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ABSTRACT

There are many therapeutic options for primary hepatocellular carcinoma (HCC), but very limited
options for unresectable HCC with a single lesion larger than 5 cm (Barcelona Clinic Liver Cancer
[BCLC] stage A) or with 2-3 nodules beyond 5 cm (BCLC stage B). Transcatheter arterial chemo-
embolization (TACE) is considered the first-line treatment for these patients, and combination
therapy has also been tried. However, the effectiveness of microwave ablation (MWA) combined
with TACE in the treatment of the above tumors remains to be further confirmed. Therefore, this
meta-analysis aimed to compare the effectiveness of combination therapy and TACE monother-
apy on these patients. PubMed, Cochrane Library, Embase, China National Knowledge Infra-
structure, and the Wan Fang electronic databases were retrieved to search for studies comparing
combination therapy and TACE monotherapy, published between the earliest available date and
August 20, 2019. A total of 20 articles (reporting 1736 patients) were included. Meta-analysis
showed that, compared to TACE alone, TACE + MWA resulted in significantly higher 1-, 2-, and
3-year overall survival (OS) (1-year OS rate: RR = 1.36, 95% Cl 1.28-1.44, P < 0.001; 2-year OS rate:
RR =1.56,95% Cl 1.40-1.74, P < 0.001 and 3-year OS rate: RR = 2.07, 95% Cl: 1.67-2.57, P < 0.001).
Complete response, partial response, and objective response rates were significantly higher in
TACE + MWA than those in TACE alone (P < 0.001). Meanwhile, publication bias and sensitivity
analysis were performed and did not show statistical significance.

issued by the European Association for the Study of the Liver (EASL) (2018), for HCC
patients with a single tumor larger than 5 cm that cannot be surgically removed, or
multiple nodules with a maximum nodule diameter more than 3 cm, transcatheter arterial
chemoembolization (TACE) is recommended as the first-choice treatment (1). However, the
overall survival (OS) of these patients is much lower than that of patients with early stage
HCC. It has been reported that TACE combined with radiofrequency ablation (RFA) for mul-
tiple nodules larger than 3 cm can achieve a better tumor control rate and longer OS com-
pared with TACE or RFA monotherapy (2-4), which provides a new therapeutic approach for
such patients. However, owing to the recent increased use of microwave ablation (MWA)
therapy, meta-analyses have indicated similar effectiveness between MWA and RFA, with
one study showing possible superiority of MWA in larger HCCs (5-7). So, TACE combined
with MWA may provide a better alternative for the treatment of large HCCs, but whether the
combination treatment can achieve these results is still uncertain.
This meta-analysis aimed to compare the effectiveness of TACE + MWA with TACE alone
for unresectable Barcelona Clinic Liver Cancer [BCLC] stage A or B HCC with maximum nod-
ule diameter beyond 5 cm.

Methods

Search strategy

PubMed, Cochrane Library, Embase, China National Knowledge Infrastructure, and the
Wan Fang databases were systematically searched to identify studies published from the ear-
liest available date to August 20, 2019. The terms “carcinoma, hepatocellular” or“liver cell car-
cinoma” or “liver cancer,”“microwave ablation” or “MWA,” and “transcatheter arterial chemo-
embolization” or “TACE,” and their combinations were used. Only randomized controlled

trials (RCTs) and cohort studies were included. Language restrictions were not imposed.

Q ccording to the latest clinical practice guideline for hepatocellular carcinoma (HCC)
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Study selection

The studies that fulfilled the following
criteria were included in the analysis: 1)
Patients diagnosed with single HCC larger
than 5 cm (BCLC stage A) or with BCLC stage
B HCC (maximum nodule diameter >5 cm)
(8, 9); 2) Patients treated with TACE alone
or TACE + MWA performed within 1 month
after TACE; 3) RCTs or cohort studies; and 4)
Treatment response reported according to
the modified Response Evaluation Criteria
in Solid Tumors (mRECIST) (10) and OS of
patients reported. Fig. 1 shows the flow-
chart for inclusion of studies.

Data extraction

Two reviewers independently complet-
ed the data extraction. When the extract-
ed results were inconsistent, a discussion
or a judgment from a third reviewer was
performed. The following information was
extracted: first author’s name, country, year
of publication, study type, average age of
patients, type of treatment, BCLC stage, tu-
mor size, outcome indicators according to
MRECIST standards—complete response
(CR), partial response (PR), stable disease
(SD), and progressive disease (PD)—objec-
tive response rate (ORR), 1-, 2-, and 3-year
OS rates and complications.

