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ABSTRACT
Background: Electrochemotherapy (ECT) harnesses electric pulses to enhance cytotoxic drug delivery
into tumors and has entered the armamentarium to treat superficially metastatic melanoma. We per-
formed a systematic review and meta-analysis to assess treatment patterns and patient outcomes.
Methods: PubMed, Medline, Embase, and the Cochrane Library databases were queried for publication
from inception to September 2020. Primary outcome measures were overall and complete response
rate (ORR and CRR); secondary outcomes included local control rate (LCR) and overall survival (OS).
Results: Twenty-seven studies met the selection criteria for a total of 1161 individuals (mean age
71 years) and 5308 tumors (weighted mean size 14mm). The majority of patients (n¼ 1124) underwent
bleomycin-ECT. Aggregate ORR was 77.6% (95% confidence interval [CI] 71.0� 83.2%) and CRR 48%
(95% CI 42� 54%), with no significant difference between the route of bleomycin administration (ORR,
69.2 vs. 81.9% following intravenous or intratumoral bleomycin, p¼ .37) and tumor size (p¼ .69).
When reported (n¼ 8 studies), 1- and 2-year LCR ranged from 54 to 89% and 72 to 74%, respectively,
and 1-year OS (n¼ 3 studies) from 67 to 89%.
Conclusions: ECT with either intratumoral or intravenous bleomycin confers a high therapeutic
response in cutaneous metastatic melanoma. Moderate evidence supports its low toxicity and durabil-
ity of local control.

HIGHLIGHTS

� Electrochemotherapy (ECT) is associated with a 77% overall response rate (ORR).
� Intravenous and intratumoral bleomycin are equally effective.
� There are no relevant toxicity concerns.
� One-year local tumor control rate ranges from 54 to 89%.
� Current literature has significant variation in reporting.
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Introduction

The occurrence of skin metastases is a common event in
patients with advanced melanoma, with incidence rates
ranging from 5 to 10% (in the form of satellites or in-transit
deposits) to almost 50% (in the form of distant metastases)
[1–4]. As a result, treatment strategies abound, including sur-
gery, radiotherapy, local or locoregional therapies, and, more
recently, also systemic treatment with targeted agents and
immune checkpoint inhibitors [5,6].

Recent advances in the systemic treatment of melanoma
are supported by large randomized trials [7,8]. Conversely,
the abundance of local and locoregional therapeutic options
makes clinical decision-making challenging owing to the
ever-shifting therapy environment and lack of comparative
studies. An exception is oncolytic immunotherapy with T-VEC
that was approved based on the evidence of a randomized
trial, although it was not compared with the current stand-
ard of care for stage IV melanoma [9–11].

Still, the path to designing comparative trials requires the
standardization of each procedure/approach and the accu-
mulation of solid evidence. Herein, we summarize the current
supporting evidence for electrochemotherapy (ECT), a rela-
tively novel treatment modality first described by Mir et al.
in the early 1990s and then standardized in 2006 [12–14].

ECT involves the co-delivery of a poorly permeant cyto-
toxic drug (bleomycin or cisplatin) and short local electric
pulses, which induce reversible permeabilization (electropor-
ation) of the cell membrane promoting drug diffusion into
cells. The final antitumor effect is the cumulative result pro-
duced by a composite mechanism of action, including imme-
diate vasoconstriction, direct cytotoxicity, a delayed vascular
disruptive action, and local immune response [15–18].

