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Abstract. Kaposi sarcoma (KS) is a rare angioproliferative 
disorder, which is usually associated with human herpesvirus‑8 
infection. Electrochemotherapy (ECT) may be an option 
in the treatment of KS skin lesions due to the high response 
rate noted in neoplastic lesions of different histological types. 
The aim of the present systematic review was to analyse 
the available evidence on using ECT in the treatment of KS 
skin lesions. Tumor response, local control and toxicity were 
analyzed. In the three included studies, the complete response 
rate was 65‑100% and the overall response rate in all studies 
was 100%. The treatment was well tolerated with mild and 
transient toxicity. However, further studies are required to 
fully analyze long‑term disease control and to compare ECT 
with other local therapies used for KS.

Introduction

Kaposi sarcoma (KS) is a rare angioproliferative disorder 
associated with the human herpes virus‑8 (HHV‑8) infec‑
tion. The latter is a necessary but not sufficient condition 
in the multifactorial pathogenesis of the disease. Four 
epidemiological forms have been identified as follows: 
Classic, endemic (in Africa), iatrogenic (in patients under‑
going immuno‑suppressive therapies), and epidemic 
(in HIV‑patients) (1). KS frequently manifests itself with 

skin lesions (macules, nodules, plaques) and can lead to the 
development of visceral metastases. In the advanced stage of 
the disease, KS is associated with a more unfavourable prog‑
nosis (1,2). Moreover, KS can be indolent or may have a rapidly 
progressive and life‑threatening behaviour (3).

Standard treatment options for KS are limited. Particularly, 
skin lesions can be treated with several local therapies, such as 
surgery, radiotherapy, cryosurgery, CO2‑laser, or intra‑lesional 
chemotherapy (3). Moreover, antiretroviral drugs are used in 
the HIV‑related form of KS, while metastatic KSs are gener‑
ally treated with chemotherapy, which is based on pegylated 
liposomal doxorubicin and paclitaxel (3).

Electrochemotherapy (ECT) is an option used in the 
treatment of KS skin lesions due to its high response rate in 
neoplastic lesions of different histological types (4). ECT is 
the combination of electroporation and systemic administra‑
tion of chemotherapeutic agents. According to the ESOPE 
guidelines (4), the only absolute contraindications to ECT 
are pregnancy, lactation, and allergy or hypersensitivity to 
the used drugs. Electroporation can produce transient pores 
in the cell membrane allowing the entry of hydrophilic 
molecules into the cytoplasm (5). The two drugs that have 
been successfully tested for this purpose are bleomycin 
and cisplatin. Their cytotoxicity has increased to 1,000 and 
80 times by electroporation, respectively (6). Furthermore, 
preclinical and in vivo studies have shown a similar efficacy of 
ECT in neoplastic lesions from different primary tumors (7). 
Moreover, if necessary, patients can also undergo repeated 
ECT treatments, as long as the lifetime bleomycin dose does 
not exceed 400,000 IU, without precluding any subsequent 
local or systemic treatments.

ECT was initially introduced for the treatment of primary 
and metastatic skin tumors (4). However, ECT has been 
suggested to be particularly effective in treating KS skin 
lesions. In addition to the chemosensitizing effect, electropora‑
tion produces a ‘vascular lock’ in the treated volume that is 
potentially able to control an angio‑proliferative neoplasm, 
such as KS (8).
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However, the existing evidence on the efficacy of ECT in 
KS skin lesions is limited. In particular, randomized studies 
and literature reviews are lacking. Therefore, in the present 
study, a systematic review was performed to assess tumor 
response and toxicity of ECT. Moreover, the aim of the present 
study was to evaluate the long‑term local control and the 
impact of ECT on the quality of life (QoL).

Materials and methods

Research methodology. The protocol of the present systematic 
review was submitted for registration in the PROSPERO inter‑
national prospective register of systematic reviews on October 2, 
2019 (9). The analysis was performed based on the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses 
(PRISMA) guidelines (10). The primary endpoint of the analysis 
was the tumor response to treatment. The secondary endpoints 
were the adverse events, local control, and impact on QoL.