Statistical analysis

All included studies were analyzed using
Stata version 15.0 software. The Q test com-
bined with the P test was first calculated to
evaluate overall heterogeneity of the stud-
ies for each meta-analysis. If the heteroge-
neity of the included studies was accept-
able (P < 50% or P > 0.05), a fixed-effects
model was considered. If the heterogeneity
was large (P = 50% or P < 0.05), arandom-ef-
fects model was considered. Complications
could not be pooled and were analyzed de-
scriptively. In this study, the estimation of
pooled RR with 95% confidence interval (Cl)
was calculated. Each included RCT was eval-

* Early- and intermediate-stage hepatocellular
carcinomas larger than 5 cm were included.

* Microwave ablation (MWA) plus transcatheter
arterial chemoembolization (TACE) was com-
pared with TACE alone.

* 20 studies were included in this meta-analysis.

* TACE + MWA achieved higher treatment re-
sponse and prolonged survival compared with
TACE alone.

uated according to the Cochrane Collabora-
tion’s tool for assessing risk of bias (11). The
included cohort studies were evaluated ac-
cording to the Newcastle-Ottawa scale (12).
In addition, the Egger and Begg tests were
used to assess publication bias. Finally, sen-
sitivity analysis was performed by removing
studies one by one to evaluate every study’s
effect on the overall result.

Results

A total of 256 articles were found, of which
20 studies (13-32) consisting of 13 RCTs and
7 cohort studies were included in this me-
ta-analysis. All 20 studies were Asian stud-
ies; 2 studies were written in English and 18
studies were written in Chinese. In total 1736
patients were enrolled, including 924 treated
with TACE and 812 treated with TACE + MWA
(Table 1). All included TACE treatments were
conventional (cTACE).

The quality evaluation of the RCTs and the
case-control studies is shown in Tables 2 and
3, respectively. All RCTs were low risk and the
7 case-control studies scored 5-7 points.

CR and PR were reported in 17 studies.
A fixed-effects model was used for CR
and a random-effect model was used for
PR, based on the results of heterogeneity
evaluation (P, = 0.259, I 7 = 16.6%; P, =
0.007, I,;> = 51.8%). The CR and PR rates
of TACE + MWA combination were signifi-
cantly higher than those of TACE alone
(RR,, = 2.56, 95% Cl 2.09-3.14, P < 0.007;
RR., = 1.31, 95% Cl 1.13-1.52, P < 0.001)
(Table 4, Fig. 2a, 2b).

Sixteen studies reported data for SD and
PD, and heterogeneity evaluation among
these studies showed no significance (P, =
0211, I, = 21.8%; P,, = 0.148, I, > = 28%).
Thus, the results were pooled by the fixed-ef-
fects model. Meta-analysis showed that the
SD and PD rates of TACE + MWA combina-
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Review (n=3)
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Contains secondary liver
cancer (n=2)
No control group (n=26)

(n=39)

Full-text articles assessed for eligibility

Full-text articles excluded (n=19)
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Studies included in this meta-analysis (n=20)

Figure 1. Flowchart of article selection process.
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Table 1. Studies included in the meta-analysis and characteristics of patients

