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Background: The effectiveness and safety of focused ultrasound ablation surgery (FUAS) for primary
hepatocellular carcinoma (HCC) treatment has not been fully evaluated. This study analyzed the
effectiveness and safety of FUAS compared to radiofrequency ablation (RFA).

Methods: Studies published before November 1, 2020, in the following databases were analyzed:
PubMed, Embase, Cochrane Library, Web of Science, Wanfang Data, CqVip, China National Knowledge
Infrastructure (CNKI), and Chinese Biomedical (CBM) database. All publications were reviewed
independently by two authors. Both randomized controlled trials (RCTs) and cohort studies examining the
effectiveness and safety of FUAS and RFA were considered. RCTs and cohort studies’ methodological quality
were evaluated using the Cochrane collaboration tool and the Newcastle-Ottawa Scale, respectively.
Results: A total of 6,597 records were identified, from which 3 cohort studies were selected for quantitative
synthesis. All studies had relatively high methodological quality. The meta-analysis indicated that FUAS
and RFA had comparable 3-month overall survival (OS) rates [risk ratio (RR): 0.99, 95% confidence interval
(CI): 0.86 to 1.14], 6-month OS rates (RR: 1.03, 95% CI: 0.82 to 1.29), and 1-year OS rates (RR: 0.96, 95%
CI: 0.84 to 1.11). Also, individual studies reported that the tumor response (reflected by tumor response
and tumor ablation rate) and posttreatment complications were comparable between patients treated with
FUAS and patients treated with RFA. Due to the limited number of studies reporting tumor response and
posttreatment complications, further meta-analyses could not be conducted.

Discussion: FUAS and RFA were comparable in terms of effectiveness and safety in the treatment of
primary HCC. However, current evidence is limited, and more prospective RCTs are warranted to confirm
these findings.
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Introduction

Currently, surgery is considered the most effective
treatment for patients with hepatocellular carcinoma
(HCC) (1). However, surgery can be traumatic, and some
patients cannot tolerate major surgical procedures (2).
Local ablation, such as radiofrequency ablation (RFA), is
a promising alternative treatment for HCC patients (3,4).
Compared with traditional surgery, RFA is minimally
invasive, simple, and repeatable. Some studies have shown
that RFA is comparable to surgical resection in its treatment
efficacy for small HCCs (5,6). Therefore, since 2005,
RFA has been recommended by various guidelines to treat
selected patients with HCC (7). For example, RFA may be a
preferable alternative for HCC patients who have a cirrhotic
background or inferior liver function and cannot tolerate
surgery (8). However, RFA has certain shortcomings in
clinical practice. For instance, RFA requires puncture of the
liver tissue, which may lead to a series of puncture-related
complications, such as peritoneal bleeding and needle
seeding of tumor cells (9,10). Therefore, improved methods
for the treatment of HCC are still wanting.

Over the years, the evolution of cancer treatment has
gone through a transformation from invasive to non-
invasive therapies. Focused ultrasound ablation surgery
(FUAS) is a novel non-invasive treatment that may be less
traumatic for patients with HCC (11). Unlike RFA, FUAS
does not require fine-needle puncture, thereby effectively
preventing puncture-related complications. FUAS uses
high-intensity focused ultrasound (HIFU) equipment on
targeting internal tumors, followed by the destruction of the
tumor via heat, mechanical, or cavitation methods (12). The
whole process of FUAS can be monitored by ultrasound
or magnetic resonance imaging (MRI), and treatments can
be adjusted in real-time by changing the focus via imaging.
The clinical application of FUAS has developed rapidly and
has been shown to have a considerable effect on survival
in patients with HCC (13). However, published studies
evaluating the effect of FUAS in the treatment of HCC
have mostly been case reports or case series (12,14), with
few controlled studies (15). One vital reason is that the time
for application of FUAS in HCC is not so long. Although
the effect of FUAS in HCC is promising, it still needs time
for the technique of FUAS to become mature. For patients,
because many patients did not recognize this technique
comprehensively, they might not select this new method as
a treatment. For clinical practitioners, they also need time
to master this new technique and then recommend it to the
patients. For research institutions, they might not purchase
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the equipment for HIFU ablation and so they are unable to
use this equipment in clinical trials.

