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TECHNICAL NOTE
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ABSTRACT

Bone metastases are common in advanced solid tumors and often require local control strategies
in addition to systemic therapy. Although thermal ablation is an established method for selected
lesions, its use may be limited in anatomically complex or heat-sensitive locations. Irreversible elec-
troporation, a non-thermal ablative technique widely used in visceral oncology, has not yet been
reported for the treatment of bone metastases.
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one metastases are a frequent and challenging complication of advanced malignancies,

particularly in patients with breast, prostate, or lung cancer. These lesions often cause

severe pain, impaired mobility, and pathological fractures, considerably reducing pa-
tients’ quality of life and functional autonomy. In the multidisciplinary management of such
patients, local tumor control remains a key objective, especially for symptomatic, progressive,
or weight-bearing lesions.

Traditional local therapies include external beam radiotherapy, surgical stabilization, and
image-guided percutaneous ablation. Among these, thermal ablation methods-radiofre-
quency ablation (RFA), microwave ablation (MWA), and cryoablation—-have been widely adopt-
ed due to their efficacy, minimal invasiveness, and rapid recovery profiles. These techniques
are recommended by current practice guidelines for treating painful or oligometastatic bone
lesions and are particularly useful when systemic options are exhausted or contraindicated.'?

However, thermal ablation has important limitations. It is contraindicated in anatomical
regions where adjacent critical structures—such as nerves, vessels, hollow organs, or joint cap-
sules-are susceptible to thermal injury. The anterior pelvic ring, sacrum, spine, and skull base
are examples of areas where thermal techniques pose a substantial risk of collateral damage.
Moreover, thermal spread can be difficult to control, especially in heterogeneous or poorly
vascularized tissues such as bone.

In this context, irreversible electroporation (IRE) represents a promising alternative. It is
a non-thermal technique that induces apoptosis by delivering high-voltage electric pulses
across cell membranes, creating permanent nanopores that disrupt cellular homeostasis.>*
Its primary advantage lies in the preservation of the extracellular matrix and surrounding
connective tissues. Unlike thermal energy, electrical fields do not denature collagen, elastin,
or basement membranes, enabling tumor ablation near neurovascular bundles or urogenital
organs with a reduced risk of collateral injury.®

IRE has already been validated in visceral oncology, particularly for pancreatic, hepatic, and
renal tumors located in anatomically complex regions. Despite these promising applications,
its use in the treatment of bone metastases has not been previously reported.
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In this case, the lesion’s proximity to the
urethra and pubic symphysis rendered it un-
suitable for thermal techniques. The proce-
dure demonstrated technical feasibility, safe-
ty, and early oncologic efficacy, supporting
the potential role of IRE in musculoskeletal
oncology.

Technique

A 55-year-old woman presented with a
history of hormone receptor-positive, human
epidermal growth factor receptor 2-negative
breast cancer, diagnosed in 2013 and initially
managed with radical mastectomy, axillary
dissection, adjuvant chemotherapy, radio-
therapy, and long-term endocrine therapy.
She later developed widespread osseous
metastatic disease, managed palliatively
with capecitabine.

During restaging, pelvic magnetic res-
onance imaging revealed a 21 mm osteo-
lytic lesion in the right pubic bone. Fluo-
rodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/
CT) showed intense uptake, confirming the
lesion’s metabolic activity. The tumor was
located in immediate proximity to the distal
urethra and the anterior capsule of the pu-
bic symphysis. Due to these anatomical con-
straints, further thermal ablation (previously
attempted at another site) was contraindi-
cated (Figure 1).

The patient was referred for percutaneous
ablation and, after interdisciplinary tumor

* This is the first reported clinical case of ir-
reversible electroporation (IRE) applied to
a bone metastasis, specifically in the pubic
bone.

* IRE enabled safe and effective ablation in an
anatomically complex site where thermal
techniques were contraindicated due to
proximity to critical structures such as the
distal urethra and pubic symphysis.

* The procedure was technically successful
and well-tolerated, with no peri-procedural
complications and complete metabolic re-
sponse on positron emission tomography/
computed tomography at 3-month fol-
low-up.

* IRE preserved surrounding connective and
neurovascular tissues, demonstrating its
potential advantage in musculoskeletal on-
cology for lesions near heat-sensitive areas.

