in vivo 34: 3421-3429 (2020)
doi:10.21873/invivo.12181

The (Eternal) Debate on Microwave Ablation Versus
Radiofrequency Ablation in BCLC-A Hepatocellular Carcinoma

ANGELA DALIA RICCI'*, ALESSANDRO RIZZO'", CHIARA BONUCCI!, SIMONA TAVOLARI?,
ANDREA PALLONI!, GIORGIO FREGA!, VERONICA MOLLICA!, NASTASSJA TOBER!,
ELENA MAZZOTTA3, CRISTINA FELICANI3, CARLA SERRA3 and GIOVANNI BRANDI!

!Department of Experimental, Diagnostic and Specialty Medicine,
S. Orsola-Malpighi University Hospital, Bologna, Italy;
2Center of Applied Biomedical Research, S. Orsola-Malpighi University Hospital, Bologna, Italy;
3Department of Organ Insufficiency and Transplantation, S. Orsola-Malpighi Hospital, Bologna, Italy

Abstract. Background/Aim: While percutaneous radio-
frequency ablation (RFA) is considered the standard ablative
modality for the treatment of early-stage hepatocellular
carcinoma (HCC), percutaneous microwave ablation (MWA) is
being increasingly used in recent years. We performed a
systematic review and meta-analysis to compare percutaneous
MWA versus percutaneous RFA in BCLC-A HCC across
randomized controlled trials (RCTs). Patients and Methods:
Eligible studies included RCTs assessing MWA versus RFA in
BCLC-A HCC. Outcomes of interest included: complete
ablation (CA) rate, local recurrence (LR) rate, 1-year overall
survival (OS) rate, 3-year OS rate and major complications
rate. Results: We retrieved all the relevant RCTs through
PubMed/Medline, Cochrane library and EMBASE; five eligible
studies involving a total of 794 patients (MWA: 409; RFA: 385)
and 1008 nodules of HCC (MWA: 519; RFA: 489) were
included in our analysis. No significant differences were found
between MWA and RFA regarding CA, LR, 3-year OS and
major complications rate. Regarding 1-year OS, a higher rate
was observed in the MWA group. Conclusion: MWA and RFA
are effective and safe techniques in early stage, BCLC-A,
HCCMWA resulted in better 1-year OS, although this benefit
was not confirmed in the 3-year analysis.

This article is freely accessible online.
*These Authors contributed equally to this study.

Correspondence to: Alessandro Rizzo, Department of Experimental,
Diagnostic and Specialty Medicine, S. Orsola-Malpighi University
Hospital, Bologna, Italy. Tel: +39 0512144078, Fax: +39
0516364037, e-mail: rizzo.alessandrol79@gmail.com

Key Words: Hepatocellular carcinoma, liver cancer, radiofrequency
ablation, microwave ablation.

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related deaths worldwide (1). It currently
represents the fifth most common malignancy among men
and the seventh in women, with an increasing incidence due
to which HCC is supposed to become the third leading cause
of cancer-related deaths in western countries by 2035 (2, 3).
Radical removal of the tumor is the only potentially curative
treatment for HCC (4); however, more than half of HCC
cases are detected when advanced (locally advanced/
unresectable or metastatic) and the majority of patients can
receive only palliative treatments, with poor prognosis and
short life expectancy (5-7).

Several staging and classification systems have been used
and proposed for HCC, in order to define the “double-headed”
nature of the disease, with prognosis and treatment depending
on tumor burden, hepatic functional reserve and patient’s
underlying liver disease (8). Among them, the Barcelona
Clinic Liver Cancer Classification (BCLC) is probably the
most widely used worldwide (9); according to this system,
very early (BCLC-0) and early-stage (BCLC-A) HCC are
amenable to curative treatments, including radical surgical
resection, liver transplantation and tumor ablation (10, 11).
The possibility to obtain complete removal of the tumor at this
stage has led to the development of several minimally invasive
treatment options including radiofrequency ablation (RFA),
microwave ablation (MWA), cryoablation and percutaneous
ethanol injection (PEI) (12-14). Moreover, the combination of
systemic treatments with locoregional techniques has been
also investigated and there are currently ongoing trials aimed
to evaluate efficacy and safety of multimodal treatments (15,
16). Local ablative strategies such as percutaneous RFA and
percutaneous MWA have shown to be safe and feasible in
HCC, where RFA represents the most frequently used ablative
modality in unresectable BCLC-A HCC, reaching outcomes
comparable to those of surgical resection in case of single
nodules less than 2 ¢cm in size (17).
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Figure 1. Risk of bias graph: Authors’ judgements on each risk of bias item presented as percentages across all included studies.

