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Summary
Background The evidence of radiofrequency ablation (RFA) following transarterial chemoembolisation (TACE)
combined with sorafenib for intermediate-stage recurrent hepatocellular carcinoma (RHCC) is limited. Patient
responses to this treatment vary because of the heterogeneous nature of RHCC, making it important to identify
patients who are most likely to benefit from this combination therapy. The aim of this study was to evaluate the
efficacy of RFA following TACE and sorafenib for the intermediate-stage RHCC.

Methods This retrospective, multicentre, cohort study included 363 patients with intermediate-stage RHCC
underwent TACE combined with sorafenib (TACE-sorafenib group) or RFA following TACE and sorafenib (TACE-
sorafenib + RFA group) between January 01, 2009 to December 31, 2015 from four institutions in China. Overall
survival (OS), progression-free survival (PFS) and efficacy of patients were compared between the two groups by
propensity score–matching (PSM).

Findings The 1-, 3-, and 5-year OS rates were 97.7%, 83.7%, 54.7% in TACE-sorafenib + RFA group, and 93.3%,
57.0%, 32.7% in TACE-sorafenib group. The 1-, 2-, and 3-year PFS rates were 85.3%, 58.0%, 26.9% in TACE-
sorafenib + RFA group, and 55.3%, 30.7%, 15.3% in TACE-sorafenib group. Compared with the TACE-sorafenib
group, the TACE-sorafenib + RFA group had significantly longer OS (HR, 0.54; 95%CI, 0.40–0.73; P < 0.001) and
PFS (HR, 0.52; 95% CI, 0.41–0.66; P < 0.001). Subgroup analysis was conducted to precisely screen out the
beneficial population from RFA treatment.

Interpretation Our findings suggest that addition of RFA following TACE and sorafenib combination was superior to
TACE combined with sorafenib for intermediate-stage RHCC, resulting in longer OS and PFS. Patients who had
good response to TACE and achieved downstaging successfully could not benefit from the RFA therapy.
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Research in context

Evidence before this study
The evidence of radiofrequency ablation (RFA) following
transarterial chemoembolization (TACE) combined with
sorafenib for intermediate-stage recurrent hepatocellular
carcinoma (RHCC) is limited. We screened MEDLINE, Web of
Science for relevant articles on November 1, 2022, without
language or date restrictions using the terms (“radiofrequency
ablation following transarterial chemoembolization combined
with sorafenib” OR “TACE in combination with sorafenib and
ablation”) AND (“recurrent hepatocellular carcinoma” OR
“recurrent liver cancer”). There was no study to evaluate the
efficacy of RFA following TACE combined with sorafenib for
the intermediate-stage RHCC.

Added value of this study
We found that addition of RFA following TACE and sorafenib
combination was associated longer progression-free survival
and overall survival than TACE and sorafenib combination for
intermediate-stage RHCC. In addition, patients who showed
good response to TACE and achieved downstaging
successfully could not benefit from the RFA therapy.

Implications of all the available evidence
Our research provides new evidence that TACE-
sorafenib + RFA treatment significantly improved the overall
survival (OS) and progression-free survival (PFS) of
intermediate-stage RHCC patients compared with those who
received TACE-sorafenib treatment. It provides a strong
reference for clinical treatment.
Introduction
Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver and the fourth leading
cause of cancer-related death worldwide.1 In China,
HCC is mainly caused by chronic hepatitis B virus
(HBV) infection.2 Hepatectomy is the first-choice
treatment for patients with early-stage HCC. Howev-
er, more than 50% of patients experienced recurrence
within 5 years after hepatectomy, and approximately
30% of patients with recurrent hepatocellular carci-
noma (RHCC) are diagnosed at intermediate-stage.3

