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Abstract
Objectives To compare retrospectively the efficacy of trans-
catheter arterial chemoembolization (TACE) plus radiofre-
quency ablation (RFA) (TACE-RFA) with that of repeat hep-
atectomy in the treatment of initial recurrent hepatocellular
carcinoma (HCC) after hepatectomy by propensity score
matching (PSM).
Methods From September 2006 to June 2015, 186 patients
who underwent TACE-RFA (n=107) or repeat hepatectomy
(n=79) for recurrent HCC ≤ 5.0 cmwere included. The overall
survival (OS) and disease-free survival (DFS) were compared.

PSM was used to correct potential confounding factors be-
tween these two groups.
Results 1-, 3-, and 5-year OS rates after TACE-RFA and repeat
hepatectomy were 84.6%, 66.9%, 49.1%, and 84.8%, 60.2%,
51.9%, respectively (p=.871). The corresponding DFS rates
were 58.2%, 35.2%, 29.6% and 64.8%, 41.6%, 38.3%
(p=.258). TACE-RFA has lower major complication rates
(p=.009) and shorter hospital stay (p<.001). After PSM, 1-,
3-, 5- year OS rates after TACE-RFA (n=51) and repeat hepa-
tectomy (n=51) were 84.3%, 60.4%, 46.4% and 84.3%, 64.5%,
49.8% (p=.951), the corresponding DFS rates were 54.9%,
35.0%, 30.6% and 58.7%, 35.8%, and 33.6% (p=.733). AFP
and micro-vessel invasion of initial tumour were significant
prognostic factors for OS and DFS, respectively.
Conclusions TACE-RFA provides comparable OS and DFS
to repeat hepatectomy, fewer major complications and shorter
hospital stay.
Key Points
• TACE-RFA achieved similar OS and DFS with repeat hepa-
tectomy for recurrent HCC

•Major complication rate was lower in the TACE-RFA group
• The hospital stay was shorter in the TACE-RFA group
• AFP was a predictor for OS, MVI was a predictor for DFS
• The treatment strategies were not significant prognostic fac-
tor for OS or DFS
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CECT Contrast-enhanced computed tomography
CEUS Contrast enhanced ultrasound
DFS Disease-free survival
HCC Hepatocellular carcinoma
LTP Local tumour progression
MVI Micro-vessel invasion
OS Overall survival
PSM Propensity score matching
RFA Radiofrequency ablation
TACE Transarterial chemoembolization

Introduction

Partial hepatectomy is considered to be the first curative
treatment for early HCC when liver transplantation is not
feasible due to shortage of organs and tumour features [1].
However, recurrence of HCC was reported to be more than
70% within 5 years after hepatectomy [2]. Until now, avail-
able treatment options for recurrent HCC after hepatecto-
my were not particularly different from initial treatment
options. Repeat hepatectomy is considered to be the best
choice for recurrent HCC. Nevertheless, postoperative ad-
hesion, change of intrahepatic structures and insufficient
liver remnant limit repeat surgery’s utility in recurrent
HCC. Effective and micro-invasive treatment alternatives
are thus urgently required.

Several studies have reported that RFA is as effective
as, but less invasive than, repeat hepatectomy to manage
recurrent small HCC after initial hepatectomy [3–6]. But
local tumour control with RFA is less effective than re-
section in larger HCC [3–6]. Recently, TACE combined
with RFA was reported to be capable of creating a necrot-
ic area up to 7 cm in diameter in one session [7]. This
combined treatment has shown survival benefit and com-
parable safety to RFA alone for primary and recurrent
HCC [7–11]. Moreover, two retrospective studies demon-
strated that TACE-RFA have comparable efficacy to hep-
atectomy for primary HCC [12, 13]. However, studies
directly comparing TACE-RFA with repeat hepatectomy
for the treatment of recurrent HCC are lacking. Thus,
we conducted this retrospective investigation, comparing
TACE-RFA with repeat hepatectomy in the treatment of
small recurrent HCC up to 5 cm. Furthermore, correction
of potential confounding factors that may affect the out-
comes of these groups by PSM was performed. PSM is a
statistical method that attempts to estimate the effect of a
treatment by accounting for the covariates that predict
receiving the treatment. PSM attempts to reduce the bias
due to confounding variables that could be found in an
estimate of the treatment effect obtained from simply
comparing outcomes among units that received the treat-
ment versus those that did not [14].

