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Introduction: Cutaneous squamous cell carcinoma (cSCC) is a frequent skin

cancer with a high risk of recurrence characterized by tumor infiltration and, in

advanced cases, a poor prognosis. ECT (electrochemotherapy) is an alternative

treatment option for locally advanced or recurrent cSCC that is unsuitable for

surgical resection. In this study, we aimed to evaluate the data in the InspECT

(International Network for Sharing Practice on ECT) registry of the referral

centers and to clarify the indications for the use of ECT as a treatment modality

for cSCC.

Materials and methods: Patients with primary, recurrent or locally advanced

cSCC from 18 European centers were included. They underwent at least one

ECT session with bleomycin between February 2008 and November 2020,

which was performed following the European Standard Operating Procedures.

Results: The analysis included 162 patients (mean age of 80 years; median, 1

lesion/patient). Side effects were mainly local and mild (hyperpigmentation,

11%; ulceration, 11%; suppuration, 4%). The response to treatment per patient

was 62% complete and 21% partial. In the multivariate model, intravenous drug

administration and small tumor size showed a significant association with a

positive outcome (objective response). One-year local progression-free

survival was significantly better (p<0.001) in patients with primary tumors

(80% (95% C.I. 70%-90%) than in patients with locally advanced disease (49%

(95% C.I. 30%-68%).

Conclusion: In the present study, ECT showed antitumor activity and a

favorable safety profile in patients with complex cSCC for whom there was

no widely accepted standard of care. Better results were obtained in primary

and small tumors (<3 cm) using intravenous bleomycin administration.
KEYWORDS

cutaneous squamous cell carcinoma, electrochemotherapy, skin cancer, local
treatment, inspect
Introduction

Cutaneous squamous cell carcinoma (cSCC) represents the

second most frequent skin cancer (20%), after BCC, with an

incidence of approximately 28.9 per 100 000 inhabitants/year

(1). In 1-5% of cases, it can give distant metastases, and such

metastases are associated with an average survival of two years

(2). Molecularly, cSCC arises from the accumulation of genetic

and epigenetic alterations in keratinocytes over time that permit

development of an invasive tumor. Frequently it is associated

with mutations of tyrosin kinase receptors, certain cell cycle

regulatory genes or RAS/MAPK and PI3K signalling pathways.

These genetic alterations drive the development of malignant

and premalignant lesions, that is accelerated when intrinsic

defenses are compromised. The accumulation of genetic

alterations, and development of malignant and premalignant
02
lesions, is accelerated when intrinsic defenses are compromised.

Examples include patients on chronic immunosuppression, or

those with a heritable predisposition to cancer, such as the

disease states of Xeroderma Pigmentosum or Bloom syndrome

(3, 4).

The primary goal of cSCC therapy is to completely remove

the tumor with maximal functional and cosmetic preservation.

Surgical excision alone guarantees the successful treatment of

cSCC, with a good prognosis and cure rates greater than 90% (5).

In patients not amenable to surgery, radiotherapy, eventually

associated with chemotherapy, represents a valid and curative

treatment strategy for cSCC (5). Local recurrences of cSCC

frequently exhibit a more extensive, irregular subclinical

infiltration pattern than primary tumors, which is difficult to

assess using conventional bread-loaf sections. Local recurrences in

the head and neck region are often desmoplastic lesions
frontiersin.org
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characterized by high recurrence rates (6, 7). It is not uncommon

for patients with this tumor type to die from complications caused

by local tumor infiltration or metastases (8). Risk factors associated

with recurrence, metastases and disease-specific death are as

follows: Breslow thickness >2 mm, diameter >20 mm, invasion

beyond subcutaneous fat, perineural involvement, poor

differentiation, immunosuppression, and localization at the ear,

lip and cheek (9). Recently, immunotherapy has been approved

in locally advanced and metastatic cSCC. Cemiplimab (human

IgG4 antibody against PD-1) was studied, and a response was

observed in 13 of 26 patients (50%; 95% CI = 30 to 70). Among the

patients who had a response, the duration of response exceeded 6

months in 57% (10). Cemiplimab is currently the only approved

systemic immunotherapy for cutaneous SCC in Europe (2).

