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Introduction

The American Cancer Society projects over 211 000
new cases of invasive breast cancer will be diagnosed
in the USA in 2005 [1]. Tumors under 2 cm demon-
strate the steepest increase in incidence, due to
improvements in mammographic screening [2]. Over-
all, one-third of all new cancers are less than 1 cm [3].
Specifically, these T1a and T1b tumors have an
excellent prognosis, with approximately 90% of node
negative patients alive 18 years later [4]. For patients
with one to three positive nodes and T1 tumors, the
20-year disease free survival rate is 81% [5]. Wide-
spread screening for breast cancer, detecting more
women at younger ages and earlier stages coupled
with improved survival, is increasing the demand for
minimally invasive, cosmetically preferable treatment
modalities.

For decades, ablative techniques have been suc-
cessfully used to treat metastatic hepatic tumors.
More recently, they have been applied to malignan-
cies in the lung, bone, central nervous system, kidney,
prostate gland and pancreas [6]. The breast is an
ideal model for ablative therapies owing to its super-
ficial location on the thorax and absence of interven-
ing organs between it and the skin. Ablative therapies
studied on the breast include cryoablation, radiofre-
quency ablation, interstitial laser ablation, focused
ultrasound ablation and microwave thermotherapy.
This overview will focus on cryoablation.

How cryoablation works

Cryoablation is the only ablative therapy that does not
use heat. It destroys tissue through multiple cycles of
localized freezing. The target temperature with each
cycle for effective tissue destruction is as low
as �160°C to �190°C [7–9]. The overall volume and
dimensions of the tumor determine the number of
necessary cycles for effective ablation [7–11]. It has
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been shown that gross determination of tissue death
is difficult the first week following the procedure.
Therefore, if post-procedural resection is planned, it
is recommended to wait at least 1 week in order to
obtain adequate resection margins and perform an
accurate histological analysis [7].

One of the major advantages to cryoablation is
that it can be performed in the outpatient setting with
very little discomfort to the patient. A standard pre-
requisite is a core biopsy of the breast carcinoma to
determine histological type, differentiation, presence
of estrogen and progesterone receptors, HER-2/neu,
and markers of proliferation. Once the tumor has
been destroyed, none of these markers can be reli-
ably assessed [7]. In order to cryoablate a tumor, it is
located by ultrasound and the overlying skin numbed
with a local anesthetic. A small 2 mm skin incision is
made with a scalpel and the cryoprobe is inserted.
The cryoprobe itself is entirely insulated except for a
small, sharp area at the tip placed directly into the
tumor. Since the freezing procedure itself acts as an
anesthetic on the breast tissue, no additional anes-
thesia beyond the intradermal injection is needed.
Patients stay completely awake and are able to view
the procedure on the ultrasound monitor along with
their physician [10]. On ultrasound, the sonographic
freezeball created by the liquid nitrogen or argon gas
can be clearly seen, due to a highly echogenic inter-
face between frozen and unfrozen tissue.

Early pilot studies demonstrated thermal burns to
the skin from freezeballs which were too superficial.
Saline is therefore injected into the breast tissue
between tumor and skin to create a separation and
maintain a suitable distance. Alternatively, room tem-
perature saline or water can be dripped directly onto
the skin’s surface to protect it [10]. Saline can also be
used to create a safe margin between the pectoralis
muscle and a deep breast tumor.

Studies supporting cryoablation

The first documented use of cryoablation in the treat-
ment of breast cancer was published in the late 1980s.
The case was that of a 77-year-old woman with a 2 cm
palpable mass, which appeared malignant on mam-
mogram. Following cryoablation and resection, no
viable tumor cells were identified in the pathologic
specimen. The patient had a brief and uneventful
recovery and, 2 years later, was clinically and mam-
mographically disease free [12].

Cryoablation without resection has been docu-
mented once, thus providing the only example of the
natural history of cryoablated breast cancers. The
patient was a 76-year-old woman with two foci of infil-
trating lobular carcinoma (0.5 and 0.8 cm) in the 
same quadrant. Pre-procedurally, the diagnosis was

confirmed by ultrasound guided core needle biopsy.
Cryoablation was performed separately on both
tumors via sonographic guidance and the masses
were not resected. Core needle biopsy at 4 and 12
weeks post-ablation revealed tissue necrosis, inflam-
matory cells and cellular debris, but failed to show
persistent tumor. Shortly after the procedure, the
patient developed a 2 cm firmness in the area between
the two cryoablation zones, which spontaneously
resolved within 3 months [9].