Bibliographic search. The systematic analysis was carried 
out using the PubMed, Scopus, and Cochrane databases from 
the earliest date to October 18, 2019. The search strategies 
used in the different libraries included were the following: 
PubMed[((electroporation) OR electrochemotherapy) AND 
Kaposi sarcoma], Scopus[(TITLE‑ABS‑KEY (electro‑
poration) OR TITLE‑ABS‑KEY (electrochemotherapy) 
AND TITLE‑ABS‑KEY (Kaposi AND sarcoma))], Cochrane 
[‘electroporation’ in Title Abstract Keyword OR ‘electroche‑
motherapy’ in Title Abstract Keyword AND ‘Kaposi sarcoma’ 
in Title Abstract Keyword]. The reference lists of the selected 
papers were confirmed to identify additional publications.

Inclusion criteria. The studies with available full text, published 
in English, reporting on patients with KS skin lesions treated with 
ECT were included in this systematic review. Both retrospective 
studies and prospective trials were included. The studies that did 
not report tumor response or toxicity or those that did not report 
these outcomes separately from other primary tumors, the case 
reports, the systematic or narrative reviews, the meta‑analyses, 
the letter‑commentaries‑editorials, the planning and imaging 
studies, the surveys, the guideline‑recommendations and/or 
those that reported duplicate data were excluded. In case of 
inclusion of the same patients in subsequent publications, the 
most complete or recent article was selected.

Study selection. Following removal of duplicate publications 
based on their title/abstract, MF and SCa independently 
reviewed titles, abstracts, and keywords to perform a prelimi‑
nary selection. In case of differences in the selection, the 
final decision was obtained through a discussion with a third 
author (AGM). The full text of all articles potentially suitable 
for the purposes of this analysis was examined independently 
by MF and SCa. In the event of discrepancies, the analysis 
proceeded as described above.

Data extraction. From the papers selected for inclusion in the 
review, the data required for the analysis were independently 
extracted by MF and SCa using a predefined data collection 
form. The following parameters were included: ECT treat‑
ment characteristics (drug, route of administration, number of 

treatments, number and dimensions of treated lesions), previous 
and concomitant treatments and their characteristics, tumor 
response, adverse events, local control and impact on QoL.

The collected data were subsequently confirmed by AGM 
to identify possible discrepancies among the extracted data. In 
the event of conflicting data, the final decision was taken by 
discussion.

Quality assessment. The quality of the papers selected was 
considered in terms of clear definition of the study popula‑
tion, treatment modality, clear level of the reported outcomes 
(per lesion or per patient) and missing data.

Results

Search results. Fig. 1 indicates the PRISMA flowchart of the 
study selection. The initial search led to the identification of 
282 studies (268 following duplicate removal). Five full texts 
were examined following screening of the titles and abstracts. 
Following assessment of the latter, three studies were included 
in the analysis (11‑13). One record, which was a letter to the 
editor, was excluded and the secondary title partially reported 
on patients was subsequently included in another study from 
the same centre. All studies were defined as prospective trials 
by the authors.

Patients and treatment characteristics. The characteristics 
and results of the analyzed studies are summarized in Table I. 
Overall, the analyzed papers included 68 patients with KS skin 
lesions treated with ECT. The number of patients in the studies 
ranged between 18 and 27 (11‑13), while the total number of 
treated lesions, reported in only two studies was 72 (12) and 
532 (11), respectively. Tumor size was not reported in any study.

ECT was performed using intravenous bleomycin in all 
studies with the number of sessions ranging between one and 
six. Intravenous bleomycin was administered as intravenous 
bolus (15,000 IU/m2) based on the ESOPE guidelines (4). 
Different types of anaesthesia were used as follows: Local, 
spinal, local‑regional and general. The follow‑up period was 
reported as range in all papers. The exact range values were 
2.0‑50.4 months (11), 6‑48 months (12) and 24‑68 months (13), 
respectively. The median follow‑up was reported in only one 
series (18 months) (11). Previous treatments were not reported 
in one study (13). However, Curatolo et al (11) described 
previous local or systemic treatments as follows: Systemic 
chemotherapy (26.1%), radiotherapy (21.7%), intralesional 
chemotherapy (4.3%) and interferon (13.0%). All patients in 
the series of Latini et al (12) were treated on locally recurrent 
lesions following cryotherapy.