Advanced cSCC often has a high tumor mutation burden (TMB),

which may be responsive to immunotherapy, but this treatment is

often contraindicated as many patients are immunosuppressed or

have a history of organ transplantation (11).

ECT is an alternative treatment for cSCC that are unsuitable

for standard treatments or for recurrences after standard

treatments, consisting of an intravenous (IV) or intratumoral

(IT) injection of a chemotherapeutic agent, such as cisplatin or

bleomycin, combined with locally applied electric pulses that

permeabilize tumor cell membranes to increase its cytotoxicity.

In some retrospective studies and one meta-analysis, it has been

reported that 20-70% of patients treated with ECT presented a

good local response and disease control, while in a prospective

study EURECA on cSCC patients, the rate of complete response

at the 2-month follow-up was 55%, with only a 4% rate of disease

progression (12–15). The results of these studies have concurred

with the inclusion of ECT in the clinical guidelines of several

European countries, including the UK, Italy and Germany (5,

16, 17).

The International Network for Sharing Practice in ECT

(InspECT) is a pan-European collaboration of centers

encompassing different specialties that treat cutaneous

malignancies. The group has published analyses on outcomes for

specific diseases such as cutaneous metastases from MM (18), breast

cancer (19), and cutaneous tumors in the head and neck region (15,

20), as well as articles investigating specific topics of importance such

as pain management (21). This database permits the collection of an

extensive amount of information on large cohorts of patients,

conducting more detailed analysis and investigating clinically

significant variables due to data being accrued in a homogenous way.

Cohort studies on ECT in cSCC are limited to 22 patients in

an exclusive paper focused on cSCC (12) and 50 patients in a

study including various nonmelanoma skin cancers of the head

and neck district (14). In this study, we aimed to analyze data from

a larger cohort of cSCC patients included in the InspECT registry.

This analysis may outline ECT benefits and disadvantages and

help identify themost appropriate indications and procedural modalities.
Frontiers in Oncology 03
Patients and methods

Database

Thirty-eight participating cancer centers across Europe

prospectively entered treatment data from the start of the database

from February 2008 to November 2020. Patients consented, and

then data were entered into the database and subsequently updated

over time. All centers uploaded data prospectively. Each institution

sought approval from the Ethics Committee and data protection

authority. Participation in the database was by a signed agreement.

Among all included patients, a subgroup of patients with a diagnosis

of cutaneous squamous cell carcinoma (cSCC) was included in the

present cohort analysis. According to country-specific guidelines,

patient selection was based on institutional preferences, including

referral after multidisciplinary discussion for patients with

symptomatic cutaneous metastasis and primary persistent/

recurrent cutaneous lesions. In particular, ECT treatment was

considered in (a) carefully selected patients with locally advanced

disease when all other treatment options, including surgery and

radiotherapy, were not feasible; (b) with persistent or recurrent

primary cSCC lesions when all other treatment options, including

surgery and radiotherapy, failed or were not feasible; (c) with

primary naïve cSCC lesions when every other therapeutic option

was contraindicated because of radically unresectable disease, at high

risk of functional organ damage or because of a precarious physical

condition of the patient due to comorbidities; and (d) when the

patient, after being exhaustively informed, refused any other

treatment option. This is an explorative article assessing treatment

response as such intention to treat analysis was not performed, and

only patients whowere followed up for at least 45 days were included

in response to treatment analysis. Reasons for short follow-up

included compassionate treatment for patients whose long-term

follow-up was not planned. Overall, 207 patients were selected. Of

these, 162 (78%) had a sufficiently long follow-up visit to be

evaluated for response to ECT treatment (i.e., 45 days) and were

considered in the statistical analysis. Patients were evaluated for

response to treatment after a minimum follow-up of 45 days and

within a follow-up time of 90 days.
ECT treatment

ECT was delivered based on updated European Standard

Operating Procedures for Electrochemotherapy guidelines (22).

