two runs of electric pulses, cove

ring the whole tumor area. Ali the electroche

motherapy treated lesions underwent complete 

response (Table 2, session B). 

On December 14, 1994, after the application 

of bleomycin, 13 skin metastases, with the 

largest diameters from 4 to 6 mm, on the back 

of the right thigh and on the right side of the 

thorax were treated with electric pulses ( ave

rage tumor volume 20 mm3). All electrochemo

therapy treated lesions underwent complete re

sponse (Table 2, session C). 

In January 1995, there were metastases de

tected in the Jung, !iver, spleen, and in the 

retroperitoneal lymph nodes. The patient died 

of !iver metastases in February 1995. When he 
died, ali the metastases treated with electro

chemotherapy on November 28 and De-

Table 2. Paticnt 2: clcctrochcmothcrapy conditions 
and cffccts. 

Scssion No. of No. of Size ofthc treatcd Rcsponsc+ 

trcatmcnts* nodulcs nodulcs (mm3) 

A nonc 1 

4 1 

1 1 

B 2 l 

1 1 
1 4 

C 1 13 

Bcforc treatment 
- 4 wccks latcr 

613 1253 

2915 2027 

461 785 

251 o 

88 o 

17 o 

20 o 

PD 
NC 
PD 

CR 
CR 
CR 

CR 

* trcatment = application of 4 + 4 clectric pulses
+po - progrcssivc disease; NC - no change;
CR - complctc response

cember 14, 1994 were found to have regressed 

completely; the bigger of the two metastases 

treated on October 24, 1994 was in regression, 

whereas the smaller one was in progress. 

Side effects 

There were no major local or general side 

effects noted. Muscle contractions were obser

ved after each pulse. The contractions were 

instantaneous, disappearing immediately at the 

end of each pulse. Although the contractions 

were tolerable in treated regions, an unpleasant 

sensations described as a local pain or shock 

were reported by the patients. Severa! hours 

after treatment, the only noticeable effect was 

the occurrence of erythema and slight edema 

at the treated area. These symptoms disappea

red in one day. Marks of the electrodes were 

visible for severa! weeks after the treatment. 

No significant changes in blood count and bioc

hemistry were observed. 

Discussion and conclusion 

The preliminary results of an on-going tria! on 

malignant melanoma patients demonstrated 

that electrochemotherapy with bleomycin is ef

fective in eradicating cutaneous and subcuta

neous tumor lesions of malignant melanoma. 

In the two reported malignant melanoma pa

tients complete response was achieved in 22 out 

of 24 nodules treated. 

Our results support the outcome of the first 

clinical tria! with electrochemotherapy with 

bleomycin of head and neck squamous cell 

carcinoma, where 57 % of the treated nodules 

were in complete response after the treat

ment. 19 The treatment protocol of our study on

malignant melanoma and the study on squa

mous cell carcinoma are similar except some 

modifications. Melanoma patients with cuta

neous and subcutaneous nodules were treated 

without general anesthesia, with electric pulses 

delivered in 4 + 4 configuration. Furthermore, 

treatment protocol was extended to severa! 

runs of electric pulses being applied to bigger 

tumor nodules, and repeated treatment with 

electrochemotherapy in the same patient with 

a few weeks interval. 
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As reported, antitumor effectiveness of elec

trochemotherapy was dependent on tumor size, 

the best response being noted in smaller nod

ules up to 20 mm3 of volume. Nevertheless, it 

seems that the response is dependent also on 

the even distribution of the electric field for 

electropermeabilization of nodules, since bigger 

nodules that were treated with severa! runs of 

electric pulses completely covering the tumor 

area regressed within two to three weeks after 

treatment. Also, electrochemotherapy was 

equally effective in the same patient when it 

was repeated after a three-week interval. These 

first results demonstrate that electrochemother

apy is feasible as a local form of treatment since 

it does not cause significant side effects, either 

immediate or delayed. All the observed side 

effects appear to be reversible. A clear antitu

mor effect was observed in patients with disease 

resistant to conventional methods. Further

more, electrochemotherapy could be safely 

repeated. 
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