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Abstract: With recent improvements in breast imaging, the ability to identify small breast tumors is

markedly improved, prompting significant interest in the use of cryoablation without surgical excision to

treat early-stage breast cancer. The cryoablation is often performed using ultrasound-guided tabletop argon-

gas-based cryoablation system with a double freeze/thaw cycle. Recent studies have demonstrated that, as

a primary therapy for small breast cancer, cryoablation is safe and effective with durable results, and can

successfully destroy all cancers <1.0 cm and tumors between 1.0 and 1.5 cm without a significant ductal

carcinoma-in-situ (DCIS) component. Presence of noncalcified DCIS is the cause of most cryoablation

failures. At this time, cryoablation should be limited to patients with invasive ductal carcinoma <1.5 cm and

with <25% DCIS in the core biopsy. For unresectable advanced breast cancer, cryoablation is a palliation

modality and may be used as complementary for subsequent resection or other therapies.
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Introduction

Breast cancer is the most common type of cancer among
women in the world (other than skin cancer). Over 211,000
new cases of invasive breast cancer were diagnosed in the
Unites States in 2003. The widespread screening for breast
cancer has resulted in more patients with earlier stages and
tumors less than 20 mm in size being detected (1). One
third of all new cancers, which are less than 10 mm, have
an excellent prognosis, with approximately a 90% survival
rate at 20 years (2), the diagnosis and treatment of breast
cancer have changed rapidly in the past 2 decades, with less
invasive procedures replacing more extensive procedures.
For decades, ablative techniques have been applied
to malignancies in the liver, lung, bone, kidney, prostate
gland, and pancreas (3). The breast is an ideal model for
ablative therapies because of its superficial location on the
thorax and absence of intervening organs between it and
the skin. Several methods are presently being investigated
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for the nonsurgical ablation of breast cancer, and these
methods include radiofrequency ablation, cryosurgery,
laser interstitial therapy, high-intensity focused ultrasound
surgery, and focused microwave thermotherapy (3,4). Of
these modalities, cryoablation of breast cancer has been
paid great attention (4,5). Apart from treating small breast
cancer, cryoablation has been used for palliation of advanced
breast cancer.

Indication

The selection of patients with breast cancer who undergo

cryosurgery is based on the following considerations (6,7):
% The best indications of cryosurgery for breast cancer
are small solitary invasive breast cancers, smaller
than 15 mm with low density on a mammogram
and discrete margins and a visible posterior wall
at ultrasonography, small breast tumors are not

candidates for surgery or pharmacologic therapy;
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Figure 1 A 50 year-old-lady with infiltrating ductal carcinoma of right breast with ulceration underwent percutaneous cryosurgery

and subsequent chemotherapy, and has disease-free survival of 3 years. A. Before treatment, broken surface of tumor; B. Percutaneous

cryosurgery was performing; C. Three months after treatment, the lesion healed

% For inflammatory carcinoma (carcinoma erysipelatodes),
which spreads rapidly, cryosurgery with the liquid
nitrogen (LN,) spraying technique is the only measure
to stop the disease and salvage the patient;

% Invasive lobular carcinoma and cancers with
significant amounts of intraductal carcinoma tend to
be multifocal, with some foci too small to be seen on
current imaging, are not candidates for this treatment;

% Cryosurgery for anaplastic cancer may cause
unexpected progression of the disease, thus is
contraindicated;

% There should be not be any history of prior cancer
in the targeted breast, no other tumors or suspicious
lesions, and the lymph nodes should be clinically
negative;

e

» Any inoperable stage III or IV cancer, not indicated
for conventional surgery, and recurrent breast cancer
with multiple and widespread lesions, resistant to
radio/chemo/endocrine therapy; these are indications
for cryosurgery. Goals of cryosurgery include
arresting continuous hemorrhage from an ulcerating
tumor, reducing malodorous discharge, reduction in
the tumor bulk, and alleviating intractable pain.

