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ABSTRACT

Background and Aims: The prognosis of hepatocellular carcinoma (HCC) treated
with hepatic resection may be improved by the adjunctive use of transarterial
chemoembolization (TACE). This study aimed to systematically compare the outcomes
between hepatic resection with and without TACE groups.

Methods: All relevant randomized controlled trials (RCTs) and non-RCTs were
searched by the PubMed, EMBASE, and Cochrane Library databases. Overall survival
(0S) and disease-free survival (DFS) were two major outcomes. Meta-analyses were
performed according to the timing of TACE (pre- or post-operative TACE). Subgroup
analyses were also performed. Hazard ratios (HRs) with 95% confidence intervals
(959%CIs) were calculated.

Results: Overall, 55 papers were included (14 RCTs and 41 non-RCTs). Overall
meta-analyses demonstrated that OS and DFS were statistically similar between
hepatic resection with and without pre-operative TACE groups (HR = 1.01,
959%CI = 0.87-1.19, P = 0.87; HR = 0.91, 95%CI = 0.82-1.01, P = 0.07). Subgroup
analyses of RCTs or non-RCTs showed that OS and DFS remained statistically similar
between hepatic resection with and without pre-operative TACE groups. Subgroup
analysis of incomplete or no tumor necrosis showed that OS was worse in hepatic
resection with pre-operative TACE group than in hepatic resection without pre-
operative TACE group. By contrast, subgroup analysis of complete tumor necrosis
showed that DFS was better in hepatic resection with pre-operative TACE group than
in hepatic resection without pre-operative TACE group.

Overall meta-analyses demonstrated that OS and DFS were better in hepatic
resection with post-operative TACE group than in hepatic resection without post-
operative TACE group (HR = 0.85, 95%CI = 0.72-1.00, P = 0.06; HR = 0.83,
959%CI = 0.73-0.94, P = 0.004). Subgroup analyses of RCTs, vascular invasion, or
large HCC showed that OS and DFS remained better in hepatic resection with post-
operative TACE group than in hepatic resection without post-operative TACE group. By
contrast, subgroup analyses of non-RCTs, no vascular invasion, or small HCC showed
that OS and DFS were statistically similar between the two groups.
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Conclusions: Post-operative TACE, rather than pre-operative TACE, may be
considered as an adjunctive treatment option for HCC treated with hepatic resection.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
lethal malignancies in the world [1-2]. Hepatic resection
is a curative treatment option for HCC [3—4]. The current
practice guidelines recommend that hepatic resection
should be employed for the treatment of early HCC
with single nodule and normal liver function but without
clinically significant portal hypertension [5]. Recent meta-
analyses have shown a statistically significant survival
benefit of hepatic resection over radiofrequency ablation in
small HCC, especially in HCC with >3 c¢cm nodule [6—7].
On the other hand, accumulated evidence also suggests
that the indications for hepatic resection may be further
extended outside the early stage of HCC [8—10]. In clinical
practices, more and more patients are considered as the
candidates for hepatic resection due to the improvement of
diagnostic methods, early surveillance, and surgical skills
[11]. However, the residual tumor and tumor recurrence
after resection remained an unresolved issue [12—13].

Transarterial chemoembolization (TACE) is
recommended as the standard treatment option for HCC at
intermediate stage [5]. Because the blood supply of HCC
is mainly derived from hepatic artery, the use of TACE can
lead to the ischemia and necrosis of tumor tissues at the
embolization regions. Meta-analyses have also confirmed
its significant survival benefit over no treatment [14].
Theoretically, the adjunctive use of TACE before and after
hepatic resection may be effective for the prevention of
tumor recurrence and improvement of survival in HCC
patients. However, due to the inconsistency of conclusions
among studies, the use of hepatic resection in combination
with adjunctive TACE is not recommended [5].

The aim of our study was to systematically collect
the relevant data comparing the outcomes of hepatic
resection with and without TACE and to synthesize these
data into a more unbiased and balanced result.

RESULTS

Study selection

A total of 2037 papers were initially retrieved.
Among them, 62 potentially eligible papers were identified.
However, one paper was excluded, because the separate data
in hepatic resection combined with TACE group could not
be obtained [15]; four papers were excluded, because the
survival and recurrence data were not provided [16—19];
and two papers were excluded, because they compared
the outcomes of prophylactic versus therapeutic TACE for
recurrent HCC [20-21]. Finally, 55 papers were included in
the systematic review [22-76] (Figure 1).

Study characteristics

The study characteristics were summarized in
Table 1. Among them, 37 papers were cohort studies
(retrospective, n = 25; prospective, n = 2; unclassified,
n = 10), 4 papers were case-control studies (retrospective,
n = 1; propensity score analysis, #n = 1; unclassified, n = 2),
and 14 papers were randomized controlled trials (RCTs).
They were performed in China (n = 31), both China and
Japan (n = 1), France (n = 2), Italy (n =2), Japan (n = 15),
and Korea (n = 4). The patient enrollment was initiated
before and after 2000 in 36 and 19 papers, respectively.
Pre-operative and post-operative TACE was performed
in 32 and 22 papers, respectively. Both pre-operative
and post-operative TACE were performed in one paper.
As for pre-operative TACE, the interval between TACE
and hepatic resection was not available in 11 papers. As
for post-operative TACE, the interval between TACE and
hepatic resection was not available in 4 papers.