BCLC Sex No of 1-year  2-year  3-year
Study Year Country stage Therapy Age (years)  (M/F) pts CR PR SD PD (0} oS 0OS
Zheng et al. (13) 2018  China A-B TACE+MWA  53.3+8.2 79/13 92 54 12 9 17 79 55 30
TACE 546+10.5 143/23 166 21 49 22 74 98 67 19
An etal. (23) 2018 China A TACE+MWA 55 (47-65)  25/12 37 11 18 7 1 23 10 NA
TACE 56 (49-67) 22/13 35 5 17 10 3 12 3 NA
Zhang et al. (24) 2017  China A-B TACE+MWA  55.6+4.6 19/11 30 10 12 7 1 24 19 NA
TACE 55.9+4.2 18/12 30 2 10 12 6 18 12 NA
Huo et al. (25) 2017  China B TACE+MWA  58.1+7.8 32/4 36 20 10 2 4 29 11 NA
TACE 56.4+7.6 29/3 32 8 8 4 12 18 5 NA
Dong et al. (31) 2017  China B TACE+MWA  54.9+12.3 28/3 31 18 8 4 1 30 25 NA
TACE 59.8+8.9 27/4 31 1 7 11 12 19 15 NA
An et al. (26) 2017  China A TACE+MWA  51.3+2.9 40/9 49 10 25 NA NA 29 23 NA
TACE 50.3+2.6 39/10 49 6 15 NA NA 18 13 NA
Zhou et al. (20) 2016  China B TACE+MWA  52.3+4.2 29/25 54 16 32 4 2 51 42 36
TACE 50.5%3.1 32/22 54 10 12 17 15 38 28 21
Yan et al. (21) 2016  China A-B TACE+MWA 61.4+42  27/14 41 NA NA NA NA 29 21 13
TACE 58.7£34  19/13 32 NA  NA NA NA 19 12 6
Liu et al. (29) 2016  China B TACE+MWA  58.7+7.1 43/19 62 19 37 4 2 59 48 NA
TACE 58.3+7.3 45/17 62 11 14 21 16 43 32 NA
He et al. (28) 2016  China A-B TACE+MWA 53 (32-73) 36/6 32 6 12 5 5 26 18 NA
TACE 52 (40-69) 22/6 28 2 12 6 8 18 12 NA
Guoetal. (19) 2015  China B TACE+MWA 48 (35-67) 26/16 42 19 11 7 5 31 14 NA
TACE 50(39-73) 24/18 42 10 8 9 15 24 4 NA
Chang et al. (18) 2015  China B TACE+MWA  59.4+10.5 30/3 33 18 14 0 1 21 5 1
TACE 57.3x109  28/6 34 7 15 9 3 9 2 0
Zhao et al. (22) 2009  China A-B TACE+MWA 51 (20-79) 18/9 28 5 14 NA NA 26 17 NA
TACE 52 (27-80) 46/9 55 3 19 NA NA 46 21 NA
Liu et al. (29) 2018  China B TACE+MWA  55.7+5.1 30/23 53 11 14 16 12 NA NA NA
TACE 55.7+5.1 26/27 53 5 10 15 23 NA NA NA
Zhang et al. (15) 2013  China B TACE+MWA  52.2+2.3 20/2 22 1 6 1 14 NA NA NA
TACE 48.3+2.2 18/0 18 0 3 0 15 NA NA NA
Shu et al. (17) 2014  China B TACE+MWA  61.2£11.4 15/9 24 7 10 4 3 23 20 16
TACE 60.3+8.9  15/11 26 2 8 10 6 18 13 9
Huetal. (16) 2013  China B TACE+MWA  43.2+5.1 23/25 48 13 20 10 5 NA NA NA
TACE 443+49  22/26 48 8 15 14 9 NA NA NA
Tao et al. (32) 2016  China  A-B TACE+MWA  46.5+6.5 15/10 25 8 10 5 2 23 20 16
TACE 46.7+6.5 17/8 25 2 7 8 8 17 13 9
Huang et al. (30) 2015  China A TACE+MWA  62.3£3.5 20/4 24 NA NA NA NA 11 NA 5
TACE 61.2+3.1 18/6 24 NA NA NA NA 10 NA 3
Xu et al. (14) 2013  China B TACE+MWA 54.5+13.0  48/8 56 NA  NA NA NA 49 NA 28
TACE 53.1£14.8 73/7 80 NA NA NA NA 50 NA 14

Age is presented as mean + standard deviation or median (range).

BCLC, Barcelona Clinic Liver Cancer staging; M/F, male/female; pts, patients; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; OS, overall
survival; TACE, transarterial chemoembolization; MWA, microwave ablation; NA, not applicable.
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Table 2. Methodological quality assessment of randomized controlled trials: the Cochrane collaboration’s tool for assessing risk of bias*

