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Purpose: To retrospectively assess the local control and intermedi-
ate- and long-term survival of patients with liver metasta-
ses from breast cancer who have undergone percutaneous
ultrasonography (US)-guided radiofrequency (RF) abla-
tion.

Materials and
Methods:

This study was approved by the hospital ethics committee,
and all patients provided written informed consent. RF
ablation was used to treat 87 breast cancer liver metasta-
ses (mean diameter, 2.5 cm) in 52 female patients (median
age, 55 years). Inclusion criteria were as follows: fewer
than five tumors, maximum tumor diameter of 5 cm or
smaller, and disease either confined to the liver or stable
with medical therapy. Forty-five (90%) of 50 patients had
previously undergone chemotherapy, hormonal therapy,
or both, and had no response or an incomplete response to
the treatment. Contrast material–enhanced computed to-
mography and US were performed to evaluate complica-
tions and technical success and to assess for local tumor
progression during follow-up. The Kaplan-Meier method
was used to assess survival, and results were compared
between groups with a log-rank test. Cox regression anal-
ysis was used to assess independent prognostic factors
that affected survival.

Results: Complete tumor necrosis was achieved in 97% of tumors.
Two (4%) minor complications occurred. Median time to
follow-up from diagnosis of liver metastasis and from RF
ablation was 37.2 and 19.1 months, respectively. Local
tumor progression occurred in 25% of patients. New intra-
hepatic metastases developed in 53% of patients. From
the time of first RF ablation, overall median survival time
and 5-year survival rate were 29.9 months and 27%, re-
spectively. From the time the first liver metastasis was
diagnosed, overall median survival time was 42 months,
and the 5-year survival rate was 32%. Patients with tu-
mors 2.5 cm in diameter or larger had a worse prognosis
(hazard ratio, 2.1) than did patients with tumors smaller
than 2.5 cm in diameter.

Conclusion: Survival rates in selected patients with breast cancer liver
metastases treated with RF ablation are comparable to
those reported in the literature that were achieved with
surgery or laser ablation.
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Breast cancer is the second leading
cause of cancer death in women
in the Western world; in fact,

40 480 deaths from breast cancer were
anticipated in the United States in 2008,
and 131 900 deaths from this disease
were anticipated in Europe in 2006
(1,2). While breast cancer can spread
to virtually any part of the body, the
most common metastatic locations are
the bones, lungs, and liver. Importantly,
the liver is involved in the majority of
patients who develop breast cancer me-
tastases, but only 5%–18% of patients
have disease confined to the liver at the
time of presentation (3–5). Metastatic
breast cancer to the liver is considered
a systemic disease, and it is associated
with a dismal prognosis. If left un-
treated, the median survival time of pa-
tients with liver metastases from breast
cancer is only 4–8 months (3,6). Even
with the standard treatment of systemic
chemotherapy, hormonal therapy, or
both, the median survival time reported
in the literature is only 5–31 months
(7–11).

The role of surgery in the care of
patients with liver metastases from co-
lon cancer is well established (12–15),
but hepatic resection is more controver-
sial in patients with metastatic breast
cancer than in patients with metastatic
colorectal cancer. Early research re-
vealed only modest improvements in
the survival time with use of resection
instead of medical therapy (16). How-
ever, more recent studies have shown
significantly increased survival time in
selected patients who underwent he-
patic resection for metastases that were
confined to the liver or who had stable
extrahepatic disease (17–19). Impor-
tantly, the results of surgical series
show that despite metastatic breast can-
cer being a systemic disease, local ther-
apies have the potential to improve sur-
vival time.

Percutaneous ablative therapies
are effective treatments for certain
primary and metastatic liver cancers
(20–27) and are associated with signif-
icantly lower cost, morbidity, and
mortality than is hepatic resection
(28,29). Radiofrequency (RF) ablation
is the most widely used ablative ther-
apy, and it is an established treatment
option for colorectal cancer liver me-
tastases. Given the increasing ratio-
nale for surgical resection of hepatic
metastases, there has been a concom-
itant increase in interest in the use of
ablative techniques to treat liver metasta-
ses from breast cancer. To our knowl-
edge, no data are available regarding the
long-term survival of patients with liver
metastases from breast cancer who have
undergone RF ablation. Therefore, the
purpose of our study was to retrospec-
tively assess the local control and inter-
mediate- and long-term survival of pa-
tients with liver metastases from breast
cancer who have undergone percutane-
ous ultrasonography (US)-guided RF ab-
lation.

