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Abstract
Purpose The recurrence after curative hepatectomy is common. Limited data have investigated the effect of transcatheter 
arterial chemoembolization (TACE) combined with ablation in treating recurrent intermediate-stage hepatocellular carcinoma 
(HCC) after hepatectomy. We aim to compare the efficacy of TACE combined with ablation versus TACE alone in treating 
recurrent intermediate-stage HCC after hepatectomy.
Methods A total of 183 patients with recurrent intermediate-stage HCC after hepatectomy were enrolled at Sun Yat-sen Uni-
versity Cancer Centre, including 111 patients who underwent TACE alone and 72 patients who underwent TACE combined 
with ablation (TACE–Ablation). Overall survival (OS) and progression-free survival (PFS) were compared by the log-rank 
test. Propensity score matching (PSM) was used to reduce the confounding bias.
Results Before PSM, the 5-year OS rates were 43.3% vs. 27.9% (P = 0.001), and the 5-year PFS rates were 21.7% vs. 13.0% 
(P < 0.001) for TACE–Ablation and TACE-alone groups, respectively. After PSM, TACE–Ablation still resulted in better 
5-year OS (41.6% vs. 30.2%, P = 0.028) and 5-year PFS rate (21.3% vs. 15.8%, P = 0.024) than that of TACE alone. Patients 
in TACE–Ablation group exhibited similar major complication rates to TACE-alone group but higher minor complication 
rates both before and after PSM. Cox regression analysis identified TACE-alone modality as an independently unfavourable 
predictor for OS and PFS (both P < 0.05).
Conclusion TACE combined with ablation is safe and superior to TACE alone in tumour control and prolonging overall 
survival in recurrent intermediate-stage HCC after hepatectomy.

Keywords Recurrent intermediate-stage hepatocellular carcinoma · Transcatheter arterial chemoembolization · 
Transcatheter arterial chemoembolization combined with ablation · Survival

Introduction

Hepatocellular carcinoma (HCC) is the fourth leading cause 
of cancer death worldwide, with approximately 84,000 new 
diagnosed cases and 78,000 deaths annually (Bray et al. 
2018). Partial hepatectomy remains one of the mainstay 
choices for early-stage HCC (Bruix and Llovet 2002). Unfor-
tunately, the probability recurrence rate at 5 years after cura-
tive hepatectomy is approximately 70% and about 30% of 
recurrent cases are intermediate-stage HCC, causing a major 
cause of treatment failure and cancer-related death (Porto-
lani et al. 2006). Therefore, the management of optimal 
treatments for recurrent intermediate-stage HCC (defined 
as: intrahepatic recurrence with two to three lesions where 
at least one was > 3 cm in size or more than three tumours 

Chenwei Wang, Yadi Liao and Jiliang Qiu have contributed 
equally to this work

Binkui Li and Yunfei Yuan have contributed equally to this work.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0043 2-020-03254 -2) contains 
supplementary material, which is available to authorized users.

 * Binkui Li 
 libinkui@mail.sysu.edu.cn

 * Yunfei Yuan 
 yuanyf@mail.sysu.edu.cn

Extended author information available on the last page of the article

http://orcid.org/0000-0002-9694-9522
http://orcid.org/0000-0003-2467-3683
http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-020-03254-2&domain=pdf
https://doi.org/10.1007/s00432-020-03254-2


2670 Journal of Cancer Research and Clinical Oncology (2020) 146:2669–2680

1 3

and without extrahepatic metastasis or tumour thrombosis) 
is urgently required.

Transcatheter arterial chemoembolization (TACE) is the 
recommended first-line therapy for patients with interme-
diate-stage primary and recurrent HCC(Galle et al. 2018; 
Marrero et  al. 2018). Although patients with primary 
intermediate-stage HCC could benefit from TACE accord-
ing to several randomised clinical trials (Llovet et al. 2002; 
Lo 2002), TACE is not a radical therapy and only up to 
50% patients achieve tumour control (Llovet et al. 2003). 
Therefore, clinicians have taken efforts to explore other 
effective treatments for intermediate-stage HCC, including 
radioembolization, TACE combined with sorafenib or abla-
tion (Raoul et al. 2011). Radioembolization is a promising 
alternative treatment for intermediate-stage HCC, which 
deserves further prospective studies (Sangro et al. 2012). 
Previous studies have shown that TACE combined with 
sorafenib could achieve longer survival comparing with 
TACE alone both in primary and recurrent intermediate-
stage HCC (Chao et al. 2015; Peng et al. 2019).

TACE combined with ablation (TACE–Ablation) has 
been reported as an alternative treatment for HCC due to the 
synergistic effects (Rossi et al. 2000). Previous studies have 
shown that TACE–Ablation provided better tumour control 
and longer survival than TACE alone in patients with pri-
mary intermediate-stage HCC (Azuma et al. 2016; Yin et al. 
2014; Xu et al. 2013; Zheng et al. 2018), and could achieve 
comparable outcomes to hepatectomy in primary early-stage 
HCC(Kagawa et al. 2010). In terms of the recurrent HCC, 
TACE–Ablation is superior to ablation alone in prolonging 
the survival and is as effective as hepatectomy in recurrent 
early-stage HCC (Peng et al. 2012, 2018). However, whether 
TACE–Ablation remains more effective than TACE alone 
for recurrent intermediate-stage HCC is unclear. Therefore, 
in the present study, we aimed to investigate the effect of 
TACE–Ablation versus TACE alone on survival outcomes in 
patients with recurrent intermediate-stage HCC. In addition, 
propensity score matching analysis (PSM) was performed to 
reduce the bias due to the confounding variables at baseline 
between the two groups.

