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Summary
Sarcomas arise from uncontrolled cell growth in tissues of
mesodermal origins, such as connective tissue, bone, cartilage, fat or muscle. Surgical resection is still considered the
cornerstone in the treatment of sarcomas. However, in many
cases where tumor is adjacent to vital structures like major
vessels, other treatment modalities may be implemented. Irreversible electroporation (IRE), a new form of ablative technique has been introduced lately in the treatment of several
types of sarcomas. Irreversible electroporation has shown
promising results and survival improvement in primarily
inoperable solid tumors and locally advanced cancers, in-

cluding prostate, kidney, liver, bone and pancreatic cancers
in close proximity to important structures. The aim of this
review was to sum up the current knowledge and the future
perspectives of the usage of IRE in the management of sarcomas. Our study indicates that IRE could possibly represent
a potential therapeutic option in patients with advanced or
metastatic sarcoma, when surgery is not indicated.
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Introduction
Sarcoma is a type of malignancy that arises
from uncontrolled cell growth in tissues of mesodermal origins, such as connective tissue, bone,
cartilage, fat or muscle. There are around 100 different subtypes of sarcoma that can be classified
into three broad groups: soft tissue sarcoma, primary bone sarcoma, and gastro-intestinal stromal
tumors. Surgery is considered the cornerstone in
the treatment of sarcomas.
However, in a significant amount of cases, the
close proximity of the tumor to important vital
structures limits the treatment options as far as
surgical treatment is concerned [1]. In such complicated cases, various different modalities have been
tested in order to find the best treatment option.
Radiofrequency ablation (RFA) is implemented in
many cases, especially in colorectal liver metasta-

ses and other liver malignant lesions, as well as in
cases of sarcomas. However, the heat dissipation
that is generated by RFA adjacent to important vital
structures (e.g. organs, blood vessels, nerves, bile
ducts) limits its use [2]. Irreversible electroporation (IRE), a new form of ablative technique, has
been introduced lately in the treatment of several
types of sarcomas. IRE is a non-thermal ablation
technique, based on the transmission of short direct current pulses through the tumor via needles,
leading to apoptosis due to irreversible change in
cell membrane integrity. IRE has shown promising results and survival improvement in primarily inoperable solid tumors and locally advanced
cancers, including prostate, kidney, liver, bone and
pancreatic cancers in close proximity to important
structures [3,4].

Corresponding author: Michail Vailas, MD, Pharm D. Aristeidou 69 street, Kallithea, 17671, Athens, Greece
Tel: +30 6976815514, Email: mike_vailas@yahoo.com
Received: 05/11/2018, Accepted: 22/12/2018

This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.

Irreversible electroporation in sarcomas

IRE has not been established yet as an ablative
technique for the management of sarcomas and the
majority of the reports in the literature consist of
case reports and experimental trials in animals.
The aim of this review was to sum up the current
knowledge and the future perspectives of the usage
of IRE in the management of sarcomas.

Principles of IRE
IRE is based on electric pulses that create defects in cell membrane (nano-pores) that are spread
to the whole plasma membrane, disrupting the cell
homeostasis and causing programmed cell death
[5]. To achieve this effect, adjustable needle electrodes (18G) are placed around the targeted tumor, usually using ultrasound (US) or computed
tomography (CT). The transmembrane potential is
altered by microsecond electrical fields generated
by those electrodes. Irreversible ablation depends
on the proper setting of parameters such as the
modifiable altitude, shape, duration, number and
frequency of applied pulses [6]. Probes need to be
placed in parallel, with the same depth, 1.7-1.8 cm
apart to have the maximum ablative efficacy. Duration depends on the number of the probes that are
used and treatment duration between each pair of
probes takes approximately 5-10 min. 4-5 probes
are recommended for tumors up to 3 cm and more
probes for larger lesions. A limitation of the procedure is the requirement of sinus rhythm since the
device could not synchronise with the heart rate,
it will not function [7].
The main advantages of IRE is, firstly, the
characteristic of being nearly non-thermal, not affecting the blood flow, the efficacy contiguous to
blood vessels through the “heat sink effect” [8] and
the fact that not it does not prohibit the application near heat-sensitive structures such as bile
ducts, nerves or intestinal loops [7]. Secondly, as
being a locoregional therapy, IRE achieves precise
ablation of the tumor with a peritumoral safety
margin, preserving the healthy surrounding, vital
structures and minimizing the treatment related
complications [7,9]. The major tissue vasculature
is preserved while the treated regions exhibit lesion resolution leaving the extracellular matrix and
structures available for regeneration of the region
with healthy cells and tissue [10]. The affected areas are determined by the electric field produced by
the pulses to which the tissue is exposed and can
be predicted through numerical modeling [11].
The long-term effects of IRE in a large animal
model demonstrated that mathematical modeling
of electrical and thermal fields is critical in designing IRE ablation, thermal effects are not induced
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even though the electrical parameters used are
above those used in reversible electroporation,
and also that through IRE ablation only the cell
membrane is affected and connective tissues are
spared [12]. Especially as far as sarcomas are concerned, Al-Sakere et al. [13] studied the immune
cell recruitment by immunohistochemistry during
their treatment with IRE. They reported that no
infiltration of immune cells was found, probably
because of the destruction of infiltration routes.
The immune response is not instrumental in IRE
efficacy and, as there is no increase in the immune
cells during IRE ablation, the immune system is
not needed for the tumor ablation with this technique. Other factors such as the patient’s reaction
to the procedure itself have to be considered, but
IRE is a viable option to consider within the choice
of treatments for immunosuppressed cancer patients [13].