Each center was responsible for the clinical decisions around the

individual patient, including patient preferences (e.g., for general

or local anesthesia). Bleomycin was administered either

intratumorally at a dose of 1000 IU mL/cm3 or intravenously

at 15000 IU/m2, and electroporation was performed using the

Cliniporator® (IGEA, Carpi), delivering 8 pulses of 100 ms at 1
frontiersin.org
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kV/cm (voltage to electrode distance, i.e., with a 4 mm electrode

gap, 400 V was delivered). Electrode choice was guided by the

standard operating procedure (22).
Response evaluation

Local response was evaluated in accordance with the modified

Response Evaluation Criteria in Solid Tumors (RECIST) criteria

(23) after 45-90 days of follow-up. In cases of doubt, biopsies and/or

radiological examinations were performed to confirm complete

response. In the case of partial response, further ECT sessions were

considered. In the case of stable or progressive disease, other

palliative treatment options were considered.
Statistical analysis

Continuous variables were described by the median value

and range, and categorical variables were described by the

absolute number and percentage. Analysis of response to

treatment has been reported as absolute number and

percentage. The objective response per covariate was reported

as a percentage and relative risk, together with the 95%

confidence interval and Wald p value obtained by univariate

logistic analysis. Statistically significant variables in the

evaluation of objective response in the univariate model were

taken together in a multivariate logistic model, and independent

relative risk, 95% confidence interval and Wald p value were

reported for each covariate included.

Local tumor control was expressed as local progression-free

survival, which was the time from ECT until the date of relapse or

progression or last follow-up (whichever came first). Survival curves

were calculated by the Kaplan–Meier method. One-year local

progression-free survival and 95% confidence interval (C.I. 95%)

were calculated using Kaplan–Meier survival analysis. Comparisons

between two different survival curves were made by the Mantel–

Haenszel probability level. Statistical analyses were performed with

NCSS 9 software (NCSS, LLC. Kaysville, Utah, USA). A p value less

than 0.05 was considered statistically significant.
Results

Characteristics of the patient cohort

One hundred and sixty-two patients (111 males and 51

females) were included in the cohort. The median age was 80

years (range, 41-104 years). Table 1 shows the clinical

characteristics of the tumors and the previous treatments

performed. Most of the patients (70%) had been pretreated as

follows: 43.4% with a single treatment and 26.6% with more than

one treatment. In 30% of cases, the patients were not pretreated
Frontiers in Oncology 04
and underwent ECT for the following reasons: the impossibility

of obtaining a radical resection of the tumors; contraindication

to surgery and radiotherapy because of the high risk of

disfiguring and/or organ damage, or because of important

comorbidities. In some other cases, the patients refused

surgery and/or radiotherapy. Usually, palliative care for

symptom relief was offered to these patients, trying to

maintain an acceptable quality of life for as long as possible.

A median number of 1 nodule [range 1-7] was treated per ECT

treatment, the median size of lesions was 21mm [range 5-250mm],

and amedian number of 15 electric pulse applications [range 1-146]

were delivered per treatment. ECT was repeated in 16 patients (15

for a second time, 1 for a third time) with a partial response or a

recurrence. Table 1 shows the treatment characteristics.
Side effects

Twenty-three patients (11%) had mostly mild (grade 1 or 2)

postinterventional side effects. Of these, 9 (4%) patients had

severe side effects with local ulceration and suppuration. Other

indirect and direct side effects consisted of necrosis in 6 (3%),

erythema in 6 (3%), odor in 4 patients (2%), flu in 3 patients

(1.5%), and nausea in 2 (1%). Single cases of bleeding, itchiness,

fibrosis and atrophy were observed. Grade 4 or 5 adverse effects

were not observed, nor were there any patients that dropped out.
Response

Patients were evaluated for response to treatment after a

minimum follow-up of 45 days and within a follow-up time of

90 days. Responses were evaluated for patient response and

lesion response.

Responses by patient were evaluated in 162 patients, while

responses by lesions were evaluated in 342 lesions. Complete

response (CR) was obtained in 61% of lesions, partial response

(PR) in 18%, stable disease (SD) in 13% and progressive disease

(PD) in 7% (not evaluable 1%). The response per patient was CR in

62%, PR in 21%, SD in 11% and PD in 5% (not evaluable 1%).

Figure 1 shows an example of a cSCC lesion of the inner cantus

before ECT reaching and remaining in CR 5 months

after treatment.

A large number of patients allowed the univariate and

multivariate analysis of factors affecting the response to ECT

treatment, evaluated in terms of objective response (OR=CR+PR).

