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Abstract 

This single-center prospective study aimed to assess the safety and efficacy of cryoablation for the treatment of 
breast cancer (BC) subtypes 12 months post-treatment, emerging as a promising and less invasive technique. 
We included patients with biopsy-proven BC who underwent ultrasound-guided-cryoablation treatment during 

2021-2023. Locoregional staging was performed using ultrasound and contrast-enhanced mammography 

(CEM). Follow-up included ultrasound at 1-, 3-, 6- and 12-months with additional CEM and biopsy at 12-months. 
Rate of complete ablation, tumor size and quality of life (QoL) were assessed. Primary endpoint was absence 

of residual tumor for BC at 12-month post cryoablation. Thirthy-six female patients (mean age, 84.5 ±6.7 years) 
with 39 biopsy-proven tumors (mean size 15.3 ±7.5 mm) underwent cryoablation. The 39 BCs were early-stage 

luminal A or B, invasive ductal carcinoma (IDC) or IDC + ductal carcinoma in situ. Complete ablation rates for 
BC ≤ 15 mm and BC > 15 mm were 100% and 84.6%, respectively; Cryoablation positively impacted patient QoL 

as assessed by validated questionnaires. 
Background: Breast cancer (BC) is the most common cancer among women. There has been growing interest in 

less invasive techniques for the treatment of breast lesions, with cryoablation emerging as promising option. We aimed 

to assess the safety and efficacy of cryoablation for the treatment of breast cancer tumor subtypes 12 months post- 
treatment. Methods: This single-center prospective study included patients with biopsy-proven BC who underwent 
ultrasound-guided-cryoablation treatment during 2021-2023. Locoregional staging was performed using ultrasound and 

contrast-enhanced mammography (CEM). Follow-up included ultrasound at 1-, 3-, 6- and 12-months with additional 
CEM and biopsy at 12-months. Rate of complete ablation, tumor size and quality of life (QoL) were assessed. Primary 
endpoint was absence of residual tumor for BC at 12-month post cryoablation. Results: Thirthy-six female patients 
(mean age, 84.5 ±6.7 years) with 39 biopsy-proven tumors (mean size 15.3 ±7.5 mm) underwent cryoablation. No 

device-related unexpected adverse events were reported. The 39 BCs were early-stage luminal A or B, invasive ductal 
carcinoma (IDC) or IDC + ductal carcinoma in situ. Complete ablation rates for BC ≤ 15 mm and BC > 15 mm were 

100% and 84.6%, respectively; Cryoablation positively impacted patient QoL as assessed by validated questionnaires. 
Conclusions: With improved QoL, cryoablation emerges as a promising, safe, and effective treatment option for low- 
risk breast cancer. Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are 

Abbreviations: BC, breast cancer; CEM, contrast-enhanced mammography; DCIS, 
ductal carcinoma in situ; FDA, food and drug administration; HER2, human epider- 
mal growth factor receptor-2; IDC, invasive ductal carcinoma; QoL, quality of life; US, 
ultrasound. 
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Introduction 

With 2,296,840 new cases globally, breast cancer (BC) was
the most common cancer among women in 2024. 1 , 2 Currently,
the standard management of early-stage BC includes mastectomy
or breast-conserving surgery combined with radiotherapy. The
decision to administer adjuvant systemic therapy is based on the
status of lymph nodes, hormone receptors and human epidermal
growth factor receptor-2 (HER2). 3 Despite the efficacy of these
invasive treatment options, there has been a growing interest in
less invasive techniques, aiming for noninferior curative outcomes
while also recognizing the importance of maintaining or improving
quality of life (QoL) and cosmetic appearance after treatment. 

Some studies reported that it is a safe and effective modality and
should be used as a primary alternative to surgical excision. 4 , 5 For
over a decade, cryoablation, a minimally invasive alternative using
extreme cold to destroy cells, has been successfully applied to treat
fibroadenomas. In the last years the use of cryoablation was extended
also to the treatment of BC, becoming a viable minimally invasive
alternative to lumpectomy. 6-8 Cryoablation for breast cancer can be
performed in an outpatient setting under local anesthesia with local
pain control, it is associated with good patient tolerance and a low
complication rate. 3 Its efficacy has been demonstrated in several
studies and clinical trials in patients with early-stage, low-grade
invasive ductal carcinoma hormone receptor-positive and HER2-
negative BC, with a tumor size less than 15 mm. 9-11 , 14 , 15 The
efficacy and safety in patients with other subtypes of low-grade BC
remains to be further evaluated. Additionally, while few studies have
specifically investigated cosmetic and QoL-related outcomes, 12 , 13 , 16 

evaluation in diverse histological subtypes is lacking. This prospec-
tive study aimed to evaluate the safety and efficacy of cryoablation
of BC and to monitor pain levels and QoL for various molecular
and histological subtypes of low-grade BC at 6 and 12 months after
treatment. 

Materials and Methods 

This study was approved by the Careggi Hospital section of the
Institutional Review Board (IRB) of the Meyer Hospital, Florence,
Italy (approval number 165/2024), and all patients signed an
informed consent. 

Study Design 

This single-center prospective study investigated the safety and
efficacy of liquid-nitrogen cryoablation for patients with low-
grade BC tumors of various molecular and pathological subtypes
treated during 2021-2023 at the Azienda Ospedaliero-Universitaria
Careggi, Florence, Italy. The electronic databases were used to
collect demographic, clinical and laboratory information. None
of the patients under went surger y or received radiation therapy.
Patient preferences were considered for those with personal concerns
about undergoing surgery (eg, lack of family support, fear of
surgery/anesthesia) and for elderly patients who refused surgery.
For patients deemed inoperable, various factors were taken into
account, including coexisting pathologies, contraindications to
general anesthesia and advanced age, leading to a palliative
approach. BC patients’ eligibility was limited to those ≥60 years
old, with a low-grade, luminal A or B, ER-positive, HER2-negative
tumor ≤35 mm, visible on ultrasound (US) without detectable
lymph node involvement. 