IRE & bone sarcomas
Ewing’s sarcoma
Ewing’s sarcoma is the second most common
bone cancer with a higher incidence in the second decade of life, most commonly presented on
long bones and the pelvis. Frequent metastases
involve lung and liver [14]. Of the patients, 25%
present with upfront clinical metastatic disease,
while subclinical microscopic widespread disease
at the time of diagnosis is present in 80-90% of
the patients [15]. Local control of the tumor is
the standard therapy which can be achieved by
induction of chemotherapy followed by surgery,
radiation or both. Resection of the tumor is usually performed, if possible, in relation of the tumor
location and the ability to obtain negative surgical margins. Radiotherapy is indicated for patients
where surgery would cause excess morbidity or
positive surgical margins [16]. If the location of the
tumor is near vital blood vessels, nerve plexuses
or other vital structures, surgery or radiation may
not be indicated. Steinbrecher et al. [17] proposed
IRE ablation for those patients as a feasible option
for local control. In fact, they used IRE to ablate a
recurrent sacral Ewing’s sarcoma lesion that was
surgically unresectable and proton irradiation of
the pelvis was considered too risky. The patient
was 9-year-old in whom the proximity of the lesion with the sacral nerve plexus would increase
the risk of paralysis with any other treatment option. After 4 cycles of chemotherapy with no tumor
response the patient successfully underwent IRE
following the fifth cycle of chemotherapy with five
1.1-gauge coaxial trans-osseous needles, that were
JBUON 2019; 24(4): 1355
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placed under CT guidance into the target area. No
complications were reported during and after the
procedure. Follow-up imaging showed a complete
radiologic response, the patient was able to proceed
with autologous stem cell cell transplantation and
three years later, the patient remained in complete
clinical remission [17].
Osteosarcoma
Osteosarcoma is the most common bone tumor with the lung being the most common site
of metastasis. Approximately 20% of the patients
have metastatic disease at the time of diagnosis
[18]. Therapeutic strategies include chemotherapy
(doxorubicin, cisplatin) and surgical resection of
both primary and metastatic lesions with a 5-year
overall survival of nonmetastatic disease reaching
75% and of lung metastatic disease reaching 50%
[19]. The standard treatment of lung metastasectomy with or without chemotherapy is associated
with short and long-term morbidity including pain
immediately after the operation, chronic pain, decreased lung function and inferior quality of life,
highlighting the need of introducing new less invasive techniques for the management of metastatic
osteosarcomas [20]. Harris et al. [20] used IRE to
ablate ex vivo a lung metastasis from femur osteosarcoma in a 12-year-old patient. They found that
the optimal voltage to achieve an effective ablation
was higher than normal due to the aeration of the
lung parenchyma (2200kV with the default voltage
being 1800 kV). The probes were placed 1.2 cm
apart on either side of the lesion and a total of 100
pulses with a pulse width of 90 ms were delivered.
Areas of fibrosis and evidence of edema and intraalveolar hemorrhage both within the tumor cells
and the surrounding lung parenchyma were found.
They concluded that IRE in unresectable metastatic
osteosarcomas of the lung may be feasible and effective in non-bulky tumors, using greater voltage
to achieve appropriate current draw due to the
aeration of the lungs and the penetration through
osteoid material, with maintenance of bronchovascular architecture, despite the risk of pneumothorax associated with percutaneous ablation [20].
Histiocytic sarcoma
A novel and pioneering case report by Neal et
al. in 2011 [21] introduced and encouraged the use
of IRE ablation in soft-tissue malignancies. More
specifically, a 7-year-old female canine patient
underwent IRE ablation for the treatment of a focal histiocytic sarcoma of the coxofemoral joint,
encompassing bone, muscle, femoral arteries and
the sciatic nerve. This was achieved by: 1) tumor
JBUON 2019; 24(4): 1356