Materials and Methods

Patients and Tumors
Approval for this study was obtained
from our institutional ethics committee
(Vimercate Hospital, Vimercate, Milan,
Italy), and written informed consent was
obtained from each patient prior to the
procedure. Between January 1996 and
January 2008, 57 consecutive female pa-
tients with liver metastases from breast
cancer were treated with US-guided per-

cutaneous RF ablation. Nine of these pa-
tients were also included in a previously
published study (30). Five patients were
excluded from our study: Three had more
than five metastases, and two had a tu-
mor that was larger than 5 cm in diame-
ter. Therefore, the study population con-
sisted of 52 female patients (median age,
55 years � 14 [standard deviation]; inter-
quartile range [IQR], 45.5–69.5 years)
with 87 breast cancer liver metastases.
Forty-four patients had metachronous
liver metastases, and eight patients had
synchronous liver metastases. Forty-five
(90%) of 50 patients had previously un-
dergone chemotherapy, hormonal ther-
apy, or both, with either no response or
an incomplete response, as determined
with Response Evaluation Criteria in
Solid Tumors and contrast material–
enhanced computed tomography (CT).
Systemic therapy was continued after RF
ablation, as considered appropriate by
the oncologist. The presence of extrahe-
patic metastases was considered a con-
traindication to RF ablation, unless the
extrahepatic disease had been stable for a
minimum of 6 months after chemother-
apy. Inclusion criteria for the survival
study were identical to those reported by
Mack et al (31): The patients had fewer
than five tumors and a maximum tumor
diameter of 5 cm or less. The patient and
tumor characteristics are listed in
Table 1. The mean number of liver tu-
mors per patient was 1.7 � 1.0 (range,
1–5 liver tumors per patient), and the
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Advance in Knowledge

� Radiofrequency (RF) ablation of
liver metastases from breast can-
cer in select patents results in in-
termediate- and long-term local
control.

Implications for Patient Care

� RF ablation can be used success-
fully to obtain local control of the
disease and improve survival in
selected patients with liver metas-
tases from breast cancer who
have disease confined to the liver
or who have stable extrahepatic
disease.

� RF ablation should be considered
part of a multidisciplinary ap-
proach to the treatment of breast
cancer liver metastases.
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mean tumor diameter was 2.5 cm � 1.3
(range, 0.7–5.0 cm). The total number of
metastases in each liver segment was as
follows: segment II, four tumors; segment
III, nine tumors; segment IV, nine tu-
mors; segment V, 24 tumors; segment VI,
17 tumors; segment VII, 13 tumors; and
segment VIII, 11 tumors.

Preablation Work-up
Preablation imaging work-up included an
unenhanced and a biphasic contrast-
enhanced CT scan of the abdomen (So-
matom DRH, Siemens Medical Systems,
Erlangen, Germany; PQ5000, Picker,
Cleveland, Ohio; CT HiSpeed Advantage,
GE Medical Systems, Milwaukee, Wis).
CT scanning was performed during and
immediately after injection of 2 mL per
kilogram of body weight iopamidol (Io-
pamiro; Bracco, Milan, Italy) at a rate of 3
mL/sec. The liver was scanned 20 and 60
seconds (hepatic arterial and portal ve-
nous phases, respectively) after the initi-
ation of contrast material injection. CT
scanning was performed with 3-mm sec-
tion thickness, 2.5-mm collimation, and
1:1 pitch. CT images were evaluated by
two authors (M.F.M., T.L.) who had 2
and 14 years of experience reading ab-
dominal CT images, respectively, at the
beginning of the study and 15 and 27
years of experience, respectively, at the
end.

Gray-scale and color Doppler US
of the liver were also performed
(Technos and AU5, Esaote, Genoa, It-
aly; H21 and Logos, Esaote-Hitachi,
Genoa, Italy). From 2002 onward,
contrast-enhanced US was also per-
formed. This technique, which was
not available before 2002, yields com-
plementary information for planning
and monitoring RF ablation without
exposing the patient to ionizing radia-
tion. In particular, it enables one to
target lesions that are difficult to de-
pict with conventional US (32–35).
Contrast-enhanced US was performed
with an Acuson-Sequoia 512 unit (Sie-
mens Medical Systems) equipped with
a 4-MHz convex probe and contrast-
specific imaging software. A 2.4-mL
bolus of a sulfur hexafluoride–filled mi-
crobubble contrast agent (Sonovue;
Bracco) was injected into an antecubi-

tal vein via a 20-gauge cannula and
followed by a 10-mL normal saline
flush. Contrast-enhanced US was per-
formed with a low mechanical index
for up to 5 minutes after the adminis-
tration of contrast material.