Numerous groups have shown that ductal carci-
noma in situ (DCIS) is difficult to fully eradicate 
using cryoablation. Stocks published a series of 11
women with invasive breast cancer who underwent
cryoablation followed by resection within 1–3 weeks
[13]. In this study, mean tumor size was 1.3 cm (range
0.7–2.2 cm). In each case, a sonographic freezeball
surrounded the tumor as well as a 1 cm margin of nor-
mal appearing breast parenchyma. Ten of 11 (91%)
tumors showed complete ablation. One tumor demon-
strated residual DCIS at the margin of the ablation
zone [13]. Pfleiderer’s series included 15 women with
16 breast cancers, averaging 2.1 cm [14]. The mean
freezeball diameter was 2.8 cm and all tumors were
resected 5 days following cryoablation. No severe
side effects were observed. The five tumors less than
1.6 cm had no evidence of invasive cancer after treat-
ment, however two did have DCIS in the surrounding
non-ablated breast parenchyma. In 11 tumors equal
to or greater than 2.3 cm, histologic examination
revealed incomplete necrosis. Overall, these stud-
ies both demonstrate how invasive components 
of small tumors can be adequately treated using
cryotherapy. However significant amounts of in situ
carcinoma, which may not be detected prior to 
ablation, represent a relative contraindication to
cryoablation [14].

A study from the University of Michigan per-
formed cryoablation on 29 women with core biopsy
proven, ultrasound visible invasive breast cancers
measuring 2 cm or less [14]. The cryoablation proce-
dure was followed by planned surgical resection
between 1 week and 1 month later. Pathology revealed
that all tumors less than 1 cm were fully ablated.
However, in primary tumors measuring 1–1.5 cm, only
those without an extensive intraductal component were
destroyed. Tumors over 1.5 cm were not reliably erad-
icated with cryoablation. Specifically, it was found
that DCIS without calcifications resulted in the most
treatment failures in the patients with larger tumors.
No patient had pain severe enough to require post-
procedural narcotics. This study successfully demon-
strated that cryoablation is safe and effective, and
recommend it be limited to invasive ductal cancers
1.5 cm or less containing less than 25% DCIS on
core biopsy [15].
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Tafra and colleagues recently showed how the cry-
oprobe can used as an alternative to needle localiza-
tion in order to obtain more accurate margins 
when excising small, non-palpable, ultrasound-visible
tumors [16]. In 24 procedures, a cryoprobe was used
to create a freezeball encompassing the tumor along
with 0.5–1 cm of sonographically normal surrounding
parenchyma. On pathologic sectioning, tumor sizes
ranged from 0.7 to 2 cm with an average freezeball
margin of 0.8 cm in all directions. Among patients
with at least a 0.6 cm rim of cryoablated tissue
beyond the tumor, the margin re-excision rate was
only 5.6%. This group concluded that cryoprobe-
assisted lumpectomy is a viable alternative to the pre-
operative wire localization because it facilitates an
easier and more precise resection while decreasing
the incidence of positive margins.

A group at the University of Michigan published the
first series detailing mammographic and ultrasono-
graphic findings of breast cancers at cryoablation in
order to compare them with the presence of residual
malignancy after treatment [17]. In nine women with
tumors averaging 1.2 cm, cryoablation was performed
followed by lumpectomy 3 weeks later. No residual
cancer was identified in tumors 1.7 cm or smaller, nor
in cancers without spiculated margins on ultrasound.
Post-ablation mammograms revealed increased 
density while post-ablation ultrasounds were remark-
able for increased echogenecity at the site of the 
original cancer. These radiologic findings correlated
precisely with the known location of the cancer on the
pre-procedure imaging. Thus, these authors were the
first to report that mammographic density as well as
ultrasonographic hyperechogenecity may be indica-
tors of the likelihood of complete ablation [17]. The use
of imaging modalities to confirm complete eradication
of the breast cancer, in place of the current post-
procedural resection, is a step further towards the
minimally invasive treatment of breast cancer.

At the Quebec City University Hosptial, a phase I
study was carried out in 25 patients in order to deter-
mine the feasibility of cryoablation under magnetic
resonance (MR) imaging for the treatment of invasive
breast cancer [18]. With the near-real-time MR guid-
ance of a 0.5 T open-configuration MR system, cryo-
ablation was performed 4 weeks prior to scheduled
mastectomy. Ablation was complete in 13 of the 25
treated tumors. Combining peri-procedural MR images
with post-procedure mammographic and scintigraphic
findings enabled a 96% rate of correctly predicting
the results of cryoablation. These researchers found
the major drawback to be that the palpable iceball
remained in the breast for the entire 4 weeks compli-
cating physical exam and further breast imaging.
There were no complications related to the
cryosurgery of the use of MR guidance [18].

Conclusion

These small studies indicate that cryoablation of
breast cancers is a promising technique; however,
more investigation is needed. It has been shown that
the presence of DCIS at the margin of the ablation
zone resulted in incomplete tumor necrosis. Thus,
patients with DCIS may not be good candidates for
cryoablation. Since cryoablation procedures are
generally guided by ultrasound, this may represent
the limitation of sonography to define DCIS at the
perimeter of the malignancy. Major advantages to
this technique are the ability to perform it in the
office under real-time ultrasound guidance and the
avoidance of anesthesia administration as freezing
numbs the breast. In addition, there is improved
post-procedure cosmesis when compared to breast
conserving surgery since only a 2 mm skin incision is
necessary. This enhanced cosmesis is especially
true in cases where imaging can be used to deter-
mine the effectiveness and post-ablation resection
is not necessary. However, prospective, randomized
trials are needed to determine the long-term effec-
tiveness of cryoablation for breast cancer.
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