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Abstract: Cryoablation has been successfully used to treat various type of solid tumors,

including breast carcinomas. This ablation method has the advantage of being a minimally

invasive procedure useful in various clinical situations, including early breast cancer and

metastatic breast cancer, when co-morbidities preclude the use of surgical treatment.

However, due to the small sample size of the available studies, reliable and definitive

conclusions on the usefulness of cryoablation in patients with breast cancer could not be

drawn. In fact, many aspects necessitate to be elucidated, regarding technical issues, indica-

tions, efficacy, imaging follow-up, and possible advantages over other percutaneous ablative

methods. This review article has the aim to clarify the current evidence supporting cryoabla-

tion of breast cancer, and discuss the future perspectives, including those arising from the

new studies on immunological effects related to cryoablation.
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Introduction
In recent years, there has been a surge of ablative methods for the treatment of

different solid neoplasms. Those techniques were initially used as alternative to

surgery in either inoperable patients or in those with metastatic disease in order to

achieve cytoreduction of the primary tumor.1–5 Ablation techniques offer the

advantage of being done percutaneously under image guidance, thus obtaining

in general low rates of complications and patients’ discomfort. As regards breast

cancer, a large amount of articles in the recent literature reports on the use of

radiofrequency, microwave ablation, cryoablation, interstitial laser therapy, and

focused ultrasound in different clinical scenarios.3,6–9 Among them, cryoablation

represents an emerging treatment, which has been used in the treatment of both

benign and malignant breast diseases. A systematic literature search using the

PubMed, WOS, and Scopus databases was performed in June 2019 to identify

studies in English language reporting on outcomes of cryoablation in patients with

breast cancer. The following terms were used for the search: “cryoablation”, or

“cryotherapy, or “cryosurgery”, and “breast cancer”, or “breast diseases”. The

“related articles” function was used to broaden the search and all abstracts,

citations, and studies scanned as well as the references of relevant articles were

reviewed (see search strategy in Figure 1). The aim of this review is to provide a

synthesis on the use of cryoablation as ablative treatment in breast cancer at

different stages. In fact, some authors have assessed cryoablation in patients with

metastatic disease, whereas others have used it in those who were unsuitable for
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surgery, or refused surgical treatment. More recently,

cryoablation has been proposed as an alternative to sur-

gery in selected patients with early breast cancer. In

addition, studies investigating the correlations between

cryoablation, immunotherapy, and systemic anti-tumoral

agents have been reviewed.

Cryoablation Technique And
Application In Breast Cancer
The efficacy of cryoablation is based on the cytotoxic

effects of cold that produce both instant and delayed

destruction of cellular ultrastructure. Tissue destruction

occurs when tissues are frozen to lethal temperatures

Figure 1 Search strategy.
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lower than −40°C.3,10–12 Cold temperatures result in

increasing of intracellular osmolarity and freezing of

extracellular water; this causes, in turn, drawing water

out of the cells and cellular dehydration. During the pas-

sive thaw phase, cell swelling and subsequent rupture

occurs. Additionally, ice crystals in the intracellular milieu

damage organelles and plasma membranes. Cryoablation

also damages tumor cells by causing endothelial cell dys-

function, microthrombus formation, ischemia, and platelet

aggregation.1–5,13,14

Cryoablation consists of cycles of first freeze, a passive

thaw phase, and a second freeze.12,15 It usually takes less

than 45 mins to be completed. A second freeze is neces-

sary because tissues that have been injured during the first

freeze conduct cold temperatures more efficiently, thus

enhancing the damaging effects of cold and expanding

the area of tumor necrosis. The duration of the thaw

phase varies according to the size and position of the

tumor, the device in use, and the size of margins around

the target lesion. It is known that breast cancer nodules

require longer freeze time than fibroadenomas. In general,

cryoablation of invasive breast cancer is supposed to cre-

ate an ice ball extended at least 1 cm beyond the tumor

margins. Breast cryoablation may be done with US, CT, or

MRI guidance. Although the first cases were performed

under MRI guidance,16,17 cryoablation is usually per-

formed under US- or CT-guidance for probe(s) placement

and monitoring the ice ball formation in the target lesion.8

Cryoablation can be carried out with little anesthesia,

because the cooling produced by the probes provides

analgesia. In fact, it can be also performed as an out-

patient basis.8 Cryoablation is a minimally invasive

method capable of obtaining satisfying aesthetical

results.18 More importantly, it is a repeatable procedure

in case of local relapse or incomplete ablation.