Additional work-up for patients
with metastatic disease included con-
trast-enhanced CT of the chest, whole-
body bone scintigraphy, and CT of the
brain if focal neurologic deficits were
detected. The diagnosis of liver metas-
tases was established on the basis of the
presence of characteristic imaging pat-
terns on US or CT images obtained in a
patient with a known history of breast
cancer. Needle biopsy was performed
to confirm the diagnosis in one patient
with a questionable lesion on the margin
of a previous resection of a breast can-
cer liver metastasis.

RF Ablation
All patients were admitted to the hos-
pital the day before RF ablation, and
they underwent chest radiography,
electrocardiography, routine blood
work (complete blood cell count and
measurement of prothrombin time
and electrolyte, alanine aminotrans-
ferase, aspartate aminotransferase,
alkaline phosphatase, bilirubin, hemo-
globin, and fibrinogen levels), US
(with administration of contrast mate-
rial from 2002 onward), and preoper-
ative evaluation prior to anesthesia.

On the morning of the procedure,
patients were given the intravenous an-
tibiotic ceftriaxone (1 gram per day,
Rocefin; Roche, Basil, Switzerland). Ad-
ditional doses were administered 24
and 48 hours after ablation.

The majority of patients (n � 47) un-
derwent general anesthesia and mechan-
ical ventilation, in accordance with the
usual practice at our institution. Five
treatment sessions in five patients were
performed with conscious sedation and
analgesia because we anticipated only one
or two electrode insertions would be re-
quired (n � 3) or because of a contrain-
dication to general anesthesia (n � 2).
After successful induction of anesthesia,
patients were cleansed with iodized alco-
hol. All RF ablations were performed with
US guidance and monitoring with a 3.5-

MHz transducer (CA B411; Hitachi, To-
kyo, Japan). In three patients, contrast-
enhanced US was used during the proce-
dure to target three tumors that were not
visible with unenhanced US. After injec-
tion of the contrast material, the tumor
was seen in the portal phase, and the
electrode was rapidly inserted. All proce-
dures were performed by two authors
(M.F.M., T.L.) with 2 years of experience
in ablation of focal liver lesions when the
study began and 14 years of experience
when it ended. RF ablations were per-
formed with four systems that have been
described elsewhere: (a) A CC-1 RF gener-
ator (Radionics, Burlington, Mass) was
used in three patients. (b) A Cool-tip RF
system (Valleylab, Boulder, Colo) with a
single or cluster electrode was used in 44
and three patients, respectively. (c) An RF
3000 system (Boston Scientific, Natick,
Mass) was used in one patient. (d) A bipo-
lar Celon Power System (Olympus, Sou-

Table 1

Patient and Disease Characteristics

Characteristic
No. of Patients
(n � 52)

Histologic finding
Ductal carcinoma 22 (42)
Lobular carcinoma 4 (8)
Unknown 26 (50)

Type of surgery
Mastectomy 18 (35)
Partial mastectomy 16 (31)
Partial mastectomy and

lymphadenectomy 9 (17)
Lymphadenectomy 1 (2)
No surgery 2 (4)
Unknown 6 (12)

Metastatic site
Liver only 25 (48)
Liver and bone 22 (42)
Liver and lung 3 (6)
Liver, bone, and lung 1 (2)
Liver, bone, and pleura 1 (2)

Previous treatment
Chemotherapy 35 (67)
Hormone therapy 5 (10)
Chemotherapy and hormone

therapy 5 (10)
None 5 (10)
Unknown 2 (4)

Note.—Data in parentheses are percentages.
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thend-on-sea, England) was used in one pa-
tient. In all patients except the woman in
whom RF ablation was performed with
the bipolar system, two return pads
were placed on the thighs to complete
the circuit. Track cauterization was per-
formed with the CC-1 and Cool-tip RF
systems before individual electrodes
were removed by disabling electrode
cooling, allowing the tip temperatures
to reach 80°C, and retracting the elec-
trode at a rate that maintained this tar-
get temperature.

