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Abstract. - OBJECTIVE: The aim of this
study was to identify features mainly involved
in determining the partial response (PR) to the
Electrochemotherapy (ECT) in patients with re-
current and/or metastatic head and neck (H&N)
tumor; the identified features were also used in
a decision chart in order to provide the clinician
with a support tool in deciding further therapies.

PATIENTS AND METHODS: 131 patients (186
treatment sessions) with recurrent and/or meta-
static H&N neoplasm were subjected to ECT. Treat-
ment response was evaluated based on Response
Evaluation Criteria in Solid Tumors (RECIST) v. 1.1
two months after the ECT. The grade of bleeding
and pain before, at the end and one week after ECT
treatment were evaluated. Univariate and multivar-
iate analysis were performed to identify features
involved in determining the patient PR.

RESULTS: In the context of the univariate anal-
ysis, tumor size significantly influenced the re-
sponse to ECT, with higher PR rate of 58.3%: 28
among 48 patients with lesion size = 3 centime-
ters (p-value < 0.001 at Chi-square test). Pain and
bleeding pre-treatment were positively correlated
to PR (p-value < 0.001 at Chi-square test). A dif-
ference in the current flowing in the tissue during
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treatment was also observed in partially respon-
sive patients, where the median current value
(6.6 A) was higher than that achieved in patients
that did not show PR (3.3 A). In the context of the
multivariate analysis, the best performances are
achieved with the BART method (accuracy of
84%). The main clinical factors to predict the par-
tial response, among investigated features, that
have shown to be considered were the pain value
felt before performing the treatment and the me-
dian current delivered during the ECT treatment.
A decision-making support tool to predict the pa-
tient prognosis in terms of response rate could
be represented by the decision tree obtained
with CART algorithm, where a pain pre-treatment
more than 5 and a median delivered current not
less than 2.8 A led to the prediction a partial re-
sponsive patient with an accuracy of 75%.

CONCLUSIONS: The study confirmed that
ECT is an interesting antitumoral therapy in ad-
vanced chemo- and radio-refractory H&N neo-
plasms, able to reduce frequent symptoms and
to improve the quality of life. Pain pre-treatment
and delivered current are the most important
variables when predicting the partial response
of patients.
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Introduction

More than 5% of the carcinomas worldwide are
carcinomas of the head and neck (H&N) account
for more than 5% of all malignancies, and in 90%
of cases are squamous cell carcinomas (SCC)..
Despite aggressive and site-specific therapies, a
great number of patients develops disease recur-
rence: until 60% of local failure risk and until the
30% of distant failure risk?3. Many patients with
recurrent and/or metastatic (R/M) HNSCC have
a poor survival with a disease that is no longer
suitable to curative therapy, and they are often re-
ferred to palliative therapies*®. At present, a tar-
geted therapy added to cytotoxic chemotherapy
results in a significantly prolonged survival from
a median of 7.4 months to 10.1 months'’. Long-
term survival is possible only in a minority of pa-
tients with locally recurrent, non-metastatic HN-
SCC that is amenable to salvage surgery and/or
re-irradiation'""”. Recent evidence'® indicates that
preirradiated tumors have a significantly lower
response rate to ECT.

Prolonged disease-free survival seems possi-
ble also in patients with locally recurrent disease
undergoing palliative systemic therapy compared
with patients with metastatic disease'.

Electrochemotherapy (ECT) is a well-estab-
lished antitumor strategy for cutaneous tumors.
Specifically, through the electroporation of tu-
mor cells, ECT enhances the antitumor activity
of poorly or non-permeating cell-membrane che-
motherapeutics'®?!. Moreover, the vascular effect
commonly referred to as “vascular lock” supports
ECT potential to lesions bleeding control*-*.

Many clinical reports*’2° described results of
ECT in treatment of H&N tumors. Longo et al’!
confirmed that ECT is an interesting antitumoral
therapy in advanced chemo and radio-refractory
H&N neoplasms, able to reduce frequent symp-
toms and improve the quality of life in a study with
93 patients with advanced carcinoma of H&N.

In the present study we aim to identify those
features that are mainly involved in determining
the partial response to the ECT in patients with
R/M HNSCC; furthermore, to use the most im-
portant features into an evaluation chart that the
clinician could use to predict patient prognosis.

Patients and Methods

Patients Characteristics

Between May 2011 and May 2021, 101 patients
(82 male and 49 females, with a median age of 77
years [range 21-98]) with a diagnosis of recurrent
and/or metastatic neoplasm of the head and neck,
treated with at least two chemotherapy lines and/
or with radiation therapy were recruited. Of these,
46 patients were treated twice and 3 of them four
times, for a total of 186 ECT sessions.

Local Ethical Committee approved the clin-
ical trial. Pre-, intra-, and post-ECT outcomes
were stored in an electronic database and retro-
spectively collected. Written informed consent
was signed by each patient included in the study.
Inclusion and exclusion criteria were reported in
our previous publication®'. Table I reports the pa-
tient’s characteristics.

Surgery and ECT Protocol

ECT procedure and the patient selection were
performed according to the ESOPE (European
Standard Operating procedure of Electrochemo-
therapy) guidelines**. All patients were treated
under general anesthesia and a specific pain man-
agement protocol was employed®. ECT was per-
formed administering bleomycin intravenously
(15.000 IU/m?) 8 minutes before the application of
electrical pulses delivering using electrodes with
linear, hexagonal or finger configuration (IGEA
S.p.A., Carpi, Italy) depending on the size and lo-
calization of the tumor®. Multiple insertions (20
on average, range 1-105) of the electrode in the
target lesions to obtain complete tumor coverage
and a margin area of free tissue growths of 3-5
mm (overtreatment) were performed.