Furthermore, it does not interrupt other systemic thera-

pies, ie, systemic treatment for metastatic disease, and

can act in synergy with them.1,19,20 Cryoablation is not

without possible adverse effects. One of the disadvan-

tages is the low capability of limiting the ablation area,

thus large “ice balls” created by the probes during the

treatment may cause fat necrosis and infection. Skin

necrosis or pectoralis muscle necrosis hasbeen rarely

reported, and instilling warm saline between the ice ball

and skin surface during freezing helps in reducing the

risk.21 Other minor adverse effects include breast pain,

swelling, ecchymosis, and skin burns.1,8

Cryoablation For Early Breast Cancer
Advances in systemic treatments and early diagnosis due

to mammographic screening have led to a progressive de-

escalation of breast cancer treatment towards less invasive

forms of loco-regional interventions.22–24 Thus, breast-

conserving surgery has become the treatment of choice

for the majority of patients with early breast cancer.

Recently, in line with ongoing researches in different fields

of surgical oncology, nonoperative approaches such as

percutaneous ablative techniques have been proposed

such as possible alternative to surgery in selected patients

with early breast cancer. Conventional surgical treatment

of early breast cancer may have different complications or

sequels which can prolong hospital stay, such as chronic

pain, infection, hematoma, and seroma formation.24,25

Cryoablation treatment has some potential advantages

over surgical operation. Because of the natural pain reliev-

ing effect of cold, cryoablation is usually painless.

Therefore, it can be applied using either local anesthesia

or peripheral nerve block, without general anesthesia.

Since it is done percutaneously through a small needle

hole, there is no incision, suture, and scar, and in general

no deformation occurs in the breast with consequent aes-

thetics advantages. The patient can be discharged the same

day of treatment and return to normal life almost immedi-

ately following the operation.18 Cryoablation for breast

cancer represents an extension of its use in benign breast

diseases. In fact, it was initially used in the treatment of

fibroadenomas, with encouraging results in terms of abla-

tion of the target lesions.26–29

In 2004, Sabel et al reported on 27 patients with invasive

breast cancer who underwent US-guided cryoablation fol-

lowed by surgical resection. Cryoablation destroyed suc-

cessfully 100% of cancers ≤1.0 cm, whereas in patients with

invasive ductal carcinomas between 1.0 and 1.5 cm, 100%

success rate was obtained only for tumors without a sig-

nificant ductal carcinoma in situ (DCIS) component. They

concluded that cryoablation should be limited to invasive

ductal carcinoma up to 1.5 cm in maximum diameter having

<25% DCIS component in the core biopsy.30

Poplack et al published in 2015 a retrospective study on

20 patients with invasive ductal carcinoma up to 15 mm,

with limited or no DCIS who underwent US-guided cryoa-

blation followed by surgical resection. They concluded that

cryoablation was technically feasible and well tolerated by

patients, although a clinical failure rate of 15% was

observed. Interestingly, the authors highlighted that
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technical failures occurred when DCIS component was out-

side the cryoablation field.31

To date, the most important trial exploring the useful-

ness of cryoablation in the treatment of early breast cancer

with curative intent was the level II trial ACOSOG Z1072.

The primary endpoint was the rate of complete tumor

ablation, defined as no remaining foci of either invasive

or DCIS on pathological examination of the targeted

lesion. Eighty-six patients with 87 unifocal invasive ductal

carcinoma ≤2 cm underwent cryoablation and subsequent

surgical resection of the target tumor within 28 days.

