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Introduction
Hepatocellular carcinoma (HCC) is the fourth 
most common cause of cancer-related mortality 
worldwide.1 Surgical resection, liver transplanta-
tion and tumor ablation are the three curative 
modalities used to treat HCC.2 Surgical resection 
remains the primary curative treatment option 

due to limited donor availability for liver trans-
plantation and technical limitations associated 
with tumor ablation. Even after curative surgery, 
the prognosis for patients with HCC is still, how-
ever, poor due to the high incidence of postopera-
tive recurrence that is a major cause of subsequent 
mortality.3–5 Factors associated with HCC 
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Abstract
Background: Although adjuvant transcatheter arterial chemoembolization (TACE) has been 
used to prevent recurrence after surgery in patients with hepatocellular carcinoma (HCC), 
the survival benefits from adjuvant TACE remain controversial. We sought to systematically 
evaluate the data on the effectiveness of adjuvant TACE for HCC, as well as identify patient 
populations that might benefit from adjuvant TACE.
Methods: The PubMed, Embase, Medline and Cochrane library were systematically searched 
for studies published before July 2019 that compared adjuvant TACE versus surgery alone for 
HCC. The study endpoints were overall survival (OS) and disease-free survival (DFS). Patients 
with large HCC (⩾5 cm), multinodular HCC, microvascular invasion (MVI), or portal vein tumor 
thrombosis (PVTT) were analyzed in subgroup analyses.
Results: Twenty-four studies with 6977 patients were included in the analytic cohort. The 
pooled analysis demonstrated that adjuvant TACE was associated with a better OS and DFS 
[hazard ratio (HR): 0.67 and 0.67, both p < 0.01]. In subgroup analyses, pooled results revealed 
that adjuvant TACE was associated with an improved OS and DFS in patients with multinodular 
HCC (HR: 0.79 and 0.31, both p < 0.01), MVI (HR: 0.62 and 0.67, both p < 0.01), or PVTT (HR: 0.49 
and 0.58, both p < 0.01), but not among patients with large HCC (⩾5 cm).
Conclusion: Postoperative adjuvant TACE may be effective to improve OS and DFS in patients 
with multinodular HCC, or HCC with MVI or PVTT. Future randomized controlled trials are 
needed to better define the benefit of adjuvant TACE in subset patients with HCC. 
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recurrence include large tumor size (⩾5 cm), 
multi-nodularity, microvascular vascular invasion 
(MVI), and the presence of portal vein tumor 
thrombosis (PVTT).6,7 Various adjuvant thera-
pies have been used at several centers especially 
among patients with a high risk of HCC recur-
rence in an attempt to reduce the possibility of 
recurrence after surgery. Adjuvant therapeutic 
approaches have included interferon, sorafenib, 
immunotherapy, and systemic chemotherapy.8–14 
None of these therapies have, however, been 
determined to be an effective regimen to interna-
tional authoritative guidelines.15–17

Postoperative transcatheter arterial chemoembo-
lization (TACE), which can be performed 
1–2 months after curative resection of HCC, is 
also a proposed adjuvant therapy to prevent post-
operative recurrence.18–21 Adjuvant TACE has 
been proposed to theoretically eliminate intrahe-
patic micro-metastases or residual tumor foci, 
thus preventing recurrence and improving patient 
survival after resection of HCC.18–21 The role of 
adjuvant TACE remains controversial, with sev-
eral studies reporting no survival benefit or even a 
decrease in overall survival (OS) and disease-free 
survival (DFS).22,23 Specifically, postoperative 
TACE may impair hepatic and immunological 
functions and thus have an unintended adverse 
effect. The role of adjuvant TACE among patients 
after resection of HCC remains debated, with 
some investigators suggesting that adjuvant 
TACE may only benefit specific subsets of 
patients.24,25 A comprehensive review of current 
data on adjuvant TACE may provide an evidence-
based approach to identifying which patients 
might benefit from adjuvant TACE after surgical 
resection of HCC.

As such, the aim of this study was to perform a 
systematic review and meta-analysis of pooled 
published results on long-term outcomes of HCC 
patients who underwent adjuvant TACE after 
surgery. In addition to assessing outcomes among 
patients who did versus did not receive adjuvant 
TACE, subgroup analyses were performed to 
identify specific cohorts of patients who might 
benefit the most from adjuvant TACE.