Materials and methods

Patients

From Jan 2007 to Dec 2015, we retrospectively identified 
patients with recurrent HCC after curative hepatectomy of 
primary HCC (He et al. 2018) at Sun Yat-sen University 
Cancer Center (SYSUCC). The inclusion criteria were as 
follows: (a) first intrahepatic recurrent HCC after initial 
hepatectomy; (b) recurrent intermediate-stage HCC (two 
to three lesions where at least one was > 3 cm in size or 

more than three tumours); (c) absence of extrahepatic metas-
tasis or portal vein or hepatic vein tumour thrombosis (d) 
Child–Pugh class A or B; (e) Eastern Cooperative Oncology 
Group performance scores ≤ 2. The exclusion criteria were 
as follows: (a) history of other malignancies; (b) systemic 
therapy history (including molecular targeted therapy or 
immunotherapy); and (c) severe dysfunction of heart, kid-
ney, lung, or other vital organs.

This study complied with the standards of the 1964 Hel-
sinki Declaration and was approved by SYSUCC Research 
Ethic Committee. Key raw data in our study have been 
uploaded onto the Research Data Deposit public plat-
form (www.resea rchda ta.org.cn). The study protocol was 
approved by the Institutional Review Board of SYSUCC, 
and informed consent for the data to be used for clinical 
researches was obtained from all enrolled patients.

TACE procedure

TACE was performed according to the protocol as previ-
ously described (Yang et al. 2019). In this study, the TACE 
procedure was performed by radiologists with more than 
5 years of experience in interventional therapy for HCC. 
First, a 5-F catheter was introduced to assess liver vascular 
anatomy, and portal vein patency by visceral angiography 
and patients with an arteriovenous shunt were excluded. Dis-
tal super-selective catheterization of the hepatic arteries was 
performed by a 2.9-F microcatheter (Terumo, Tokyo, Japan) 
if the 5-F catheter could not advance into the tumour-feeding 
artery. Hepatic artery infusion chemotherapy was performed 
using 300 mg of carboplatin (Bristol Myers Squibb, New 
York, NY). Then, chemolipiodolization for the tumour-feed-
ing arteries was proceeded by a mixture of 50 mg of epiru-
bicin (Pharmorubicin; Pfizer, Wuxi, China), 8 mg of mito-
mycin C (Zhejiang Hisun Pharmaceutical, Taizhou, China), 
and 5–10 ml of lipiodol (Lipiodol Ultra-Fluide; André Guer-
bet Laboratories, Aulnay Sous-Bois, France). Embolization 
was performed with absorbable gelfoam sponge particles 
(1–2 mm in diameter, Gelfoam) or polyvinyl alcohol parti-
cles (350–560 µm in diameter, Alicon Pharm SCT&TEC). 
Finally, X-ray imaging of the chest and abdomen was per-
formed to verify the distribution of lipiodol and to exclude 
ectopic embolization.

Ablation procedure

The indication of additional ablation followed TACE 
for intermediate-stage HCC in this study was similar to 
the previous studies (Azuma et al. 2016; Shimose et al. 
2019; Yin et al. 2014; Zheng et al. 2018). Briefly, in our 
enrolled patients, patients with tumour diameter less than 
7  cm and tumour number less than 7 were treated by 
additional ablation, when the nodules could be detected 
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by ultrasonography and available for ablation technol-
ogy. Treatment decision was made by consensus of two 
or more hepatologists. Ablation followed TACE within 
4–6 weeks (Median: 26 days, range 2–46 days). The abla-
tion treatments consisted of radiofrequency ablation (RFA) 
and microwave ablation (MWA) in this study, and were 
performed by hepatologists who had more than 5 years 
of experience in interventional therapy of HCC. Both 
therapies were performed under real-time ultrasound 
(MyLab 90; Esaote SpA, Firenze, Italy) guidance. The 
ablation procedures were detailed in our previous study 
(Liu et al. 2018). Briefly, a radiofrequency system (RF 
2000; RadioTherapeutics, Mountain View, USA) and a 
microwave system (ECO-100C; ECO Microwave Elec-
tronic Institute, Nanjing, China) were used for RFA and 
MWA, respectively. All the intrahepatic tumours shown 
under ultrasound were treated by ablation. At the end of 
the procedure, the needle track was ablated to prevent 
bleeding from the liver surface.

Assessment of treatment and follow‑up

In both groups, tumour response was evaluated 4–6 weeks 
after treatment using the modified Response Evaluation Cri-
teria in Solid Tumours (mRECIST) depending on enhanced 
computed tomography scan (CT), or magnetic resonance 
imaging (MRI) scans (Gordic et al. 2017). The objective 
response rate (ORR) was defined as the sum of complete 
response and partial response, and the disease control rate 
(DCR) was defined as the sum of complete response, par-
tial response and stable disease (Lencioni and Llovet 2010). 
Two independent radiologists evaluated the tumour response 
to the treatments with blinding to each other and discus-
sion was made if any inconsistency. Complications were 
observed by two independent radiologists, and any disa-
greements were settled by discussion. Major complications 
were defined as clinical events leading to additional thera-
peutic treatments or prolonged hospitalisation; while, minor 
complications were defined adverse clinical events requiring 
no or nominal therapies (Ahmed and Technology Assess-
ment Committee of the Society of Interventional R 2014). 
The first follow-up was performed 1 month after treatment, 
and then every 2–3 months until death or dropout. Physi-
cal examination, serum alpha-fetoprotein and at least one 
abdominal imaging scan (enhanced CT or MRI) were per-
formed in each follow-up. Overall survival (OS) was defined 
as the survival time from the diagnostic date of first recur-
rence after initial hepatectomy to the date of death or the 
last follow-up. Progression-free time (PFS) was defined as 
the interval between the diagnostic date of first recurrence 
after initial hepatectomy and the date of tumour progression 
according to the mRECIST, death or the last follow-up.

