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ABSTRACT

Background: Electrochemotherapy, the combination of electroporation and chemotherapy, is mainly
used in the palliative setting for treatment of cutaneous and subcutaneous metastases; however, new
applications are continuously being explored. Patients with head and neck cancer are primarily treated
with surgery and/or radio-chemotherapy. In the setting of local recurrence with no further curative
treatment options available, electrochemotherapy could be of value. We therefore performed a system-
atic search of the present literature.

Materials and methods: Eligible studies presented data from patients with head and neck cancer
treated across the mucosal surface with electrochemotherapy. The search resulted in 11 studies with a
total of 72 patients.

Results: Overall complete response was reported as good, especially in primary small tumors. Side
effects were minor in primary tumors whereas large, recurrent tumors displayed more frequent side
effects and some serious adverse events. Design and structure of the studies differed considerably,
making general comparisons difficult.

Conclusion: Few studies concerning electrochemotherapy on mucosal head and neck tumors are avail-
able and they are not easily comparable. Overall response to treatment is good; nonetheless, further
systematic studies are warranted.
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Introduction The technique is simple (Figure 1): first, administration of
the chemotherapeutic drug, next penetration of electrodes
into the tumor, and ultimately delivery of short electric
pulses, which destabilize the membrane through creation of
an electric field. As this electric field surpasses a threshold,
pore-like structures are temporarily created in the membrane
[3,4]. Consequently, the chemotherapeutic drug may get
access to the cell cytosol.

Bleomycin, a large hydrophilic molecule with the size of
approximately 1500 daltons, is the preferred chemotherapeu-
tic agent for electrochemotherapy [7]. Before electroporation,
bleomycin is introduced to the extracellular space by intra-
tumoral or intravenous injection. Once inside the cell, bleo-
mycin causes single- and double-strand DNA breaks leading
to quick cell death by pseudoapoptosis [8]. The combination
of electroporation and bleomycin enhances the cytotoxic

Head and neck cancer is the seventh most frequent cancer
form in the world with over 500000 new cases of oral and
pharyngeal cancers globally [1]. Standard treatment regimens
consist of surgical resection and/or radio-chemotherapy but
both modalities can severely affect quality of life by altering
appearance, speech, swallowing and respiration. Furthermore,
recurrences are difficult to treat and new treatment modal-
ities are warranted, particularly for patients for whom further
surgery or radiotherapy is not possible.

Electrochemotherapy is a treatment modality that may be
applicable to recurrent head and neck cancer patients; the
purpose of this review is to examine the use of electroche-
motherapy for mucosal head and neck cancer.

Electrochemotherapy

The combination of electroporation and chemotherapy is
termed electrochemotherapy. By the use of electric fields, i.e.
electroporation, the cell membrane is depolarized, making it
permeable for molecules, which normally do not easily pass
across the cell membrane [2-5]. Electroporation is used in
vitro and in vivo in a number of settings, but clinically elec-
trochemotherapy is mainly used in treatment of cutaneous
and subcutaneous metastases [6].

effect of bleomycin by 300-700-fold [9,10], resulting in an
effective local cancer treatment against various classes of
histopathology [11,12].

The first in vivo clinical trial using electrochemotherapy
was performed 1991 in France [13,14]. Since then, electroche-
motherapy has undergone numerous trials on advanced
malignant melanoma, and non-melanoma skin cancer
[11,12,15-18], recurrent breast cancer [19] and Kaposi's sar-
coma [20]. Today, electrochemotherapy is mainly used for
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HEAD AND NECK TUMOR

Figure 1. Electrochemotherapy on head and neck tumors.

cutaneous treatment of primary or recurrent tumors and
metastases [21]; however, research is ongoing for the use
of electrochemotherapy in the treatment of colorectal can-
cer [22] and liver metastases [23]. Furthermore, novel drug
agents are being explored such as calcium [24] and mitomy-
cin C [25]. The advantage of incorporating molecules into the
cell by electroporation has led to new research about DNA
vaccine delivery [26] and gene therapy [27].

