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Breast Cancer Cryoablation: Past, Present,

and Future
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Abstract

The field of radiology is always changing, particularly with respect to image-guided breast cancer cryoablation. While this
therapy has been studied for decades, the results of recent clinical trials have made the concept of treating breast cancer
without surgery closer to reality. The technigue closely resembles that of percutaneous image-guided breast biopsy, and the
skill set to perform this procedure can be acquired by breast and interventional radiologists. Small, low-risk breast cancers can
be treated with cryoablation, and there is an opportunity to use it for palliative care. Potential immune benefits of cryoablation
add to the appeal and interest in this procedure.
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Introduction

Radiology continues to be a leader
in advancing the field of medicine,
challenging old thoughts, refining proven
concepts, and utilizing new imaging
and interventional technology. This is
particularly true in the field of breast
cancer. Radiology has championed the
field of women’s health by improving the
quality of diagnostic imaging through-
out years of research, while educating
the medical and lay community on the

appropriate use of such imaging advances.

This has led to finding smaller, more
treatable breast cancers, with an overall

reduction in morbidity and mortality.
Today a new and exciting chapter is
emerging: image-guided breast cryoabla-
tion for the non-surgical treatment of
breast cancer.

A Historical Perspective

Cryoablation devices were invented in
1961 when Irving Cooper, MD, PhD, and
colleagues developed a device using liquid
nitrogen circulating through an insulated
probe ." In 1976, LePivert reported on
“cryosurgery” for 7 cases of advanced
breast cancer.? From 1982 to 1995, Suzuki
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performed cryosurgery on patients with
stage IV breast cancer, reporting rates of
survival ranging from 6 months to 5 years.’
In 2004, Roubidoux and Sable published
their work on a feasibility study to treat
breast cancers <2 cm with cryoablation
followed by surgical excision, with 7 out
of 9 patients having no residual cancer at
surgery.* In 2009, Littrup and colleagues
published one of the first trials using
image-guided cryoablation on 22 cancers
in 11 patients with no local recurrence

at up to 18 months follow-up. This was

a cohort of patients with all stages of
breast cancer and with tumors treated

up to 58 mm.® These early works led

to ACOSOG Z1072, the first multicenter,
large-scale trial testing the feasibility of
using cryoablation as a primary treatment
for unifocal predominantly invasive ductal
carcinomas 2 cm or less. Nineteen centers
contributed 99 patients; 87 cancers in 86
patients were treated with cryoablation
followed by surgical excision. When
multifocal disease outside of the ablation
zone was excluded, 80 out of 87 (92%) of all
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Figure 1. (A) Imaging findings, left craniocaudal (LCC) view, of a patient from the ICES3 trial,
showing a 6-mm invasive ductal carcinoma prior to cryoablation (arrow). (B) 12 months post
ablation. Note the formation of a thickened rim of dense tissue around the ablation zone (arrow).
(C) 36 months post ablation. The rim of dense tissue remains, and there has been interval
development of dystrophic calcifications (arrow). (D) 60 months post ablation. The dystrophic
calcifications persist and have increased over time. The rim of dense tissue has become less dense

(arrow).

cancersand 100% of all cancers 1 cm orless

were successfully ablated.®

The ICE3 Trial

The ICE3 trial was the first multicenter
trial to assess the safety and efficacy of
image-guided cryoablation as a primary
treatment for low-risk breast cancers
without surgical excision. This prospective
trial enrolled 194 women ages 60 and older
across 19 centers with unifocal, US-visible
breast cancers 1.5 cm or less. All patients
were clinically lymph node-negative with
biopsy-proven invasive ductal carcinomas
that were hormonal receptor (HR)-positive
and HER2-negative. All patients with
lobular carcinoma and extensive ductal
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carcinoma in situ were excluded due to
the difficulty in assessing tumor borders
with US imaging for those pathologies.

A total of 162 patients completed the
5-year imaging follow-up (Figure 1). The
5-year follow-up data, published in 2024,
demonstrated an overall ipsilateral tumor
recurrence rate of 4.3%. Of the patients
who also received endocrine therapy only,
the recurrence rate was 3.7%,” which was
comparable to the current standard of care
with surgical excision.®

Techniques and Clinical
Considerations

The technique for performing
image-guided breast cancer cryoablation

requires proficiency with image-guided
breast biopsy procedures as well
as the proper techniques and
safety considerations for performing
percutaneous image-guided cryoablation.
While the procedure can be performed
with multiple cryoprobes using US, CT,
or MRI guidance for larger tumors,
a single-probe US-guided procedure is
preferable for small, <1.5 cm, unifocal
low-risk breast cancers as defined in the
ICE3 trial. Breast cancer cryoablation can
be performed in an outpatient setting
with patients awake and alert under
local anesthesia. This allows the patients
to return to normal activities almost
immediately following the procedure and
for treatment of patients who are poor
surgical candidates.