The procedure was first introduced in Europe, the USA,
and Australia to treat skin cancers and cutaneous metastases
not amenable to surgical resection [12,13,19–21] and was
then standardized in 2006 with the European Standard
Operating Procedures of ECT (ESOPE) [22,23]. Since then, the
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technique has been further refined and optimized, although
the basic principle remains unaltered [24]. A 2014 meta-ana-
lysis on the efficacy of skin-directed therapies, including 915
patients with 4313 superficial metastases (mostly from mel-
anoma and breast cancer), indicated the comparable efficacy
of ECT, radiation, photodynamic, intralesional, and topical
therapies [25]. Currently, ECT is applied in the palliation of
skin metastases from various tumor histotypes [26] and is
included in the European Society of Medical Oncology
(ESMO) melanoma guidelines to treat satellite and in-transit
disease not amenable to surgical resection [27,28]. Its appli-
cation in melanoma has been extensively reported, with
appreciable benefits in terms of tolerability, local tumor con-
trol, and patient quality of life [29–32]. Interestingly, growing
evidence supports the feasibility of its application in concert
with either targeted therapy or immune checkpoint inhibi-
tors [33–37]. Therefore, we performed a systematic review
and meta-analysis to determine the activity of ECT in the
treatment of superficially metastatic melanoma, attempt to
characterize treatment patterns, and assess
patient outcomes.

Material and methods

Search strategy and study selection

A systematic literature search was conducted in PubMed,
Embase, Medline, and The Cochrane Library databases for
human-only studies written in English and published from
inception until September 2020. Search terms were
(‘electrochemotherapy or electroporation’ AND (‘melanoma’
OR ‘skin metastases’). Two investigators (FP and RA) inde-
pendently reviewed all records from the initial search strat-
egy. We considered only the studies including at least four
patients with skin metastases from melanoma. Meeting
abstracts and case reports were excluded. Only ECT with sys-
temically (intravenous) or locally injected (intratumoral)
chemotherapy agents were considered. The studies where
ECT was used in association (i.e., in the same procedure)
with locoregional chemotherapy were excluded.

Data extraction

AG and MG independently extracted data from the relevant
studies. These included patient demographics and tumor
characteristics, ECT modalities and eventual additional ECT
sessions, previous/following systemic treatment; adopted
response criteria, objective overall and complete response
rate (ORR and CRR), toxicity, median time to progression
(TTP), local control rate (LCR), the median duration of
response, and overall survival (OS).

Statistical analysis

The pre-specified outcome measure of interest was tumor
response (indicated as either per-tumor or per-patient
response) after the first ECT application. The majority of stud-
ies analyzed (n¼ 22, 81%) used either the World Health

Organization (WHO) or the response evaluation criteria in
solid tumors (RECIST). The primary endpoints were ORR and
CRR; if not explicitly stated, ORR equaled CR plus PR.
Secondary endpoints were toxicity, TTP or LCR, duration of
response, and OS. For all analyses of ORR, CRR, and LCR,
pooled event rates were calculated with 95% confidence
intervals (CIs). For the meta-analysis, a fixed-effects model or
a random-effects model were considered. However, the
extent of heterogeneity was significant, so a random-effects
model was reported for all analyses. The extent of hetero-
geneity between studies was performed with the Cochran Q
test and I2 test. All probability values were two-tailed with
p< .05. Subgroup analysis was performed according to the
type (bleomycin or cisplatin), route (intravenous vs. intratu-
moral) of chemotherapy administration, and tumor size. We
then conducted publication bias analyses to control that
published studies may present results that differ from those
reported in unpublished studies. We examined two publica-
tion bias tests for the primary endpoint: Egger’s regression
method and Begg and Mazumdar’s rank correlation test
[38,39]. In both tests, the absence of publication bias is indi-
cated by non-significant results. Quality assessment was per-
formed in each of the included studies by two independent
reviewers (AG and FP) using the Newcastle–Ottawa Scale
(NOS) for retrospective cohort studies. A star system of the
NOS (range 0–9 stars) was developed for the evaluation [40].
The highest value for quality assessment was nine stars.
Statistical analyses were performed using Comprehensive
Meta-Analysis version 3 software (Biostat, Englewood, NJ).

Results

Included studies

The initial search yielded 745 records. The study selection
process is shown in Figure 1. We ultimately included 27
retrospective and prospective studies (Table 1) for a total of
1161 patients (mean 43/study, range 4–283) with a weighted
mean age of 71 years). There were 5308 tumors (median 197
per study, range 10–932). Thirteen studies (48%) included
only melanoma patients, whereas 14 (52%) also included
other histotypes (proportion of melanoma patients, 10–65%).
In addition, seven studies did not report the number of
treated tumors or the number of tumors in the melan-
oma subgroup.