Central pathologic review showed successful cryoablation

in 75.9% of cancer lesions and residual invasive carci-

noma and/or DCIS in 24.1%. There was 100% ablation

in all tumors smaller than 1 cm. The authors concluded

that technical adjustments and modifications in patient

selection were needed to ameliorate cryoablation results

in the non-surgical treatment of early breast cancer.32

Literature search reveals a high heterogeneity on this

topic. Some studies enrolled a small number of patients at

various stages of disease,18,33 in others surgical tumor

removal was performed after cryoablation,31,34 and in

others again percutaneous ablation was the only modality

of treatment,6,35 thus reliable conclusions on the useful-

ness of cryoablation in the subgroup with early breast

cancer could not be drawn.

The role of cryoablation in early breast cancer is under

investigation in two ongoing trials in the US, the FROST

(Freezing Instead of Removal Of Small Tumors) activated in

2016, and Ice3 (Cryoablation of Low Risk Small Breast

Cancer) activated in 2014.36,37 Both studies seek to evaluate

the role of cryoablation instead of surgery in women aged

50 years or older, having as primary endpoint assessment of

5-year local recurrence rate. Inclusion criteria in the FROST

trial are: unifocal primary invasive breast carcinoma ≤1.5 cm
in its greatest diameter, clinically node-negative, hormone

receptor-positive, Her2 negative, with <25% intraductal

component in the aggregate. Recruited patients will undergo

US-guided cryoablation. After 6 months, an US-guided core

biopsy of the cryoablated lesion will be performed, in order

to confirm the absence of residual viable disease. Following

cryoablation treatment, subjects will begin a minimum 5-

year course of adjuvant hormonal therapy and serial mam-

mography, US, and MRI. All subjects found to have residual

or recurrent disease at follow-up image exams will undergo

standard surgical resection.36 The ICE-3 trial has similar

inclusion criteria: unifocal primary ducal invasive breast

cancer ≤1.5 cm in greatest diameter, Nottingham grade 1–2,

estrogen receptor-positive, progesterone receptor-positive,

Her2 negative tumors. Final data collection for primary out-

come measure are expected in December 2023.37

It is important to emphasize that at least 1 cm visible

ice coverage beyond all tumor margins should be achieved

when dealing with treatment of early breast cancer with

curative attempt.18 In fact, the concept of obtaining “free

margins” after breast conservation may be translated into

“iced coverage beyond the tumor” after cryoablation and

other ablative techniques. A 1-cm ice margin is generally

considered as a conservative estimate of cytotoxic tem-

peratures beyond the tumor.

To note, at present cryoablation has been reserved for

treatment of patients with invasive ductal carcinoma. In fact,

patients having pure DCIS or invasive ductal carcinoma with

an extensive intraductal component cannot be considerate

good candidates because those forms of breast cancer have

indefinite margins at breast imaging (especially US andMRI)

and may extend outside of the cryoablation-targeted ablation

zone.15,30,38 Also, patients with invasive lobular carcinoma

have generally been excluded because of frequent multicen-

tricity and scarce correlation between tumor extension at

preoperative imaging and final pathology examination.1

Cryoablation In Patients With
Metastatic Disease
The effectiveness of removing the primary tumor in

patients presenting with metastatic breast cancer (Stage

IV at diagnosis) remains under debate. The only recog-

nized indication for salvage surgery exists for locally

advanced tumors with poor or nil response after systemic

pharmacologic treatment. In these cases, some forms of

treatment of the primary tumor are required to avoiding

bleeding and/or ulceration of the tumor mass.20 However,

things are different for patients presenting at Stage IV and

having nonpalpable or clinically indolent tumors who have

stable metastatic disease. In those patients, lumpectomy or

mastectomy may represent an unnecessary treatment,

which also may have aesthetical and psychological con-

sequences related to the surgical procedure. In addition,

changes in breast tumor size can be used as a measure of

chemosensitivity of the primary tumor.