BC staging was performed with conventional imaging includ-
ing US (ESAOTE, MyLab 70 XVG, Genoa, Italy) using a 10–13
MHz transducer, digital mammography and digital breast tomosyn-
thesis, using a full-field digital mammography unit with tomosyn-
thesis (Selenia Dimensions, Hologic, Bedford, MA, USA) and
contrast-enhanced mammography (CEM) (Dimensions, Hologic,
Marlborough, MA, USA) or Magnetic Resonance Imaging (MRI)
for patients that were unable to undergo CEM due to kidney
failure or allergy to contrast medium. MRI was performed in the
prone position with dedicated breast coils (1.5-Tesla and Magnetom
Avanto, Symphony, Siemens Medical System, Erlangen, Germany;
Philips Medical System, DA Best, The Netherlands). All BC were
confirmed by US-guided biopsy. Images were read in consensus by
2 radiologists. All BC patients were deemed inoperable by the multi-
disciplinary team of the Breast Unit (surgeon, radiologist, radiother-
apist, oncologist) and recommended adjuvant hormonal therapy.
Patients with high cardiovascular risk, severe cognitive impairment,
or skin infiltration/involvement, and tumors too deep to treat
were excluded. BC patients with tumors > 35 mm, lymphadenopa-
thy, triple-negative, and HER2-positive tumors were also excluded.
Breast density was categorized as A (almost entirely fatty), B
(scattered fibroglandular densities), C (heterogeneously dense) or D
(extremely dense). Following the cryoablation procedure, patients
were followed at 1-, 3-, 6-, and 12-months with US imaging and
with CEM and biopsy at 1 year. 

Cryoablation Procedure 
Cryoablations were performed by 2 physicians with 30 and 10

years of experience in breast radiology and breast interventions,
respectively. Procedures were performed with the ProSenseTM
system and a 13G cryoprobe (IceCure-Medical Ltd., Caesarea,
Israel) under US guidance as recommended by the manufacturer. 14 

The freeze-thaw-freeze times and the ice ball size were determined
based on the lesion size and location, aiming for full engulfment,
Clinical Breast Cancer 2026 71
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with at least 10 mm margins at each side for BC cases. 6 Subsequent
surgical excision was not included in the study protocol. 

Outcome Measures 
Safety. Cryoablation safety was assessed by collecting adverse

events (AEs) and complications reported during the procedure and
at 1-, 3-, 6-, and 12-month postprocedure follow-up visits. 

Efficacy. The primary outcome measure for BC was the absence
of residual tumor up to 12 months postcryoablation, determined
by both functional imaging (US and CEM, or MRI as specified
above) and biopsy, with the biopsy result deemed conclusive. Two
samples, on average, from 3 cryolesion areas (core, upper and lower
peripheries) were histologically examined for residual malignancy.
Secondary outcomes included cryoablation efficacy at the 12-month
for specific subgroups, including Ki67 index ( ≤ or > 20%), tumor
size ( ≤ or > 15 mm), and tumor histological features (luminal A
or B, invasive ductal carcinoma (IDC) or IDC + ductal carcinoma
in situ (DCIS)). Additional secondary endpoints were percentage of
size reduction (US) at 12 months postcryoablation and changes in
pain level, satisfaction and QoL at 6- and 12 months postcryoabla-
tion versus baseline. 

Pain, Satisfaction and Quality of Life. Pain was evaluated using
the Visual Analogue Scale (VAS), satisfaction and QoL were assessed
using the Functional Assessment of Cancer Therapy-Breast (FACT-
B) 19 , Hospital Anxiety and Depression Scale (HADS) and Short
Form Health Survey 36 (SF-36) questionnaires. Scores at 6- and
12-month follow-up visits were compared to baseline. 

The FACT-B measures 5 domains of health-related quality of
life (HRQoL), including physical, social, emotional, and functional
well-being, as well as the BC subscale. Each item is assessed using a
5-point rating scale, ranging from 0 (not at all) to 4 (very much).
Total scores and subscale scores for the dimension of well-being
were calculated, with higher scores indicating a higher quality of
life. HADS is a self-administered questionnaire for screening anxiety
and depression in patients, particularly those in a hospital or medical
outpatient setting, that has been validated in breast cancer patients.
The scale consists of 14 items and 2 subscales (anxiety and depres-
sion), with 7 items in each. Each item is scored on a 4-point scale
ranging from 0 to 3, where higher scores indicate greater levels of
anxiety or depression. Total scores for each subscale were calcu-
lated by simply summing individual item responses in the subscale,
ranging from 0 to 21. A score of 0-7 is considered normal, 8-10
is considered borderline abnormal (borderline case), and 11- 21 is
considered abnormal (case). The SF-36 is a comprehensive, widely
used survey designed to measure overall health-related quality of life.
It is used in clinical practice and research to assess the impact of
health conditions and treatments on a patient’s life. It consists of 36
questions that cover 8 health domains, providing a broad perspective
on the patient’s well-being. The physical health measures include 4
scales: physical functioning, role-physical, bodily pain, and general
health. The mental health measure comprises 4 scales: vitality, social
functioning, role-emotional, and mental health. Each domain is
scored separately on a scale from 0 to 100, where a higher score
indicates better health status. 
Clinical Breast Cancer 2026
Statistics 
Statistical analyses were performed using SAS 9.4 software (SAS®

Institute Inc., Cary, NC.). 
All patients were included in the full analysis set (FAS). The per-

protocol analysis set (PPAS) includes patients who met specific crite-
ria: BC patients with 12-month follow-up and appropriate ice ball
size (mm). Appropriate ice ball size was defined as follows: [ice ball
size]-[tumor size + 20 mm] ≥0. 

