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Background: Radiofrequency ablation (RFA) is a minimally invasive thermal ablation 

technique. We conducted a meta-analysis based on eligible studies to assess the efficacy and 

safety of RFA for treating patients with breast cancer.

Methods: A literature search was conducted in PubMed, Embase, and Web of Science data-

bases. Eligible studies were clinical trials that assessed RFA in patients with breast cancer. 

The outcomes included complete ablation rate, recurrence rate, excellent or good cosmetic rates, 

and complication rate. A random-effects or fixed-effects model was used to pool the estimate, 

according to the heterogeneity among the included studies.

Results: Fifteen studies, with a total of 404 patients, were included in this meta-analysis. Pooled 

results showed that 89% (95% confidence interval: 85%–93%) of patients achieved a complete 

ablation after RFA treatment and 96% of patients reported a good-to-excellent cosmetic result. 

Although the pooled result for recurrence rate was 0, several cases of relapse were observed at 

different follow-up times. No RFA-related complications were recorded, except for skin burn 

with an incidence of 4% (95% confidence interval: 1%–6%).

Conclusion: This meta-analysis showed that RFA can be a promising alternative option for 

treating breast cancer since it produces a higher complete ablation rate with a low complication 

rate. Further well-designed randomized controlled trials are needed to confirm the efficacy and 

safety of RFA for breast cancer.
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Introduction
The treatment for early breast cancer has evolved over the past decade. Nowadays, there 

is an increasing demand for minimally invasive treatments for small breast cancer. Breast 

conservation therapy has largely replaced mastectomy for the surgical treatment of early-

stage breast cancer, as several randomized trials have shown a similar survival outcome 

between them.1–3 Moreover, sentinel lymph node biopsy has been widely accepted as an 

effective method for evaluating axillary nodal status for node-negative breast cancer, which 

avoids unnecessary axillary lymph node dissection.4,5 Owing to these fundamental changes 

in the breast cancer treatment strategy, there is an impetus to replace the less-invasive 

surgery with ablation techniques in the treatment of primary tumor without surgery.

Several minimally invasive ablation techniques have been applied for the treat-

ment of small breast cancer, including cryosurgery, laser ablation, and thermoablation. 

Among them, radiofrequency ablation (RFA) is one of the most promising techniques. 

The treatment efficacy of RFA has been investigated in several studies, and results 

showed that RFA would be most effective for the treatment of tumors 3 cm.6–8 The 

purpose of this meta-analysis is to assess the feasibility and safety of RFA in the treat-

ment of patients with breast cancer.
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Materials and methods
literature search
We conducted a comprehensive literature search in PubMed, 

Embase, and Web of Science databases from their inception 

through August 18, 2015. The following search terms were 

used: (“breast neoplasms”[MeSH Terms]) OR (“breast”[All 

Fields] AND “neoplasms”[All Fields]) OR (“breast 

neoplasms”[All Fields]) OR (“breast”[All Fields] AND 

“cancer”[All Fields]) OR (“breast cancer”[All Fields]) AND 

(radiofrequency [All Fields] AND ablation [All Fields]). 

The search was limited to human subjects, and no language 

restriction was imposed. We also manually searched the ref-

erence lists of included trials and reviews until no potential 

eligible trials could be found.

review strategy
We used Endnote bibliographic software to build up an elec-

tronic library of citations identified in the literature searches. 

PubMed, Embase, and Web of Science databases were 

searched using Endnote, and duplicate records were deleted. 

Two independent investigators (CJ and ZC) were trained to 

perform the abstract/title review and then full-text review. 

Discrepancies between the investigators were resolved by 

consensus and discussion.

study inclusion and exclusion criteria
All clinical trials assessing the efficacy and safety of RFA as 

a minimally invasive strategy for breast cancers were consid-

ered eligible for analysis. The following inclusive selection 

criteria were applied: 1) study population: adult women older 

than 18 years and had mammographic or ultrasonographic 

or magnetic resonance imaging evidence of breast cancer; 

2) intervention: RFA; and 3) outcome measure: complete 

ablation rate and complication. Review articles, abstracts, 

editorials, case reports, and letters were not included in this 

meta-analysis.

Data extraction
Two independent investors (CJ and LF) extracted the fol-

lowing data from the included studies: first author, year 

of publication, number of patients, baseline character of 

patients, complete ablation rate, recurrence rate, excellent or 

good cosmetic rate, and incidence of complications. A stan-

dardized Excel file (Microsoft Corporation, Redmond, WA, 

USA) was established to extract the data from each study. 