Univariate and multivariate analyses allowed us to evaluate the

clinical and technical factors affecting the objective response to

treatment and calculate the ORs% and the relative risks (RRs) for

each value of the covariates. Table 2 reports the results of the

analysis with their relative significance. In the univariate model,

early stage of disease (T1-T2 vs. T3-T4), low number of previous

treatments, intravenous drug administration, absence of previous
frontiersin.org
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irradiation and small size (<3 cm) were significant predictive factors

of OR. When combined in the multivariate model, only a low

number of previous treatments, intravenous drug administration

and small size showed a significant association with a positive

outcome. A high number of previous treatments indicated long-

lasting or aggressive disease that was difficult to successfully treat.
Frontiers in Oncology 05
Long-term response

The median follow-up was 5.6 months (range 1.6-47.6), with

a mean of 8.6 ± 8.1 months. Recurrences occurred in 16 patients

(9.9%) during the follow-up period, and disease progression

occurred in 36 patients (22.2%). In the overall cohort of patients,
TABLE 1 Characteristics of the cohort of patients, nodules and treatment characteristics.

Data of patients (n = 162) Data of nodules (n = 342)

N % N %

Sex Male
Female

111
51

69%
31%

Lesions’ site Head/neck/scalp
Trunk
Limbs

223
31
88

65%
9%
26%

ECOG Fully active
Restricted in physically strenuous activity
Ambulatory and capable of all self-care
Capable of only limited self-care
Completely disabled
Unknown

80
54
10
11
3
4

49%
34%
6%
7%
2%
2%

Current intensity delivered 0-3 Å
3-7
>7 Å

144
172
26

42%
50%
8%

Tumor presentation Primary (persistent/recurrent*)
Locally advanced

104
58

64%
36%

Electrode Hexagonal
Linear/Finger
Plate
Multiple

205
110
18
9

60%
32%
5%
3%

T 1
2
3
4
x

82
44
16
10
10

51%
27%
10%
6%
6%

Preirradiated lesions Yes 59 17%

N 0
1
2
X

132
9
10
11

81%
6%
6%
7%

Lymphoedema Yes 27 8%

M 0
1
x

151
3
8

93%
2%
5%

Lesions’ size <30 mm
≥30 mm

241
101

70%
30%

Previous treatments No
Surgery
Radiotherapy
Chemotherapy
Cryotherapy
Electrochemotherapy
Photodynamic therapy
Surg+RT
CT+RT
Surg+CT
Surg+Cryo
Surg+ECT
Surg+CT+RT
Surg+RT+PDT
Surg+RT+Cryo
CT+RT+TT
Surg+CT+RT+Immuno
unknown

49
43
4
1
8
1
1
24
2
3
3
1
7
1
1
1
1
11

30%
27%
2%
0.6%
5%
0.6%
0.6%
15%
0.6%
2%
2%
0.6%
4%
0.6%
0.6%
0.6%
0.6%
7%

Drug administration Intratumoural
Intravenous

28
134

17%
83%

Anesthesia Local/regional
general

69
93

43%
57%
f
rontiersin
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TABLE 2 Factors affecting the overall response rate: univariate and multivariate analyses.