Patients remained in the hospital
for at least 2 days after the ablation
procedure. A complete blood cell
count was performed, and blood glu-
cose, electrolyte, creatinine, bilirubin,
and liver transaminase levels were
checked 24 and 48 hours after abla-
tion. All patients underwent contrast-
enhanced CT of the abdomen and contrast-
enhanced US (from 2002 onward) the day
after the procedure to evaluate for compli-
cations and to assess completeness of the
ablation. We considered ablations com-
plete and technical success achieved if the
ablation zone (nonenhancing region on CT
images 24 hours after ablation) completely
covered the tumor and there was no irreg-
ular enhancement at the treatment margin.
The protocols for postablation scanning
were the same as those used for preabla-
tion scanning. A second RF ablation was
scheduled if residual tumor was detected at
imaging (n � 1).

Follow-up
Follow-up consisted of contrast-enhanced
CT scanning and contrast-enhanced US
(from 2002 onward) beginning 1 month af-
ter ablation and continuing every 3–4
months thereafter. Lack of focal enhance-
ment within or at the periphery of a tumor
at follow-up contrast-enhanced imaging
was considered radiographic evidence of

complete necrosis. All follow-up CT images
were interpreted prospectively by at least
one of two investigators (M.F.M., T.L.)
who had also performed the preablation
evaluation. Contrast-enhanced US exami-
nations were performed by an author
(M.F.M.) who started performing this tech-
nique in 2002. The time from diagnosis of
breast cancer to last follow-up ranged from
12.0 to 297.3 months (median, 73.0
months; IQR, 43.0–116.2 months). The
timebetweenRFablation and last follow-up
ranged from 2.9 to 110.3 months (median,
19.1 months; IQR, 8.8–45.8 months). The
time between diagnosis of liver disease and
last follow-up ranged from 5.0 to 138.2
months (median, 37.2 months; IQR, 17.9–
55.6 months). One patient was lost to fol-
low-up and excluded from survival analysis.

Statistical Analysis
The Shapiro-Wilk test was used to test
whether the distribution of quantitative
variables was normal. If they were dis-
tributed normally, the results were sum-
marized by using the mean and standard
deviation. Otherwise, the median and
IQR (25th and 75th percentiles) were
used. Follow-up started on the date of RF
ablation or the date liver metastases or
breast cancer was diagnosed and ended
on the date of event occurrence or the
date on which the last available examina-
tion results were obtained (censored ob-
servations). The Kaplan-Meier method
was used to describe overall survival. The
log-rank test was used for univariate com-
parisons. Cox regression analysis was
used to identify independent predictors
(age, number of tumors, diameter of the
largest metastasis, time between first
hepatic metastasis and RF ablation, time
between diagnosis of breast cancer and
development of hepatic metastasis, and
presence of other metastases outside of
the liver) of events. Hazard ratios and

95% confidence intervals (CIs) were cal-
culated. Variables with a P value of less
than .2 at univariate analysis were in-
cluded in multivariate models. Propor-
tional hazard assumption was verified
graphically and with a test based on
Schoenfeld residuals; calibration and dis-
crimination variables were assessed for
model validation. All tests were two
sided. P � .05 was considered to indicate
a significant difference. All computations
were made with Stata software (version
9; Stata, College Station, Tex).

Results

Local Tumor Control and Ablation Zones
Parameters for the RF ablations are
listed in Table 2. Complete coverage
of the tumor by the tumor coagulation
area (technical success) was achieved
after one treatment session in 83
(95%) of 87 tumors (Figs 1, 2). One of
the four incompletely treated tumors
was re-treated 7 days after the first RF
ablation. Therefore, primary tech-
nique effectiveness was 97% (84 of 87
tumors). Mean diameter of necrosis,
which was based on CT findings ob-
tained the day after RF ablation, was
3.9 cm � 1.5 (range, 1.0–7.0 cm).

Local tumor progression of treated le-
sions was observed in 13 (25%) of the 51
patients (median time to detection, 4
months); therefore, the patient-based
secondary technique effectiveness rate
was 69% (35 of 51 patients). Twenty-
seven (53%) patients developed new in-
trahepatic metastases during follow-up.
Twenty-eight patients were not treated
again, despite local tumor progression
(n � 9) or new intrahepatic lesions (n �
19), as they developed extrahepatic me-
tastases. Twelve patients underwent 25
subsequent RF treatment sessions for lo-
cal tumor progression (n � 4) or new
intrahepatic metastases (n � 8). Tech-
nique effectiveness was 75% (nine of 12
patients) for these subsequent ablations.
Data about subsequent treatments are
listed in Table 3.