Barcelona Clinic Liver Cancer stage B (BCLC B) was
the intermediate-stage which consists of patients
burdened multinodular HCCs without extrahepatic
metastasis and preserved liver function.4,5 This defini-
tion of BCLC B is rather broad and includes a hetero-
geneous patient population, and poses unique
challenges for therapeutic management which is
different from the early and advanced stages.6 Thera-
pies for RHCC are almost the same as those for pri-
mary HCC in recurrent guidelines.7 The recommended
treatment modality for HCC at BCLC B stage is
transarterial chemoembolisation (TACE).8 However,
according to the heterogeneity of the intermediate
population, patients are best served when the treat-
ment decision is individualised and taken within a
multidisciplinary team. For instance, TACE as a non-
radical treatment, achieves complete radiological ne-
crosis in about 20% of cases. For patients not achieving
complete necrosis, in this case other treatments such
as ablation and system therapy could be taken into
consideration.
Previous studies have shown that combination ther-
apy of TACE with sorafenib could achieve better survival
outcomes than TACE only for primary HCC at BCLC B
stage.9,10 The embolism of TACE induced the ischemic
changes which led to the upregulation of vascular
endothelial growth factor (VEGF).11 Sorafenib is an oral
multi-kinase inhibitor, which could inhibit VEGF
expression and tumour angiogenesis.12 Many re-
searchers have reported the favorable safety and efficacy
of sorafenib combined with TACE.10,13,14 Peng et al.
showed that TACE plus sorafenib obtained obvious
longer overall survival (OS) and progression-free sur-
vival (PFS) than TACE only for the intermediate-stage
RHCC in patients with microvascular invasion positive
at primary resection.15

Although TACE combined with sorafenib could
obtain favorable controlling effect of intermediate-stage
RHCC, the ablation could be applied for this popula-
tion with limited tumours. Previous studies have shown
that TACE combined thermal ablation provided better
tumour control and longer survival than TACE alone in
patients with primary intermediate-stage HCC.16–18 In
fact, ablation in combination with TACE has been pro-
posed for inoperative intermediate-stage HCC with a
diameter of 3–7 cm in the Chinese guidelines.19,20 While
for intermediate-stage RHCC, ablation was more flex-
ible applied due to the smaller tumour sise compared
with primary HCC. Wang et al. proved that TACE
combined with radiofrequency ablation (RFA) was a
superior strategy to TACE alone in intermediate-stage
RHCC, and the OS and PFS were longer than TACE.21

Although Wang et al. proved that RFA was effective
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for intermediate-stage RHCC, there still needs further
exploration of TACE plus sorafenib and RFA on
intermediate-stage RHCC and more related risk factors
such as initial hepatectomy stage data (microvascular
invasion [MVI], tumour number, tumour differentia-
tion), recurrent stage data (tumour sise, tumour num-
ber), recurrence patterns (early or late recurrence).
Thus, the aim of this multicentre study is to evaluate the
efficacy of RFA following TACE and sorafenib for the
intermediate-stage RHCC and identifies the relevant
risk factors of prognosis.
Methods
Patients and study design
This retrospective multicentre cohort study was con-
ducted in patients who had RHCC with intermediate-
stage between January 01, 2009 to December 31, 2015
in Chinese PLA General Hospital, Hunan Provincial
People’s Hospital, Sun Yat-sen University Cancer
Centre, The First Affiliated Hospital, Sun Yat-Sen Uni-
versity. The study was centrally approved by the ethics
committee of these four centres and was conducted
according to the guidelines of the Declaration of Hel-
sinki.22 Informed consent was waived because this study
was retrospective.

Eligibility criteria included clinical diagnosis of
RHCC based on a history of partial hepatectomy for
primary HCC. Patients who met the following criteria
were enrolled: (1) 18–70 years; (2) RHCC diagnosed by
imaging studies (triphasic computed tomography [CT]
and/or magnetic resonance imaging [MRI]) showing
both early enhancement and delayed decreased
enhancement, in accordance with the American Asso-
ciation for the Study of Liver Diseases Practice Guide-
line for Management of HCC.23; (3) intermediate-stage
RHCC (two to three lesions which at least one was
>3 cm in sise or more than three tumours); (4) the
tumour number was no more than six, and the
maximum tumour diameter was ≤5 cm; (5) absence of
extrahepatic metastasis or macrovascular invasion; (6)
received sorafenib more than 3 months; (7) Child–Pugh
class A or B; (8) TACE as initial treatment after tumour
recurrence and showed no tumour progression after
TACE. The excluding criteria were as follows: (1) under
18 years or over 70 years of age; (2) primary
intermediate-stage HCC; (3) RHCC after radical thermal
ablation; (4) RHCC with more than six tumours; (5)
tumour progression after TACE; (6) incomplete infor-
mation about prognostic variables; (7) patients stopped
sorafenib administration within 3 months; (8) lost
follow-up information within 3 months.