Study quality

Of the 37 cohort studies, 7 had 0-3 points, 27 had
4-6 points, and 3 had 7-8 points (Supplementary
Table 1). All of the 4 case-control studies had 4-6 points
(Supplementary Table 2). Of the 14 RCTs, 1, 8, and 5 had
high, unclear, and low risk of bias in random sequence
generation, respectively; 2, 8, and 4 had high, unclear, and
low risk of bias in allocation concealment, respectively;
3 and 11 had high and unclear risk of bias in blinding of
participants and personnel, respectively; 13 and 1 had
unclear and low risk of bias in blinding of outcome
assessment, respectively; 1, 8, and 5 had high, unclear, and
low risk of bias in incomplete outcome data addressed,
respectively; and 1 and 13 had high and low risk of bias in
selective reporting, respectively (Supplementary Table 3).

Pre-operative TACE

Overall survival (OS)

Twenty-four studies reported the OS rate in the
two groups. The overall meta-analysis demonstrated
a statistically similar OS between hepatic resection with
and without pre-operative TACE groups (hazard ratio
[HR] = 1.01, 95% confidence interval [CI] = 0.87-1.19,
P = 0.87) (Figure 2). The heterogeneity among studies
was statistically significant (P < 0.00001; I* = 81%).
The funnel plot suggested a proof of publication bias
(Supplementary Figure 1).

In the subgroup analysis of complete tumor necrosis
after TACE, the OS remained statistically similar between
the two groups (HR = 1.02, 95%CI = 0.63—1.66, P = 0.93)
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Figure 1: Flowchart of study inclusion.

(Supplementary Figure 2). However, in the subgroup
analysis of incomplete or no tumor necrosis after TACE,
the OS was statistically significantly worse in hepatic
resection with pre-operative TACE group than in hepatic
resection without pre-operative TACE group (HR = 2.01,
95%CI = 1.22-3.31, P = 0.006). The subgroup difference
was statistically significant (P = 0.06; I* = 72.2%).

Regardless of large or small HCC, the OS
remained statistically similar between the two groups (in
large HCC: HR = 0.85, 95%CI = 0.68—-1.07, P = 0.18; in
small HCC: HR = 1.10, 95%CI = 0.58-2.07, P = 0.77)
(Supplementary Figure 3). There was no statistically
significant subgroup difference (P = 0.46; I = 0%).

In the subgroup analysis of cirrhotic patients,
the OS was statistically significantly better in hepatic

® Study protocols (n=3)

® Comments or corrections (n=25)

® Experimental studies (n=50)

® Case reports or video recordings (n=205)

_______________________________________________________

1
i ® No comparison between surgery alone versus surgery +

® Duplicates (n=479)
® Narrative or systematic reviews (n=374)

i ® No separate data in surgery + TACE group (n=1) E
1 ® No survival or recurrence data (n=4) 1
@ Therapeutic TACE for residual tumor after surgery (n=2) !

resection with pre-operative TACE group than in hepatic
resection without pre-operative TACE group (HR = 0.67,
95%CI = 0.47-0.96, P = 0.03) (Supplementary Figure 4).
By comparison, in the subgroup analysis of non-cirrhotic
patients, the OS was statistically similar between the
two groups (HR = 0.63, 95% CI = 0.17-2.32, P = 0.48).
There was no statistically significant subgroup difference
(P=10.92; I> = 0%).

Regardless of randomized or non-randomized
studies, the OS remained statistically similar
between the two groups (in RCT: HR 0.90,
95%CI =0.73-1.10, P = 0.30; in non-RCT: HR = 1.03,
95%CI=0.86-1.23, P=0.77) (Supplementary Figure 5).
There was no statistically significant subgroup
difference (P = 0.33; I = 0%).
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Pre-operative TACE NoTACE

Hazard Ratio Hazard Ratio

_ Study orSubgroup log[Hazard Ratio] SE Total Total Weight IV.Random.95%CI IV.Random. 95% Cl
Chen XH 2010 - subgroup 1 -0.31 0.15 89 157 4.2% 0.73 [0.55, 0.98] B
Di Carlo V 1998 -05 0.2 55 45  3.8% 0.61[0.41, 0.90] -
Harada T 1996 -0.52 0.29 98 33 3.0% 0.59 [0.34, 1.05] I
Jianyong L 2014 0.1 0.12 183 405 4.5% 1.11[0.87, 1.40] T
Kaibori M 2006 - subgroup 1 -0.25 0.27 49 57  32% 0.78 [0.46, 1.32] -1
Kaibori M 2006 - subgroup 2 -0.89 0.26 66 53 3.3% 0.41[0.25, 0.68] -
Kaibori M 2012 -0.21 0.28 81 43 3.1% 0.81[0.47, 1.40] I
Kang JY 2008 0.39 0.21 32 64  3.7% 1.48[0.98, 2.23] —
Kim IS 2008 0.47 0.14 97 237 4.3% 1.60 [1.22, 2.11] -
Kishi Y 2012 0.83 0.14 69 158 4.3% 2.29[1.74, 3.02] -
Liu YJ 2010 0.46 0.13 71 156 4.4% 1.58 [1.23, 2.04] -
Lu CD 1999 -0.14 0.19 44 76 3.9% 0.87 [0.60, 1.26] -
Nagasue N 1989 0.4 0.19 31 107 3.9% 1.49[1.03, 2.16] —
Nishikawa H 2013 -0.11 0.2 110 125 3.8% 0.90 [0.61, 1.33] /1
Ochiai T 2003 -0.26 0.24 100 48 3.4% 0.77 [0.48, 1.23] -1
Paye F 1998 -0.84 0.62 24 24 1.3% 0.43[0.13, 1.46] [
Sasaki A 2006 0.34 0.11 109 126 4.5% 1.40 [1.13, 1.74] -
Shi HY 2014 -0.21 0.08 648 648 4.7% 0.81[0.69, 0.95] -
Tang QH 2009 -0.19 0.17 52 56 4.1% 0.83[0.59, 1.15] B
Uchida M 1996 -0.01 0.27 60 68  3.2% 0.99 [0.58, 1.68] -1
Wang TH 2010 -0.19 0.16 51 125 4.2% 0.83[0.60, 1.13] T
Wu CC 1995 0.52 0.32 23 26 2.8% 1.68 [0.90, 3.15] T
Xiao EH 2005 -0.37 0.17 81 0 4.1% 0.69 [0.50, 0.96] )
Yamasaki S 1996 -0.11 0.29 50 47 3.0% 0.90 [0.51, 1.58] I
Yanaga K 2014 0.75 0.25 37 176 3.4% 2.12[1.30, 3.46] -
Yang PS 2010 0.5 0.19 35 206 3.9% 1.65[1.14, 2.39] -
Zhou WP 2009 -0.19 0.17 52 56 4.1% 0.83[0.59, 1.15] T
Total (95% Cl) 2397 3322 100.0% 1.01 [0.87, 1.19]