Electric protocol was delivered by Clinipora-
tor™ device (IGEA S.p.A., Italy) with the follow-
ing parameters: 8-96 pulses with an amplitude of
400-730 V (electric field intensity between 910-
1000 V/cm), a duration of 100 ps and with a repe-
tition frequency of 5000 Hz.

Treatment was completed within § to 40 min-
utes after the bleomycin injection®?-3.

Treatment Response Assessment

Treatment response was assessed two months
after the ECT according to Response Evaluation
Criteria in Solid Tumors (RECIST) v. 1.1.

Pain and bleeding control was assessed for
all patients before and one week after the ECT.
The visual analogue scale (VAS) was employed
to grade the pain. The bleeding was scored on a
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Table I. Dataset description. Patients with PR equals to 0 have progressive/stable disease or completely responded, while

partially responsive patients have a PR equal to 1.

Distribution

All PR Non-PR
Feature Type of variable Description (n. 131) (n. 48) (n. 83) p-value*
Sex Categorical Patient gender. F: 49 18 31
M: 82 30 52 0.86
Age Continuous Patient age. Min: 25 25 25
1 Qu: 67.5 67.5 67.5
Median: 77 77 80 0.59
Mean: 75.53 74.5 76.12
37 Qu: 86.5 85 87.5
Max: 98 25 98
Localization Categorical ~ Tumor localization. Head: 37 56
Lip: 93 1 2
Neck: 3 0 1 0.78
Oral cavity: 1 5 5
Ph/I: 10 2 10
Tongue: 12 3 9
Diagnosis Categorical Tumor histotype Adenoca: 33 11 22
of the target lesion. BCC: 20 13 7
Epidermoid: 6 0 6 0.04
SCC: 72 24 48
Prev_treat Categorical Other treatments CT: 5 0 5
the patient has RT: 50 16 34 0.28
undergone CT+RT: 76 32 44
previously
to ECT.
Size Categorical Tumor size <2: 7 6 1
before treatment. >2,<3: 50 22 28
>3,<4: 41 19 22
>4,<5: 24 1 23 <0.001
>5: 9 0 9
Electrode Categorical Type of electrode Finger: 12 4 8
used. Hexagonal: 115 42 73
Linear: 4 2 2 0.99
N_ECT Continuous Number Min: 6 6 7
of ECT 1 Qu: 15 12 16
applications. Median: 21 17.5 23
Mean: 24.58 20.5 26.94 0.05
37 Qu: 30 26.25 31
Max: 105 49 105
Curr ECT Continuous Median value Min: 0.62 1.3 0.62
of current 1 Qu: 2.4 4.975 2
delivered Median: 49 6.6 33
during the Mean: 5.279 6.459 4.597 <0.001
ECT treatment. 34 Qu: 7.95 8.625 7.25
Max: 14.1 10 14.1
Pain_pre Ordinal Pain felt before 6: 28 18 10
the ECT treatment. 2: 25 1 24
4: 14 3 11 <0.001
10: 13 9 4
8: 12 7 5
5 10 3 7
Other: 29 7 22
Bleed pre Ordinal Bleeding observed 1: 66 7 59
before the ECT 2 39 24 15 <0.001
treatment. 3 26 17 9
PR (response)  Categorical Partial response. 0: 83
(Binary) 1: 48 - -

The following abbreviations are used: Pharyngeal/laryngeal (Ph/1), Adenocarcinoma (Adenoca), Chemotherapy (CT), Radiotherapy
(RT). *p-value at Chi square test for categorical/ordinal variables and at Kruskal-Wallis test for continuous ones.
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scale with three values: 1 for no bleeding; 2 for
moderate bleeding and 3 for severe bleeding. The
bleeding is considered “moderate” when it is not
fast and under control and slows or stops with
pressure. Medical assistance once a week is suffi-
cient. By “severe” we mean bleeding that does not
stop or slow with pressure, which pumps quickly
from the wound by wetting many dressings. In
this case, at least twice a week, medical assistance
is required.

Statistical Univariate and Multivariate
Analysis

For each sample (patient), 11 predictors (Table
I) were collected in order to describe it with both
diagnostic- and treatment-related variables. Fur-
thermore, an additional variable, i.e., partial re-
sponse (PR), was considered as response variable.

In the context of univariate analysis, the Chi
square test for categorical/ordinal variables and
Kruskal-Wallis non-parametric test for continu-
ous variables were performed to assess the sig-
nificant difference between percentage values and
between median values, respectively, in different
population subgroups.

In the multivariate analysis, a (decision) tree-
based approach has been carried out. Following
an appropriate data manipulation, several standard
tree-based algorithms were run with the aim of
comparing their performance and for the purpose
of a more robust evaluation of the results (i.e., less
susceptible to overfitting). The setting of the tuning
parameters of each algorithm has been performed
through a repeated 10-folds cross validation (CV),
using a repetition number equals to 10.

Boruta and Bayesian Additive Regression
Trees (BART) algorithms have also been used to
confirm the variable importance observed in the
tree-based algorithms. Moreover, a Generalized
Linear Model (GLM) has been run to provide a
baseline reference result.

Performances were compared in terms of ac-
curacy.

While tree-based algorithms do not need any
data preparation and preprocessing activities, in
order to correctly execute the GLM algorithm,
some manipulations were deemed indispens-
able. Particularly, ordinal and categorical data
were converted into cardinal and dummy vari-
ables, respectively. Furthermore, data center-
ing and scaling of all continuous variables was
used in order to prevent variables with higher
magnitude from being (erroneously) considered
as more important.

A p-value <0.05 was considered significant
for all tests. All analyses were performed using
RStudio software **.

Algorithms Details

In order to obtain comparable results, all the
tree-based algorithms and the GLM one was run
using the train function in the caret package. The
Boruta and BART algorithms were executed,
respectively, with the Boruta and bartMachine
functions in the in homonymous packages.

