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Abstract

Background This pilot prospective study aimed to evaluate ultrasound-guided cryoablation of breast cancer (BC) by
assessing: (i) technical efficacy as the presence of necrosis in surgical specimens and rate of complete tumor ablation;
(ii) safety as incidence and severity of complications; and (iii) patients’ satisfaction using a dedicated questionnaire. In
addition, (iv) we tested the capability of magnetic resonance imaging (MRI) or contrast-enhanced mammography
(CEM) to predict cryoablation efficacy.

Methods From 07/2022 to 01/2023, we enrolled 20 patients with early-stage BC scheduled for breast surgery. Ten of
them, with a cryo-feasible cancer location, were sent to cryoablation (cryo-group) and ten to routine surgical practice
(control group). Both groups underwent surgery and were asked to answer a satisfaction questionnaire.

Results Of eleven patients screened for cryoablation, only one refused to be treated at another hospital (acceptance
rate 10/11, 91%). Surgery was quadrantectomy in 19 cases and mastectomy in 1. In the cryo-group, the procedure was
completed and steatonecrosis was observed in 10/10 cases, with complete tumor ablation in nine of them. The post-
procedural status was evaluated with MRI in five patients, with CEM in four patients, and with ultrasound in one
patient who refused MRI and CEM. MRI or CEM correctly predicted complete cryoablation in eight patients and
incomplete cryoablation in one patient. Patients in both groups did not have serious complications and responded
positively to satisfaction questionnaires.

Conclusion Ultrasound-guided cryoablation of early-stage BC is well accepted by patients, effective, and safe. MRI
and CEM were able to predict the procedure's technical efficacy.

Trial registration https://clinicaltrials.gov/study/NCT05727813 updated February 14, 2023.

Relevance statement Our pilot study showed that ultrasound-guided cryoablation is a promising nonsurgical
alternative for treating early-stage BC.
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Key Points
● Ultrasound-guided cryoablation was effective and safe in early BC patients.
● The procedure was well-tolerated, with low morbidity and high patient satisfaction.
● MRI and CEM predicted cryoablation efficacy, in accordance with histopathologic findings.
● Cryoablation can be considered a potential alternative to surgery in selected patients.

Keywords Breast neoplasms, Contrast-enhanced mammography, Cryosurgery, Magnetic resonance imaging, Patient
satisfaction

Graphical Abstract

We evaluated the 
technical efficacy 
and safety of 
cryoablation in early 
breast cancer 
patients  

Ultrasound-guided 
cryoablation is safe, 
effective, and well-
tolerated, with low 
morbidity and high 
patient satisfaction 

Pre-cryoablation CEM: (a) 16-mm mass at the upper quadrants
with (b) corresponding enhancement. Post-cryoablation CEM: 
distortion at the upper quadrants (c) without enhancement (d).

US-guided cryoablation is a promising nonsurgical alternative
to treat early-stage breast cancer

Ultrasound-guided cryoablation of early breast cancer:
safety, technical efficacy, patients’ satisfaction, and outcome
prediction with MRI/CEM: a pilot case-control study

Eur Radiol Exp (2024) Galati F, Pasculli M, Maroncelli R et al.
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(a) Pre-cryoablation MRI:12-mm mass in the upper outer quadrant of the left 
breast. Post-cryoablation MRI: (b) T2-w image with minimal edema at the 
cryoablation site; (c) T1-w post-Gd image with a peripheral inflammatory 

enhancement of the treated area; (d) corresponding gross specimen.

a b ca b c d

Background
Breast cancer (BC) is the most frequent malignant tumor
in the female sex [1]. As the accuracy of screening pro-
grams continues to improve, a steady increase in the
incidence of early BC and a parallel decrease in mortality
have been observed in recent years [1]. With the capability
to detect lesions at an earlier stage, the standard of care
for BC treatment has evolved over the years from mas-
tectomy to conservative surgery to reduce morbidity and
improve quality of life, while maintaining therapeutic
effectiveness [2].
Although breast-conserving surgery, including local

excision and quadrantectomy, is generally accepted as the
preferred alternative to mastectomy for tumors up to 3 cm
in size [3], common postoperative complications include
seroma, infection, hematoma, swelling, persistent post-
operative pain, and fat necrosis [4]. In this context,