Results 

Patient and Tumor Characteristics 
Thirty-six women with 39 tumors (3 patients had bilateral

tumors, 1 for each breast) who met inclusion criteria under-
went cryoablation and were included in this study. BC tumor
staging was performed by CEM in 28 out of the 36 BC patients
(77.8%) (excluding patients with kidney failure or allergy to contrast
medium) ( Figure 1 ). 

The mean age for the patients was 84.5 ±6.7 years (range 60-
94). The mean tumor size at baseline for BC was 15.3 ±7.5 mm
(range 5-34). The hormone receptor status of BC tumors was estro-
gen receptor-positive (ER + ), HER2-, with 36 progesterone recep-
tors positive (PR + ), and molecular phenotypes luminal A (n = 19)
or B (n = 20). Most BC patients (89%) had histology-proven IDC,
2 IDC + DCIS, and 2 invasive lobular carcinoma (ILC) ( Table 1 ).
Ki67 value was ≤20% for most BC patients (69.2%). 

All patients have completed 12 months of follow-up to date. 

Cryoablation Procedure 
The mean procedure time was 30.4 ±4.2 min (range 18-37 min),

with mean ice ball sizes of 36.1 ±6.3 mm (range 25-52 mm).
One cryoprobe was typically used. For the 3 patients with bilat-
eral tumors (one for each breast) each 1 was treated as an individual
unifocal lesion. 

Safety 
No unexpected AEs were reported (0/39) during the cryoablation

procedure and throughout the follow-up. 

Cryoablation Efficacy 
Among the 39 BC patients, 87.2% (34/39) (95% CI: 72.6%-

95.7%) achieved complete ablation with no residual tumor at
12 months (confirmed by imaging + biopsy). A notably higher
complete ablation rate of 93.8% (30/32) (95% CI: 79.2%-99.2%)
was observed in PPAS analysis, excluding procedures that were not
per protocol (ice ball smaller than required). The cryolesion size
reduction progressively increased over the US follow-up period with
a median reduction of 27.8%, 60.9%, and 100% at 1-, 3-, and 6
months post-treatment, respectively ( Figure 2 ). Most tumors were in
the upper central or outer quadrant ( Figure 3 A). Complete ablation
rates at 12 months were further evaluated by sub-groups ( Table 2 ).
When treatment was delivered per protocol, a 100% success rate was
reached for baseline tumor size ≤15 mm, whereas the success rate
was 84.6% for tumors > 15 mm. Both patients with mixed IDC
and DCIS tumor histology exhibited residual tumor postcryoab-
lation. Higher complete ablation rates were observed for luminal
A (100%) compared to luminal B (88.9%) tumors and for Ki67
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Figure 1 Study flow diagram. This diagram illustrates the study flow, detailing the total number of patients and lesions. The 
diagram outlines the sequence of screening, treatment (cryoablation), and follow-up evaluation. 

Figure 2 Tumor size reduction- BC. A box plot of the mean percentage reduction in the size of BC tumors at 12 months compared 
to baseline measurements. The rhombus within each box indicates the mean percentage reduction, and the circles 
indicate outliers. 

Clinical Breast Cancer 2026 73
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Table 1 Baseline Patients and Tumor Characteristics 

Patients 
Total No. of Patients n 36 
Age (years) Mean (SD) 84.9 (6.7) 

Median [Min, Max] 84.0 [60, 94] 
Breast density 
A n (%) 3 (6.1) 
B n (%) 14 (28.6) 
C n (%) 29 (59.2) 
D n (%) 3 (6.1) 

Tumors 

Total no. of tumors N 39 
Side 
Left N (%) 20 (51.3) 
Right N (%) 19 (48.7) 
Hormone receptor status 
ER + N (%) 39 (100.0) 
PR + N (%) 36 (62.3) 
HER2- N (%) 39 (100.0) 
Ki67 ≤20% 27 (69.2) 
Molecular phenotype 
Luminal A N (%) 19 (48.7) 
Luminal B N (%) 20 (51.3) 
Histology 
Colloid N (%) 2 (5.1) 
IDC N (%) 32 (82.1) 
IDC + DCIS N (%) 2 (5.1) 
IDC tubular N (%) 1 (2.6) 
ILC N (%) 2 (5.1) 
Baseline tumor size (mm) Mean (SD) 15.3 (7.5) 

Median [Min, Max] 14 [5, 34] 

Abbreviations: DCIS = ductal carcinoma in situ; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; Min = minimum; Max = maximum; SD = standard deviation; MA = not applicable; 
No. = number; N = number of tumors; n = number of patients. 

