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Background: High-intensity focused ultrasound (HIFU) and transarterial chemoembolization (TACE)
have been shown to be effective in the treatment of malignant tumors such as hepatocellular carcinoma.
In recent years, HIFU combined with TACE has been frequently reported, but researchers have not yet
reached a uniform conclusion on the efficacy and safety of this treatment modality.

Methods: The Chinese National Knowledge Infrastructure (CNKI), China Biomedical Literature
Database, Cochrane Library, MEDLINE, and Embase databases were searched using the terms “randomized
controlled trial (RCT)”, “liver cancer”, “transarterial chemoembolization”, “TACE?”, “high intensity focused
ultrasound”, “HIFU”, “HIFU combined with TACE”, and “efficacy analysis”. Studies were included in
accordance with the PICOS principle, and risk of bias was assessed in randomized controlled trials in
accordance with the Cochrane Manual for Systematic Evaluation of Interventions. Rev Man 5.3 and Stata 13
were employed for meta-analysis.

Results: Six randomized controlled trials with a total sample size of 488 were included in this study. Of these
studies, 5 described a random allocation (RA) method, 4 described allocation sequence concealment, and 4 used
a blind method for the allocation of study subjects. The results of the meta-analysis showed that the 1-year
[odds ratio (OR) =3.13, 95% CI: 1.92, 5.11, P<0.00001], 2-year (OR =3.38, 95% CI: 1.71, 6.66, P=0.0004), and
S-year (OR =2.15, 95% CI: 1.02, 4.55, P=0.04) survival rates (SRs) of patients treated with HIFU + TACE were
significantly better than those of patients treated with TACE alone. The total effective rate (TER) of patients
treated with HIFU + TACE (OR =3.61, 95% CI: 2.14, 6.08, P<0.00001) was significantly better than that of
patients treated with TACE alone. Compared with TACE alone, HIFU combined with TACE significantly
reduced the incidence of postoperative adverse reactions (OR= 0.57, 95% CI: 0.34, 9.96, P=0.03).
Discussion: Meta-analysis was adopted in this study, and it was found that compared with TACE alone,
HIFU combined with TACE in the treatment of LC had better efficacy, higher prognosis and survival rate,
and lower incidence of adverse reactions. However, due to the limited sample size of the study, there was

some risk of bias in the findings.
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Introduction

Liver cancer (LC) is a common tumor in China, with
466,100 new cases reported by The National Cancer
Center in 2018. The rate of death after onset of LC is very
high (1,2). LC occurs more commonly in rural areas and in
males, and the incidence increases with age. At present, LC
can be classified into primary and secondary LC according
to the origin of the cancer cells (3). Primary LC originates
in liver cells, while secondary LC is formed by metastasis in
other organs of the body. Hepatocellular carcinoma (HCC),
cholangiocarcinoma or intrahepatic cholangiocarcinoma
(ICC), hemangiosarcoma and hemangioendothelioma, and
hepatoblastoma (4,5) are all considered types of LC. Early-
stage LC is usually asymptomatic. Patients may suffer from
appetite loss, abdominal pain and bloating, unexplained
weight loss, and yellowing of the skin and sclera (6).
Dynamic contrast-enhanced magnetic resonance imaging
(MRI), computed tomography (CT), ultrasonography,
and selective hepatic arteriography are common imaging
methods for LC. Depending on the type and stage of
LC, different treatment methods can be selected. These
include local treatment methods such as surgery, ablation,
and embolization, or systemic treatment methods such as
targeted therapy, immunotherapy, and chemotherapy (7).

Ablation is commonly used for patients with small
tumor lesions that can be cured by surgery. Ablation is
most effective for LCs no larger than 3 cm. For slightly
larger LCs (3-5 cm), ablation can be used together with
chemoembolization (an interventional approach). In recent
years, high-intensity focused ultrasound (HIFU) has been
used as a tumor treatment method. Ultrasound can be used
to achieve precise localization of the tumor lesions and
deliver subsequent thermal tumor ablation therapy (8,9).