minimally invasive treatments could be considered as an
interesting alternative option for BC treatment to avoid
surgery-related complications, optimize the cosmetic
results, and reduce patient discomfort and psychological
distress. Moreover, minimal or noninvasive ablation could
be an option for patients who are not eligible for surgery
[3]. Minimally invasive imaging-guided treatments
include radiofrequency, microwave, laser ablation, cryoa-
blation, and high-intensity focused ultrasound.
Cryoablation is a minimally invasive procedure that uses

freezing and thawing cycles to induce necrosis of the
targeted tissue, while preserving the surrounding tissue
architecture [5]. This procedure has been successfully
used for the ablation of liver, prostate, and kidney tumors,
for palliative treatment of locally advanced BCs, and has
been approved by the United States Food and Drug
Administration (level A evidence) for clinical use in the
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ablation of breast fibroadenomas [6, 7]. With the excep-
tion of cryosurgery, all the above-mentioned techniques
use hyperthermia that melts cell membranes and causes
protein denaturation [3, 7]. In contrast, cryoablation
leaves tumor proteins and tumor-associated antigens
intact, with the potential to stimulate an antitumor
immune response by increasing the expression of tumor
neoantigens specific to tumor cells, which are then
attacked and destroyed. By exploiting this effect, cryoa-
blation in combination with immunotherapy may be the
key to treating both early-stage BCs and patients who are
unfit for surgery [8, 9]. Therefore, this approach is
potentially superior to other ablative technologies and
may become an additional tool in the oncological
treatment of BC.
The primary aim of this prospective pilot case-control

study was to evaluate ultrasound-guided cryoablation of
BC by assessing: (i) technical efficacy as the presence of
necrosis in surgical specimens and rate of complete tumor
ablation; (ii) safety as incidence and severity of compli-
cations; and (iii) patients’ satisfaction using a dedicated
questionnaire. As a secondary endpoint, (iv) we tested the
capability of contrast-enhanced magnetic resonance
imaging (MRI) or contrast-enhanced mammography
(CEM) to predict cryoablation efficacy.

Methods
Ethical approval
The study obtained the approval of the Institutional
Review Board of “Sapienza” University of Rome (ref. 6528,
approved 24.11.2021). This was a pilot case-control,
prospective, study on early-stage BC (T1 N0) treated with
ultrasound-guided cryoablation, in patients scheduled for
breast surgery, and not eligible for neoadjuvant therapy.

Patient eligibility
Patients aged ≥ 18 years with a single, biopsy-proven,
early-stage invasive BC (T1 N0) up to 20mm in diameter,
clearly visible on ultrasound, with a minimum distance of
1.5 cm between the tumor edge and the skin and of 2 cm
between the tumor edge and the nipple, not eligible for
neoadjuvant therapy, were enrolled to be sent to cryoa-
blation (cryo-group). Patients with early-stage invasive BC
of the same characteristics without a cryo-feasible cancer
location were enrolled to be sent to routine surgical
practice (control group). Exclusion criteria were: histolo-
gical diagnosis of pure ductal carcinoma in situ, lesions
with microcalcifications as the only evidence of BC on
mammographic imaging, previous history of ipsilateral or
contralateral BC, presence of breast implants, contra-
indications to the use of contrast media, inability to
undergo cryoablation treatment, pregnancy, breastfeed-
ing, or recent childbirth.

Both groups were planned to undergo surgery and
asked to answer a satisfaction questionnaire.

Cryoablation procedure
All cryoablation procedures were performed by a radi-
ologist with 20 years of experience in breast interventional
radiology (F.P.) using the ICEfx Cryoablation System
(Boston Scientific, Marlborough, Massachusetts, USA).
The system was equipped with a disposable 17-gauge
cryoprobe (ICE SPHERE 1.5, Boston Scientific, Marlbor-
ough, Massachusetts, USA), which produces an ice ball
with a maximum section size of 33 × 37mm2, and utilizes
argon as a cryogen and a resistance heater for thawing.
During the procedure, the radiologist was assisted by a
bioengineer (V.S.) with specific expertise in the use of the
cryoablation system.
Cryoablation was performed under ultrasound guidance