Generalized Linear Model (GLM) algorithm
GLM algorithm was run setting the method ar-
gument to ‘glm’ in the train function. The data
had previously been appropriately manipulat-
ed, centered, and scaled. All the predictors were
considered in the analysis, while the PR variable
was used as response. The importance of the vari-
ables, the model accuracy and the model coeffi-
cients were extracted when analyzing the final
model. Since the model does not require tuning
parameters, CV has not been necessary.

Classification and Regression Trees (CART)
algorithm

Classification and regression trees are machine
learning methods that recursively partition the
data space considering each predictor at time®.
The partition is binary, and the algorithm deter-
mines the optimal sub-partition for prediction
choosing the predictor that allows achieving the
best split*. CART method has two main lim-
itations; firstly, it tends to overfit the data, that
is the model is much more susceptible to noise;
secondly, it suffers of variable selection bias, i.e.,
for variables that have more splits, there is a high
probability that they will be chosen to split the top
nodes of the tree, even if they are less informative
than others®”. In our work, CART algorithm was
run setting the method argument to ‘rpart’ in the
train function. All the predictors were considered
in the analysis, while the PR variable was used as
response. ‘cp’ (complexity parameter) is the tun-
ing parameter of the algorithm, and has been cho-
sen through the repeated 10-folds CV. The impor-
tance of the variables, the model accuracy and the
tree representation were obtained when analyzing
the best-tune model (i.e., the model with the best
cross-validated performance).

Random Forests (RF) algorithm

Random forests are a machine learning ap-
proach that has the goal of improving prediction
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performance and reduce instability of CART by
averaging multiple decision trees (a forest of trees
constructed with randomness)***. The process
generates many decision trees in which random-
ness is induced through bootstrap or bagging; the
classification obtained from the forest is then ob-
tained averaging that achieved results from each
tree. While the RF improve the performance of
a single tree, the main disadvantage of this algo-
rithm is that the interpretability (i.e., the graphi-
cal decision tree) is lost. We run the RF algorithm
setting the method argument to ‘rf” in the train
function and using the default number of trees in
the forest (i.e., 500). All the predictors were con-
sidered in the analysis, while the PR variable was
used as response. ‘mtry’ (i.e., the number of pre-
dictors selected at each node) is the tuning param-
eter of the algorithm, and has been chosen through
the repeated 10-folds CV. The importance of the
variables, the model accuracy and the evolution of
the error were obtained when analyzing the best-
tune model.

Boruta algorithm

Boruta method is based on the idea that, by
adding randomness to the system and collecting
results from the ensemble of randomized samples,
one can reduce the misleading impact of random
fluctuations and correlations®. Specifically, this
extra randomness shall provide us with a clear-
er view of which predictors are really important,
compering each predictor with the so-called shad-
ow attributes. While on the one hand its purpose
is also its main advantage, the algorithm, being
a humble heuristic approximation, has the limit
of requiring a practically infinite number of sam-
ples to be solved exactly®. In the contest of this
study, the Boruta function was used with default
parameters and the variable importance plot was
obtained. All the predictors were considered in
the analysis, while the PR variable was used as
response.

Bayesian Additive Regression
Trees algorithm

BART method provides a flexible approach
to fitting a variety of regression models by em-
bedding the concept of sum-of-trees model in a
Bayesian inferential framework to support un-
certainty quantification*. Thanks to the idea of
using a regularization prior distribution, the risk
of overfitting is avoided, allowing the BART al-
gorithm to fit highly non-linear response surfaces,
even with a large number of predictors, without
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requiring specifying the functional form of the
relationship between predictors and the response.

In the contest of this study, the bartMachine
function was used with default parameters and
the variable importance plot and the model accu-
racy were obtained. All the predictors were con-
sidered in the analysis, while the PR variable was
used as response.

Results

Univariate Analysis

Two months after the ECT, 5 (4%) cases,
showed a complete response (CR) and 47 (36%)
cases a partial response (PR), respectively. After
the first ECT procedure, 19 (14%) patients expe-
rienced a progressive disease (PD) while the re-
maining 60 (46%) patients in stable disease (SD).
The higher PR rate was observed in 28/48 (58.3%)
of patients with lesion smaller than 3 centimeters
(p-value < 0.001, Table I) confirming that tumor
size influences the overall response according to
previous clinical experiences where the cutoff of
3 cm was selected"’.

Other variables with statistically significant
relationship with the outcome were found to
the: diagnosis, pain felt, and bleeding observed
pre-treatment and the median current delivered
during the ECT treatment. Higher pain (>5) and
bleeding (> 2) values determined a major PR
rate (83.3% (40/48) and 85.4% (41/48) respective-
ly). Moreover, SCC lesions had a higher PR rate
(24/48) compared to BCC (13/48) or adenocarci-
noma (11/48) diagnosis.

As shown in boxplots of Figure 1, the median
current delivered during the ECT treatment has a
different distribution in partially responsive pa-
tients compared to patients other than partially
responsive (Figure 1A); a comparable result was
observed when analyzing the distribution of de-
livered current when splitting patients in terms
of pain pre-treatment (higher or lower than 5 —
Figure 1B) and in terms of bleeding pre-treat-
ment (higher or lower than 2 — Figure 1C). Cur-
rent distribution had a higher median value in
patients with PR (Curr ECT median value =
6.6 A) compared to patients with other than PR
(Curr_ECT median value = 3.3 A). The p-value
at Kruskal-Wallis test was <0.001. Furthermore,
current distribution had a higher median value in
patients with pain pre-treatment > 5 (Curr_ ECT
median value = 6.3 A) compared to patients with
pain pre-treatment < 5 (Curr_ECT median value
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Figure 1. Boxplots of median current
delivered during ECT respect to PR (A),
to pain pre-treatment (B) and to bleeding
pre-treatment (C).
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Table Il. Pain information before and after the treatment.