Propensity score matching analysis

To reduce the selection bias, propensity scores for all 
patients were performed by a logistic regression model using 
the following baseline characteristics: (a) Age, gender, and 
viral hepatitis; (b) Barcelona Clinic Liver Cancer (BCLC) 
stage, albumin–bilirubin (ALBI) grade, serum alpha-feto-
protein (AFP), microvascular invasion (MVI), and tumour 
differentiation of primary HCC; (c) time to recurrence, 
tumour size and tumour number of recurrence, and AFP, 
albumin, total bilirubin, alanine aminotransferase, aspartate 
aminotransferase, γ-glutamyl transpeptidase, prothrombin 
time, white blood cell, platelet, haemoglobin at recurrence. 
A one-to-one nearest-neighbour matching algorithm with an 
optimal calliper of 0.2 without replacement was used to gen-
erate 65 pairs of patients (Austin 2011; Johnson et al. 2018).

Statistical analysis

Continuous variables were summarised as the median and 
range. Binary variables were compared using the Chi-
squared test, and ordinal categorical variables were com-
pared by the Kruskal–Wallis test. The Kaplan–Meier method 
and log-rank test were used to compare survival curves. Var-
iables with P value less than 0.10 in the univariate analy-
sis were introduced into the multivariate Cox proportional 
hazard model. All analyses were two sided, and P values 
less than 0.05 were considered significant. Statistical analy-
ses were performed using the R program (R version 3.5.0; 
R Foundation for Statistical Computing, Vienna, Austria) 
(Team 2013).

Results

Patients

A total of 254 patients with recurrent intermediate-stage 
HCC were included from 851 patients with postoperative 
recurrence. Then, we excluded 71 patients according to 
the criteria. Finally, a total of 183 patents were enrolled in 
this study, including 111 patients in the TACE-alone group 
and 72 patients in the TACE–Ablation group (Fig. 1). The 
baseline characteristics of the overall cohort and matched 
cohort are summarised in Table 1. There were no signifi-
cant differences between TACE group and TACE–Ablation 
group in clinical characteristics of primary HCC, including 
BCLC stage, ALBI grade, AFP, MVI, and tumour differ-
entiation (all P > 0.05). Early recurrence (within 2 years), 
size of recurrence, and ALBI I grade at recurrence (all 
P > 0.05) were not significantly different between the two 
groups, either. However, patients in the TACE group were 
younger (48.0 vs 58.0 years, P < 0.001) and suffered more 
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tumours (tumour number > 3; 66.7% vs 54.2%; P < 0.001) 
and higher level of AFP at recurrence (58.00 vs 11.83 ng/
ml, P < 0.001). However, no significant different covariates 
were found between the two groups after matching (Table 1).

Outcomes in the overall cohort

The median follow-up duration was 34.78 months in the 
TACE-alone group and 32.66 months in the TACE–Abla-
tion group, respectively. The median OS duration was 
14.43 months (range, 1.00–97.73 months) in the TACE-
alone group and 26.72 months (range 3.00–105.67 months) 
in the TACE–Ablation group, respectively. During the fol-
low-up, 63 (56.8%) patients in the TACE-alone group and 
33 (45.8%) patients in the TACE–Ablation group had died 
(P = 0.196). The 1-, 3- and 5-year OS rates in the TACE-
alone and TACE–Ablation groups were 61.6%, 32.5%, 
27.9%, and 82.8%, 54.6%, 43.3%, respectively (P = 0.001) 
(Fig. 2a). Tumour progression was observed in 92 (82.9%) 
patients in TACE-alone group and 52 (72.2%) patients in 
TACE–Ablation group (P = 0.125). The 1-, 3- and 5-year 
PFS rates in the TACE-alone and TACE–Ablation groups 
were 31.2%, 15.9%, 13.0%, and 71.7%, 33.1%, 21.7%, 
respectively (P < 0.001) (Fig. 2b). Treatments for HCC 

progression in the two groups are shown in Supplementary 
Table 1.

Prognostic factors for OS and PFS

The predictors for OS and PFS in univariate and multivariate 
analyses were shown in Table 2. Univariate analysis indi-
cated that AFP at the primary HCC, MVI of the primary 
HCC, size and number of recurrence, HBV DNA levels 
at recurrence, AFP at recurrence, and treatment modality 
of recurrence were all associated with OS (all P < 0.05); 
whereas, AFP at the primary HCC, MVI of the primary 
HCC, size and number of recurrence, HBV DNA levels at 
recurrence, AFP at recurrence, GGT at recurrence, and treat-
ment modality of recurrence were association with PFS (all 
P < 0.05). To avoid the effect of co-linearity with the AFP 
levels at recurrence, the AFP levels at the primary tumour 
were not included in the multivariate model. Multivariate 
analysis showed that MVI of the primary HCC (hazard 
ratio [HR] = 1.92; 95% CI 1.22–2.99, P = 0.004), number of 
recurrence (HR = 2.26; 95% CI 1.21–4.22, P = 0.010), HBV 
DNA levels at recurrence (HR = 1.56; 95% CI 1.01–2.41, 
P = 0.042) and treatment modality of recurrence (TACE 
alone vs TACE–Ablation, HR = 2.02; 95% CI 1.28–3.12, 