However, there is a growing interest in percutaneous

ablation in patients presenting at Stage IV, because it permits

to obtain tumor necrosis without the inconveniences of sur-

gical procedures (Figure 2). Pusceddu et al reported on

35 patients at stage IV with mean tumor size of 3 cm
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submitted to CT-guided cryoablation. Complete tumor necro-

sis was achieved in 85.7% and 100% of cases at 2-month and

6-month follow-up, respectively. No patient developed major

complications, while minor side effects occurred in

30 patients (82%). After a mean follow-up of 46 months,

7 patients (20%) experienced local recurrences that were

treated with redo cryoablation. The authors concluded that

cryoablation of the primary tumor is safe and effective in the

treatment of patients presenting with metastatic disease.20 In

a recent report, Beji et al evaluated results of cryoablation in

17 patients with stablemetastatic breast cancer. In 15 patients,

a complete regression of the primary breast lesion without

recurrence was observed, whereas local recurrence devel-

oped in 2 patients with tumors ≥40 mm. Both of them under-

went a second cryotherapy.39 The possibility to redo

cryoablation after local failure is one of the points of strength

of that ablative method (Figure 3).

Cryoablation In Patients Unsuitable
Of Surgery
Cryoablation is nowadays widely used to treat breast can-

cer and other solid tumors, as this technique bears the

major advantage of allowing accurate monitoring of ice-

ball formation with different imaging modalities avoiding

the use of contrast medium, i.e. unenhanced computed

tomography. Although breast surgery can be usually safely

performed in patients with relevant co-morbidities, there

are some who are unsuitable for this approach due to

general contra-indications (primarily cardiac or pulmonary

insufficiency) or lack of consent for surgery (Figure 4).

Cazzato et al carried out cryoablation in 23 elderly patients

unsuitable for surgery, with median age of 86 years. After

a median follow-up of 14.6 months, 5 patients developed

local recurrence and 2 were successfully re-treated with

cryoablation. At MRI follow-up, rates of primary complete

Figure 2 Cryoablation of invasive breast carcinoma in a 74-year-old woman presenting with distant metastases to the bones (Stage IV) at diagnosis. Axial (A) and coronal

(B) contrast-enhanced CT scan showing a 4 cm mass in the left breast. (C–D). Contrast-enhanced CT scan 2 months after cryoablation showing tumor size reduction and

absence of contrast enhancement.
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local tumor control were 95.6%, 76.9%, 13.4%, and 9.4%

at 3-, 12-, 18-, and 24-month, respectively.35

Cryoablation Of Breast Cancer In
Comparison With Other Ablative
Techniques
Few studies have compared cryoablation with other percuta-

neous ablative methods for breast cancer.1 Manenti et al com-

pared radiofrequency ablation (40 patients) and cryoablation

(40 patients) in the treatment of early breast cancer. All patients

received sentinel lymph node biopsy. After 30–45 days from

the ablation treatment, surgical resection of the tumor was

scheduled. After 18-month follow-up, no local recurrences

occurred. The authors observed complete necrosis in 75

patients (93.8%) and residual disease in 5 (6.2%). There was

a good correlation between MRI volume and histologic sam-

ples. The conclusion of the study was that both percutaneous

ablative methods achieved good clinical and cosmetic out-

comes, but cryotherapy was the preferred method due to the

analgesic effect of freezing with better patients compliance.34

Mauri et al assessed in a meta-analysis the technical

success, technique efficacy, and complications of mini-

mally invasive imaging-guided percutaneous ablation pro-

cedures for breast cancer. The study included 1156 patients

with 1168 lesions from 45 studies. Cryoablation was used

in 13% of patients, whereas radiofrequency the most used

ablation method. Technique efficacy of cryoablation was

75%. General conclusions of the authors were that ima-

ging-guided ablation techniques for breast cancer consid-

ered as a whole were 96% technically successful, but

technique efficacy remains suboptimal. However, techni-

que efficacy was significantly better in patients submitted

to radiofrequency and cryoablation compared to laser,

microwaves, and high intensity focused ultrasound.7

Imaging Follow-Up After
Cryoablation Treatment
The extent of the ice ball caused by cryoablation can be

recognized on US, CT scan, and MRI.8 However, timing

and imaging methods of surveillance after breast cancer

Figure 3 Same patient as shown in Figure 2. She developed a local recurrence after 12 months from the cryoablation procedure that was treated with redo cryoablation.

