
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ihyt20

Download by: [Antonio Facciorusso] Date: 21 January 2016, At: 09:25

International Journal of Hyperthermia

ISSN: 0265-6736 (Print) 1464-5157 (Online) Journal homepage: http://www.tandfonline.com/loi/ihyt20

Microwave ablation versus radiofrequency
ablation for the treatment of hepatocellular
carcinoma: A systematic review and meta-analysis

Antonio Facciorusso, Marianna Di Maso & Nicola Muscatiello

To cite this article: Antonio Facciorusso, Marianna Di Maso & Nicola Muscatiello (2016):
Microwave ablation versus radiofrequency ablation for the treatment of hepatocellular
carcinoma: A systematic review and meta-analysis, International Journal of Hyperthermia

To link to this article:  http://dx.doi.org/10.3109/02656736.2015.1127434

Published online: 21 Jan 2016.

Submit your article to this journal 

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=ihyt20
http://www.tandfonline.com/loi/ihyt20
http://dx.doi.org/10.3109/02656736.2015.1127434
http://www.tandfonline.com/action/authorSubmission?journalCode=ihyt20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ihyt20&page=instructions
http://www.tandfonline.com/doi/mlt/10.3109/02656736.2015.1127434
http://www.tandfonline.com/doi/mlt/10.3109/02656736.2015.1127434
http://crossmark.crossref.org/dialog/?doi=10.3109/02656736.2015.1127434&domain=pdf&date_stamp=2016-01-21
http://crossmark.crossref.org/dialog/?doi=10.3109/02656736.2015.1127434&domain=pdf&date_stamp=2016-01-21


http://informahealthcare.com/hth
ISSN: 0265-6736 (print), 1464-5157 (electronic)

Int J Hyperthermia, Early Online: 1–6
! 2016 Taylor & Francis. DOI: 10.3109/02656736.2015.1127434

Microwave ablation versus radiofrequency ablation for the treatment of
hepatocellular carcinoma: A systematic review and meta-analysis

Antonio Facciorusso, Marianna Di Maso, & Nicola Muscatiello

Department of Medical Sciences, Section of Gastroenterology, University of Foggia, Italy

Abstract

Purpose: Radiofrequency ablation (RFA) and microwave ablation (MWA) are the two main
percutaneous techniques for the treatment of unresectable hepatocellular carcinoma (HCC).
However, to date, studies comparing the two therapies have provided discordant results. The
aim of this meta-analysis is to evaluate the efficacy and safety of the two treatments for HCC
patients. Materials and methods: A computerised bibliographic search was performed on
PubMed/MEDLINE, Embase, Google Scholar and Cochrane library databases. The rates of
complete response (CR), local recurrence (LRR), 3-year survival (SR) and major complications
were compared between the two treatment groups by using the Mantel-Haenszel test in cases
of low heterogeneity or the DerSimonian and Laird test in cases of high heterogeneity. Sources
of heterogeneity were investigated using subgroup analyses. In order to confirm our finding,
sensitivity analysis was performed restricting the analysis to high-quality studies. Results:
One randomised controlled trial (RCT) and six retrospective studies with 774 patients were
included in the meta-analysis. A non-significant trend of higher CR rates in the patients treated
with MWA was found (odds ratio (OR)¼ 1.12, 95% confidence interval (CI) 0.67–1.88, p¼ 0.67].
Overall LRR was similar between the two treatment groups (OR 1.01, 95% CI 0.53–1.87, p¼ 0.98)
but MWA outperformed RFA in cases of larger nodules (OR 0.46, 95% CI 0.24–0.89, p¼ 0.02).
3-year SR was higher after RFA without statistically significant difference (OR 0.95, 95% CI 0.58–
1.57, p¼ 0.85). Major complications were more frequent, although not significantly, in MWA
patients (OR 1.63, 95% CI 0.88–3.03, p¼ 0.12). Conclusions: Our results indicate a similar efficacy
between the two percutaneous techniques with an apparent superiority of MWA in larger
neoplasms.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most commonly

occurring type of cancer and the leading cause of mortality in

cirrhotic patients [1].

Nowadays, 30–60% of HCC patients in developed

countries are suitable for curative therapies, such as surgical

or ablative treatments, due to the recent improvement in

diagnosis and the screening programmes in cirrhotics [1].

In recent years imaging-guided ablative therapies have

gained a fundamental role in the treatment of HCC. Among

them, percutaneous radiofrequency ablation (RFA) has

become the standard of care for unresectable early HCCs

and has been even found to be competitive with surgery in the

case of single nodules less than 2 cm [2,3].

