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Objective: Calcium electroporation (CaEP) is a new technique
whereby intracellular concentrations of calcium are elevated by
transient permeabilisation of the cell membrane using high-voltage
electrical pulses. Tumour necrosis is induced with little damage
to healthy tissue. Within gynaecological cancer, vulval cancer and
vulval intraepithelial neoplasia (VIN) pose challenges for treatment,
given the high recurrence rate, persistent symptoms and repeated
resections required. In certain cases, CaEP may provide a suitable
alternative. Methods: We present a case series of six patients with
recurrent vulval squamous cell carcinoma (n = 2), VIN III (n = 2) and
metastatic ovarian cancer (n = 2), five of whom were treated with
CaEP. This is the first known application of CaEP to gynaecological
cancers. Results: The median follow-up time was 14 months (range
2–18 months). Within the cohort of patients, CaEP was applied
a total of 10 times, achieving a complete response five times and
partial response four times. Symptoms improved within six weeks
for eight episodes following CaEP application. Beyond six weeks,
symptoms eventually recurred in all patients and four patients
required more than one CaEP procedure. CaEP was useful for
palliation of distressing symptoms in one case of metastatic ovarian
cancer. No intra-operative or post-operative complications have
been reported to date. Conclusion: CaEP may be a promising short-
term treatment in selected patients with recurrent VIN and vulval
cancer, where other treatments had failed. If validated, it could
provide an acceptable alternative where surgery is unacceptable.
Long term follow-up is required to evaluate effects on recurrence.
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1. Introduction
Electroporation is the transient permeabilisation of the

cell membrane by short, high voltage pulses that cause the
transmembrane potential to exceed threshold [1]. Once entry
and passive diffusion of calcium has been permitted, tumour
cell death is induced, without inducing nearby, healthy, cell
death [2]. The first clinical trial of electroporation in combi-
nation with chemotherapy (electrochemotherapy ‘ECT’) was
performed in 1991 [3]. It has since been tested in clinical tri-
als for treatment of vulval cancer [4, 5], nonmelanoma skin
cancer [6], cutaneous metastases [7, 8] and tumours in inter-
nal organs [9, 10]. When treated with ECT, tumour cells are
selectively more sensitive than normal cells in vitro [11, 12],
thus preserving healthy tissue.

Recently, the more readily available element calcium has
been found to be an alternative to chemotherapy in combi-
nation with electroporation, capable of inducing cell death
in vitro and tumour necrosis in vivo with striking effect [13].
Postulatedmechanisms of action include depletion of ATP by
increased consumption: by increasing activity of the mem-
brane protein Calcium ATPase, or reduced production: by
uncoupling of oxidative phosphorylation. Without their en-
ergy source, malignant cells demise quickly [13].

Cutaneous primary malignancies and metastases are a po-
tential target of this therapy, particularly where healthy tissue
structures should be preserved. So far, calcium electropora-
tion (CaEP) has been used in Phase I clinical and pre-clinical
studies, with promising outcomes in head and neck cancer
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and sarcoma [14, 15]. Currently, phase I trials are also be-
ing conducted in 6 patients with inoperable colorectal cancer
[16] and 24 patients with early rectal and sigmoid cancer as
an adjuvant prior to surgery [17]. Within gynaecological on-
cology, electroporation could be applied to vulval cancer and
vulval intraepithelial neoplasia (VIN). Recurrence after treat-
ment of vulval cancer with standard therapy is reported to be
as high as 30% [18], a similar recurrence rate to VIN [19].
The primary treatment of vulval cancer is usually radical vul-
vectomy.

In recurrence, the option for further resection is limited.
It can be associated with adverse psychosexual outcomes in
addition to recognised surgical complications, such as injury
to adjacent structures [20]. Therefore, a need exists for min-
imally invasive techniques for the management of recurrent
vulval cancer and VIN.

We present a case series of the first known application of
calcium electroporation (CaEP) to gynaecological pathology:
VIN III, vulval cancer on a background of recurrent VIN III
and cutaneous and vaginal metastases of ovarian cancer.

2. Materials andmethods
2.1 Patient cohort

This is a retrospective case series of six patients: recurrent
vulval squamous cell carcinoma (n = 2), VIN III (n = 2) and
metastatic ovarian cancer (n = 2). This group consisted of
highly distressed patients with severe symptoms and/or ad-
vanced disease. The disease had not been alleviated or halted
with multiple standard therapies. We present this case series
as an extension of already established clinical practice, with its
routine use to treat cutaneous malignant lesions [14, 15, 21].
Institutional Review Board Approval was not required.

Patients were under follow-up by the gynaecological on-
cology team for recurrent VIN III or vulval cancer or were
new referrals from the oncology team. They were seen in gy-
naecological oncology clinic to assess suitability for the pro-
cedure, with inclusion criteria depending on the treatment
intent of CaEP:

For curative intent:
(1) Vulval carcinoma or VIN localised to skin and sub-

cutaneous tissue, with no local or distant spread, or lymph
node involvement.

(2) Failure of standard therapy including PlasmaJet® and
local excision.

(3) OR unsuitable for further excision/surgery:
(a) Not fit for surgery.
(b) Surgery would result in unacceptable deformity (for

example due to previous extensive surgery).
(c) Competent patient refused surgery.
For palliative intent:
(1) Skin, subcutaneous or superficially-reachedmetastases

which are causing distress that cannot be managed conserva-
tively.