When several publications from the same trial appeared, we 

included only the most informative article or the latest study 

to avoid duplication of information.

statistical analysis
Before the data were pooled, we tested the heterogene-

ity among the studies using I2 statistics.9 The studies were 

considered to have low, moderate, or high heterogeneity 

when the value of I2 was 25%–50%, 50%–75%, or 75%, 

respectively.10 A value of I250% indicates significant 

heterogeneity.11 When heterogeneity was found among the 

included studies, a random-effect model was used to pool 

the estimates;12 otherwise, a fixed-effect model was applied.13 

Publication bias was evaluated using the test proposed by Begg 

and Mazumdar.14 A P-value of 0.05 was considered statisti-

cally significant. All analyses were performed using STATA 

Version 12.0 (StataCorp LP, College Station, TX, USA).

Results
Study identification and selection
The initial search yielded 1,678 records, of which 976 were 

excluded for the duplicate studies and 656 studies were 

excluded after a review of title/abstract, and the remaining 

46 potential studies were included for the full-text review. 

Of the 46 studies for final analysis, 31 were excluded for the 

following reasons: 18 were unrelated with our topics, five 

were animal experiment, three did not provide outcomes of 

interest, and five used other ablation rather than RFA method. 

Thus, 15 studies15–29 met the inclusion criteria, and they were 

included in this meta-analysis (Figure 1).

characteristics of eligible studies
The baseline characteristics of the included studies are pre-

sented in Table 1. These studies were published between 

2001 and 2012. The sample sizes in these studies ranged 

from 10 to 52 (total of 404). The age of the patients ranged 

from 33 to 89 years, with a mean age 50 years. Of the 15 

studies, eight studies reported that the tumor size was 2 cm, 

five studies reported 3 cm, and the remaining two studies 

reported 5 cm. The greatest tumor size was 5 cm, which 

was reported by Tsuda et al.29 Among these studies that 

presented the tumor histology, invasive ductal carcinoma 

was the primary type of carcinoma, which accounted for 

74.7%. All the studies used ultrasound as image guidance 

to perform RFA. The mean temperature and time for tumor 

ablation were 95°C and 15 minutes, except for the method 

used by Wiksell et al,18 in which the tissue temperature and 

time were applied at 85°C and 10 minutes.

complete ablation rate
Eleven studies reported the data of complete ablation 

rate.15–18,21–25,28,29 The complete ablation rate among these 
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Figure 1 Search strategy and flowchart for the meta-analysis.

Table 1 Baseline characteristics of patients in the trials included in the meta-analysis

Study Number Mean age  
(range, years)

Tumor size  
(cm)

Tumor histology Follow-up  
(months)

hayashi et al15 22 73 (60–80) 1.0 nr nr
noguchi et al16 10 54 (33–70) 2.0 invasive ductal/intraductal carcinoma: 7/3 nr
izzo et al17 26 57 (37–78) 1.8 (0.7–3.0) Infiltrating ductal/lobular/tubular: 17/6/3 nr
Wiksell et al18 33 nr (46–83) 0.6–1.5 Ductal/lobular/mucinous/tubular: 26/2/1/4 55±21
Wilson et al19 40 68.8±10.9 0.2–2.6 nr 1–60
Palussière et al20 21 79 (70–88) 3.0 invasive ductal/lobular/mucinous carcinoma: 17/3/1 49.6 (17–77)
Burak et al21 10 53.7 (37–67) 1.15 (0.8–1.5) nr nr
Ohtani et al22 41 59 (38–92) 2.0 invasive ductal/noninvasive ductal carcinoma: 36/5 nr
Medina-Franco et al23 25 55.3 (42–89) 2.08 (0.9–3.8) Infiltrating ductal/lobular/mixed carcinoma: 21/2/2 1–6
Fornage et al24 21 56 (38–80) 2.0 invasive ductal/lobular carcinoma: 19/2 nr
earashi et al25 17 55 (33–78) 1.1 (0.5–2.4) invasive ductal/noninvasive ductal carcinoma: 21/3 1–6
Oura et al26 52 55 (37–83) 1.3 (0.5–2.0) Ductal/invasive ductal/lobular/tubular: 7/42/2/1 every 2–3
Yamamoto et al27 29 55.9 (38–78) 1.28 (0.5–1.9) nr 17 (2–41)
seki et al28 15 61 (36–82) 1.7 (0.5–3.0) invasive ductal carcinoma: 15 18
Tsuda et al29 28 36–82 2.21 (0.6–5.0) intraductal carcinoma: 28 nr

Abbreviation: nr, not reported.