Table 2 Complete Ablation Rates at 12 Months by Sub-Groups 

Factors All PPAS 

Complete Ablation 95% CI Complete Ablation 95% CI 
Low Up Low Up 

Ki67% 

> 20% 83.3% 51.6% 97.9% 80% 44.4% 97.5% 

≤20% 88.9% 70.8% 97.7% 100% 84.6% 100% 

Baseline size (mm) 
≤15 95.5% 77.2% 100% 100% 82.4% 100% 

> 15 76.5% 50.1% 93.2% 84.6% 54.6% 98.1% 

Luminal 
A 84.2% 60.4% 96.6% 100% 76.8% 100% 

B 90.0% 68.3% 98.8% 88.9% 65.3% 98.6% 

Histology 
DCIS 0.0% 0.0% 84.2% 0.0% 0.0% 97.5% 

Other 91.9% 78.1% 98.3% 96.8% 83.3% 100% 

Abbreviations: CI = confidence interval; DCIS = ductal carcinoma in situ; PPAS = per protocol analysis set. 
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Figure 3 (A) Proportion per breast quadrant. The illustration shows the distribution of tumors by type and breast quadrant. The 
percentage of tumors in each quadrant is indicated for BC. (B) Image findings examples for malignant tumor (BC). 
Image findings for malignant tumor (BC): A 78-year-old patient was diagnosed with an invasive ductal carcinoma ER + , 
PR + , Her2-, Ki 67 10% by tru-cut core needle biopsy. The patient was not eligible for surgery due to high 
cardiovascular risk. Baseline images, per-cryoablation, were performed with standard mammography (B1), US (B2) 
and CEM (B3), all showing a tumor in the central quadrants of the left breast. Standard mammography showing an 
irregular opacity, visible both in CC and MLO (white arrows) (B1). US showing a hypoechoic nodule (1.08 × 1.27 cm), 
corresponding to the malignant lesion undergone tru-cut core needle biopsy (B2). CEM staging, demonstrating an 
irregular mass with high conspicuity visible in CC and MLO, corresponding to the opacity seen in low-energy images 
and to the biopsy-proven malignant index tumor (white arrows) (B3). US images during cryoablation procedure showing 
the ice ball engulfing the lesion with appropriate margins (10 mm) of the nodule (B4). US follow-up imaging 3 months 
postcryoablation showing a hyperechoic halo surrounding a hypoechoic area (0.8 cm) corresponding to residual effects 
of cryoablation procedure (B5). US follow-up imaging 6 months postcryoablation showing no visible hypoechoic area 
(B6). US follow-up imaging 9 months postcryoablation showing a small hypoechoic mass corresponding to fat necrosis/ 
phlogosis proven by tru-cut core needle biopsy (confirmed as a benign lesion) (B7). CEM follow-up imaging 12 months 
postcryoablation showing no visible enhancement in CC and MLO (B8). CC = craniocaudal; CEM = contrast-enhanced 
mammography; LMLO = left mediolateral oblique; LCC = left craniocaudal; MLO = mediolateral oblique; 
RMLO = right mediolateral oblique; RCC = Right craniocaudal; US = ultrasound. ‘ + ’ signs mark lesion dimensions. 
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Figure 4 SF-36 questionnaire- change from baseline. A box plot of the mean change from baseline in the 8 health domains in the 
SF-36 questionnaire at 6 and 12 months for patients with BC. The rhombus within each box marks the mean percentage 
reduction. ‘∗’ denotes statistical significance ( P < .003). 
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≤20% (100%) compared to Ki67 > 20% (80.0%). Yet, none of
the differences were statistically significant. Overall, although differ-
ences weren’t statistically significant, patients with Ki67 ≤20%,
luminal A, non-DCIS, or tumors ≤15 mm had the best outcomes,
achieving 100% complete ablation at 12 months. 

An example for image findings at baseline (standard mammog-
raphy, US and CEM, Figure 3 B, B1-3), procedure (US, Figure 3 B,
B4), and 3-, 6-, 9-, and 12 month FU (US, or CEM, Figure 3 B, B5-
8) for a 78-year-old patient diagnosed with an invasive ductal carci-
noma ER + , PR + , Her2-, Ki 67 10%, are shown in Figure 3 B. The
lesion, 1.08 × 1.27 cm at baseline, which was completely engulfed
by the ice ball (including 10 mm margins), was reduced in size at
3-, 6-, 9-, and 12-months post cryoablation with no residual malig-
nancy as demonstrated by tru-cut core needle biopsy and CEM. 

Quality of Life 
1) Pain assessment (VAS) 

A statistically significant reduction in VAS score, with a median
decrease of 1 unit, was reported 6 months postcryoablation
and remained consistent at 12 months (p = .0087 and p = .0028,
respectively). 
2) FACT-B, HADS and SF-36 questionnaires  

Clinical Breast Cancer 2026
At 6 months, statistically significant improvements in all the
SF-36 subscales, aside from general health, were recorded ( P <

.003) ( Figure 4 , Tables S1, S2 and S7). Similarly, all FACT-B
factor scores were significantly higher at 12 months FU compared
to baseline ( P < .003) ( Figure 5 , Tables S3, S4 and S7), with
the largest improvement observed for SWB and BCS. The HADS
questionnaire showed that both depression and anxiety significantly
improved ( P < .0001) at 6- and 12-months FU compared to
baseline, from a mean of 6.8 and 7.6 (borderline) to 5.3 and 6.1
(normal), respectively (Tables S5, S6 and S7). 