(2) This distress exceeds the risks of CaEP.

(3) Not suitable for surgery, whether due to fitness, exten-
sive disease or patient choice.

Exclusion criteria:
(1) Allergy to anaesthetic or calcium chloride.
(2) A tumourwhich is not reached by the probe/electrodes

could not be seen.
(3) Pregnancy or lactation.
(4) Uncorrected coagulopathy.
(5) Chronic Kidney disease (CKD) 3b or above.
All suitable patients were treated with CaEP at the West

London Gynaecological Cancer Centre, Imperial College
NHS Trust (London, UK) between March 2019 to August
2020 (inclusive).

Patients were counselled about the risks of CaEP, such as
hyperpigmentation, ulceration, potential (but unknown) car-
diac arrhythmias [22] and unknown side effects of its appli-
cation at a novel site. Beneficially, it is less scarring, mini-
mally invasive, healthy tissue-preserving and can be repeated
[2, 22]. Calcium is delivered locally into the tumour and is
therefore not expected to have systemic effects.

CaEP was performed under general anaesthesia in the op-
erating theatre. Vulvoscopy was performed in all cases prior
to electroporation. Staff performing the procedure were
trained by the manufacturing company Mirai Medical (Mi-
rai Medical, Galway, Ireland).

2.2 Calcium solution preparation
Calcium chloride (CaCl2) solution was prepared to the

recommended concentration of 9 mg/mL (225 mmol/L),
having been shown to effectively induce tumour necrosis in
pre-clinical studies [20] in normal and malignant cells and
in phase I and II clinical trials [19], by diluting 10 mL of a
stock 10 mmoL/10 mL solution of CaCl2 with 35 mL of 0.9%
sodium chloride (NaCl). A dose of 0.5mL of this solutionwas
injected into the tumour for every 1 cm3 of tumour volume.
Tumour volume was calculated using the formula ab2 π/6,
where a is the longest diameter and b is the longest diameter
perpendicular to a.

2.3 Equipment layout
The handheld CUTIS device (Mirai Medical, Galway, Ire-

land) consists of needle electrodes that are inserted into the
tumour tissue. The CUTIS electrode has 2 pairs of 4 nee-
dle electrodes arranged parallel apart (total of 8 needle elec-
trodes) and can be deployed to a depth of 2 cm. The parallel
rows are separated by a gap of 4 mm. The length of the nee-
dle electrodes can be adjusted according to the tumour depth
into four lengths: 5, 10, 15 and 20 mm (Fig. 1). The hand-
held device is connected to the CE approved ePORE generator
(MiraiMedical, Galway, Ireland) which delivers the electrical
impulse (Fig. 1).

2.4 Electroporation technique
The lesion is mapped by drawing round it to ensure that

all the lesion is treatedwithminimal re-treatment of the areas
already electroporated. Needle electroporation is repeated in
different sections of the lesion according to its size. Following
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Fig. 1. There is no associated patient. (A) ePORE handheld device with
needle electrodes adjusted to 20 mm length. (B) ePORE electrical generator
during procedure.

injection of CaCl2, electroporation pulses are delivered in 2
microsecond intervals, alternating from positive to negative
polarity with a gap of 0.5 microseconds between the change
in polarity. The pulses are delivered in 50 pairs (2 microsec-
onds positive, 2microseconds negative) for an energised time
of 200 microseconds per train of pulses at a frequency of 166
KHz (as opposed to the standard 5000 Hz used in ECT previ-
ously). Transmission of electroporation pulses at higher fre-
quency to the tissue means that the muscle has no time to re-
act and hence the procedure could, potentially, be carried out
with local anaesthesia. Each pulse has an amplitude of 520 V
(positive 520 V and negative 520 V) for an applied electrical
field strength of 1300 V/cm. A total of 30 ‘trains’ of pulses are
delivered in total at a frequency of 10 Hz and a total energised
time of 6 milliseconds. Needle electroporation is repeated in
different sections of the lesion according to its size.

Patients were observed for a minimal period of 4 hours,
observations were recorded, pain controlled and all patients
were confirmed to have passed urine. All patients were in-
formed of the direct contact and open-door policy at the de-
partment for any complications within 6 weeks of a proce-
dure. There was a low threshold for repeat biopsy given the
novelty of the technique.

2.5 Follow up

All patients were followed up within four weeks of the
procedure in the specialist gynaecological oncology clinic.
Electroporated lesions were assessed macroscopically in
clinic, with a complete response describing full macroscopic
resolution and relief of symptoms, partial response for partial
macroscopic resolution and partial symptomatic relief, stable
disease for no change and progressive disease for worsening
and/or additional macroscopic lesions and symptoms. When
new lesions appeared after an initial, complete response, this
was described as recurrence. Biopsies taken after CaEP to as-
sess microscopic response were not routinely done.

2.6 Case series

We summarise below, and in Table 1, six patients that un-
derwent the procedure consecutively. The median follow-up
time for cases was 14 months (range 2–18 months).