In 2006, a comprehensive guideline was published,
European Standard Operating Procedures of
Electrochemotherapy (ESOPE), [28] depicting how to select
patients and choose the appropriate type of anesthesia,
route of bleomycin administration, follow-up period etc. The
guideline was based on previous studies on electrochemo-
therapy. In addition, National Institute for Health and Care
Excellence (NICE, UK, www.nice.org.uk) has issued guidelines
for electrochemotherapy on skin tumors. However, there are
currently no existing guidelines for electrochemotherapy on
mucosal tumors in the head and neck region.

Aim of review

The purpose of the review is to clarify the current knowledge
of the use of electrochemotherapy for mucosal head and
neck tumors; providing general information regarding num-
ber of patients treated, tumor stage and response to treat-
ment. As electrochemotherapy is mainly used in the
palliative setting, we searched for comparisons made to
other palliative treatments. Ideally, the review will identify
the knowledge gaps that need to be explored to establish a
guideline for future treatment.

The academic definition of head and neck cancer differs
from country to country; many include skin cancer within the
head and neck region. This review will focus only on mucosal
tumors in the head and neck region. We define these tumors
as located in, or derived from, the mucosal surface in the oral
cavity, pharynx, larynx, and sinuses, or from the salivary glands.

Methods

This review was constructed according to the PRISMA group
statement [29]. There was no available protocol for this review;
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neither institutional nor ethics board approval was necessary
as all data were retrieved from previously published data.

A systematic literature search was conducted on the
3 February 2016 from the following databases: MEDLINE,
EMBASE and COCHRANE (Cochrane database of systematic
review and Cochrane central register of clinical trials).
Initially, we performed a MeSH search in MEDLINE; however,
too many articles were not MeSH indexed and this search
strategy was deselected. Instead, an advanced search was
performed, taking all electrochemotherapy-synonyms and
tumors located in the head and neck into account. The fol-
lowing search terms were used: electrochemotherapy, elec-
troporation, electropermeabilization, electropermeabilization,
and head neck cancer.

A total of 152 articles were found. All abstracts were
examined and screened, excluding 114 articles regarding in
vitro or veterinary treatments, well defined non-mucosal
head and neck cancer or non-English papers. Full text
assesment of the remaining 25 articles resulted in 11 eligible
articles. The process of screening abstracts and full text
assesment was independently performed by three authors
(Figure 2).

As the field of electrochemotherapy on mucosal head and
neck tumors is small, all articles were included without con-
sideration of publication year or length of follow-up.

Inclusion criteria: Eligible studies had to describe trans-
mucosal electrochemotherapy of tumors located in the oral
cavity, pharynx, larynx, sinuses or salivary glands. Clinical tri-
als, original studies and case reports from articles in peer-
reviewed journals were included.

Exclusion criteria: Papers concerning electrochemother-
apy of skin cancers and lymph nodes were not included.
Cutaneous electrochemotherapy of salivary glands and the
thyroid was not included. In vitro treatments, veterinary stud-
ies, general reviews, editorials and letters to the editor were
excluded. Abstracts in all languages were screened, but non-
English articles were excluded from full text assesment.

Data extraction: Full text assesment retrieved the follow-
ing data: study design, patient number, tumor localization,
tumor size, histology, status of disease (primary/recurrent),
curative/palliative intention, type of anesthesia, route of bleo-
mycin administration, choice of electrodes, side effects,
length of follow-up and overall response.
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Figure 2. PRISMA flow chart depicting the search and screening process.

Bias: Several articles describe electrochemotherapy of
head and neck tumors without differentiating between cuta-
neous and mucosal tumors. This represents a possible bias;
studies using mucosal electochemotherapy may be over-
looked, if it is not clearly described in the published article.

Results

Eleven clinical trials and case reports published from 2001 to
2015 were included (Table 1; Supplementary Table 1, available
online at http://www.informahealthcare.com). In summary, 72
patients received electrochemotherapy of mucosal head and
neck tumors, but of the 11 included studies only three per-
formed electrochemotherapy solely on mucosal tumors [32,35,
36]. The remaining eight studies were a combination of cuta-
neous and mucosal treatment, of which only treatments of
mucosal tumors are included in the present analysis.

All 11 studies provided information regarding age; patients
treated were distributed from 19 to 100 years of age, with a
median age from 56.6 years [35] to 76.7 years [37]. Both gen-
ders were treated, but none of the studies provided informa-
tion about comorbidity of the patients. Nevertheless, several
studies described detailed exclusion criteria. One study pro-
vided information about performance status <2 [33] and one
study had focus on providing electrochemotherapy to the eld-
erly, or to patients in poor general condition [34].