Study (year) Selection bias Performance bias Detection bias Attrition bias Reporting bias Other bias
An et al. (2018) Low risk Low risk Low risk Low risk Low risk Unclear
Zhang et al. (2017) Low risk Low risk Low risk Low risk Low risk Unclear
Anetal. (2017) Unclear Low risk Low risk Low risk Low risk Unclear
Zhou et al. (2016) Low risk Low risk Low risk Low risk Low risk Unclear
Liu et al. (2016) Low risk Low risk Low risk Low risk Low risk Unclear
He et al. (2016) Unclear Low risk Low risk Low risk Low risk Unclear
Guo et al. (2015) Unclear Low risk Low risk Low risk Low risk Unclear
Liu et al. (2018) Low risk Low risk Low risk Low risk Low risk Unclear
Shu et al. (2014) Unclear Low risk Low risk Low risk Low risk Unclear
Hu et al. (2013) Unclear Low risk Low risk Low risk Low risk Unclear
Tao et al. (2016) Unclear Low risk Low risk Low risk Low risk Unclear
Huang et al. (2015) Low risk Low risk Low risk Low risk Low risk Unclear
Yan et al. (2016) Unclear Low risk Low risk Low risk Low risk Unclear
*Results of the articles were divided into low risk, unclear risk, and high risk.
Table 3. Methodological quality assessment of cohort studies: the Newcastle-Ottawa Scale

Representativeness Selection of the Outcome of interest Control for Adequacy of
First author of the exposed non-exposed Selection of was Ffter start of important  Assessment of Sufficient  follow-up of
(year) cohort cohort exposure study factor outcome follow-up  cohorts
Zheng et al. * Y * * ok ¢ * *
(2018)
Huo et al. * * * * e ke * *
(2017)
Dong et al. * * * * * bk ¢ * *
(2017)
Chang et al. * * * * Yook % ¢ * *
(2015)
Zhao et al. * * * * * ks * *
(2009)
Zhang et al. * * * * * ¥ * *
(2013)
Xuetal. (2013) * * * * * Y * *

* Article is given a point for meeting the corresponding criterion.

JIndicates no point.

tion of were significantly lower than those of
TACE alone (RR,, = 0.6, 95% CI 0.47-0.76, P
< 0.0007; RR,, = 0.48, 95% Cl 0.38-0.59, P <
0.0001) (Table 4, Fig. 2, 2d).

ORR rates were reported in 17 studies. A
fixed-effects model was applied for pooling
the results, because no significant hetero-
geneity was found among these studies
(P =0.296, P = 13.4%). The results showed
that the ORR rate of the combination ther-
apy was significantly higher than that of
TACE alone (RR = 1.69, 95% Cl 1.54-1.85, P
< 0.001) (Table 4, Fig. 3a).

Seventeen, 15, and 8 studies reported data
for 1-, 2-, and 3-year OS, respectively. Accord-

ing to the results of heterogeneity evaluation
among these studies (P, =0.622,/ 2=

T-year 1-year
0.0%; P, . =0981,1, 2=00%andP, =
year 2-year 3-ye:
0.728, |

ar

, 3_year2 = 0.0) a fixed-effects model was
applied. Meta-analysis showed that the 1-, 2-,
and 3-year OS rates of the combination ther-
apy were significantly higher than those of
TACE alone (RRLyear =1.36,95% Cl 1.28-1.44,
P<0.001;RR,,, =1.56,95% Cl 1.40-1.74, P <
0.001andRR,,, =2.07,95%Cl 1.67-2.57,P <
0.001) (Table 4, Fig. 3b-3d).

Studies were divided into subgroups ac-
cording to BCLC stage A and BCLC stage
B to show the comparison of efficacy be-
tween TACE + MWA combination therapy
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and TACE alone in different disease stages
(Table 4). In patients with BCLC stage A, the
combined therapy had a lower RR value in
ORR but a higher RR value in 1- and 2-year
Os.