Fig. 1  Flowchart of the patient 
selection. HCC hepatocellular 
carcinoma. TACE transcatheter 
arterial chemoembolization

 Recurrence HCC after hepatectomy(2007.1-2015.12)

                                   n = 851

 Patients with intermediate recurrent HCC were reviewed

                                    n = 254

- Child Pugh class C n =  11

-Eastern Cooperative Oncology 

  Group performance scores >2 n = 9

- Resection n = 12

- Ablation alone n = 8

- Support care n = 24

- Other treatment n = 7

TACE-Ablation n = 72

TACE-Ablation n = 65

TACE alone n = 111

TACE alone n = 65

Propensity score matching
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Table 1  Demographic and clinical characteristics of the enrolled patients

Values are presented as the median (interquartile range) or n (%)
TACE transcatheter arterial chemoembolization, HBV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein, ALBI albumin–bilirubin, 
BCLC Barcelona Clinic Liver Cancer stage, MVI microvascular invasion, ALB albumin, TBIL total bilirubin, ALT alanine aminotransferase, AST 
aspartate aminotransferase, ALP alkaline phosphatase, GGT  γ-glutamyl transpeptidase, CRE creatinine, PT prothrombin time, WBC white blood 
cell, PLT platelet, HGB haemoglobin

Variable Before matching After matching

TACE (n = 111) TACE–Ablation (n = 72) P TACE (n = 65) TACE–Ablation (n = 65) P

Gender (male/female) 106 (95.5)/5 (4.5) 63 (87.5)/9 (12.5) 0.089 56 (86.2)/9 (13.8) 56 (86.2)/9 (13.8) 1.000
Age (y) 48.00 (42.50,57.00) 58.00 (49.50,64.00) <0.001 53.00 (43.25,59.75) 54.00 (43.50,62.50) 0.453
Viral hepatitis (yes) 106 (95.5) 69 (95.9) 0.679 61 (93.8) 62 (95.4) 0.554
HBV 105 (94.6) 67 (93.1) 61 (93.8) 60 (92.3)
HCV 1 (0.9) 2 (2.8) 0 (0.0) 2 (3.1)
Antiviral treatment (yes/no) 62 (55.9)/49 (44.1) 51 (70.8)/21 (29.2) 0.060 47 (72.3)/18 (28.7) 47 (72.3)/18 (28.7) 1.000
Initial hepatectomy stage data
 AFP (ng/ml) 63.6 (10.2,1933.50) 35.91 (8.07,498.48) 0.108 17.40 (8.62,215.9) 40.70 (8.20,540.40) 0.612
 BCLC (0-A/B) 80 (72.1)31 (27.9) 55 (76.4)/17 (23.6) 0.634 48 (73.8)/17 (26.2) 48 (73.8)/17 (26.2) 1.000
 ALBI grade (I/II) 92 (82.9)/19 (17.1) 53 (73.6)/19 (26.4) 0.185 55 (84.6)/10 (15.4) 47 (72.3)/18 (27.7) 0.135
 Cirrhosis (yes/no) 87 (78.4)/24 (21.6) 53 (73.6)/19 (26.4) 0.572 50 (76.9)/15 (23.1) 47 (72.3)/18 (27.7) 0.687
 MVI (yes/no) 45 (40.5)/66 (59.5) 25 (34.7)/47 (65.3) 0.525 23 (35.4)/42 (64.6) 24 (36.9)/41 (63.1) 1.000
 Tumour differentiation (I–II/

III–IV)
90 (81.1)/21 (18.9) 57 (79.2)/15 (20.8) 0.898 50 (76.9)/15 (23.1) 52 (80.0)/13 (20.0) 0.831

 Anatomic resection (yes/no) 33 (29.7)/78 (70.3) 13 (18.1)/59 (81.9) 0.109 17 (26.1)/48 (73.8) 15 (23.0)/50 (76.9) 0.822
 Resection margin (cm) 0.80 (0.50,1.50) 0.85 (0.50,1.50) 0.868 0.70 (0.50,1.50) 0.80 (0.50,1.50) 0.912

Recurrence stage data
 Time to recurrence (years) 

(≤ 2/> 2)
99 (89.2)/12 (10.8) 58 (80.6)/14 (19.4) 0.156 57 (87.7)/8 (12.3) 54 (83.1)/11 (16.9) 0.620

 Size of recurrence (cm) 2.90 (1.80,3.45) 3.00 (1.67,3.40) 0.993 3.00 (1.80,3.40) 2.95 (1.65,3.50) 0.970
Number of recurrence <0.001 0.863
 ≤ 3 37 (33.3) 33 (45.8) 32 (49.2) 29 (44.6)
 3–5 38 (34.3) 35 (48.6) 29 (44.6) 32 (49.2)
 > 5 36 (32.4) 4 (5.6) 4 (6.2) 4 (6.2)
 HBV DNA levels at 

recurrence (IU/mL) 
(< 100/≥ 100)

68/43 (61.3/38.7) 48/24 (66.7/33.3) 0.558 40/25 (61.5/38.5) 42/23 (64.6/35.4) 0.855