VAS VAS pre-treatment N. (%) VAS post-treatment N. (%) p-value*
VAS <3 38 (29.0%) 69 (52.7%) <0.001
3<VAS<7 59 (45.0%) 58 (44.32%) <0.001
VAS >7 34 (26.0%) 4 (3.1%) <0.001
*Chi square test.
Table Ill. Bleeding information before and after the treatment.
Bleeding Bleeding pre-treatment N. (%) Bleeding post-treatment N. (%) p-value*
Moderate 39 (29.8%) 24 (18.3%) <0.001
Severe 26 (19.8%) 6 (4.6%) <0.001
No 66 (50.4%) 101 (79.4%) <0.001

*Chi square test.

=3.5 A) with a p-value at Kruskal-Wallis test less
than 0.01. Finally, the distribution of current de-
livered during the treatment had a higher median
value in patients with bleeding pre-treatment > 2
compared to patients with bleeding pre-treatment
=1 (Curr_ECT median value of 6.2 A and 3.1 A,
respectively; p-value at Kriskal-Wallis test less
than 0.01).

Pain reduction after ECT was also observed
(Table II) with a median VAS score of 5 before
treatment vs. 2 at 1 week after ECT (Kruskal-Wal-
lis test, p-value < 0.01).

Bleeding was well controlled in 34 out of 39
patients with initially moderate symptom and, in
25 out of 26 patients with severe bleeding at diag-
nosis (Table I11).

No toxicities related to ECT were seen except
for slight edema in the site of electrode implant,
which disappeared one week after the procedure.

Table II and Table III report, respectively, in-
formation on pain and bleeding before and after
the ECT.

Multivariate Analysis
As Table 1V shows, good performances are
achieved in predicting the PR variable; thus, the

variables considered as predictors show their
usefulness in evaluating the partial response
in patients that underwent ECT treatment. The
tree-based algorithms have shown to be an ade-
quate choice for the purpose of the study, since
the accuracy achieved are well above the baseline
(0.733). Moreover, the best performance (0.840) is
obtained with the BART method, which allows us
to use its results to validate those obtained with
the CART and RF algorithms.

Variables’ importance was assessed running
the GLM, CART, RF, Boruta and BART algo-
rithms. While the GLM algorithm tries to use all
the predictors in the model, CART and RF per-
form variables selection, which is attractive con-
sidering the purpose of the analysis. Importance
of predictors used in these three algorithms is re-
ported in Table V.

Notably, it is useless to consider only the im-
portance of the variables in each model without
taking into account the performance, in terms
of accuracy, that it achieves. For this reason, al-
though CART and RF algorithms were able to
perform the variables selection, a more specific
evaluation was deemed necessary, in light of the
performances achieved.

Table IV. Values of the tuning parameters (TP) used in the algorithms and related performances achieved.

GLM CART RF BART
PR Accuracy 0.733 0.755 0.804 0.840
TP - cp: 0.110 mtry: 6 -

*Chi square test.
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Table V. Overall importance of predictors that each algorithm has considered.

GLM CART RF
Pain_pre 100.000 18.292 14.062
Curr_ECT 69.884 9.393 13.751
N _ECT 64.437 3.540 5.332
Bleed pre 58.310 10.994 10.209
Localization - - 2.069
Localization: oral cavity 50.798 - -
Diagnosis - 3.284 2.023
Diagnosis: bce 49.884 - -
Sex - - 0.423
Sex: F 41.816 - -
Loc: pharyngeal/laryngeal 24.823 - -
Prev_treat - - 0.595
Prev_treat: CT+RT 22.673 - -
Electrode - 1.656
Electrode: hexagonal 22.628 - -
Localization: lip 16.836 - -
Electrode: finger 15.842 - -
Age 13.816 - 6.043
Diagnosis: adenocarcinoma 6.661 - -
Localization: head 1.445 - -
Size - 6.825 4.215
Size: <2 0.261 - -
Size: >2,<3 0.235 - -
Size: >3,<4 0.234 - -
Size: >4,<5 0.196 - -
Diagnosis: epidermoid 0.098 - -
Prev_treat: CT 0.088 - -
Localization: neck 0.000 - -

As shown Figure 2, Pain_pre and Curr ECT
are, in order, the most important variables when
predicting the partial response with both the
Boruta and RF algorithms.

This was confirmed by BART results (Figure
3), where the most often included variables were
confirmed to be the current delivered during the
treatment and the pain felt by the patient before
treatment.

Furthermore, Boruta algorithm found also
Bleed pre and Size to have a role in the predic-
tion of patient partial response.

The decision tree representation is shown in
Figure 4 (CART method).

As shown in the figure, the CART algorithm
has included, in the decision tree, the variables
found to be important. The graphical represen-
tations also add specific decision-making condi-
tions, which lead to following a specific branch of
the tree until the final classification is obtained.
For instance, following the chart in Figure 3 with
a pain pre-treatment more than 5 and with a me-
dian delivered current not less than 2.8 A, the
branches on the right would been followed, lead-
ing to predicting a partial responsive patient. The

probability of a correct classification is reported
in each node and is equals to 75% for the previous
example.