No uniform standard exists for reporting
complications among studies, and only
descriptive analysis was performed in this
meta-analysis. Complications occurred in
all 20 included studies. Minor complica-
tions included nausea, vomiting, fever, and
transient increase of reactive hydrothorax
and transaminase, which regressed or dis-
appeared within a short time after sup-
port treatment. Ten studies reported ma-
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a b
Study % Study %
ID RR (95% Cl) Weight ID RR (95% CI) Weight
Zheng et al. (2018) —0— 464(3.00,7.17)  22.04 Zheng et al. (2018) —a— 0.44(0.25,0.79) 6.75
Anetal. (2018) 14— 2,08(0.80,539) 461 Anetal. (2018) — 1.00 (0.62,1.61) 9.97
Zhang etal. (2017) _— 500(1.19,2092) 2.04 Zhang et al. (2017) _ 1.20(0.61,234) 5.03
Huo etal. (2017) —— 222(1.14,433) 936 Huo et al. (2017) —_—— 1.11(050,2.47) 3.53
Dong etal. (2017) ————%——— 18,00 (2.56, 126.66) 1.10 Dong etal. (2017) F— 1.14(047,2.77) 288
Anetal. (2017) IS 167 (0.66,4.23) 481 Anetal. (2017) ——— 1.67(1.01,2.76) 8.90
Zhou et al. (2016) 4 1.60(0.80,3.20) 865 Zhou et al. (2016) | ————  267(155,460) 7.56
Liu etal. (2016) — 1.73(090,332) 975 Liu etal. (2016) | ————  264(1.60,438) 886
He et al. (2016) —_ 263(0.58,11.98) 1.81 He et al. (2016) —_— 0.88(0.47,1.62) 5.88
Guo etal. (2015) —— 1.90(1.01,359) 1034 Guo etal. (2015) _— 1.38(0.62,3.07) 348
Chang et al. (2015) —_— 2.65 (1.28,5.50) 7.83 Chang et al. (2015) —O—i— 0.96 (0.56,1.66) 7.48
Zhao et al. (2009) — 327(084,1272) 226 Zhaoet al. (2009) _— 145(0.86,243) 836
Liu etal. (2018) —— 220(0.82,590) 429 Liu etal. (2018) —_—— 1.40 (0.68,2.87) 4.39
Zhang et al. (2013) + 248(0.11,57.40) 042 Zhang et al. (2013) - 1.64(0.47,5.64) 147
Shu et al. (2014) ——— 3.79(0.87,16.50) 1.93 Shu et al. (2014) _ 1.35(0.64,2.86) 4.05
Hu etal. (2013) SIS 1.63(0.74,356) 677 Hu etal. (2013) —t 1.33(0.78,228) 7.82
Tao (2016) —_— 4.00(0.94,17.00) 1.99 Tao etal. (2016) D R c— 1.43(0.65,3.15) 3.60
Overall (I-squared = 16.6%, p = 0.259) 6 2.56(2.09,3.14)  100.00 Overall (I-squared = 51.8%, p =0.007) <> 1.31(1.13,1.52) 100.00
T . T : T
00789 127 77 5.64
d d
Study % Study %
D RR (95% CI) Weight D RR(95%Cl)  Weight
Zheng etal. (2018) . 0.74(0.35,1.54) 10.72 Zheng et al. (2018) — 0.41(0.26,0.66) 21.61
Anetal. (2018) — 0.66 (0.28, 1.55) 8.00 Anetal. (2018) _— 0.32(0.03,2.89) 0.94
Zhang et al. (2017) —— 0.58(0.27,1.28) 939 Zhangetal.(2017) ~ ———s—obF— 0.17(0.02,1.30) 1.09
Huo etal. (2017) _ 0.44(0.09,227) 217 Huo etal. (2017) — 0.30(0.11,0.83) 4.37
Dong et al. (2017) —] 0.36(0.13,1.02) 542 Dongetal.(2017) ¢——a——+ 0.08 (0.01,0.60) 1.18
Zhou et al. (2016) — 0.24(0.08,0.65) 5.51 Zhou et al. (2016) — 0.13(0.03,0.56) 2.26
Liu etal. (2016) —— 0.19(0.07,052) 564 Liu etal. (2016) —_— 0.13(0.03,0.52) 2.26
He et al. (2016) — 0.73(0.25,2.13) 5.00 Heetal. (2016) — 0.55(0.20,1.48) 4.64
Guo et al. (2015) —_ 0.78(0.32,1.89) 7.26 Guo etal. (2015) —— 0.33(0.13,0.83) 547
Chang et l. (2015) ¢é—————| 0.05(0.00,0.89) 0.73 Chang et al. (2015) —_— 0.34(0.04,3.14) 0.94
Liu etal. (2018) — 1.07(0.59,1.93) 1638 Liu etal. (2018) = 0.52(0.29,0.94) 13.45
Zhang et al. (2013) - 2.48(0.11,57.40) 0.58 Zhang et al. (2013) —— 0.76 (0.52,1.11) 32.30
Shu et al. (2014) j 043(0.16,1.20) 555 Shu etal. (2014) — 0.54(0.15,1.93) 2.85
Hu etal. (2013) —_— 0.71(035,1.45) 11.54 Hu etal. (2013) —_— 0.56 (0.20, 1.54) 4.45
Taoetal. (2016) —— 0.63(0.24,1.65) 6.11 Tao etal. (2016) 0.25(0.06, 1.06) 2.20
Overall (I-squared =21.8%, p=0.211) {) 0.60 (0.47,0.76) 100.00 Overall (I-squared =28.0%, p=0.148) {» 0.48 (0.38,0.59) 100.00
00328 305 0115 86.8