Thirty-six patients had primary tumors and 34 patients
had recurrent/advanced stage disease. Only one study which
had two patients did not categorize the stage of disease [34].

The intention of electrochemotherapy was curative in two
studies [32,35], palliative in one study [38], and either cura-
tive or palliative in three studies [30,34,36]. Five studies did
not describe their intention of treatment.

The treated tumors were primarily located in the oral cav-
ity or oropharynx (65 patients). In addition, electrochemo-
therapy was performed on tumors in the nasal cavity,
sinuses, nasal pharynx and larynx. Apart from two cases of
adenocarcinoma and one with clear cell carcinoma, the hist-
ology was squamous cell carcinoma (69 patients).

Tumor stage was primarily defined by the use of the TNM
classification system. The TNM classification described the
tumor size at the time of diagnosis. Nevertheless, four studies
either did not describe tumor size [37,39] or described the
maximum tumor size, which they were treating [31,40]. In
addition, one study classified the tumors into three different
groups depending on tumor diameter [33]. TNM classification
in the remaining 49 patients were: T1-T2: 39 patients, T3: one
patient, T4: seven patients and Tx: two patients.

The procedure was predominantly performed during general
anesthesia. In six studies an intra-tumoral injection of bleomycin
was chosen [30-32,35,36,40], whereas three studies preferred an
intravenous route of bleomycin administration [34,37,38].
Skarlatos et al. [39] and Campana et al. [33] used both adminis-
tration routes depending on tumor size; a large tumor could
more easily be reached and obtain a more homogenous distri-
bution of bleomycin by intravenous administration.

Bleomycin is measured in either units (U) or international
units (IU or IE); 1U is equal to 1000IU and contains
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Table 1. Overview of included studies.
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No. of patients

No. of patients with transmucosal

Study Study design in each study ECT treatments

1 Allegretti and Panje 2001 [30] Phase Il clinical trial 14 12
2 Bloom and Goldfarb 2005 [31] 2 x phase Il clinical trial 54 4%
3 Burian et al. 2003 [32] Phase Il clinical trial 12 12
4 Campana et al. 2014 [33] Retrospective study 39 12
5 Gargiulo et al. 2012 [34] Retrospective study 25 2
6 Landstrom et al. 2015 [35] Phase Il clinical trial 19 19
7 Landstrom et al. 2015 [36] Phase Il clinical trial 1 1¥*
8 Mevio et al. 2012 [37] Phase Il clinical trial 15 1
9 Seccia et al. 2014 [38] Retrospective study 9 3
10 Skarlatos et al. 2011 [39] Prospective study 52 4
1 Tijink et al. 2006 [40] Report of case series 7 2

Total 247 72

*The article describes side effects to mucosal ECT in 4 patients, but does not list the exact number of patients treated across the mucosa.
**The study treats 5 patients in total but 4 of them are included in Study 6 [35]. ECT: electrochemotherapy.
Reasons for studies not mentioned in Table 1: Data mentioned twice: [41] mentioned [34]; [42], [43] and [44] mentioned in [30]; [45]

mentioned in [35].

0.56-0.66 mg of bleomycin [6]. All intravenous injections were
administered at a dose of 150001U/m? [33,34,37-39]. When
administered intra-tumorally, bleomycin was delivered in a
dose of 1U/cm® tumor [30-32,40] or as 1000 IE/cm* tumor
[35,36]. Two studies administered different doses depending
on tumor size, ranging from 250 to 1000 1U/cm?® with a lower
concentration for the larger tumors [33,39]. Allegretti and
Panje [30] and Bloom and Goldfarb [31] calculated tumor vol-
ume using this formula: (A x B x C x 3.14)/6. Both studies by
the Landstrom group [35,36] used: 0.5(a-+ 1cm)(b+1cm)?,
thereby adding 1 cm to the tumor volume. Tijink et al. [40] cal-
culated tumor volume adding 0.5 cm as a margin.

The electric pulses were delivered with either a MedPulser
[42] or Cliniporator device [28]. All the studies provided infor-
mation regarding choice of electrode: six needle array-, hex-
agonal-, linear-, plate- or finger electrode. The electrodes are
differently designed and thereby cover different areas and
depths [6]. Pulse duration was generally 100 ps in all studies
but field strengths (V/cm), as well as number of pulses per
application delivered, differed.