Methods
A systematic review and meta-analysis on existing 
published medical literature was conducted fol-
lowing the Cochrane Collaboration guidelines.26

Literature search strategy
The PubMed, Embase and Cochrane Library 
were searched for studies published before July 
2019 using the following terms and search strat-
egy to identify relevant studies: (“Hepatocellular 
Carcinoma [MeSH]” OR “Liver Cancer” OR 
“Hepatic Cancer” OR “Primary Hepatic 
Carcinoma” OR “PHC” OR “Hepatocellular 
Cancer” OR “HCC”) AND (“Chemoembolization 
[MeSH]” OR “Transarterial Chemoembolization” 
OR “Transcatheter Arterial Chemoembolization” 
OR “TACE” OR “Chemotherapy”) AND 
(“Hepatectomy [MeSH]” OR “Surgical [MeSH]” 
OR “Surgical Resection” OR “Surgery” OR 
“Hepatic Resection” OR “Liver Resection”). The 
references of the included studies, relevant 
reviews and meta-analysis were manually screened 
to identify other eligible studies. Only studies 
written in English, regardless of patient popula-
tion, were included.

Eligibility criteria
The inclusion criteria for eligible studies were: (1) 
Studies that reported patients undergoing surgi-
cal resection for HCC; (2) Surgical resection with 
or without adjuvant TACE was compared; (3) 
Information on long-term survival was provided. 
Studies that met any one of the following criteria 
were excluded: (1) Studies on patients with recur-
rent or metastatic HCC; (2) Patients received any 
preoperative/neoadjuvant treatments; (3) No sur-
vival comparison of patients who did versus did 
not receive adjuvant TACE; (4) Replicated data 
reported by the same authors; (5) Abstracts, 
reviews, case reports, letters to the editor, and 
articles written in languages other than English.

Data extraction
Two reviewers (L.L. and C.L.) independently 
performed data extraction and a third author 
(T.Y.) cross-checked the data. Any disagreement 
was resolved through discussion. The data 
extracted included the surname of the first author, 
year of publication, study type, period of patient 
inclusion, number of patients, mean tumor size 
(cm), number of patients with Child–Pugh (A/B), 
number of patients with cirrhosis, number of 
patients with HBsAg (+), number of patients 
with multiple tumor numbers (⩾2), median OS 
(months), and median DFS (months). The haz-
ard ratios (HRs) associated with the OS curves 
were extracted to assess prognosis. The methods 
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for data extraction and calculation, especially the 
data in the Kaplan–Meier curves, were adopted 
from methods described in detail by Tierney 
et al.27 and Parmar et al.28 A calculation spread-
sheet in Microsoft Excel was developed to obtain 
the observed minus expected events (O-E), the 
variance (V), the HR, the log (HR), and its stand-
ard error (SE) for each of the individual trials.

Quality assessment
Cochrane Handbook for Systematic Reviews of 
Interventions was used to assess the quality of the 
randomized controlled trials (RCTs) included in 
the meta-analysis. Sequence generation of rand-
omization, allocation concealment, blinding of 
patients and personnel and blinding of outcome 
assessment were evaluated. The bias within and 
across the studies was further assessed based on 
the Risk of Bias in Non-randomised Studies - of 
Interventions (ROBINS-I)29 by the Cochrane 
Bias Methods Group (BMG). The Grading of 
Recommendations Assessment, Development 
and Evaluation (GRADE) System was used to 
assess the quality of the evidence and the strength 
of the recommendations.30

Data analysis
The Review Manager (RevMan, the Cochrane 
Collaboration, Oxford, UK) version 5.3 was used 
for data pooling. The primary endpoint of the 
meta-analysis was OS and DFS. The effect meas-
ures for OS and DFS were expressed as HR. If 
adjusted ratios are reported in some studies, such 
as using propensity score matching analysis, 
adjusted HRs are used in the analysis. The effect 
measures for survival rates (at 1-, 3- and 5-year) 
and DFS rates (at 1-, 2- and 3-year) were 
expressed as odds ratio (OR). The pooled HR, 
OR and 95% confidence interval (95% CI) asso-
ciated with the various outcomes were calculated. 
Statistical method of Exp(O-E)/Var was adopted 
to calculate pooled HR and Mantel–Haenszel was 
adopted to calculate pooled OR. According to the 
updating Cochrane handbook, random-effects 
model was chosen as a priority for all analyses, 
and then the alternative test was performed as a 
sensitivity test. The results of data pooling in the 
meta-analysis were presented as “forest plots.” 
Generally, heterogeneity among studies was 
assessed using the I2 statistic and the chi-square 
(X2)-based Q test. A p < 0.1 or I2 >50 indicated 

