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Abstract

Objectives: To assess the safety and efficacy of percutaneous cryoablation (CA) of soft-tissue tumours [desmoid tumours (DTs), vascular
malformations (VMs), and abdominal wall endometriosis (AWE)].

Methods: This systematic review of studies published before January 2024 encompassed a detailed analysis of CA techniques and technical
aspects for the treatment of soft-tissue tumours. Data concerning CA efficacy, complication rates, and other relevant metrics were extracted
and included for analysis.

Results: The analysis included 27 studies totalling 554 CA procedures. For DT (13 studies, 393 sessions), CA showed an average pain reduction of 79
+17% (range: 57-100) and a lesion volume decrease of 71.5+9.8% (range: 44-97). VM (4 studies, 58 sessions) had a 100% technical success rate and
an average pain reduction of 72 £25% (range: 63-85). The average pain reduction for AWE (6 studies, 103 sessions) was 82 + 13% (range: 62-100).
Overall, the complication rate for CA was low, with minor adverse events (AEs) in about 20% of patients and major events in less than 5% of patients.

Conclusions: Showing substantial efficacy in pain reduction and lesion volume decrease, as well as low incidence of severe AE, CA presents

as a highly effective and safe alternative for the treatment of soft-tissue tumours.
Advances in knowledge: CA is effective and safe in treating soft-tissue tumours, particularly DT, VM, and AWE.
Keywords: cryoablation; desmoid tumour; vascular malformation; abdominal wall endometriosis; systematic review.

Introduction

Percutaneous image-guided ablations are increasingly used as
alternatives to surgery for various indications, particularly in
patients for whom surgery is contraindicated or considered
complex.! Percutaneous cryoablation (CA)—performed by
inserting cryoprobes into tissue under imaging guidance’—has
primarily concerned tumours of the liver, lung, prostate, breast,
and kidney.® However, study of CA’s application for the treat-
ment of soft-tissue tumours has increased in recent years."»>*°
CA works on the principle of freezing tissue to intracellularly in-
duce ice crystals and, in turn, cell death. Application of CA in
the soft tissue was developed because, unlike radiofrequency ab-
lation (RFA), high-intensity focussed ultrasound, laser, or mi-
crowave ablation, CA does not compromise fibrillar structures
like collagen. Collagen fibres consist of long, triple-helical pro-
tein strands that are less susceptible than cellular water content
to the formation of ice crystals during freezing. Cold exposure
can also slow nerve conduction, or the speed at which signals

travel along nerve fibres. Reducing nerve activity and dampen-
ing pain signals produces an anaesthetic effect, which improves
patient tolerance to the procedure and makes CA performance
possible under local anaesthesia."»>’ This literature review
aims to synthesize the use of CA technique for the treatment of
soft-tissue tumours, and examine its safety and efficacy.

Methods

A systematic review of soft-tissue tumour CA studies published
before January 2024 was performed. Registered under the num-
ber CRD42024505263 (PROSPERO), this review following
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 recommendations, which describes
an evidence-based minimum set of items for systematic review
reporting and diagnostic study meta-analyses.® This exploration
was organized into 3 pivotal categories, which are summarized
in Table 1. Figure 1 summarizes the study design, and Figure 2
shows the evolution of the number of publications per year.
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Identification of studies via PubMed (MEDLINE)
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Figure 1. Study design.
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Figure 2. Evolution of the number of publications per year.
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Results
Cryoablation of desmoid tumour

Thirteen studies specifically targeting CA for desmoid tu-
mour (DT) were examined, encompassing a total of 393 CA
sessions. Two of these studies were prospective, including 1
nonrandomized multicentric trial (Kurtz et al®). Three studies
compared CA to other treatments, including surgery, radio-
therapy, chemotherapy, and RFA (Mandel et al,” Colak et
al,'® de Bruyns et al''). The median number of patients
treated by CA in each cohort was 20, ranging from 5 to 84
patients. The median age of patients was 39 years, with ages
ranging from 9 to 80 years. The median follow-up period was
16.3 months, ranging from 3 months to 77 months.

Pain reduction, assessed in 5 studies, showed a significant
average decrease of 79 = 17% (ranging from 57% to 100%).
The average lesion volume decrease was approximately 71.5
+9.8% (ranging from 44% to 97%), while there was an aver-
age rate of complete response (CR) of approximately
26.33%, partial response (PR) of approximately 48.75%,
stable disease (SD) of approximately 29.4%, and an average
rate of disease progression of 7.7% (excluding salvage ther-
apy). The overall objective response rate was 80%.
Moreover, average rates of progression-free survival (PFS)/
disease-free survival (DFS) were 85.6% at 12months,
71.77% at 24 months, and 62.5% at 36 months. Colak et
al'® noted a lesion size reduction after 3 months common in
surgery and CA versus after medical therapy, RT, and RFA.