Technology

The following kinds of cryosurgery techniques are used for
breast cancer (7,8):

% Penetration method, namely percutaneous cryosurgery,
is the best of all of the cryosurgical techniques for
various size of tumors;

% Contact method: the most frequently used and safe,
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with a variety of probe-tip adaptors to fit the size and

shape of the tumor;

% Contact method plus spraying method: frequently
used safely for bulky and for widespread tumors, to
expedite freezing;

% Penetration method plus spraying method: for massive
tumors;

% The procedure of penetration cryosurgery for breast
cancer is briefly introduced as follows (9,10).

The tumor is first identified by using ultrasound
(US) and the most convenient access to the mass was
determined. For local anesthesia, 2-5 mL of 1% lidocaine
is injected into the deeper tissues proximal to the mass
along the expected course of the cryoprobe. Afterward,
a variable number (one to two) of cryoprobes (1.4 or 1.7
mm in diameter) are percutaneously placed directly into
the breast mass through a small incision and the tip was
advanced 1.0-1.5 cm beyond the distal edge of the tumor
(Figure I). Generally, lesions smaller than 15 mm could be
reliably frozen with a single, centrally placed, 3-mm probe,
and large lesions require multiple probes. Placement
of probes within the tumor is confirmed by using US
to ensure symmetrical placement of the probe prior to
activation of the cryoablation system. Each cryoprobe is
cooled to =160 °C for 10-15 minutes. The cryoablation
procedure consists of two freeze-thaw cycles. With real-
time ultrasound, the freeze ball can be seen encompassing
the tumor because there exists a highly echogenic interface
between frozen and unfrozen tissue. Because the ice ball
forms more like an oval than a ball; that is, it is longer in
the longitudinal plane along the length of the probe, the
diameter of the ice-ball in the longitudinal and transverse
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planes is measured during each freeze-thaw cycle to
ensure appropriate width and length so that the ice-ball
encompasses the cancer with an additional “safe border” of
at least 5 mm.

If the ice-ball is too close to skin, saline may be injected
into the breast tissue between tumor and skin to maintain
a suitable distance. Alternatively, room temperature saline
or water can be dripped directly onto the skin’s surface to
protect it (6).

Percutaneous cryoablation for breast cancer is also
performed under guidance of near-real-time open-
configuration MR system.

It is specially noted that once the tumor tissue has been
destroyed, tumor markers cannot be reliably assessed.
Therefore, core biopsy of the breast cancer to determine
the presence of estrogen and progesterone receptors,
HER-2/neu, and markers of proliferation, apoptosis,
differentiation, and cell regulation is a prerequisite for the
ablative techniques (6).

Clinical results
Small breast cancer

In 1985, Rand er a/. (11) made the first reported a
77-year-old woman with a 1 by 2 cm palpable mass,
who underwent cryosurgery under US guidance, and
the tumor was then resected. Histopathologic analysis
revealed no viable tumor cells. The patient had disease-
free during 2-year follow-up. In 1997, Staren (5) reported
a 76-year-old lady with two foci of infiltrating lobular
carcinoma who received percutaneous cryosurgery. Core
needle biopsy at 4 and 12 weeks postablation revealed
tissue necrosis, inflammatory cells, and cellular debris
but were negative for persistent tumor. This is the only
human example of the natural history of cryoablated
breast carcinoma because nearly all ablation studies are
coupled with postprocedure resection.

Stocks et al. (12) reported 11 patients with invasive
ductal carcinoma who underwent cryoablation and then
the tumors were excised within 1 to 3 weeks. The tumors
ranged from 7 to 22 mm and averaged 13 mm. Ten of the
11 tumors were completely ablated. In one case residual
malignant cells were seen at the border of the ablation zone.
This study highlights the challenge of eradicating in situ
carcinoma with ablative therapy.