We collected data on the baseline demographic
characteristics of each patient. Initial hepatectomy stage
data included initial maximum tumour sise, tumour
differentiation, MVI, tumour capsule, resection margin,
BCLC stage of primary HCC. RHCC information
www.thelancet.com Vol 56 February, 2023
included the number of RHCC tumours, tumour sise of
RHCC, early and late stage of RHCC (recurrence was
divided into early (≤2 years) and late recurrence (>2
years)24), and cirrhosis (pathological results of initial
resection, or diminished sise of liver lobe, compensatory
enlargement of caudate lobe of liver, and splenomegaly
on imaging). We used the Albumin-Bilirubin (ALBI)
grade to evaluate liver function.25
TACE procedure
TACE procedure was performed by radiologists with
more than 5 years of experience in interventional ther-
apy for RHCC. The procedure was a super-selective
microcatheter inserted into the artery supplying each
tumour. Then a combination of lipiodol (5–15 ml),
lobaplatin (30–50 mg), and Pirarubicin (30–50 mg) was
infused into each tumour. We defined technical success
as complete embolisation of the tumour-feeding artery
resulting in no tumour staining observed by angiogram
at the end of procedure. TACE procedures were
repeated when the clinician judged in demand after 3
experienced clinician’s discussion. The evaluation of
tumour response to TACE was according to modified
Response Evaluation Criteria in Solid Tumours (mRE-
CIST) criteria one month after TACE by contrast
enhanced CT or MRI.26 Tumour response was
concluded complete response (CR), partial response
(PR), stable disease (SD) and progressive disease (PD).
Assessment of downstaging
One month after first TACE procedure, contrast-
enhanced CT scan or MRI was performed. When
assessing tumour response to TACE, the contrast-
enhanced portions of viable tumours was evaluated by
experienced roentgenologist. Intra-tumoural arterial
enhancement was considered as viable tumour tissue.
Tumour area that showed complete absence of contrast
uptake can be assumed to represent necrotic tissue ac-
cording the mRICIST criteria.26,27 Successful down-
staging was defined as reduction in viable tumour sise
or number to meet the Milan criteria. Namely the viable
tumour diameter was ≤3 cm (viable tumour number
was ≤3) or viable tumour diameter was ≤5 cm (viable
tumour number was single).
Sorafenib administration
Sorafenib were given at an initial dosage of 400 mg
twice daily without additional systemic therapies. Sor-
afenib was administered 4–7 days after first TACE
treatment, and patients received continual sorafenib.
Drug-related complications were recorded. Sorafenib
dose reduction was based on the presence of toxicity. If
grade 3 or 4 hematologic toxicity, skin toxicity, gastro-
intestinal toxicity, hypertension, or hepatic dysfunction
defined by National Cancer Institute Common
3
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Terminology Criteria for Adverse Events occurred,28 and
a dose adjustment (400 mg once daily) was required
until the adverse events were alleviated or eliminated.
After dose adjustment, if grade 3 or 4 adverse events
continued, sorafenib treatment was halted until the
adverse effects were alleviated or until they disappeared.
RFA procedure
RFA followed TACE within 6–8 weeks and sorafenib
continued. RFA at each institution was performed by a
physician with experience in at least 100 prior cases of
hepatic RFA. Percutaneous RFA was performed using
the cool-tip RFA system to achieve a single or multiple
overlapping ablations with a goal to cover an area larger
than the entire lesion plus an ablative margin of 0.5 cm
or more. Contrast-enhanced ultrasound was used for
tumour visualisation. Complete ablation was defined as
no area of enhancement was seen within or at the pe-
riphery of the ablated zone. If imaging studies showed
radiological features of residual tumour that suggested
incomplete ablation in contrast enhanced ultrasound or
CT/MRI, an additional session of percutaneous RFA
with the intention of complete ablation was performed
again. The RFA was considered curative when all the
tumours were completely ablated. Whether or not a
patient with intermediate-stage RHCC receives RFA
depends on the severity of the disease, physical condi-
tion, financial status, and the physician’s recommen-
dation (after multidisciplinary discussion).
Follow-up
The first follow-up was performed 4 weeks after first
TACE treatment, and then every 8–12 weeks until death or
dropout. At each follow-up visit, alpha-fetoprotein (AFP)
and liver function tests and abdominal contrast enhanced
CT or MRI was performed. The primary endpoint for the
study was OS, and the secondary endpoint was PFS. OS
was defined as the time from accepting TACE to death or
last follow-up, and PFS was defined as the time from
accepting the date of TACE to disease progression or last
follow-up. The follow-up period for this study was termi-
nated on December 30, 2021.
Statistical analysis
Propensity score-matching (PSM) analysis was used to
reduce the effect of selection bias and potential con-
founding between the two groups. Propensity scores
were estimated using a multivariate logistic regression
model, by inserting the following variables: initial hep-
atectomy stage data (tumour diameter, tumour capsule,
BCLC stage, MVI, cirrhosis); recurrent stage data (sex,
RHCC diameter, number of RHCC, recurrent stage).
Patients were matched 1:1 using the nearest neighbor
method with a caliber of 0.1 (Supplementary Fig. S1),
and this matching process has been described in a
previous study.29