2.7 Patient A
Patient A (44 years old) presented with severe vulval pain,

on a background of previous vulval cancer in November
2017, treated with clitoral sparing vulvectomy. Her treat-
ment history, including surgery, is described in Table 1. A
thickened and erythematous vulval lesion was treated with
CaEP; applied to the right labium minus, clitoris, clitoral
hood and perianal region, in July 2019. The procedure was
uncomplicated and she was fit for discharge on the same day
with good pain control and bladder function. Before CaEP,
biopsies were taken perianally, which subsequently showed
intraepithelial neoplasia. Four weeks post-procedure, there
was a complete response, with report of significantly reduced
pain and minimal erythema of the vulva on examination.

At three months after the first CaEP treatment, she re-
ported two painful areas in the perianal and clitoral regions.
She underwent a second CaEP in December 2019. Biopsies
prior to the procedure showed vulval intraepithelial neopla-
sia stage II (VINII) and HPV change. After six weeks, there
was a partial response, with improvement in the clitoral le-
sion had much but some residual discomfort from the peri-
anal lesion. Due to this, a third CaEP was performed in Au-
gust 2020. Biopsies prior to the procedure showed severe
dysplasia but no evidence of invasion. She is due to be fol-
lowed up 4 weeks post-procedure.

Fig. 2. Patient B. (A) Pre-sternal lesion before CaEP. (B) Resolution of the
lesion after CaEP. (C) CT image of pre-sternal lesion before CaEP. (D) CT
image of the lesion after CaEP.
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Table 1. A summary of pathology, treatment history, treatment intent, results including complications and follow up for all of the six patients.
Patient Type of lesion Past treatment Date CaEP

provided
Treatment
intent

Histology (pre-CaEP) Macroscopic response Microscopic response Symptomatic response Complications

A: Age 44 VIN III 1. PlasmaJet® ablation x2, 2015,
2016

1st CaEP: July
2019

Curative July 2019: VIN III and
PAIN (peri-anal intraep-
ithelial neoplasia)

Complete response N/A At 4weeks: vulval pain
significantly reduced

None

2. Cervical cone excisions No biopsies taken after
CaEP

At 3 months: mild dis-
comfort in two areas
(perianal and clitoral)

Discharged the same
day

B/G: previous vulval
cancer

3. Vulvectomy (clitoral sparing)
and a bilateral V-Y ad-

2nd CaEP:
Dec 2019

Curative December 2019—VIN II,
HPV change and AIN II

Partial response N/A At 6 weeks: partial-
symptoms resolved

None

vancement flap 2017 (technique
used to repair cutaneous defects
whereby V-shaped incision is
made and broad base of V is ad-
vanced into the defect, which
is then closed in a Y-shape, for
better cosmesis)

Reduction in clitoral le-
sion, remaining erythema
and thickening in perianal
lesion

No biopsies taken after
CaEP

from clitoral lesion,
residual symptoms in
perianal lesion

Discharged the same
day

4. Local excision 2018 3rd CaEP: Curative August 2020—severe dys- N/A—awaiting follow-up N/A N/A None
Aug 2020 plasia in all biopsies. No ev-

idence of invasion
in late Sept 2020 Discharged the same

day

B: Age 48 Metastatic chest wall
deposit—FIGO Stage
III mucinous ovarian
cancer

Primary debulking surgery 2015 Aug-19 Palliative August 2019: Muci-
nous ovarian carcinoma
metastatic deposit

Complete response N/A Partial, but transient:
reduction in pain be-
fore abscess formation
10 days later

None

Radiotherapy for recurrence
2018

No biopsies taken after
CaEP

Voice hoarseness per-
sisted however

Discharged the same
day

Secondary debulking surgery
2018
Brachytherapy 2019
Chemotherapy 2019
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Table 1. Continued.
Patient Type of lesion Past treatment Date CaEP

provided
Treatment
intent

Histology (pre-CaEP) Macroscopic response Microscopic response Symptomatic response Complications

C: Age 80 VIN III + vulval SCC 1. Radical vulvectomy and bi-
lateral groin node dissection for
stage III squamous cell carci-
noma of the vulva 1996

1st CaEP:
March 2019

Curative March 2019: vulval squa-
mous cell carcinoma

Complete response Complete response Yes None

2. Repeat vulvectomy for recur-
rence 2013

Biopsies May 2019 (2
months post-CaEP):
no evidence of malig-
nancy

Discharged the same
day

B/G: FIGO stage III
vulval SCC

3. Chemoradiotherapy + lymph
node excision secondary to a
right inguinal lymph node re-
currence 2016

2nd CaEP:
Sept 2019

Curative September 2019: well-
differentiated vulval
squamous carcinoma +
VIN III

Partial response N/A Discomfort still
present, especially in
the groin

None

4. Partial vulvectomy + bilat-
eral VY advancement flaps for
recurrence 2017

Macroscopic carcinosis still
present in some areas

No biopsies taken after
CaEP

Discharged the same
day

(wound became infected and
healed poorly)

3rd CaEP:
October 2019

Curative October 2019: Differenti-
ated VIN + granulating tis-
sue

Complete response Recurrent disease at 3
months

2 weeks: yes, reduced
pain

None

3 months: recurrence
of symptoms

Discharged the same
day

D: Age 50 VIN III recurrent Local excision 2016 1st CaEP:
September
2019

Curative September 2019 (pre-
CaEP): VIN III

Partial response N/A 4weeks: pain free. Oc-
casional itching (much
reduced)