A comprehensive search of the literature was performed
to identify controlled studies examining FUAS and RFA in
patients with HCC. We found each of the controlled studies
included a small sample size (no more than 100 cases in each
group). So, it is needed to perform a meta-analysis. This
study will help to clarify the clinical value of FUAS in the
treatment of HCC and provide novel directions for future
research. We present the following article in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting checklist (16)
(available at http://dx.doi.org/10.21037/tcr-20-3458).

Methods
Search strategy

This meta-analysis was prospectively registered in the
international prospective register of systematic reviews
database (PROSPERO: CRD42020188288). Eight online
databases, including the PubMed, Embase, Cochrane
Library, Web of Science, Wanfang Data, CqVip, China
National Knowledge Infrastructure (CNKI), and Chinese
Biomedical (CBM) databases, were searched for controlled
studies examining FUAS and RFA as treatments for
primary HCC. Studies published before November 1,
2020, were screened. The search terms included “HIFU”,
“high-intensity focused ultrasound”, “focused ultrasound”,
“focused ultrasound ablation”, “focused ultrasound surgery”,
“focused ultrasound ablation surgery”, “FUAS”, “FUA”,
“RFA”, “radiofrequency”, “ablation, radiofrequency”,
“HCC?”, “hepatocellular carcinoma”, “hepatoma”,
“carcinomas, hepatocellular” and so on. The Web of
Science database was searched in the Subject field but not in
the Full text field because the latter was not available when
we selected “all databases”. However, in the other databases,
the search was conducted in the Full text field. No other
limitations were set during the literature search. Finally,
the reference lists of the included articles, reviews, and
guidelines were manually searched for additional studies.

Inclusion and exclusion criteria

The literature was selected according to the following
inclusion criteria: (I) studies where the individuals were
clinically or pathologically diagnosed with primary
HCC; (II) studies in which the patients underwent FUAS
treatment (FUAS group) or RFA treatment (RFA group),
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where both FUAS and RFA were conducted percutaneously;
(III) studies in which reported outcomes included
effectiveness- or safety-related outcomes, such as overall
survival (OS) rates, tumor response, and post-treatment
complications; and (IV) studies which were randomized
controlled trials (RCTS) or cohort studies.

The exclusion criteria were as follows: (I) animal
studies; (IT) studies that did not include FUAS and RFA as
treatments for primary HCC; (III) studies not related to the
investigation of HCC; (IV) studies using duplicated data
from other investigations; and (V) articles including reviews,
conference abstracts, or subject indexes.

Study selection, data extraction, and quality assessment

Two reviewers (JYZ and YBW) independently excluded
duplicates and screened the titles, abstracts, and full texts for
relevance. Inconsistent results were resolved by discussion.
The following data were collected from the included
literature: first author, publication year, country, study
design, intervention method, sample size, and outcomes.
The RCTs” methodological quality was evaluated using the
Cochrane collaboration tool based on six domains (17). A
cohort study is a type of observational research that divides
a specific population into different subgroups according to
whether they are exposed to certain factors. The differences
in the incidence of outcomes between groups are then
compared. The Newcastle-Ottawa Scale (18) was used
to evaluate the methodological quality of cohort studies
regarding population selection, comparability, and exposure
evaluation. The scale used is a semi-quantitative star system,
and the full score is 9 stars.