Discussion 

Cryoablation treatment of breast cancer is emerging as a viable
minimally invasive alternative to standard surgery. 17 , 18 While the
efficacy, safety, cosmetic and QoL outcomes of cryoablation have
been demonstrated for other specific tumor types, data is limited
for early-stage BC. 22-24 Consequently, this study aimed to assess
the safety, efficacy, and QoL of cryoablation using the ProSenseTM
System for patients with various molecular and histological subtypes
of low-grade BC at up to 12 months FU. The results of this study
indicate that cryoablation for patients with various molecular and
histological subtypes of low-grade BC is both safe and effective,
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Figure 5 FACT-B questionnaire- change from baseline. A box plot of the mean change from baseline in each of the 5 domains of 
health-related quality of life (HRQoL) in the FACT-B questionnaire at 6 and 12 months for the BC patients. PWB, 
Physical Well-Being; SWB, Social/Family Well-Being; EWB, Emotional Well-Being; FWB, Functional Well-Being; BCS, 
Breast Cancer Subscale; FACT-B, Functional Assessment of Cancer Therapy – Breast; FACT-G, Functional Assessment 
of Cancer Therapy - General; TOI, Trial Outcome Index. FACT-B TOI is the combination of PWB + FWB + BCS scores. 
FACT-G is the combination of PWB + FWB + BCS + FWB scores. FACT-B TOTAL combines 
PWB + SWB + EWB + FWB + BCS scores. The rhombus within each box marks the mean percentage reduction. ‘∗’ 
denotes statistically significant ( P < .003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

achieving 100% complete ablation for BC ≤1.5 cm and 93.8% for
BC ≤3.5 cm, at 12-month FU, positively impacting patients’ QoL.

The cryoablation procedure was well-tolerated, without signifi-
cant complications, consistent with previous studies. 16 , 17 In a meta-
analysis of 37 studies on thermal ablation for small BC ( ≤2 cm),
Van de Voort et al. 17 reported a 5% complication rate (14/283
patients), with cryoablation showing the lowest complication rate
among other ablative techniques and much lower compared to
lumpectomy alone. 18 

Breast tumor location plays a critical role in cryoablation success
and safety, requiring a safe distance from structures like the nipple,
skin surface (5-10 mm), and pectoralis or chest wall (3 mm), to
prevent burns, the most common complications during cryoabla-
tion. 19 , 20 Techniques like hydrodissection, which distances the ice
ball from critical structures, help shield critical areas. In addition,
breast tissue composition across quadrants influences cryoprobe
positioning, particularly in denser breast quadrants. 21 This study
safely managed tumors across all breast locations and tissue densi-
ties, reinforcing the treatment’s overall safety across diverse tumors. 
Cryoablation improved QoL scores in all 3 questionnaire factors,
including reduced depression and anxiety with the largest improve-
ment in the PWB score. 

Cryoablation has been most commonly applied to BC patients
with tumor size ≤2 cm, unifocal tumors, ductal (rather than
lobular) histology, low intraductal component, HR + , HER2-
negative, ≥10 mm from the skin surface. The ICE3 trial
(NCT02200705) investigated the safety and efficacy of BC cryoab-
lation without excision in women ≥60 years with early-stage IDC,
≤1.5 cm, HR + and HER2- concluded that cryoablation is a safe
and effective treatment with a local recurrence rate of 2.06% in 3
years 10 and 4.3% at 5 years, similar to surgical procedures. 11 The
Z1072 phase II trial reported a 92% success rate for lesions < 20
mm and a 100% success rate for < 10 mm. 9 The current study
echoed those results but with larger tumors and variable histolog-
ical subtypes. 

Insufficient ice ball margins in 3/5 patients with residual tumors
highlight the importance of precise cryoprobe placement and
margins of at least 10 mm. 17 Mixed histology (IDC and DCIS)
Clinical Breast Cancer 2026 77
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in 2/5 patients complicates complete ablation due to the difficulty
to visualize DCIS-associated microcalcifications with US. 7 Conse-
quently, patients with this subtype are often excluded from cryoab-
lation clinical trials for BC. However, currently, trials are ongoing
investigating cryoablation’s potential to prevent DCIS progression
to invasive BC (NCT05218044). Nevertheless, 1 key advantage of
cryoablation is that it allows for repeat procedures in cases of incom-
plete ablation. 

Three of the 5 patients with residual malignancy had tumor
sizes ≥30 mm (in addition to having mixed tumor histology of
IDC and/or DCIS or insufficient ice coverage), suggesting that both
histology and tumor size played a role in the incomplete ablation.
This highlights the need to consider patient profiles and procedural
details when performing cryoablation correctly. 

This study, consistent with the ICE-3 trial and other published
experiences, explores cryoablation as a potentially resolutive treat-
ment for selected breast cancer (BC) patients, aiming to de-escalate
traditional therapies. The primary goal is to minimize toxicity and
reduce the overall treatment burden by avoiding additional aggres-
sive interventions like surgery, radiotherapy, or chemotherapy after
cryoablation. 

While radiotherapy is generally recommended following breast-
conser ving surger y, it can be omitted in specific scenarios. 27-29 These
include extremely small, low-risk tumors identified through molec-
ular profiling (eg, low-risk luminal A), advanced cardiopulmonary
disease, prior radiation to the same area, or patient preference after
informed consent. In addition, there is increasing trend to avoid
radiotherapy in elderly patients. 30 , 33 Hence, considerations such as
radiation treatment duration, potential impact on quality of life, and
the need for a caregiver as support throughout the entire duration
of the therapy are crucial in tailoring treatment. 24 , 25 

Adjuvant hormonal therapy, a cornerstone for treatment of
hormone receptor-positive BC, was recommended for all cryoab-
lation patients in our institution, despite potential side effects. 27

However, it may be withheld in extremely low-risk tumors, partic-
ularly in elderly patients with poor prognosis, or when contraindi-
cated by conditions like extensive thromboembolic risk (tamoxifen)
or osteoporosis (aromatase inhibitors). 31 , 32 