Follow-up and Survival
Overall median survival time from the time
of the first RF ablation was 29.9 months

Table 2

RF Ablation Parameters

Parameter Mean Median Range

No. of metastases per patient 1.67 1 1–5
No. of insertions per metastasis 2.2 1 1–9
Ablation time per metastasis (min) 19.4 12 5–71
No. of treatment sessions per patient 1.5 1 1–8
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(IQR, 9.9–64.9 months) (Fig 3). Median
survival from the date of diagnosis of liver
metastases was 42 months (IQR: 22.0–
69.1 months). Overall median survival time
from thedate of diagnosiswas calculatedby
using the date of breast surgery as a surro-
gate and was 84.5 months (IQR, 45.4–
166.2 months). The overall 1-, 3-, and
5-year survival rates after the first RF abla-
tion were 68% (95% CI: 53%, 79%), 43%
(95% CI: 28%, 56%), and 27% (95% CI:
14%, 41%). The overall 1-, 3-, and 5-year
survival rates after diagnosis of thefirst liver
metastasiswere92%(95%CI: 80%,97%),
60% (95% CI: 45%, 73%), and 32% (95%
CI: 19%, 46%). As of this writing, 14 pa-
tients are alive and, of those, eight are dis-
ease free. The median follow-up time from
diagnosis of breast cancer in the surviving
patients was 94.5 months (IQR: 65.0–
155.8 months). The only factor to demon-
strate a prognostic value for survival from
diagnosis of breast cancer, from diagnosis
of first liver metastasis, and from the time
of the first RF treatment was diameter of
the metastasis, which was considered a
continuous variable or used to divide pa-
tients into two groups, with a diameter of
2.5 cmserving as a cutoff (hazard ratio, 2.1;
Fig 4). The period between breast surgery
and detection of liver metastases, the pres-
ence of extrahepatic metastases, and the
number of metastases did not significantly
correlate with prognosis.

Complications
No deaths occurred as a result of the RF
ablations. Two minor complications oc-
curred in two (4%) patients: In one pa-
tient, an asymptomatic perirenal hema-
toma occurred. In the other, an asymp-
tomatic infarct of the left lobe of the liver
led to the formation of a biloma that was
managed conservatively. Five (10%) pa-
tients developed a pleural effusion that
was detected at imaging and did not re-
quire drainage or additional treatment.
The following minor changes in blood test
results were identified the day after the
procedure: There was a transient in-
crease in liver transaminase levels (in
larger lesions, levels increased by a factor
of up to four), a decrease in hemoglobin
levels of approximately 1 g/L, and a de-
crease in the platelet count of about 10%.
No tumor seeding occurred.

Discussion

Breast cancer is the most common cancer
in women, and it is second to only lung
cancer as the leading cause of cancer
death in the United States. Unfortunately,
breast cancer commonly metastasizes to
the bones, lungs, and liver, at which point
the cancer is considered a systemic dis-
ease and is associated with a poor prog-
nosis. Importantly, liver metastases are

present in the majority of patients; how-
ever, metastatic disease is confined to the
liver in only 5%–18% of patients (3–5).
Systemic chemotherapy is currently the
standard treatment for liver metastases
from breast cancer. Although a variety of
chemotherapy regimens have been tried,
median overall survival time for patients
with metastatic breast cancer involving
only the liver, regardless of the degree of
hepatic involvement, is 22–27 months

Figure 1

Figure 1: Images in a 57-year-old woman with a breast cancer liver metastasis located in segment V and
treated with RF ablation with an internally cooled electrode needle. As of this writing, the patient has survived
for 12 years. (a) Preablation portal venous phase CT image shows a 1.3-cm-diameter tumor (arrow) in the
right anteroinferior segment. (b) Portal venous phase CT scan obtained the day after RF ablation shows a
2.9 � 3.7-cm nonperfused area (necrosis) at the tumor site. The ablation was considered complete. (c, d) CT
images obtained at (c) 3- and (d) 6-year follow-up show progressive involution of coagulation.
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(5,7–10). Atalay et al (5) performed a
retrospective analysis of two prospective
randomized treatment trials in which re-
searchers compared the survival rates of
patients with breast cancer liver metasta-
ses that were treated with two different
chemotherapy regimens. The median
survival rates of the patients with only
hepatic metastases were better than
those of patients with multiple metastatic
sites. Given the poor survival rates asso-
ciated with the current treatments, there
is increasing interest in the use of local
therapies in conjunction with systemic
therapy to improve the prognosis of pa-
tients with liver metastases from breast
cancer.