Statistical analysis

The study-specific risk ratio (RR) for the categorical
variables was utilized to calculate the pooled value using
the DerSimonian-Laird method. Studies that reported
outcomes were selected for quantitative synthesis. Stata
software (version 16.0) was used for data analysis. Forest
plots were used to display the results of the meta-analysis
visually. Heterogeneity between different studies was
evaluated using the I’ statistic, where I’ <50%, 50%< I’
<75%, and I’ >75% represents low, moderate, and high
heterogeneity, respectively. When high heterogeneity was
detected, the outcome would be combined using a random-
effects model. Otherwise, the fixed-effects model would

© Translational Cancer Research. All rights reserved.

Zhang et al. FUAS versus RFA for HCC

be selected. Sensitivity analyses were conducted to assess
the robustness of the synthesized results by changing the
used effects model or excluding one study at a time in
each meta-analysis. Funnel plots would be used to evaluate
the publication bias if the number of included studies is
greater than 10. Otherwise, publication bias was assessed
by Egger’s test and Begg’s test. Subgroup analyses were
conducted based on the total sample size (>50 or not) and
the publication year (>2010 or not). A P value <0.05 was
considered statistically significant.

Results

Literature selection, characteristics, and methodological
quality of the included studies

The literature selection process is summarized in
Figure 1. A literature search of the 8 databases resulted
in 6,597 citations. After duplications were excluded,
5,782 citations were retained. Screening the titles and
abstracts for relevance resulted in the exclusion of 5,775
citations. Finally, seven citations (19-25) were retained,
and the full text was evaluated for further selection. One
citation (25) was a review, and one citation (24) did not
include a comparison between FUAS and RFA. A further
two studies (22,23) were excluded as they included patients
with recurrent HCC. The reference lists of the included
literature were also screened, but no additional studies
were found. Finally, three reports (19-21) that matched our
study’s inclusion criteria were included in the meta-analysis.

The included reports were all cohort studies published
between 2006 and 2019, and all originated from China.
From these 3 studies, a total of 111 patients underwent
FUAS, and 123 patients underwent RFA. In two studies
(20,21), the general traits, including age and gender, were
not significantly different between the FUAS and RFA
groups. In the other study (19), age was reported to be
comparable between the FUAS group and the RFA group.
Two studies (20,21) found that the tumor size, tumor
number, and Child-Pugh grade were comparable between
the FUAS and RFA groups. The detailed characteristics
of the included studies are shown in Table 1. All three
included studies had relatively high methodological quality,
with all cohort studies (19-21) achieving eight stars on the
Newcastle-Ottawa scale. However, other potential mixed
factors’ influence was not controlled, which may have
affected the outcomes.
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Figure 1 Flow chart of the literature selection process. Eight online databases were searched, and 6,597 citations were identified. After

excluding duplicates, 5,782 citations were retained. Following a review of titles and abstracts, 5,775 citations were excluded as they did not

match the inclusion criteria. A further 4 citations were excluded upon review of the full text articles. No other studies were found after

reviewing the reference list of the included articles, reviews, and guidelines. Finally, 3 original studies were included in this meta-analysis.

Primary outcomes

Meta-analysis of the 3-month OS rate

A meta-analysis of two studies (19,20) showed that the
3-month OS rates in the FUAS group (87.04%) and the
RFA group (87.93%) were not significantly different [RR
=0.99; 95% confidence interval (CI): 0.86 to 1.14; P=0.91;
Figure 2A], and there was no heterogeneity (P=0.62; I* =0).

Meta-analysis of the 6-month OS rate

A meta-analysis of two studies (19,20) showed that the
6-month OS rates in the FUAS group (72.22%) and the
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RFA group (70.69%) were not significantly different (RR
=1.03; 95% CI: 0.82 to 1.29; P=0.81; Figure 2B), and there
was no heterogeneity (P=0.89; I* =0).