and electrodes reconstruction with a creation of
a three-dimensional geometric representation of
the tumor and the electrodes within a software for
representation of their size relative to the tumor
for deciding the appropriate depth and angle before
treatment; 2) numerical modeling for deciding the
electric field distribution by solving the Laplace
equation; 3) neuromuscular paralytic to prevent
depolarization of the muscles and insertion of the
3 electrodes according to the treatment plan with
their placement checked by CT-guidance; 4) pulse
application using 80 pulses, each 80 μs long at a
rate of 90 pulses per min; 5) electrode withdrawal
technique for the final treatment plan with pulses
applied at a new depth. Withdrawal technique has
the benefit of reducing the number of electrode insertions and killing cancer cells preventing seeding
along the needle tracks. Contrast-enhanced CT and
histopathology showed complete tumor ablation
after 6 months. This result suggested that IRE ablation was feasible and safe for soft-tissue sarcoma.

IRE & Soft-tissue sarcomas
In 2012, Usman et al. [22] reported a case of IRE
of lung metastatic lesion of synovial cell sarcoma
in a young male patient. Particularly, seven years
after surgical treatment of synovial cell sarcoma
of the thigh, the patient presented with pulmonary
metastases for which cryoablation was performed.
However, one of the lesions was located close to
the right hilum, precluding the use of ablation, due
its close proximity to important structures. Subsequently, the patient underwent CT-guided IRE
of the metastatic lesion, using three IRE probes in
a triangular pattern in 1.5 and 2.0 cm of distance.
Ninety pulses were delivered with 2800 volts of
maximum voltage. The procedure was uneventful,
however, in six-month follow-up, the lesion showed
progression.
In 2017, Qin et al. [23] reported the use of
IRE for recurrence of retroperitoneal fibrous sarcoma of a 7.5 cm in maximum diameter mass in a
74-year-old woman. Preoperative CT scan showed
that the mass was located near to inferior vena
cava, portal triad, head of the pancreas and the
left hepatic lobe. The authors decided to perform
a 4-target strategy in order to limit the number of
electrodes being used. In the first target section,
under CT and ultrasound-guidance, two probes of
15 cm in length with 2 cm of active length were
placed in a 2 cm distance. The voltage-to-distance
ratio was 1500V/cm with delivery of 90 pulses. In
the end, using 1300V/cm voltage they performed
overlapping ablation, by pulling back 1 cm each
electrode. Likewise, placing the two electrodes
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in a 2 cm-distance to the right, the second target
section was then followed. In addition to the first
section, the overlapping ablation was performed
by pulling back 1.2 cm the electrodes without
further information. Consequently, the third and
fourth target sections were performed, using the
same parameters. Immediately postoperatively, a
CT scan was performed, showing a hypodense ablation zone containing gas bubbles, with no evidence
of procedure-related complications. The recovery
was uneventful, and the patient was discharged
from the hospital on the fourth postoperative day
(POD). On the 2-month follow-up, CT scan indicated
complete response of the tumor with the size of the
mass reduced to 5.2 cm in maximum diameter.