Similarly, chemotherapy is often avoided when genomic analy-
sis (eg, low Oncotype DX score) indicates minimal recurrence
risk. It is also contraindicated in frail patients or those with end-
stage comorbidities like severe renal or cardiac insufficiency, where
risks outweigh benefits. In these cases, particularly when hormonal
therapy or chemotherapy are the only alternatives, cryoablation
becomes a vital treatment option for patients unfit for surgery. This
approach allows for combination with palliative interventions, offer-
ing a personalized, less invasive strategy. 22 , 25 

Furthermore, effects of cryoablation on the immune system
have been described. Therefore, to explore the potential synergies
between cryoablation and systemic therapies is an open and highly
relevant field of research that requires further study. Immunother-
apy, with its recent successes in treating solid tumors, underscores
the urgency of keep on investigating. 26 

BC patients treated with cryoablation also showed notable
improvements in the degree of satisfaction as well as in health-
related QoL, as measured by 3 disease-specific questionnaires.
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QoL has become an increasingly important issue to be consid-
ered in BC treatment decisions. Studies suggest that cryoablation
provides a better overall patient experience, along with improved
psychosocial and physical outcomes 13 compared to more invasive
procedures such as lumpectomy. 12 Although this study did not
directly compare QoL results with those of breast-conserving
surgery patients, our findings support the role of cryoablation
as an effective minimally invasive alternative for early-stage BC
treatment. 

Overall, cryoablation, while not universally applicable, repre-
sents a valuable therapeutic alternative for BC patients with specific
criteria, such as small, low-risk tumors or severe comorbidities. It
offers a noninvasive, less toxic option compared to traditional treat-
ments. 22 , 31 Further research is essential to refine patient selection
and optimize cryoablation’s role in breast cancer management. 32 , 33 

Limitations of this study include its nonrandomized, single-
center design, which may result in selection bias and residual
confounding. Additionally, the lack of socio-economic data collec-
tion may have limited a more refined analysis of health-related QoL
post-treatment. Lastly, the follow-up period was relatively short;
however, patients continue to be monitored to gather long-term
outcomes. A larger number of patients is needed to validate these
findings further. Notwithstanding these drawbacks, the current
study represents one of the largest experience from e single insti-
tution, recruited in a limited time span (2021-2023). 

Conclusions 

Cryoablation has proven to be a safe and effective treatment for
early-stage BC, regardless of lesion size (up to 34 mm) or subtype
(luminal A or B), showing a positive impact on patient QoL. While
further randomized trials and long-term studies are necessary, the
outcomes of this study contribute to the growing evidence that
supports cryoablation as a valuable and effective treatment option
for early BC, especially in elderly patients with comorbidities. 

Clinical Practice Points 
Cryoablation is a minimally invasive treatment emerging as a
valuable option for women with early-stage tumors not eligible
for surgery. 
Contrast-enhanced mammography (CEM) is a useful tool to
assess treatment accuracy by comparing pretreatment staging with
postcryoablation response, showing precise concordance between
enhancement and histological findings. 
Cryoablation is safe, effective, and well tolerated by patients. 
Patients report excellent outcomes, including reduced anxiety and
improved quality of life compared with conventional surgery. 
The procedure allows rapid recovery, better cosmetic results, and
represents a clinically viable alternative for nonsurgical candidates.

Institutional Review Board 

Statement 
The study was conducted in accordance with the Declaration

of Helsinki and approved by the Careggi Hospital section of the
Institutional Review Board of Meyer Hospital (approval number
165/2024). 



Jacopo Nori Cucchiari et al

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Informed Consent Statement 
Informed consent was obtained from all subjects involved in the

study. 

Data Availability Statement 
The raw data supporting the conclusions of this article will be

made available by the authors on request. 

Disclosure 

The authors have stated that they have no conflicts of interest . 

CRediT authorship contribution 

statement 

Jacopo Nori Cucchiari: Conceptualization, Data curation,
Methodology, Project administration, Resources, Supervision,
Visualization, Writing – original draft, Writing – review & editing.
Federica Di Naro: Conceptualization, Data curation, Formal analy-
sis, Investigation, Methodology, Project administration, Valida-
tion, Visualization, Writing – original draft, Writing – review
& editing. Giuliano Migliaro: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Software, Writing –
original draft, Writing – review & editing. Sofia Elisabetta Baldi
Giorgi: Data curation, Formal analysis, Investigation, Software.
Francesca Pugliese: Data curation, Formal analysis, Investigation,
Software. Tommaso Amadori: Data curation, Formal analysis,
Investigation, Software. Giulia Bicchierai: Validation. Diego De
Benedetto: Validation. Chiara Bellini: Validation. Sofia Vidali:
Validation. Ermanno Vanzi: Validation. Cecilia Boeri: Valida-
tion. Verdiana Lamagna: Formal analysis, Investigation, Software,
Writing – review & editing. Vittorio Miele: Supervision. Tommaso
Susini: Validation. 

Acknowledgments 

This research received no external funding. 

Supplementary materials 

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.clbc.2025.12.004 . 

References 

1. https://gco.iarc.fr/today/en/dataviz/pie?mode=population&group_populations= 
0&cancers=20 , Accessed on May 26, 2024. 

2. Ferlay J, Colombet M, Soerjomataram I, et al. Cancer statistics for the year 2020:
an overview. Int J Cancer . 2021. doi: 10.1002/ijc.33588 . 

3. Wang J, Wu SG. Breast cancer: an overview of current therapeutic strategies,
challenge, and perspectives. Breast Cancer (Dove Med Press) . 2023;15:721–730.
doi: 10.2147/BCTT.S432526 . 