Discussion

Patients with locoregional R/M HNSCC hardly
benefit from surgery or reirradiation; moreover,
palliative care is often the only option in patients
with recurrent or metastatic disease. The interest
for ECT of H&N tumors is due to its ability to
control local disease with a minimal functional
impairment. The healing of treated tumor lesions
is reached without damage of healthy tissue. Fur-
thermore, ECT as suggested by several clinical
trials, is a valid alternative to palliative chemo/
radiotherapy demonstrating low toxicity profile,
good functional and aesthetic results and partial
and complete remission rates””?. ECT is more
effective than other therapeutic options in treat-
ing locally advanced SCC treatment; particular-
ly, they showed an objective response rate (ORR)
after ECT treatment of stage 111 SCC in 81% of
patients, with a CR of 22.7%*. ECT treatment is
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generally well accepted by patients and can be
repeated without worsening the quality of life.
A sensible improvement of pain, bleeding re-
duction, and need for medical/paramedical care
is observed even in case of partial response®.
In our previous series® of 93 patients with R/M
HNSCC, we observed an ORR of 45% with a 5%

of CR, a significantly poorer response rate in pa-
tients bearing lesions larger than 3 cm, while we
reported that the primitive tumor site did not af-
fect the outcome and the 94% and 93% of pain
and bleeding control.

However, some clinical factors could influence
the ECT response rate, such as tumor diagnosis/
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Figure 2. Top: Variable’s importance assessed with the Boruta algorithm. Blue boxplots correspond to minimal, average and
maximum Z score of a shadow attribute. Red, yellow and green boxplots represent Z scores of rejected, tentative and confirmed
predictors respectively. As the plot shows, the pain felt (Pain_pre) and the bleeding observed (Bleed_pre) pre-treatment, as
well as the delivered current (Curr_ECT) and the tumor size assessed pre-treatment (Size) are confirmed to be predictive of
the partial response. Bottom: Variables importance assessed with the Random Forest algorithm. As the plot shows, Pain_pre,
Curr_ECT and Bleed_pre are, respectively, the most predictive variables.
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histotype, tumor size, anatomical location, and 73.9%) exhibited a better response of carcinomas
exposure to previous oncologic treatments. Dif- (OR 81.1%, CR 62.7%) or melanoma (OR 80.6%,
ference in the ECT effectiveness respect to tumor CR 56.8%). This observation was not confirmed

histotype were described by Mali et al* and Ser- by a Multi-institutional IMI-GIDO study by the
sa et al'®. Superficial sarcomas (OR 99.3%, CR Italian Melanoma Inter-group®. According to the

0
0.37
100%

——————{yes } Pain_pre = 0,1,2,3,4,5 {no |

1
0.65
47%

Curr_ECT<28

0
029
1%

Figure 4. Decision tree obtained with CART algorithm and using the PR variable as a response. As the graph shows, pain felt
before the treatment and median delivered current are useful to assess the patient’s partial response. Each node shows: the pre-
dicted class (“0”, progressive/stable disease or complete response, or “1”, partial responsive patient), the predicted probability
and the percentage of observations in the node.
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recent comprehensive analysis of the InspECT
registry (2482 lesions in 987 patients)*® differ-
ent tumors have different degrees of sensitivity
to ECT. Among skin cancers, basal cell carcino-
ma seems to have the highest sensitivity, where-
as melanoma is associated with relatively lower
response rates. A more recent series indicated a
CR rate of 66-100% for basal cell carcinoma, 55-
80% for squamous cell carcinoma, and 25-55%
for melanoma?’. In this study, we confirmed a CR
rate of 4% and a PR rate of 36% of the patients
with the tumor size that significantly influenced
the response to ECT [higher PR rate in 28/489
(58.3%) of patients whose lesion was smaller than
3 cm]. Moreover, other clinical variables with sta-
tistically significant relationship with the outcome
were found to be: the diagnosis, the pain felt and
bleeding observed pre-treatment. Higher pain
(>5) and bleeding (> 2) values determined a major
PR rate [83.3% (40/48) and 85.4% (41/48) respec-
tively]. Moreover, SCC lesions had a higher PR
rate (24/48) compared to BCC (13/48) or adeno-
carcinoma (11/48) diagnosis. The higher PR rate
in bleeding lesions, which are also the most pain-
ful, could be related to the higher median current
value that flowed, which is due to the greater vas-
cularization of the lesions.

In the 86% of subjects, ECT was able to ob-
tain a control of the disease, thus patients were
completely or partially responsive or were diag-
nosed with a stable disease. In order to evaluate
benefits from ECT, pain reduction and bleeding
control were also considered, as well as possible
side effects, except for slight edema in the site of
electrode implant, which disappeared rapidly, no
toxicities related to ECT were registered.

Significant differences in tumor response and
lesions size have been underlined by several ECT
clinical studies'™: lesions smaller than 3 cm in
size, either superficial or deep-seated, exhibit a
higher response rate than larger lesions. Instead, a
2-cm cut-off associated with the most significant
complete response was proposed by Mali et al*.
The InspECT registry*® documented a steady pro-
gressive decrease in the complete response with
the increase in tumor size, with rates consistently
higher than 70% for tumors up to 1.5 cm in size.
Pre-irradiated tumors respond less to ECT* due
to radio-, chemo- and targeted drug resistance.
The previous observations are confirmed in Ber-
tino’s study'” on skin cancer of the H&N group.
Improved responses were obtained with small le-
sions (< 3 cm), primary, and naive. Radiotherapy
(chemo) or multiple treatments of recurrent tumor
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nodules affected the outcome more than previous
surgery'’. Instead, in our study, previous treat-
ments did not influence the PR rate after ECT.

Considering the main objective of this study
regarding the identification of the clinical factors
that have been shown to be mainly involved in de-
termining the PR in patients with R/M HNSCC,
we found that the best performances are achieved
with the BART method (accuracy of 84%). The
main clinical factors to predict the partial re-
sponse, among investigated features, that have
shown to be considered were the pain value felt
before performing the treatment and the median
current delivered during the ECT treatment. This
was confirmed by BART results, where the most
often included variables were found to be Curr
ECT and Pain_pre. These results led to the choice
of realizing a decision tree for the evaluation of
the patient partial response, with the clinical pur-
pose of promptly assessing the need for further
treatment (for example, the patients could be ben-
efit of a second ECT session), without having to
wait for the follow-up period. A decision-mak-
ing support tool to predict the patient prognosis
in terms of response rate could be represented by
the decision tree obtained with CART algorithm,
where a pain pre-treatment more than 5 and a me-
dian delivered current not less than 2.8 A led to
the prediction a partial responsive patient with an
accuracy of 75%.