The comparison between MWA and RFA is currently
under debate, and several meta-analyses have found that the
two modalities have similar efficacy and safety (18, 19).
However, previous studies presented several limitations,
given the inclusion of primary and secondary liver
malignancies and HCCs at different stages. Finally, the two
modalities have been mostly compared through retrospective
analysis of single center cohorts, with no level 1 data
supporting the superiority of RFA or MWA.

In the current study, we performed a systematic review
and meta-analysis to examine complete ablation (CA) rate,
local recurrence (LR) rate, 1-year overall survival (OS) rate,
3-year OS rate at and major complications rate in patients
receiving percutaneous MWA or percutaneous RFA for
BCLC-A HCC, across 5 RCTs (20-24).

Patients and Methods

Search strategies. All phase II and phase III clinical trials published
from June 15, 2000 to March 26, 2020 regarding the clinical role
of MWA and RFA in BCLC-A HCC were retrieved by 2 different
authors (AR and ADR). Keywords used for searching on
PubMed/Medline, Cochrane Library and EMBASE were:
“Radiofrequency Ablation” OR “Microwave Ablation” OR
“Locoregional Therapies” OR “Ablative Treatments” AND “HCC”
OR “hepatocellular carcinoma” OR “liver cancer”; only articles
published in peer-reviewed journals and written in English language
were considered. Furthermore, proceedings of the main international
oncological meetings (American Society of Clinical Oncology,
European Society of Medical Oncology, European Council of
Clinical Oncology, American Association for Cancer Research),
were also searched from 2000 onward for relevant abstracts.

Selection criteria. Studies selected from first analysis were then
restricted to: 1) prospective phase II or III randomized controlled
trials (RCT) in early stage, BCLC-A, HCC; 2) participants enrolled
in percutaneous MWA arm or percutaneous RFA arm; 3) studies
with available data about clinical outcomes. All patients had the
sequent tumor burden: A) three or less HCC lesions with no lesion
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more than 5 cm, B) no evidence of extrahepatic metastasis and/or
vascular invasion.

Data extraction and quality assessment. The following data were
extracted for each publication: 1) study general information (author,
year, carry out country, inclusion criteria); 2) interventions; 3)
number of patients; 4) number of nodules; 5) available outcomes in
terms of CA rate, LR rate, 1-year OS rate, 3-year OS rate and major
complications rate. Two separate authors (AR and ADR) conducted
the search and identification independently.

We assessed the methodological quality of the included trials
using the Cochrane Collaboration tool. Studies examined were
graded as having a “low risk”, “high risk”, or “unclear risk” of bias
across the 7 specified domains. This meta-analysis was conducted
according to Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines (25).

Assessment of risk of bias in included studies. Risk of bias in the
five selected studies (20-24) was assessed independently by two
authors (AR and ADR) using the tool of The Cochrane
Collaboration for assessing risk of bias and therefore including
selection, performance, detection, attrition and reporting bias (26).
The lists of outcomes reported in the published paper were
compared to those from study protocols or trials registries. The
results are summarized in a risk of bias graph (Figure 1).

Types of outcome measures

We examined five outcomes:

¢ CA rate, defined as complete ablation of the tumor shown on
imaging follow-up 1 month after percutaneous MWA or
percutaneous RFA.

* LR rate, defined as any new lesion developing inside or adjacent
to the ablated zone.