To evaluate difference between the two groups, the
Pearson χ2 test and Fisher’s exact test were used to
compare categorical variables. The survival curves of OS
and PFS were constructed according to the Kaplan–
Meier method with the log-rank test, and the OS and
PFS rates were determined using a life table using the z
test. All statistical tests were 2 sides, and P < 0.05 was
considered significant. The statistical analyses were
performed using the Statistical Package for the Social
Science (SPSS) software (version 22.0, SPSS Inc., Chi-
cago, IL, USA) for Windows and R software for Win-
dows (Version 3.6.4 http://www.r-project.org).
Role of the funding source
The funding sources had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. The corresponding author had full access
to all the data and had final responsibility for the deci-
sion to submit for publication.

Results
Baseline characteristics of the patients
A total of 3058 patients with HCC accepted curative
resection from January 2009 to December 2015 in four
centres. 2142 patients had recurrence and total of 363
patients were enrolled in this study at last. 164 patients
received TACE combined with sorafenib (TACE-sor-
afenib group) and 199 patients received RFA following
TACE combined with sorafenib (TACE-sorafenib + RFA
group). The patient selection criterion was shown in
Fig. 1. Propensity score–matching (1:1 matching) anal-
ysis generated two new cohorts of 150 and 150 patients in
the TACE-sorafenib and TACE-sorafenib + RFA groups,
respectively, and the characteristics of the two groups
were balanced, with the standardised mean difference
less than 10% for all baseline variables (Supplementary
Fig. S2). Patients in the entire cohort, the median dura-
tion of follow-up was 42.2 months (range, 10.0–134.0
months), compared to the TACE-sorafenib group, the
TACE-sorafenib + RFA group showed more patients with
complete tumour capsule (73.4% vs. 61.0%) and cirrhosis
(54.3% vs. 41.5%), male proportion (92.5% vs. 84.8%),
RHCC number ≤3 (48.2% vs. 31.1%) and late recurrence
proportion (57.8% vs. 31.7%). After PSM, there were no
significant difference between the 2 groups. The de-
mographic data, etiology of liver disease, and tumour
characteristics of patients in the entire cohort and in the
matched cohort are summarised in Table 1.
Overall survival analysis between TACE-sorafenib
and TACE-sorafenib + RFA groups
During the follow-up period, 238 (65.6%) patients died
in the entire cohort. Of the patients who had died, 110
www.thelancet.com Vol 56 February, 2023
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Fig. 1: Flow chart of patient selection.
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(67.1%) patients in the TACE-sorafenib group and 128
(64.3%) patients in the TACE-sorafenib + RFA group,
respectively. Patients in the entire cohort, the median
OS was 37.6 ± 2.8 months (95% confidence interval [CI],
32.1–43.2) in the TACE-sorafenib group, and 58.7 ± 3.1
months (95% CI, 52.7–64.7) in the TACE-
sorafenib + RFA group, The 1-, 3-, and 5-year OS were
99.0%, 81.9%, 49.7% in TACE-sorafenib + RFA group,
and 92.7%, 53.5%, 30.1% in TACE-sorafenib group.
After propensity matching, the 1-, 3-, and 5-year OS
were 98.7%, 79.5%, 46.2% in TACE-sorafenib + RFA
group, and 93.3%, 57.0%, 32.7% in TACE-sorafenib
group. The TACE-sorafenib + RFA group had signifi-
cantly longer OS than the TACE-sorafenib group both in
the entire cohort (Fig. 2A, hazard ratio [HR], 0.43; 95%
CI, 0.33–0.56; P < 0.001) and in the matched cohort
(Fig. 2B, HR, 0.54; 95%CI, 0.40–0.73; P < 0.001).