using a high-resolution unit (Affiniti 70G; Philips,
Amsterdam, The Netherlands) with a 12-MHz linear
probe. The cryoablation protocol lasted about 25min: the
first freezing cycle (10 min); the thawing cycle (5 min); and
the second freezing cycle (10 min). A single cryoprobe was
used in all subjects, inserted through a small skin incision
after local anesthesia (1% lidocaine) and without patient
sedation. Under direct ultrasound observation, the
cryoablation freeze–thaw–freeze cycle was performed
until both time duration and ice ball diameter goals were
achieved (Fig. 1). Ultrasonographic guidance was used to
monitor the growth of the ice ball in real time. To prevent
frostbite and/or the proximity of the ice front to the skin
surface, we injected room-temperature sterile saline
between the developing ice ball and overlying skin when
this distance became 10 mm or less or when there was
visible skin blanching. Finally, the probe was removed,
and a bandage was applied.

Imaging prediction of cryoablation technical efficacy
Cryoablation technical efficacy was evaluated with the
same imaging technique (MRI or CEM) before and after
the procedure. Patients who had performed MRI or CEM
before enrollment in the staging/diagnostic phase,
underwent the same type of examination after cryoabla-
tion. For the others, the choice of MRI or CEM was based
on patient preference or specific contraindications and
patient characteristics, such as claustrophobia, obesity,
presence of devices not compatible with MRI, or history
of adverse reactions to iodinated or gadolinium-based
contrast agents.

Breast MRI
A breast MRI was performed with the patient in a prone
position on a 3-T magnet (Discovery MR 750; GE
Healthcare, Chicago, IL, USA) with a dedicated 8-channel
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breast coil compatible with parallel imaging. The protocol
included: axial two-dimensional fast spin-echo T2-weigh-
ted fat-suppressed sequence; axial diffusion-weighted echo-
planar imaging sequence; axial dynamic three-dimensional
spoiled gradient-echo T1-weighted fat-suppressed
sequences; and sagittal three-dimensional spoiled
gradient-echo post-contrast T1-weighted sequence. Fat
suppression of T2-weighted sequences was based on a
three-point IDEAL Dixon technique. Diffusion-weighted
sequences comprised b-values of 0 s/mm2, 500 s/mm2, and
1,000 s/mm2, and corresponding apparent diffusion coef-
ficient maps were automatically calculated. Axial dynamic
T1-weighted sequences were performed one time before
and nine times after contrast agent administration for a
total acquisition time of 363 s. Contrast-enhanced T1-
weighted images were acquired after the administration of
0.1mmol/kg (0.2 mL/kg) of a macrocyclic gadolinium-

based contrast agent (Gadoteridol, Prohance; Bracco Ima-
ging, Milan, Italy) at a rate of 3 mL/s. Gadoteridol was
power-injected through peripheral venous access (18–20
gauge) and was followed by a 20-mL saline flush. Post-
processing subtraction images were obtained for all
examinations. Technical details are summarized in Table 1.

CEM
An IMS Giotto Class (IMS Giotto, Bologna, Italy) was the
dedicated system used for CEM. A nonionic iodinated
contrast agent (Iohexol 350 mgI/mL; Omnipaque 350, GE
Healthcare, Chicago, IL, USA) was power-injected
through venous access (18–20 gauge) at a dose of
1.5 mL/kg bodyweight at a rate of 3 mL/s, followed by a
20-mL saline flush at the same rate. About two min after
the injection, the patient was positioned for mammo-
graphic imaging, starting from the affected breast. Two