 ALB at recurrence (g/L) 43.00 (40.80,45.10) 42.75 (40.98,44.23) 0.431 42.60 (40.00,44.70) 42.70 (40.90,44.20) 0.972
 TBIL at recurrence (µmol/L) 12.60 (9.45,15.00) 13.15 (10.50,17.22) 0.138 12.70 (9.70,15.30) 13.50 (10.70,17.30) 0.234
 ALT at recurrence (U/L) 34.20 (23.80,51.90) 35.75 (24.78,45.35) 0.977 30.40 (23.20,41.80) 34.60 (23.20,41.60) 0.701
 AST at recurrence (U/L) 32.80 (26.65,45.00) 31.40 (25.73,41.97) 0.487 30.30 (25.60,39.50) 31.00 (25.40,40.30) 0.935
 ALP at recurrence (U/L) 87.10 (72.0,109.15) 93.85 (69.9,108.68) 0.692 83.30 (71.20,106.60) 90.40 (69.20,105.40) 0.832
 GGT at recurrence (U/L) 52.20 (34.00,78.40) 41.90 (30.08,72.60) 0.148 51.10 (30.70,74.70) 41.50 (30.40,66.30) 0.420
 WBC at recurrence (× 109/L) 5.80 (4.79,6.79) 5.30 (4.47,6.13) 0.084 5.68 (4.72,6.74) 5.38 (4.50,6.30) 0.373
 PLT at recurrence (× 109/L) 146.0 (106.0,187.0) 131.5 (110.2,158.0) 0.089 141.0 (100.5,190.2) 131.5 (112.2,162.75) 0.763
 HGB at recurrence (g/L) 144.0 (133.0,151.0) 143.5 (136.0,153.0) 0.439 145.5 (134.0,151.0) 143.0 (136.00,155.50) 0.749
 AFP at recurrence (ng/mL) 58.00 (6.80,785.95) 11.38 (3.84,44.95) <0.001 10.80 (4.20,56.40) 11.11 (3.55,51.35) 0.941
 CRE at recurrence (µmol/L) 73.90 (66.65,81.65) 77.25 (66.78,87.52) 0.204 75.55 (66.02,86.58) 77.45 (66.95,88.35) 0.687
 PT at recurrence (s) 11.90 (11.30,12.55) 11.90 (11.47,12.53) 0.793 11.90 (11.30,12.50) 11.90 (11.40,12.57) 0.961
 Performance status at recur-

rence (0/1)
110 (99.1)/1 (0.9) 71 (98.6)/1 (1.4) 1.000 64 (98.5)/1 (1.4) 65 (100.0)/0 (0.0) 1.000

 ALBI at recurrence (I/II–III) 95 (85.6)/16 (14.4) 63 (87.5)/9 (12.5) 0.882 55 (84.6)/10 (15.4) 57 (87.7)/8 (12.3) 0.800
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P = 0.002) were independent prognostic factors for OS, and 
MVI of the primary HCC (HR = 2.00; 95% CI 1.37–2.90, 
P < 0.001), number of recurrence (HR = 1.68; 95% CI 
1.05–2.68, P = 0.029), and treatment modality of recur-
rence (TACE alone vs TACE–Ablation, HR = 2.09; 95% CI 
1.46–3.00, P < 0.001) were the significant prognostic factor 
for PFS.

Complications and efficacy of the treatments

We summarised the efficacy of the two treatments for 
patients with recurrent intermediate-stage HCC in Table 3. 
Overall survival curves stratified with the mRECIST cri-
teria are presented in Supplementary Fig. 1. The complete 
response (CR) rate, partial response (PR) rate, stable dis-
ease (SD) rate and progressive disease (PD) rate in the 
TACE–Ablation and TACE-alone groups were 36.1%, 
38.9%, 13.9%, 11.1%, and 16.2%, 27.9%, 32.4%, 23.4%, 
respectively. The objective response rate (ORR) based on 
the mRECIST Criteria in the TACE–Ablation group was 
higher than that in the TACE-alone group (TACE–Ablation, 
75.0% vs TACE alone, 44.1%; P < 0.001). In addition, the 
disease control rate (DCR) based on the mRECIST Criteria 
in the TACE–Ablation group was higher than that in the 
TACE-alone group (TACE–Ablation, 88.9% vs TACE alone, 
76.6%; P = 0.057).

Complications after treatment are shown in Table 4. One 
treatment-related death occurred in the TACE–Ablation 
group and no death in the TACE-alone group. In addition, 
one moderate ascites, one gastrointestinal haemorrhage, 

and one intraperitoneal haemorrhage cases occurred in 
the TACE-alone group; while, one moderate ascites and 
two intraperitoneal haemorrhage cases occurred in the 
TACE–Ablation group (Table 4). Major complications were 
not significantly different in the two groups. Pain occurred 
more commonly in the TACE–Ablation group (33 of 72 
patients) than the TACE-alone group (26 of 111 patients) 
(P = 0.003). Patients in the TACE–Ablation group exhib-
ited higher vomiting rate than that of the TACE-alone group 
(TACE–Ablation, 19 of 72 patients vs TACE alone, 10 of 
111 patients; P = 0.003).