Univariate Multivariate

Variable ORR% RR C.I. 95% P value RR C.I. 95% P value

Age <80 yrs
>80 yrs

78%
80%

0.91 0.54-1.57 0.7519

Stage T1-T2
T3-T4

82%
70%

1.95 1.02-3.72 0.0425 1.02 0.47-2.19 0.9597

# Previous tr 0
1
2
>2

86%
82%
76%
57%

1.52° 1.16-1.99 0.0057 1.52 1.09-2.12 0.0129

ECOG 0-1+

2-3-4
81%
69%

1.87 0.99-3.52 0.0529

Presentation Primary
Locally advanced

85%
75%

1.88 1.09-3.23 0.0226 1.61 0.87-3.00 0.1319

Site Head/neck/scalp
Trunk
Limbs

78%
84%
83%

1.17*
1.10*

0.59-2.29
0.66-1.81

0.6455
0.7195

Current delivered 0-3 Å
3-7 Å
>7 Å

80%
81%
79%

1.08° 0.87-1.36 0.4859

Drug administration Intravenous
Intratumoural

85%
53%

5.00 2.73-9.15 0.0001 4.83 2.41-9.67 0.0001

Preirradiated No
Yes

82%
70%

1.95 1.04-3.66 0.0319 1.06 0.49-2.29 0.8885

Lymphoedema No
Yes

79%
96%

0.15 0.02-1.09 0.0681

Size <30 mm
≥30 mm

83%
71%

1.96 1.14-3.39 0.0154 2.28 1.20-4.33 0.0114

Electrode Hexagonal
Other

82%
76%

1.44 0.85-2.45 0.1762
Frontiers in Oncology
 06
 front
+ 0, fully active; 1, restricted in physically strenuous activity; 2, ambulatory and capable of all self-care; 3, capable of only limited self-care; 4, completely disabled. *RR versus site head/neck/
scalp. °RR on ordinal variables. RR, relative risk; C.I. 95%, confidence interval at 95%.
FIGURE 1

Recurrent cutaneous SCC of the inner cantus after previous surgery. Left: before ECT; Right: complete response 5 months after treatment.
iersin.org
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the median time to local progression was 4.8 months (range 1-

33.7 months). Among patients who reached a complete

response, they could maintain their free of disease status for a

mean time of 9.7 ± 8.2 months. Of the 16 patients who

experienced recurrence after complete response, five were

retreated with ECT and obtained a complete response again.

One of them was submitted to surgical treatment to remove the

recurrent lesion, and the remaining 10 patients were sent to

other palliative care treatments.

At the last follow-up (mean 8.6 months), 78 patients had no

evidence of disease (NED 48.1%), and 60 patients were alive with

disease (37.0%). Death occurred in 24 patients (14.9% of 162

patients), of which 16 (66.7%) were not related to disease, and 8

(33.3%) were related to the disease. Kaplan–Meier curves show

the local progression-free survival in the whole population and

in primary versus locally advanced patients (Figures 2A, B),

where the different trend was statistically significant (p=0.0016),

with the survival in patients treated for primary lesions superior

with respect to patients with locally advanced disease. The one-

year local progression-free survival for primary patients was 80%

(C.I. 95%: 70%-90%), while in locally advanced patients, it was

49% (C.I. 95%: 30%-68%) (p<0.0001).
A subanalysis of primary tumors

A subanalysis conducted on primary lesions revealed that

treatment-naïve tumors (not pretreated) showed a significantly

higher percentage of complete responses (77.4%) with respect to

pretreated lesions (57.7%) (p=0.0181). Even local progression-

free survival seems to be higher for naïve patients, at least during

the first months after ECT treatment (Figure 2C), even if the

significance was not reached (p=0.0818). The one-year local

progression-free survival in naïve patients was 95% (C.I. 95%

85%-100%), and in pretreated patients, it was 74% (C.I.

95%: 57%-92%).
Discussion

In the present study, the patients were treated with ECT with

a percentage of complete response of 62%, partial response of

21% (OR=83%) and stable, controlled disease of 11%. Side effects

directly related to treatment were mild for most patients, except

9 patients with severe ulceration. Similar results were obtained

by Bertino et al. (15, 24) in the EURECA study, with a 55%

complete response in cSCC patients, and by Campana et al., with

a 41% CR and 85% OR.

The results obtained here are of significant interest because

the patients were not eligible for any other standard treatment,
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and they could benefit from ECT, which is an effective treatment

in the majority of cases reported here.

Furthermore, the local control of the disease was relevant, as the

median time to local progression was 4.8 months (range 1-33.7),

with 9.9% recurrences and 22.2% disease progression. When a

complete response was obtained, patients remained free of local

disease for a mean time of 9.7 ± 8.2 months. Among complete

responders, the duration of CR exceeded 6 months in 88% of

patients. In a similar cohort of patients with locally advanced or

metastatic cSCC, the safety and efficacy of immunotherapy with
A

B

C

FIGURE 2

Local progression-free survival (LPFS) in the whole cohort of
patients (A), in subgroups of primary and locally advanced cSCC
(B) and in subgroups of naïve and pretreated patients (C).
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intravenous cemiplimab (human IgG4 antibody against PD-1) were

investigated. A response to systemic therapy was observed in 13 of

26 patients (50%; 95% CI = 30% to 70%). Among the patients who

had a response, the duration of response exceeded 6 months in 57%

(10). In 2020, Migden et al. (25) reported the clinical activity of

cemiplimab in patients with locally advanced cSCC. An objective

response was observed in 34 (44%; 95% CI 32-55) of 78 patients.