* This pioneering case provides proof-of-con-
cept for the use of IRE in skeletal tumors and
highlights the need for further clinical inves-
tigation and protocol development.

Figure 1. (a) Axial fat-suppressed T2-weighted (DP-FS) MRI of the pelvis demonstrating a hyperintense
osteolytic lesion (yellow arrow) involving the right pubic bone. The anatomical relationship to adjacent
critical structures, including the urethra (red arrow) and pubic symphysis (green arrow), was a key factor in
selecting a non-thermal ablation approach (IRE). (b) Axial fused PET/CT image of the pelvis showing intense
FDG uptake in a lytic lesion of the right pubic bone, consistent with metabolically active bone metastasis.
DP-FS, dual phase fat suppression; IRE, irreversible electroporation; PET/CT, positron emission tomography/
computed tomography; FDG, fluorodeoxyglucose; MRI, magnetic resonance imaging.

board discussion, was selected for CT-guided
IRE as a non-thermal, structurally preserving
approach.

The pubic metastasis was selected for
treatment due to intense localized pain that
severely impaired ambulation and its close
proximity to the urethra, which posed a risk
of urinary obstruction and functional decline.

Radiotherapy was excluded following a
multidisciplinary team consensus evaluation
due to the anatomical proximity of critical
structures and the associated risk of collateral
damage. Surgical resection was not indicated
given the patient’s advanced disease burden
and limited functional reserve.

All procedures performed in studies in-
volving human participants were in accor-
dance with the ethical standards of the insti-
tutional and/or national research committee
and with the 1964 Helsinki declaration and
its later amendments or comparable ethical
standards. Written informed consent was
obtained for both the procedure and publi-
cation of data.

The patient was positioned supine on the
CT table, with slight abduction of the legs to
optimize access to the anterior pelvic region.
General anesthesia was induced to ensure
complete immobility during pulse delivery
and to minimize discomfort. Electrocar-
diogram gating was employed to synchro-
nize electrical pulses with the cardiac cycle
(R-wave), minimizing the risk of arrhythmia
during high-voltage delivery.
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A contrast-enhanced pelvic CT was ob-
tained to delineate tumor margins, measure
safe access corridors, and plan the needle
trajectory. The target lesion extended into
both the cortical and medullary components
of the right pubic bone and was in direct
contact with the distal urethra.

Access was obtained via a percutaneous
transosseous route using two Bonopty® (Ap-
riomed, Upsala, Sweden) biopsy systems. The
systems were drilled into the anterior corti-
cal bone under CT guidance, creating stable
channels for subsequent electrode insertion.

Two 19-gauge monopolar IRE electrodes
(NanoKnife®, AngioDynamics®) were in-
serted through the coaxial access. The elec-
trodes were positioned in parallel, flanking
the lesion with an inter-electrode distance of
1.0-2.2 cm, adjusted according to lesion size
and geometry. Positioning was confirmed in
axial, coronal, and sagittal CT planes (Figure
2).

A test phase with 20 low-voltage pulses
was performed to assess impedance. After
confirming acceptable impedance (<1,500
ohms), full ablation was conducted with 70
pulses at 1,500 V/cm, 90-microsecond pulse
duration, and a frequency of 1 Hz.

The electrode exposure length was 15
mm, and no pullbacks or repeat ablations
were necessary.

Following ablation, a CT scan was ac-
quired to exclude complications such as
hemorrhage, pneumoperitoneum, or injury
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to adjacent organs. The patient awoke from
anesthesia without complications or pain
and was discharged the following day.

At 3-month follow-up, whole-body PET/
CT showed complete metabolic response
with no residual FDG uptake in the treated
area (Figure 3). The patient reported a base-
line visual analog scale pain score of 7/10,
which improved to 2/10 at 48 hours post-pro-
cedure and 0/10 at 3-month follow-up, with
preserved mobility and no new symptoms
related to the ablation.

No delayed complications or local recur-
rence were identified, confirming both the
safety and early efficacy of the procedure.

Two supporting procedural videos are
available: Supplementary Video 1 illus-
trates transosseous CT-guided cannula
placement and electrode deployment;
Supplementary Video 2 demonstrates re-
al-time pulse delivery using the IRE system
interface.