Interventional embolization is a treatment method in
which drugs are injected directly into tumor blood vessels
to reduce or block the blood supply to LC lesions (10).
Common HCC embolization methods include
hepatic transarterial embolization (TAE), transarterial
chemoembolization (TACE), drug-eluting bead TACE
(DEB-TACE), and radioembolization (RE) (11). The
treatment process of TACE is similar to TAE. The drugs
introduced are chemotherapeutic drugs, which not only
block the arteries that supply oxygen and nutrition to the
tumor, but also direct the chemotherapeutic drugs into
the tumor to kill cancer cells. The most commonly used
chemotherapy drugs are mitomycin C, daunorubicin, and
cisplatin (12).

However, TACE is recognized as the preferred treatment
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for intermediate and advanced primary LC. Currently,
TACE is faced with problems such as low complete necrosis
rate and limited long-term efficacy, and repeated use of
TACE can affect patients' liver function. Comprehensive
treatment based on TACE and HIFU has gradually become
one of the research hotspots in the clinical treatment of
LC patients in recent years due to its non-invasive and
ability to enhance patients' immunity and further kill the
remaining tumor cells. Multiple reports indicated that
TACE combined with HIFU has obvious complementary
synergistic effect in the treatment of primary LC, which can
effectively prolong the long-term survival of patients. Both
theory and clinical practice showed that TACE plus HIFU
has a good application prospect (13,14), but there is still no
unified conclusion on the therapeutic effect, prognosis, and
survival and the occurrence of adverse reactions of TACE
combined with HIFU and TACE alone in LC patients, and
there is still a lack of due research efforts on this treatment
mode. There is also a lack of comprehensive analysis articles
on such studies. In this study, the intervention effects of
TACE combined with HIFU and TACE alone on LC
patients were quantitatively analyzed and summarized by
systematic evaluation and meta-analysis methods, hoping to
provide scientific evidence-based basis for the selection and
optimization of treatment plans for LC patients. We present
the following article in accordance with the PRISMA
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-22-1094/rc).

Methods
Article screening

To study the difference between HIFU combined with
TACE and TACE alone in the therapeutic effect and
safety of LC patients, the China National Knowledge
Internet (CNKI), Chinese Biomedical Literature Database,
Cochrane Library, Medline, Embase, and other databases
were searched. The Boolean logic retrieval method was
used, and the databases were searched using the following
search items: “randomized controlled trial”, “liver cancer”,
“transarterial chemoembolization”, “TACE”, “high intensity
focused ultrasound”, “HIFU”, “HIFU combined with
TACE”, “HIFU + TACE”, and “efficacy analysis”. These
search terms were freely combined to retrieve the required
literature. randomised controlled trials (RCTs) of patients
with LC receiving TACE alone or HIFU + TACE published
before November 2021 were retrieved, and the relevant
articles were manually searched. After the titles and abstracts
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were read, any articles that did not meet the selection criteria
given in the next section were excluded. The literature was
screened again according to the criteria and then traced
using a search engine. Finally, the full texts of the obtained
articles were read to evaluate the quality. Meta-analyses were
performed using RevMan 5.3 (Cochrane, London, UK)
and Stata 13 (StataCorp LLC, College Station, TX, USA)
software as directed by the Cochrane Handbook for Systematic
Reviews of Interventions.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) the research design
was a RCT; (II) the article was published in a journal; (IIT)
the article mentioned the clinical application of HIFU or
TACE to treat LC; (IV) the grouping method used in the
article was HIFU + TACE as 1 group and TACE alone
as 1 group; and (V) the articles contained complete data,
including patient observation indicators.

The exclusion criteria were as follows: (I) articles without
clear clinical diagnostic results; (II) articles that consisted of
case reports, reviews, or expert experience; and (III) articles
without randomization.

Observation indicators

The main observation indicators included postoperative
survival rate (SR; 6 months, 1 year, 2 years, 3 years, and 5
years), total effective rate (TER), aspartate aminotransferase
(AST) level, alanine aminotransferase (ALT) level, mature
T lymphocyte (CD3+) level, induced T cell/helper T cell
(CD4+) level, suppressor T cell/cytotoxic T cell (CD8+),
natural killer (NK) cell level, and the incidence of adverse
reactions.

Data extraction

The data extraction and literature quality evaluation were
conducted as follows. All data were extracted independently
by 2 reviewers using Microsoft Excel. When the reviewers
disagreed, a consensus was obtained through mutual
discussion or consultation with relevant experts. The data to
be extracted included first author, topic, study time, sample
size, and grouping.