Median tumor size was 10mm (range, 6–23) and
weighted mean tumor size was 14mm. Tumor size (and
response) were reported by using different methods (the
‘largest diameter’, [n¼ 11 studies], the ‘product of the two
largest tumor diameters’ [n¼ 11]; ‘tumor volume’ [n¼ 3],
‘photo score difference’ [n¼ 1], or other assessment [n¼ 1].
Only 14 studies reported a synthetic description of tumor
size; among these, median tumor size was 10mm (range,
6.5–23). The modality of chemotherapy administration was
intravenous bleomycin (n¼ 21 studies, 78%), intratumoral
bleomycin (n¼ 14 studies, 52%), intratumoral cisplatin (n¼ 4
studies, 15%); intravenous cisplatin, n¼ 1 study, 4%).

The analyzed publications were from Europe (n¼ 23 studies),
North America (n¼ 3 studies), and Australia (n¼ 1 study); one
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study involved both European and American centers. There
were 21 (78%) prospective and 6 (22%) retrospective studies.
Among the former, there were seven multicentric studies and
three monocentric randomized trials (involving intra-patient –
i.e., individual tumor randomization in all cases).

Overall response

ORR was available from 27 studies. According to the random
effect model, the pooled ORR was 77.6% (95% CI
71.0–83.2%) (Figure 2).

Complete response

Data on CR was available in 27 studies. According to the ran-
dom-effect model, the pooled CR rate was 48% (95%
CI 42–54%).

Subgroup analysis

The ORR did not significantly change according to the year of
study publication, modality of reporting of tumor response, and
size of the study population (Figure 3). Excluding the two stud-
ies on cisplatin-ECT, the pooled ORR was 74.3% (95% CI
64.9–81.9%). Among the studies on bleomycin-ECT, we eval-
uated response according to the route of chemotherapy admin-
istration. The pooled ORR was slightly higher, although not
statistically significant, in patients treated with intratumoral
(81.9%, 95% CI 64.8–91.7%) compared with intravenous bleo-
mycin (69.2%, 95% CI 53.4–81.4%; p¼ .37). Finally, the local
response did not correlate with the reported median tumor
size (p¼ .69 according to metaregression).

Publication bias

Both Begg’s and Egger’s tests were not significant for the
ORR analysis (p¼ .11 and .34, respectively).

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the
total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by 
automation tools.

Records identified from:
Pubmed (n = 509)
Other databases (n = 236)

Records removed before screening:
Duplicate records removed (n = 255)
Records marked as ineligible by automation 
tools (n = 108)
Records removed for other reasons (n = 11)

Records screened
(n = 371)

Records excluded for being non melanoma 
studies (n = 335)

Reports sought for retrieval
(n = 36)

Reports not retrieved
(n =2)

Reports assessed for eligibility
(n = 34) Reports excluded:

Older trial versions (n = 5)
Did not report outcome of melanoma 
subtypes (n = 2)

Studies included in review
(n = 27)
Reports of included studies
(n = 27)

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Figure 1. PRISMA flow chart diagram of the search strategy.
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Local control and survival

Information on recurrence rates was variable across studies.
When reported, 1- and 2-year LCR ranged from 54 to 89%
(n¼ 4 studies) [39–42] and 72 to 87% (n¼ 4 studies)
[27,29,43,44], respectively. Patient survival was also underre-
ported with only three studies providing formal survival ana-
lysis; 1-year OS ranged from 67 to 89% [30,40,41].

Retreatment

Seven of 27 (26%) studies included information regarding
the percentage of patients receiving additional ECT applica-
tions [29,31,32,41–44]. In these reports, the retreatment rate
ranged from 18 to 100%, but tumor response was only spor-
adically indicated [29,31].