Table 1 MRI sequences and technical parameters

Sequence/

parameter

Axial 2D T2-weighted fast

spin-echo FS

Axial diffusion-weighted

echo-planar imaging

Axial 3D gradient-echo

T1-weighted FS

Sagittal 3D gradient-echo

T1-weighted FS

Repetition time, (ms) 9,000–11,000 4,983–5,314 8 4

Echo time, (ms) 119–120 58 4 2

Flip angle, (degrees) 111 – 15 15

Matrix 512 × 224 150 × 150 512 × 256 224 × 320

Slice thickness, (mm) 3.0–5.0 3.0–5.0 1.4 4.0

Field of view, (mm2) 350 × 350 350 × 350 380 × 380 300 × 300

Number of

excitations

1 2, 2, and 4 1 1

b-values − 0 s/mm2, 500 s/mm2, and

1,000 s/mm2

− −

Scan time, (s) 130 230 363 134

2D Two-dimensional, 3D Three-dimensional, FS Fat-suppressed

Fig. 1 Ultrasound-guided cryoablation of 9-mm cancer in the outer upper quadrant of the left breast. a The transversal image represents the cryo-probe
inside the core of the target lesion. b The transversal image demonstrates the “ice ball” formation, during the first cryoablation freeze cycle, which
completely encompasses the tumor. c The image shows the reduction in size of the “ice ball” during the first thaw cycle
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craniocaudal (CC) and mediolateral oblique (MLO) views
(early and late acquisition) of both sides were obtained
sequentially within 6 min maximum (total time from
contrast injection to the last mammogram= 8min).
Both MRI and CEM examinations were assessed in

consensus by two radiologists: Reader 1 (F.P.) and
Reader 2 (F.G.), with 20 years and 10 years of experience,
respectively. The criteria for reporting the presence of
residual tumor were as follows: no residual CEM/MRI
enhancement after the procedure was considered suc-
cessful cryoablation; peripheral inflammatory enhance-
ment of the treated area on CEM/MRI, consistent with
edematous imbibition at the site of cryoablation on T2-
weighted fat-suppressed images on MRI, was considered
successful cryoablation; any focal contrast-enhancement
in the peripheral zone or within the tumor bed was
considered residual disease and incomplete cryoablation.

Breast surgery
The preoperative status of the axillary lymph node was
always assessed by ultrasound. Within 21 days from
enrollment, all patients underwent surgical resection of
the primary tumor and axillary sentinel lymph node
excision with removal of up to four lymph nodes to
ensure oncological safety and achieve an adequate esthetic
result. Preoperative localization of BC was wire-guided for
all patients.

Satisfaction questionnaire
Within 10 days from surgical resection, patients received
a satisfaction questionnaire (Fig. 2). Patients enrolled in
the cryo-group were asked to rate their level of pain
during the procedure and one week after the procedure
on a scale of 1–10. They were asked if they felt any
swelling or noticed any hematoma in the treated area after
cryoablation. They were also asked about their need for
analgesics after the procedure or antibiotics in case of
wound infection. Finally, patients were asked about the
esthetic outcome and whether they would recommend
the treatment they received to other patients. Patients
belonging to the control group were asked to rate, on a
scale of 1–10, postoperative pain in the treated area,
whether they had any postoperative complications, whe-
ther they were satisfied with the final esthetic result of the
surgical treatment, and whether they had any post-
operative complications.

Criteria for MRI/CEM evaluation of response to
cryoablation and data presentation
Objective response in the cryo-group was defined as
complete response or partial response according to
response evaluation criteria in solid tumors (RECIST 1.1)
criteria [10], based on measurable disease before and after

cryoablation, using imaging methods such as MRI and
CEM. Due to the small sample size, only a descriptive
analysis of the data was possible.

Results
Population and cryoablation acceptance rate
From July 2022 to January 2023, we enrolled 20 patients.
Ten of them, with a cryo-feasible cancer location, were
sent to the cryo-group and ten to the control group. Of
the eleven patients screened for enrollment in the cryo-
group, only one refused enrollment because the patient
chose to be treated at another hospital. Thus, patient
acceptance of cryoablation was 10/11 (91%). All the ten
patients screened for the control group were enrolled.
Patient population and BC characteristics are summarized
in Table 2.

Surgical procedures
All 20 patients underwent surgical resection within 21
days of enrollment. Surgery was quadrantectomy in 19
tumors and mastectomy in one control patient who was
particularly small-breasted. The average weight of the
surgical specimens in the cryo-group was 45.4 g (range
15–110 g) and that of the control group was 36.7 g (range
6–116 g). Axillary sentinel lymph node dissection con-
sisted of the removal of 1–4 lymph nodes in 15/20 cases
(75%). In the remaining five cases, the number of lymph
nodes retrieved ranged from 6 to 8. However, in these
cases, the lymph nodes exceeding the number of four
were detected only by histology and measured less than
2mm in diameter. After sentinel lymph node biopsy,
no axillary metastases were found on histopathologic
analysis.