The US-guided technique follows that of
a US-guided breast biopsy procedure with
modifications. An US-visible well-defined
tumor is localized. The approach is
prepped and draped. Local anesthesia,
typically 5 mL 1% lidocaine for the skin
and 10 mL 1% lidocaine with epinephrine
for the deeper tissues around the tumor,
is delivered under US guidance. The
cryoprobe is prepared and tested prior
to insertion as per the manufacturer’s
guidelines. Sterile saline solution should
be available for skin hydrodisplacement
though a 20-gage spinal needle if the ice
ball approaches the skin surface to prevent
thermal injury. A distance of >5 mm is
preferred between the cryosphere and
the skin during the procedure. Warming
packs can also be placed on the skin
surface. After a small skin incision, precise
placement of the cryoprobe is the first
key element to successful ablation. The
probe should be placed under US guidance
as close to the center of the tumor as
possible, preferably along its long axis
(Figure 2). Care should be taken to avoid
crossing blood vessels between the skin
and the target tumor during placement
of the probe, if avoidable, as this can
lead to ongoing bleeding and hematoma.
The cryosphere grows from the probe
outward from an isocenter as defined
by the manufacturer’s guidelines, and
placement nearest the center of the tumor
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Figure 2. (A) US image of the same patient as in Figure 1. Post biopsy, pre-ablation US demonstrates an irregular, poorly marginated hypoechoic mass
(arrow). (B) US image with cryoprobe (echogenic line) through the center of the mass (arrow). Calipers present defining the ideal distance from the tip
of the probe to the anterior border of the lesion for optimal cryosphere formation. (C) Early cryosphere formation in the longitudinal plane. (D) Early
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allows for the best possible outcomes for
adequate freezing of the tumor and the
optimal ablation zone. After placement,
the probe is activated and the freeze cycle
begins. This typically takes 8-10 minutes.
The goal is to achieve a cryosphere that
encompasses the breast cancer and the
surrounding tissues so as to ideally provide
a10-mm margin of -40°Cto -20°C lethalice
around the tumor. The cryosphere formed
is highly visible anteriorly and laterally
and nearly anechoic with an echogenic
rim (Figure 3). The posterior margin is not
visible by US but is deemed to be nearly
the same depth as the anterior margin.
Note is made that no protection is required
for the chest wall during the procedure

as there is no risk of significant thermal
injury. However, patients may experience
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some chest discomfort if the ice ball grows
posteriorly, near the chest wall, which can
be treated by lifting the probe off the chest
wall. The first freeze cycle is followed by
a passive thaw of 8-10 minutes. This cycle
is important as thawing causes osmotic
gradients and fluid shifts into damaged
cells, leading to swelling, bursting, and
further cell death.’ This is followed by a
second freeze cycle of 8-10 minutes.

The second key element to successful
ablation is remembering that the
cryosphere can grow quickly in less
than 8-10 minutes, but the internal
temperatures of the kill zone may take
significantly longer. Short freeze times can
produce large ice balls in 3-5 minutes,
but the 0°C isotherm, which defines the
visible echogenic edge of the cryosphere,

is nonlethal. Cell death occurs at -40°C,
which is best achieved with longer freeze
times.’ The cryosphere, using a single
probe technique, will not continue to grow
significantly beyond a certain diameter,
but the internal temperature will continue
to drop. Adequate freeze time to achieve
lethal ice, as well as a freeze, thaw,

freeze cycle, are the keys to achieving

cell death and tumor destruction in breast
cancer cryoablation.

Following the second freeze cycle, a
rapid thaw cycle is performed to facilitate
probe removal. A dressing is applied, and
after a brief observation period, the patient
is discharged. The third key element to
successful ablation is to manage patient
expectations. Patients should be aware
that as the ice ball melts, there can be
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Figure 3. (A) Image of the same patient as

in Figure 1. Highly visible, nearly anechoic
cryosphere with echogenic border (arrow) in
the transverse plane. (B) Highly visible nearly
anechoic cryosphere with echogenic border
(arrow) in the longitudinal plane.

a leakage of fluid or bloody discharge

from the entry site. Bruising and small
hematomas are to be expected. There may
be swelling and warmth at the site of

the ablation due to a local inflammatory
response. Most importantly, patients, who
may have felt nothing in their breasts
prior to ablation, will most certainly

feel a lump in their breast for weeks to
months after at the site of the ablation
procedure. Communication of these
common post-procedure occurrences will
ensure that the patients are prepared for
them should they happen.