significant heterogeneity.31 The 95% CI of the 
pooled ratio was provided for analysis of statisti-
cally significant, as well as the effect range 
estimate.

Results

Included studies
Through searches of PubMed (n = 564), Embase 
(n = 346) and Cochrane library (n = 14) databases, 
924 articles were identified. Some 282 duplicate 
references were excluded. After abstract review-
ing, 580 of the 642 original articles were elimi-
nated for failure to meet the inclusion criteria. In 
addition, of the remaining 62 studies, 38 were 
excluded after reviewing the full text due to incom-
plete data or non-English language. Eventually, 
24 studies [nine RCTs20,23,32–38 and 15 non-rand-
omized controlled trials (NRCTs)18,19,21,22,39–49] 
were included in the systematic review. The search 
and screening processes of the medical literature 
review are summarized in Figure 1.

Quality assessment
Methodological quality was unknown risk of bias 
in four RCTs20,36–38 and high risk of bias in the 
remaining five RCTs23,32–35 (Supplement Table 
1). Nine NRCTs18,21,22,39,42–44,48,49 were of rela-
tively moderate risk of bias; six NRCTs19,40,41,45–47 
were of relatively serious risk of bias (Supplement 
Table 2).

Baseline characteristics
Twenty-four studies including nine RCTs20,23,32–38 
and 15 NRCTs18,19,21,22,39–49 including 6912 
patients were published between 1994 and 2019. 
Among the entire cohort, 5627 (81%) patients 
were male. TACE was performed 1–2 months 
after curative resection of HCC by using lipiodol-
based regimens, including the administration of 
an anticancer-in-oil emulsion followed by embolic 
agents. Mean tumor size was reported in 11 stud-
ies,18,19,21,23,36,37,40,41,44,46,48 involving 1948 (30%) 
patients with a median size of 7 cm (range 3–10). 
Some 743 (18%) patients with multiple tumors 
(⩾2) were reported in 13 studies18–23,34,35,37,42,44,46,49 
involving 3980 patients. In addition, 3492 (74%) 
patients with HBsAg (+) were reported in 17 
studies18–23,32,34–37,39,40,42,44,46,49 involving 4720 
patients. The detailed baseline characteristics of 
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the enrolled studies and patients are shown in 
Table 1.

Overall survival
The OS was calculated based on the six 
RCTs20,32,33,36–38 and 15 NRCTs18,19,21,22,39–46,48,49 
that incorporated 6573 patients (n = 2572, 39% 
for surgery followed by adjuvant TACE versus 
n = 4001, 61% for surgery alone). The pooled 
HR for OS among all studies was 0.67 (95% CI 
0.60–0.76, p < 0.001; I2 = 0%, p = 0.58), which 
was in favor of the surgery followed by adjuvant 
TACE group (Figure 2A). No significant publi-
cation bias was noted in the funnel plot 
(Supplement Figure 1). Furthermore, the pooled 
analysis of all studies demonstrated that patients 
who underwent surgery followed by adjuvant 
TACE had better 1-, 3-, and 5-year survival ver-
sus patients who had surgery only (Figure 2B). 
Of note, the survival benefit was consistent 
among RCTs and NRCTs. While there was a 
heterogeneity at 3 years in RCT studies (I2 = 67%, 
p = 0.01), other studies demonstrated no 

significant heterogeneity. The pooled effect was 
estimated by using the random-effect model as 
demonstrated in a forest plot (Supplement Figure 
2A–C). No significant publication bias was noted 
in the funnel plot (Supplement Figure 3A–C).