BJR, 2025, Volume 98, Issue 1170

Mandel et al” showed no difference in local recurrence-free
survival (LRFS) or disease control between CA and surgery.
Finally, de Bruyns et al'' noted a response rate of 80% for
CA versus 40% for surgery, and a disease control rate of
100% for CA versus 25% for surgery. The response rates
and disease control rates for RT were 68% and 96 %, respec-
tively; 31% and 67% for tamoxifen; and 53% and 80% for
chemotherapy.

Approximately 19.88% of patients experienced minor ad-
verse event (AE), which included oedema, temporary increase
in pain postprocedure, transient radial nerve palsy, and non-
severe postoperative hematomas. On the other hand, approx-
imately 4.85% of patients encountered major AEs, such as
skin necrosis, infection, brachial plexopathy, and neuro-
praxia, along with cases of palsy of the common fibular
nerve. Moreover, 2 studies compared CA and surgery (Colak
et al,'® Mandel et al®) and found a lower rate of AE in CA.
Figure 3 shows an example of CA treatment of DT. Table 2
summarizes the results of studies addressing CA of DT.

Cryoablation of vascular malformation

Four studies specifically targeting CA for vascular malforma-
tion (VM) were examined, encompassing a total of 58 CA
sessions. One was a prospective nonrandomized trial.>> The
size of patient cohorts varied, with a median of 12 partici-
pants ranging from 5 to 14. The median age of patients was

Figure 3. Thirty-three-year-old man with DT treated by CA (6 needles). (A) MRI showing the DT before treatment (arrow); (B) CT during ablation showing
the probe (thin arrow) and the ice ball (head arrows); (C) CT showing the DT at the end of the procedure (arrow); and (D) MRI showing the DT at 6-month

follow-up (arrow).
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Figure 4. Forty-five-year-old woman with VM treated by CA (2 needles). Images show (A) clinical aspects (black arrow); (B) US visualization; (C) MRI
visualization of the VM (arrow); (D) US control during ablation showing the ice ball (star); and (E) MRI follow-up at 4 years (arrow).

33.6years, ranging from 19 to 39.4 years. Follow-up periods
varied from 6 months to 4 years.

All the studies reported a technical success rate of 100%.
Pain reduction, assessed in 3 studies, showed a significant av-
erage decrease of approximately 72+25% (ranging from
63% to 85%). This pain reduction was measured using the
Numerical Rating Scale, which dropped from 3-10 to 0-3
(P <.01). Autrusseau et al*> noted instances of persistent or
recurrent pain linked to local residual or recurring disease,
which were completely managed with a second CA session.
The average lesion volume decrease was around 85% (rang-
ing from 76% to 93%), with a CR rate over 90% at
6 months. In their prospective trial, Cornelis et al** found a
clinical response in 12 out of 14 patients (85.7%) (95% CI,
57.2-98.2), and a mean visual analogue scale (VAS) at 7 days
after treatment of 28.7 = 22 mm, decreased by —13.8 £ 29 mm
compared to the preintervention rating. This was 18 + 18 mm
at 2months and 12+18mm at 6months (P=.002).
Moreover, the mean European Organization for Research
and Treatment of Cancer Core Quality of Life questionnaire
(EORTC QLQ-C30) for global health status was 62.5+20.3
(range 17-92) at 2 months after treatment and 75.6+17.2
(33-100) at 6 months post-CA, and physical functioning im-
proved in 9 patients at 6 months (69.2%). The mean EORTC
QLQ-C30 score for physical function was 78.3£21.3 (33-
100) at 2 months after treatment and 92.8 +11.7 (67-100) at

6 months posttreatment. These improvements were observed
particularly for everyday tasks (56.4+32.3 in mean before;
56.9+40.5 after 2months; and 76.9 =21 after 6 months).
The treatment effect was particularly evident in the mean
QLQ-C30 pain score (50 in mean before, 41.7 at 2 months,
and 26.9 at 6 months). In terms of safety, the studies gener-
ally reported minimal AE. However, Cornelis et al** noted 2
severe AE (grade 3), amounting to 14.3% of their study pop-
ulation, which included immediate sciatic paralysis and
delayed paraesthesia.

Figure 4 shows an example of VM treated by CA. Table 3
summarizes the results of studies addressing CA of VM.