Meta-analysis of the 1-year OS rate

A meta-analysis of all three studies (19-21) showed that the
1-year OS rates in the FUAS group (70.27%) and the RFA
group (73.98%) were not significantly different (RR =0.96;
95% CI: 0.84 to 1.11; P=0.59; Figure 2C), and there was
no heterogeneity (P=0.84; I’ =0). When subgroup analyses

were conducted for studies with total sample size >50 or
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A
Study Events, Events, %
First author (publication year) RR (95% ClI) FUAS RFA Weight
Wen-Bo Xiao (2015) —_—r 1.02 (0.88,1.19) 31/34 34/38 65.38
1
Hong-Jun Zhai (2006) -— 0.94 (0.71,1.25) 16/20 17/20 34.62
1
1
Overall (I-squared = 0.0%, p = 0.616) <> 0.99 (0.86, 1.14) 47/54 51/58 100.00
1
T T
0.5 1 2
B Study Events, Events, %
First author (publication year) RR (95% ClI) FUAS RFA Weight
Wen-Bo Xiao (2015) - 1.04 (0.81,1.33) 27/34 29/38 69.53
1
Hong-Jun Zhai (2006) . 1.00 (0.60, 1.66) 12/20 12/20 30.47
1
Overall (I-squared = 0.0%, p = 0.886) < i 1.03 (0.82, 1.29) 39/54 41/58 100.00
1
T T
0.5 1 2
C Study Events, Events, %
First author (publication year) RR (95% Cl) FUAS RFA Weight
1
Wen-Bo Xiao (2015) e 1.02 (0.71, 1.48) 21/34 23/38 25.34
1
Jie Li (2019) — 0.93(0.83,1.05) 50/57 61/65  66.49
1
Hong-Jun Zhai (2006) " 1.00 (0.43, 2.33) 7/20 7/20 8.17
1
Overall (I-squared = 0.0%, p = 0.843) <> 0.96 (0.84, 1.11) 78/111  91/123  100.00
1
T T
0.3 3
D Study Events, Events, %
First author (publication year) RR (95% Cl) FUAS RFA Weight
Wen-Bo Xiao (2015) ; 1.02 (0.71, 1.48) 21/34 23/38 27.59
I
Jie Li (2019) — 0.93 (0.83,1.05)  50/57 61/65 72.41
I
|
Overall (I-squared = 0.0%, p = 0.589) <:> 0.96 (0.84,1.10)  71/91 84/103  100.00
|
T T
0.3 1 3

Figure 2 Meta-analysis of primary outcomes. Meta-analysis and subgroup analysis were conducted for primary outcomes. (A) The meta-
analysis revealed that the 3-month OS in the FUAS group (87.04%) and the RFA group (87.93%) was not significantly different (RR
=0.99; 95% CI: 0.86 to 1.14; P=0.91), with no heterogeneity (P=0.62; I* =0). (B) The meta-analysis revealed that the 6-month OS in the
FUAS group (72.22%) and the RFA group (70.69%) was not significantly different (RR =1.03; 95% CI: 0.82 to 1.29; P=0.81), with no
heterogeneity (P=0.89; I =0%). (C) The meta-analysis revealed that the 1-year OS in the FUAS group (70.27%) and the RFA group (73.98%)
was not significantly different (RR =0.96; 95% CI: 0.84 to 1.11; P=0.59), with no heterogeneity (P=0.84; I =0%). (D) Subgroup analyses
for studies with total sample size >50 or publication year >2010 indicated that FUAS and RFA showed no difference in the 1-year OS rate
(RR =0.96; 95% CI: 0.84 to 1.10; P=0.53; P for heterogeneity =0.59; I’ =0). OS, overall survival; FUAS, focused ultrasound ablation surgery;
RFA, radiofrequency ablation; RR, risk ratio; CI, confidence interval.