Outcomes in the matched cohort

After PSM, there was no significantly different between the 
two groups in terms of baseline characteristics (Table 1). 
During the follow-up, 39 (60.0%) patients in the TACE-
alone group and 32 (49.2%) patients in the TACE–Abla-
tion group had died (P = 0.291). Tumour progression was 
observed in 53 (81.5%) patients in TACE-alone group and 
48 (73.8%) patients in TACE–Ablation group (P = 0.399). 
The 1-, 3- and 5-year OS rates in the TACE-alone and 
TACE–Ablation groups were 64.9%, 36.6%, 30.2%, and 
81.2%, 52.4%, 41.6%, respectively (P = 0.028) (Fig. 3a). 
The 1-, 3- and 5-year PFS rates in the TACE-alone and 
TACE–Ablation groups were 41.3%, 22.0%, 15.8%, and 
70.1%, 32.4%, 21.3%, respectively (P = 0.024) (Fig. 3b).

Similar to the results before PSM, major complica-
tions were not significantly different in the matched two 
groups. Patients in the TACE–Ablation group exhibited 
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Fig. 2  Overall survival (OS) and Progression-free survival (PFS) 
curves with risk tables for patients with intermediate-stage recurrent 
HCC after hepatectomy who underwent TACE or TACE combined 

with ablation. a OS curves before propensity score matching, b PFS 
curves before propensity score matching. TACE transcatheter arterial 
chemoembolization, CI confidence interval
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Table 2  Univariate and multivariate cox regression analyses of the prognostic factors for overall survival and progression-free survival after 
treatment

HR hazard ratio, CI confidence interval, TACE transcatheter arterial chemoembolization, HBV hepatitis B virus, HCV hepatitis C virus, AFP 
alpha-fetoprotein, ALBI albumin–bilirubin, BCLC Barcelona Clinic Liver Cancer stage, MVI microvascular invasion, ALB albumin, TBIL total 
bilirubin, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, GGT  γ-glutamyl transpeptidase, CRE creati-
nine, PT prothrombin time, WBC white blood cell, PLT platelet, HGB haemoglobin

Variables Overall survival Progression-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Gender (male/female) 1.34 (0.62–2.90) 0.453 1.43 0.73–2.80) 0.301
Age, y (> 60/≤ 60) 0.65 (0.42–1.00) 0.059 0.89 (0.55–1.44) 0.656 0.82 (0.58–1.2) 0.277
Hepatitis (yes/no) 1.50 (0.47–4.70) 0.492 1.44 (0.11–6.00) 0.850
Antiviral treatment (yes/no) 0.81 (0.53–1.20) 0.33 0.77 (0.55–1.10) 0.138
Initial hepatectomy stage data
 AFP, ng/mL (> 200/≤ 200) 1.55 (1.00–2.30) 0.039 1.46 (1.00–2.00) 0.029
 BCLC (B/0-A) 1.28 (0.82–2.00) 0.27 1.22 (0.85–1.80) 0.281
 Cirrhosis (yes/no) 0.86 (0.55–1.40) 0.517 0.93 (0.64–1.40) 0.72
 MVI (yes/no) 2.14 (1.40–3.20) < 0.001 1.92 (1.22–2.99) 0.004 2.03 (1.40–2.90) < 0.001 2.00 (1.37–2.90) < 0.001

Tumour differentiation (III–IV/I–
II)

0.85 (0.50–1.40) 0.548 0.89 (0.59–1.40) 0.602

Anatomic resection (yes/no) 0.79 (0.51–1.20) 0.304 0.94 (0.64–1.40) 0.751
Resection margin, cm (< 1/≥ 1) 0.94 (0.63–1.40) 0.745 1.10 (0.79–1.50) 0.579
Recurrence stage data
 Time to recurrence, y (> 2/≤ 2) 0.55 (0.29–1.10) 0.076 0.85 (0.44–1.71) 0.685 0.68 (0.42–1.10) 0.114
 Size of recurrence (cm) 

(> 3/≤ 3)
0.63 (0.42–0.96) 0.033 1.07 (0.64–1.89) 0.812 0.81 (0.58–1.10) 0.027 1.11 (0.71–1.73) 0.647

 Number of recurrence (> 3/≤ 3) 2.25 (1.40–3.50) < 0.001 2.26 (1.21–4.22) 0.010 1.70 (1.20–2.40) 0.002 1.68 (1.05–2.68) 0.029
 HBV DNA levels at recurrence 

(IU/mL) (≥ 100/< 100)
1.87 (1.2–2.8) 0.003 1.56 (1.01–2.41) 0.042 1.54 (1.1–2.2) 0.015 1.29 (0.90–1.85) 0.162

 ALB at recurrence, g/L 
(< 35/≥ 35)

1.64 (0.60–4.50) 0.331 0.98 (0.40–2.40) 0.972

 TBIL at recurrence, µmol/L 
(> 17.1/≤ 17.1)

0.97 (0.60–1.60) 0.916 1.10 (0.74–1.60) 0.643

 ALT at recurrence, U/L 
(> 50/≤ 50)

1.50 (0.94–2.40) 0.087 1.17 (0.70–1.96) 0.533 1.15 (0.79–1.70) 0.468

 AST at recurrence, U/L 
(> 40/≤ 40)

1.40 (0.91–2.10) 0.123 1.26 (0.89–1.80) 0.196

 ALP at recurrence, U/L 
(> 125/≤ 125)

1.40 (0.81–2.40) 0.234 1.39 (0.89–2.20) 0.144

 GGT at recurrence, U/L 
(> 60/≤ 60)

1.25 (0.83–1.90) 0.287 1.42 (1.00–2.00) 0.041 1.38 (0.97–1.97) 0.070

 WBC at recurrence,  109/L 
(≤ 4/> 4)