Materials and methods

This retrospective comparative study on prospectively collect-
ed data was performed at a single tertiary referral centre. Our
institutional review board approved this study.

Patients

From September 2006 to June 2015, there were 2898 pa-
tients with initial recurrent HCC after hepatectomy in our
hospital. Among them, 186 consecutive patients (162 men,
24 women; mean age, 55.0 years; range, 18-75) underwent
either TACE-RFA (n=107) or repeat hepatectomy (n=79)
and were included in this study according to the following
criteria: (1) first intrahepatic recurrent HCC after curative
hepatectomy; (2) a solitary tumour ≤ 5.0 cm in diameter, or
multiple tumours (≤ 3), each ≤ 3.0 cm in diameter; (3)
absence of macroscopic vascular invasion and extrahepatic
metastasis; (4) lesions visible on ultrasound with an accept-
able and safe path to allow interventions in the TACE-RFA
group; (5) Child-Pugh class A or B; (6) an Eastern
Cooperative Oncology Group performance status of 0; (7)
refused liver transplantation.

Recurrent HCC was diagnosed in all patients based on the
most current clinical guidelines at the time of treatment [15].
In addition, the diagnosis was confirmed histologically in sev-
en (6.5%) patients in the TACE-RFA by percutaneous biopsy
before treatment, and histologic diagnoses were all made for
the repeat hepatectomy group after treatment.

The patient selection process is shown in Fig. 1.
Treatment selection was decided by our multidiscipline
team. Generally, repeat hepatectomy was recommended if
a patient had a single within a monosegment of liver with
sufficient liver remnant, and avoided if patients had evi-
dence of significant portal hypertension. Reasons for
choosing TACE-RFA instead of repeat hepatectomy includ-
ed psychological resistance to invasive treatment, refusal of
general anaesthesia, insufficient liver remnant, high risk for
complications of resection associated with old age or tu-
mour location [e.g. contiguity with large vessels (≥5 mm
in diameter), or the hepatic hilum].

TACE procedure

TACE was performed by one of two experienced radiol-
ogists with 8 years of experience in interventional therapy
according to previous literature [16]. A selective catheter
was inserted into the tumour-feeding arteries after evalu-
ating arterial blood supply of the liver and confirming
patency of the portal vein by visceral angiography.
Hepatic artery infusion chemotherapy was performed
using 300 mg carboplatin (Bristol-Myers Squibb, New
York, NY, USA). Subsequently, chemoembolization was
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performed using an emulsion consisting of 50 mg
epirubicin (Pharmorubicin; Pfizer Inc., New York, NY,
USA) and 5 mL of lipiodol (Lipiodol Ultra-Fluide;
Guerbet Laboratories, Aulnay-sous-Bois, France). The
same chemotherapeutic agents at the same dosages were
used throughout this study, regardless of tumour number
and size. If residual flow remained after infusion of these
agents, additional lipiodol was injected. Embolization was
finally performed by gelatine sponge particles (Gelfoam;
Hangzhou Bi-Trumed Biotech Co., Ltd., Hangzhou,
Zhejiang, China) 350–560 μm in diameter.

RFA procedure

RFA followed TACE within 2 weeks (median, 8 days;
range, 5-14 days). RFA was performed with the use of
conscious analgesic sedation (intravenous administration
of 0.1 mg of fentanyl, 5 mg of droperidol and 0.1 mg of
tramadol hydrochloride) and local anaesthesia (5 mL of
1% lidocaine). All procedures were performed percutane-
ously by two of three ablation experts with 6 to 15 years
of experience under real-time ultrasound guidance ac-
cording to our previous literature [7]. Cool-tip RFA sys-
tem (Radionics, Burlington, MA, USA) with 3 cm active
tip length was used for ablation. The number of overlap-
ping ablation and ablation points was determined by the
number and diameter of the tumour with the aim of
achieving an ablative margin of at least 0.5 cm in the
normal tissue surrounding the tumour, with the exception
of subcapsular and perivascular portions. Artificial ascites
or pleural effusion was used for ablating tumours on the
liver surface in proximity of the diaphragm or bowel. At

the end of the procedure, the needle tract was ablated to
prevent bleeding and tumour seeding.