studies ranged from 76% to 96.15%. Pooled estimates sug-

gested that among the patients receiving RFA, 89% (95% 

confidence interval [CI]: 85%–93%) achieved a complete 

ablation (Figure 2). No heterogeneity was identified across 

these included studies (I2=0.0%, P=0.454).

excellent cosmetic and good cosmetic
Four studies provided the data of cosmetic results.19,23,26,27 

The cosmetic was scored according to the Radiation Therapy 

Oncology Group cosmesis scoring criteria. The aggregated 

results of these studies suggested that, of the patients treated 
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Figure 2 Forest plot showing the complete ablation rate of radiofrequency ablation in the treatment of patients with breast cancer.
Abbreviations: CI, confidence interval; ES, estimates.

with RFA, 77% (95% CI: 57%–97%) rated their cosmetic 

result as excellent and 19% (95% CI: 4%–34%) rated as 

good (Figure 3). Overall, 96% of patients reported a good-

to-excellent cosmetic result.

recurrence rate
Five studies presented the data of recurrent rate.19,20,25–27 Of 

them, three25–27 reported that no recurrence occurred at the 

final follow-up. The follow-up of these studies was 1–7, 

6–30, and 2–41 months, respectively. Whereas, in another 

study,20 one of the 21 patients reported a local relapse at the 

1-year follow-up, and three additional patients presented with 

cancer recurrence outside the ablation zone at 30, 48, and 

60 months. Moreover, the remaining study reported that one 

(1.3%) of 73 patients developed a true in-site recurrence at 

the 55±21 months follow-up.19 The pooled results indicated 

that patients treated with RFA had no local recurrence at a 

maximum follow-up of 76 months (Figure 4).

complications
Seven studies reported the complications.15,17,20,22,23,26,27 

No RFA-related complications were recorded by them. 

However, skin burn was noticed among these studies. 

Pooled estimates showed that the incidence of skin burn 

was 4% (95% CI: 1%–6%; Figure 5). And there was no 

significant heterogeneity among the studies (I2=18.9%, 

P=0.286).

Publication bias
The test proposed by Begg and Mazumdar14 was used to 

evaluate publication bias, and the result revealed that no 

potential publication bias existed among the included studies 

(Z=0.78, P=0.436).

Discussion
This study was a meta-analysis with the objective of assess-

ing the efficacy and safety of RFA in the treatment of breast 

cancer. Our study indicated that among the patients with 

breast cancer who underwent RFA, 89% achieved a complete 

ablation, 96% reported a good-to-excellent cosmetic result, 

and 4% developed skin burn. This study indicated RFA is 

promising as a minimally invasive ablation technique in the 

local treatment of breast cancer.

RFA is a thermal ablation technique that has been applied 

for benign and malignant tumors.30,31 RFA causes local tumor 

cell death by thermal coagulation and protein denaturation.21,32,33 

High-frequency alternating current flows from the tip of the 

electrode into the surrounding tissue causing ions to oscil-

late back and forth, thus generating frictional heat.34,35 Cell 

death approximately occurs 45°C–50°C.36 The targeted 
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Figure 3 Forest plot showing the good or excellent cosmetic rate of radiofrequency ablation in the treatment of patients with breast cancer.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; ES, estimates.

Figure 4 Forest plot showing the recurrence rate of radiofrequency ablation in the treatment of patients with breast cancer.
Abbreviations: CI, confidence interval; ES, estimates.

temperature mostly used at the tip of prongs was 95°C and 

lasted for 15 minutes.15,24 This setting could melt the fatty tis-

sue and also lead to bad cosmetic results. However, the lesions 

would achieve an equal ablation effect when RFA was set at a 

lower target temperature and a shorter ablation time.24

In this meta-analysis, we found that the complete abla-

tion rate was 89%, indicating a high rate of complete tumor 

ablation for patients receiving RFA. The complete ablation 

rate among these studies ranged from 76% to 96.15%. The 

highest complete ablation rate was observed in the study 
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Figure 5 Forest plot showing the complication rate of radiofrequency ablation in the treatment of patients with breast cancer.
Abbreviations: CI, confidence interval; ES, estimates.

conducted by Izzo et al,17 in which ultrasound-guided RFA 

was performed in 26 patients with T1 and T2 breast tumors 

and then followed by immediate resection. Among these 

patients, 25 (96.15%) achieved a complete coagulation necro-

sis of tumor, while the remaining one had a microscopic focus 

of viable tissue adjacent to the needle shaft site.17 Another 

study performed RFA to treat patients with invasive breast 

carcinomas; however, the complete ablation rate was only 

76%.23 In that study, the authors restricted patients to those 

with invasive breast cancers, no multicentric tumors, and no 

previous chemotherapy. Under ultrasound guidance, saline-

cooled RFA was performed on tumors and a 5-mm margin 

of surrounding breast tissue, and then surgical resection 

was followed.23 Of the 25 patients, only 19 (76%) patients 

showed no evidence of viable malignant cells by the patho-

logic analysis of NDPH stain.23 The complete ablation rate 

for tumors 2 cm (92.8%) was significantly higher than that 

of tumors 2 cm (54.5%).