Figure 2. a-d. Meta-analysis of results in treatment response between TACE + MWA and TACE alone: (a), comparison of complete response (CR) rate; (b),
comparison of partial response (PR) rate; (c), comparison of stable disease (SD) rate; (d), comparison of progressive disease (PD) rate.

jor complications, including liver abscess,
subcapsular hemorrhage, gastrointestinal
bleeding, cholecystitis and biliary stricture
(Table 5). Huo et al. (25) reported a patient
who died of postoperative sepsis related to
hepatic abscess.

The Egger and Begg tests showed no ob-
vious publication bias (Table 6). Sensitivity
analysis showed a stable outcome.

Discussion

For BCLC stage A and B patients with tu-
mors larger than 5 cm who are not suitable
for surgical resection, TACE is usually the
preferred treatment. However, the median
survival of patients treated with TACE alone

is only 16 months, which is much lower
than that of patients treated with early
surgical resection or RFA (1). Moreover, for
large HCCs, pure ablation is often restricted
by the limited ablation range and the high-
er residual recurrence rate (33-35). Thus,
TACE combined with ablation was designed
for clinical practice. In small HCCs, the effi-
cacy of MWA is similar to that of RFA. How-
ever, faster heating, larger ablation range,
and shorter ablation time of MWA provide
potential advantages in the treatment of
HCC, especially in large HCCs (6, 36). Our
meta-analysis data showed that TACE com-
bined with MWA was significantly superior
to TACE alone for the treatment of large

HCC in both treatment response and 1-, 2-,
and 3-year OS.

MWA delivered after TACE to treat tumors
larger than 5 cm can promote the efficacy of
treatment and play a joint role in inhibiting
and killing tumors. First, TACE blocks tumor
nourishing arteries and further promotes
the tumoricidal effect of chemotherapeutic
drugs. Second, MWA reaches a large ablation
range with its high thermal efficiency and
triggers an immune tumoricidal effect sec-
ondary to tumor antigen exposure after MWA
(37). Moreover, the combination therapy may
increase the mutual therapeutic effects as fol-
lows: 1) After TACE, the tumors can be clearly
visualized on the monitoring equipment,

TACE + MWA combination therapy for hepatocellular carcinomas larger than 5 cm « 579



a b
Study % Study %
D RR (95% CI) Weight D RR (95% Cl) Weight
Zheng etal. (2018) — 1.70(1.37,2.12) 1694 Zheng et al. (2018) - 145(1.25,1.69) 16.24
Anetal. (2018) —— 1.25(0.92,1.69) 873 Anetal.(2018) — 1.63 (1.00,2.64) 1.59
Zhang et al. (2017) — 1.83(1.12,2.99) 3.42 Zhang et al. (2017) T—— 1.33(0.95,1.88) 3.17
Huo etal. (2017) —_— 1.67(1.14,243) 577 Huoetal. (2017) —— 143(1.01,2.02) 3.12
Dong et al. (2017) ——%——— 325(175,602) 215 Dong et al. (2017) - 158(1.18,2.10) 452
Anetal. (2017) —B 1.67(1.15,241) 601 Anetal.(2017) —_— 1.61(1.04,2.49) 1.97
Zhou et al. (2016) -—~— 2.18(1.56,3.05) 7.26 Zhou et al. (2016) - 134(1.12,1.61) 10.90
Liu et al. (2016) —— 2.24(1.64,3.07) 830 Yan etal. (2016) —— 1.41(0.97,2.06) 2.66
Heetal. (2016) —_— 1.13(0.70,1.82) 3.54 Liuetal. (2016) — 1.37(1.15,1.63) 1219
Guo etal. (2015) —= 167(1.12,248) 515 He et al. (2016) e 126 (0.92,1.74) 358
Chang etal. (2015) —_— 1.50(1.16,1.93) 1251 Guo etal. (2015) - 1.29(0.94,1.78) 3.68
Zhao et al. (2009) _— 1.70(1.12,2.56) 4.81 Chang et al. (2015) 4+———+——> 240(1.30,4.45) 098
Liu etal. (2018) — 1.67(1.00,2.79) 3.08 Zhao et al. (2009) -~ 1.11(0.95,1.30) 1537
Zhang et al. (2013) " 1.91(0.57,634) 057 Shu etal. (2014) — 1.38(1.06,1.81) 5.13
Shu et al. (2014) : 1.84(1.06,3.19) 2.70 Taoetal. (2016) _'T_ 1.35(1.01,1.81) 435
Hu et al. (2013) _._._ 143(1.01,2.04) 6.62 Huang et al. (2015) b — 1.10(0.58,2.09) 0.90
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Figure 3. a-d. Meta-analysis of results in objective response (ORR) rate and 1-, 2-, and 3-year overall survival (OS) rates: (a), comparison of ORR; (b),
comparison of 1-year OS rate; (c), comparison of 2-year OS rate; (d), comparison of 3-year OS rate.