Repeat hepatectomy

Surgery was performed by one of four experienced sur-
geons with 10-21 years of experience in hepatic resection
under general anaesthesia using the incision for the initial
hepatectomy. Intraoperative ultrasound was routinely used
to evaluate the tumour burden, the liver remnant, and the
possibility of a negative resection margin. The type of hep-
atectomy was defined according to the current guidelines
[17]. Anatomic resection was defined as the complete re-
moval of at least one Couinaud segment containing the
tumour and the corresponding hepatic territory. Other types
of resection, such as wedge resection or tumour enucle-
ation, were classified as nonanatomic resection. Generally,
anatomic resection was performed if the patient’s liver
functional reserve permitted.

Treatment assessment and follow-up

In the TACE-RFA group, CECT was performed 2 days
before RFA to assess iodized oil uptake and the efficacy
of TACE. Technical success of ablation was evaluated by
the immediate CEUS after RFA [18]. If residual unablated
tumour was detected, an additional RFA was given on the
same day. If incomplete tumour ablation was still observed
after the additional RFA, the treatment was defined as a
failure and the patient was referred to other therapies. In
the repeat hepatectomy group, resection margins and status
were evaluated according to the absence of microscopic

Fig. 1 Flow diagram of study
treatments. Abbreviation: HCC,
hepatocellular carcinoma; TACE-
RFA, combined transcatheter
arterial chemoembolization and
radiofrequency ablation
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(R1 resection)/macroscopic (R2 resection) tumour inva-
sion at the resection margin [19].

In both groups, CECT and CEUS were conducted 4 weeks
after the treatment for evaluation of technique efficacy [18].
Thereafter, the patients were followed up once every 3 months
for the first 2 years, once every 6 months from 2 to 5 years and
then once every 12 months after 5 years. At each follow-up
visit, CEUS and blood tests including liver function tests and
AFP were performed. CECT was performed every 6 months.
Chest radiography, chest CT, magnetic resonance imaging,
and bone scintigraphy were performed when clinically
indicated.

When LTP (defined as the appearance of tumour enhance-
ment around the ablation zone or resection margin) [18],
intrahepatic distant recurrence, or extrahepatic recurrence de-
veloped during the follow-up, corresponding treatments such
as resection, RFA, TACE, sorafenib and conservative treat-
ments were given, based on recurrent tumour characteristics,
liver function status and patient request. Complications were
reported using the National Cancer Institute Common
Toxicity Criteria grading version 4.0 [20]. Major complica-
tions were defined as clinical events leading to additional ther-
apeutic interventions or prolonged hospitalization [21]. OS
was defined as the interval between the time recurrent HCC
was observed after initial treatment and the time of death or
the last follow-up. DFS was defined as the interval between
the time initial recurrent HCC was diagnosed and the time of
recurrence, death or the last follow-up.

Statistical analysis

To reduce the effect of selection bias and potential confound-
ing, we estimated propensity score by means of logistic re-
gression and performed one-to-one nearest-neighbour individ-
ual matching based on the logit of the propensity score using
callipers of width equal to 0.1 of the standard deviation of the
logit of the propensity score [14]. Variables included in the
propensity score model were sex, age, HBsAg, alanine ami-
notransferase, ALB, total bilirubin, gamma-glutamyl transfer-
ase, AFP, Barcelona clinic liver cancer stage of primary tu-
mour, interval of recurrence from initial treatment, MVI of
initial tumour, initial hepatic resection type, tumour size, tu-
mour number, Child-Pugh score, tumour location (uni-lobar
vs. bi-lobar) and histologic grade of initial tumour. After
matching, the baseline covariates were compared with the
paired t-test or the Wilcoxon signed rank test for continuous
variables and the McNemar test for categorical variables.
Survival analysis was also repeated in the matched groups.
Continuous variables were presented as mean ± SD and cate-
gorical variables as numbers and percentages. Survival
curves were constructed by the Kaplan-Meier method and
compared by log-rank test. A prognostic significance of the
variables in predicting survival was analysed by univariate