Meanwhile, with the advancement of microwave technol-

ogy and the development of the cooled electrode, percutan-

eous microwave ablation (MWA) is emerging as a valuable

alternative to RFA for thermal destruction of HCC [4,5]. The

main features of MWA technology compared with other

thermal ablation technologies include consistently higher

intratumoural temperatures, larger tumour ablation volumes,

faster ablation times, and an improved convection profile. As

a result, the advantage of MWA over RFA is that treatment

outcome is less affected by vessels in proximity to the tumour

(heat-sink effect) [6].

Despite the promising results of MWA reported in the

aforementioned studies, little is known about its efficacy

compared to RFA. A recent meta-analysis found that the two

techniques are equally effective, but the reliability of these

results is impaired by the inclusion of low-quality reports

such as congress abstracts and duplicate studies [7].

Therefore, robust data on the comparison between RFA and

MWA is still lacking.

The aim of this meta-analysis is to evaluate the efficacy

and safety of the two treatments for HCC patients. Primary

outcome was the local recurrence rate (LRR) registered

during the follow-up. Secondary outcomes were tumour

response, 3-year survival rate (SR) and incidence of major

complications.

Methods

This meta-analysis is performed following indications

described in the Cochrane Handbook [8] and is conducted

according to the Preferred Reporting Items for Systematic

reviews and Meta-Analysis (PRISMA) guidelines [9].

Correspondence: Antonio Facciorusso, MD, Gastroenterology Unit,
Department of Medical Sciences, University of Foggia, AOU Ospedali
Riuniti, Viale Pinto, 1, 71100 Foggia, Italy. Tel: 0039 0881732154. Fax:
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Search strategy and selection criteria

A computerised bibliographic search was performed on

PubMed/MEDLINE, Embase, Google Scholar, and the

Cochrane library databases using the following key words:

‘radiofrequency ablation’, ‘microwave ablation’, ‘HCC’,

‘hepatocellular carcinoma’ and ‘liver cancer’. Eligible studies

were randomised controlled trials (RCTs), prospective or

retrospective cohort and case-control studies comparing

percutaneous RFA and MWA in human patients until July

2015. The search was restricted to English-language articles.

Studies were excluded if they had not compared data between

the two treatments. Case reports and abstracts or studies with

insufficient data were also excluded. Studies included were

selected independently by two investigators (AF and MDM).

Disagreements were solved by discussion and following a

third opinion (NM).

The quality of the studies included was assessed by the

authors independently according to the Cochrane

Collaboration’s tool for assessing the risk of bias [8] for

RCTs and the Newcastle–Ottawa scale for observational

studies [10].

Statistical analysis

Data of LRR, SR, CR rate and toxicity (expressed as severe

adverse events rate) were pooled and analysed in terms of

odds ratio (OR, 95% confidence intervals). Comparisons

between the two treatment groups across all the studies

included were performed by using the Mantel-Haenszel test

for fixed-effects models [11] (in case of low heterogeneity) or

the DerSimonian and Laird test for random-effects models

[12] (in case of high heterogeneity).

Heterogeneity between estimates was assessed by means of

Cochrane’s chi-square test, with the significance threshold

settled at 0.10, and I2 statistic, with a value of 450% being

suggestive of significant heterogeneity [13].

Between-study sources of heterogeneity were investigated

using subgroup analyses, by stratifying original estimates

according to study characteristics. Again, in these analyses a

p-value 50.10 was considered significant, due to the low

power of the tests and the small number of studies included.

Publication biases were assessed using funnel plots

visually and by performing Begg and Mazumdar’s test.

In order to confirm our finding, sensitivity analysis was

finally performed restricting the analysis to high-quality

studies.

All calculations were performed using Review Manager

5.0 (Cochrane Informatics).

Ethical approval

This article does not contain any studies with human

participants or animals performed by any of the authors. For

this type of study formal consent is not required.

Results

Literature search

Figure 1 shows the flow chart of the search strategy conducted

in this meta-analysis.

Initially, we identified 452 potentially relevant studies.

After a preliminary review, 436 papers were excluded because

they were animal studies, case reports, comment letters or

descriptive reviews.

Figure 1. Flow chart of the search strategy.