The effectiveness of RF ablation in the
treatment of primary liver tumors and
colorectal liver metastases not amenable
to surgery is well established (21,36–41).
Several studies have shown that percuta-
neous RF ablation is safe and effective in
the treatment of liver metastases from
breast cancer (30,42,43). Livraghi et al
(30) performed RF ablation in 24 patients
with liver metastases from breast cancer
and achieved complete necrosis in 59 of
64 lesions while experiencing only two
minor complications. Despite the fact
that 14 of the 24 patients developed new
metastases (70% of which were hepatic),
23 patients were alive at the end of the
study (median follow-up, 19 months).
Furthermore, 10 of the 16 patients who
had only liver metastases were disease-
free at the end of the study. A recent
study of 43 patients with characteristics
similar to those of our study population
and in whom RF ablation was performed
with CT guidance revealed a median sur-
vival time of 58.6 months from the date of
RF ablation (44).

The results of our study demon-
strate that RF ablation can be used suc-
cessfully in selected patients with liver
metastases from breast cancer who
have disease confined to the liver or
who have stable extrahepatic disease to
obtain local control of the disease. The
local tumor progression rate (25%) was
not negligible, and the number of pa-
tients who developed new intrahepatic
tumors was high (53%); however, both
findings were expected, given the natu-
ral course of the disease. Despite this

Figure 2

Figure 2: Contrast-enhanced US and CT images in a 45-year-old woman before and after RF ablation of a
liver metastasis in segment IV. (a) Portal phase contrast-enhanced US image shows a 2-cm-diameter lesion
(nonperfused black area). (b) Portal phase transverse CT image obtained before RF ablation enabled us to
confirm contrast-enhanced US findings. This image shows a hypoattenuating metastasis with a hyperattenu-
ating rim. (c, d) Portal phase contrast-enhanced (c) US and (d) CT images obtained the day after RF ablation
show a large nonperfused area (4.0 � 2.6 cm) at the tumor site. Note the small right pleural effusion.

Table 3

Results of Subsequent Treatments

Finding Mean Median Range

No. of additional treatments per patient 1.9 1.5 1–8
No. of tumors treated per session 1.6 1.0 1–4
Tumor diameter (cm) 1.7 1.5 0.6–3.4
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fact, we achieved a median overall sur-
vival time of 42 months and a 5-year
survival rate of 32% from the time of
liver involvement in patients generally
referred for RF ablation only after fail-
ure of multiple lines of chemotherapy.
In addition, many of the patients seen
early in this series received chemother-
apy regimens now considered obsolete.
The improved survival of patients in our
study was likely due, in part, to the fact
that RF ablation can be repeated if pa-
tients develop local tumor progression
or new tumors. In addition, no treat-
ment-related deaths or major complica-
tions were encountered, and the minor
complication rate was 4%. As such, we
believe that RF ablation should be con-
sidered a first-line therapy with which
to achieve local control in patients with
metastatic breast cancer confined to the
liver and in patients whose extrahepatic
disease is stable with systemic chemo-
therapy.

Other ablative therapies have been
used to treat breast cancer liver metas-
tases. To date, the largest study on the
use of ablative therapies to treat breast
cancer metastases was preformed by
Mack et al (31), who treated 578 liver
metastases from breast cancer in 232
female patients with magnetic reso-
nance (MR)-guided laser thermother-

apy. The exclusion criteria were the
same as those adopted in this study.
Mack et al achieved 3- and 5-year sur-
vival rates of 66% and 38%, respec-
tively, from the time of treatment, with
1.5% of patients experiencing clinically
relevant complications. In the subset of
patients eligible for surgery, Mack et al
reported a median survival time of 3.7
years from the diagnosis of the MR-
guided laser thermotherapy–treated
metastasis. When comparing the re-
sults of Mack et al with our results, it
should be noted that Mack et al re-
ported mean overall survival time
whereas we report median overall sur-
vival time, which is more commonly
used in survival studies. While their re-
sults are promising, MR-guided ablative
therapy is more expensive than other
techniques. RF ablation is generally per-
formed with CT and/or US guidance,
both of which are more readily accessi-
ble than open interventional MR imag-
ers and do not require nonferromag-
netic ablation devices.

Microwave ablation has also been
used to treat breast cancer liver metas-
tases. Abe et al (45) assessed the feasi-
bility and efficacy of using MR-guided
microwave thermocoagulation therapy
in eight patients with liver metastasis
from breast cancer, including patients

with a maximum of five liver metastases
smaller than 3 cm in diameter. Half of
the patients had bone metastases, lung
metastases, or both at enrollment. At
the end of the study, after a mean ob-
servation period of 25.9 months, five
(62%) of the eight patients were alive,
and all of them had new metastases. No
procedure-related deaths or major com-
plications were encountered. While
Abe et al found that MR-guided micro-
wave ablation appeared to be a safe and
feasible method for use in these pa-
tients, more experience is needed.