Breast Cryoablation with Palliative
Intent

While the interim analysis results of
the ICE3 trial published in 2021 by Fine
et al’ ignited renewed interest in breast
cryoablation for the curative treatment of
unifocal, <1.5 cm, low-risk breast cancer,
breast cryoablation had been performed
since the 1960s for the palliative treatment
of advanced and recurrent breast cancer™
(Figure 4).

From 1968 to 1994, breast and chest
wall/mastectomy site cryoablation was
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Figure 4. (A) Irregular poorly marginated mass in a 90-year-old patient with multiple comorbidities
measuring 3.4 cm x 2.4 cm. (B) Mass completely engulfed by 5.7 cm cryosphere post ablation
using 3 freeze-thaw-freeze cycles and a single cryoprobe. (C) Hypoechoic mass “ghost” (centrally)
of treated tumor 3 months post ablation measuring 2.6 cm x 2.0 cm. Note the echogenic rim
“cryohalo” defining the ablation zone margin (arrows). (D) Mammography of mass pre ablation. (E)
Mammography of mass 3 months post ablation. Note the larger appearance due to inflammatory
response in surrounding tissue following cryoablation. (F) Mammography of mass 18 months post
ablation. Decreased density and size of mass with formation of some dystrophic calcifications.
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performed in patients whose disease was
resistant or unresponsive to standard of
care surgical treatment, chemotherapy,
and radiation therapy. These early
studies, composed of small number

(<40 patients) of case series with

limited follow-up (6 months to 5 years),
reported not only survival benefits,

resolution of pain, and local tumor

size reduction but also regression of

contralateral breast tumor and lymph

node metastasis, noting the potential of

systemic antitumor response.”’
Additional retrospective small case

studies from 2000 to 2024 continue

to demonstrate that palliative breast
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cryoablation treatments offer local

tumor and pain control, with excellent
patient tolerance and no significant
complications. Pusceddu et al performed
CT-guided breast cryoablation from 2010to
2016 on 35 patients with metastatic breast
cancer, including 17.1% with multicentric
disease. This study demonstrated 100%
tumor ablation (some requiring second
cryoablation treatment), confirmed with
6-month follow-up MRI, although 20%
experienced local recurrence and 20%
died of tumor progression during
follow-up (3-84 months, median 46
months)." In 2018, Beji et al reported
their study of CT and US-guided

breast cryoablation of 17 patients with
metastatic breast cancer (following 1

or 2 cryoablation treatments), with
resolution of breast mass pain in 5
patients and no residual, recurrent, or
progression of primary breast tumor

on MRI imaging follow-up (median 22
months, 15 patients with >12 month-
follow-up) for 15 patients.” Huang et al
reported in 2024 the results of their breast
cryoablation treatment of 13 patients

(18 lesions) with palliative intent (7
patients with nodal metastasis, 1 with
scalp soft tissue metastasis, and 2 with
multicentric disease). Treatment success
was achieved in 100% of these patients
during imaging follow-up (3-26 months,
median 16 months; 14 treated tumors with
>12 month follow-up), with one patient
reporting resolution of nipple pain."
Despite these promising retrospective
series, no prospective, large cohort, or
long-term studies have been conducted on
palliative breast cryoablation treatment.

Immunologic Effects of Breast
Cryoablation

Whereas surgical resection removes
tumor tissue, cryoablation leaves the
tumor in situ, inducing cell death
while releasing intact tumor antigens
that can stimulate local and systemic
immune responses and potentially
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generate abscopal effects. Freeze-thaw
cycles preserve tumor antigens while
releasing inflammatory mediators which
activate immune pathways due to
exposure of intact tumor-specific
antigens to the immune system.”
This process stimulates production
of pro-inflammatory cytokines and
nucleoproteins that activate innate
immune cells such as natural killer cells
and dendritic cells, while promoting
adaptive immune responses, including
cytotoxic T lymphocyte activation."
In preclinical triple-negative breast
cancer models, compared with surgical
resection, cryoablation results in
increased populations of antitumor
immune cells such as tumor-infiltrating
lymphocytes, natural killer cells, and
conventional type 1 dendritic cells."™"