Quality assessment

The articles were screened independently according to the
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above criteria by 2 experts. The risk of bias of the RCTs
was comprehensively assessed according to the Risk-of-
Bias Assessment Tool for Randomized Controlled Trials in the
Cochrane RoB 2.0. The specific evaluation contents included
RA method, concealed allocation method, blinding,
completeness of outcome data, selective reporting of
research results, and other sources of bias. The articles were
divided into 3 grades based on the above criteria: grade A
(low), grade B (moderate), and grade C (high).

Statistical methods

Statistical analysis was performed using Stata SE 12.0
(College Station, USA). The risk bias of the included
references was assessed using the bias risk assessment
map of Rev Man 5.3. Mean difference (MD) was used for
continuous variables, standardized mean difference (SMD)
was used for discrete variables, and odds ratio (OR) was used
for discontinuous variables. The effect size was hazard ratio
(HR) or odds ratio (OR) and 95% confidence interval (CI).
¥’ test was used for heterogeneity among included studies.
When there was statistical homogeneity between studies
(P>0.1, F<50%), the fixed effect model was adopted. If there
was statistical heterogeneity among studies (P<0.1, F>50%),
the source of heterogeneity was analyzed, and subgroup
analysis was performed according to the factors that may
lead to heterogeneity. When there was sufficient similarity
between studies within and between subgroups (subgroup
P>0.1, F<50%), the meta-analyzed was conducted using
fixed effect model. If there was statistical heterogeneity
among the subgroups but no clinical heterogeneity or the
clinical differences were not statistically significant, the
random-effect model was used for analysis. If there was too
much heterogeneity between the two groups, descriptive
analysis was used. The stability of the results was tested by
sensitivity analysis when necessary. If there was only one
study in the subgroup, the efficacy and safety analysis of the
study still used the same statistics as the meta-analysis.

Results
Search results

A total of 735 articles were obtained, and 590 remained after
the removal of duplicate articles (n=56), unqualified articles
automatically screened by the system (n=42), and articles
deleted for other reasons (n=47). After the abstracts and
titles of the articles were read, 458 articles were removed.
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Table 1 Basic information of the included articles

1681

The fist author sutton e RO LA T ot ey Qualty score
Gu L. (15) 2022 37 25 12 2 4
Li C. (16) 2010 89 44 45 5 3
Luo Y. (17) 2019 90 45 45 1 2
Sun M. (18) 2021 122 68 54 3 3
Wu F. (19) 2005 50 24 26 1 1
Zhang Q. (20) 2019 100 50 50 3 4

HIFU, high-intensity focused ultrasound; TACE, transarterial chemoembolization.

Identification of studies via databases

Records removed before screening:
¢ Duplicate records removed (n=56)

* Records marked as ineligible by
automation tools (n=42)

* Records removed for other reasons
(n=47)

Records excluded title and abstract

does not match requirements (n=458)

Records excluded overview (n=47) and

Y

report articles (n=38)

Reports excluded:

j
k]
B Records identified from:
k= Databases (n=735)
3

Y

Records screened (n=590)

o Y
£
5
9] Reports sought for retrieval (n=132)
?

Y

Reports assessed for eligibility (n=47)

3
o Y
=)
E Reports of included studies (n=6)

Figure 1 Process of article retrieval. RCT, randomized controlled trial.

A further 47 review articles and 38 research reports were
removed, with 47 articles remaining. After reading the
full text, we excluded 23 articles that were not RCTs and
18 articles with insufficient indicators. A total of 6 articles
were finally included in the study.

The 6 articles (15-20) selected for meta-analysis included
a total of 488 patients. The sample sizes were small, ranging
from 12 to 68 cases. The authors, publication year, sample
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1: Not a randomized controlled trial
(n=23)

2: Insufficient observation indicators
(n=18)

size, treatment method, grouping, and follow-up time
were described in detail in the articles. Table 1 presents the
included articles and their basic information, while Figure 1
details the process of article retrieval.

Risk-of-bias assessment results

Figures 2,3 present the results of the risk-of-bias assessment.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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0% 25% 50% 75% 100%

. Low risk of bias

|:| Unclear risk of bias

[l High risk of bias

Figure 2 The risk of bias.