Heterogeneity: Tau? = 0.13; Chi? = 139.71, df = 26 (P < 0.00001); I> = 81%
Test for overall effect: Z=0.16 (P = 0.87)

) A

0102 05 1 2 5 10

Pre-operative TACE No TACE

Figure 2: Forest plots comparing the overall survival between hepatic resection with and without pre-operative

TACE groups.
Disease-free survival (DFS)

Twenty-four studies reported the DFS rate in the two
groups. The overall meta-analysis demonstrated a better
DFS in hepatic resection with pre-operative TACE group
than in hepatic resection without pre-operative TACE
group. But the difference was not statistically significant
(HR=10.91, 95% CI=0.82-1.01, P=0.07) (Figure 3). The
heterogeneity among studies was statistically significant
(P <0.00001; I>=71%). The funnel plot suggested a proof
of publication bias (Supplementary Figure 6).

In the subgroup analysis of complete tumor necrosis
after TACE, the DFS was statistically significantly better
in hepatic resection with pre-operative TACE group than
in hepatic resection without pre-operative TACE group
(HR = 0.67, 95% CI = 0.58-0.77, P < 0.00001)
(Supplementary Figure 7). However, in the subgroup
analysis of incomplete or no tumor necrosis after TACE,
the DFS was statistically similar between the two groups
(HR =1.13,95% CI =0.94-1.35, P = 0.20). The subgroup
difference was statistically significant (P < 0.00001;
I?=95.1%).

Regardless of large or small HCC, the DFS was
statistically similar between the two groups (in large
HCC: HR =0.86, 95% CI = 0.69-1.06, P = 0.15; in small
HCC: HR = 1.10, 95% CI = 0.80-1.50, P = 0.56)
(Supplementary Figure 8). There was no statistically
significant subgroup difference (P = 0.20; I* = 39.8%).

In the subgroup analysis of cirrhotic patients,
the DFS was statistically significantly better in
hepatic resection with pre-operative TACE group
than in hepatic resection without pre-operative TACE
group (HR = 0.77, 95% CI = 0.62-0.95, P = 0.01)
(Supplementary Figure 9). No study was identified in
the subgroup analysis of non-cirrhotic patients.

Regardless of randomized or non-randomized
studies, the DFS was statistically similar between the two
groups (in RCT: HR =0.92, 95% CI=0.79-1.07, P = 0.26;
in non-RCT: HR = 0.90, 95% CI = 0.81-1.02, P = 0.09)
(Supplementary Figure 10). There was no statistically
significant subgroup difference (P = 0.88; I* = 0%).

Free of recurrence

Two studies reported the recurrence rate in the
two groups. Both of them demonstrated a higher overall
rate free of recurrence in hepatic resection without pre-
operative TACE group than in hepatic resection with
pre-operative TACE group (39.7% versus 27.5%; 62%
versus 51%).

Post-operative TACE

(O]

Sixteen studies reported the OS rate in the two
groups. The overall meta-analysis demonstrated a better
OS in hepatic resection with post-operative TACE group
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Pre-operative TACE NoTACE

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight 1V.Random,95%Cl 1V. Random. 95%Cl
Adachi E 1993 -0.14 0.32 46 26 1.8% 0.87 [0.46, 1.63] I
Chen XP 2007 -0.28 0.12 89 157 4.6% 0.76 [0.60, 0.96] =

Choi GH 2007 -0.12 0.15 117 152 4.0% 0.89[0.66, 1.19] BB

Di Carlo V 1998 -0.3 0.13 55 45 4.4% 0.74 [0.57, 0.96] =
Harada T 1996 -0.05 0.18 98 33 3.5% 0.95[0.67, 1.35] =
Jianyong L 2014 0.15 0.16 183 405 3.8% 1.16 [0.85, 1.59] T
Kaibori M 2006 - subgroup 1 0.03 0.19 49 57 3.3% 1.03[0.71, 1.50] =
Kaibori M 2006 - subgroup 2 -0.75 0.17 66 53 3.6% 0.47 [0.34, 0.66] e

Kaibori M 2012 -0.04 0.17 81 43 3.6% 0.96 [0.69, 1.34] -1
Kang JY 2008 0.56: 10.17 32 64 3.6% 1.75[1.25, 2.44] -
Kim 1S 2008 0.15 0.14 97 237 4.2% 1.16 [0.88, 1.53] T