Univariate analysis of OS and PFS were presented in
Supplementary Table S1. Multivariate analysis revealed
recurrent tumour diameter > 3 cm (HR, 1.54; 95% CI,
1.12–2.11; P = 0.007), recurrent tumour number >3
(HR, 2.57; 95% CI, 1.81–3.63; P < 0.001), early recurrent
stage (HR, 1.81; 95% CI, 1.28–2.56; P = 0.001), TACE-
sorafenib treatment (HR, 2.41; 95% CI, 1.77–3.26;
P < 0.001); primary tumour diameter ≥10 cm (HR, 1.92;
95% CI, 1.18–3.12; P = 0.009), primary HCC at BCLC B
stage (HR, 1.45; 95% CI, 1.05–2.00; P = 0.022), MVI
positive (HR, 1.54; 95% CI, 1.14–2.09; P = 0.022) were
risk factors related with poorer OS (Table 2).
www.thelancet.com Vol 56 February, 2023
Progression-free survival analysis between TACE-
sorafenib and TACE-sorafenib + RFA groups
Patients in the entire cohort, the median PFS was
13.1 ± 1.7 months (95% CI, 9.8–16.4) in TACE-sorafenib
group, and 29.1 ± 1.0 months (95% CI, 27.1–31.0) in
TACE-sorafenib + RFA group. The 1-, 2-, and 3-year PFS
rates were 52.4%, 28.0%, 12.8% in TACE-sorafenib
group, and 86.4%, 61.8%, 30.5% in TACE-
sorafenib + RFA group (Fig. 3A). After propensity
matching, the 1-, 2-, and 3-year PFS rates were 55.3%,
30.7%, 15.3% in TACE-sorafenib group, and 85.3%,
58.0%, 26.9% in TACE-sorafenib + RFA group, respec-
tively (Fig. 3B). The TACE-sorafenib + RFA group had
significantly longer PFS than the TACE-sorafenib group
both in the entire cohort (HR, 0.43; 95% CI, 0.35–0.54;
P < 0.001) and in the matched cohort (HR, 0.52; 95% CI,
0.41–0.66; P < 0.001).

Multivariate analysis revealed that recurrent tumour
diameter >3 cm (HR, 1.89; 95% CI, 1.46–2.44;
P < 0.001), recurrent tumour number >3 (HR, 2.80; 95%
CI, 2.21–3.69; P < 0.001), early recurrent stage (HR,
1.66; 95% CI, 1.27–2.16; P < 0.001), TACE-sorafenib
treatment (HR, 2.71; 95% CI, 2.10–3.50; P < 0.001);
primary HCC at BCLC B stage (HR, 1.44; 95% CI,
1.11–1.86; P = 0.006) were risk factors related with
poorer PFS (Table 2).
Downstaging outcomes and survival analysis
between TACE-sorafenib and TACE-sorafenib + RFA
groups
In order to clarify the beneficial populations from RFA,
we further analysed tumour response to TACE in the
matched cohort. Some patients in the two groups
showed good response to TACE (PR and CR) and ach-
ieved downstaging, while other patients may only show
partial response without downstaging. As shown in
Table 3, 50 patients (33.3%) in TACE-sorafenib group
and 67 patients (44.7%) patients in TACE-
sorafenib + RFA group achieved downstaging. The rates
of TACE downstaging were obviously higher in TACE-
sorafenib + RFA group than TACE-sorafenib group. For
patients who achieved downstaging, no difference was
observed with OS (Fig. 4A, HR, 0.66; 95% CI, 0.38–1.15;
P = 0.261) and PFS (Fig. 4B, HR, 0.73; 95% CI,
0.49–1.10; P = 0.130) between TACE-sorafenib and
TACE-sorafenib + RFA groups. On the contrary, 100
patients (66.7%) in TACE-sorafenib group and 83 pa-
tients (55.3%) in TACE-sorafenib + RFA group did not
achieve downstaging. For patients who did not achieve
downstaging, OS (Fig. 4C) and PFS (Fig. 4D) were
obviously different between the two groups. The TACE-
sorafenib + RFA group had significantly longer OS (HR,
0.51; 95% CI, 0.36–0.73; P < 0.001) and PFS (HR, 0.48;
95% CI, 0.35–0.64; P < 0.001) than the TACE-sorafenib
group.
5
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Variable
Entire cohort Propensity score-matched cohort (1:1 ratio)