and multivariate Cox proportional hazard regression
models. Statistical significance was considered as a two-
sided p value of less than 0.05. The above statistical anal-
ysis was performed using SPSS 20.0 (SPSS Inc., Chicago,
IL, USA) and the R program (R Foundation for Statistical
Computing, Vienna, Austria).

Results

The baseline characteristics of overall cohort (n=186) are
summarized in Table 1. Patients in the TACE-RFA group are
older (p=.040), with lower ALB level (p=.010) and more tu-
mours (p=.034). Patients in the repeat hepatectomy group had
larger tumour size than that for patients in TACE-RFA group
(2.8 cm ± 1.0 vs. 2.4 cm ± 0.8, p=.065). After matching, there
were no longer any significant differences between the groups
for any covariates.

Technical success of TACE-RFA and repeat hepatectomy

In the TACE-RFA group, technical success was achieved in
all patients, including 105 after a single treatment session,
and two after a second treatment of RFA. In the repeat
hepatectomy group, anatomic and nonanatomic resection
were performed in 54 and 25 patients, respectively.
Postsurgical histopathology showed R0 resection in 78 pa-
tients and R1 resection in 1 patient. The R1 patient received
adjuvant TACE 4 weeks after surgery.

Complications

One treatment-related death (massive haemorrhage) oc-
curred in the repeat hepatectomy group and no death in
the TACE-RFA group (Table 2). Major complications were
significantly more common in the repeat hepatectomy
group (14 of 79, 17.7%) than in the TACE-RFA group (five
of 107, 4.7%; p=.009). The hospital stay was significantly
shorter in the TACE-RFA group (5 days; range, 3-14 days)
than in the repeat hepatectomy group (10 days; range, 7-22
days; p<.001).

Comparison of outcomes in the overall cohort

The follow-up period for the repeat hepatectomy group and
TACE-RFA group was 53.2 months (range, 4-96 months)
and 52.3 months (range, 3-96 months), respectively.
During follow-up, 70 patients in the TACE-RFA group
and 53 in the repeat hepatectomy group died. The causes
of death are shown in Table S1. At the time of censoring,
tumour recurred in 63 of the patients in the TACE-RFA
group and 57 of the patients in the repeat hepatectomy
group. There was no significant difference between the
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Table 1 Baseline characteristics of the study patients

Before matching After matching

TACE-RFA Repeat
hepatectomy

p value ASD (%) TACE-RFA Repeat
hepatectomy

p value ASD
(%)

(n=107) (n=79) (n=51) (n=51)

Sex (M/F) 95(88.8)/12(11.2) 67(84.8)/12(15.2) .573 6.5 45(88.2)/6(11.8) 46(90.2)/5(9.8) .750 3.2

Age (years)* (range) 57.0 (19-75) 55.0 (18-75) .040 20.7 56.0 (18-75) 55.3 (18-75) .723 3.4

HBsAg (+)/(-) 98(91.6)/9(8.4) 72(91.1) /7(8.9) .896 1.1 48(94.1)/3(5.9) 48(94.1) /3(5.9) .999 0

ALT (U/L)* (range) 30.0 (17.0-75.0) 33.1 (22.2-67.0) .107 10.6 32.4 (17.0-75.0) 33.0 (17.0-67.0) .745 3.4

ALB (g/L)* (range) 35.0 (33.5-49.1) 36.9 (33.0-49.4) .010 25.7 36.5 (33.0-47.0) 36.4 (33.0-47.2) .876 1.3

TBIL (μmol/L)* (range) 11.7 (6.0-23.0) 13.0 (8.2-25.0) .356 7.5 12.4 (6.0-23.0) 12.5 (6.1-23.0) .821 2.0