Interest in surgical resection of
breast cancer liver metastases is also
increasing. The results of several stud-
ies have shown prolonged survival in
certain patients after curative resection
(median survival time, 15–63 months)
(17–19,46–52). Inclusion criteria are
generally restricted to absence of extra-
hepatic disease or complete response of
extrahepatic metastases (usually bone
metastases) to systemic therapy, no
brain metastases, normal performance
status and liver function test results,
and the possibility to perform curative
resection. In two series, the authors at-
tempted to identify prognostic factors
for survival (17,18). The only significant
factor identified was the time between
primary breast surgery and the diagno-

Figures 3, 4

Figure 3: Kaplan-Meier curve shows overall survival from the time of RF abla-
tion. Censored data are shown. At 36 months, overall survival rate was 43%.

Figure 4: Kaplan-Meier curves show survival from the time of RF ablation in
patients with a maximum tumor diameter smaller than 2.5 cm (solid line) and those
with a maximum tumor diameter of 2.5 cm or larger (dashed line). Survival was
significantly longer in patients whose largest tumor diameter was smaller than 2.5
cm (log-rank test, P � .0077).
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sis of liver metastases, with a shorter
interval being associated with a worse
prognosis. However, the authors of a
more recent series did not confirm this
result (19). In the aforementioned sur-
gical series (17,18), there was a high
rate of new hepatic metastases during
follow-up that ranged from 59% (50 of
85 patients) to 67% (12 of 18 patients)
and was comparable with our results
(53%) and expected, given the natural
history of the disease. Adam et al (19)
found that survival was worse when
margins were macroscopically positive
or small-volume disease remained in the
remnant liver after resection. Adam
et al concluded that surgery should be
offered in combination with systemic
therapy only to those patients with mac-
roscopically resectable hepatic metasta-
ses. When compared with surgical re-
section, RF ablation is less invasive, less
expensive, and has fewer contraindica-
tions. Moreover, since many patients
will develop liver metastases after sur-
gery, the test-of-time approach, which
has already been proposed for colon
cancer liver metastases (53,54), could
be used in patients with breast cancer
liver metastases. This approach would
help avoid unnecessary surgery in pa-
tients who would develop new metasta-
ses.

Our study had several limitations.
First, the long period of time over which
the study was conducted can give rise to
learning curve effects. Only patients ex-
amined after 2002 underwent contrast-
enhanced US. This could have led to an
improvement in the evaluation of tech-
nical effectiveness, local tumor progres-
sion, or both. However, we compared
survival rates of patients treated before
and after 2002 and found no significant
difference. Another limitation was that no
pathologic proof of liver metastases was
obtained before treatment, except in
one patient. Despite this limitation, the
chance of having treated a benign lesion
was low, as the radiologic appearance of
metastases on CT and contrast-enhanced
US images were typical. Moreover, the
majority of the patients had tumors that
were growing over time, despite medical
treatment.

There were also some limitations

related to chemotherapy. The study
population was biased toward patients
who had already received extensive
chemotherapy, often up to third-line
therapy. This leads to the subselection
of patients with refractory disease. An-
other limitation related to chemother-
apy was that early in our series, patients
received drug regimens that were con-
sidered state-of-the-art at the time but
would be considered outmoded by the
standards of today. For example, early
in our series, the hormone receptor sta-
tus of many patients was not analyzed,
and advanced histologic analysis was
not performed. Therefore, there was
not a consistent chemotherapy stan-
dard. In addition, several different RF
ablation systems were used throughout
the study; however, this did not appear
to affect the technical success rate.

In conclusion, our results show that
survival rates for percutaneous RF abla-
tion in selected patients with breast can-
cer liver metastases, notably those with
disease confined to the liver or with sta-
ble extrahepatic metastases, are com-
parable to those obtained with surgery
or laser ablation and reported in the
literature. Importantly, RF ablation is a
safe technique that can be repeated if
new hepatic metastases appear.

Acknowledgment: We thank Carlo Tinelli, MD,
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ses.
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Lehnert T, Vogl TJ. Breast cancer metasta-
ses in liver: laser-induced interstitial thermo-
therapy—local tumor control rate and sur-
vival data. Radiology 2004;233:400–409.