® l-year OS rate and 3-year OS rate. The 1-year OS rate and the
3-year OS were defined as the number of patients alive after 12
and 36 months, respectively.

* Major complications rate. According to the Clavien-Dindo
Staging (27), grade 3 or higher complications were defined as
major complications.

All data were obtained from full text or supplementary material
of each study.
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Figure 2. Study flow diagram.

Statistical analysis. All statistical analyses were performed using R
studio. Results about CA, LR, OS and major complications rate were
compared by calculating Odds Ratio (OR) with 95% confidence
intervals (Cls); ORs were combined with the Mantel-Haenszel
method. Statistical heterogeneity between studies was examined using
the Chi-square test and the 12 statistic; substantial heterogeneity was
considered to exist when the 12 value was greater than 50% or there
was a low p-value (<0.10) in the Chi-square test.

Results

Studies selected. In our search, we identified 637 potentially
relevant reports, which were subsequently restricted to eight
after an independent evaluation by 2 authors (AR and ADR).
We excluded 629 records as non-pertinent reports (meta-
analysis and systematic reviews, review articles, editorials,
case reports, retrospective studies, non-randomized studies,
ongoing trials/trials in progress). Moreover, we excluded two
trials comparing MWA and RFA in primary and secondary
liver malignancies (28, 29) and another trial assessing the
comparison between transarterial chemoembolization
combined with MWA or RFA in HCC (30).

All studies included in our analysis (20-24) were
published as full manuscripts and were judged as studies
with a low risk of bias in separate reviews by 2 authors (AR
and ADR). Figure 2 shows the search process.

The five studies (20-24) were all randomized trials
including patients affected by early stage, BCLC-A HCC who

studies, MWA vs non-RFA,
TACE-combined, no available
clinical outcomes, no early
stage BCLC-A HCC, ongoing
trials/trials in progress) (n=29)

were deemed suitable for locoregional therapies. A total of
794 patients (MWA: 409; RFA: 385) and 1008 nodules of
HCC (MWA: 519; RFA: 489) were available for the meta-
analysis. A summary of the included RCTs is presented in
Table I. All five RCTs (20-24) had reported data on LR rate
and major complications rate. Four trials had reported data on
CA rate while three studies had reported data on 1-year and
3-year OS rates.

Complete ablation rate. In order to evaluate CA rate, data
were extracted from 4 RCTs (21-24) comprising 806
nodules. No differences in CA rate between percutaneous
MWA and percutaneous RFA were detected in the analysis
(OR=1.21; 95%CI=0.52-2.80) (Figure 3); results were
associated with low heterogeneity (12=5%), therefore a fixed
effects model was used.

Local recurrence rate. Five RCTs (20-24) provided data on
LR rate in 1008 nodules. The analysis was associated with
significant heterogeneity between trials (I?=60%), and the
random-effects model yielded an OR of 0.78 (95%CI=0.36-
1.69) (Figure 4), showing no significant differences between
the two ablative modalities.

1-year overall survival rate. Data were available in 3 RCTs

(20-24) comprising 570 patients. Results were associated
with low heterogeneity (12=32%) and a fixed effects model
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Table 1. Summary of the included studies.