Cryoablation of abdominal wall endometriosis

Six studies specifically targeting CA for abdominal wall endo-
metriosis (AWE) were examined, encompassing a total of 103
CA sessions. One of these also featured a comparative surgery
group. One prospective trial (CRYOENDOMET) was inter-
rupted due to the COVID-19 pandemic and incorporated into
the retrospective study of Najdawi et al.>® The patient cohorts
(treated by CA) varied in size, with a median of 12 participants,
ranging from 3 (in a case series) to 42. The median age of
patients was 36.9 years, consistent across all studies, ranging
from 34.5years to 40years. The follow-up durations ranged
from 6 months to nearly 2 years (22.5 months).
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Figure 5. Thirty-two-year-old woman with AWE treated by CA (1 needle). Images show (A) CT scan; (B) US; (C and D) MRI before treatment of the AWE
(arrow); (E) CT scan performed during the procedure showing the needle (thin arrow); and (F) MRI at 6-month follow-up.

All the studies showed a significant reduction in pain, with
a decrease in VAS scores from 5-9 to 0-5. Average pain re-
duction was 82+13% (ranging from 62% to 100%).
Additionally, Maillot et al*” found no significant difference
between CA and surgical treatment (P=.45). Five studies
assessed tumour response, demonstrating significant results
ranging from 72.2% to 100%. In a retrospective study of 42
treated patients, Najdawi et al*® found a median VAS score
before the procedure of 8/10 (IQR, 7-9), which dropped to 0/
10 (IQR, 0-1) at the last follow-up (Wilcoxon test P<.0001).
The median patient global impression of change score
recorded at the last follow-up was 1/7. The primary efficacy
rate of CA was 90.4% (38/42), and the secondary efficacy
rate was 97.6% (41/42). According to the Kaplan-Meier
method, the median pain-free survival rate was 93.8% (95%
Cl, 77.3-98.4) at 6 months, and 82.7% (58.8-93.5) at 12, 24,
and 36 months.

Regarding safety, the studies generally reported minimal
AE except for 1 study, which noted 2% severe AE.
Contrastingly, Maillot et al*” reported 23.1% severe AE with
surgery and 69.2% concerning aesthetics (P =.05). Figure 5
shows an example of AWE treated by CA. Table 4 summa-
rizes the results of studies addressing CA of AWE.

Other applications

Other soft-tissue tumours, including sarcomas, have become
targets for percutaneous CA.>? Indeed, some retrospective
studies have reported the effectiveness and safety of CA in
such cases.®>® Additionally, percutancous CA has shown effi-
cacy in addressing certain gynaecological diseases within the
pelvic region. In a systematic review, Moynagh et al** ob-
served that image-guided CA offers an alternative modality
to achieve local tumour control without the risks associated
with surgery or systemic treatment in appropriately selected
patients with retroperitoneal nodal metastases, pelvic side
wall disease, and vaginal or vulvar tumours. Protective
manoeuvres, such as hydrodisplacement of the bowel, neuro-
monitoring, and retrograde pyeloperfusion via ureteral stents,
can enable safe ablation despite close proximity to vulnerable

nerves or organs. Further, Ahmed et al*’ reported an early
experience with percutaneous US-guided CA to treat painful
plantar fibromas, suggesting it to be a safe and effective treat-
ment option with early and near-complete symptom
improvement.

While interest in percutaneous CA for various other soft-
tissue tumours has grown, the existing literature consists pri-
marily of a few isolated publications. There is not a substantial
volume of research to enable comprehensive literature review or
meta-analysis. The available studies provide some valuable
insights, but more extensive research is needed for a thor-
ough assessment.

Discussion

This review evaluates the clinical outcomes of CA in soft-
tissue tumours, particularly VM, DT, and AWE, based on an
analysis of 24 pertinent studies published before January
2024 and encompassing 554 CA sessions. Quantitative data
assessment of CA’s efficacy and AE in these tumour types
were derived through meta-analysis. In terms of efficacy, CA
treatment of DT exhibited significant benefits, including an
average 79 = 17% pain reduction and a 71.5 =+ 9.8% decrease
in lesion volume. This aligns with existing literature,®® which
reports a PFS rate of 84.5% at 1year and 78.0% for 3 years.
Comparatively, the local control rate of surgical resection
fluctuates between 47% and 86%, with RO resections achiev-
ing slightly higher rates of 68%-86%.>"" RT has a success
rate ranging from 65% to 83%.*>*" A 100% technical suc-
cess rate was noted in VM treated with CA, alongside an av-
erage 79=17% reduction in pain and a decrease in lesion
volume of approximately 85%. These outcomes are compa-
rable to sclerotherapy, which is effective in 71%-100% of
cases, and RFA, which shows significant resolution of
symptoms in 62%-100% of patients. However, this alterna-
tive percutaneous treatment for VM remains limited.?>** For
AWE, CA showed a significant average pain reduction of 82
+13%. Hormonal therapy and surgical interventions are typ-
ically the primary treatments for AWE,*® but their effective-
ness (especially hormonal treatment) is limited in advanced
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cases’® and offers only temporary symptom relief.*’
Moreover, surgical treatment of AWE requires thorough re-
moval of endometriotic lesions with clean margins, while not
breaking the lesion or spreading microscopic pieces of endo-
metrial tissue.*® The widespread nature of AWE makes com-
plete lesion removal difficult, particularly when they are
numerous. Consequently, the postsurgery AWE recurrence
rate is approximately 4.3%.*’ Recurrence risk factors include
lesion size and reach, and the involvement of certain muscles
or the peritoneum.*’