Gu L. 2022

Li C. 2010

. . . Blinding of participants and personnel (performance bias)

Luo Y. 2019

' . . . Blinding of outcome assessment (detection bias)
. . . . . Incomplete outcome data (attrition bias)
. . ‘ . . . Selective reporting (reporting bias)

. . . . . . Other bias

Sun M. 2021

-~

Wu F. 2005

-~

. . . . . . Random sequence generation (selection bias)
. . . . . . Allocation concealment (selection bias)

®
Zhang Q. 2019 ®

Figure 3 Multiple risk-of-bias assessments of the articles. +

-~

signifies low risk of bias, - signifies high risk of bias, and ? signifies

unclear risk.

Five articles (83.33%) described a random allocation (RA)
method, and 4 articles (66.67%) described a concealed
allocation scheme. Four articles (66.67%) used a blind
allocation method, and the remainder did not use a blind

method.
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Effect of HIFU + TACE on postoperative SR of patients
with LC

Forest plots were drawn to illustrate the effect of HIFU +
TACE versus TACE alone on patient SRs 6 months, 1 year,
2 years, 3 years, and 5 years after surgery (Figures 4-8). The
SRs of patients in both the control and the experimental
groups showed poor homogeneity at 6 months and 3 years
after surgery (I’>50%; Figures 4,7), so a random-effect
model (REM) was adopted. There was no obvious difference
in the 6-month (OR =9.03, 95% CI: 0.87, 94.13, P=0.07)
or 3-year (OR =2.26, 95% CI: 0.46, 11.21, P=0.32) SRs
of patients between the 2 groups (P>0.05). The included
articles showed homogeneity in the SRs of patients at 1 year,
2 years, and 5 years after surgery TP<50%; Figures 5,6,8), so a
fixed-effect model (FEM) was adopted. The SRs of patients
in the experimental group at 1 year (OR =3.13, 95% CI:
1.92, 5.11, P<0.00001), 2 years (OR =3.38, 95% CI: 1.71,
6.66, P=0.0004), and 5 years (OR =2.15, 95% CI: 1.02, 4.55,
P=0.04) after surgery were observably better than those
of patients in the control group, and the differences were
statistically significant (P<0.05).

TER of HIFU + TACE in patients with LC

A forest plot was drawn to illustrate the TER of HIFU +
TACE versus TACE alone in the treatment of LC (Figure 9).
The TER of all patients showed good homogeneity among
the articles (I’=0%), so a FEM was used. The TER of
patients in the experimental group was much higher than
that of patients in the control group (OR =3.61, 95%
CI: 2.14, 6.08, P<0.00001), with a statistically significant

Transl Cancer Res 2022;11(6):1678-1688 | https://dx.doi.org/10.21037/tcr-22-1094



Translational Cancer Research, Vol 11, No 6 June 2022

1683

Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random, 95% ClI
Wu F.2005 19 24 3 26  51.0% 29.13[6.15, 137.95] =
Zhang Q.2019 48 50 45 50 49.0% 2.67 [0.49, 14.44] — &
Total (95% CI) 74 76 100.0% 9.03 [0.87, 94.13] e
Total events 67 48

ity 2= . Chi2 = - - .12 = 769 } } } .
Heterogeneity: Tau? = 2.18; Chi? = 4.17,df =1 (P = 0.04); I>=76% 0005 01 1 10 200
Test for overall effect: Z = 1.84 (P = 0.07) .
Favours [experimental] Favours [control]
Figure 4 Forest plot of postoperative 6-month SR of patients. SR, survival rate; CI, confidence interval.
Experimental Control Odds Ratio Odds Ratio
r r Even Total Events Total Weight M-H, Fix % Cl M-H, Fix % Cl
Li C.2010 32 44 21 45  30.4% 3.05[1.26, 7.38] =
Sun M.2021 42 68 22 54 50.4% 2.35[1.13, 4.88] L
Wu F.2005 10 24 0 26 1.5% 38.38 [2.09, 703.38]
Zhang Q.2019 46 50 41 50 17.6% 2.52[0.72, 8.82] T
Total (95% CI) 186 175 100.0% 3.13[1.92, 5.11] <&
Total events 130 84
e Chiz = - - L2 = 1689 I t t |

Heterogeneity: Chi? = 3.57, df = 3 (P = 0.31); 16% 0.001 01 1 10 1000

Test for overall effect: Z = 4.57 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 5 Forest plot of postoperative 1-year SR of patients. SR, survival rate; CI, confidence interval.