Lu CD 1999 0.07 0.17 44 76 3.6% 1.07 [0.77, 1.50] =
Majno PE 1997 -0.18 0.19 49 27 3.3% 0.84 [0.58, 1.21] g B
Nishikawa H 2013 -0.35 0.12 110 125 4.6% 0.70 [0.56, 0.89] -

Ochiai T 2003 0.01 0.22 100 48 2.9% 1.01[0.66, 1.55] -1
Paye F 1998 -0.36 0.26 24 24 2.4% 0.70[0.42, 1.16] -/ T
Sasaki A 2006 0.04 0.07 109 126 5.5% 1.04 [0.91, 1.19] T

Shi HY 2014 -0.03 0.05 648 648 5.8% 0.97 [0.88, 1.07] E

Sugo H 2003 -0.28 0.12 146 81 4.6% 0.76 [0.60, 0.96] B

Tang QH 2009 -0.13 0.14 52 56 4.2% 0.88 [0.67, 1.16] “H

Wu CC 1995 0.37 03 23 26 2.0% 1.45[0.80, 2.61] T
Yamasaki S 1996 -0.17 0.2 50 47 3.1% 0.84 [0.57, 1.25] ==
Yang PS 2010 0.36 0.12 35 206 4.6% 1.43[1.13, 1.81] -
Zhang Z 2000 - subgroup 1 -0.68 0.16 63 1337 3.8% 0.51[0.37, 0.69] -

Zhang Z 2000 - subgroup 2 -0.09 0.11 57 1337 4.8% 0.91[0.74, 1.13] )

Zhou WP 2009 -0.13 0.14 52 56 4.2% 0.88 [0.67, 1.16] -
Total (95% Cl) 2475 5492 100.0% 0.91 [0.82, 1.01] ’]

Heterogeneity: Tau? = 0.04; Chi? = 84.94, df = 25 (P < 0.00001); I>=71%
Test for overall effect: Z = 1.84 (P = 0.07)
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Figure 3: Forest plots comparing the disease-free survival between hepatic resection with and without pre-operative

TACE groups.

than in hepatic resection without post-operative TACE
group. But the difference was not statistically significant
(HR =0.85, 95% CI=0.72-1.00, P = 0.06) (Figure 4). The
heterogeneity among studies was statistically significant
(P <0.00001; I* = 70%). The funnel plot suggested a proof
of publication bias (Supplementary Figure 11).

In the subgroup analysis of vascular invasion, the
OS was statistically significantly better in hepatic resection
with post-operative TACE group than in hepatic resection
without post-operative TACE group (HR = 0.80, 95%
CI =0.69-0.92, P = 0.002) (Supplementary Figure 12).
However, in the subgroup analysis of no vascular invasion,
the OS was statistically similar between the two groups
(HR =0.90, 95% CI =0.59-1.38, P =0.64). The subgroup
difference was not statistically significant (P = 0.57;
2= 0%).

In the subgroup analysis of large HCC, the OS was
statistically significantly better in hepatic resection with
post-operative TACE group than in hepatic resection
without post-operative TACE group (HR = 0.77, 95%
CI=0.65-0.90, P =0.001) (Supplementary Figure 13).
In the subgroup analysis of small HCC, the OS was
better in hepatic resection with post-operative TACE
group than in hepatic resection without post-operative
TACE group. But the difference was not statistically
significant (HR = 1.39, 95%CI = 0.98-1.98, P = 0.07).
The subgroup difference was statistically significant
(P =10.003; I* = 89.0%)).

In the subgroup analysis of randomized studies, the
OS was statistically significantly better in hepatic resection
with post-operative TACE group than in hepatic resection
without post-operative TACE group (HR = 0.67, 95%
CI=0.57-0.79, P <0.00001) (Supplementary Figure 14).
However, in the subgroup analysis of non-randomized
studies, the OS was statistically similar between the
two groups (HR = 0.98, 95% CI = 0.81-1.19, P = 0.82).
The subgroup difference was statistically significant
(P=0.003; I* = 88.7%).

DFS

Ten studies reported the DFS rate in the two groups.
The overall meta-analysis demonstrated a statistically
significantly better DFS in hepatic resection with
post-operative TACE group than in hepatic resection
without post-operative TACE group (HR = 0.83, 95%
CI =0.73-0.94, P = 0.004) (Figure 5). The heterogeneity
among studies was statistically significant (P = 0.06;
I2=46%). The funnel plot suggested a proof of publication
bias (Supplementary Figure 15).

In the subgroup analysis of vascular invasion,
the DFS was statistically significantly better in hepatic
resection with post-operative TACE group than in hepatic
resection without post-operative TACE group (HR = 0.82,
95% CI 0.71-0.94, P 0.004) (Supplementary
Figure 16). However, in the subgroup analysis of no
vascular invasion, the DFS was statistically similar
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Post-operative TACE NoTACE

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight 1V.Random.95%Cl 1V, Random. 95%Cl
Cheng SQ 2005 -0.01 0.18 20 7 6.4% 0.99[0.70, 1.41] ki
Gerunda GE 2000 -0.13 0.34 20 17 3.7% 0.88 [0.45, 1.71] D
Izumi R 1994 -0.3 0.33 23 27 3.8% 0.74[0.39, 1.41] - 1
Lee KT 2009 0.38 0.15 114 236 71% 1.46 [1.09, 1.96] =
Li F 2014 -0.73 0.28 26 34 4.5% 0.48 [0.28, 0.83] -