Two papers reported changes in HHV‑8 parameters 
following ECT. In both series, the viral load and viral blood 
titre correlated with ECT response. More specifically, the 
levels of the viral‑related parameters declined markedly in 
patients with complete response (CR) (12,13).

Tumor response and follow‑up. In all studies, tumor response 
was reported on a per patient basis. The CR ranged between 
65 and 100% with an overall response rate (ORR) (CR plus 
partial response) of 100% in all studies (11‑13). Patients with 
stable or progressive disease were not reported. The reported 
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CR rate after a single ECT session was 60.9% as reported by 
Curatolo et al (11) and 74.1% in the study by Starita et al (13). 
Moreover, Latini et al (12) reported 88.9% CR rate after the 
first ECT session.

All authors evaluated tumor response at four weeks 
following the last ECT session. However different criteria were 
used in the present study. In fact, two studies (11,13) used the 
Response Evaluation Criteria in Solid Tumors and one study 
used (12) the World Health Organization guidelines.

Toxicity. The incidence of adverse events was low (5.5‑8.7%) 
in the two studies reporting toxicity (11,12). More specifically, 
5.5% of the subjects exhibited a local ulceration in the study 
by Latini et al (12), while Curatolo et al (11) reported 8.7% of 
subjects with cutaneous infection and 8.7% with local pain in 
their series. No cases of systemic toxicity were recorded. One 
paper (11) used the World Health Organization toxicity scoring 
system.

Other outcomes. Long term outcome data were analyzed 
only in one study reporting 2‑year local control and overall 
survival (OS) rates of 76.2 and 74.4%, respectively (11). 
Moreover, in the same series, a QoL improvement, assessed 
by means of the Patient Global Assessment (PGA) (14), was 
recorded in 95% of patients.

Quality assessment. All studies presented an intermediate risk 
of bias with regard to patients and treatment description. In fact, 
only two studies reported the number of treated lesions (11,12), 
whereas the parameter tumor size was not reported. All 
studies clearly reported the level of response evaluation and 
the scoring criteria (11‑13). Finally, with regard to the missing 
data, toxicity was described in two studies (11,12), while only 
one of them reported the grading criteria (11).

Discussion

A systematic literature review was performed on ECT in KS 
skin lesions. The limited number of analyzed studies suggests 

that this treatment is safe and that it is associated with a very 
high tumor response rate.

However, the present analysis has one clear limita‑
tion. The selection of the studies led to the analysis of only 
three studies (11‑13). Although several series included KS 
among ECT‑treated tumors, in the majority of the cases, the 
results on KS alone were not reported separately and therefore 
they were excluded.

It should be noted that the analyzed studies exhibited a 
small sample size, a wide variability in terms of lesions/patient 
ratio and did not report the size of the treated lesions. The latter 
limitation prevented the assessment of a possible correlation 
between outcomes and tumor dimension. It is important to note 
that none of the analyzed papers presented a comparison of the 
clinical response of the patients with regard to the following 
parameters: Age, sex, previous treatment history, number 
of lesions, tumor size and body site. Moreover, although all 
studies were defined as prospective, none of them described 
the method of sample size calculation. Furthermore, another 
limitation is that only one study reported the results in terms 
of local control and OS (11). Therefore, the investigation of the 
long‑term control of the disease has not been performed thor‑
oughly. Finally, the number of sessions varied widely between 
the different reports. However, it should be noted that the use 
of multiple sessions in the same patient was due to several 
reasons. Firstly, certain patients exhibited a high number of 
lesions that had to be treated in the same session, whereas 
other patients required several courses to achieve a satisfac‑
tory tumor response after the first one. In addition, patients 
who developed new lesions between courses were reported.

The results of the analysis suggested a high response rate, 
which was estimated at 100% of the ORR rate in all studies. 
The CR rate, although generally satisfactory, indicated a rather 
significant variability (65‑100%). These differences may be due 
to the ‘per patient basis’ response evaluation combined with the 
high variability of the lesions/patient ratio noted in the different 
studies. The response rate ‘per patients’ was significantly lower 
in cases of high number of lesions. The probability of response 
in all lesions was reduced as the number of the latter increased. 