Pfleiderer et /. (13) further investigated potential of
cryosurgery in the treatment of invasive and in situ breast
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carcinoma. The 5 tumors <16 mm showed no evidence
of invasive cancer. However, two of these five had ductal
carcinoma-in-situ (DCIS) in the surrounding tissue. In the 11
tumors >23 mm, histologic examination revealed incomplete
necrosis. The results showed that the invasive components
of small tumors can be treated using cryotherapy, but that
DCIS components may not be detected before ablation and
represent a challenging problem.

Roubidoux et a/. (14) reported that 9 patients were treated
with US-guided tabletop argon gas-based cryoablation
system. Mean cancer size was 12 mm. Tumor sites were
excised at lumpectomy 2-3 weeks after cryoablation. Seven
(78%) of 9 patients had no residual cancer. One patient had
a small focus of invasive cancer; one had extensive multifocal
ductal carcinoma in situ. No residual invasive cancer occurred
in tumors 17 mm or smaller or in cancers without spiculated
margins at US. After cryoablation, there was increased
echogenicity at US and increased density at mammography. The
study shows that tumor size <16 mm, increased mammographic
density, and US characteristics without spiculated margins may
suggest complete necrosis of the tumor.

Sabel et al. (15) reported 29 patients with primary
invasive breast cancer less than 20 mm who underwent
ultrasound-guided cryosurgery with a tabletop argon-
gas-based cryosurgical system. All cancers <1.0 cm were
successfully destroyed. For tumors between 1.0 and 1.5 cm,
this success rate was achieved only in patients with invasive
ductal carcinoma without a significant DCIS component.

Morin et al. (16) reported that under the guidance of
open-configuration MR system, percutaneous cryosurgery
was performed in 25 patients with operable invasive breast
carcinoma, 4 weeks prior to their scheduled mastectomy.
All tumoral tissues included in the cryogenic “ice-ball” were
destroyed, with no viable histologic residues. Ablation was
total in 13 of the 25 tumors treated.

In Fuda Cancer Hospital Guangzhou, Niu er al. (17)
had treated 27 patients with small solitary invasive breast
cancers using US-guided cryoablation. Tumor proven by
core biopsy had median of 13 mm with range of 8-25 mm
in size. All 27 patients underwent lumpectomy an average of
14 days after the cryoablation (8-35 days). Twenty-two of 27
patients had axillary staging by intraoperative lymph node
mapping and sentinel lymph node biopsy performed at the
same time. Four (14.8%) patients had a positive sentinel
lymph node. No viable invasive cancer was discovered in
23 (85.2%) of the 27 patients according to histological
findings of specimen from lumpectomy. A DCIS which was
present within the normal tissue surrounding the cryozone
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Table 1 The results of cryosurgery for 42 patients with advanced breast cancer

Survival (%)

Therapy Cases

1-year 2-year 3-year 4-year
Cryosurgery + Chemotherapy 15 68 63 56 47
Cryosurgery + Chemotherapy + Endocrine therapy 27 74 65 51 44
Total 42 72 64 5315 455

Figure 2 A 43-year-old lady with undifferentiated adenocarcinoma of right breast, stage IV, received percutaneous cryosurgery and

subsequent chemotherapy, and had disease-free survival of 29 months. A. Before cryosurgery, CT showed a mass of 6 by 7 cm in size; B.

One month after cryosurgery, the mass on CT was decreased in size; C. PET-CT showed no metabolic activity of cryotreated mass at three

months after cryosurgery

was discovered in an additional four patients (14.8%), in
whom two patients had a small focus of lesion and two cases
had multifocal lesions. Among 11 patients whose tumors
<15 mm in size successfully underwent cryoablation, with
no residual invasive or intraductal carcinoma, whereas the
tumors in 4 patients with residual DCIS had 15, 21, 21, and
25 mm in size, respectively.

Advanced breast cancer

For advanced breast cancer, cryosurgery can improve
patient’s condition and prolong survival. Korpan (7) showed
52 patients with breast cancer, including 10 primary
advanced and 42 recurrent, who underwent cryosurgery.
Three- and four-year survival were 40%. This figure is not
disappointing given the patients’ severe condition.