2 A. Facciorusso et al. Int J Hyperthermia, Early Online: 1–6

D
ow

nl
oa

de
d 

by
 [

A
nt

on
io

 F
ac

ci
or

us
so

] 
at

 0
9:

25
 2

1 
Ja

nu
ar

y 
20

16
 



Among 16 potentially appropriate articles, we excluded

three studies including patients treated with laparoscopic RFA

or MWA [14–16], and one because of insufficient data [17].

Three studies were published by the same group with

overlapping recruitment periods [18–20]. Among them, the

two studies with the lower number of patients and incomplete

data were excluded in order to overcome the risk of duplicate

data [18,19].

Four series were based on data published by the same

Chinese group enrolling patients in two partially overlapping

periods [21–24]. The same criterion used before was adopted

to eliminate duplicate results [21,23,24].

Finally, seven studies with 774 patients were included in

the meta-analysis [20,22,25–29].

Characteristics of studies included

Main characteristics of studies included are reported in

Table 1.

The recruitment period ranged from 1997 to 2013.

One study was an RCT [25] and six were retrospective

case-control studies [20,22,26–29]. Studies included were

conducted mostly in Asia [20,22,25–27].

In all the studies except for that by Ohmoto et al. [20],

patients were within Child-Pugh B score and mean tumour

size ranged between 1.6 and 2.9 cm.

None of the studies reported statistically significant

differences in baseline demographic, clinical and tumoural

parameters between the two treatment groups. Three obser-

vational studies [20,26,27] were considered high quality,

whereas all the other reports were deemed of moderate

quality.

More details on the methodological characteristics

and quality of articles included are shown in Supplementary

Table 1.

Complete response

Tumour response was evaluated in six studies [22,25–29]. In

all the studies included, CR was defined as absence of

residual viable tumour in the treated nodules.

The meta-analysis performed by means of fixed-effect

model found a non-significant trend of higher CR rates in

patients treated with MWA (OR 1.12, 95% CI 0.67–1.88,

p¼ 0.67) (Figure 2). No evidence of heterogeneity was found

(�2¼ 2.39, df¼ 5, p¼ 0.79, I2¼ 0%).

Table 1. Characteristics of the studies included.

Study Arm
Sample

size
Recruitment

period
Study
design Region CP (A/B/C)

Tumour size (cm)
mean (range)

Number of
nodules* Quality

Ohmoto, 2009 [20] RFA
MWA

34
49

2002–2006 R Japan 20/11/3
31/14/4

1.6 (0.7–2)
1.7 (0.8–2)

1.08
1.14

H

Lu, 2005 [22] RFA
MWA

53
49

1997–2002 R China 49/4/0
39/10/0

2.6 (1–6.1)
2.5 (0.9–7.2)

1.35
2

M

Shibata, 2002 [25] RFA
MWA

36
36

1999–2000 RCT Japan 21/15/0
19/17/0

1.6 (0.7–2)
1.7 (0.8–2)

1.08
1.14

M

Ding, 2013 [26] RFA
MWA

85
113

2006–2010 R China 49/36/0
75/38/0

2.38 (1–4.8)
2.55 (0.8–5)

1.15
1.15

H

Zhang, 2013 [27] RFA
MWA

78
77

2006 R China 78/0/0
77/0/0

NA
NA

1.24
1.36

H

Abdelaziz, 2014 [28] RFA
MWA

45
66

2009–2013 R Egypt 24/21/0
25/41/0

2.95 ± 1.03+
2.9 ± 0.97

1
1

M

Vogl, 2015 [29] RFA
MWA

25
28

2008–2010 R Germany NA
NA

NA
NA

1.28
1.28

M

*Number of nodules per patient.
+Expressed as mean ± standard deviation.
CP, Child-Pugh; H, high; M, moderate; MWA, microwave ablation; R, retrospective; RCT, randomised controlled trial; RFA, radiofrequency ablation.

Figure 2. Forest plot of complete response rate. df, degrees of freedom; M-H, Mantel-Haenszel; MWA, microwave ablation; RFA, radiofrequency
ablation.
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No significant publication bias was found either by means

of visual examination of funnel plot (Supplementary Figure 1)

or by means of Begg and Mazumdar’s test (p¼ 0.29).

In order to further confirm these findings, sensitivity

analysis was performed with two different subgroups

analyses. At first, since one of the studies included was

a RCT [25], the OR of CR was separately calculated for

the RCT and for the retrospective studies, and in both cases

did not result in significance (OR 0.36, 95% CI 0.07–1.94,

p¼ 0.23 and OR 1.29, 95% CI 0.74–2.24, p¼ 0.37,

respectively).