GGT (U/L)* (range) 101.5 (40.2-659.0) 108.9 (57.9-777.0) .112 8.5 102.3 (40.2-659.0) 103.4 (40.2-659.0) .576 4.5

AFP (ng/mL) .137 8.3 .830 2.3

≤ 200 54(50.5) 49(62.0) 36(70.6) 35(68.6)

> 200 53(49.5) 30(38.0) 15(29.4) 16(31.4)

BCLC stage of primary
tumour (A/B)

77(72.0)/30(28.0) 55(69.6)/24(30.4) .746 4.4 32(62.7)/19(37.3) 32(62.7)/19(37.3) .999 0

Interval of recurrence
from initial treatment
(years)(≤1/>1)

57(53.3)/50(46.7) 46(58.2)/33(41.8) .552 5.6 33(64.7)/18(35.3) 33(64.7)/18(35.3) .999 0

Micro-vessel invasion of
initial tumour(yes/no)

26(24.3)/81(75.7) 16(20.3)/63(79.7) .777 4.3 14(27.4)/37(72.6) 15(29.4)/36(70.6) .826 2.1

Initial hepatic resection
type

.635 5.6 .959 0

1 segment 57(53.3) 42(53.2) 25(48.0) 25(48.0)

2 segments 36(33.6) 23(29.1) 16(31.4) 17(33.3)

>2 segments 14(13.1) 14(17.7) 10(20.6) 9(18.7)

Tumour size (cm)* 2.4 (1.0-5.0) 2.8 (1.2-5.0) .065 10.8 2.4 (1.0-5.0) 2.4 (1.2-5.0) .851 1.2

≤3 73(68.2) 48(60.8) .251 8.5 28(54.9) 28(54.9) .999 0

3.1-5.0 34(31.8) 31(39.2) 23(45.1) 23(45.1)

Tumour number .034 24.7

1 75(70.1) 59(74.7) 43(84.3) 43(84.3) .999 0

2 24(22.4) 13(16.5) 6(11.8) 6(11.8)

3 8(7.5) 7(8.9) 2(3.9) 2(3.9)

Child-Pugh score .278 9.6 0.887 1.0

5 65(60.7) 50(63.3) 36(70.6) 36(70.6)_

6 35(32.7) 23(19.1) 13(25.5) 12(23.5)

7 7(6.5) 6(7.6) 2(3.9) 3(5.9)

Tumour location 0.628 5.8 0.790 3.5

uni-lobar 85(79.4) 65(82.2) 43(84.3) 42(82.3)

bi-lobar 22(20.6) 14(17.8) 8(15.7) 9(17.7)

Histologic grade of initial
tumour

0.436 6.8 0.840 2.6

I/II 67(62.6) 45(57.0) 31(60.8) 30(58.8)

III/IV 40(37.4) 34(43.0) 20(39.2) 21(41.2)

Note—Except where indicated, data values represent the number of patients.

*Data are medians. Numbers in parentheses are ranges.

TACE= transcatheter arterial chemoembolization; RFA=radiofrequency ablation; HbsAg=hepatitis B surface antigen; ALT = alanine aminotransferase;
ALB=albumin; TBIL=total bilirubin; GGT=γ-glutamyl transpeptidase; AFP = alpha fetoprotein; BCLC=Barcelona Clinic Liver Cancer;

ASD= absolute standardized differences
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TACE-RFA (1/63) and repeat hepatectomy groups (0/57)
in terms of LTP (p = 0.999). The methods used to treat re-
recurrent HCC are shown in Table 3.

The 1-, 3-, and 5-year OS rates after the treatment were
84.6%, 66.9%, and 49.1% for the TACE-RFA group and
84.8%, 60.2%, and 51.9% for the repeat hepatectomy

group (Fig. 2a; p=.871). The 1-, 3-, and 5-year DFS rates
were 58.2%, 35.2% and 29.6% for the TACE-RFA group
and 64.8%, 41.6%, and 38.3% for the repeat hepatectomy
group (Fig. 2b; p=.258).