None

At 4 weeks: right upper
vulva-single 1 mm spot on
labium minus of possible
macroscopic VIN
At 5 months: progressive
disease

No biopsies taken after
CaEP

6 months: intense
pruritis in labia (area
not previously elec-
troporated) + bladder
urgency

Discharged the same
day

PlasmaJet® treatment x2 2016,
x2 2017, 2018

2nd CaEP
intended for:
March 2020

Curative N/A—Procedure resched-
uled due to COVID-19

N/A N/A N/A N/A
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Table 1. Continued.
Patient Type of lesion Past treatment Date CaEP

provided
Treatment
intent

Histology (pre-CaEP) Macroscopic response Microscopic response Symptomatic response Complications

E: Age 72 FIGO stage III serous
ovarian cancer

Chemotherapy 2019 Abandoned
(could not
safely be
carried out)

Palliative N/A N/A N/A N/A N/A

F: Age 75 FIGO stage III Vulval
SCC

1. Chemotherapy for both lung
and vulval cancer 2019

1st CaEP:
September
2019

Palliative September 2019 (pre-
CaEP): vulval squamous
cell carcinoma

Complete response N/A Pain free for 4 weeks None

B/G No biopsies taken after
CaEP

Increased mobility

At 1 month: recur-
rence of pain

Discharged the same
day

T4N2M1a lung cancer 2. Radiotherapy of pelvis alone 2nd CaEP:
October 2019

N/A—no biopsies taken
pre-CaEP

Partial response N/A Reduction in pain and
anxiety

None

Mild, residual, possible
macroscopic VIN present

No biopsies taken after
CaEP

Discharged the same
day

Key. B/G, diagnosis background.
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2.8 Patient B
Patient B (48 years old) presented with voice hoarseness

and a superficial, discharging, pre-sternal mass on a back-
ground of stage III mucinous ovarian cancer, for which she
had undergone primary and secondary debulking surgery.
She was referred by themedical oncologists for consideration
of CaEP, currently receiving Folfirinox/Avastin chemother-
apy, and previously brachytherapy, with no effect on the le-
sion. CT scans demonstrated a raised, fluctuant tumour with
a possible necrotic core, in the upper mediastinal region of
the recurrent laryngeal nerve (Fig. 2).

CaEP was applied to this 5 × 5 cm tumour in August
2019. The procedure was uncomplicated and Patient B was
discharged the same day. Two weeks later, complete macro-
scopic response of the lesion was noted in clinic and on CT
imaging (Fig. 2). On the right side, some areas which had not
undergone electroporation demonstrated residual disease on
CT (Fig. 2). She was discharged to a hospice and passed away
in October 2019.
2.9 Patient C

Patient C (80 years old) was noted to have possible VIN
III during a routine gynae-oncology clinic appointment, fol-
lowing a history of recurrent stage III vulval squamous cell
carcinoma. She had already undergone a radical vulvectomy
and bilateral groin node dissection (1996), a repeat vulvec-
tomy (2013), chemoradiotherapy followed by lymph node
excision (2016) and a partial vulvectomy with bilateral V-
Y advancement flaps (2017). The latter was complicated by
wound infection and poor healing. VIN III was subsequently
confirmed on histology from biopsies taken during vulval
mapping in December 2018. CaEP was deemed a reason-
able alternative for management of the VIN III given this pa-
tient’s poor healing history after surgery. CaEP was even-
tually applied to a 3 × 3 cm lesion in March 2019 (delayed
due to equipment unavailability), of which pre-CaEP biop-
sies demonstrated vulval squamous cell carcinoma.

Patient C then required two further CaEP procedures (Ta-
ble 1): in September 2019, for one 3× 3 cm lesion and three
1× 1 cm lesions, of which pre-CaEP biopsies later confirmed
well-differentiated vulval squamous cell carcinoma and some
differentiated VIN III, as well as in October 2019, partial re-
sponse after her 2nd CaEP (although the vulva was healing
well at the time). This further treatment was duly warranted
considering pre-CaEP biopsy findings of squamous cell car-
cinoma in September 2019 (above) and taking into account
Patient C’s wishes to avoid radical surgery. Her third CaEP is
illustrated in Fig. 3. Superficial lesions present on the left side
of the vulvawere injectedwith CaCl2 solution and electropo-
rated. Biopsies taken prior to the procedure showed differ-
entiated VIN and granulating tissue. On review two weeks
later, there was a complete response to CaEP; with the previ-
ously seen lesions no longer visible.

All three CaEP procedures this patient underwent were
uncomplicated and the patient was able to be discharged the
same day.

Fig. 3. Patient C. (A) CaCl2 solution injection to the superficial lesion. (B)
Electroporation of the superficial lesion.

Three months following the final CaEP, the patient was
reviewed in clinic with recurrence of pain. On examina-
tion, there was macroscopic evidence of likely vulval squa-
mous cell carcinoma recurrence after initial, complete re-
sponse. She underwent vulval mapping and biopsies in Jan-
uary 2020. Biopsies confirmed a recurrence ofwell differenti-
ated squamous cell carcinoma on the left of the vulva. A radi-
cal left vulvectomy with V-Y flap formation and PlasmaJet to
the remaining areas was performed in March 2020. Excision
margins were clear of tumour (1 mm on the perianal mar-
gin). On clinic review four months following the procedure,
a new macroscopic lesion was noted on the right side of the
vulva. Further biopsies were taken in August 2020, showing
ulceration and inflammatory change from the right vulva and
changes suggestive of squamous cell carcinoma in the right
perineal region. She is due for follow-up in late September
2020.