Potential differences in OS among patients who 
underwent surgery followed by adjuvant TACE 
versus patients who underwent surgery alone were 
further examined by stratifying patients according 
to several risk factors (Figure 3). Specifically, 
among patients with tumor diameter ⩾5 cm, the 
pooled HR demonstrated there were no differ-
ence among patients who underwent surgery fol-
lowed by adjuvant TACE versus surgery alone 
(HR 0.84, 95% CI 0.51–1.37, p = 0.49; I2 = 30%, 
p = 0.24). In contrast, among patients with multi-
nodular HCC (⩾2), as well as patients who had 
HCC with MVI or PVTT, the pooled HRs were 
in favor of surgery followed by adjuvant TACE 
(HR 0.79, 95% CI 0.64–0.98, p = 0.03; HR 0.62, 
95% CI 0.52–0.74, p < 0.001; I2 = 0%, p = 0.67 
and HR 0.49, 95% CI 0.34–0.69, p < 0.001; 
I2 = 19%, p = 0.27, respectively). No significant 
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Figure 1.  PRISMA flow diagram showing selection of articles for review.

https://journals.sagepub.com/home/tag


L Liang, C Li et al.

journals.sagepub.com/home/tag	 5

Table 1.  Baseline characters of studies and patients.

Name Study Period Group Number Tumor 
size

Child 
(A/B)

Cirrhosis 
(%)

HBsAg 
(+ %)

Tumors 
(⩾2, %)

Median 
OS

Median 
DFS

Izumi et al.32 RCT 1987–1992 S-TACE 23 NA NA NA 6 (26) NA 49 28

  Surgery 27 NA NA NA 2 (7) NA 41 19

Li et al.33 RCT 1990–1993 S-TACE 70 NA NA NA NA NA NA NA

  Surgery 70 NA NA NA NA NA NA NA

Ewards et al.23 RCT 1991–1995 S-TACE 30 9 NA 17 (57) 25 (83) 11 (37) NA NA

  Surgery 36 10 NA 19 (53) 31 (86) 15 (42) NA NA

Li et al.34 RCT 1998–2001 S-TACE 39 NA 23/16 NA 32 (82) 6 (15) NA NA

  Surgery 45 NA 22/23 NA 37 (82) 9 20) NA NA

Li et al.35 RCT 1998–2001 S-TACE 35 NA 18/17 NA 29 (83) 19 (54) NA NA

  Surgery 37 NA 15/22 NA 34 (92) 17 (46) NA NA

Peng et al.36 RCT 1996–2004 S-TACE 51 9 44/7 42 (82) 31 (61) NA 13 NA

  Surgery 53 8 46/7 37 (70) 40 (75) NA 9 NA

Zhong et al.37 RCT 2001–2004 S-TACE 57 10 56/1 NA 53 (93) 44 (77) 23 6

  Surgery 58 10 58/0 NA 52 (90) 42 (72) 14 4

Wei et al.38 RCT 2009–2012 S-TACE 116 NA 116/0 50 (43) NA NA 44 17

  Surgery 118 NA 116/2 42 (36) NA NA NA NA

Wang et al.20 RCT 2011–2014 S-TACE 140 NA NA 72 (51) 29 (21) 38 (27) 22 26

  Surgery 140 NA NA 66 (47) 39 (28) 31 (22) 9 24

Tanaka et al.38 NRCT NA S-TACE 24 NA NA 6 (25) 6 (25) 6 (25) NA NA

  Surgery 41 NA NA 26 (63) 9 (22) 8 (20) NA NA

Ren et al.39 (1) NRCT 1995–1998 S-TACE 108 NA 106/2 84 (78) 27 (25) NA NA NA

  Surgery 190 NA 187/3 149 (78) 47 (25) NA NA NA

Ren et al.39 (2) NRCT 1995–1998 S-TACE 77 NA 77/0 71 (92) 11 (14) NA NA NA

  Surgery 174 NA 165/5 152 (87) 43 (25) NA NA NA

Xi et al.40 NRCT 1996–2001 S-TACE 145 7 145/0 NA 117 
(81)

NA NA NA

  Surgery 576 7 560/16 NA 450 
(78)

NA NA NA

Li et al.41 NRCT 2005–2010 S-TACE 35 6 34/1 32 (91) NA NA NA NA

  Surgery 41 7 39/2 36 (88) NA NA NA NA

Chen et al.42 NRCT 2001–2007 S-TACE 766 NA 754/12 NA 668 
(86)