Regarding AEs, CA-associated complications were gener-
ally minor, affecting approximately 20% of patients. Severe
cases were noted in less than 5% of cases, which is consistent
with the literature and comparable to other therapies. Bates
et al’ reported a 37% incidence of grade 3 or higher toxicity
in patients whose DT was treated with RT. The major com-
plication rate after open surgery was 6.2%, with a 60%
chance of achieving an RO margin.>' Systemic therapies are
often associated with bone marrow toxicity, neutropenia,
and peripheral neuropathy.’* A national phase II trial®?
revealed that imatinib treatment for unresectable or progres-
sive symptomatic DT leads to major complications in 45% of
cases. In VM, a meta-analysis of over 700 patients treated for
sclerotherapy reported a 34% rate of undesirable effects,
with 16% being severe AEs.’* The ability of CA to ablate
both venous malformations and surrounding tissues—which
leads to immediate disruption of the tissue structure and cel-
lular damage’*—has made CA the first-line treatment when a
tissular portion is predominant on preoperative imaging.*>>>°
However, Cornelis et al*> showed CA to demonstrate a
higher overall rate of AE (78.6%) compared to sclerotherapy,
albeit mostly low rate. These AE could be controlled with the
use of short prescriptions of steroid drugs, protective dissec-
tion, or a minimal distance of CA § mm from the skin and
3mm from the nerves.”” Hormonal therapy of AWE entails
various side effects, including irregular bleeding, breast sore-
ness, nausea, bloating, weight gain, hair loss, headaches, de-
pression, anxiety, decrease in bone density, and a higher risk
of osteoporosis after prolonged use.*” Besides the general sur-
gical risks of bleeding, infection, and nerve damage, there are
specific complications in abdominal wall surgery, such as
reactions to foreign substances, mesh displacement, and the
possibility of hernia development.*” Wide resection, which
includes the removal of 5 mm to 10 mm of healthy tissue sur-
rounding the lesion, can have its own negative impacts.*®

This literature review acknowledges limitations due to its reli-
ance on small, single-institution cohort studies with varying
follow-up periods. The scarcity of randomized controlled trials
in this field is evident, with CRYODESMO-01® being the only
prospective trial evaluating CA for DT, CRYOMAV?* for
VM, and CRYOENDOMET for AWE (stopped due to the
COVID-19 pandemic and incorporated into Najdawi et al*®).
Additional prospective, randomized, controlled, well-powered
trials with more extended follow-up are needed to assess opti-
mal therapeutic management of soft-tissue tumours. These must
include comparison of minimally invasive procedures against or
in combination with current medical, surgical, and radiation
therapeutic measures. Unfortunately, the rarity of soft-tissue
tumours may impede trial establishment and recruitment, often
resulting in institution-specific treatment protocols. Moreover,
regarding VM, the heterogeneity and paucity of data regarding
the sequence of therapy lines in their treatment restricted the
ability to conclusively discuss the use of treatments as first,

BJR, 2025, Volume 98, Issue 1170

second, or subsequent line therapies and should be considered
when interpreting our findings. Finally, cost analysis was not in-
cluded in this review, however Narvaez et al*® observed that the
total cost for percutaneous CA (€5774.78/patient a year) was
lower than conventional surgery (€6780.98/patient a year), sug-
gesting potential cost-effectiveness.

In summary, CA is an effective, minimally invasive option
for treatment of soft-tissue tumours, including DT, VM, and
AWE. CA shows notable efficacy in pain reduction and lesion
size decrease with fewer severe AE compared to conventional
therapies. Nonetheless, the limited scale and lack of random-
ized trials in existing CA research necessitate further in-depth
studies to comprehensively evaluate the clinical benefits and
safety of CA for soft-tissue tumour treatment.
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