Axial (A) and coronal (B) contrast-enhanced CT scan images showing a 2 cm nodule with enhancement in the previous ablation zone. (C) Second cryoablation with

insertion of two cryo-probes. (D) Complete tumor ablation with no contrast-enhancement at the end of the procedure.
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cryoablation remain to be better defined. In fact, early diag-

nosis of local recurrence after either surgical removal or

ablation of the primary tumor is of paramount importance

for disease-free survival, and perhaps for overall survival of

patients with breast cancer. Contrast-enhanced MRI is a

relatively new method in breast cancer detection and diag-

nosis, based on vascularization of tumor lesions. It has

widely been used for planning surgical treatment in selected

patients with invasive breast cancer and DCIS, and for asses-

sing response to neoadjuvant systemic therapy.40,41 After

cryoablation treatment, damaged cancer cells stay located

in the treated area, thus MRI may be the most accurate

image tool for evaluating responses to cryoablation.6,34,42

Manenti et al reported a good correlation between MRI

volume and histological samples size in their series of 80

patients submitted to either radiofrequency ablation or cryoa-

blation and surgical removal of the tumor.34 However, the

role of MRI has been questioned by some authors. In the

Z1072 trial, the negative predictive value of MRI was

81.2%.32 Poplack et al, in their retrospective study, observed

that MRI was not useful to predict cryoablation results accu-

rately, such as the detection of residual cancer and the recog-

nition of benign cryoablation-related change.31

Immunologic Effects Of
Cryoablation
In the era of introduction of immunotherapy in the treatment

of various malignancies, increasing interest has been direc-

ted toward the cryoablation-induced anti-tumor immune

Figure 4 CT-guided cryoablation of large invasive carcinoma of the right breast in 83-year-old woman not suitable for surgery due to co-morbidities. (A) Large tumor mass

in the right breast with nipple retraction. (B) PET-FDG/CT imaging showing an abnormal area of18F-FDG uptake in the right breast. (C) CT-guided placement of the

cryoprobe. (D) Complete ablation of the tumor during the freezing process.
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response, which may aid in tumor control and cure.3,21,43

The key point is that antigenic tissue remains in the breast

after local ablation. Cryoablation of tumor lesions causes

the coagulative necrosis of neoplastic cells. During the

thawing phase, tumor cells within the iceball release in

blood circulation intact tumor antigens, as well as other

“danger signals”, such as nuclear proteins, proinflammatory

cytokines, and HMGB1, a molecule that stimulates antitu-

mor immunity response through interactions with Toll-like

receptors. These signals act as a stimulus for the natural

immune response by attracting macrophages, NK cells, and

granulocytes. These cells, in addition, cause cytokines

release and dendritic cells, the professional antigen-present-

ing cells, to reach the cryoablated tissue.44,45 There are

many studies showing the clinical benefit of cancer anti-

gens. In fact those antigens can stimulate the production of

antitumor antibodies, cytotoxic T-cells and induce a vigor-

ous cytokine response targeted toward malignant cells.

Thus, tumor-derived self-antigens can be released into cir-

culation. The most advantageous method for the immune

system to identify these new circulating cryoablated self-

antigens may be the enhanced immune response activation

caused by blocking tumor checkpoints. Experimental and

clinical studies demonstrated the complementary roles for

cytotoxic T-lymphocyte-associated protein (CTLA-4) and

PD-1 antagonists in influencing adaptive immunity.