While the lesions size previous treatments and
the diagnosis were clinical factors often investi-
gated in the ORR or overall survival prediction,
to the best of our knowledge, there was not study
in literature that assessed in the patient prognosis,
in terms of partial response rate, the pain and the
bleeding pre ECT and the median current deliv-
ered during the ECT procedure.

Some limitations of the study are: a single cen-
ter population; the small size of population; the
retrospective nature of the study and the small
number of investigated clinical features. A future
study with a larger dataset should be performed to
confirm the results.

Conclusions

The study confirmed that ECT is an inter-
esting antitumoral therapy in advanced chemo-
and radio-refractory H&N neoplasms, able to
reduce frequent symptoms and to improve the
quality of life. Moreover, the study confirmed
that ECT can be used also on mucosal head and
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neck tumors in palliative setting without seri-
ous side effect.

Pain pre-treatment and delivered current are the
most important variables when predicting the par-
tial response of patients. A decision-making sup-
port tool to predict the PR could be represented by
the decision tree, where a pain pre-treatment more
than 5 and a median delivered current not less than
2.8 A led to predict a partial responsive patient.

Authors’ Contributions

Conceptualization, Fabio Maglitto, Franco Ionna and
Francesco Perri; Data curation, Gianluca Renato De
Fa-zio; Formal analysis, Piera Maiolino and Luigi Cal-
ifano; Investigation, Fabio Maglitto, Giovanni Salza-
no, Cor-rado Aversa, Ettore Pavone, Monica Pontone,
Giulia Togo, Maria Grazia Maglione, Luigi Angelo
Vaira, Mi-chela Bergonzani and Francesco Antonio
Salzano; Methodology, Francesco Longo, Maria Lu-
isa Marciano and Maria Grazia Maglione; Resources,
Daniele Ordano; Supervision, Franco lonna and Fran-
cesco Perri; Visuali-zation, Luigi Angelo Vaira, Mi-
chela Bergonzani and Luigi Califano; Writing — origi-
nal draft, Elio Di Bernardo, Valeria D’Alessio and Ro-
berta Fusco; Writing — review & editing, Roberta Fus-
co and Francesco Perri.

Institutional Review Board Statement

Local Ethical Committee approved the clinical trial.
Pre-, intra-, and post-ECT out-comes were stored in
an electronic database and retrospectively collected.

Informed Consent Statement
Each patient signed a written informed consent to par-
ticipate to the study.

Data Availability Statement
All data are reported in the manuscript.

Conflicts of interest
The authors declare no conflicts of interest.

References

1) Shield KD, Ferlay J, Jemal A, Sankaranarayanan
R, Chaturvedi A K, Bray F, Soerjomataram I. The
global incidence of lip, oral cavity, and pharynge-
al cancers by subsite in 2012. CA Cancer J Clin
2017, 67: 51-64.

6)

10)

11)

12)

13)

Seiwert TY, Cohen EE. State-of-the-art manage-
ment of locally advanced head and neck cancer
Br J Cancer 2005, 92: 1341-1348.

Marur S, Forastiere AA. Head and neck cancer:
Changing epidemiology, di-agnosis and treat-
ment. Mayo Clin Proc 2008, 83: 489-501.

Vokes EE, Weichselbaum RR, Lippman SM,
Hong WK. Head and neck cancer. N Engl J Med
1993, 328: 184-94.

Vermorken JB, Mesia R, Rivera F, Remenar
E, Kawecki A, Rottey S, Erfan J, Zabolotnyy D,
Kienzer HR, Cupissol D, Peyrade F, Benasso M,
Vynnychenko |, De Raucourt D, Bokemeyer C,
Schueler A, Amellal N, Hitt R. Platinum-based
chemotherapy plus cetuximab in head and neck
cancer. N Engl J Med 2008, 359: 1116-1127.

Gibson MK, Li Y, Murphy B, Hussain MH, DeConti
RC, Ensley J, Foras-tiere AA. Eastern Cooperative
Oncology Group. Randomized phase Ill evaluation
of cisplatin plus fluorouracil versus cisplatin plus pa-
clitaxel in ad-vanced head and neck cancer (E1395):
an intergroup frial of the Eastern Co-operative On-
cology Group. J Clin Oncol 2005, 23: 3562-3567.

Colevas AD. Chemotherapy options for patients
with metastatic or recurrent squamous cell carci-
noma of the head and neck. J Clin Oncol 2006,
24: 2644-2652.

Bloom DC, Goldfarb PM. The role of intratumour
therapy with electro-poration and bleomycin in
the management of advanced squamous cell car-
ci-noma of the head and neck. Eur J Surg Oncol
2005; 31: 1029-1035.

Burian M, Formanek M, Regele H. Electropora-
tion therapy in head and neck cancer. Acta Oto-
laryngol 2003; 123: 264-268.

Vermorken JB, Mesia R, Rivera F, Remenar
E, Kawecki A, Rottey S, Erfan J, Zabolotny D,
Kienzer HR, Cupissol D, Peyrade F, Benasso M,
Vynnychenko |, De Raucourt D. Bokemeyer C,
Schueler A, Amellal N, Hitt R. Platinum-based
chemotherapy plus cetuximab in head and neck
cancer. N Engl J Med 2008; 359: 1116-1127.

Goodwin WJ. Salvage surgery for patients with recur-
rent squamous cell car-cinoma of the upper aerodi-
gestive tract: When do the ends justify the means?
Laryngoscope; 110: S1-S18, 2000 suppl 93.