120 (16) NA NA

  Surgery 1158 NA 1133/25 NA 1005 
(87)

128 (11) NA NA

(Continued)
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Name Study Period Group Number Tumor 
size

Child 
(A/B)

Cirrhosis 
(%)

HBsAg 
(+ %)

Tumors 
(⩾2, %)

Median 
OS

Median 
DFS

Liu et al.43 (1) NRCT 1998–2006 S-TACE 112 NA NA NA NA NA NA NA

  Surgery 138 NA NA NA NA NA NA NA

Liu et al.43 (2) NRCT 1998–2006 S-TACE 66 NA NA NA NA NA NA NA

  Surgery 112 NA NA NA NA NA NA NA

Li et al.19 NRCT 2006–2009 S-TACE 26 5 12/14 17 (65) 13 (50) 4 (15) 35 NA

  Surgery 34 5 16/18 21 (62) 17 (50) 8 (24) 15 NA

Sun et al.18 NRCT 2004–2013 S-TACE 137 7 135/2 88 (64) 121 
(88)

11 (8) NA NA

  Surgery 185 7 182/3 109 (59) 163 
(88)

17 (9) NA NA

Jiang et al.44 NRCT 2007–2010 S-TACE 61 6 NA 51 (84) 50 (82) 17 (28) 32 NA

  Surgery 61 6 NA 51 (84) 52 (85) 15 (25) 28 NA

Liu et al.45 NRCT 2005–2013 S-TACE 162 NA NA NA NA NA 56 23

  Surgery 205 NA NA NA NA NA 35 21

Qi et al.22 NRCT 2012–2014 S-TACE 91 NA NA 79 (87) 77 (85) 23 (25) NA NA

  Surgery 109 NA NA 89 (82) 96 (88) 25 (23) NA NA

Bai et al.46 NRCT 2009–2010 S-TACE 31 12 31/1 28 (90) 6 (19) 6 (19) 22 14

  Surgery 51 10 47/4 47 (92) 11 (22) 9 (18) 9 7

Liu et al.47 NRCT 2010–2014 S-TACE 62 NA 59/3 NA NA NA NA NA

  Surgery 55 NA 54/1 NA NA NA NA NA

Tong et al.48 NRCT 2010–2014 S-TACE 83 4 81/2 35 (42) NA NA 38 NA

  Surgery 83 3 80/3 36 (43) NA NA 31 NA

Ye et al.49 (1) NRCT 2012–2015 S-TACE 72 NA 70/2 63 (88) 66 (92) 10 (14) NA NA

  Surgery 187 NA 180/7 156 (83) 168 
(90)

32 (17) NA NA

Ye et al.49 (2) NRCT 2012–2015 S-TACE 86 NA 84/2 72 (84) 72 (84) 13 (15) NA 37

  Surgery 174 NA 172/2 143 (82) 156 
(90)

37 (21) NA 13

Wang et al.21 NRCT 2004–2015 S-TACE 57 6 54/3 49 (86) 47 (82) 11 (19) NA NA

  Surgery 57 6 54/3 46 (81) 51 (89) 11 (19) NA NA

Ren (1) and (2) was divided into two group by without or with risk factors for residual tumor; Liu H (1) and (2) was divided into two group by serum 
γ-glutamyl transpeptidase (GGT) ⩽80 U/L or GGT >80 U/L; Ye (1) and (2) was divided into two group by without or with microvascular invasion.
DFS, disease-free survival; NA, not available; NRCT, non-randomized controlled trial; OS, overall survival; RCT, randomized controlled trial; 
S-TACE, surgery followed by adjuvant transcatheter arterial chemoembolization. 

Table 1. (Continued)

https://journals.sagepub.com/home/tag


L Liang, C Li et al.

journals.sagepub.com/home/tag	 7

Figure 2.  Forest plots comparing the overall survival between surgery followed by adjuvant TACE and surgery 
alone.
NRCT, non-randomized controlled trial; RCT, randomized controlled trial; TACE, transcatheter arterial 
chemoembolization
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Figure 3.  Forest plots comparing the overall survival stratified by different risk factors.
HCC, hepatocellular carcinoma; MVI, microvascular vascular invasion; PVTT, portal vein tumor thrombosis; 
TACE, transcatheter arterial chemoembolization

publication bias was noted in the funnel plot 
(Supplement Figure 3D).