From July to Dec 2005, 42 patients with advanced breast
cancer underwent percutaneous cryosurgery in Fuda Cancer
Hospital at Guangzhou, China. Of 42 patients, 15 received
chemotherapy and 27 chemo/endocrine therapy. Overall
1-, 2-, 3-, and 4-year survival are 72%, 64%, 53% and
45%, as shown in Table 1, and typical cases were illustrated
in Figures 1,2,3 (18).
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Discussion
From surgical resection to ablation

During the last 20 years, the conventional treatment for
breast cancer has shifted from radical mastectomy to breast
conservation through the combined use of lumpectomy
and radiation therapy. It is conclusively demonstrated that
mastectomy and lumpectomy have long-term efficacy
for the appropriate candidate (19,20). The reduced
psychological and cosmetic impact of lumpectomy in
comparison to radical mastectomy makes it a much more
desirable option (21).

Although lumpectomy is not a major operation, it still
is a surgical procedure. Compared with surgical resection,
ablative therapies have a number of benefits, including
(I) breast tumor ablation without surgical excision may
be a less morbid procedure without sacrificing cancer
control; (IT) the therapy can be performed in the office
or ambulatory surgery setting with local anesthesia; (I1I)
because the technique does not resect native tissue, it is
less disruptive to the contour of the breast, ablated tissues
remain in the breast for resorption over time, hence, this
may improve the cosmetic outcome; (IV) these percutaneous
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Figure 3 A 54-year-old female, with undifferentiated carcinoma of left breast received percutaneous cryosurgery and the subsequent

resection of mass and chemotherapy, and had progression-free survival of 26 months. A. Before treatment, tumor had ulcerated; B. Before

treatment, CT showed the mass of left-low quadrant of left breast; C. After resection of cryotreated mass; D. The specimen of resected mass

shows complete necrosis of tissue proven by histology

techniques do not require incisions, which may speed recovery
tme (4,5). However, ablative techniques have the drawback
of not providing tissue for pathological examination. As a
consequence, one cannot be certain that the entire lesion
is ablated. Moreover, some tumor characteristics like the
microscopic size, grade, hormonal receptor status and
margin status are not available.

Comparison between heat-based ablation and cryoablation

Compared with ablation technologies which raise tissue
temperature, cryosurgery appears more rational (22). There
are following theoretical advantages of cryoablation:

Firstly, in heat-based ablation, the degree of thermal
injury depends on temperature and duration of exposure.
The time necessary for cell death decreases as temperature
increases, At 42 °C, tissue injury occurs, but complete cell
necrosis may take several hours to achieve, and at 51 °C, cell
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death can occur as soon as 2 minutes (23). The large and
rapid increases in temperature result in almost instantaneous
melting of the lipids in the cellular membrane and protein
denaturation, causing instant necrosis. However, the
creation of a confluent volume of necrosis with a heat-based
ablation technology is technically challenging. Breast tissue
is composed of both fatty and stromal elements. These
different tissues have different thermal properties (i.e., heat
capacity and thermal impedance) which may lead to heating
that is not predictable or symmetrical. Also, blood flow will
remove heat from the tissue being treated, which can also
cause irregular ablation zones (24,25), and the uneven size
of ablation volume can lead to over or under treatment (26).
Several studies have shown residual viable cancer following
radiofrequency ablation (27,28).

During cryoablation, the ablation zone is literally frozen
in place. No blood flow occurs into or out of an ice-ball. In
addition, the ice-ball is always in a quasi- equilibrated state,
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which ensures both a symmetric ice-ball and symmetric
temperature distribution within the ice-ball, resulting in a
symmetric volume of confluent ablation (29).

Secondly, heat ablation often causes pain during and
after the procedure (30). Consequently, sedation or general
anesthesia is often required with heat- based ablation.
A significant volume of anesthetic may alter the heating
characteristics of the device and the biologic effect it
induces (26).

Pain, as observed with heat-based ablation, is usually not
a problem during or after cryoablation, because the natural
analgesic effect of cold is a natural analgesic (31).