Experimental Control

Odds Ratio
M-H, Fixed, 95%

Odds Ratio
M-H, Fixed. 95%

Li C.2010 22 44 8 45 421% 4.63[1.76, 12.15] L
Zhang Q.2019 42 50 34 50 57.9% 2.47 [0.94, 6.46]
Total (95% Cl) 94 95 100.0%  3.38 [1.71, 6.66] -
Total events 64 42

ity 2 = - - .12 =09 k t T t 1
W

est for overall effect: 2 = 3.52 (P = 0. ) Favours [experimental] Favours [control]
Figure 6 Forest plot of postoperative 2-year SR of patients. SR, survival rate; CI, confidence interval.
Experimental Control Odds Ratio Odds Ratio
_ Study or Subgroup  Events Total Even | Weight M-H. Ran % Cl M-H. Random. 95% CI

Li C.2010 14 44 1 45 24.3% 20.53 [2.56, 164.55] =
Sun M.2021 42 68 22 54 38.1% 2.35[1.13, 4.88] =
Zhang Q.2019 19 50 27 50 37.5% 0.52[0.24, 1.16]
Total (95% CI) 162 149 100.0% 2.26 [0.46, 11.21]
Total events 75 50

i Tau? = . Chiz = - - |2 = 869 } } } } }
Heterogeneity: Tau? = 1.61; Chi? = 14.58, df = 2 (P = 0.0007); I> = 86% 0002 01 1 10 500

Test for overall effect: Z = 1.00 (P = 0.32)

Favours [experimental] Favours [control]

Figure 7 Forest plot of postoperative 3-year SR of patients. SR, survival rate; CI, confidence interval.

difference (P<0.05).

Effect of HIFU + TACE on liver function in patients with
LC

Forest plots were drawn to illustrate the effect of HIFU +
TACE treatment versus TACE alone on the liver function
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of patients with LC (Figures 10,11). Figure 10 is a forest plot
of AST levels after LC surgery, and Figure 11 is a forest plot
of ALT levels after LC surgery. The AST and ALT levels of
all patients showed poor homogeneity among the included
articles (I’>50%), so a REM was adopted. The postoperative
AST levels (MD =-17.94, 95% CI: -53.29, 17.40, P=0.32)
and ALT levels (MD =-16.63, 95% CI: -49.00, 15.74,
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Odds Ratio
M-H, Fixed. 95% CI

Study or Subgroup Events Total Events Total

Li C.2010 5 44 0 45 45% 12.67[0.68, 236.41]
Zhang Q.2019 23 50 17 50 955%  1.65[0.74,3.71] -l
Total (95% Cl) 94 95 100.0%  2.15[1.02, 4.55] .
Total events 28 17

Heterogeneity: Chi = 1.82, df =1 (P = 0.18); I> = 45%
Test for overall effect: Z =2.01 (P = 0.04)

200

1 10
Favours [control]

0.005 0.1
Favours [experimental]

Figure 8 Forest plot of postoperative 5-year SR of patients. SR, survival rate; CI, confidence interval.

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed. 95% CI
Li C.2010 32 44 20 45 35.6% 3.33[1.37, 8.09] =
Luo Y.2019 38 45 28 45 28.7% 3.30[1.20, 9.02] bl
Sun M.2021 57 68 30 54 35.7% 4.15[1.79, 9.60] =
Total (95% CI) 157 144 100.0% 3.61[2.14, 6.08] >
Total events 127 78

iy Chi2 = = = S 12 =09 t t T t d
Heterogeneity: Chi2=0.17, df = 2 (P = 0.92); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 4.83 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 9 Forest plot of the TER of HIFU + TACE for LC. CI, confidence interval; TER, total effective rate; HIFU, high-intensity focused

ultrasound; TACE, transarterial chemoembolization; LC, liver cancer.