Li JQ 1995 -0.83 0.31 47 47 4.1% 0.44[0.24, 0.80] = =

Li KW 2012 -0.09 0.26 35 41 4.9% 0.91[0.55, 1.52] T
Li Q (DS) 2006 -0.64 02 23 23 6.0% 0.53[0.36, 0.78] -

Liu YJ 2010 0.27 0.13 86 156 7.5% 1.31[1.02, 1.69] ED
Peng BG 2009 -0.32 0.15 0 0 7.1% 0.73[0.54, 0.97] ]

Ren ZG 2004 - subgroup 1 0.33 0.18 T 174 6.4% 1.39[0.98, 1.98] [
Ren ZG 2004 - subgroup 2 -0.19 0.14 108 190 7.3% 0.83[0.63, 1.09] =
Wang QX 2009 0.05 0.17 104 156 6.6% 1.05[0.75, 1.47] T
Xi T 2012 -0.37 0.12 145 576 7.7% 0.69 [0.55, 0.87] =

Xu F 2012 AUSMMU (2) -0.04 0.28 56 48 5.4% 0.96 [0.61, 1.51] -1
Yu ZP 2009 -0.49 0.28 50 47 4.5% 0.61[0.35, 1.06] — = |
Zhong C 2009 -0.25 0.15 57 58 71% 0.78 [0.58, 1.04] T |
Total (95% CI) 991 1837 100.0% 0.85[0.72, 1.00] L 4

Heterogeneity: Tau? = 0.08; Chi? = 53.78, df = 16 (P < 0.00001); I2=70%
Test for overall effect: Z = 1.92 (P = 0.06)
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Figure 4: Forest plots comparing the overall survival between hepatic resection with and without post-operative

TACE groups.

between the two groups (HR = 0.97, 95%CI = 0.60-1.56,
P =0.90). The subgroup difference was not statistically
significant (P = 0.50; I = 0%).

In the subgroup analysis of large HCC, the
DFS was statistically significantly better in hepatic
resection with post-operative TACE group than
in hepatic resection without post-operative TACE
group (HR = 0.80, 95% CI = 0.69-0.92, P = 0.003)
(Supplementary Figure 17). In the subgroup analysis of
small HCC, the DFS was better in hepatic resection with
post-operative TACE group than in hepatic resection
without post-operative TACE group. But the difference
was not statistically significant (HR = 0.85, 95%
CI=0.72-1.01, P =0.07). The subgroup difference was
not statistically significant (P = 0.54; I* = 0%).

In the subgroup analysis of randomized studies,
the DFS was statistically significantly better in hepatic
resection with post-operative TACE group than in hepatic
resection without post-operative TACE group (HR = 0.81,
95%CI 0.71-0.92, P 0.001) (Supplementary
Figure 18). However, in the subgroup analysis of non-
randomized studies, the DFS was statistically similar
between the two groups (HR = 0.86, 95%CI = 0.68-1.09,
P = 0.21). The subgroup difference was statistically
significant (P = 0.66; I = 0%).

Free of recurrence

Eight studies reported the recurrence rate in the
two groups. The overall meta-analysis demonstrated
a statistically similar rate free of recurrence between
hepatic resection with and without post-operative TACE
groups (HR = 0.96, 95% CI = 0.83-1.11, P = 0.56)
(Figure 6). The heterogeneity among studies was
statistically significant (P = 0.004; I* = 60%). The funnel

plot suggested a proof of publication bias (Supplementary
Figure 19).

In the subgroup analysis of vascular invasion,
the rate free of recurrence was statistically significantly
higher in hepatic resection with post-operative TACE
group than in hepatic resection without post-operative
TACE group (HR =0.58, 95% CI =0.38-0.87, P = 0.008)
(Supplementary Figure 20). However, in the subgroup
analysis of no vascular invasion, the rate free of recurrence
was statistically similar between the two groups
(HR=0.92,95% CI=0.53-1.61, P =0.77). The subgroup
difference was not statistically significant (P = 0.19;
> =42.7%).

Regardless of large or small HCC, the rate free of
recurrence was statistically similar between the two groups
(in large HCC: HR = 0.82, 95% CI = 0.53—1.28, P =0.39;
in small HCC: HR =0.97, 95% CI = 0.68—1.38, P = 0.86)
(Supplementary Figure 21). There was no statistically
significant subgroup difference (P = 0.58; I* = 0%).

Regardless of randomized or non-randomized
studies, the rate free of recurrence was statistically
similar between the two groups (in RCT: HR = 0.84, 95%
CI=0.58-1.21, P =0.34; in non-RCT: HR = 0.98, 95%
CI = 0.82-1.17, P = 0.83) (Supplementary Figure 22).
There was no statistically significant subgroup difference
(P=0.44; 1= 0%).

DISCUSSION

We identified a relatively large number of relevant
papers evaluating the role of adjunctive TACE for the
management of HCC patients treated with hepatic
resection. The main findings of our systematic review and
meta-analysis were as follows: 1) pre-operative TACE did
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Post-operative TACE NoTACE