The best overall response was ten (13%) patients with a complete

response and 24 (31%) with a partial response. Comparing the

adverse event profile with systemic immunotherapy and ECT, there

were significantly fewer side effects after ECT. While ECT patients

from the cohort study had a total of 11% adverse events and rates of

up to 48% grade 3-4, severe adverse events were observed in up to

35% of the clinical studies on cemiplimab (25, 26). According to

recent real-world analyses, data of up to 77% of mild adverse events

and severe adverse events of up to 45% were described (27, 28).

Although cemiplimab represents the only approved systemic

immunotherapy for cutaneous SCC in Europe (1), the incidence

of moderate and severe adverse events is not negligible.

Long-term analysis in our cohort demonstrates that at the 1

year of follow-up, 66% of patients had maintained control of

their local disease, but patients with primary lesions showed the

highest rate of local control with respect to patients with locally

advanced disease; 80% vs. 49% (p<0.0001). This particular result

indicates that treating ECT primary (recurrent/persistent)

lesions was significantly more effective than treating locally

advanced lesions. Bertino et al. obtained similar results (15) in

their study on head and neck cSCC.

A large number of patients/lesions in this study allowed us to

perform univariate and multivariate analyses of factors affecting the

response to ECT treatment in cSCC for the first time. In the

univariate model, early stage of disease (T1-T2 vs. T3-T4), low

number of previous treatments, intravenous drug administration,

absence of previous irradiation and small size (<3 cm) were

significant predictive factors of OR. When combined in the

multivariate model, only a low number of previous treatments,

intravenous drug administration and small size showed a significant

association with OR. A high number of previous treatments

indicated a long-lasting or aggressive disease that was difficult to

successfully treat. Other studies have shown that pretreated lesions

have a lower probability of being successfully treated with ECT (18);

Bertino et al. (15), with a similar analysis conducted on cutaneous

lesions of the head and neck of various histology (BCC, SCC, MM),

showed that naïve tumors showed increased effectiveness of ECT

and that previous surgery as single treatment the least affected the

outcome compared to (chemo) radiotherapy or multiple

treatments. These results would agree with our observations, even

if various types of tumors were considered instead of one single

histological type. In our cohort, we observed an 86.2% OR in naïve

patients, 82.3% in patients who underwent a single previous

treatment, 75.6% in those submitted to 2 previous therapies, and
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56.7% in patients who underwent more than 2 previous

treatments (p=0.0129).

We observed in our study that the influence of intravenous

administration of bleomycin was significant and led to a

favorable outcome with respect to intratumoral administration

(p<0.0001). This finding was not significant in other analyses

reported in the literature (15, 22, 29, 30). A possible explanation

may be due to the difference in the histotype of sSCC with

respect to other diseases as follows: it can be hypothesized that

the peculiarity of the anatomical characterization of cSCC tissue,

due to the strongly irregular structure but high vascularization,

may be in favor of the intravenous administration of bleomycin,

which more homogeneously diffuses the drug in the tissue. This

observation needs to be evaluated considering the low rate of

patients treated with intratumoral drug administration, which

was performed in only 17% of all cases, even in the small lesions.

Furthermore, the percentage of preirradiated lesions in

intratumorally treated patients was 25%, higher than that of

intravenously treated patients (15%); prior data had inferred a

trend showing that intravenous bleomycin was preferred in

previously irradiated tissues, likely due to fibrotic tissue

limiting the diffusion needed for successful intratumoral drug

diffusion (31); further investigation on this matter is needed.

The significant influence of lesion size in the multivariate

model was confirmed, as already reported in several studies (15,

19, 24, 30, 32–34) on various types of histology.

The analysis has the following limitations: these data are from a

patient registry instead of clinical trials and thus represent a real-

world heterogeneous mix of patients treated with differing

intentions, some for purely palliative indications and others with

definitive curative intent. Patient review was not standard practice

in all the participating centers; nonetheless, the InspECT group was

committed to improving the quality of clinical reports through

regular monitoring and analyses of the database and the publication

of dedicated guidelines for researchers (35). The heterogeneous

number of patients provided by each center was because not all

centers started to upload patients into the registry at the same time;

some centers started uploading patients’ data since the beginning

(2008), and the last centers entered the InspECT group in 2019 and

thus only contributed to data collection a few patients.