Mean Difference

Mean Difference
IV. Random, 95% CI

Experimental Control
__Study or Subgroup __Mean SD_Total Mean SD Total Weight
Luo Y.2019 56.13 10.96 45 5596 11.92 45  49.8%
Zhang Q.2019 285 23 50 644 24
Total (95% CI) 95

Heterogeneity: Tau? = 647.50; Chi? = 215.13, df = 1 (P < 0.00001); I = 100%
Test for overall effect: Z = 0.99 (P = 0.32)

50 50.2% -35.90 [-36.82, -34.98]

95 100.0% -17.94 [-53.29, 17.40]

0.17 [-4.56, 4.90]
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Favours [experimental]

0 50

Favours [control]

100

Figure 10 Forest plot of AST levels after LC surgery. SD, standard deviation; CI, confidence interval; AST, aspartate aminotransferase; LC,

liver cancer.

Experimental Control

Luo Y.2019 6405 7.35 45 6412 9.03 45 49.9%
Zhang Q.2019 397 12 50 728 2
Total (95% Cl) 95

Heterogeneity: Tau? = 543.93; Chi? = 349.53, df = 1 (P < 0.00001); I> = 100%
Test for overall effect: Z=1.01 (P = 0.31)

Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI

50 50.1% -33.10[-33.75, -32.45]

95 100.0% -16.63 [-49.00, 15.74]

Mean Difference

IV, Random, 95% CI

-0.07 [-3.47, 3.33]

-100 -50
Favours [experimental]

!
1

50
Favours [control]

0 100

Figure 11 Forest plot of ALT levels after LC surgery. SD, standard deviation; CI, confidence interval; ALT, alanine aminotransferase; LC,

liver cancer.

P=0.31) showed no observable difference between the
2 groups (P>0.05).

Effect of HIFU + TACE on immune function in patients

with LC

Forest plots were drawn to illustrate postoperative

© Translational Cancer Research. All rights reserved.

immune cell levels (CD3+, CD4+, CD8+, and NK cells) in
patients with LC after HIFU + TACE versus TACE alone
(Figures 12-15). The levels of the above indicators in all
patients showed poor homogeneity among the articles
(I’>50%), so a REM was adopted. The postoperative levels
of CD3+ (MD =14.10, 95% CI: 10.60, 17.61, P<0.00001),
CD4+ (MD =9.96, 95% CI: 2.42, 17.51, P=0.01), and NK

Transl Cancer Res 2022;11(6):1678-1688 | https://dx.doi.org/10.21037/tcr-22-1094



Translational Cancer Research, Vol 11, No 6 June 2022

Experimental Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random.95% CI

Mean Difference

1685
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Figure 12 Forest plot of CD3+ cell level after LC surgery. SD, standard deviation; CI, confidence interval; LC, liver cancer.

Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI

Sun M.2021 41.37 3.52 68 35.27 2.83 54  49.8%
Zhang Q.2019 455 11 50 31.7 21 50 50.2%
Total (95% CI) 118 104 100.0%

Heterogeneity: Tau? = 29.42; Chi? = 133.86, df = 1 (P < 0.00001); I = 99%
Test for overall effect: Z=2.59 (P = 0.010)
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Figure 13 Forest plot of CD4+ cell level after LC surgery. SD, standard deviation; CI, confidence interval; LC, liver cancer.
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Figure 14 Forest plot of CD8+ cell level after LC surgery. SD, standard deviation; CI, confidence interval; LC, liver cancer.
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Study or Subgroup Mean SD Total Mean SD Total Weight
Sun M.2021 2231 5.57 68 19.45 4.63 54  48.7%
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Figure 15 Forest plot of NK cell level after LC surgery. NK, natural

(MD =5.29, 95% CI: 0.65, 9.93, P=0.03) cells of patients in
the experimental group were significantly higher than those
of patients in the control group (P<0.05). The included
articles showed no obvious difference in postoperative CD8+
levels between the 2 groups (MD =3.94, 95% CI: -9.53,
17.40, P=0.57>0.05).

Effect of HIFU + TACE on the incidence of adverse
reactions in patients with LC

A forest plot was drawn to illustrate the effect of HIFU
+ TACE therapy versus TACE alone on the incidence of
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adverse reactions in patients with LC (Figure 16). The
incidence of adverse reactions showed good homogeneity
among the articles (I’=0%), so a FEM was used. The
incidence of postoperative adverse reactions in the
experimental group was much lower than that in the control
group, with a statistically significant difference (OR =0.57,
95% CI: 0.34, 0.96, P=0.03<0.05).