2.10 Patient D

Patient D (50 years old) presented with significant vulval
itching, following multiple PlasmaJet® ablations for recur-
rent VIN III (Table 1). Vulvoscopy and mapping was per-
formed in September 2018. Biopsies taken at the time con-
firmed VIN III in the right and left labium minus and peri-
anally.

In view of multiple PlasmaJet® treatment failures in the
past, the patient opted for CaEP, which was eventually per-
formed in September 2019 (the patient missed several ap-
pointments) to the right and left superior labiumminus, right
and left vestibules, perineum and perianal area. VIN III of the
vulva and perianal area was confirmed on pre-CaEP biopsies.
On review in October 2019, the itching had settled to a mild
level. The lesions, however, demonstrated a partial response
to CaEP. Although there was a significant macroscopic re-
duction of VIN peri-anally, a single 1 mm spot on the right
labium minus was noted with no macroscopic evidence of
VIN on the left upper vulva. In February 2020, the patient re-
ported intense pruritis in two small areas in the right and left
labia, and bladder urgency. Examination showed disease pro-
gression, with macroscopic lesions in the pruritic areas. Ar-
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eas previously electroporated were normal. She was offered
repeat CaEP treatment in March 2020 which was cancelled
due to the COVID-19 pandemic. To date, the team have been
unable to contact the patient to reschedule the procedure.
2.11 Patient E

Patient E (72 years old) was referred for palliative CaEP
due to a painful vaginal vault lesion, with vaginal bleed-
ing and intermittent vaginal discharge, secondary to stage
III serous ovarian cancer, for which she had been receiving
chemotherapy. Unfortunately, the instrument was too wide
to pass through the vaginal introitus and the needle electrodes
could not be visualised. CaEP was therefore abandoned as it
was unsafe to proceed. The patient was subsequently advised
to continue with chemotherapy as the size of the vaginal le-
sion, and the mix of cystic and solid components, reduced the
likelihood of radiotherapy being effective.
2.12 Patient F

Patient F (75 years old) presented with severe vaginal pain
and a visible vulvo-vaginal tumour on a background of stage
III vulval squamous cell carcinoma, for which she had been
receiving radiotherapy. She also had concomitant lung can-
cer (Table 1). Her vulvo-vaginal pain was debilitating and
affecting her mobility to such a degree it rendered her house-
bound.

Pelvic exenterative surgery including removal of the blad-
der, urethra, vulva and right lymph node dissection was of-
fered. She declined this to avoid major surgery and opted for
CaEP, performed in September 2019. Vulvoscopy demon-
strated a large, ulcerated vaginal tumour incorporating the
right vulva and urethra and fixed, enlarged right inguinal
lymph nodes. Eight treatments with CaEP at 10–15 mm
depth were performed without complications.

There was a complete response to CaEP; rendering Pa-
tient F markedly pain-free for over a month and significantly
increasing her mobility (no longer housebound). Her pain
recurred eventually and a repeat CaEP was performed at the
end of October 2019 for ongoing symptomatic relief.

During examination under anaesthesia, a large right
vulvo-vaginal lesion was noted associated with erythema and
oedema in the surrounding tissue (Fig. 4). Intra-operative ul-
trasound (IOUS) was performed to appreciate the depth of
the lesion (Fig. 4) and guide the infiltration of CaCl2 and
length of the needle electrodes. Cystoscopy was not per-
formed as there was stenosis of the urethra secondary to lo-
cal invasion. As the patient had been experiencing dysuria, a
suprapubic catheterwas inserted. The patientwas discharged
the same day. At clinic review two weeks later, there was
nomacroscopic evidence of recurrence of cancer but possible
mildmacroscopicVIN only, demonstrating a partial response
to CaEP. She passed away in January 2020.

Fig. 4. Patient F. (A) Large tumour affecting mostly the right lower vagina
and vulva. (B) Patient F: Intra-operative ultrasound on the right vulval le-
sion.

3. Discussion
3.1 Main findings

In summary, CaEP was performed a total of ten times
amongst this group of patients (n = 5); four times for vulval
squamous cell carcinoma, five times for VIN III and once for
a metastatic ovarian carcinoma deposit. One of the original
six patients (patient E) was not treated with CaEP because of
equipment failure.

CaEP resulted in a complete macroscopic reduction of the
lesion in five episodes of CaEP application and partial macro-
scopic reduction in four other episodes. For the remaining
episode of CaEP application, there has not yet been clinic fol-
low up. Symptoms had resolved or significantly improved
within six weeks for five episodes of CaEP application, par-
tially improved in three, persisted in one and could not be as-
certained in one because of pending clinic follow-up. Beyond
six weeks, symptoms recurred in all patients that had initially
resolved or significant improvement of symptoms within six
weeks. Of the five patients that received CaEP, four required
more than one CaEP procedure (maximum three instances)
for recurrence of VIN (n = 2) and vulval squamous cell car-
cinoma (n = 2), although one of these cases has not yet had
their second CaEP procedure because of COVID-19. In one
of the cases of recurrence of vulval squamous cell carcinoma
(Patient C), treatment proceeded to a radical left vulvectomy
five months after the third CaEP. CaEP was useful for pallia-
tion of distressing symptoms in one case ofmetastatic ovarian
cancer (Patient B).