Hazard Ratio Hazard Ratio

_StudyorSubgroup ___log[Hazard Ratio] SE Total Total Weight IV.Random.95%Cl ____ IV.Random.95%Cl
Gerunda GE 2000 <076 0.34 20 17 32% 0.47 [0.24, 0.91]
lzumi R 1994 049 0.26 23 27 50% 0.61[0.37, 1.02] —=
Lee KT 2009 -0.06 0.12 114 236 13.6% 0.94[0.74, 1.19] -
Li Q (DS) 2006 034 03 39 45 4.0% 0.71[0.40, 1.28] —
Li Q (WJS) 2006 -0.16 0.12 35 37 13.6% 0.85[0.67, 1.08] -
Xi T 2012 -0.37 0.11 145 576 14.7% 0.69 [0.56, 0.86] 2
Xu F 2012 AJSMMU (1) -0.25 0.31 59 58  3.8% 0.78 [0.42, 1.43] — T
Xu F 2012 AJSMMU (2) 0.35 0.19 56 48 8.0% 1.42 [0.98, 2.06] =
Yan Q 2013 -0.15 0.09 19 25 17.1% 0.86 [0.72, 1.03] =
Zhong C 2009 -0.19 0.09 57 58 17.1% 0.83 [0.69, 0.99] =
Total (95% Cl) 567 1127 100.0% 0.83 [0.73, 0.94] ]
Heterogeneity: Tau? = 0.02; Chi2 = 16.58, df = 9 (P = 0.06); I> = 46% ‘0'1 sz ofs : 2 5 10‘

Test for overall effect: Z = 2.86 (P = 0.004)

Post-operative TACE No TACE

Figure 5: Forest plots comparing the disease-free survival between hepatic resection with and without post-operative

TACE groups.

not significantly improve the OS and DFS of HCC patients
treated with hepatic resection; and 2) post-operative TACE
significantly improved the DFS of HCC patients treated
with hepatic resection, but not the OS or recurrence.
Before our findings were discussed, several previous meta-
analyses should be acknowledged.

As for the pre-operative TACE, 3 meta-analyses
were reported. In 2011, Wang et al. published a meta-
analysis of 3 RCTs involving 257 patients to identify the
effect of pre-operative TACE for resectable HCC [77].
They suggested no significant benefits of pre-operative
TACE for the 5-year DFS and OS. In 2013, Yu et al.
performed a meta-analysis of 7 retrospective studies to
evaluate the effect of pre-operative TACE on resectable
HCC [78]. There was a trend toward a better 3-year DFS
in pre-operative TACE group, but the difference was not
statistically significant. By comparison, the 5-year DFS
rate was significantly higher in pre-operative TACE
group than in non-TACE group. In addition, the 5-year
OS rate was significantly improved by pre-operative
TACE. At the same year, Zhou et al. also conducted
a larger meta-analysis of 21 studies (4 RCTs and 17 vnon-
RCTs) involving 3210 HCC patients to explore the
benefits of pre-operative TACE for resectable HCC [79].
They demonstrated that pre-operative TACE did not
significantly improve the DFS or OS of resectable HCC.

As for the post-operative TACE, 1 meta-analysis
was reported. In 2010, Zhong et al. performed a meta-
analysis of 6 RCTs involving 659 HCC patients to evaluate
the efficacy of post-operative TACE [80]. They found that
post-operative TACE significantly decreased the 1- and
3-year mortality of HCC with multiple nodules of >5 cm
or vascular invasion.

Furthermore, 2 papers evaluated both pre-
operative and post-operative TACE in combination
with hepatic resection for HCC. In 2003, Mathurin et
al. published a meta-analysis to evaluate the adjunctive
chemotherapy after curative resection for HCC [81]. In
their meta-analysis, the modality of chemotherapy was
not restricted. Both transarterial chemotherapy with and

without embolization were included. Among them, 10 and
7 studies evaluated the roles of pre- and post-operative
transarterial chemotherapy, respectively. They found that
only post-operative transarterial chemotherapy, but not
pre-operative transarterial chemotherapy, improved the
survival and decreased the probability of no recurrence.
In 2014, Cheng et al. performed a meta-analysis of 10
RCTs involving 909 patients to assess the beneficial
and harmful effects of pre-operative and post-operative
TACE for curative resection of HCC [82]. Among them,
4 and 6 trials assessed the outcomes of pre-operative
and post-operative TACE, respectively. In line with
the findings by Mathurin et al., they also found that
pre-operative TACE did not improve DFS and OS for
curative resection of HCC, but post-operative TACE
achieved significant improvement of DFS and OS in
patients with tumor size >5cm.

Most of previous meta-analyses suggested that
the adjunctive use of pre-operative TACE was not
effective, but post-operative TACE might be beneficial
for the improvement of DFS and OS. By comparison,
our study had several strengths. First, both pre-operative
and post-operative TACE were evaluated. Second,
both RCTs and non-RCTs were included. Certainly,
the subgroup analysis was divided into RCTs and non-
RCTs groups. In addition, non-RCTs could reflect the
real-world conditions more accurately. Third, both OS
and DFS were evaluated. Fourth, the search strategy
was more extensive, and the number of included studies
was larger. Fifth, the study quality was strictly evaluated
according to the well-known scales or tools. Sixth, the
subgroup analysis was performed to explore the efficacy
of pre-operative and post-operative TACE. Seventh, the
HR was calculated to show a trend over time, but not an
odds ratio at some time point.

In agreement with the recommendations from
current practice guidelines [5], the overall meta-analysis
did not find any significant benefits of TACE before
hepatic resection. Notably, if the tumor necrosis was
incomplete or lacking, pre-operative TACE would
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Figure 6: Forest plots comparing the rate of being free of recurrence between hepatic resection with and without post-

operative TACE groups.

deteriorate the OS of HCC patients treated with hepatic
resection. By comparison, if the tumor necrosis was
complete, pre-operative TACE would improve the DFS
of HCC patients treated with hepatic resection. Thus,
whether or not the use of TACE was valuable before
hepatic resection might be largely dependent upon the
grade of tumor necrosis. Further studies should be helpful
to identify the candidates who had a higher probability of
complete tumor necrosis induced by pre-operative TACE.