4. Ward RC, Lourenco AP, Mainiero MB. Ultrasound-guided breast cancer cryoab-
lation. AJR Am J Roentgenol . 2019;213(3):716–722. doi: 10.2214/AJR.19.21329 . 

5. Roknsharifi S, Wattamwar K, Fishman MDC, et al. Image-guided microinva-
sive percutaneous treatment of breast lesions: where do we stand? Radiographics .
2021;41(4):945–966. doi: 10.1148/rg.2021200156 . 

6. Pusceddu C, Paliogiannis P, Nigri G, Fancellu A. Cryoablation in the management
of breast cancer: evidence to date. Breast Cancer (Dove Med Press) . 2019;11:283–
292. doi: 10.2147/BCTT.S197406 . 

7. Holmes D, Iyengar G. Breast cancer cryoablation in the multidisciplinary setting:
practical guidelines for patients and physicians. Life . 2023;13(8):1756. doi: 10.
3390/life13081756 . 

8. Sag AA, Maybody M, Comstock C, Solomon SB. Percutaneous image-guided
ablation of breast tumors: an overview. Semin Intervent Radiol . 2014;31(2):193–
202. doi: 10.1055/s- 0034- 1376159 . 
9. Simmons RM, Ballman KV, Cox C, et al. ACOSOG investigators. A phase II
trial exploring the success of cryoablation therapy in the treatment of invasive
breast carcinoma: results from ACOSOG (Alliance) Z1072. Ann Surg Oncol .
2016;23(8):2438–2445. doi: 10.1245/s10434- 016- 5275- 3 . 

10. Fine RE, Gilmore RC, Dietz JR, et al. Cryoablation without excision for low-risk
early-stage breast cancer: 3-year interim analysis of ipsilateral breast tumor recur-
rence in the ICE3 trial. Ann Surg Oncol . 2021;28(10):5525–5534. doi: 10.1245/
s10434- 021- 10501- 4 . 

11. Fine RE, Gilmore RC, Tomkovich KR, et al. Cryoablation without excision for
low-risk early-stage breast cancer. ICE3 Trial 5-Year Follow-Up on Ipsilateral
Breast Tumor Recurrence. Ann Surg Oncol . 2024;31(11):7273–7283. doi: 10.1245/
s10434- 024- 16181- 0 . 

12. Khan SY, Snitman A, Habrawi Z, Crawford S, Melkus MW. Layeequr Rahman
R. The role of cryoablation in breast cancer beyond the oncologic control: cost
and breast-q patient-reported outcomes. Ann Surg Oncol . 2023;30(2):1029–1037.
doi: 10.1245/s10434- 022- 12570- 5 . 

13. Kawamoto H, Tsugawa K, Furuya Y, et al. Fukuda M. Percutaneous ultrasound-
guided cryoablation for early-stage primary breast cancer: a follow-up study in
Japan. Breast Cancer . 2024;31(4):695–704. doi: 10.1007/s12282- 024- 01584- 4 . 

14. IceCure Medical. User Manuals – ProSense Cryoablation System. https://www.
icecure- medical.com/products/user- manuals/ . Accessed on October 15, 2025. 

15. FACIT.org. FACT-B (Functional Assessment of Cancer Therapy – Breast). https:
//www.facit.org/measures/fact-b . Accessed on October 13, 2025. 

16. Niu L, Wu B, Xu K. Cryosurgery for breast fibroadenomas. Gland Surg .
2012;1(2):128–131. doi: 10.3978/j.issn.2227-684X.2012.08.02 . 

17. Van de Voort EMF, Struik GM, Birnie E, Moelker A, Verhoef C, Klem TMAL.
Thermal Ablation as an alternative for surgical resection of small ( ≤ 2 cm) breast
cancers: a meta-analysis. Clin Breast Cancer . 2021;21(6):e715–e730. doi: 10.1016/
j.clbc.2021.03.004 . 

18. Smith BD, Jiang J, Shih YC, et al. Cost and complications of local therapies for
early-stage breast cancer. J Natl Cancer Inst . 2016;109(1):djw178. doi: 10.1093/
jnci/djw178 . 

19. Carriero S, Lanza C, Pellegrino G, et al. Ablative therapies for breast cancer:
state of art. Technol Cancer Res Treat . 2023;22:15330338231157193. doi: 10.1177/
15330338231157193 . 

20. Chen JH, Liao F, Zhang Y, et al. 3D MRI for quantitative analysis of quadrant
percent breast density: correlation with quadrant location of breast cancer. Acad
Radiol . 2017;24(7):811–817. doi: 10.1016/j.acra.2016.12.016 . 

21. Shim S, Unkelbach J, Landsmann A, Boss A. Quantitative study on the breast
density and the volume of the mammary gland according to the patient’s
age and breast quadrant. Diagnostics (Basel) . 2023;13(21):3343. doi: 10.3390/
diagnostics13213343 . 

22. The American Society of Breast Surgeons - Official Statement - Consensus Guide-
line on the Use of Transcutaneous and Percutaneous Ablation for the Treatment
of Benign and Malignant Tumors of the Breast. https://www.breastsurgeons.
org/docs/statements/Consensus- Guideline- on- the- Use- of- Transcutaneous- and- 
Percutaneous- Methods- for- the- Treatment- of- Benign- and- Malignant- Tumors- of-
the-Breast.pdf . Accessed on May 27th, 2024. 

23. Ursini LA, Nuzzo M, Rosa C, et al. Quality of life in early breast cancer
patients: a prospective observational study using the FACT-B questionnaire. In
Vivo . 2021;35(3):1821–1828. doi: 10.21873/invivo.12443 . 