which helps accurate tumor location during
the MWA procedure; 2) Local microperfusion
of tumors decreases significantly after TACE,
reducing the possible perfusion-mediated
tissue cooling effect and increasing the abla-
tion range (38); 3) The deposition of lipiodol
after TACE causes stronger heat conduction
and tumor local edema, which relatively in-
creases the water content, both increasing
the microwave heating rate and enlarging
the ablation range (39); and 4) TACE can
control microscopic vascular invasion and
satellites around the HCC, reducing the local
recurrence rate.

Gu et al. (40) reported that TACE com-
bined with local ablation was superior to
monotherapy in the treatment of HCC, with

1-, 2, and 3-year OS lower than our results.
This may be due to the heterogeneity of ab-
lation methods in their study, but was more
likely due to the superiority of MWA in the
treatment of large HCCs (5-7, 41). The abla-
tion zone of RFA is restricted by a self-lim-
iting process (water vapor, desiccation, and
charring increasing impedance). Compared
to RFA, microwave energy can produce ef-
fectively larger ablation zones (42). Thus,
MWA has a higher complete ablation rate
and a better prognosis for the patients.

In this study, all TACE treatments were
conventional. No drug-eluting bead TACE
(DEB-TACE) was included. Wen et al. (43)
reported that DEB-TACE had better efficacy
in CR rate and longer progression-free sur-
vival, similar to the results reported by Liu
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et al. (44). However, there was no significant
difference in OS between these two treat-
ments, although DEB-TACE had a lower rate
of postoperative adverse reactions (44-46).
Whereas, considering the combination with
MWA, conventional TACE may have a more
obvious advantage due to the visibility and
positioning effect of lipiodol.

TACE + MWA seemingly increases treat-
ment times, but patients do not receive in-
terventional therapy for a long time after
complete ablation, which helps to improve
the quality of life and reduce the financial
burden. Although MWA treatment was gen-
erally continued for 1 month after TACE, the
major complications did not change signifi-
cantly (47).

Liuetal.



Table 4. Meta-analysis of efficacy in combined group and control group

Outcomes BCLC stage No of studies RR (95% Cl) z P P (%) -
CR Overall data 17 2.56 (2.09,3.14) 9.03 0.000 16.6 0.259
BCLC A 2 1.86 (0.96,3.61) 1.83 0.068 0.0 0.744
BCLCB 10 2.07(1.59,2.69) 542 0.000 0.0 0.623
PR Overall data 17 1.31(1.13,1.52) 3.5 0.000 51.8 0.007
BCLCA 2 1.27 (0.90, 1.80) 1.37 0.170 519 0.149
BCLCB 10 1.57(1.27,1.94) 423 0.000 29.2 0.176
SD Overall data 16 0.60(0.47,0.76)  4.21 0.000 21.8 0.211
BCLC A 1 0.66 (0.28,1.55)  0.95 0.341 *
BCLCB 10 056 (0.41,0.76) 3.72 0.000 47.6 0.046
PD Overall data 16 0.48(0.38,0.59) 6.78 0.000 28 0.148
BCLCA 1 0.32(0.03, 2.89) 1.02 0.307
BCLCB 10 0.51(0.40,0.66)  5.08 0.000 46.4 0.058
ORR Overall data 17 1.69 (1.54,1.85) 11.33 0.000 13.4 0.296
BCLCA 2 140(1.11,1.78) 2.82 0.005 29.1 0.235
BCLCB 10 1.79(1.58,2.20) 9.29 0.000 154 0.301
1-year OS Overall data 17 1.36 (1.28,1.44) 9.87 0.000 0.0 0.622
BCLCA 3 1.50(1.12,2.00) 274 0.006 0.0 0.762
BCLCB 8 1.40(1.29,1.53) 7.69 0.000 0.0 0.622
2-year OS Overall data 15 1.56 (1.40,1.74)  7.81 0.000 0.0 0.981
BCLCA 2 1.92(1.17,3.18) 2.56 0.011 0.0 0.483
BCLCB 7 1.60(1.36,1.88) 5.76 0.000 0.0 0.779
3-year OS Overall data 8 2.07 (1.67,2.57) 6.63 0.000 0.0 0.728
BCLCA 1 1.67 (0.45,6.21) 0.76 0.000
BCLCB 4 2.02(1.53,2.66) 4.96 0.446 0.0 0.501