Response to treatment was described in all the studies.
Nonetheless, a pooling of the responses from all 11 studies
was problematic: response was defined and measured either
by clinical examination, histological examination, or from
imaging. Furthermore, two studies treated the tumor with
surgical tissue removal or radio-chemotherapy after electro-
chemotherapy, thereby obscuring the response [32,35]. Due
to the different response measurements, we decided not to
pool the overall response data but to display it for each
study (Supplementary Table 1).

A complete response (CR) was unanimously described as
being no tumor left. A partial response (PR) was either loss of
at least 25% [38] or 50% [31,34,39] tumor volume. The studies
treating small, primary T1-T2 tumors demonstrated high CR of
100% in Landstrom et al. [35] and 83% in Burian et al. [32]. In
comparison, a study by Allegretti and Panje focused on recur-
rent tumors [30], showed CR of 33% and PR of 50%.

The response was evaluated between four weeks and two
months after electrochemotherapy. There was no consistency
regarding how the length of follow-up was reported;
described as either the planned follow-up period [31], the

actual periods [37], or the median follow-up period [34,35].
The follow-up period ranged from 45 days to 5 years.

Side effects and safety

Three studies described the healing process of a mucosal
tumor that differs from a cutaneous tumor. Initially, a swel-
ling phase occurs lasting 3-10 days. On Day 2-3 after elec-
trochemotherapy a white demarcation of the treated tissue
becomes visible. In a second phase, the mucosal tumor
enters a necrotic phase with yellow-gray debris, lasting 3-5
weeks. Finally, the mucosa heals within 6-9 weeks depending
on the success of the treatment [32,38,45].

A common side effect was post-operative pain. If not
treated, the pain slowly increased after treatment and
reached a peak at Week 3-4 [32,45]. Gradually, during the
healing phase, the pain would decrease and depending on
the success of the treatment, disappear. The studies did not
report a systematic graduation or evaluation of pain, e.g. by
the VAS score; however, Landstrom et al. [35] used the
European Organization of Research and Treatment of Cancer
(EORTC) H&N35 questionnaire at baseline and one year after
treatment in which part of the questions are regarding pain.

Table 2 shows the reported side effects from each study.
Serious adverse events occurred in five studies all treating
recurrent and advanced stage disease. One patient died three
days after electrochemotherapy of a myocardial infarction
[37]. Two patients had severe hemorrhage from the treated
area, in one case fatal — 7.5 weeks and 6 weeks after electro-
chemotherapy, respectively [31,35]. Four studies reported
infections  (cellulitis, localized mucositis, osteomyelitis)
[30,31,33,38] and one patient died from septicemia [38].

None of the studies reported lung fibrosis, which is,
although dose-dependent, a known irreversible side effect to
bleomycin. The cumulative doses of bleomycin used in these
studies were much lower than standardly used in the treat-
ment of, e.g. testicular carcinoma.

Discussion

Overall, the number of papers reporting electrochemotherapy
on mucosal tumors in the head and neck region is very
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Table 2. Description of side effects in each included article.

No. of
Study cases Side effects described
1 1 Osteomyelitis
3 Dysphagia
1 Pharyngo-cutaneous fistula
1 Septum perforation (Panje and Sadeghi 2000 [43])
2 5 Bleeding — 1 died of bleeding 53 days after treatment
6 Cellulitis or infection
1 Swelling of the tongue
2 Cardiac arrhythmia
3 1 Tongue swelling
2 Pain in treated area grade Ill
4 8 Localized mucositis
7 Mucosal ulceration
5 Minor bleeding from tumor site
5 ND for the mucosal tumors
6 1 Severe bleeding after 6 weeks*
1 Fistula®
2 Osteoradionecrosis™
3 Scored lover on ‘Performance Status Scale for Head and
Neck Cancer’ 1 year after ECT (T1-T2 tongue cancer)
2 Still had feeding tube 1 year after (T1-T2 tongue cancer)
1 Only swallow liquids (T1-T2 tongue cancer)
5 Minor articulation indistinctiveness (T1-T2 tongue cancer)
1 Post-operative tongue pain (T1-T2 tongue cancer)
7 Described and mentioned in Study 6*
8 1 Acute myocardial infarction and died 3 days after ECT
Several described moderate pain
9 1 Infection in the treated area (floor of mouth) leading to
septicemia causing death 45 days after ECT
2 Tracheostomy
Post-operative pain in several patients
10 ND
1 Nausea