Discussion

This case represents a pioneering applica-
tion of IRE in the field of musculoskeletal in-
terventional oncology. Pubic metastasis was
prioritized due to its symptomatic burden,
risk of functional compromise, and accessi-
bility for safe percutaneous intervention.

The successful ablation of a pubic bone
metastasis without thermal damage to adja-
cent urogenital structures highlights several
important technical and clinical consider-
ations.

First, IRE's non-thermal mechanism makes
it particularly valuable in regions where heat
or cold could cause unacceptable damage.
The preservation of connective tissue, vascu-
lature, and neural structures is a unique fea-
ture not shared by any other ablation modali-
ty.3*In the pelvis, this translates into potential
applications near the bladder, urethra, sacral
plexus, or neurovascular bundles—areas com-
monly involved by metastatic disease.

Second, the centripetal geometry of IRE
allows for the precise definition of the ab-
lation zone. Unlike the radial energy propa-
gation of thermal techniques, IRE confines
ablation to the area between the electrodes,
enabling better control in irregular or con-
strained anatomical regions.*

Third, the mechanical integrity of bone
may be better preserved with IRE compared
with thermal methods. Although RFA and
MWA are known to affect trabecular struc-

ture and increase fracture risk, IRE preserves
bone scaffolding,® potentially reducing the
need for cementoplasty or other reinforce-
ment procedures.

Preclinical studies have shown some risk
of nerve injury with IRE-particularly in spinal
or paraspinal locations-but also evidence
of subsequent axonal regeneration.” In our
case, no neurological symptoms were ob-
served post-procedurally; however, caution
is warranted when planning procedures near
major nerves.

Another interesting aspect is IRE's im-
munogenic potential. Several studies have
shown that IRE-induced cell death may pro-
mote antigen presentation and immune ac-
tivation, supporting possible synergy with
immunotherapy or immune-modulating
agents.’” This could be especially valuable in
metastatic disease, where systemic control is
also desired.

Although one case of IRE for a primary
malignant bone tumor (Ewing sarcoma) has
been reported, to our knowledge, this rep-

resents the first clinical application of IRE for

Figure 2. (a) Intraoperative view of the sterile setup showing the insertion of two Bonopty® 12-gauge coaxial
bone access cannulae (Primed®) for a transosseous approach to the right pubic bone under CT guidance. (b)
Intraoperative view showing coaxial insertion of the 19-gauge Nanoknife® IRE electrodes (AngioDynamics®)
through the Bonopty® bone access cannulae. (c) Axial MIP reconstruction showing aligned placement of
the right-sided 19-gauge IRE electrode targeting the osteolytic metastasis. (d) Coronal CT reconstruction
demonstrating that the two IRE electrodes are positioned at an appropriate distance from each other,
ensuring correct inter-electrode spacing for optimal electric field distribution. CT, computed tomography;
IRE, irreversible electroporation; MIP, maximum intensity projection.

Figure 3. Axial fused PET/CT image obtained 3 months after IRE treatment showing complete metabolic
response of the previously treated pubic bone metastasis. No residual FDG uptake is observed at the
ablation site, consistent with successful local tumor control. PET/CT, positron emission tomography/
computed tomography; IRE, irreversible electroporation; FDG, fluorodeoxyglucose.
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a metastatic bone lesion.? This distinction is
important in terms of anatomical context,
procedural planning, and therapeutic intent.

However, large-scale data are lacking, and
this application remains investigational.

In conclusion, standardization is urgently
needed for musculoskeletal IRE procedures,
including optimal electrode design, energy
delivery parameters, patient selection, and
integration with other therapies. Prospective
multicenter registries or trials would help de-
fine long-term outcomes and safety profiles.
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Supplementary Video 1. Axial CT-guided procedure showing percutaneous insertion of irreversible electroporation electrodes into a lytic pubic bone
lesion. Accurate intralesional positioning is confirmed by sequential axial imaging prior to electrical pulse delivery. CT, computed tomography.

Supplementary Video 2. Irreversible electroporation procedure: visualization of electrical pulse delivery with electrodes already positioned within the pubic
lesion. Muscle contractions (involuntary spasms) induced by irreversible electroporation are clearly visible during pulse application.
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