Toxicity

The reporting criteria were heterogeneous across publications.
The main adverse events included local pain (36–100% of

patients) [29,31,32,42,45–47] and various forms of skin toxicity.
These included mild erythema and edema (3–100%) and ulcer-
ation (0–26%, graded as G3 – according to the CTAE criteria – in
1–18% of cases) [31,32,42,43]. Conversely, there were no signifi-
cant concerns regarding systemic toxicity, although there was a
case of fatal respiratory failure following ECT with intravenous
bleomycin in a patient with preexisting lung comorbidity [43].

Patient-reported outcomes

Only a minority of studies – on patients with different histo-
types – included quality of life assessment or patient-
reported outcomes [30,41,42,48]. Unfortunately, the adopted
instruments were fairly consistent, so there are no data avail-
able for the melanoma population.

Discussion

The evidence presented offers the most up-to-date synthesis
of the efficacy of ECT in the treatment of superficially

Figure 2. Forest plot diagram of overall response rate in melanoma following electrochemotherapy. Legend: study (first author), year of publication, and overall
response rate (ORR) with 95% confidence interval (CI). The vertical line represents the ‘line of no effect’. Black squares indicate ORR, and error bars indicate 95% CI.
Square and bar size indicates the proportional weight of the study. The diamond represents the summary effect (pooled results).
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metastatic melanoma. Skin metastases occur in up to 50% of
patients with advanced disease [1–3]. Despite the increasing
efficacy of systemic treatment (anti-CTLA-4 and anti-PD1 anti-
bodies, BRAF/MEK inhibitors) and improved patient outcome
[49], this condition can cause debilitating symptoms and
remains an essential element in determining the quality of
life in a subset of patients. Hence, it will become even more
critical to provide safe and effective management of skin
metastases and secure a satisfactory quality of life.
Interestingly, ECT exerts a composite antivascular effect –
produced by immediate, short-lived vasoconstriction and a
slower disruption of the endothelial cells [50] – which is
exploited in the clinic to achieve rapid palliation of hemor-
rhaging metastases [51].

Activity

Our analysis is based on 27 studies and 1161 patients with
more than 5000 superficial metastases treated with ECT. We
observed substantial variability in study design, cohort size,
and outcome reporting. Notwithstanding this, pooled data
confirm the potent and consistent (Figure 3) antitumor activ-
ity of ECT, as demonstrated by the 77% ORR after a single
course of treatment and nearly half of patients achieving
tumor clearance locally. These findings are consistent with
the meta-analysis by Mali et al. in patients with skin metasta-
ses (36% from melanoma), reporting an ORR of 80.6% (CRR,
56.8%) [52], and with the European ECT registry, indicating
an ORR of 82% (CRR 64%) [53]. We cannot exclude that con-
comitant treatments may have played a role in determining

tumor response to ECT and consolidating local control.
Generally, this information is either non-available or sparsely
reported. As a result, no conclusions can be drawn also
regarding the effect of ECT on OS. For this reason, we advo-
cate the reporting of concomitant/adjuvant therapies in
future studies, in line with the InspECT recommendations
[54]. Nonetheless, the results from a large multi-institutional
study, including a formal two-month wash-out from other
oncological therapies, are in line with the results of the cur-
rent meta-analysis [42].

Treatment patterns

There is a clear preference for bleomycin over cisplatin in
current ECT practice (Table 1). According to the ESOPE, only
bleomycin can be administered either locally or systemically
[14,24,27]. Additionally, and not surprisingly, it has become
the preferred agent thanks to its favorable toxicity profile
and low cost. Among patients who underwent bleomycin-
ECT, we intratumoral injection was associated with a slightly
higher response rate, although not statistically significant,
than intravenous infusion (ORR, 81.9 vs. 69.2%, respectively,
p¼ .37). These findings have important implications because
they support a patient-targeted approach where drug admin-
istration is also informed by the presence of comorbidities
and risk for systemic toxicity, rather than tumor burden only.
In other words, these results favor the use of intratumoral
bleomycin as long as local injection is feasible and provides
adequate chemotherapy distribution. This holds true in
patients with small-size tumors and whose renal function,