Histopathological analysis
Surgical specimens were analyzed by two breast patholo-
gists with more than 15 years of experience at the
Department of Pathology of our hospital. All ten patients
enrolled in the control group had a biopsy diagnosis of
invasive BC, confirmed on the surgical sample. There were
seven invasive no special type BCs, one lobular, one
apocrine, and one mucinous BC (Table 2). The size
of the surgical samples ranged from 6 × 4 × 1 cm3 to
10 × 7 × 5 cm3.
Of the ten patients enrolled in the cryo-group, eight had

a biopsy-proven diagnosis of invasive no special type BC,
and two had an invasive lobular carcinoma (Table 2). The
interventional radiologist was always able to complete the
procedure, and steatonecrosis was observed in ten out of
ten surgical specimens, with complete tumor ablation in
nine out of ten patients. The postoperative specimen
size ranged from 6 × 4 × 2 cm3 to 9 × 8.5 × 3 cm3. On
gross examination, the cryoablation-treated tumor area
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appeared as a rounded hemorrhagic lesion surrounded by
a rim of steatonecrosis. For each case, the entire lesion
was sampled for histology. Microscopic examination
confirmed the presence of hemorrhagic areas with neo-
formed and congested blood vessels, surrounded by
steatonecrosis with foamy macrophages and various
degrees of inflammation both acute with neutrophilic
granulocytes and chronic with lymphomononuclear cells.
Additional foci of steatonecrosis were detected in the
context of the hemorrhagic areas. Residual invasive
tumors were present only in one out of ten cases. The
amount of residual disease was 10% of the tumor bed,

located in a peripheral location (Fig. 3). Thus, it was
probably due to a failed targeting.

Pre- and post-cryoablation contrast-enhanced imaging
Of the ten patients in the cryo-group, prior to cryoabla-
tion, five underwent MRI and five CEM. All tumors
showed “masslike” enhancement on MRI and CEM.
The post-procedural status was evaluated with MRI in

five patients, with CEM in four patients, and with ultra-
sound in one patient who refused both MRI and CEM.
MRI or CEM correctly predicted cryoablation technical
efficacy in nine out of nine cases (complete cryoablation

Fig. 2 Ultrasound-guided cryoablation procedure questionnaire
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in eight patients and incomplete cryoablation in one
patient). In the eight cases of histopathological complete
tumor ablation, no residual enhancement was observed
on MRI or CEM after the procedure, resulting in a

negative predictive value of 8/8 (100%). The only case of
incomplete cryoablation showed a peripheral 4-mm
enhancement on CEM, corresponding to the residual
component of invasive no special type BC seen in the
surgical specimen. On pre-cryoablation mammography
and ultrasound, this lesion was irregularly shaped, with
spiculated margins, 14 mm in size, with a homogeneous
enhancement on CEM (Fig. 3). Examples of pre- and post-
procedural MRI and CEM in the case of technical success
are shown in Figs. 4 and 5, respectively.

Satisfaction questionnaire
Pain intensity during cryoablation was rated, on a scale
from 1 to 10, as follows: 1 by 2/10 (20%) of patients, 2 by
3/10 (30%), 3 by 3/10 (30%), 4 by 1/10 (10%), and 7 by
1/10 (10%) (resulting in a median pain rating of 3, i.e.,
mild pain). Although there was some swelling in the
treated area after the procedure, due to the effect of the ice
ball, it did not cause any discomfort. In particular, one week
after the procedure, 8/10 patients (80%) rated the pain as 2,
and 2/10 patients (20%) rated it as 1. Regarding the cos-
metic results after cryoablation, on a scale from 1 to 10, 5/
10 patients (50%) rated it 8, 2/10 (20%) rated it 9, and 3/10
(30%) rated it 10. For what concerns minor complications,
two patients reported a small post-ablative hematoma
(about 4 cm in size) that resolved within one week.
In the days following the procedure, 5/10 patients (50%)

reported the use of analgesics, as suggested by the

Table 2 Patient population and BC characteristics

Cryo-group Control-group

Age, years, mean (range) 65 (47–80) 62 (39–84)