Multivariate analysis showed that AFP [Hazard ratio
(HR)=1.758; 95% CI, 1.094-2.826; p=.020] was the only

Table 2 Complications after Treatment

Variable Before matching After matching

TACE-RFA n=107 Repeat hepatectomy n=79 p value TACE-RFA n=51 Repeat hepatectomy n=51 p value

Major complication 5 (4.7) 14(17.7) .009 2(3.9) 6(11.7) .273

Mortality 0 1(1.3) .428 0 0 .999

Liver failure 1(0.9) 3(3.8) .317 1(2.0) 1(2.0) .999

Gastrointestinal
haemorrhage

1(0.9) 5(6.3) .088 0 2(3.9) .495

Pain

Grade 3 1(0.9) 1(1.3) .671 0 1(2.0) .999

Vomiting

Grade 3 0 1(1.3) .671 0 0 .999

Ascites

Grade 2 1(0.9) 2(2.5) .577 1(2.0) 1(2.0) .999

Grade 3 1(0.9) 1(1.3) .671 0 1(2.0) .999

Minor complication

Fever

Grade 1 14(13.1) 25(31.6) .021 8(15.7) 19(37.3) .082

Grade 2 11(10.3) 10(12.7) .871 5(9.8) 7(13.7) .762

Pain

Grade 1 11(10.3) 20(25.3) .023 8(15.7) 14(27.5) .347

Grade 2 8(7.5) 24(30.4) .001 5(9.8) 15(29.4) .040

Vomiting

Grade 1 2(1.9) 16(20.3) <.001 1(2.0) 10(19.6) .010

Grade 2 3(2.8) 5(6.3) .296 1(2.0) 3(5.9) .618

Hospital stay
(days)*

5(3-14) 10(7-22) <.001 5(3-14) 9(7-22) <.001

Note—Except where indicated, data values represent the number of patients with percentages in parentheses.

*Data are the days of hospital stay. Numbers in parentheses are ranges.

TACE= transcatheter arterial chemoembolization; RFA=radiofrequency ablation

Table 3 Treatment for Recurrence

Variable Before matching After matching

TACE-RFA n=107 Repeat hepatectomy n=79 p value TACE-RFA n=51 Repeat hepatectomy n=51 p value

RFA or TACE-RFA 33(30.8) 17(21.5) .279 20(39.2) 9(17.6) .070

Hepatectomy 10(9.3) 4(5.1) .309 6(11.7) 2(3.9) .273

TACE 15(14.0) 32(40.5) .002 9(17.6) 20(39.2) .070

Sorafenib 4(3.7) 2(2.5) .999 2(3.9) 1(2.0) .618

Conservative treatment 1(0.9) 2(2.5) .577 1(2.0) 1(2.0) .999

Note—Except where indicated, data values represent the number of patients.

TACE= transcatheter arterial chemoembolization; RFA=radiofrequency ablation
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significant prognostic factor for OS andMVI of initial tumour
(HR=2.146; 95% CI, 1.322-3.482; p=.002) was the only sig-
nificant prognostic factor for DFS (Table 4).

Comparison of outcomes in the matched cohort

For the 51 matched pairs, 28 patients in the TACE-RFA group
and 29 in the repeat hepatectomy group died. At the time of
censoring, tumour recurred in 38 of the patients in the TACE-
RFA group and 35 of the patients in the repeat hepatectomy
group (Table 3). There was no LTP in both groups. The 1-, 3-,
and 5-year OS rates were 84.3%, 60.4%, and 46.4% for the

TACE-RFA group and 84.3%, 64.5%, and 49.8% for the re-
peat hepatectomy group (Fig. 2c; p=.951). The 1-, 3-, and 5-
year DFS rates were 54.9%, 35.0% and 30.6% for the TACE-
RFA group and 58.7%, 35.8%, and 33.6% for the repeat hep-
atectomy group (Fig. 2d; p=.733).