Author/year Country Study Inclusion Type of Sample  Median age, Number  Size, mean
(ref.) design criteria treatment size years (range) of nodules (SD, mm)
Kamal/ Egypt Monocentric HCC lesions <3, RFA 28 NR 34 3.28 (0.91)
2019 (23) randomized measuring <50 mm
controlled and with no vascular MWA 28 28 3.25(0.92)
trial invasion or
extrahepatic spread.
Vietti Violi/ Switzer- Multicentre HCC lesions <3, MWA 71 68 (60-72) 98 18 (6.5)
2018 (20) Land, randomized measuring <40 mm,
France controlled related to chronic liver RFA 73 65 (59-73) 104 18 (7.1)
trial disease (hepatitis) or
cirrhosis with Child-Pugh
score A or B and adequate
pre-ablation imaging
done within 4 weeks before
starting the intervention.
Yu/ China Monocentric HCC lesions <3, MWA 203 NR 265 2.7 (1.0)
2017 (22) randomized measuring <50 mm
controlled and with no vascular RFA 200 251 2.6 (1.0)
trial invasion or extrahepatic
spread, Child-Pugh class A
or B, lesions visible on
ultrasound with an acceptable
puncture path, ECOG 0-1,
and no other anticancer
treatment previously.
Abdelaziz/ Egypt Monocentric HCC early stage with RFA 45 56.8 (NR) 52 2.95 (1.03)
2014 (24) randomized lesions <3, measuring
controlled <50 mm, PS 0 and proper MWA 66 53.6 (NR) 76 2.9 (0.97)
trial coagulation profile. Patients
eligible for resection
or liver transplantation
but not feasible were also
included.
Shibata/ Japan Monocentric HCC single lesion RFA 36 63.6 (44-83) 48 2.3 (1.0-3.7)
2002 (21) randomized measuring <40 mm
controlled or lesions <3 MWA 36 62.5 (52-74) 46 22(0.9-34)
trial measuring <30 mm.

SD: Standard deviation; HCC: hepatocarcinoma; ECOG: Eastern Cooperative Oncology Group; PS: performance Status; RFA: radiofrequency

ablation; MWA: microwave ablation; NR: not reported.

was used; overall OR was in favour of percutaneous MWA
(OR=1.9; 95%CI=1.03-3.51) (Figure 5).

3-year overall survival rate. The 3-year OS rate was
reported by 3 RCTs (22-24) with 666 patients. No
heterogeneity was found for these studies (I2=0%): hence,
the fixed-effects model was used (Figure 6). No significant
difference in the 3-year OS rate was detected (OR=1.17;
95%C1=0.81-1.70).

Major complications rate. All the RCTs (20-24) reported

data about major complications occurring within 1 month
after the ablative technique. No significant differences were
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found (OR=1.11; 95%CI=0.55-2.23) (Figure 7); results were
associated with low heterogeneity (I2=32%), therefore a
fixed effects model was used.

Discussion

Due to the development of interventional radiology,
locoregional therapies have become an important alternative
treatment in early-stage HCC over the last 30 years (31).
Among them, RFA and MWA are commonly used ablation
techniques which cause coagulative tumor necrosis by
directly delivering heat into nodules (32, 33). Although the
two modalities share some characteristics, RFA and MWA
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
KAMAL, 2019 32 34 30 34 2.13 [0.36; 12.51] 17.8% 25.9%
YU, 2017 264 265 248 251 3.19 [0.33;30.91] 9.7% 16.1%
ABDELAZIZ, 2014 73 76 49 52 1.49 [0.29; 7.69] 23.2% 29.9%
SHIBATA, 2002 41 46 46 48 0.36 [0.07; 1.94] 49.3% 28.2%
Fixed effect model 421 385 z“ 1.21 [0.52; 2.80] 100.0% -
Random effects model 1.24 [0.49; 3.12] -~ 100.0%

Heterogeneity: /% = 5%, 1% = 0.0458, p = 0.37 I
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Figure 3. Forest plot of comparison between MWA and RFA; the outcome was Odds Ratio of Complete Ablation (CA) rate. CI: Confidence interval.

Experimental Control

Weight Weight

Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
KAMAL, 2019 6 34 2 34 L 3.43 [0.64; 18.37] 2.7% 13.4%
VIETTI VIOLI, 2018 6 98 12 104 —*—%— 0.50 [0.18; 1.39] 18.1% 22.0%
YU, 2017 23 265 39 251 —0—:*- 0.52 [0.30; 0.89] 60.6% 30.1%
ABDELAZIZ, 2014 3 76 7 52 —%—+ 0.26 [0.06; 1.07] 13.2% 16.5%
SHIBATA, 2002 8 46 4 48 iJ——*— 2.32 [0.65; 8.30] 5.4% 18.1%
il
Fixed effect model 519 489 < 0.66 [0.44; 0.98] 100.0% -
Random effects model —~— 0.78 [0.36; 1.69] - 100.0%
Heterogeneity: /% = 60%, t2 = 0.4469, p = 0.04 I T I
0.1 051 2 10