publication year >2010, one study (19) was excluded and Secondary outcomes

the other two studies (20,21) were retained. The result of

subgroup analyses indicated that FUAS and RFA showed no One study (21) found that the 1-year, 2-year, and 3-year
difference in the 1-year OS rate (RR =0.96; 95% CI: 0.84 to tumor-free survival rates in the FUAS group were 81.2%,
1.10; P=0.53; P for heterogeneity =0.59; I’ =0; Figure 2D). 66.3%, and 46.4%, respectively. The corresponding survival
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rates in the RFA group were 84.5%, 72.1%, and 52.1%.
After comparison, no differences in tumor-free survival
rates were found between the FUAS and RFA groups.
Using the WHO criteria, one study (20) compared the
differences in tumor response, including complete response,
partial response, stable disease, and progressive disease, and
found no differences between the FUAS and RFA groups.
Another study (21) analyzed the rate of complete ablation
(1 month postoperatively) and found no difference between
the FUAS group (90%) and the RFA group (94%). This
latter study further analyzed and compared posttreatment
complications, including increased transaminase levels, pain
in the operative region, fever, and severe complications
(grade D to F). The severe complications reported in
the FUAS group and the RFA group were third degree
skin burns and abdominal hemorrhage, respectively.
After statistical analysis, no differences in posttreatment
complications were detected between the FUAS and RFA
groups.

Sensitivity analyses

Changing the fixed-effects model to the random-effects
model did not affect the meta-analysis results of the
3-month, 6-month, and 1-year OS rates. For the 1-year OS
rate, excluding the studies, one at a time did not alter the
meta-analysis conclusions.

Publication bias

As the number of included studies was less than ten,
publication bias was not evaluated by funnel plots. Instead,
publication bias was assessed by Egger’s test and Begg’s test.
Considering the 1-year OS rate outcome, no publication
bias was detected, as indicated by Egger’s test (P=0.38) and
Begg’s test (P=1.00).

Discussion

As the prognosis of patients with HCC is still poor, there is
a demand to develop better treatment strategies (26). FUAS
is a newly developed non-invasive therapy that is usually
applied to treat gynecological diseases such as uterine
fibroids and adenomyosis of the uterus (27). With recent
advances in FUAS technology, the clinical application
of FUAS for the treatment of carcinomas has gradually
increased (28). Following an extensive literature search,
this study identified and reviewed three articles comparing
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FUAS and RFA in the treatment of primary HCC. The
limited number of reports identified reflects the limited use
of FUAS in the treatment of HCC. One reason for this is
that the clinical application of FUAS is still in its infancy.
Also, there are some clinical factors that may limit the use
of FUAS in HCC. For example, respiratory activity might
cause the liver to move, which would interfere with the
ultrasound location for FUAS.

Furthermore, the liver might be partly covered by the
ribs, which could lead to ultrasonic attenuation. Recent
efforts have resolved some of these issues (15). For example,
gas interference in the pleural cavity can be reduced by
establishing artificial chest water. The influence of rib
occlusion on the liver can be reduced by improving the
treatment scheme. The effects of liver movement can be
reduced by controlling respiration. Therefore, as FUAS
technology continues to advance, the application of FUAS
in HCC will gradually increase.

The most common outcome for evaluating the long-
term effectiveness of carcinoma treatments is the OS rate.
There was no difference in the 3-month, 6-month, or
1-year OS rates in patients treated with FUAS and patients
treated with RFA. These results suggested that FUAS is
effective at improving the OS of patients suffering from
HCC. However, only one included study (21) compared the
2-year and 3-year survival rates, and the other two studies
(19,20) compared the 1-year survival rates at the longest.
Survival rates should be monitored over a longer period
(2 years or more) to comprehensively assess the effects of
FUAS in the treatment of HCC patients. The one study (21)
that monitored the 2-year and 3-year OS rates found no
differences between the FUAS group and the RFA group.
This latter study was also the only included report to assess
the tumor-free survival rate. Again, no differences in the
1-year, 2-year, and 3-year tumor-free survival rates were
found between the FUAS and RFA groups. Although the
literature studies were limited in exploring the difference
between FUAS and RFA in the long-term effectiveness as
reflected by the OS and tumor-free survival rate, the current
evidence indicated that there is no difference between
FUAS and RFA treatment in patients with HCC.