Menopausal/regular

menstrual cycle

9/1 6/4

Tumor size, mm, mean

(range)

9.9 (6–18) 10.5 (6–13)

Histopathology 8 No special type

2 Invasive lobular

carcinoma

7 No special type

1 Invasive lobular

carcinoma

1 Apocrine

carcinoma

1 Mucinous

carcinoma

Grading 1 G1

8 G2

1 G3

2 G1

4 G2

4 G3

Molecular subtype 4 Luminal A

5 Luminal B

1 HER2-enriched

4 Luminal A

3 Luminal B

3 HER2-enriched

HER2 Human epidermal growth factor receptor 2

Fig. 3 CEM evaluation of cryoablation efficacy and technical success. Pre-cryoablation CEM MLO view of the right breast: a low-energy image shows a
14-mm mass with irregular shape and spiculated margins in the upper outer quadrant; b MLO and (c) CC recombined images show a corresponding
mass enhancement; d post-cryoablation CC recombined image shows an area of inflammation surrounding the treated area and a 5 mm focus of
contrast enhancement in the peripheral zone of the tumor bed (white arrow); and (e) the gross specimen shows a homogenous hemorrhagic area with a
peripheral white portion (white arrow) that corresponds histologically to a residual component of invasive no special type carcinoma, estrogen receptor
98%, progesterone receptor 30%, human epidermal growth factor receptor 2 (HER2) 0, proliferation index (Ki-67) 24%
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Fig. 4 MRI assessment of cryoablation efficacy and technical success. a Pre-cryoablation MRI: axial contrast-enhancedT1-weighted subtracted image
shows a 12-mm mass lesion with irregular margins in the upper outer quadrant of the left breast. b Post-cryoablation MRI: axial unenhanced T2-weighted
fat-suppressed image shows minimal edematous imbibition at the site of cryoablation, consistent with post-procedural inflammation. c Axial contrast-
enhanced T1-weighted subtracted image shows a peripheral inflammatory enhancement of the treated area. d The corresponding gross specimen
shows a central brown hemorrhagic area surrounded by a yellow halo

Fig. 5 CEM evaluation of cryoablation efficacy and technical success. Pre-cryoablation CEM MLO views of the left breast: a low-energy image shows a
16-mm mass with spiculated margins between the upper quadrants; b recombined image shows a corresponding mass enhancement. Post-cryoablation
CEM MLO views of the left breast: c low-energy image shows an area of parenchymal distortion in the upper quadrants and (d) recombined image
shows no enhancement at the site of the lesion treated with cryoablation
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physician. There were no reports of wound infection or
other complications.
A satisfaction questionnaire was also administered to

patients in the control group after surgery. In the treated
area a pain rate of 3 was assigned by 4/10 patients (40%), 5
by 1/10 (10%), 6 by 2/10 (20%), and 7 by 3/10 (30%),
resulting in a median pain rating of 5, i.e., moderate pain.
Patients in the control group reported higher pain scores
than those in the cryo group, even though none of the 20
patients had any significant postoperative complications.

Discussion
The use of cryoablation for breast disease began in 1987
for benign breast lesions (i.e., fibroadenomas) and rapidly
increased after 2000 [11]. In recent years, cryoablation has
become a viable alternative to surgery for the treatment of
selected BC patients who are ineligible for surgical
resection [12]. Although BC cryoablation has to be still
considered in the experimental phase, complete tumor
cell death within the ablated zone has been observed in
the majority of cases [12, 13].
In our pilot study, we screened 21 patients with an early-

stage BC (T1 N0) scheduled for breast surgery. Of eleven
patients selected for enrollment in the cryo-group, ten were
accepted; thus, patient acceptance of cryoablation in our
pilot experience was excellent (91%). To the best of our
knowledge, there is no data in the current literature on the
acceptance rate of BC cryoablation. So, even considering
the very small sample size, this data plays in favor of this
approach from the patient’s viewpoint.
Manenti et al [13] reported on 15 women with early-