Figure 3. Bubble chart of ECT clinical studies in melanoma according to tumor response and year of publication (1996–2020). Each circle represents a study, whose
diameter is proportional to sample size (melanoma patients only). Gray circles represent studies on melanoma; white circles represent studies based on mixed
patient populations. Circles with a continuous border represent studies reporting ‘per-patient’ tumor response; circles with dotted lines refer to studies reporting
‘per-tumor’ response. The overall response rate (trend line) did not significantly change over the years (Spearman rs ¼ �0.28, p¼ .16), or according to the modality
of response assessment (point-biserial correlation, r¼ 0.17, p¼ .39) and size of the study population (rs ¼ 0.09, p¼ .66).
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respiratory comorbidities, or concomitant risk factors for lung
fibrosis contraindicates the use of systemic bleomycin [27].
Although still investigational, calcium electroporation (i.e.,
the combination of intralesional calcium and electric pulses)
is emerging as a safe and effective alternative for these
patients [55]. To date, no study has compared the efficacy of
the three ECT modalities (i.t. CCDP, i.t. BLM, and i.v. BLM) in
melanoma. Previous studies suggest similar efficacy, although
comparisons may be biased by small numbers and underly-
ing differences in patient characteristics [22,42]. The results
from the cumulative analysis of the InspECT registry
(n¼ 2482 tumors, 932 [37%] from melanoma) indicate a
beneficial effect on CRR from i.v. over i.t. BLM starting from a
tumor size larger than 2 cm [53].

Interestingly, the ECT procedure is flexible and can be tail-
ored to patient/tumor features. Thus, it can be administered
either as a local or locoregional treatment, also depending
upon treatment intent [56]. In fact, ECT exerts a local effect
when chemotherapy is injected intratumorally; conversely, it
acts as a locoregional treatment when chemotherapy is
administered systemically, and electrodes are applied over
large treatment surfaces.

Retreatment

We were able to assess tumor response only after the first
course of ECT. However, in clinical practice, about half of
patients undergo repeated sessions to consolidate results or
treat new (i.e., out-of-field) lesions [29–32,41,42]. Thus, the
actual response rate may be even higher than reported in
our analysis. Nonetheless, this outcome is challenging to cap-
ture, particularly when the high number of metastases and
their heterogeneity coupled with post-treatment inflamma-
tion impede reliable tumor assessment. Thus, not surpris-
ingly, only a minority of studies provide data on response
following retreatment. Additionally, investigators adopted
either per-tumor or per-patient response assessment (Table 1,
Figure 3). To provide meaningful information, we advocate
the need to report disease burden in detail, possibly follow-
ing criteria shared by the melanoma community [57]. As
pointed out by the authors of a recent meta-analysis, the
lack of outcome reporting following retreatment is a critical
issue to address to set standards for the frequency of ECT
application and maximize the clinical benefit and the use of
resources [58].

Tumor size

Our findings differ from previous reports [29,32,53]. Two
meta-analyses observed a significant drop in CRR in lesions
larger than 2 or 3 cm. However, these results were based on
heterogeneous cohorts including patients with skin cancers
and cutaneous metastases from different histotypes [52,59].
We posit the following explanations for the lack of associ-
ation between tumor size and response in our study. The
first is the variation in tumor size measurement and criteria
for response assessment (Table 1). Second, in the studies
where response assessment was performed on target lesions,

these might not have been representative of the actual
tumor burden, thus introducing a bias toward under/over-
estimation. Finally, objective measurement of cutaneous
metastases may be challenging due to heterogeneous pres-
entation, which ranges from isolated nodules to extensive
lymphangitic infiltration or bulky deposits. To be effective,
ECT requires simultaneous tumor exposure to chemotherapy
and electric fields [60,61]. Hence, while small lesions, even
when scattered, can be easily targeted, bulky tumors (i.e.,
exceeding 2 or 3 cm in thickness) cannot be entirely covered
with needle electrodes used in standard ECT [27]. To allow
for more reliable correlative studies, we propose to discern
between flat and bulky skin metastases and align response
assessment with current recommendations on the quality of
reporting in ECT clinical studies [54]. Finally, and interest-
ingly, the results of a recent study on variable-geometry ECT
(an investigational ECT approach using longer electrode
probes able to encompass large target volumes) challenge
the supposedly inverse correlation between tumor size and
response. In this mono-institutional phase-II study, which
enrolled 30 patients with bulky soft tissue tumors (median
size 4.7 cm), the CRR was 63% after a single course of treat-
ment [62].