Janot F, de Raucourt D, Benhamou E, Ferron
C, Dolivet G, Bensadoun RJ, Hamoir M, Géry
B, Julieron M, Castaing M, Bardet E, Grégoire
V, Bourhis J. Randomized trial of postoperative
reirradiation combined with chemother-apy after
salvage surgery compared with salvage surgery
alone in head and neck carcinoma. J Clin Oncol
2008; 26: 5518-5523.

De Crevoisier R, Bourhis J, Domenge C, Wibault
P, Koscielny S, Lusinchi A, Mamelle G, Janot F,
Julieron M, Leridant AM, Marandas P, Armand JP,
Schwaab G, Luboinski B, Eschwege. F. Full-dose
reirradiation for unresec-table head and neck car-
cinoma: experience at the Gustave-Roussy Insti-
tute in a series of 169 patients. J Clin Oncol 1998;
16: 3556-3562.



F. Maglitto, G. Salzano, F. Longo, E. Di Bernardo

, V. D’Alessio, R. Fusco, C. Aversa, et al

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Argiris A, Li Y,Forastiere, A. Prognostic factors
and long-term survivorship in patients with re-
current or metastatic carcinoma of the head and
neck. Can-cer 2004; 101: 2222-2229.

Burtness B, Harrington KJ, Greil R, Soulieres
D, Tahara M, de Castro G Jr, Psyrri A, Basté
N, Neupane P, Bratland A, Fuereder T, Hughes
BGM, Mesia R, Ngamphaiboon N, Rordorf T, Wan
Ishak WZ, Hong RL, Gonza-lez Mendoza R, Roy
A, Zhang Y, Gumuscu B, Cheng JD, Jin F, Rischin
D. KEYNOTE-048 Investigators. Pembrolizumab
alone or with chemotherapy versus cetuximab
with chemotherapy for recurrent or metastatic
squamous cell carcinoma of the head and neck
(KEYNOTE-048): a randomised, open-label,
phase 3 study. Lancet 2019; 394: 1915-1928.

Plaschke CC, Gothelf A, Gehl J, Wessell. Electro-
chemotherapy of mucosal head and neck tumors: a
systematic review. Acta Oncol 2016; 55: 1266-1272.

Bertino G, Sersa G, De Terlizzi F, Occhini A, Plaschke
CC, Groselj A, Langdon C, Grau JJ, cCaul JA, Heu-
veling D, Cemaza M, Strojan P, de Bree R, Leemans
CR, Wessel |, Gehl J, Benazzo M. European Re-
search on Elec-trochemotherapy in Head and Neck
Cancer (EURECA) project: Results of the treatment
of skin cancer. Eur J Cancer 2016; 63: 41-52.

Sersa G, Ursic K, Cemazar M, Heller R, Bosnjak
M, Campana LG. Biologi-cal factors of the tumour
response to electrochemotherapy: Review of the
ev-idence and a research roadmap. Eur J Surg
Oncol 2021; 11: S0748-7983(21)00370-X.

Mir LM, Orlowski S, Belehradek J Jr, Paoletti C.
Electrochemotherapy po-tentiation of antitumour
effect of bleomycin by local electric pulses. Eur J
Cancer 1991; 27: 68-72.

HellerR, Gilbert R, Jaroszeski MJ. Clinical appli-
cations of electrochemother-apy. Adv Drug Deliv
Rev 1999; 35: 119-129.

Gehl J, Skovsgaard T, Mir LM. Enhancement of
cytotoxicity by electroper-meabilization: an im-
proved method for screening drugs. Anticancer
Drugs 1998; 9: 319-325.

Orlowski S, Belehradek Jr J, Paoletti C, Mir LM.
Transient electropermea-bilization of cells in cul-
ture. Increase of the cytotoxicity of anticancer
drugs. Biochem Pharmacol 1988; 37: 4727-4738.

Mir LM, Glass, LF, Sersa G, Teissié J, Domenge
C, Miklavcic D, Jaroszeski MJ, Orlowski S, Re-
intgen D S, Rudolf Z, Belehradek M, Gilbert R,
Rols MP, Belehradek J Jr, Bachaud JM, DeConti
R, Stabuc B, Cemazar M, Coninx P, Heller R.
Effective treatment of cutaneous and sub-cutane-
ous malignant tumours by electrochemotherapy.
British journal of cancer 1998; 77: 2336-2342.

Marty M, Sersa G, Garbay JR, Gehl, J, Collins
CG, Snoj M, Billard V, Geertsen PF, Larkin JO,
Iklavcic D, Pavlovic |, Paulin-Kosir SM, Cema-
zar M, Morsli N, Soden DM, Rudolf A, Robert C,
O’Sullivan GC, Mir LM Electrochemotherapy—an
easy, highly effective and safe treatment of cu-
ta-neous and subcutaneous metastases: results
of ESOPE (European Standard Operating Proce-

1362

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

dures of Electrochemotherapy) study. Eur J Can-
cer Suppl 2006; 4: 3-13.

Gehl J, Geertsen PF. Efficient palliation of haem-
orrhaging malignant mela-noma skin metastases
by electrochemotherapy. Melanoma Res 2000;
10: 585-5809.

Jarm T, Cemazar M, Miklavcic D, Sersa G Anti-
vascular effects of elec-trochemotherapy: impli-
cations in treatment of bleeding metastases. Ex-
pert Rev. Anticancer Ther 2010; 10: 729-746.

Gerlini G, Di Gennaro P, Borgognoni, L. Enhanc-
ing anti-melanoma im-munity by electrochemo-
therapy and in vivo dendritic-cell activation. On-
co-immunology 2012; 1: 1655-1657.

Gargiulo M, Papa A, Capasso P, Moio M, Cubicci-
otti E, Parascandolo S. Electrochemotherapy for
non-melanoma head and neck cancers. Clinical
out-comes in 25 patients. Ann Surg 2012; 255:
1158-1164.