Discussion
Sarcomas can be classified into three types
based on their origin: soft tissue sarcomas, primary bone sarcomas and gastro-intestinal stromal
tumors.
Bone sarcomas are usually classified according
to the type of matrix production; osteoid-producing
sarcomas are classified as osteosarcomas, while
chondoid-producing sarcomas are classified as
chondrosarcomas. Each of these malignant diseases has unique features and characteristics regarding prognosis, biological behavior and treatment.
Multidisciplinary approach of sarcomas is necessary, as single-treatment of any kind, including
chemotherapy, radiotherapy or immunotherapy, is
linked with increased recurrence rate [24].
Soft tissue sarcomas (STS) are rare types of
cancer of mesenchymal origin that constitute 1-2%
of all solid tumors. The reported incidence rates
range from 1.8-5 cases per 100,000 population per
year. STS represent a wide spectrum of tumors of
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various biologic behaviors, posing a real challenge
to surgeons nowadays. Approximately 40% of STS
occur in the extremities, 10% in the trunk, 16% in
the retroperitoneum/abdominal cavity, 22% in the
viscera, and 12% in other sites, including the head
and neck [25].
Surgery is the main treatment option in the
management of sarcomas. R0 resection is considered the gold-standard for the appropriate management of these tumors. Chemotherapy, radiotherapy
or both along with surgical resection can be used
for the local and systemic control of the disease
[16,19]. With the exception of surgical resection,
current adjuvant therapies such as chemotherapy,
radiotherapy and immunotherapy are accompanied with high rate of recurrence. While surgery
remains the gold standard of treatment for STS and
bone sarcomas, in a significant percent of cases
the close proximity of the tumor to important vital structures precludes the possibility of surgical
resection. Therefore, as an alternative to surgery,
new therapeutic less invasive strategies have been
developed.
Lately, RFA has been used as an ablative technique in sarcoma cases. Few recent studies included small cohorts of patients with metastatic
sarcoma, establishing the safety and feasibility
of RFA in metastatic lesions [26-29]. In addition,
two small series were published outlining the outcomes and survival rates for patients with lung
metastases from sarcoma [30,31]. Nakamura et al.
[30] reported their experience with RFA ablation of
lung metastases from musculoskeletal sarcomas in
20 patients, while Palussiere et al. [31] published
the results in a single-center study in 29 patients
with sarcoma lung metastases treated with percutaneous RFA ablation. RFA offered a complete tumor necrosis to 59-91% of the tumors [26,29] with

Table 1. IRE in sarcoma cases
First author
[REF]

Year

Sarcoma

Initial treatment

Guidance

Overlapping
ablation

Complications

Long-term
results

Neal et al.
[21]

2010

Focal histiocytic sarcoma

IRE

CT

yes

no

6 months
disease free

Usman et al.
[22]

2012

Lung metastatic lesion of
synovial cell sarcoma

Resection

CT

N/A

no

recurrence
after 6 months

Steinbrecher
et al. [17]

2016

Ewing’s sarcoma

Chemotherapy

CT

N/A

no

3 years
disease free

Harris et al.
[20]

2016

Lung metastasis of femur
osteosarcoma

Resection

Ex vivo

N/A

-

8 months
disease free

Qin et al.
[23]

2017

Retroperitoneal fibrous
sarcoma

Resection

CT

yes

no

2 months
disease free
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an overall complication rate of 76% [29] involving
pneumothorax (68-100%) [28,31], chest tube impulsion (17-38%) [28,30], pleural effusions (15-17%)
[27,28] and lung abscess and hemothorax (1.9%)
[29]. Of the tumors, 25-64% enlarged during the
first month follow-up [5,6], while 1- and 3- year survival rates were 58-92% and 29-65% respectively
[30,31].
As far as IRE is concerned, since there are not
many patients with sarcomas who have been treated with IRE, a safe conclusion cannot be reached
but the results are promising, regarding remission
[17,21,32,33] and complications. Table 1 summarizes the current available data. More patients treated
with IRE are needed so that rates of survival, remission and complications could safely be evaluated , but current data suggest that IRE is a safe
and effective way to manage sarcomas in selected
patients so far.

Conclusion
Owing to the complexity and variability of sarcomas, a multidisciplinary approach is imperative
in order to develop an appropriate treatment plan
for such tumors. The median overall survival for
patients with advanced or metastatic sarcoma is
approximately 12 months and has remained unchanged during the last 20 years. IRE could possibly represent a potential therapeutic option in
patients with advanced or metastatic sarcoma,
when surgery is not indicated. In the absence of
any randomized trial, our review of reported outcomes sums up the current knowledge of the usage
of IRE in the management of sarcomas.
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