Limitations of current literature

Our review highlights the variation in reporting of current
ECT literature and the lack of some relevant outcome met-
rics. Critically, data on treatment toxicity, response after
retreatment, local control, and patient-reported outcomes
are under-reported or lacking. As remarked by the authors of
a recent review on ECT, this information is essential to prop-
erly evaluate palliative treatments [58]. For instance, only a
minority of studies include survival statistics on local tumor
control. Nonetheless and encouragingly, in these reports, the
2-year in-field control rate – following one or repeated
courses – ranges between 74 and 87%, even though the
contribution of the following treatments cannot be excluded
[29,31]. Finally, in a multicenter study including a formal
wash-out from previous/following therapies (n¼ 376 patients
with 1304 tumors, 65% from melanoma), the ORR was 88%,
with a CRR of 50% [42].

Toxicity

Skin ulceration seems to be the most relevant concern,
although the heterogeneity of reporting across studies pre-
vented more detailed analyses. To better inform multidiscip-
linary team discussion and patient choices, we encourage
investigators to consistently report on this aspect, e.g.,
adopting the CTCAE and even the PRO-CTCAE criteria [63].
To address this and other methodological issues, the
International Network for Sharing Practices on ECT (InspECT)
has advanced a proposal to improve the quality of reporting,
which is also available as a checklist to investigators [54].
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Treatment options for skin metastases

Radical surgical resection should be pursued whenever pos-
sible. An ongoing randomized trial investigates the comple-
mentary role of surgery in patients with metastatic
melanoma who achieve PR/SD with immunotherapy [64].
Conversely, patients with multiple, bulky, or rapidly growing
satellite/in-transit metastases not amenable to surgical treat-
ment are still candidates to a range of treatments, including
external beam/low dose radiotherapy [65,66], locoregional
chemotherapy (either in the form of isolated limb perfusion
[ILP] or isolated limb infusion [ILI]), talimogene laherparepvec
(T-VEC), Rose Bengal (PV-10), and ECT [28,67]. Outside
Europe, other lesional therapies include interleukin-2 (IL-2),
diphencyprone (DPCP), with pathologic CR reported in 44
and 20% of patients, respectively [67–70]. These approaches,
which vary in the mechanism of action and delivery, provide
a valuable therapeutic opportunity in different clinical scen-
arios. Thus, while locoregional chemotherapy leverages vas-
cular isolation to deliver high-dose chemotherapy to limb-
confined disease [71,72], injection therapies (T-VEC, PV-10,
ECT, and IL-2) can also be applied in patients with distant
metastases. Interestingly, local immunotherapy may exert a
beneficial systemic effect, particularly with current anti-PD1
agents [73,74]. However, and importantly, the application of
locoregional therapies should be carefully weighed against
systemic treatment to maximize the opportunity of long-
term benefit from targeted or immunotherapy [75]. Although
the major randomized trials have only marginal representa-
tion of patients with stage III in-transit and stage IV cutane-
ous-only melanoma, recent data show sustained response
rates to checkpoint blockade and support their early

application [76–78]. More recent strategies have been
derived from neoadjuvant trials [79,80]. Although investiga-
tional, neoadjuvant targeted therapy or double-agent
immunotherapy in patients with stage III resectable disease
has been associated with 2-year relapse-free survival ranging
to 79–96% [81]. These findings open new avenues for novel
integrated approaches combining local and systemic treat-
ment [33–37]. In this regard, ECT has been shown to induce
a local immune response and, sporadically, an abscopal
effect [15–18,82,83].