Discussion

Our study showed that TACE-RFA and repeat hepatectomy
achieved similar local efficacy and survival outcomes in the
treatment of post-surgical HCC recurrence. Specifically, a

Fig. 2 Cumulative survival curves for patients with recurrent
hepatocellular carcinomas after hepatectomy who underwent combined
transcatheter arterial chemoembolization and radiofrequency ablation
(TACE-RFA) or repeat hepatectomy. (a) Cumulative overall survival

curves and (b) Cumulative disease-free survival curves before
propensity score matching. (c) Cumulative overall survival curves and
(d) Cumulative disease-free survival curves after propensity score
matching
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tendency toward a longer DFS in the repeat hepatectomy
group without significant difference was observed. However,
this tendency disappeared and the DFS rate became almost the
same between two groups after PSM. This may be explained
by the adjustment of differences in baseline characteristics
between the two groups. PSM is a statistical method that
attempts to estimate the effect of a treatment by accounting
for the covariates that predict receiving the treatment. PSM
attempts to reduce the bias due to confounding variables that
could be found in an estimate of the treatment effect obtained
from simply comparing outcomes among units that received
the treatment versus those that did not [14]. PSM has been
used lately in several non-randomised clinical studies, with
successful efficacy in reducing baseline bias between two
comparative groups [5, 22–24]. In this study, patients in the
TACE-RFA group tend to be of older age, have limited liver
remnant and more multinodularity. Multiplicity is undoubted-
ly contributing to poorer local tumour control while poor liver
condition has also been reported to result in more intrahepatic
distant recurrence because of multistep or de novo carcino-
genesis from preneoplastic liver parenchyma associated with
cirrhosis[25, 26]. The use of PSM did help reduce the bias of
basic characteristics between these two groups.

The similar DFS and OS rates between two groups indi-
rectly represent the satisfactory local tumour control of TACE-
RFA. The main mechanisms behind the good local tumour

control of TACE-RFA are as the following [27, 28]. First,
the occlusion of hepatic arterial flow and reduction of portal
venous flow by TACE could reduce the heat-sink effect of
RFA, which could induce a larger ablation zone of subsequent
RFA. Second, the effect of chemotherapeutic anticancer
agents on cancer cells is enhanced by the effect of hyperther-
mia. Third, TACE helps control micro-lesions which contrib-
ute to recurrence after treatment. Fourth, digital subtraction
angiography technique during TACE helps to detect multiple
small tumours and subsequent eradication of these tumours.
Given that recurrent HCC is usually detected at small size (the
median tumour size in our study was less than 3 cm in both
groups) and multiple number, TACE-RFA seems to have bi-
ological advantages in treatment of recurrent HCC. In addi-
tion, less invasiveness and lower complication rate in limited
liver reserve provides TACE-RFA more advantages than re-
peat hepatectomy. Thus, it might be reasonable to consider
TACE-RFA as a treatment alternative in patients with recur-
rent HCC when repeat hepatectomy is not feasible.

In treatment of primary early-stage HCC, TACE-RFA had
been reported to have comparable efficacy to hepatectomy
[12, 13, 24]. However, in Takuma’s study, hepatectomy had
better DFS and lower local recurrence rate than TACE-RFA,
before and after PSM matching [24]. Our study is the first to
compare these two treatment modalities in recurrent HCC.We
thought that the difference of DFS results between our study

Table 4 Univariate and multivariate analysis of predictors of overall survival and disease-free survival after treatment

Factors Overall survival Recurrence-free survival

Univariate Multivariate Univariate Mutivariate

p value HR 95% CI p value p value HR 95% CI p value

Gender (M/F) .320 … … … .800 … … …

Age (years, ≤60/>60) .478 … … … .741 … … …

HBV (+/-) .400 … … … .562 … … …

Albumin (g/L,<35/≥35) .657 … … …

ALT (IU/L, ≤40/>40) .345 … … … .960 … … …

TBIL (μmol/L) .123 … … … .568 … … …

Interval of recurrence from initial treatment (year,1/>1) .070 … … … .080 … … …

GGT (U/L, ≤50/>50) .321 … … … .567 … … …

Tumour number (1/2/3) .156 … … …

Micro-vessel invasion of initial tumour (yes/no) .102 … … … .003 2.146 1.322-3.482 .002