stage BC (lesion diameter of 4–12mm): complete necrosis
after cryoablation was obtained in 14 of them according to
surgical specimens after lumpectomy and documented
also by postprocedural MRI. The one case with residual
disease (at histopathology and MRI) was attributed to
incorrect probe placement. A multicenter study per-
formed by Fine et al [14] on 194 patients with unifocal
invasive ductal carcinoma of approximately 15 mm trea-
ted with cryoablation reported a recurrence rate of 2.06%
on the same side of the BC, during a period of about
35 months. These studies concluded that cryoablation is
an effective and safe treatment. Consistent with these
literature data, in our pilot study where early-stage BC
(median lesion size 9.5 mm) was enrolled, a complete
tumor ablation was observed in nine out of ten patients
(90%). In the remaining case, postoperative histological
analysis of the surgical specimen showed a residual dis-
ease (10% of the tumor bed), also visible as a focal
enhancement on CEM imaging. The lesion met all our
eligibility criteria, although its irregular shape probably
led to incorrect treatment planning and lack of technical
success. As previously mentioned, the peripheral location

of the post-cryoablation enhancement suggests a failed
targeting as the cause of the residual BC component
(Fig. 3).
Two clinical trials are currently ongoing: the ICE3 trial

[15] and the FROST trial [16], which are recruiting
women aged 50 years or older, with hormone receptor-
positive and HER2-negative early-stage BC. The aim of
these trials is to evaluate the efficacy of cryoablation, not
followed by surgery, and its impact on local and five-year
overall recurrence. Although interim results from the
ICE3 trial have been published, final results are expected
in December 2024. Differently, in our study design, the
selection of patient age and BC molecular subtypes was
not as strict requirement. Therefore, since we enrolled
early BCs with more heterogeneous biological character-
istics and prognosis, we decided to perform surgery after
cryoablation, also to be sure about possible residual dis-
ease not detected at MRI or CEM.
Regarding safety and complications associated with

cryoablation, a systematic review and meta-analysis by van
de Voort et al [2] investigated whether thermal ablation is
an effective method for the treatment of early BC and
analyzed various minimally invasive techniques. The
selected studies on cryoablation, including 397 patients
with BC up to 2 cm in size, reported a pooled complete
response rate of 82–89%. In addition, cryoablation had the
lowest number of associated complications among mini-
mally invasive techniques. The authors concluded that
cryoablation is a promising technique as an alternative to
surgical resection without compromising current treat-
ment efficacy or safety. In the aforementioned study by Fine
et al [14], post-cryoablation adverse events were reported as
mild in 18.4% and moderate in 2.4% of patients. No serious
device-related adverse events were reported. More than
95% of patients and 98% of clinicians surveyed reported
being satisfied with the cosmetic results achieved. In our
study, only two of the ten patients who underwent cryoa-
blation reported minimal skin redness and edema and no
serious adverse effect was reported.
Literature on patient satisfaction after ultrasound-

guided cryoablation is lacking. However, the review on
cryoablation of fibroadenomas by Niu et al [17] reported
that existing studies have shown patient satisfaction rates
as high as 91–100%. Similarly, in our study, all enrolled
women responded positively to the satisfaction ques-
tionnaire. All patients in the cryo-group rated the overall
esthetic results of cryoablation as excellent and would
recommend the procedure as an alternative to surgery
due to the lack of permanent skin outcomes (surgical
scar). Thus, the cryo-group would recommend this
minimally invasive treatment as an alternative to surgery
in the future, considering the good cosmetic results and
the lower psychological impact.
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In addition, the outpatient management of the cryoa-
blation procedure, performed under local anesthesia and
without the need for sedation and hospitalization, was well
accepted by our patients. It also eliminates the need for
preprocedural hospitalization and waiting-time, resulting
in an extremely fast turnaround time and cost-saving.
A specific feature of cryoablation, which distinguishes it