Tumor response is an indicator that reflects the short-
term effectiveness of certain local treatments and can
be evaluated by well-defined criteria. The criteria have
been updated from the early WHO criteria to Response
Evaluation Criteria in Solid Tumors (RECIST), RECIST
1.1, and finally the modified RECIST (29). Among the
included literature, one study (20) evaluated the tumor
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response using the WHO criteria. This study compared the
differences in complete response, partial response, stable
disease, and progressive disease and found that the FUAS
and RFA groups showed no difference in tumor response.
Another study (21) did not use any of the above criteria
but instead analyzed the complete ablation rate and found
no differences between the FUAS group and the RFA
group. As the number of studies comparing tumor response
between FUAS treatment and RFA treatment is limited, a
meta-analysis could not be performed. However, the current
evidence suggested that FUAS and RFA have comparable
short-term effectiveness in the treatment of HCC.

To analyze the safety of FUAS and RFA in the treatment
of HCC patients, posttreatment complications were
examined. Only one study (21) analyzed and compared
posttreatment complications as an outcome and found
no differences between the FUAS group and the RFA
group. Similarly, because of the limited reports describing
posttreatment complications, no meta-analysis for this
indicator was performed. However, the available data
suggested that there is no difference in posttreatment
complications between patients treated with FUAS and
patients treated with RFA. Currently, the Clavien-Dindo
grading system is commonly used to grade complications
from various treatments (30). Future studies examining the
posttreatment complications of FUAS and RFA in HCC
should use the Clavien-Dindo grading system to allow
effective evaluation of patient safety. Overall, analysis of the
long-term effectiveness, short-term effectiveness, and safety
in the published literature suggested that FUAS and RFA
are comparable in the treatment of primary HCC.

There were some shortcomings in this meta-analysis.
First, the total number of patients in the FUAS and RFA
groups was 111 and 123, respectively. The small number
of patients included might affect the conclusions of this
study. Second, the studies included in this meta-analysis
were all observational cohort studies. Although the patients’
comparability in the FUAS and RFA groups was assessed
using general and clinical characteristics of patients, these
factors varied between the three studies and thus, may
influence the study’s conclusions. Future RCTs should be
conducted to minimize the interference of these factors.
Also, the time and energy intensity of FUAS and RFA
applied in each study were not described in detail, and
this might affect the evaluation of the therapeutic effects
of the two techniques. Additionally, if surgery could be
regarded as a third control group in this meta-analysis, the
conclusion about the application of FUAS in HCC would
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be more reliable. However, after checking the included
studies, we found all of them did not include surgery group.
So, including one extra surgery group in such a meta-
analysis is impossible. Future controlled studies including
third surgery group would be expected. Furthermore, while
hazard ratios (HR) are important for the meta-analysis
of survival data, this could not be included in the current
study, as the HR and 95% CI were not reported in the
original studies. One study (21) used the survival curve
to compare FUAS and RFA patients’ OS. Calculations
based on the survival curve revealed an HR of 0.56 and a
corresponding 95% CI of 0.18 to 1.78. However, the HR
and corresponding 95% CI of the other two studies could
not be calculated due to insufficient data. Future meta-
analysis studies could be improved by including the HR
data. Finally, the outcomes related to effectiveness and
safety included in this study were relatively limited. This
might lead to an incomplete evaluation of these parameters.
Therefore, in the future, to better evaluate the effectiveness
and safety of FUAS and RFA in the treatment of HCC, it is
necessary to increase the sample size, optimize the research
design, supplement treatment parameters, and examine
more outcomes.

Conclusions

Taken together, the results of this meta-analysis suggested
that FUAS is comparable to RFA in terms of long-term
effectiveness, short-term effectiveness, and safety in the
treatment of primary HCC. FUAS treatment is expected to
become a promising treatment for HCC. However, to date,
the evidence in the literature is limited. Therefore, more
high-quality investigations are warranted further to evaluate
the role of FUAS in HCC patients.
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