Thirdly, another drawback of heat-based ablation is the
difficulty of real-time guidance for operative procedure with
ultrasound, which may impair the targeting precision (26).
In contrast, during cryoablation, ultrasound shows the
proximal edge of the ice-ball appearing as a clearly visible
hyperechoic rim, provides an excellent guidance at the
boundary between frozen and unfrozen tissue.

Lastly, for prevention of skin injury, at least a 10-mm
separation of the tumor edge and the skin surface is
required. With cryoablation, it is possible to inject saline
(while monitoring with real-time ultrasound) between the
tumor and the skin, increasing their separation. This allows
for the treatment of tumors close to the skin (5). However,
with heat-based ablation, injection of saline may alter the
thermic effect.

Patient selection of cryoablation

Patient selection is key to successful cryoablation. DCIS
represents a special problem, the presence of DCIS at
the margin of the cryoablation zone results in incomplete
tumor necrosis, in other words, DCIS may be a relative
contraindication to cryotherapy. However, even using
MR imaging, DCIS lesions are only detected in 60-70%
of patients with breast cancer (15). This fact makes it
impossible to include DCIS components of invasive
carcinomas in the therapy planning for such cases.

Generally, DCIS is often seen in tumors >15 mm.
Cryoablation is adaptable for tumors <10 mm, for primary
tumors 10 to 15 mm, only those without an extensive
intraductal component are destroyed, while tumors over 15 mm
are not reliably eradicated with cryoablation.

Core biopsy is helpful to detect the presence of DCIS.
Specifically, the noncalcified type of DCIS causes the
most treatment failures in the patients with larger tumors.
It is suggested that cryosurgery should be limited to
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invasive ductal cancers <1.5 ecm and with <25% DCIS
on the core biopsy. Some breast cancers, such as invasive
lobular carcinoma and significant intraductal carcinoma,
tend to be multifocal and may include foci too small to be
detected through imaging, making them unsuitable for
in situ ablation. Tumors that present with more than the
most minimal degree of microcalcification should also be
excluded, since the extent of these lesions on mammography
often can not be detected (5).

It is believed that as diagnostic tools improve, specifically
those such as MRI and PET, may allow for accurate
mapping of all cancer and DCIS within the breast. In
addition, the improvement of cryoablation procedure
is important. Use of multiple cryoprobes can partially
overcome the pitfall of single cryoprobe ablation (29).

Follow-up after cryoablation

Since the tissue is not excised, complete pathology of the
margins cannot be achieved, requiring vigilant follow-up
to show if there is residual or recurrent cancer in untreated
tissue of the breast. However, it is not yet known what
the optimal guiding option for patient is who underwent
cryoablation. Serial radiological follow-up should be able to
detect residual growth or recurrent cancer. The combined
use of imaging technologies such as mammography,
ultrasound, gadolinium-enhanced MRI, and PET may be

helpful to decrease misdiagnosis of cancer recurrence (5).

Use of cryoablation for advanced breast cancer

There are few data of cryoablation for advanced breast
cancer. For such cases whose tumors can’t be resected,
cryosurgery seems to be a wise choice. Our primary
experience is encouraging. As a cytoreductive technique,
cryoablation can provide a basis for subsequent resection
and other modalities such as chemotherapy, radiation and
molecular targeted therapy.

It is suggested that the immune system of the host
becomes sensitized to the tumor being destroyed by the
cryosurgery. As the body resorbs the necrotic tissue, an
active immunity is developed for the tumor tissue. Any
primary tumor tissue undamaged by the cryosurgery and
the metastases can be destroyed by the immune system after
cryosurgery (32,33). The “cryoimmunological response”,
obviously, results in therapeutic benefits for advanced breast
cancer.

Sugiyama er al. (34) treated a total of 6 breast cancer

Gland Surgery 2012;1(2):111-118



Gland Surgery, Vol 1, No 2 August 2012

patients, 5 with local recurrent tumors on their anterior
chest wall and 1 with far advanced primary breast tumor,
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