24. Challapalli JV, Yoon JH, Ward RC. Breast cryoablation, from the AJR "how we do
it" special series. AJR Am J Roentgenol . 2024. doi: 10.2214/AJR.24.31025 . 

25. Roca Navarro MJ, Garrido Alonso D, Navarro Monforte Y, et al. Efficacy of
ultrasound-guided cryoablation in treating low-risk breast cancer. Radiologia (Engl
Ed) . 2023;65(2):112–121. doi: 10.1016/j.rxeng.2023.03.002 . 

26. Galati F, Marra A, Cicciarelli F, Pasculli M, et al. Cryoablation for the treatment
of breast cancer: immunological implications and future perspectives. Utopia or
reality? Radiol Med . 2024;129(2):222–228. doi: 10.1007/s11547- 024- 01769- z . 

27. Nayyar A, Strassle PD, Iles K, Jameison D, Jadi J, McGuire KP, Gallagher KK.
Survival outcomes of early-stage hormone receptor-positive breast cancer
in elderly women. Ann Surg Oncol . 2020;27(12):4853–4860. doi: 10.1245/
s10434- 020- 08945- 1 . 

28. Abu-Gheida I, Hammoudeh L, Abdel-Razeq H. Controversies of radiation therapy
omission in elderly women with early stage invasive breast cancer. Transl Cancer Res .
2020;9(Suppl 1):S126–S130. doi: 10.21037/tcr.2019.06.47 . 

29. Whelan TJ, Smith S, Parpia S, et al. LUMINA study investigators. omitting radio-
therapy after breast-conserving surgery in luminal a breast cancer. N Engl J Med .
2023;389(7):612–619. doi: 10.1056/NEJMoa2302344 . 

30. Boopathi E, Thangavel C. Dark side of cancer therapy: cancer treatment-induced
cardiopulmonary inflammation, fibrosis, and immune modulation. Int J Mol Sci .
2021;22(18):10126. doi: 10.3390/ijms221810126 . 

31. Ugras SK, Layeequr Rahman R. Hormone replacement therapy after breast cancer:
yes, No or maybe? Mol Cell Endocrinol . 2021;525:111180. doi: 10.1016/j.mce.
2021.111180 . 

32. Marsden JBritish Menopause Society. British Menopause Society consensus state-
ment: the risks and benefits of HRT before and after a breast cancer diagnosis. Post
Reprod Health . 2019;25(1):33–37. doi: 10.1177/2053369119825716 . 

33. Escott CE, Zaenger D, Switchencko JM, et al. The influence of histologic
grade on outcomes of elderly women with early stage breast cancer treated
with breast conserving surgery with or without radiotherapy. Clin Breast Cancer .
2020;20(6):e701–e710. doi: 10.1016/j.clbc.2020.05.007 . 
Clinical Breast Cancer 2026 79

https://doi.org/10.1016/j.clbc.2025.12.004
https://gco.iarc.fr/today/en/dataviz/pie?mode=population&group_populations=0&cancers=20
https://doi.org/10.1002/ijc.33588
https://doi.org/10.2147/BCTT.S432526
https://doi.org/10.2214/AJR.19.21329
https://doi.org/10.1148/rg.2021200156
https://doi.org/10.2147/BCTT.S197406
https://doi.org/10.3390/life13081756
https://doi.org/10.1055/s-0034-1376159
https://doi.org/10.1245/s10434-016-5275-3
https://doi.org/10.1245/s10434-021-10501-4
https://doi.org/10.1245/s10434-024-16181-0
https://doi.org/10.1245/s10434-022-12570-5
https://doi.org/10.1007/s12282-024-01584-4
https://www.icecure-medical.com/products/user-manuals/
https://www.facit.org/measures/fact-b
https://doi.org/10.3978/j.issn.2227-684X.2012.08.02
https://doi.org/10.1016/j.clbc.2021.03.004
https://doi.org/10.1093/jnci/djw178
https://doi.org/10.1177/15330338231157193
https://doi.org/10.1016/j.acra.2016.12.016
https://doi.org/10.3390/diagnostics13213343
https://www.breastsurgeons.org/docs/statements/Consensus-Guideline-on-the-Use-of-Transcutaneous-and-Percutaneous-Methods-for-the-Treatment-of-Benign-and-Malignant-Tumors-of-the-Breast.pdf
https://doi.org/10.21873/invivo.12443
https://doi.org/10.2214/AJR.24.31025
https://doi.org/10.1016/j.rxeng.2023.03.002
https://doi.org/10.1007/s11547-024-01769-z
https://doi.org/10.1245/s10434-020-08945-1
https://doi.org/10.21037/tcr.2019.06.47
https://doi.org/10.1056/NEJMoa2302344
https://doi.org/10.3390/ijms221810126
https://doi.org/10.1016/j.mce.2021.111180
https://doi.org/10.1177/2053369119825716
https://doi.org/10.1016/j.clbc.2020.05.007

	Cryoablation for Treatment of Early-Stage Breast Cancer: Efficacy and Quality of Life Assessment
	Introduction
	Materials and Methods
	Study Design
	Cryoablation Procedure
	Outcome Measures
	 Safety
	 Efficacy
	 Pain, Satisfaction and Quality of Life

	Statistics

	Results
	Patient and Tumor Characteristics
	Cryoablation Procedure
	Safety
	Cryoablation Efficacy
	Quality of Life

	Discussion
	Conclusions
	Clinical Practice Points

	Institutional Review Board Statement
	Informed Consent Statement
	Data Availability Statement
	Disclosure
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