ECT: electrochemotherapy; ND: not described.
*The same patients appear in both study 6 and 7.

small. Our search of the literature resulted in 72 patients
with mucosal head and neck cancer treated with electroche-
motherapy during a 14-year period. Consequently, this lim-
ited amount of literature will affect our conclusions.

The field of electrochemotherapy on head and neck
tumors may very well be larger than we are able to present
in this review. ‘Gray literature’ as in studies never published
or literature from courses, posters, patents etc., is difficult to
assess thoroughly. To ensure that this present review is
based on valid data, we decided to include only papers pub-
lished in peer-reviewed journals.

In the literature describing head and neck cancer it is not
always clear whether the cancer location is cutaneous or
mucosal. As this study focuses on mucosal tumors, we have
omitted studies where the distinction between cutaneous
and mucosal tumors was not clear.

A common tumor group in the head and neck region
derives from the salivary glands and several papers describe
electrochemotherapy on tumors in the parotid gland.
These patients are not included because they are treated
trans-cutaneously. In total, we have discovered 13 cases of
cutaneous treatment on tumors in the parotid gland.
Likewise, cases of electrochemotherapy on peristomal tumors
are not included because the treatment is performed cutane-
ously [46]. Another excluded paper describes palliative elec-
trochemotherapy on 16 circumferential esophageal tumors:
electrochemotherapy was performed in order to improve
dysphagia and was performed with a custom-designed elec-
trode demonstrating overall good results and few side effects

[47]. Even though treatment was done on mucosal tumors,
the study was excluded because the tumors were localized
below the head and neck region.

Response to electrochemotherapy on mucosal head and
neck tumors is overall high. The positive result has to be cor-
related to the tumor size; 39 of the 72 patients had a T1 or
T2 tumor. It is generally accepted that the smaller the tumor,
the better result with electrochemotherapy. Study 1 divided
their tumors into two groups: ‘T1-T2’ and ‘advanced cancers
T4-Tx’ [30]. The response was CR 4/5 and CR 0/7, respectively.
A CR can only be reached if the entire tumor is penetrable
for the electrodes. The results could thereby indicate that the
majority of patients were selected with accessible tumors not
being too deeply seated.

Comparison between the individual studies is complicated
due to different study designs: both in regard to tumor size,
evaluation form, and time of evaluation. The response to
electrochemotherapy was recorded from a clinical examin-
ation, imaging or biopsy. When using imaging, response was
either evaluated according to RECIST criteria [48] or WHO cri-
teria. The reason for these different methods of evaluation
might be based on the diminishing use of the WHO criteria
for tumor response as a result of the introduction of the
RECIST criteria in the year 2000. The shift in tumor response
evaluation resulted amongst other changes in new PR crite-
ria: 50% tumor loss in WHO to 30% tumor loss in RECIST [48].
The final response rate is therefore reached using different
approaches.

The time of evaluation differs from four weeks and up to
two months. Knowing that it is crucial to be able to make
comparisons between studies, e.g. regarding response rate, it
is essential for future studies that clinical trials are conducted
in a consistent manner. In the description of the reaction to
electrochemotherapy on mucosal tumors, the healing phase
is described as lasting 6-9 weeks after the day of treatment
[45]. A response evaluation after four weeks may not deliver
the most accurate result, as the tissue is in the middle of the
necrotic phase at this point. Studies [30-32] evaluate the
effect of the treatment after four weeks, risking a premature
evaluation that could falsely give a wrong response before
healing of the mucosa is final. An evaluation at the approxi-
mate end of the healing phase would probably be more
accurate, e.g. after eight weeks or two months.

None of the included studies compared their results to
currently used standard treatment regimes for head and
neck cancers; neither with respect to response nor length of
survival. In the treatment of primary tongue cancer the
current standard treatment is surgery with sentinel
node/elective neck dissection +irradiation; a treatment
modality with good response and tolerable side effects.
Using electrochemotherapy for this patient group without a
control group and without performing neck dissection on all
patients is therefore questionable.