Integration of ECT with systemic treatment

Current ECT indications in melanoma are summarized in
Figure 4. Although the main application is in patients with
locoregional disease [28], preliminary findings support the
combination of ECT and systemic treatment in the meta-
static setting.

A retrospective analysis of 15 patients treated with ipili-
mumab and ECT reported a 67% local ORR (CRR, 27%) and a
60% systemic ORR, with no toxicity concerns [36]. In add-
ition, lower post-treatment circulating regulatory T cells
(Tregs) at week-12 (but not at baseline) was associated with
improved response.

A multi-institutional retrospective study evaluated the out-
come of 127 patients who received ipilimumab vs. ipilimu-
mab plus local peripheral treatment (in the form of radiation
or ECT). Interestingly, the investigators observed a prolonged
OS in the combination group (93 vs. 42weeks HR, 0.46;
p¼ .003) [35] and. the survival benefit was confirmed at
multivariate analysis after adjusting for prognostic factors.
Likewise, in a recent retrospective matched-cohort study, the

Figure 4. Summary of the current indications to ECT in melanoma. ECT: electrochemotherapy; LRT: locoregional therapies. †A consensus on how to define low/
high disease burden is lacking. For instance, < 10 lesions and tumor size < 3 cm have been proposed to identify patients with low burden who are candidates to
isolated limb infusion; whereas � 20 lesions have been proposed as a threshold of clinical benefit for isolated limb perfusion (Poklepovic AS, Carvajal RD,
Prognostic Value of Low Tumor Burden in Patients With Melanoma. Oncology 2018;32(9):e90–e96). Current parameters used in clinical ECT practice include the
number, size, distribution and anatomical location of skin metastases and the rate of their appearance. ‡In patients not fit for other LRT, target therapy or immuno-
therapy and following multidisciplinary evaluation.
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HR for systemic PFS and OS was 1.7 and 1.8, respectively, in
patients treated with pembrolizumab-ECT or pembrolizumab
alone [84], again prompting the conduction of prospective
comparative trials.

Given these promising results, future studies should enroll
more homogeneous populations (i.e., patients with in-transit
only or superficially-only metastatic disease) to better delin-
eate the subgroups most likely to benefit from treatment
and establish the most effective protocols. The search for an
expert agreement on the use of ECT in melanoma is ongoing
[85]. While some procedural aspects (i.e., anesthesia, chemo-
therapy, and electrodes) are guided by the ESOPE guidelines
[14,24], others (i.e., the extension of treatment field, the
inclusion of safety margins, and frequency of retreatment)
remain controversial [56,85]. The standardization of the pro-
cedure represents the way forward to conduct the next gen-
eration of ECT studies in combination with immunotherapy.

Study limitations

Some limitations of this analysis are noteworthy to point out.
The first relates to the heterogeneity of the included studies,
with their inherent risk of selection bias and the lack of
patient-level data [86–91]. Thus, we could not perform sub-
group analyses according to disease stage. Nonetheless, we
provide an up-to-date report and highlight the barriers to
more comprehensive systematic overviews. Second, we could
assess tumor response only after one ECT cycle, whereas
approximately 50% of patients undergo retreatment in clinical
practice [30,31]. Lastly, we acknowledge the publication of
previous reviews and meta-analyses on ECT, although none of
these was focused on melanoma. Two of these reports
included a subgroup analysis and reported an ORR of 81%,
consistent with our findings (Supplementary Table 1) [52,92].

Conclusions

We report the largest and most comprehensive meta-analysis
on the efficacy of ECT in the treatment of metastatic cutane-
ous melanoma. Altogether, the evidence presented reinforces
the notion that this approach yields favorable oncologic out-
comes in terms of local response, local tumor control and
low toxicity, thus adding to the armamentarium of the oncol-
ogy team. Nonetheless, the impact on patient quality of life
is scarcely reported, and there is variation in ECT clinical
practice, emphasizing the need for comprehensive and high-
quality reporting in future prospective studies.
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