We also found that the efficacy of pre-operative
TACE was not influenced by the tumor size or study
design. Additionally, in the setting of liver cirrhosis,
pre-operative TACE might significantly improve the
OS and DFS of HCC patients treated with hepatic
resection. However, it should be noted that only a small
number of studies were included in these subgroup
analyses.

In contrast with the previous meta-analyses [81—
82], we did not find a statistically significantly better
OS in post-operative TACE group than in no post-
operative TACE group. However, a trend towards the
improvement of OS by post-operative TACE should be
clearly recognized. Besides, the DFS was significantly
improved by post-operative TACE. As we looked at
the subgroup results, the OS and DFS benefit of post-
operative TACE was statistically significant in patients
with more advanced HCC (i.e., vascular invasion or
large HCC). On the contrary, the OS and DFS were
statistically similar between the two groups in patients
with less advanced HCC (i.e., no vascular invasion
and small HCC). Indeed, both vascular invasion and
large HCC are associated with a higher rate of tumor
recurrence after hepatic resection. In such patients, the
adjunctive use of post-operative TACE might be more
worthwhile to further improve the patients’ prognosis.

We also found that the subgroup results of
post-operative TACE were different between RCTs and
non-RCTs. In the subgroup meta-analysis of RCTs,
the OS and DFS were significantly improved by post-

operative TACE. More importantly, we did not observe
any statistically significant heterogeneity among these
included RCTs (I> = 0% in both subgroup analyses). By
contrast, in the subgroup meta-analyses of non-RCTs,
the OS and DFS were not significantly different between
hepatic resection with and without post-operative TACE
groups. The heterogeneity among studies was significant
(> = 69% in the OS analysis; I* = 73% in the DFS analysis).
This discrepancy may be attributed to the potential bias in
the patient and treatment selection among the non-RCTs,
in which post-operative TACE might be more frequently
employed for the patients with a higher probability of tumor
recurrence after hepatic resection. Thus, the outcomes
became similar between the two groups.

Our study had several limitations. First, we
observed statistically significant heterogeneities in
the overall meta-analyses. This might be primarily
because the patients’ characteristics and treatment
selection were different among studies. We attempted
to conduct the subgroup analyses to explore the sources
of heterogeneity. For example, as for pre-operative
TACE, the heterogeneity became not significant in the
OS subgroup analysis of large HCC, liver cirrhosis,
and RCTs, but remained significant in the OS subgroup
analysis of small HCC and non-RCTs. In addition,
we employed only random-effect models to produce
conservative results. Certainly, given such a statistically
significant heterogeneity among studies, we had to
acknowledge that our conclusions should be cautiously
interpreted. Second, a majority of included studies were
non-RCTs. To overcome this limitation, we attempted
to perform the subgroup meta-analyses according to
the study design. Third, the quality of included studies
was unsatisfactory. Most of RCTs had the potential
risk of bias in the allocation concealment and blinding
methods. Notably, TACE was an interventional
radiological procedure, rather than a drug. Thus, it
might be impractical to blind the treatment assignment.
Fourth, the information regarding TACE techniques,
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anticancer drugs, and embolization drugs was lacking
or heterogeneous among studies. Thus, we could not
compare the difference among them. Fifth, most of
included papers regarding post-operative TACE were
from oriental countries. Some of them were published
in Chinese language, so the original data were hardly
understood by Western readers. Certainly, their primary
items were selectively shown in our paper.

In conclusion, based on the present systematic
review and meta-analysis, pre-operative TACE should
not be considered as an adjunctive treatment option
of HCC. But it should be never neglected that pre-
operative TACE can lead to complete necrosis of HCC
in selected cases, thereby improving the DFS after
hepatic resection. Thus, we should further identify the
candidates who are potentially eligible for pre-operative
TACE. On the other hand, post-operative TACE should
be recommended, especially in patients with more
advanced HCC treated with hepatic resection. However,
due to the relatively poor quality of included studies,
well-designed RCTs should be warranted to confirm
these findings.

MATERIALS AND METHODS

This work was registered with PROSPERO
(registration number: CRD42015019207).

Search strategy

The PubMed, EMBASE, and Cochrane
Library databases were searched. As previously
described [83], search items were as follows:
(“hepatectomy” OR “liver resection” OR “hepatic
resection” OR “liver surgery” OR “hepatic surgery”)
AND (“TACE” OR “transarterial chemoembolization”)
AND (“HCC” OR “hepatocellular carcinoma” OR
“hepatic carcinoma”). The last search was performed
on December 18, 2014. Relevant literatures were also
manually searched.

Study selection

The inclusion criteria should be as follows.

Participants: patients should be diagnosed with
HCC irrespectively of tumor stage.

Interventions: in the experimental group, patients
should undergo hepatic resection in combination with
pre-operative or post-operative TACE; and in the control
group, patients should undergo hepatic resection alone.
If hepatic resection was performed in combination
with systemic chemotherapy or transarterial infusion
of chemotherapy rather than TACE, they would not
be considered as experimental groups. Additionally,
it should be noted that post-operative TACE should
be prophylactic but not therapeutic. In other words,
if TACE was employed for the treatment of recurrent

HCC or residual tumor after hepatic resection, it
would not be considered as experimental groups.
The interval between TACE and hepatic resection was
not arbitrarily restricted.