In the present analysis, ECT showed antitumor activity and a

favorable safety profile in patients with primary unresectable/

recurrent/persistent, locally advanced cSCC for whom there was

no widely accepted standard of care. Furthermore, in advanced

tumors, a therapeutic strategy of ECT in combination with systemic

treatment, such as immunotherapy, might be even more beneficial

for the patient. In fact, a preliminary report from the InspECT

group showed that ECT could increase the positive effect of

immunotherapy in advanced and metastatic MM patients (36).

This aspect should be prospectively investigated even in

cSCC patients.
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18. Kunte C, Letulé V, Gehl J, Dahlstroem K, Curatolo P, Rotunno R, et al.
Electrochemotherapy in the treatment of metastatic malignant melanoma: a
prospective cohort study by InspECT. Br J Dermatol (2017) 176:1475–85. doi:
10.1111/bjd.15340

19. Matthiessen LW, Keshtgar M, Curatolo P, Kunte C, Grischke EM, Odili J,
et al. Electrochemotherapy for breast cancer–results from the INSPECT database.
Clin Breast Cancer (2018) 18:e909–17. doi: 10.1016/j.clbc.2018.03.007

20. Plaschke CC, Bertino G, McCaul JA, Grau JJ, de Bree R, Sersa G, et al.
European Research on electrochemotherapy in head and neck cancer (EURECA)
project: Results from the treatment of mucosal cancers. Eur J Cancer (2017)
87:172–81. doi: 10.1016/j.ejca.2017.10.008

21. Quaglino P, Matthiessen LW, Curatolo P, Muir T, Bertino G, Kunte C, et al.
Predicting patients at risk for pain associated with electrochemotherapy. Acta
Oncol (2015) 54:298–306. doi: 10.3109/0284186X.2014.992546

22. Gehl J, Sersa G, Matthiessen LW, Muir T, Soden D, Occhini A, et al. Updated
standard operating procedures for electrochemotherapy of cutaneous tumours and skin
metastases. Acta Oncol (2018) 57:874–82. doi: 10.1080/0284186X.2018.1454602

23. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline
(version 1. 1). Eur J Cancer (2009) 45:228–47. doi: 10.1016/j.ejca.2008.10.026

24. Campana LG, Testori A, Curatolo P, Quaglino P, Mocellin S, Framarini M,
et al. Treatment efficacy with electrochemotherapy: A multi-institutional
prospective observational study on 376 patients with superficial tumors. Eur J
Surg Oncol (EJSO) (2016) 42:1914–23. doi: 10.1016/j.ejso.2016.06.399

25. Migden MR, Khushalani NI, Chang ALS, Lewis KD, Schmults CD,
Hernandez-Aya L, et al. Cemiplimab in locally advanced cutaneous squamous
cell carcinoma: results from an open-label, phase 2, single-arm trial. Lancet Oncol
(2020) 21:294–305. doi: 10.1016/S1470-2045(19)30728-4

26. Rischin D, Khushalani NI, Schmults CD, Guminski A, Chang ALS, Lewis KD,
et al. Integrated analysis of a phase 2 study of cemiplimab in advanced cutaneous
squamous cell carcinoma: extended follow-up of outcomes and quality of life analysis.
J Immunother Cancer (2021) 9:e002757. doi: 10.1136/jitc-2021-002757

27. Valentin J, Gérard E, Ferte T, Prey S, Dousset L, Dutriaux C, et al. Real world
safety outcomes using cemiplimab for cutaneous squamous cell carcinoma.
J Geriatric Oncol (2021) 12:1110–3. doi: 10.1016/j.jgo.2021.02.026
Frontiers in Oncology 10
28. Baggi A, Quaglino P, Rubatto M, Depenni R, Guida M, Ascierto PA, et al.
Real world data of cemiplimab in locally advanced and metastatic cutaneous
squamous cell carcinoma. Eur J Cancer (2021) 157:250–8. doi: 10.1016/
j.ejca.2021.08.018