Scelsi D, Mevio N, Bertino G, Occhini A, Brazzelli
V, Morbini P, Benazzo M. Electrochemotherapy
as a new therapeutic strategy in advanced Merkel
cell carcinoma of the head and neck region. Radi-
ol Oncol 2013; 47: 366-369.

Mevio N, Bertino G, Occhini A, Scelsi D, Tagli-
abue M, Mura F, Benazzo M. Electrochemother-
apy for the treatment of recurrent head and neck
can-cers: preliminary results. Tumori 2012; 98:
308-313.

Sersa G, Valpione S, Giorgi CA Strojan P,
Miklavcic D, Rossi CR. Elec-trochemotherapy in
non-melanoma head and neck cancers: a retro-
spective analysis of the treated cases. Br J Oral
Maxillofac Surg 2014; 52: 957-694.

Longo F, Perri F, Pavone E, Aversa C, Maglione
MG, Guida A, Montano M, Villano S, Daponte
A, Caponigro F, lonna F. Electrochemotherapy
as palliative treatment in patients with advanced
head and neck tumours: Out-come analysis in 93
patients treated in a single institution. Oral Oncol
2019; 92: 77-84.

Mir LM, Gehl J, Sersa G, Collins CG, Garbay JR,
Billard V, Geertsend PF, Rudolf Z, O’Sullivan GC,
Marty M. Standard operating procedures of the
electrochemotherapy: instructions for the use of
bleomycin or cisplatin ad-ministered either sys-
temically or locally and electric pulses delivered
means of invasive or non invasive electrodes. Eur
J Cancer Suppl 2006; 4: 14-25.

Gehl J, Sersa G, Matthiessen LW, Muir T, Soden
D, Occhini A, Quaglino P, Curatolo P, Campana
LG, Kunte C, Clover AJP, Bertino G, Farricha V,
Odili J, Dahlstrom K, Benazzo M, Mir LM. Updat-
ed standard operating procedures for electroche-
motherapy of cutaneous tumours and skin metas-
ta-ses. Acta Oncol 2018; 57: 874-882.

R-Tools Technology Inc.© Copyright 2000-2020.
Available online: https://www.r-tt.com/ (accessed
on 20 April 2020).

Loh WY. Classification and Regression Trees. Ar-
ticle in Wiley Interdiscipli-nary Reviews: Data Min-



Palliative electrochemotherapy in advanced head and neck tumors

37)

38)

39)

40)

41)

42)

43)

44)

ing and Knowledge Discovery 2011; doi: 10.1002/
widm.8 Source: dx.doi.org.

Genuer R, Poggi JM. Random Forests with R.
ISSN 2197-5736 ISSN 2197-5744 (electronic)
ISBN 978-3-030-56484-1 ISBN 978-3-030-
56485-8 (eBook) https://doi.org/10.1007/978-3-
030-56485-8

Loh WY, Shih YS. Split Selection Methods for
Classification Trees. Statis-tica Sinica 1997; 7,
815-840.

Irizarry RA. Introduction to Data Science. ISBN-
10: 0367357984. ISBN-13: 978-0367357986.

Kursa M B, Rudnicki WR. Feature Selection with
the Boruta Package. Jour-nal of Statistical Soft-
ware. 2010, 36, Issue 11.

Hill J, Linero A, Murray J. Bayesian Additive Re-
gression Trees: A Review and Look Forward.
Annu Rev Stat Appl 2020; 7: 6.1-6.28.

Di Monta G, Caraco C, Simeone E, Grimaldi AM,
Marone U, Di Marzo M, Vanella V, Festino L, Palla
M, Mori S, Mozzillo N, Ascierto PA. Elec-troche-
motherapy efficacy evaluation for treatment of lo-
cally advanced stage lll cutaneous squamous cell
carcinoma: a 22-cases retrospective analysis. J
Transl Med 2017; 15: 82.

Pichi B, Pellini R, DE Virgilio A, Spriano G. Elec-
trochemotherapy: a well-accepted palliative treat-
ment by patients with head and neck tumours.
Acta Otorhinolaryngol Ital 2018; 38: 181-187.

Mali B, Jarm T, Snoj M, Sersa G, Miklavcic D.
Antitumour effectiveness of electrochemothera-

45)

46)

47)

py: A systematic review and meta-analysis. Eur
J Surg Oncol 2013; 39: 4-16.

Campana LG, Testori A, Curatolo P, Quaglino P,
Mocellin S, Framarini M, Borgognoni L, Ascierto
PA, Mozzillo N, Guida M, Bucher S, Rotunno R,
Marenco F, De Salvo GL, De Paoli A, Rossi CR,
Bonadies A. Treatment ef-ficacy with electro-
chemotherapy: A multi-institutional prospective
observa-tional study on 376 patients with super-
ficial tumors. Eur J Surg Oncol 2016; 42: 1914-
1923.

Clover AJP, de Terlizzi F, Bertino G, Curatolo P,
QOdili J, Campana LG, Kunte C, Muir T, Brizio M,
Sersa G, Pritchard Jones R, Moir G, Orlando A,
Banerjee SM, Kis E, McCaul JA, Grischke EM,
Matteucci P, Mowatt D, Bechara FG, Mascher-
ini M, Lico V, Giorgione R, Seccia V, Schepler
H, Pecorari G, MacKenzie Ross AD, Bisase B,
Gehl J. 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.

Campana LG, Miklav¢i¢ D, Bertino G, Marcona-
to R, Valpione S, Imarisio |, Dieci MV, Granziera
E, Cemazar M, Alaibac M, Sersa G. Electro-
chemo-therapy of superficial tumors - Current
status: Basic principles, operating procedures,
shared indications, and emerging applications.
Semin Oncol 2019; 46: 173-191.

1363