Second, articles with lower quality data [22,25,28,29] were

eliminated from the analysis and the resulting OR remained

not significantly in favour of MWA (OR 1.17, 95% CI 0.56–

2.47, p¼ 0.68) with no evidence of heterogeneity (�2¼ 0.24,

df¼ 1, p¼ 0.63, I2¼ 0%).

Local recurrence rate

All the studies included reported LRR. Meta-analysis of such

an outcome did not find any differences between the two

treatment groups (OR 1.01, 95% CI 0.53–1.87, p¼ 0.98)

(Figure 3).

The overall OR was computed by means of the

DerSimonian-Laird test because of the high grade of hetero-

geneity found among the studies included (�2¼ 12.3, df¼ 6,

p¼ 0.06, I2¼ 51%) (Figure 3).

The Funnel plot and Begg and Mazumdar’s test

(p¼ 0.59) did not show any evidences of publication bias

(Supplementary Figure 2).

In order to assess the influence of lower quality studies on

the final result and to explore the sources of heterogeneity,

OR was re-calculated considering only high quality papers.

After performing this kind of sensitivity analysis, OR

remained non-significant (OR 1.57, 95% CI 0.76–3.26,

p¼ 0.23) with a lower grade of heterogeneity (�2¼ 2.79,

df¼ 2, p¼ 0.25, I2¼ 28%).

Unfortunately, accurate stratification of results according

to tumour stage was not possible due to the low number of

studies. However, when the meta-analysis was restricted to

the three studies enrolling patients with high tumour burden

[22,28,29], MWA significantly outperformed RFA (OR 0.46,

95% CI 0.24–0.89, p¼ 0.02) with no evidence of heterogen-

eity (�2¼ 0.93, df¼ 2, p¼ 0.63, I2¼ 0%) (Supplementary

Figure 3).

Overall survival

Data on 3-year SR was available in six studies [20,22,26–29].

A high grade of heterogeneity was found (�2¼ 11.2,

df¼ 5, p¼ 0.05, I2¼ 55%), hence the random-effect model

was performed. Overall OR was in favour of RFA without a

statistically significant difference (OR 0.95, 95% CI 0.58–

1.57, p¼ 0.85) (Figure 4). No publication bias was found

(p¼ 0.34, Supplementary Figure 4).

Sensitivity analysis in high quality studies [20,26,27]

confirmed the aforementioned non-significant trend in favour

of RFA (OR 0.78, 95% CI 0.46–2.16, p¼ 0.46) with no

evidence of heterogeneity (�2¼ 1.13, df¼ 2, p¼ 0.57,

I2¼ 0%).

Figure 3. Forest plot of local recurrence rate. df, degrees of freedom; MWA, microwave ablation; RFA, radiofrequency ablation.

Figure 4. Forest plot of overall survival rate at 3 years. df, degrees of freedom; MWA, Microwave ablation; RFA, Radiofrequency ablation.
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Major complications

All the studies included reported information about major

complications that occurred within 1 month after the

procedure.

The rate of major complications was higher after MWA,

although without reaching the significance threshold (OR

1.63, 95% CI 0.88–3.03, p¼ 0.12) with low heterogeneity

among studies found, mainly because of a single outlier study

[28] (�2¼ 8.36, df¼ 6, p¼ 0.12, I2¼ 28%) (Supplementary

Figure 5).

A visualisation of funnel plot (Supplementary Figure 6)

and Begg and Mazumdar’s test (p¼ 0.41) did not find any

source of publication bias.

Discussion

Local ablation is considered the first-line treatment option for

early HCC patients not suitable for surgical therapies [1].

Over the past 25 years several methods for chemical or

thermal tumour ablation have been developed and clinically

tested.

The seminal technique was percutaneous ethanol injection

(PEI), which induces coagulative necrosis of the lesion [6].

Subsequently, thermal ablative therapies emerged, including

RFA, MWA and laser ablation.

Although both percutaneous RFA and MWA have been

commonly used for the treatment of HCC, the differences

between the two modalities have not been clearly documented

and few studies aimed at the comparison between the two

techniques have been published so far. In a recent meta-

analysis, Chinnaratha et al. [7] found that RFA and MWA are

equally effective in HCC patients with a potential superiority

of MWA in terms of local recurrence in larger neoplasms.

However, the results of this paper should be interpreted with

caution as low-quality studies and even congress abstracts

were included; furthermore, all the reports included had been

conducted in Asia, thus raising some concerns on the

applicability of their findings in the West [7].