Disease-free survival
The pooled DFS was calculated based on the seven 
RCTs20,23,32,34,35,37,38 and six NRCTs21,22,40,41,46,48 
that comprised 2260 patients (n = 882, 39% for 
surgery followed by adjuvant TACE versus n = 1378, 
61% for surgery alone). The pooled HR of DFS for 
all studies was 0.71 (95% CI 0.61–0.84, p < 0.001; 
I2 = 60%, p = 0.003), which was in favor of adjuvant 
TACE after surgical resection. The potential rea-
son for the heterogeneity may have been due to the 
inclusion of the study by Edward et al.;23 when 
this study was excluded, there were no significant 
heterogeneity (I2 = 18%, p = 0.27) (Figure 4A).  
No significant publication bias was demonstrated 
in the funnel plot (Supplement Figure 4). At the 
same time, the pooled analysis of all studies 

demonstrated that patients who underwent surgery 
followed by adjuvant TACE had a better 1-, 2-, 
and 3-year DFS than patients who had surgery only 
(Figure 4B). Though there were no statistical dif-
ferences in 3-year DFS in the RCT subgroup and 
2-year DFS in the NRCT subgroup, patients who 
underwent surgery followed by adjuvant TACE 
still had a better survival than patients who had sur-
gery only. In addition, there was good consistency 
in the reported survival benefit in all included stud-
ies. The pooled effect was estimated by using the 
random-effect model as shown in forest plots 
(Supplement Figure 5A–C). No significant publi-
cation bias was noted in the funnel plot (Supplement 
Figure 6A–C).

Potential differences in DFS among patients 
who underwent surgery followed by adjuvant 
TACE versus surgery alone were examined by 
stratifying patients according to several risk 
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factors (Figure 5). For patients with tumor 
diameter ⩾5 cm, the pooled HR demonstrated 
no significant difference between surgery fol-
lowed by adjuvant TACE versus surgery alone 
(HR 1.51, 95% CI 0.33–6.99, p = 0.60; I2 = 92%, 
p < 0.001). In contrast, among patients with 
multinodular HCC (⩾2), or HCC with MVI or 
PVTT, the pooled HRs were in favor of a 

survival benefit for patients undergoing surgery 
followed by adjuvant TACE (HR 0.31, 95% CI 
0.15–0.64, p = 0.002; I2 = 0%, p = 0.62; HR 0.67, 
95% CI 0.55–0.82, p < 0.001; I2 = 0%, p = 0.72 
and HR 0.54, 95% CI 0.36–0.83, p = 0.004; 
I2 = 66%, p = 0.09, respectively). No significant 
publication bias was noted in the funnel plot 
(Supplement Figure 6D).

Figure 4.  Forest plots comparing the disease-free survival between surgery followed by adjuvant TACE and 
surgery alone.
NRCT, non-randomized controlled trial; RCT, randomized controlled trial; TACE, transcatheter arterial 
chemoembolization
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Sensitivity analysis
A sensitivity analysis was performed, in which one 
study at a time was removed and the others ana-
lyzed to estimate whether the results could have 
been affected markedly by a single study. Apart 
from 3-year in RCTs and 2-year in NRCTs for 
DFS (Figure 4B), the sensitivity analysis demon-
strated the results were well stable.

Discussion
This meta-analysis aimed to evaluate the effec-
tiveness of adjuvant TACE after surgery for HCC 
using the latest published data. In addition, we 
sought to identify patient populations who might 
benefit the most from this adjuvant therapy. To 
this end, 24 studies (nine RCTs and 15 NRCTs) 
comprising 6912 patients were included in the 
meta-analysis. Of note, adjuvant TACE following 
resection of HCC was noted to be associated with 
an improvement in both OS and DFS. In particu-
lar, certain subgroups of patients benefited the 
most from adjuvant TACE such as HCC patients 

with multinodular HCC, as well as patients with 
HCC who had MVI or PVTT. In contrast, there 
appeared not to be benefit of adjuvant TACE 
when assessing only tumor size (⩾5 cm) alone.