Combination immunotherapy followed by cryosurgery

seems to provide a more targeted immune response to dis-

tant lesions.43,46

Various immunostimulation and immunomodulation

pathways are activated by necrotic tissue damage-asso-

ciated molecular products.20,43 Furthermore, increased

interest has been raised regarding the possible synergic

effects of cryoablation and systemic treatments.

In an experimental model of triple-negative breast can-

cer, Chandra et al tested cryoablation combined with

Meriva (a lecithin delivery system of curcumin with

improved bioavailability) founding that cryoablation

delayed the development of pulmonary metastases on the

short term, and that post-cryoablation Meriva administra-

tion was significantly better in delaying the development

of pulmonary metastases, and affected survival on the

long-term period.19

In a recent study, breast cryoablation was combined with

immune therapy in 19 women scheduled for mastectomy in

whom pre-operative tumor cryoablation, single-dose

Ipilimumab, or both were administrated. Interestingly, in

the patients who received the combination of cryoablation

and Ipilimumab, synergistic antitumor immunity effects

were observed.47

The clinical benefits of a combination of tumor cryoabla-

tion with natural killer cells therapy and Herceptin were

studied from Liang et al. In 48 patients with HER2- over-

expressing recurrent breast cancer, the three-therapy combi-

nation treatment resulted in reduced levels of circulating

tumor cells, reduced tumor markers such as CEA and

CA15-3, and significant prolongation of progression free

survival.48 The synergetic effect of cryoablation and doxor-

ubicin nanoparticles was assessed as effective in MCF-7

model, a widely studied epithelial cancer cell line derived

from breast adenocarcinoma.49

State Of The Art And Future
Perspectives
Many studies have demonstrated that cryoablation represents a

useful ablation method for patients with breast cancer, being a

well-tolerated procedure that permits to obtain complete tumor

necrosis in a high percentage of cases. However, robust evi-

dence is lacking on long-term benefits of its use in the different

clinical scenarios. Well designed randomized trials are needed

to better elucidate the role of cryoablation in multimodality

treatment of breast cancer. Overall, the literature data are

heterogeneous, as highlighted in a recent systematic review

from Lanza et al who reported a variable local tumor control

ranging from 19% to 95%.8 Cryoablation may represent a

valid technique for local treatment of patients who are unsui-

table for, or refuse surgery. Moreover, it should be taken into

account as a method of primary tumor ablation in patients

presenting with distant metastases, who may benefit of a

percutaneous procedure instead of surgical removal of the

tumor, given the systemic diffusion of the neoplastic disease

and the doubted utility associated to lumpectomy in those

situations.

Cryoablation as an alternative to surgery in patients with

early breast cancer is the most interesting aspect, because it

may represent a conceptual shift toward a minimally invasive

treatment. In spite of encouraging results, to date no studies

have demonstrated that cryoablation is equal to breast-con-

serving surgery in terms of local control, disease-free survi-

val, or overall survival. Interestingly, the ongoing trials are

evaluating cryoablation as curative treatment in a highly

selected patients, namely those older than 50 years having

low risk breast cancer no larger than 15 mm. While waiting

for the results of those trials, breast-conserving surgery must
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be considered as the treatment of choice for patients with

early breast cancer.

Studies are also needed regarding timing and modal-

ities of imaging follow-up after cryoablation, because the

importance to early detect local recurrences after tumor

ablation cannot be overemphasized.

Effects of cryoablation on immune system and possible

synergic effects with systemic therapies are open and

fascinating fields that deserve further attention. In fact,

immune therapy has recently emerged as a useful treat-

ment for various solid tumors. Currently, immune strate-

gies include the use of drugs that modulate key T cell

inhibitory checkpoints and vaccines. In particular, check-

point blockade along with other treatments such as sys-

temic therapies and localized therapy including tumor

cryoablation seems to be a promising strategy in the treat-

ment of breast cancer.
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