Regarding the recurrence, several studies revealed 

that no patients developed breast recurrence at their final 

follow-up, while the remaining studies reported a recurrence 

rate ranging from 1.37% to 14.29%. In the trial conducted 

by Oura et al,26 52 patients with breast cancer received one 

session of RFA, for a maximum time of 30 minutes for the 

first 29 patients and 15 minutes for the following 23 patients. 

And the authors reported that no recurrence developed at the 

average follow-up of 15 months (6–30 months) after RFA.26 

Similarly, in another trial conducted by Yamamoto et al,27 

none of the 29 patients who underwent RFA recurred after a 

median follow-up of 17 months (2–41 months).27 However, in 

the trial conducted by Palussière et al,20 four patients devel-

oped cancer recurrence after RFA treatment. In that study, 

patients were all older than 70 years (70–88 years) and had 

undergone neoadjuvant endocrine therapy within the past 

6 months. The tumor size was 3 cm, and three patients 

were diagnosed with lobular carcinoma. During the 9-month 

follow-up, one patient was presented with a local relapse, and 

three additional patients developed cancer recurrence outside 

the ablation zone at 30, 48, and 60 months, two of whom 

were lobular carcinoma.20 Then, the authors suggest that RFA 

should not be recommended for lobular carcinoma.

With advances in diagnostic modalities, such as 

mammography, ultrasonography, and magnetic resonance 

imaging, the breast tumors with a diameter of 1 cm could 

be detected. Therefore, surgical treatment for breast cancer 

has become less invasive. However, the cosmetic problems 

still remain. In this study, we found that 96% of patients 

who underwent RFA reported a good-to-excellent cosmetic 

result. The result of RFA was higher than those of external 

beam radiation and partial breast irradiation, in which the 

rate of excellent-to-good cosmetic results ranged from 

77.6% to 83.3%.37,38
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In terms of complications of RFA, there were seven studies 

reporting no RFA-related complications except for skin burn. 

Skin burn is the common complication of RFA in the treatment 

of breast cancer. The skin or underlying muscle close to the 

tumor is of concern because RFA can result in skin necrosis 

or chest wall burn. In the study conducted by Palussière et al,20 

four of the 21 patients developed skin burn, which finally 

showed spontaneous healing after a maximum of 2 months. 

In another study conducted by Medina-Franco et al,23 in three 

of the 25 patients (12%) superficial skin burns occurred that 

required local excision. The authors pointed that there was 

no acute skin necrosis; however, they performed the surgical 

excision immediately after RFA treatment.23 Thus, the skin 

necrosis may not be well assessed since a delay in time period 

between RFA and resection would be necessary.

Although this meta-analysis indicated that RFA produced 

a higher complete ablation rate with a low complication rate, 

there are several problems that remain to be resolved: 1) lack 

of ability to precisely determine tumor size, 2) determination 

of 100% tumor cell killing, 3) ability to follow local recur-

rence, and 4) cosmetic outcome.39 Further studies are needed 

to determine whether the use of RFA for small breast cancer 

can provide local control and survival rates equivalent to 

those of conventional breast conservative surgery.

There are some potential limitations in this meta-analysis 

that should be considered. First, our study was conducted 

on 15 trials, and most of them had relatively small sample 

size. Compared with larger trials, small trials are more likely 

to result in overestimates of the treatment effect. Thus, our 

conclusion should be interpreted with caution. Second, 

there were variations in patients’ characteristics among the 

included studies, including breast size, tumor location, com-

position of the breast tissue (fat content), and vascularity of 

the breast. These factors may increase the heterogeneity and 

have a potential on the pooled results.

Conclusion
In conclusion, this meta-analysis showed that RFA can be 

a promising alternative option for invasive breast cancer 

since it produces a higher complete ablation rate with a low 

complication rate. However, considering that this study was 

conducted on small and nonrandomized controlled trials, 

the efficacy and safety of RFA for breast cancer should be 

confirmed with large-scale, well-performed trials.

Disclosure
The authors report no conflicts of interest in this work.
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