Comparisons: the outcomes should be compared
between patients undergoing hepatic resection in
combination with and without TACE. There were
two different conditions according to the timing of
TACE and hepatic resection. They should include
hepatic resection in combination with pre-operative
TACE versus hepatic resection alone and hepatic
resection in combination with post-operative TACE
versus hepatic resection alone.

Outcomes: the outcomes observed should include
OS, recurrence-free survival or DFS, time-to-recurrence,
and/or recurrence rate. Notably, both recurrence-
free survival and DFS were considered as the same
outcome “DFS”.

The exclusion criteria should be as follows.

1. Duplicate papers among databases or redundant

publications [84].
2. Narrative or systematic reviews or study
protocols.
Comments.
Experimental studies.
Case reports.
Hepatic metastases.
Mixed malignancies.
Non-comparative studies.
No comparison between hepatic resection
versus TACE.
10. Comparison between hepatic resection versus
TACE for HCC.
11. No separate data in two groups.
12. No detailed data regarding the survival rate in
two groups.

Type of study design was not restricted. Either
randomized or non-randomized studies were eligible in the
systematic review. Publication status and language were not
restricted. If two or more papers by the same study team had
the overlapping data, only one paper with more adequate
data and/or a longer enrollment period would be included.

A I AR

Data extraction

The following data were extracted: the first author,
publication year, publication form, region, enrollment period,
study design, study population, follow-up time, inclusion and
exclusion criteria, number of HCC cases, timing of TACE,
interval between TACE and hepatic resection, OS rate, DFS
rate, rate free of recurrence, and their corresponding Kaplan-
Meier curve analyses with log-rank test. If the propensity
score matching analysis was performed, we just collected the
survival data after the propensity score matching analyses. If
both survival rates and Kaplan-Meier curves were presented,
only the survival rates would be collected. If only Kaplan-
Meier curves were presented, we extracted the cumulative
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1-, 3-, and 5-year survival rates by using the Distance Tool
in the Measurements menu of Foxit PDF Reader software
(Foxit Cooperation, California, USA). This software was
freely downloaded.

Study quality

The quality of cohort and case-control studies was
evaluated according to the Newecastle-Ottawa scales
for the cohort and case-control studies, respectively
[85]. Newcastle-Ottawa scale was composed of 3 major
sections with 8 questions, such as Selection section with
4 questions, Comparability section with 1 question,
and Exposure section with 3 questions. A study can be
given a maximum of 1 point for each question within
the Selection and Exposure sections, and a maximum of
2 points for the sole question within the Comparability
section.

The 8 relevant questions for cohort studies were as
follows:

1. Selection section: representativeness of hepatic
resection in combination with TACE group.
Selection section: selection of hepatic resection
alone group.

. Selection section: ascertainment of hepatic
resection in combination with TACE group.

. Selection section: demonstration that outcome of
interest was not present at start of study.

. Comparability section: comparability of cohorts
on the basis of the design or analysis.

. Outcome section: assessment of outcome.

. Outcome section: was follow-up long enough for
outcomes to occur.

. Outcome section: adequacy of follow up of
cohorts.

The 8 relevant questions for case-control studies
were as follows:

1. Selection section: definition of hepatic resection
in combination with TACE group.

Selection section: representativeness of hepatic

resection in combination with TACE group.

. Selection section: selection of hepatic resection
alone group.

. Selection section: definition of hepatic resection
alone group.

. Comparability section: comparability of cohorts
on the basis of the design or analysis.

. Outcome section: ascertainment of outcome.

. Outcome section: same method of ascertainment
for cases and controls.

8. Outcome section: non-response rate.

The quality of RCTs was evaluated according to
the Cochrane Collaboration’s tool for assessing the risk
of bias. This tool was composed of 6 sections, such as
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants

2.

2.

and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome
data addressed (attrition bias), and selective reporting
(reporting bias). “High risk”, “low risk”, or “unclear
risk” was given to every section.

Data analysis

Meta-analyses were performed by the statistical
package Review Manager version 5.3.5 (Copenhagen,
The Nordic Cochrane Center, The Cochrane
Collaboration, 2014). Only random-effects models
were employed. Because the OS, DFS, and rate free of
recurrence were the time-dependent data, the HRs with
95%CIs were pooled by using the calculation sheets
developed by Tierney et al [86]. Heterogeneity between
studies was assessed by using the I statistic and the
Chi-square test. I> >50% or P < 0.10 was considered
to represent a significant heterogeneity. Funnel plots
were performed to evaluate the publication bias. If
all studies laid within 95%CI, there was no proof
of publication bias. Otherwise, there was a proof of
publication bias. As for the pre-operative TACE, the
subgroup meta-analyses were performed according
to the tumor necrosis after TACE (complete tumor
necrosis versus incomplete or no tumor necrosis), tumor
size (large HCC versus small HCC), liver cirrhosis
(cirrhotic versus non-cirrhotic), and type of study
design (RCT versus non-RCT). Generally, large HCC
was arbitrarily defined as the largest diameter of HCC
was >5 cm; by contrast, small HCC was defined as the
largest diameter of HCC was <5 cm. Additionally, the
definitions of large and small HCC were extracted and
followed according to every included paper. As for the
post-operative TACE, the subgroup meta-analyses were
performed according to the vascular invasion (vascular
invasion versus no vascular invasion or extrahepatic
spread), tumor size (large HCC versus small HCC),
liver cirrhosis (cirrhotic versus non-cirrhotic), and
type of study design (RCT versus non-RCT). Subgroup
difference was assessed by using the I?> statistic
and the Chi-square test. 1> 50% or P < 0.10 was
considered as having a significant subgroup difference.
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