BCLC, Barcelona Clinic Liver Cancer stage; RR, risk ratio; 95% Cl, 95% confidence interval; CR, complete response; PR, partial response; SD, stable disease; PD, progressive
disease; ORR, objective response rate; OS, overall survival
"Due to the nature of statistical analysis, the value was absent.

Table 5. Comparison of major complications

Study (year) TACE n (%) TACE+MWA n (%) P
Zheng et al. (2018) 4 liver abscess, 2 upper Gl bleeding 6 (3.6) 1subcapsular hemorrhage, 1 liver 2(2.2) 0.791
abscess
An et al. (2018) NA 1(0) 5 needle tract bleeding 14.2) 0.024
Zhang et al. (2017) NA 0(0) NA 0) NA
Huo et al. (2017) 1 death after liver abscess 1(3.1) NA 0.471
Dong et al. (2017) NA 0(0) NA NA
An etal. (2017) 1subcapsular hemorrhage 1(2.0) 2 subcapsular hemorrhage 1.000
Zhou et al. (2016) 4 jaundice 4(7.4) 3 infection 1.000
Yan et al. (2016) 1 upper Gl bleeding, 2 cholecystitis 3(9.3) 1 needle track implantation 0.313
Liu et al. (2016) NA 0(0) NA NA
He et al. (2016) NA 0(0) NA NA
Guo et al. (2015) NA 0(0) NA NA
Chang et al. (2015) NA 0(0) NA NA
Zhao et al. (2009) NA 0(0) NA NA
Liu etal. (2018) 3 upper Gl bleeding 3(5.7) 1 upper Gl bleeding, 2 local biliary 1.000
obstruction

Zhang et al. (2013) NA 0(0) NA NA
Shu et al. (2014) 2 jaundice 2(8.3) 1 local biliary obstruction 0.602
Hu et al. (2013) NA 0(0) NA NA
Tao et al. (2016) NA 0(0) 1 local biliary obstruction 1.000
Huang et al. (2015) NA 0(0) 2 subcapsular hemorrhage 0.489
Xu et al. (2013) NA 0(0) NA NA

TACE, transarterial chemoembolization; MWA, microwave ablation; NA, not available; Gl, gastrointestinal.
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Table 6. Results of Begg and Egger tests for publication bias

Begg test Egger test
z P t P
CR 2.02 0.044 0.27 0.79
PR 0.29 0.773 -0.32 0.752
SD 1.48 0.138 -1.87 0.084
PD 1.88 0.06 -3.85 0.002
ORR 1.77 0.077 0.9 0.384
1-year OS 0.62 0.537 1.63 0.124
2 -year OS 247 0.013 3.65 0.003
3-year OS -0.12 1 0.11 0.915

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response

rate; OS, overall survival.

This study had several limitations. The
included RCTs lack detailed implementa-
tion details about blinding and random-
ized allocation methods, increasing the
risk of related bias. In addition, the includ-
ed articles were all from Asian regions
and whether the results can be extended
to a wider population range needs to be
confirmed by larger controlled studies.
Moreover, considering few studies that in-
cluded patients with BCLC stage A alone,
the comparison of the efficacy of combi-
nation therapy for tumors larger than 5 cm
between BCLC stage A and B requires fur-
ther clinical research. Finally, owing to the
vague or inconsistent evaluation indexes
of each study, the complications could not
be quantified.

In conclusion, we found that TACE
combined with MWA achieved higher
treatment response rate and prolonged
OS in patients with early- and intermedi-
ate-stage HCCs larger than 5 cm compared
with TACE alone.
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