Figure 4. Forest plot of comparison between MWA and RFA; the outcome was Odds Ratio of Local Recurrence (LR) rate. CI: Confidence interval.

differ significantly in their mechanism of action: MWA
induces tumor necrosis employing electromagnetic waves
from electrodes whereas RFA delivers electric current (34).
Percutaneous RFA is currently considered an established
treatment option in unresectable BCLC-O and BCLC-A
HCCs, as also recommended by the last European
Association for the Study of the Liver (EASL) clinical
practice guidelines (35). Low major and minor complication
rates together with the efficacy and availability of the
technique, has led to a wide use of RFA over the last two
decades worldwide (36, 37). More recently, MWA has been
found to be not only an alternative to conventional RFA, but
also a potentially superior treatment modality since MWA
seems to deliver heat more quickly, requiring less ablation
time when compared to percutaneous RFA (38, 39). MWA
seems also to be less influenced by the heat-sink effect, a
thermal effect characterized by heat dispersion due to blood
flow in local vessels (40). Moreover, when using RFA, the
ablated area is smaller and less predictable because of local
tissue charring that acts like an insulator increasing local
impedance (41). However, although MWA seems to be
superior to RFA, neither prospective nor retrospective trials
succeeded in demonstrating any significant difference
between the two ablative modalities (42, 43).

Thus, the aim of this meta-analysis was to update the
already available data with the results of the latest RCTs,
providing a clear overview on this specific topic.
Five studies (20-24) published between 2002 and 2019 were
included in the current meta-analysis for a total of 794
patients and 1008 HCC nodules; the study population was
well balanced between RFA and MWA groups in terms of
patients and tumors characteristics. No statistically
significant difference was detected in terms of CA, LR and
major complications rate between the two techniques.
Although the outcome was not analyzed in all selected RCTs
(20-24), the 1-year OS was significantly improved in the
MWA group (OR=1.9; 95%CI=1.03-3.51), but the results
were not confirmed at the 3 years analysis (OR=1.17;
95%CI1=0.81-1.70). CA was evaluated in 4 (21-24) out of 5
RCTs, excluding the study by Vietti Violi (20) where patients
were followed-up after achieving complete ablation of all
lesions. Despite no statistically significant difference, the
assessment of complete response was not pursued in the
same way for all RCTs. Shibata and Yu (21, 22) considered
the final rate of CA after a different number of ablation
sessions (one or more); while Kamal (23) reported the
amount of complete ablations after one and two sessions of
treatment (then all HCCs in both groups were completely
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Experimental Control

Study Events Total Events Total
KAMAL, 2019 23 28 22 28
YU, 2017 196 203 192 200
ABDELAZIZ, 2014 58 66 30 45
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Figure 5. Forest plot of comparison between MWA and RFA; the outcome was Odds Ratio of 1-year Overall Survival (OS) rate. CI: Confidence

0.2
interval..

Experimental Control
Study Events Total Events Total
VIETTI VIOLI, 2018 61 76 61 76
YU, 2017 166 203 163 200
ABDELAZIZ, 2014 41 66 21 45
Fixed effect model 345 321

Random effects model
Heterogeneity: 12=0%,t*=0, p =0.39

Weight Weight

Odds Ratio OR 95%-Cl (fixed) (random)
: — 1.00 [0.45;2.22] 23.4% 21.8%

— 1.02 [0.62; 1.69] 58.2% 54.7%
—*— 1.87 [0.87;4.04] 18.4% 23.6%

1.17 [0.81; 1.70] 100.0% --

1.17 [0.81; 1.70] -~ 100.0%

0.5 1 2

Figure 6. Forest plot of comparison between MWA and RFA; the outcome was Odds Ratio of 3-year Overall Survival (OS). CI: Confidence interval.