In all ten episodes where CaEP was carried out, no intra-
operative or post-operative complicationswere noted, and all
patients were able to be discharged on the day of the proce-
dure. No longer-term complications as a result of CaEP were
reported in the 14–18 months that the remaining living pa-
tients have been followed-up.

In this small case series, 8/10 episodes of CaEP applica-
tion achieved a clinical response at 6 weeks. Recent trials of
electrochemotherapy (ECT), with larger study numbers have
shown comparative effects. ECT with bleomycin in 15 pa-
tients with vulval cancer had a response rate of 80% within a
month, however at 1 year only 50% of patients survived [5].
ECTwith Bleomycin in 61 patients wasmore successful, with
a clinical response rate of 86.3% at 2 months.
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3.2 Review
CaEP has been shown to be effective in other types of

cutaneous malignancy. In a randomised double-blind study
of seven patients with a total of 47 cutaneous metastases of
melanoma and breast cancer, CaEP was found to be as effec-
tive as electrochemotherapy with bleomycin [21]. CaEP re-
sulted in a 72% objective response and a complete response in
66% of cases [21]. A phase I trial of CaEP for recurrent head
and neck cancer in six patients found a clinical response in
half of the patients and no complications related to the pro-
cedure. It concluded that CaEP is effective, safe and feasible
[14].

There is growing evidence that CaEP is selective in its
effect on tumour cells and therefore, unlikely to affect sur-
rounding normal cells [15]. CaEP was shown to be signif-
icantly more efficient in rhabdomyosarcoma cell lines com-
pared to normal murine muscle cells. A significant increase
in intracellular calcium and decreased expression of the cal-
cium/sodium exchanger (NCX1) was demonstrated. This, in
itself, reduces the capability of the malignant cells to extrude
calcium [15].

Furthermore, calcium levels in normal skin tissue were
found to return to levels similar to untreated controls, within
four hours after CaEP [23]. The expression of plasma mem-
brane calcium ATPase (PMCA), which is responsible for ex-
truding intracellular calcium, was reduced in cancer cells.
Normal surrounding tissue of breast cancer lesions demon-
strated minimal necrosis, even when directly treated with
CaEP [23]. It is thought that differences in expression of
plasma membrane transporters, along with possible alter-
ations in membrane repair and electric impedance, underlie
the differences in sensitivity of malignant and normal cells to
CaEP [22].
3.3 Limitations

CaEP is a new application in clinical practice. Therefore,
its equipment can be challenging to obtain, and if there is fail-
ure, it can be arduous to rectify. Whilst still developing an
optimal model, limitations in access were demonstrated in
our case series (Patient E).We are confident that such limita-
tions will be addressed with more frequent use of the equip-
ment.

We do not yet fully know how effective CaEP will be in
altered cancer cell types and in diverse conditions. In fact,
a recent study based on cell lines of colorectal cancer, breast
cancer and normal fibroblasts showed that membrane com-
positionmay influence the effectiveness of CaEP owing to the
calcium cation interaction with the lipids of the outer mem-
brane [24]. There is also some degree of temperature depen-
dency, especially in cell membranes with a high concentra-
tion of ether lipids [24]. Moreover, a disparity in sensitivity
was also observed in cell lines of various tumour cell types
[23]. This highlights the limitations of concluding the effects
of CaEP within our own heterogenous study population.

Our follow-up data is limited to a maximum of 14–18
months after the first CaEP for the remaining living patients.

We are therefore unable to comment on longer-term symp-
tom and cosmetic effects of this technique beyond this time-
frame, especially where more than one CaEP procedure has
taken place. Patientswho have been treatedwith such a novel
technique are still being followed-up.

Furthermore, the recurrence of symptoms, positive his-
tology and need to do more than one CaEP procedure in our
patient cohort critically highlights that for curative intent,
CaEP may be transient, although larger studies are required
to confirm this.

3.4 Strengths

Our cases series has demonstrated promising short-term
symptomatic benefit in a small patient cohort. The fact that
all procedures were performedwith no complications such as
post-procedure pain or wound infection makes CaEP an at-
tractive alternative option to surgery. This is of significant
importance as a large proportion of patients with vulval can-
cer or VIN tend to be elderly with significant co-morbidities
including high BMI and poor healing. This is secondary to a
hypo-oestrogenised and/or irradiated vulvo-vaginal epithe-
lium rendering them very susceptible to post-excisionwound
infection.

In addition, it is worth highlighting that we are proposing
this novel technique for patients with recurrent vulval cancer
and VIN, who have continued symptoms, have already un-
dergone numerous surgical resections, and hence, all current
options have been exhausted.