In Bloom and Goldfarb [31], 25 patients were treated with
bleomycin only, injected into the tumor, and were compared
to bleomycin + electroporation. It was not stated whether
these patients had cutaneous or mucosal tumors. Only one
of these 25 patients had a PR, the remaining 24 patients did
not respond to bleomycin alone.



The tolerance of electrochemotherapy to mucosal head
and neck tumors seems depending on tumor size and loca-
tion—primary, small tumors tolerate the treatment without
serious adverse events whereas recurrent, large tumors dis-
play more frequent and severe adverse events. The adverse
events mentioned in Table 2, are frequently seen in recur-
rent, palliative, head and neck cancer patients. However, as
none of the studies compare with standard palliative chemo-
therapy regimes, it is not possible to say whether the
amount of adverse events are the same or more severe and
numerous.

The most severe side effects are reported from the studies
treating large, recurrent tumors. Noteworthy are two cases of
bleeding from the parapharyngeal area [31] and base of
tongue [35]. Both events occurred 6-7 weeks after electroche-
motherapy indicating that a large vessel had been exposed by
the necrosis of the tumor. Bleeding may very likely have
occurred eventually because of tumor progression, but it is
possible that the electrochemotherapy has accelerated the
process of exposing the vessel. This is — as always with large
head and neck cancers - a serious side effect, which patients
should be informed of prior to treatment.

Regarding pain, a recent study on the risk for post-treat-
ment pain in the treatment of cutaneous tumors [49], found
that pre-operative pain, previous irradiation, large tumor size,
and high current values (as seen when treating large necrotic
tumors), were predictors of post-operative pain. The advan-
tage of knowing which factors are associated with post-opera-
tive pain is that pain treatment may be planned better in
advance.

Interestingly, in Study 6 by Landstrom et al. [35], quality
of life was tested using EORTC H&N35 questionnaires.
Patients were evaluated at inclusion and 12 months after
treatment and were afterwards compared in smokers/non-
smokers, tongue cancer/non-tongue cancer and electroche-
motherapy with/without radiotherapy. Smokers had worse
speech outcome than non-smokers, non-tongue cancer
patients had more pain than tongue cancer patients, and
electrochemotherapy showed better swallowing and xerosto-
mia outcome than electrochemotherapy combined with
radiotherapy.

The current data indicate that electrochemotherapy is pos-
sible to perform on mucosal head and neck tumors. In our
opinion electrochemotherapy should primarily be reserved
for patients with no further curative treatment options left.
Nevertheless, implementation of electrochemotherapy and
creation of treatment recommendations requires a systematic
data collection on a larger sample size. Based on these cur-
rent findings we propose further studies on mucosal tumors
that can elucidate the topic. The studies must cover data
with precise inclusion and exclusion criteria, performance sta-
tus, previous treatment and concomitant therapy. Detailed
tumor description including localization, stage (TNM), and
histology, technical information regarding preferred electrode
choice for different anatomic regions, route of bleomycin
administration, precautions regarding anesthesia and caretak-
ing of the patients post-treatment. Furthermore, a systematic
recording of side effects using, e.g. Common Terminology
Criteria for Adverse Events (CTCAE) and VAS score and a
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uniform evaluation and follow-up period using, e.g. EORTC
H&N35 questionnaires and evaluation approximately two
months after treatment, would be valuable. Hopefully, future
studies can hereby gather enough information to illuminate
which patients will benefit the most from electrochemother-
apy on mucosal tumors.

Conclusion

Electrochemotherapy is an established treatment modality for
cutaneous metastases and is plausible to be used in the
management of recurrent head and neck cancer. The treat-
ment is possible to perform across the mucosa, but serious
adverse events have been recorded in the treatment of
recurrent, large tumors. In the 11 studies detectable, both
small primary and large recurrent tumors had been treated
with good response. However, the studies were not immedi-
ately comparable and no comparisons were found with exist-
ing therapies to estimate safety. Indications and treatment
recommendations for electrochemotherapy on mucosal head
and neck tumors cannot be applied based upon the current
studies. Larger studies, as well as consensus guidelines on
electrochemotherapy for head and neck cancer are therefore
warranted and foreseen.
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