1.27 (0.70–2.3) 0.432 1.03 (0.62–1.70) 0.915

 PLT at recurrence,  109/L 
(≤ 100/> 100)

0.68 (0.40–1.20) 0.161 0.80 (0.53–1.20) 0.292

 HGB at recurrence, g/L 
(≤ 130/> 130)

1.56 (0.92–2.60) 0.1 1.43 (0.93–2.20) 0.107

 AFP at recurrence, ng/mL 
(> 200/≤ 200)

1.98 (1.30–3.10) 0.002 1.17 (0.69–1.96) 0.563 1.75 (1.20–2.50) 0.003 1.04 (0.68–1.58) 0.858

 PT at recurrence sec 
(> 13.5/≤ 13.5)

1.01 (0.51–2.00) 0.987 0.83 (0.46–1.5) 0.544

 Performance status at recur-
rence (1/0)

1.05 (0.15–7.50) 0.962 1.51 (0.37–6.10) 0.562

 Treatment of recurrence 
(TACE/TACE–Ablation)

1.99 (1.30–3.00) 0.001 2.02 (1.28–3.12) 0.002 2.00 (1.40–2.80) < 0.001 2.09 (1.46–3.00) < 0.001
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higher pain and vomiting rate and longer hospital stay 
than that of the TACE-alone group (all P <0.05) (Table 4).

After PSM, the CR, PR, SD and PD rates in the 
TACE–Ablation and TACE-alone groups were 35.4%, 
40.0%, 12.3%, 12.3%, and 16.9%, 33.8%, 24.6%, 24.6%, 
respectively. The ORR in the TACE–Ablation groups was 
higher than that in the TACE-alone group (TACE–Abla-
tion, 75.4% vs TACE alone, 50.7%; P = 0.006). In addi-
tion, the DCR in the TACE–Ablation group was higher 
than that in the TACE-alone group (TACE–Ablation, 
87.7% vs TACE alone, 75.4%; P = 0.113).

Discussion

High recurrence rate after curative hepatectomy is the 
main cause of treatment failure and cancer-related death, 
with 5-year recurrence rate of 70%(Poon et  al. 2001). 
The appropriate management of recurrent HCC is of vital 
importance. Although TACE is considered as the first-line 
strategy for intermediate-stage HCC, the efficacy of TACE 
is modest (Galle et al. 2018; Llovet et al. 2002, 2003; Lo 
2002; Marrero et al. 2018). Combination treatment, such 

Table 3  Summary of outcomes 
according to mRECIST Criteria

Except where indicated, data values represent the number of patients and data in parentheses are percent-
ages
mRECIST modified Response Evaluation Criteria in Solid Tumours, TACE transcatheter arterial chemoem-
bolization, CR complete response, PR partial response, SD stable disease, PD progressive disease, ORR 
objective response rate, = CR + PR, DCR disease control rate, = CR + PR + SD

Main outcome Before matching After matching

TACE (n = 111) TACE–Abla-
tion (n = 72)

P TACE (n = 65) TACE–Abla-
tion (n = 65)

P

Tumour response < 0.001 0.020
 CR 18 (16.2) 26 (36.1) 11 (16.9) 23 (35.4)
 PR 31 (27.9) 28 (38.9) 22 (33.8) 26 (40.0)
 SD 36 (32.4) 10 (13.9) 16 (24.6) 8 (12.3)
 PD 26 (23.4) 8 (11.1) 16 (24.6) 8 (12.3)

ORR 49 (44.1) 54 (75.0) < 0.001 33 (50.7) 49 (75.4) 0.006
DCR 85 (76.6) 64 (88.9) 0.057 49 (75.4) 57 (87.7) 0.113

Table 4  Complications after treatment

Except where indicated, data values represent the number of patients and data in parentheses are percentages
– There are not enough patients to do statistics, TACE:transcatheter arterial chemoembolization

Variable Before matching After matching

TACE (n = 111) TACE–Ablation 
(n = 72)

P TACE (n = 65) TACE–Ablation 
(n = 65)

P

Major complication
 Death 0 (0.0) 1 (1.4) – 0 (0.0) 1 (1.5) –
 Liver failure 0 (0.0) 1 (1.4) – 0 (0.0) 1 (1.5) –
 Moderate ascites 1 (0.9) 1 (1.4) 0.998 1 (1.5) 1 (1.5) 0.999
 Gastrointestinal haemorrhage 1 (0.9) 0 (0.0) – 1 (1.5) 0 (0.0) –
 Intraperitoneal haemorrhage 1 (0.9) 2 (2.8) 0.562 1 (1.5) 2 (3.1) 0.998

Minor complication
 Fever (> 38.5) 34 (30.6) 24 (33.3) 0.825 19 (29.2) 22 (33.8) 0.706
 Pain 26 (23.4) 33 (45.8) 0.003 13 (20.0) 28 (43.1) 0.008
 Diarrheal 6 (5.4) 4 (5.6) 1.000 6 (9.2) 4 (6.2) 0.744
 Vomiting 10 (9.0) 19 (26.4) 0.003 2 (3.1) 18 (27.7) 0.001
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as TACE combined with ablation, has shown better sur-
vival outcomes than TACE alone in patients with primary 
intermediate-stage HCC (Azuma et al. 2016; Yin et al. 
2014; Xu et al. 2013); while, it remains vague in recurrent 
intermediate-stage HCC after hepatectomy. To bridge the 
gap, we explored the question and found that TACE–Abla-
tion was superior to TACE alone with respect to both OS 
and PFS in patients with recurrent intermediate-stage 
HCC. However, the TACE group was associated with 
younger age and heavier tumour burden before treatment. 
Then, we applied PSM to reduce the confounding bias at 
baseline and found that TACE–Ablation still showed better 
both OS and PFS than TACE alone in enrolled patients. To 
the best of our knowledge, this is the first time to assess 
whether TACE combined with ablation is more effective 
than TACE alone for recurrent intermediate-stage HCC.