Adjuvant TACE has been most often used as a 
means to prevent postoperative recurrence in a 
few Eastern countries. The proposed mechanism 
of adjuvant TACE is the elimination of intrahe-
patic micro-metastases, residual small foci or dis-
sociated cancer cells due to extrusion at the time 
of surgery.18,19,50 While some studies have 
reported no benefit of adjuvant TACE after HCC 
resection, other studies have demonstrated a sur-
vival benefit, especially among patients at a high 
recurrence risk. In 2010, Zhong et al. performed 
a meta-analysis of six RCTs involving 659 HCC 
patients to evaluate the efficacy of postoperative 
TACE.14 The authors reported that adjuvant 
TACE decreased the 1- and 3-year incidences of 
death among patients undergoing HCC resec-
tion. In 2014, Cheng et al. performed a meta-
analysis of six RCTs to assess the beneficial effects 

Figure 5.  Forest plots comparing the disease-free survival stratified by different risk factors.
HCC, hepatocellular carcinoma; MVI, microvascular vascular invasion; PVTT, portal vein tumor thrombosis
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of adjuvant TACE after HCC resection.51 These 
authors reported that adjuvant TACE offered 
potential benefits after curative HCC resection 
among patients who had a mean tumor size 
>5 cm, which was different than the results of the 
current study. In 2015, Qi et al. published a meta-
analysis including 19 RCT and NRCT studies, 
which suggested that adjuvant TACE improved 
DFS among patients with HCC.52 In this study, 
however, the difference in OS was not statistically 
significant (HR = 0.85, 95% CI 0.72–1.00, 
p = 0.06), and the heterogeneity among studies 
was statistically significant (I2 = 70%, p < 0.001).

Compared with previous meta-analyses,14,51,52 the 
current review was much more extensive as it 
included 24 studies (nine RCTs and 15 NRCTs) 
comprising 6912 patients. In addition, the 
method of data extraction and calculation was 
more robust as it was adopted in detail from 
Tierney et al.27 and Parmar et al.28 Data included 
in the Kaplan–Meier curve analyses, in particular, 
were more extensive than previous analyses. Of 
note, the pooled HR in the current study demon-
strated significant improvements in OS and DFS 
among patients who received adjuvant TACE. 
Importantly, there was no significant heterogene-
ity. In addition, the survival benefit of adjuvant 
TACE had a good consistency among RCTs and 
NRCTs. Pooled OR analyses at 1-, 3- and 5-year 
for OS, as well as DFS 1-, 2- and 3-year were 
consistent with previous results of pooled HR.

Another strength of the current study was the sub-
set analyses we performed to identify patient pop-
ulations who might benefit the most from adjuvant 
TACE. Specifically, patients who had adjuvant 
TACE versus surgery alone were examined rela-
tive to such risk factors as tumor size ⩾5 cm, mul-
tinodular HCC, MVI and PVTT. In subgroup 
analyses, the pooled results indicated that adju-
vant TACE was associated with improved OS and 
DFS among patients with multinodular HCC, as 
well as HCC with MVI or PVTT. In contrast, 
there was no differential survival benefit to adju-
vant TACE relative to tumor size of ⩾5 cm.

Several limitations should be considered when 
interpreting data from the current study. The 
usage of gelatin sponge and/or related material 
may difference in each patient, though TACE 
were performed 1–2 months after curative resec-
tion of HCC by using lipiodol-based regimens. 
Lack of standardized technique of intra-arterial 

therapy was the major limitation. Then, the con-
sistency and representativeness of patients 
included was also suboptimal. This heterogeneity 
in the selection of patients may have led to selec-
tion bias. In addition, not all RCTs were high-
quality studies and many NRCTs were 
predominantly retrospective in nature. As such 
there may be inherent selection bias from some of 
the studies. Moreover, many studies did not dis-
close some factors, such as median OS, DFS or 
the value of HR, which led to the pooling results 
of some factors only from a few articles.  Finally, 
as all studies were performed in Asia, the results 
of this meta-analysis might not be applicable to 
patients in Western countries.

In conclusion, this systematic review and meta-
analysis provides updated evidence to support 
adjuvant TACE as a possible treatment to 
improve the long-term oncological prognosis for 
patients undergoing curative resection for HCC, 
especially in those patients with multinodular 
HCC, MVI or PVTT. Future RCTs are still 
needed to better define the benefit of adjuvant 
TACE in subset patients with HCC.
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