One ideal consequence of immune
activation is the abscopal effect, in which
treatment of a primary tumor generates
systemic immune responses affecting
distant tumors. In murine models,
cryoablation of primary breast tumors
resulted in reduced growth of distant
tumors accompanied by increased natural
killer cell activity and upregulation of
leukocyte-mediated cytotoxicity." Clinical
studies similarly demonstrate increased
tumor-infiltrating lymphocytes, CD8+ T
cells, and granzyme B expression in distant
tumors after cryoablation, suggesting
enhanced cytotoxic immune activity.®
These systemic immune responses may
contribute to reduced recurrence and
metastatic progression observed in some
preclinical models compared with surgical
resection alone.">"

Despite these immunostimulatory
effects, cryoablation alone may not
fully overcome tumor immune escape
mechanisms. Experimental studies show
that cryoablation can also induce
upregulation of PD-1/PD-L1 signaling
pathways in the tumor microenvironment,
limiting antitumor immune activity."”
This observation provides a rationale
for combining cryoablation with
immune checkpoint inhibitors such as

REVIEW

anti-PD-1 or anti-CTLA-4 antibodies."****'

Preclinical studies demonstrate that PD-1

blockade enhances cryoablation-induced

immune responses, producing synergistic
antitumor effects."

Early clinical studies support the
feasibility of combining cryoablation with
immunotherapy in breast cancer. One
pilot trial demonstrated that preoperative
cryoablation combined with single-dose
ipilimumab was safe and well tolerated
in patients with early-stage breast
cancer and produced activation of
systemic immune responses.”>* Building
on these findings, an ongoing phase
2 study (NCT03546686) is evaluating
perioperative checkpoint inhibition with
ipilimumab and nivolumab combined
with cryoablation in women with
residual triple-negative breast cancer after
neoadjuvant chemotherapy.” Patients
undergo image-guided cryoablation
shortly before surgery with perioperative
checkpoint inhibitor therapy, followed by
adjuvant systemic therapy. The study’s
primary endpoint is 3-year event-free

survival.?*

Additional retrospective data
evaluating thermal ablation combined
with checkpoint inhibitors across
multiple tumor types demonstrate
acceptable safety profiles and suggest
potential abscopal responses in a subset
of patients.”

These findings suggest that cryoablation
may function as an immune-modulating
therapy capable of enhancing systemic
antitumor immunity, particularly in
combination with immunotherapy, in
the hopes of improving outcomes in
biologically aggressive breast cancer
subtypes.”>* Cryoablation may provide
a unique immunologic advantage over
surgical resection by preserving tumor
antigens and stimulating systemic
antitumor immunity, supporting its
investigation as both a local therapy
and an immunologic adjunct in breast
cancer management.
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Important Recent Developments

The US Food and Drug Administration
(FDA) General and Plastic Surgery Devices
Panel convened in Bethesda, Maryland,
in November 2024 and voted “yes” to the
proposal that the benefits of cryoablation
for low-risk breast cancer outweigh the
risks for the proposed indications for use,
primarily based on the 20 of patients and
results of the ICE3 trial. This led to the
FDA granting Class II approval for the use
of cryoablation as a primary treatment
of biologically low-risk invasive ductal
carcinoma 1.5 cm or less in patients 70
years old or older in combination with
adjuvant endocrine therapy.” A post-
market analysis trial was also requested
by the FDA as part of the approval
process and is currently recruiting sites.
Following the FDA approval, the American
Society of Breast Surgeons (ASBS) issued
an updated resource guide in February
2026 on the use of percutaneous ablation
for the treatment of benign and malignant
tumors of the breast. In this document,
the ASBS recommended consideration of
image-guided cryoablation of the same
specific cohort of patients approved by the
FDA with additional clinical and technical
considerations. It was also stressed that
cryoablation must be considered in
the context of a multidisciplinary team
treatment plan, there is a significant
learning curve for safe and effective breast
cancer cryoablation, and that further
evaluation of this procedure is ongoing.”®

Conclusion

Breast cancer cryoablation has been
shown to be a safe and effective
option for the curative treatment of
small low-risk breast cancers as well
as for palliation. The clinical skill
set is already largely possessed by
interventional and diagnostic radiologists
with experience in breast biopsy noting
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important technical considerations and
alearning curve inherent to all new
procedures. The potential for additional
benefits of an immunological response
adds to the appeal of this procedure

and provides opportunities for future
research. With the current guidelines and
recommendations, as well as multiple
ongoing studies throughout the world, the
future of image-guided cryoablation as
an alternative treatment for breast cancer
is bright.
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