The advantage of synergistic effect of TACE combined 
with ablation may explain the reason why TACE–Ablation 
could achieve better tumour control and survival outcomes 
than TACE alone (Lencioni 2010; Rossi et al. 2000; Wang 
et al. 2010). First, TACE could reduce the heat-sink effect 
of subsequent ablation by obstructing the tumour-feeding 
flow, thus permitting a lager enough ablation zone of abla-
tion. Second, the hyperthermia in the tumour area induced 
by ablation could strengthen the effect of chemotherapeu-
tic anticancer drugs injected during the TACE procedure. 
Third, the digital subtraction angiography (DSA) technique 
performing during TACE could help to detect more tumours 
which might be too small to be recognised in imaging scans 

before treatment. Furthermore, TACE could help to control 
these micro-metastasis lesions. Through the TACE proce-
dure, tumour number and tumour location were identified, 
which made the subsequent ablation performed easily and 
clearly. Therefore, TACE combined with ablation was an 
effective strategy and should be considered when patients 
experienced recurrent intermediate-stage HCC.

In treatment of primary intermediate-stage HCC, 
TACE–Ablation had been compared with TACE alone in 
several retrospective studies and meta-analysis (Azuma et al. 
2016; Wang et al. 2010; Yin et al. 2014; Xu et al. 2013), 
and the combination group showed better tumour control 
and overall survival than TACE-alone group. Similarly, 
our results suggested that TACE–Ablation was also supe-
rior to TACE alone with respect to longer overall survival 
and progression-free survival in patients with recurrent 
intermediate-stage HCC. Consistent with our study, Yang 
et al. conducted a retrospective study in 2009 comparing 
the efficacy of combination therapy of TACE and radiofre-
quency ablation (RFA) with single treatment in recurrent 
HCC after hepatectomy and found that TACE combined 
with RFA was more effective in treating recurrent HCC 
after hepatectomy compared to single RFA or TACE treat-
ment (Yang et al. 2009). In spite of the similar results, our 
study conducted a relatively larger cohort than that of Yang’s 
study (183 patients vs 66 patients) and enrolled the specific 
patients with recurrent intermediate-stage HCC; while in 
Yang’s study, patients with early-stage recurrent HCC might 
confound the results. In addition, our study included more 
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Fig. 3  Overall survival (OS) and Progression-free survival (PFS) 
curves with risk tables for patients with intermediate-stage recurrent 
HCC after hepatectomy who underwent TACE or TACE combined 
with ablation after propensity score matching. a OS curves after pro-

pensity score matching, b DFS curves after propensity score match-
ing. TACE transcatheter arterial chemoembolization, CI confidence 
interval
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detailed information about the clinical characteristics both 
of the primary and recurrent HCC, complications during the 
treatment, and tumour response after treatment. PSM was 
performed to reduce bias duo to the confounding variables at 
baseline and there was no significant difference between the 
two groups in terms of baseline clinical characteristics after 
PSM. In summary, our results support that TACE combined 
with ablation is superior to TACE alone in terms of tumour 
control and survival outcomes in patients with recurrent 
intermediate-stage HCC.

We assessed the safety of both TACE–Ablation group and 
TACE-alone group and found that both the major complica-
tion rates and the minor complication rates were higher in the 
TACE–Ablation group than that in the TACE-alone group. 
The results were in accordance with expectation, after all, 
the patients in the TACE–Ablation group suffered adverse 
effects from both TACE and ablation procedure. TACE com-
bined with ablation had shown to be safe in both primary and 
recurrent HCC patients with low rates of major complica-
tion (0–4.7%) (Kagawa et al. 2010; Peng et al. 2012, 2018). 
In our study, the major complication rate of TACE–Abla-
tion group is 6.9%, which was slightly higher than previous 
study. One treatment-related death after treatment occurred 
in the TACE–Ablation group, which contributed the higher 
major complication rates in our study. We reviewed the death 
case in detail and found that the infectious shock induced by 
ablation-related gastrointestinal perforation was the diag-
nosis of death. In the future, it was especially important to 
perform artificial ascites or pleural effusion when the liver 
lesions were adjacent to gastrointestinal tract or diaphragm 
(Kondo et al. 2006). In general, TACE combined with abla-
tion was relatively safe in treating patients with recurrent 
intermediate-stage HCC with acceptable complication rates.

There are several limitations in our study. First, our study 
is a retrospective single-centre experience and our results 
may be influenced by selected bias. Second, the number of 
patients enrolled in our study is relatively small, and this 
limits the robustness of our analyses. Third, although we 
performed propensity score matching to balance patient 
demographics, selection bias might not have been com-
pletely avoided duo to the retrospective nature of this study. 
Therefore, more multi-centre study with larger sample size 
is needed to perform to identify better treatment strategy for 
recurrent intermediate-stage HCC.

In conclusion, TACE combined with ablation could 
achieve better OS and PFS than that of TACE alone for 
patients with recurrent intermediate-stage HCC after hepa-
tectomy. Further prospective randomised controlled clinical 
trials are needed to validate these findings.
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