29. Marty M, Sersa G, Garbay JR, Gehl J, Collins CG, Snoj M, et al.
Electrochemotherapy – an easy, highly effective and safe treatment of cutaneous
and subcutaneous metastases: Results of ESOPE (European standard operating
procedures of electrochemotherapy) study. Eur J Cancer Suppl (2006) 4:3–13. doi:
10.1016/j.ejcsup.2006.08.002

30. Clover AJP, de Terlizzi F, Bertino G, Curatolo P, Odili J, Campana LG, et al.
Electrochemotherapy in the treatment of cutaneous malignancy: Outcomes and
subgroup analysis from the cumulative results from the pan-European
international network for sharing practice in electrochemotherapy database for
2482 lesions in 987 patients (2008–2019). Eur J Cancer (2020) 138:30–40. doi:
10.1016/j.ejca.2020.06.020

31. Campana LG, Valpione S, Mocellin S, Sundararajan R, Granziera E,
Sartore L, et al . Electrochemotherapy for disseminated superficial
metastases from malignant melanoma. Br J Surg (2012) 99:821–30. doi:
10.1002/bjs.8749

32. Perrone AM, Galuppi A, Pirovano C, Borghese G, Covarelli P, De Terlizzi F,
et al. Palliative electrochemotherapy in vulvar carcinoma: Preliminary results of the
ELECHTRA (Electrochemotherapy vulvar cancer) multicenter study. Cancers
(2019) 11:657. doi: 10.3390/cancers11050657

33. Cabula C, Campana LG, Grilz G, Galuppo S, Bussone R, De Meo L, et al.
Electrochemotherapy in the treatment of cutaneous metastases from breast cancer:
A multicenter cohort analysis. Ann Surg Oncol (2015) 22:442–50. doi: 10.1245/
s10434-015-4779-6

34. Ferioli M, Perrone AM, Buwenge M, Arcelli A, Zamagni A, Macchia G, et al.
Electrochemotherapy of skin metastases from breast cancer: a systematic review.
Clin Exp Metastasis (2021) 38:1–10. doi: 10.1007/s10585-020-10063-x

35. Campana LG, Clover AJP, Valpione S, Quaglino P, Gehl J, Kunte C, et al.
Recommendations for improving the quality of reporting clinical
electrochemotherapy studies based on qualitative systematic review. Radiol Oncol
(2016) 50:1–13. doi: 10.1515/raon-2016-0006

36. Campana LG, Peric B, Mascherini M, Spina R, Kunte C, Kis E, et al.
Combination of pembrolizumab with electrochemotherapy in cutaneous
metastases from melanoma: A comparative retrospective study from the
InspECT and Slovenian cancer registry. Cancers (2021) 13:4289. doi: 10.3390/
cancers13174289
frontiersin.org

https://doi.org/10.1111/ddg.14072
https://doi.org/10.1111/bjd.15340
https://doi.org/10.1016/j.clbc.2018.03.007
https://doi.org/10.1016/j.ejca.2017.10.008
https://doi.org/10.3109/0284186X.2014.992546
https://doi.org/10.1080/0284186X.2018.1454602
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejso.2016.06.399
https://doi.org/10.1016/S1470-2045(19)30728-4
https://doi.org/10.1136/jitc-2021-002757
https://doi.org/10.1016/j.jgo.2021.02.026
https://doi.org/10.1016/j.ejca.2021.08.018
https://doi.org/10.1016/j.ejca.2021.08.018
https://doi.org/10.1016/j.ejcsup.2006.08.002
https://doi.org/10.1016/j.ejca.2020.06.020
https://doi.org/10.1002/bjs.8749
https://doi.org/10.3390/cancers11050657
https://doi.org/10.1245/s10434-015-4779-6
https://doi.org/10.1245/s10434-015-4779-6
https://doi.org/10.1007/s10585-020-10063-x
https://doi.org/10.1515/raon-2016-0006
https://doi.org/10.3390/cancers13174289
https://doi.org/10.3390/cancers13174289
https://doi.org/10.3389/fonc.2022.951662
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Electrochemotherapy for the treatment of cutaneous squamous cell carcinoma: The INSPECT experience (2008-2020)
	Introduction
	Patients and methods
	Database
	ECT treatment
	Response evaluation
	Statistical analysis

	Results
	Characteristics of the patient cohort
	Side effects
	Response
	Long-term response
	A subanalysis of primary tumors

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