Results on publication bias

A funnel plot was used to assess the possibility of publication
bias for the included articles (Figure 17). The funnel
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Figure 16 Forest plot of the effect of HIFU + TACE therapy and TACE alone on the incidence of adverse reactions in patients with LC.

HIFU, high-intensity focused ultrasound; TACE, transarterial chemoembolization; CI, confidence interval; LC, liver cancer.
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Figure 17 Funnel plot of publication bias. SE, standard error; OR,
odds ratio.

plot showed that the circles of some of the articles were
concentrated in and roughly symmetrical with the midline.
This suggested that there was no publication bias, and that
the conclusions of the articles were relatively reliable.

Discussion

HIFU focuses low-intensity ultrasonic energy on the tumor
target area of patients with LC and rapidly increases the
temperature of the treatment area to above 65 °C, thereby
promoting coagulation necrosis of local tumor tissue (21).
This treatment method is noninvasive and accurate, can
perform real-time positioning and monitoring, can control
the treatment range, and can kill local tumor cells in LC
while enhancing the body’s anti-tumor immune function,
thereby improving the treatment of LC (22).

Recent clinical studies have noted two advantages of
combining TACE with HIFU in the treatment of malignant
tumors. First, TACE can effectively improve the thermal
effect during HIFU treatment and facilitate tumor targeting
and tumor shape identification (23). Second, TACE helps
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HIFU treatment to control the blood supply around the
tumor, which improves the thermal damage to local tumor
markers and can result in a better therapeutic effect than
that of TACE alone (24).

A total of 6 articles were included in this systematic
review. The purpose was to evaluate the efficacy of HIFU +
TACE in the treatment of patients with LC compared with
TACE alone. A risk-of-bias assessment was conducted, and
the results showed that 5 articles used an RA method, 4 used
allocation scheme concealment, and 4 used a blind method
for the allocation of study subjects. Therefore, any bias in
the studies might be caused by an unclear RA method or
experimental error.

The results of this study showed that patients in the
experimental group in the included articles had higher
1-year (OR =3.13, 95% CI: 1.92, 5.11, P<0.00001), 2-year
(OR =3.38,95% CI: 1.71, 6.66, P=0.0004), and 5-year (OR
=2.15, 95% CI: 1.02, 4.55, P=0.04) postoperative SRs.
The TER (OR =3.61, 95% CI: 2.14, 6.08, P<0.00001)
in the experimental group was obviously better than that
in the control group, and the difference was statistically
significant. This suggested that compared with TACE
alone, HIFU + TACE could greatly improve the short-
and long-term SR of patients with LC and thereby provide
better treatment. We also compared the postoperative
AST and ALT levels of the 2 groups of patients, and the
results showed no significant difference between patients
who received the combined treatment and patients who
received TACE alone. The postoperative CD3+ and
CD4+ levels of patients in the HIFU + TACE treatment
group were significantly higher than those of patients in
the control group, while the postoperative CD8+ levels
were not greatly different between the 2 groups. The
levels of NK cells were much higher in the HIFU + TACE
treatment group, with a statistically significant difference
(P<0.05), which indicated that the combination therapy
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improved the immune protection of patients with LC and
enhanced the body’s resistance to LC to a certain extent.
In addition, HIFU + TACE significantly reduced the
incidence of postoperative adverse reactions compared
with TACE alone (OR =0.57, 95% CI: 0.34, 9.96, P=0.03).
This was consistent with the findings of Zhang er al. (25).
Future studies are required to further understand the
efficacy of HIFU + TACE in the treatment of patients
with different types of LC.

A publication bias assessment was conducted on the
included studies comparing the efficacy of HIFU + TACE
versus TACE alone in patients with LC. The results showed
that there was no obvious bias and that the conclusions were
credible.

Conclusions

A total of 6 relevant articles were included in this meta-
analysis to explore the efficacy of HIFU + TACE therapy
versus TACE alone in patients with LC. The results
suggested that HIFU + TACE treatment of LC patients
could improve the SR of patients to a certain extent. A
limitation of this study was that some of the articles showed
heterogeneity, which might have affected the results.
Therefore, further research is needed to confirm the results
of this study. In conclusion, this systematic review and meta-
analysis could provide a reliable reference for the clinical

study of HIFU + TACE in patients with LC.
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