3.5 Future work

Future research on CaEP should include further phase I
studies to determine the optimal dosing and efficacy of CaEP
in vulval squamous cell carcinoma and VIN. In larger study
populations, this could be stratified into human papilloma
virus (HPV) dependent and HPV-independent VIN and Vul-
val dysplasia. This can be followed by appropriately sized
phase II trials to draw reliable conclusions on the effective-
ness of this novel technique. Validation studies require pa-
tients to be followed up over a longer length of time to as-
sess long term outcomes, particularly survival and recurrence
rates.

Given that the preliminary data for CaEP in various types
of cancer is promising, this technique could also be applied
at an experimental level in other types of cancer or pre-
malignant conditions when conventional approaches are not
acceptable to the patients. In the field of gynaecological on-
cology, this could potentially relate to a young patient with
new or recurrent cervical intraepithelial neoplasia (CIN) III
or stage IA1 cervical cancer. This patientmay notwish to em-
bark on an excisional procedure, which may have an adverse
effect on their future fertility. Similarly, CaEP could be used
in cases of endometrial hyperplasia or stage IA endometrial
cancer as an alternative fertility-sparing option. In that case,
hysteroscopy or intra-operative ultrasound could be utilised,
after modifying the handheld device, to deliver CaEP directly
into the abnormal endometrium. As demonstrated by Frand-
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sen et al, the normal surrounding tissue does not seem to be
affected by CaEP. Hence, healthy endometrial tissuewould be
preserved [23].

4. Conclusions
In a small, selected cohort of patientswith cutaneousman-

ifestations of gynaecological cancer, CaEPhas shownpromise
inmacroscopic resolution of the lesions and symptomatic im-
provement in the short term, with lack of any complications.
In the longer term, however, most cases of VIN and vulval
cancer recur. Despite this, if validated, CaEP may prove an
effective and minimally invasive option in women for whom
either the risks of extensive surgery are unacceptable or all
current management options have been exhausted. Hence,
CaEP may also be acceptable to women who have already
undergone extensive surgery (ies) and thus further surgery
would result in severe disfigurement. Long-term follow-up
is required to conclusively evaluate its effects, particularly re-
currence.

Author contributions
YASwas themain contributor in preparation, writing and

revision of the manuscript and gathering of data. HEM, NG,
BPJ,MC,DLP andMehCwere involved in preparation of the
manuscript, collecting the data and preparing the tables. KL,
CF, SGM and HG were involved in assessing the manuscript
from a clinical perspective and the care of the patients de-
scribed. SS and JRS were also responsible for the original
manuscript design, drafting and revision for important intel-
lectual content. JRS is also the guarantor for this paper and
accepts full responsibility for the work and/or the conduct of
the study. All authors approve.

Ethics approval and consent to participate
Institutional Review Board approval was not required for

this case series as it is an extension of already established
clinical practice. Informed, written and signed consent was
obtained and the patients agreed for their case histories and
photographic material related to the lesions to be published
for research purposes.

Acknowledgment
We would like to acknowledge the Imperial Open Access

Fund, Imperial College London, for kindly funding the open
access fee.

Funding
This research received no external funding.

Conflict of interest
The authors declare no conflict of interest.

References
[1] Gehl J. Electroporation: theory and methods, perspectives for

drug delivery, gene therapy and research. Acta Physiologica Scan-

dinavica. 2003; 177: 437–447.
[2] Matthiessen LW, Chalmers RL, Sainsbury G, Veeramani S,

Kessell G, Humphreys AC, et al. Management of cutaneous metas-
tases using electrochemotherapy. Acta Oncologica. 2011; 50: 621–
629.

[3] Belehradek M, Domenge C, Luboinski B, Orlowski S, Belehradek
JJ, Mir LM. Electrochemotherapy, a new antitumor treatment.
First clinical phase I–II trial. Cancers. 1993; 72: 3694–3700.

[4] Perrone AM, Galuppi A, Pirovano C, Borghese G, Covarelli
P, De Terlizzi F, et al. Palliative Electrochemotherapy in Vul-
var Carcinoma: Preliminary Results of the ELECHTRA (Elec-
trochemotherapy Vulvar Cancer) Multicenter Study. Cancers.
2019; 11: 657.

[5] Corrado G, Cutillo G, Fragomeni SM, Bruno V, Tagliaferri L,
Mancini E, et al. Palliative electrochemotherapy in primary or re-
current vulvar cancer. International Journal of Gynecologic Can-
cer. 2020; 30: 927–931.

[6] De Giorgi V, Scarfì F, Saqer E, Gori A, Tomassini GM, Covarelli
P. The use of cisplatin electrochemotherapy in nonmelanoma skin
cancers: a single-center study. Dermatologic Therapy. 2020; 33:
e13547.

[7] Campana LG, Valpione S, Mocellin S, Sundararajan R, Granziera
E, Sartore L, et al. Electrochemotherapy for disseminated super-
ficial metastases from malignant melanoma. British Journal of
Surgery. 2012; 99: 821–830.

[8] Curatolo P, Quaglino P, Marenco F, Mancini M, Nardo T,
Mortera C, et al. Electrochemotherapy in the treatment of Kaposi
sarcoma cutaneous lesions: a two-center prospective phase II trial.
Annals of Surgical Oncology. 2012; 19: 192–198.

[9] Edhemovic I, Gadzijev EM, Brecelj E,Miklavcic D, Kos B, Zupanic
A, et al. Electrochemotherapy: a new technological approach in
treatment of metastases in the liver. Technology in Cancer Re-
search Treatment. 2011; 10: 475–485.