On the basis of these considerations and of the recent

publication of two additional studies conducted in areas other

than Eastern Asia, we decided to publish the current meta-

analysis in order to provide a robust and up-to-date overview

of the available data in this field.

A total of seven studies, with one a RCT with 774 patients,

were included in this meta-analysis. As for the primary

outcome, i.e. local recurrence rate, no significant difference

was found overall (OR 1.01, 95% CI 0.53–1.87, p¼ 0.98).

The high grade of heterogeneity (I2¼ 51%, p¼ 0.06)

decreased when the analysis was restricted solely to the

high-quality studies [20,26,27].

Although accurate stratification of results according to

tumour stage was not possible, when only the studies

enrolling patients with larger tumour size [22,28,29] were

considered, MWA significantly outperformed RFA (OR 0.46,

95% CI 0.24–0.89, p¼ 0.02) with no evidence of heterogen-

eity (I2¼ 0%, p¼ 0.63). This result may be interpreted on the

basis of the well-known property of MWA, which is the

ability to induce higher intratumoural temperatures, larger

tumour ablation volumes, faster ablation times, and an

improved convection profile [6,30]. Therefore, the apparent

superiority of MWA over RFA in treating larger nodules is not

surprising.

MWA was found to provide a higher CR rate than RFA,

although such a difference did not result in statistical

significance (p¼ 0.67). As recently proved, RFA is able to

provide complete ablation rates495% in selected series [31],

hence the superiority, although not significant, of MWA

according to tumour response is an important proof of

effectiveness of this technique.

Despite the better CR and lower LRR of MWA, overall

survival estimated at 3 years was higher after percutaneous

RFA, even if not significantly (OR 0.95, 95% CI 0.58–1.57,

p¼ 0.85).

In order to understand these results, many factors other

than response to treatment have to be considered. RFA is a

safer technique (see below) with lower rates of severe adverse

events; moreover, as recently demonstrated by our group,

local recurrences are generally easy to treat and do not

severely impair post-recurrence survival [32]. Therefore, the

proved superiority of MWA in larger neoplasms does not

seem to lead automatically to better survival outcomes.

As mentioned above, the rate of major complications was

higher, although not significantly, after MWA. This result was

reported in almost all the studies included, with the only

exception being the paper by Abdelaziz et al. [28], which was

responsible for both the failure to reach the OR significance

threshold and for the moderate heterogeneity observed

(I2¼ 28%, p¼ 0.12). The more favourable safety profile of

RFA can be explained in light of the broader necrotic area

obtained after MWA with an increased risk of vessel damage

or liver abscesses [30,33].

There are some limitations to our study. First, we analysed

both prospective and retrospective studies with no standard

randomisation which may introduce patient selection bias.

However, as described in Table 1, no significant difference

according to baseline characteristics between the two treat-

ment groups was detectable in any of the studies included.

Second, the lack of standardisation of MWA equipment

restricts direct comparison of the studies included in the meta-

analysis, and a subgroup analysis based on equipment was not

possible due to the small numbers within each treatment

group. Moreover, the current meta-analysis includes many

studies conducted in a time period when microwave ablation

devices and experience were not optimised at all. Therefore,

further RCTs and cohort studies are needed in order to

confirm our findings. Third, the number of reports included is

small. This apparent drawback of our paper is due to the

exclusion of duplicate studies or reports with incomplete data.

However, as a consequence of the restrictive inclusion criteria

adopted in our meta-analysis, the quality level of the

manuscript reviewed was mostly high, thus increasing the

robustness of our findings. Fourth, because of the small

number of studies, an accurate stratification of outcomes

according to lesion size was not possible. However, LRR

analysis was separately performed in two different groups of

studies on the basis of mean baseline tumour burden.

Despite these limitations, our study has a number of

strengths. It is the more comprehensive and up-to-date meta-

analysis comparing the two main percutaneous thermal

ablation techniques for primary liver tumours. Moreover,
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any possible sources of heterogeneity that could have

influenced the final results were explored by means of

appropriate statistical tools and all the findings were

confirmed by performing sensitivity analysis.

In conclusion, the current meta-analysis shows that

percutaneous MWA provides competitive if not superior

results with respect to RFA in terms of CR and recurrence

rate, particularly in larger tumours. Despite these findings,

overall survival and safety profile were in favour, although not

significantly, of RFA. Further RCTs are needed in order to

validate these results.
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