Figure 1. PRISMA flow‑chart for the selection of studies.
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Therefore, the lower CR rate reported by Curatolo et al (11) 
(65%) compared with that of Starita et al (13) (100%)could prob‑
ably be explained by the higher lesion/patient ratio of the first 
series. Furthermore, the differences in terms of the response 
rate may be due to the different evaluation criteria used in the 
different studies. It is interesting to note that Curatolo et al 
reported QoL improvement in 95% of patients, despite the lower 
CR rate (65%). In addition, in this case it was hypothesized that 
the large number of lesions per patient reduced the response 
rate ‘per patient’ but still produced the reduction in the size in a 
number of lesions, which was sufficient to improve the QoL (11).

Both studies reported data on toxicity and indicated a rela‑
tively low incidence of adverse events (11,12). In particular, 
the incidence of toxicity was 5.5‑8.7% with regard to the 
adverse event of each patient. However, based on the incidence 
of toxicity regarding events per lesion, the results were even 
more encouraging (overall: 0.8%). These results confirmed the 
safety of ECT in the treatment of skin lesions (5). However, 
the patients did not undergo combined modality treatments 
including ECT in the analyzed studies. Therefore, it is impos‑
sible to define both tolerability and potential synergistic effects 
of integrated treatments including ECT in KS skin lesions.

The comparison of ECT with other local therapies in 
KS demonstrated that radiotherapy was also well‑tolerated 
and associated with favourable results in terms of response 
(47‑99%) (15‑17) and local disease control (18). However, ECT 
is a repeatable method, as demonstrated by several studies on 
the treatment of skin neoplasms (7). KS is in the 30th place 
worldwide with regard to the incidence and in the 29th with 
regard to mortality. However, there are regions where incidence 
and mortality of this disease are much higher. For example, 
32,446 out of the 41,799 new cases registered in 2018, have 
been diagnosed in Africa. In addition, 17,659 out of the 19,902 
deaths from KS recorded in the same year, were recorded in 
Africa (19). It is well known that in the African continent the 
chronic shortage of radiotherapy centres and equipment is 
associated with the requirement for significant initial invest‑
ments and with the difficulties in maintaining the equipment. 
Therefore, the possibility of treating other neoplasms (skin and 
vulva) with ECT represents a useful integration to the scarce 
radiotherapy resources available. In this regard, it should be 
emphasized that the initial costs and maintenance of the ECT 
are much lower than those of radiotherapy.

Intralesional chemotherapy is also associated with a high 
response rate (70.0‑98.7%) (20,21), although this may be lower 
compared with the results uniformly recorded in our analysis 
(100%).

Another modality of electroporation, is ‘irreversible elec‑
troporation’, a non‑thermal tissue ablation technology, which 
uses short pulses of a high voltage current, without concurrent 
delivery of chemotherapy, leading to cell membrane disruption 
and cell death as a result of loss of homeostasis. However, this 
technique is used only in the treatment of deep tumors and its 
application on KS has not been reported previously.

The comparison of ECT with systemic chemotherapy is 
generally used in advanced disease and is based on pegylated 
liposomal doxorubicin plus paclitaxel or interferon α‑2a or 2b. 
The data demonstrate that the latter is associated with a rela‑
tively high response rate (71‑100%) particularly considering this 
specific advanced disease setting (3). It is important to note that 
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these response rates cannot be compared with those of ECT, 
since the use of systemic chemotherapy is justified only in case 
of metastatic KS. However, it is speculated that in metastatic 
diseases, ECT may exert a potential role in oligo‑persistent or 
oligo‑progressive skin lesions, notably in symptomatic cases.

In conclusion, the present analysis suggested that ECT may 
be considered a therapeutic option in KS skin lesions. Further 
studies are required to improve the existing knowledge on this 
field. These studies may concern the following topics: i) The 
comparison between ECT and other local therapies of KS, 
ii) the role of ECT in skin recurrences following other local 
therapies, iii) the combination of chemotherapy and pallia‑
tive ECT in patients with advanced disease and the optimal 
timing among the two treatments, iv) a long‑term evaluation 
of outcomes, v) the design of clinical trials on KS subjects 
using ECT in areas with high incidence and mortality from 
this disease, vi) the development of predictive models of local 
control in order to favour tailored treatment in patients with 
different presentations of KS skin lesions.
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