32. Lu MD, Yu XL, Li AH, et al. Comparison of
contrast enhanced ultrasound and contrast
enhanced CT or MRI in monitoring percuta-
neous thermal ablation procedure in patients
with hepatocellular carcinoma: a multi-cen-
ter study in China. Ultrasound Med Biol
2007;33:1736–1749.

33. Solbiati L, Ierace T, Tonolini M, Cova L.
Guidance and monitoring of radiofrequency
liver tumor ablation with contrast-enhanced
ultrasound. Eur J Radiol 2004;51(suppl):
S19–S23.

34. Kim CK, Choi D, Lim HK, et al. Therapeutic
response assessment of percutaneous radiofre-
quency ablation for hepatocellular carcinoma:
utility of contrast-enhanced agent detection im-
aging. Eur J Radiol 2005;56:66–73.

35. Meloni MF, Livraghi T, Filice C, Lazzaroni S,
Calliada F, Perretti L. Radiofrequency abla-
tion of liver tumors: the role of microbubble
ultrasound contrast agents. Ultrasound Q
2006;22:41–47.

36. Poon RT. Is radiofrequency ablation the
treatment of choice for patients with small
hepatocellular carcinoma? Nat Clin Pract
Gastroenterol Hepatol 2008;5:492–493.

37. Gillams AR, Lees WR. Radiofrequency abla-
tion of colorectal liver metastases. Abdom
Imaging 2005;30:419–426.

38. de Meijer VE, Ijzermans JN, Verhoef C. A
place for radiofrequency ablation in the
treatment of resectable colorectal liver me-
tastases? Ann Surg Oncol 2008;15:2063.

39. Pereira PL. Actual role of radiofrequency ab-
lation of liver metastases. Eur Radiol 2007;
17:2062–2070.

40. Rossi S, Di Stasi M, Buscarini E, et al. Percu-
taneous RF interstitial thermal ablation in
the treatment of hepatic cancer. AJR Am J
Roentgenol 1996;167:759–768.

41. Solbiati L, Livraghi T, Goldberg SN, et al.
Percutaneous radio-frequency ablation of
hepatic metastases from colorectal cancer:
long-term results in 117 patients. Radiology
2001;221:159–166.

42. Gunabushanam G, Sharma S, Thulkar S,
et al. Radiofrequency ablation of liver metas-
tases from breast cancer: results in 14 pa-
tients. J Vasc Interv Radiol 2007;18:67–72.

43. Sofocleous CT, Nascimento RG, Gonen M,
et al. Radiofrequency ablation in the man-
agement of liver metastases from breast can-
cer. AJR Am J Roentgenol 2007;189:883–
889.

44. Jakobs TF, Hoffmann RT, Schrader A, et al.
CT-guided radiofrequency ablation in pa-
tients with hepatic metastases from breast
cancer. Cardiovasc Intervent Radiol 2009;
32:38–46.

45. Abe H, Kurumi Y, Naka S, et al. Open-con-
figuration MR-guided microwave thermoco-
agulation therapy for metastatic liver tumors
from breast cancer. Breast Cancer 2005;12:
26–31.

46. Vlastos G, Smith DL, Singletary SE, et al.
Long-term survival after an aggressive surgi-
cal approach in patients with breast cancer
hepatic metastases. Ann Surg Oncol 2004;
11:869–874.

47. Raab R, Nussbaum KT, Behrend M, Weimann
A. Liver metastases of breast cancer: results of
liver resection. Anticancer Res 1998;18:2231–
2233.

48. Yoshimoto M, Tada T, Saito M, et al. Surgi-
cal treatment of hepatic metastases from
breast cancer. Breast Cancer Res Treat
2000;59:177–184.

49. Kondo S, Katoh H, Omi M, et al. Hepatec-
tomy for metastases from breast cancer
offers the survival benefit similar to that in
hepatic metastases from colorectal cancer.
Hepatogastroenterology 2000;47:1501–
1503.

50. Caralt M, Bilbao I, Cortés J, et al. Hepatic
resection for liver metastases as part of the
“oncosurgical” treatment of metastatic
breast cancer. Ann Surg Oncol 2008;15:
2804–2810.

51. d’Annibale M, Piovanello P, Cerasoli V,
Campioni N. Liver metastases from breast
cancer: the role of surgical treatment. Hepa-
togastroenterology 2005;52:1858–1862.

52. Lubrano J, Roman H, Tarrab S, Resch B,
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