[10] Miklavcic D, Sersa G, Brecelj E, Gehl J, Soden D, Bianchi G, et al.
Electrochemotherapy: technological advancements for efficient
electroporation-based treatment of internal tumors. Medical Bi-
ological Engineering Computing. 2012; 50: 1213–1225.

[11] Landstrom F, Ivarsson M, Von Sydow AK, Magnuson A, Von
Beckerath M, Moller C. Electrochemotherapy-Evidence for Cell-
type Selectivity in Vitro. Anticancer Research. 2015; 35: 5813–
5820.

[12] Levine ZA, Vernier PT. Calcium and phosphatidylserine inhibit
lipid electropore formation and reduce pore lifetime. Journal of
Membrane Biology. 2012; 245: 599–610.

[13] Frandsen SK, Gissel H, Hojman P, Tramm T, Eriksen J, Gehl J.
Direct therapeutic applications of calcium electroporation to ef-
fectively induce tumor necrosis. Cancer Research. 2012; 72: 1336–
1341.

[14] Plaschke CC, Gehl J, Johannesen HH, Fischer BM, Kjaer A,
Lomholt AF, et al. Calcium electroporation for recurrent head and
neck cancer: a clinical phase I study. Laryngoscope Investigative
Otolaryngology. 2019; 4: 49–56.

[15] SzewczykA,Gehl J, DaczewskaM, Saczko J, FrandsenK,Kulbacka
J. Calcium electroporation for treatment of sarcoma in preclinical
studies. Oncotarget. 2018; 9: 11604–11618.

[16] ClinicalTrials.gov. Calcium Electroporation for the Treat-
ment of Colorectal Cancer NCT03542214. Bethesda(MD)
National Library of Medicine (US). 2020. Available at:
https://clinicaltrials.gov/ct2/show/NCT03542214?term=N
CT03542214&draw=2&rank=1 (Accessed: 9 December 2020).

[17] ClinicalTrials.gov. Calcium Electroporation for Early Colorectal
Cancer NCT03694080. Bethesda(MD) National Library of
Medicine (US). 2020. Available at: https://clinicaltrials.gov/ct2/
show/NCT03694080?term=NCT03694080&draw=2&rank=1
(Accessed: 9 December 2020).

[18] RagupathyK,Grandidge L, StrelleyK,WangH,Tidy J, Ragupathy
K, et al. Early and late vulval cancer recurrences: are they different?
Journal of Obstetrics and Gynaecology. 2016; 36: 518–521.

Volume 42, Number 4, 2021 671

https://clinicaltrials.gov/ct2/show/NCT03542214?term=NCT03542214&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03542214?term=NCT03542214&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03694080?term=NCT03694080&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03694080?term=NCT03694080&draw=2&rank=1


[19] Wallbillich J, Rhodes H, Milbourne AM, Munsell MF, Frumovitz
M, Brown J, et al. Vulvar intraepithelial neoplasia (VIN 2/3): com-
paring clinical outcomes and evaluating risk factors for recurrence.
Gynecologic Oncology. 2012; 127: 312–315.

[20] Yap JKW, O’Neill D, Nagenthiran S, Dawson CW, Luesley DM.
Current insights into the aetiology, pathobiology, and manage-
ment of local disease recurrence in squamous cell carcinoma of the
vulva. Journal of Obstetrics andGynaecology. 2017; 124: 946–954.

[21] Falk H,Matthiessen LW,Wooler G, Gehl J. Calcium electropora-
tion for treatment of cutaneous metastases; a randomized double-
blinded phase II study, comparing the effect of calcium electro-
poration with electrochemotherapy. Acta Oncologica. 2018; 57:
311–319.

[22] Frandsen SK, Gehl J. A Review on Differences in Effects on Nor-
mal and Malignant Cells and Tissues to Electroporation-Based
Therapies: a Focus on Calcium Electroporation. Technology in
Cancer Research Treatment. 2018; 17: 1–6.

[23] Frandsen SK, Kruger MB, Mangalanathan UM, Tramm T, Mah-
mood F, Novak I, et al. Normal and Malignant Cells Exhibit Dif-
ferential Responses to Calcium Electroporation. American Asso-
ciation for Cancer Research. 2017; 77: 4389–4401.

[24] Hoejholt KL,Mužić T, Jensen SD,Dalgaard LT, BilginM,Nyland-
sted J, et al. Calcium electroporation and electrochemotherapy for
cancer treatment: Importance of cell membrane composition in-
vestigated by lipidomics, calorimetry and in vitro efficacy. Scien-
tific Reports. 2019; 9: 1–12.

672 Volume 42, Number 4, 2021


	1. Introduction
	2. Materials and methods
	2.1 Patient cohort
	2.2 Calcium solution preparation
	2.3 Equipment layout
	2.4 Electroporation technique
	2.5 Follow up
	2.6 Case series
	2.7 Patient A
	2.8 Patient B
	2.9 Patient C
	2.10 Patient D
	2.11 Patient E
	2.12 Patient F

	3. Discussion
	3.1 Main findings
	3.2 Review
	3.3 Limitations 
	3.4 Strengths
	3.5 Future work

	4. Conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	References