Initial hepatic resection type (segment, 1/2/>2) .200 … … … .329 … … …

Tumour location (uni-lobar/bi-lobar) .303 .569

Histologic grade of initial tumour (I/II / III/IV) .617 .467

BCLC stage of primary tumour (A/B) .789 … … … .078 … … …

AFP level (ng/mL, ≤200/>200) <.001 1.758 1.094-2.826 .020 .322 … … …

Tumour size (cm, 3/3.1-5.0) .710 … … … .321 … … …

Treatment type (TACE-RFA/repeat hepatectomy) .737 … … … .272 … … …

HR=hazard ratio; HBV=hepatitis B virus; ALT = alanine aminotransferase; TBIL=total bilirubin; GGT=γ-glutamyl transpeptidase; BCLC=Barcelona
Clinic Liver Cancer; AFP = alpha fetoprotein; TACE= transcatheter arterial chemoembolization; RFA=radiofrequency ablation
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and Takuma’s study was due to the different features of pri-
mary and recurrent HCC. It has been reported that hepatocel-
lular carcinoma at second or later recurrence is three times as
prone to subsequent recurrence as is primary HCC [29].
Undetectable associated micro-lesions of HCC, distant from
the main detected recurrent tumour, might be more frequent in
recurrent HCC than in primary tumours. In this situation,
TACE-RFA has an advantage of controlling these micro-le-
sions. Moreover, considering the limited liver remnant after
initial resection, major resection is not common in repeated
hepatectomy, which may limit local efficacy of repeat hepa-
tectomy in controlling micro-lesions. These may cause the
different outcomes for TACE-RFA between primary and re-
current HCC when compared to hepatectomy.

Some reports have shown TACE-RFA to be safe in primary
and recurrent HCC with low rates of major complications (0–
2.9%) [12, 13, 24]. Our result is slightly higher than those of
previous studies. The relatively higher portion of Child-Pugh
score of 6 or more in our study may help explain the slightly
higher complication rate in TACE-RFA group. Regarding re-
peat hepatectomy, it is generally accepted as a safe procedure
for recurrent HCC with low mortality rates (0-1.2%) and ac-
ceptable major complication rates (6.0-24.4%) in recent stud-
ies [2, 30, 31]. Our results were similar to those in previous
reports. Compared to TACE-RFA, repeated hepatectomy re-
sulted in more major complications and longer hospital stays,
which could be partially explained by the high invasiveness of
repeated hepatectomy itself and the increased risk of compli-
cations associated with intra-abdominal adhesions and
intrahepatic structural changes caused by initial resections.
This strongly indicates that TACE-RFA may be a safer and
less invasive modality for recurrent HCC.

Similar to other reports, our results suggest that tumour
biology such as higher AFP level and the presence of MVI
of initial tumour, which indicates higher tumour burden and
more aggressive tumour behaviour [31], plays a significant
role in survivals of patients with recurrent HCC.

There are some limitations of this study. First, there were
only 6.5% patients in the TACE-RFA group that were diag-
nosed by histology, while that in the repeat hepatectomy
group was 100%. Non-invasive HCC diagnostic criteria
have been adopted by AASLD for several years. Although
the specificity is close to 100%, false positive diagnosis may
still exist by using these criteria. The false positive cases
may improve survival rates of patients in the TACE-RFA
group, and affect the final conclusion in this study.
Second, it is a retrospective study with all its inherent de-
fects. Third, the sample size of this study is relatively small.
Fourth, this is experience from a single-centre. Although
results obtained by balancing patient demographics, tumour
characteristics and liver function reserves between two
groups with PSM may pave a way for the management of
recurrent HCC, multi-centre study with larger sample size

should be performed to provide more solid evidence for
the whole picture.

In conclusion, TACE-RFA achieves comparable local effi-
cacy and long-term survival outcomes to repeat hepatectomy
in patients with recurrent HCC after hepatectomy, with the
advantages over repeat hepatectomy of fewer major compli-
cations and shorter hospital stay.
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