from all other minimally-invasive ablative techniques
including radiofrequency, microwaves, laser, and high-
intensity focused ultrasound, is the use of hypothermia
instead of hyperthermia. Whereas hyperthermia melts cell
membranes and causes protein denaturation, in contrast,
cryoablation, using cooling, leaves tumor proteins and
tumor-associated antigens intact. In particular, the cooling
phase results in coagulative necrosis, which mainly affects
the central tissues in the ablation zone, while peripheral
tissues undergo delayed apoptosis due to mitochondrial
damage [8, 18]. During the thawing phase, tumor cells
within the ice ball release tumor antigens, nuclear proteins,
and pro-inflammatory cytokines. These signals attract
macrophages, natural killer cells, and granulocytes, stimu-
lating the immune response and resulting in the release of
antigen-presenting cells that reach the cryoablated tissue
[8, 19]. Current evidence suggests that the best way to
enhance the immune response would be to block tumor
checkpoints, leading to the identification of new cryoablative
self-antigens by the immune system [8]. Some pilot studies
have demonstrated the synergistic effects of this combined
approach with encouraging results [20], and ongoing clinical
trials are proposing cryoablation combined with immune
checkpoint inhibitors (NCT02833233, NCT03546686, and
NCT04249167, http://www.ClinicalTrials.gov). Another
special effect, the so-called “abscopal effect”, has also been
hypothesized to occur following cryoablation. This effect
results in a reduction of distant metastatic lesions [21], and
the cause would be the release of tumor-specific antigens
that the immune system uses to trigger a specific response
toward the tumor [8]. Thus, if cryoablation of BC can induce
an antitumor immune response capable of reducing both
local and distant disease, and the combination of cryoabla-
tion with immunotherapy can be the key to immune treat-
ment for neoplastic lesions, then this approach may be
potentially superior to other ablative technologies and
become an essential additional tool in the oncological
treatment of BC.
Following cryoablation, it is important to monitor proce-

dural efficacy or even the presence of residual disease.
Currently, MRI is considered the most accurate modality to
assess the effectiveness of the procedure [8]. Manenti et al
[22] compared the efficacy of radiofrequency ablation versus
cryoablation in the treatment of early-stage BC. MRI at one
and four weeks after each of the two procedures, showed
altered signal intensity and mild peripheral enhancement in

the ablated areas. This study confirmed a high negative
predictive value of MRI at both one- and four-weeks follow-
up after cryoablation, and a strong correlation between
enhancement volume on MRI and residual disease on
pathology (r= 0.896, p < 0.0001). Simmons et al [23] con-
ducted a phase II, nonrandomized study evaluating the
success of cryoablation of BC, with surgical resection after
cryoablation. Successful ablation of the targeted lesion was
observed in 80 of 87 cancers (92%) and the negative pre-
dictive value of MRI to determine residual invasive BC or
ductal carcinoma in situ was 81.2%. This supports the
potential use of ultrasound-guided cryoablation in selected
patients with invasive BC and the high predictive value of
MRI to assess cryoablation efficacy.
To our knowledge, our study is one of the first to

evaluate the efficacy of cryoablation using MRI or CEM.
In this pilot experience, CEM showed excellent results in
predicting the outcome of cryoablation and the presence
of residual disease after the procedure (see Figs. 3 and 5).
A recent review by Corines et al [24] highlighted the value
of CEM as a valid imaging technique to evaluate cryoa-
blation outcomes due to its high sensitivity for residual
cancer detection and advantages in positive predictive
value, time, cost, eligibility, and accessibility compared to
contrast-enhanced MRI.
Regarding the control group, nine patients underwent

quadrantectomy and one patient underwent mastectomy
due to a particularly small breast. None of the ten
patients in the control group had relevant post-operative
complications, which is consistent with the literature [4],
and satisfaction questionnaires reported satisfactory
results.
Finally, it is important to acknowledge the limitations of

our study. First, the very small sample size, since our was a
single-center study with a very small number of patients.
Second, the use of contrast-enhanced imaging (CEM and
MRI) to evaluate the technical efficacy of cryoablation has
excluded some patients (for instance patients with severe
allergy to contrast agents, patients with renal insuffi-
ciency, and pregnant women). Nevertheless, our results
are encouraging and pave the way for future research
adopting cryoablation as a non-surgical alternative to
treat early-stage BC, as well as to strengthen the predictive
value of MRI and CEM for cryoablation outcomes.
In conclusion, our pilot experience showed that

ultrasound-guided cryoablation is a safe, effective, and
well-tolerated procedure. In addition, both MRI and CEM
were able to predict the efficacy of the procedure or even
residual disease after cryoablation. The high patient
acceptance, the absence of serious complications, and the
excellent post-procedural esthetic results support the
value of cryoablation as a future alternative to surgery in
well-selected patients with early-stage BC.
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