Experimental Control

Weight Weight

Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
KAMAL, 2019 2 28 0 28 5.38 [0.25; 117.25] 3.1% 8.9%
VIETTI VIOLI, 2018 2 76 3 76 —— 0.66 [0.11; 4.05] 19.6% 20.2%
YU, 2017 7 203 5 200 —— 1.39 [0.43; 4.46] 32.6% 33.7%
ABDELAZIZ, 2014 2 66 5 45 —r 0.25 [0.05; 1.35] 38.7% 22.3%
SHIBATA, 2002 4 36 1 36 ——— 4.38 [0.46; 41.22] 6.0% 14.9%
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Figure 7. Forest plot of comparison between MWA and RFA; the outcome was Odds Ratio of major complications rate. CI: Confidence interval.

ablated) and, in our analysis, we considered CA after one
session. Finally, Abdelaziz (24) did not specify whether CA
was achieved after one or more ablation sessions. No
difference was found in LR rate between the two procedures,
with only a slight trend in favor of MWA. This finding is
consistent with the results of another recent meta-analysis
(44). Moreover, our results suggested a similar safety profile
between percutaneous RFA and MWA since the number of
severe complications appeared to be low with both
techniques.

3426

The results regarding OS may be considered the most
interesting since the analysis detected a significantly better 1-
year OS in the MWA group. Nonetheless, this outcome was
not confirmed in the 3 years analysis. However, we suggest
that only three RCTs were considered for the 1-year OS and
for the 3-year OS analyses, and only two out of the three were
included in both, due to lack of data. We chose to include only
RCTs in our study to get a more homogeneous sample, to
prevent the risk of selection and operative bias and to
eliminate possible outcome modifiers (e.g. different kind of



Ricci et al: Microwave Ablation Versus Radiofrequency Ablation in Hepatocellular Carcinoma

treatments for local recurrence). Also, for the same purpose,
we decided to consider only early stage HCCs (BCLC 0-A) to
avoid that more severe liver function impairment could
influence patient outcomes in terms of survival, treatment-
related complications and chance to receive further treatments.
In recent years, three other systematic reviews and meta-
analyses have published regarding the same comparison (18,
19, 44). In all the aforementioned studies, a small number of
RCTs was included; conversely, several observational case
control or cohort studies were selected in the analyses.
Facciorusso et al. (19) reported no significant differences
between RFA and MWA in terms of CA, OS and major
complications rate. However, this study considered a very
heterogeneous population including also Child-Pugh C
patients and stage higher than BCLC 0-A. Regarding LR rate,
conversely, the authors found that MWA was significantly
superior to RFA when considering only patients with high
tumor burden. In the meta-analysis by Tan et al. (44), similar
results were reported, with a significantly lower local
recurrence rate only for patients treated with laparoscopic
MWA compared to laparoscopic RFA. Even more recently,
Glassberg (18) suggested a statistically lower LR for MWA
versus RFA, especially among patients with larger nodules
(2.5 cm) and when higher frequencies were used.
Nevertheless, in the study by Glassberg not only HCCs, but
also metastases from many different primary tumors were
included. Furthermore, 4 of the 28 included studies compared
RFA and MWA associated with another local treatment,
TACE. As previously stated, in our meta-analyses we provided
a homogeneous sample, also due to the randomized selection
that can provide more precise results for the specific setting.
However, several limitations of this meta-analysis should be
noted. First, just a small number of studies was analyzed, in a
period ranging from 2002 to 2020, thus involving a big
technology gap among percutaneous MWA techniques,
notably improved in the last decade. Furthermore, CT scan at
1 month after the ablative technique was performed in only
four out of five RCTs and no subgroup analyses were
conducted for larger nodules. Finally, OS was evaluated only
in 3 out of the 5 selected studies, due to missing data.

Conclusion

Our results indicate a similar efficacy and safety between
RFA and MWA for early HCC treatment. Although current
meta-analysis suggests slight advantages using MWA over
RFA in OS terms, further evidences and high-quality RCTs
are needed in order to further validate these results.
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