TACE-sorafenib (n = 164) TACE-sorafenib + RFA (n = 199) P value TACE-sorafenib (n = 150) TACE-sorafenib + RFA (n = 150) P value

Initial hepatectomy stage data

Surgical margin, cm

≤1 85 (51.8) 110 (55.3) 0.512 79 (52.7) 83 (55.3) 0.643

>1 79 (48.2) 89 (44.7) 71 (47.3) 67 (44.7)

Tumour diameter, cm

≤5 30 (18.3) 30 (15.1) 0.124 30 (20.0) 26 (17.3) 0.255

>5, <10 85 (51.8) 124 (62.3) 75 (50.0) 89 (59.3)

≥10 49 (29.9) 45 (22.6) 45 (30.0) 35 (23.4)

BCLC stage

A 107 (65.2) 114 (57.3) 0.122 98 (65.3) 89 (59.3) 0.284

B 57 (34.8) 85 (42.7) 52 (34.7) 61 (40.7)

Tumour capsule

Incomplete 64 (39.0) 53 (26.6) 0.012 54 (36.0) 49 (32.7) 0.543

Complete 100 (61.0) 146 (73.4) 96 (64.0) 101 (67.3)

MVI

Negative 104 (63.4) 134 (67.3) 0.434 100 (66.7) 103 (68.7) 0.711

Positive 60 (36.6) 65 (32.7) 50 (33.3) 47 (31.3)

Tumour differentiation

I-II 137 (83.5) 160 (80.4) 0.441 104 (69.3) 106 (70.7) 0.801

III-IV 27 (16.5) 39 (19.6) 46 (30.7) 44 (29.3)

Cirrhosis

Negative 96 (58.5) 91 (45.7) 0.015 84 (56.0) 78 (52.0) 0.487

Positive 68 (41.5) 108 (54.3) 66 (44.0) 72 (48.0)

Recurrent stage data

Age, years

<60 127 (77.4) 158 (79.4) 0.651 116 (77.3) 121 (80.7) 0.478

≥60 37 (22.6) 41 (20.6) 34 (22.7) 29 (19.3)

Sex

Male 139 (84.8) 184 (92.5) 0.020 130 (86.7) 135 (90.0) 0.369

Female 25 (15.2) 15 (7.5) 20 (13.3) 15 (10.0)

Anti-virus therapy

No 48 (29.3) 53 (26.6) 0.577 45 (30.0) 43 (28.7) 0.800

Yes 116 (70.7) 146 (73.4) 105 (70.0) 107 (71.3)

AFP, ng/mL

<400 94 (57.3) 119 (59.8) 0.633 87 (58.0) 90 (60.0) 0.725

≥400 70 (42.7) 80 (40.2) 63 (42.0) 60 (40.0)

RHCC diameter, cm

≤3 68 (41.5) 103 (51.8) 0.051 67 (44.7) 70 (46.7) 0.728

>3 96 (58.5) 96 (49.2) 83 (55.3) 80 (53.3)

RHCC number

≤3 51 (31.1) 96 (48.2) 0.001 51 (34.0) 53 (35.3) 0.808

4–6 113 (68.9) 103 (51.8) 99 (66.0) 97 (64.7)

ALBI grade

Grade 1 109 (66.5) 125 (62.8) 0.470 97 (64.7) 94 (62.7) 0.719

Grade 2 55 (33.5) 74 (37.2) 53 (35.3) 56 (37.3)

Recurrent stage

Early 112 (68.3) 84 (42.2) 0.040 98 (65.3) 89 (59.3) 0.284

Late 52 (31.7) 115 (57.8) 52 (34.7) 61 (40.7)

Data are n (%). TACE, transarterial chemoembolization; RFA, radiofrequency ablation; BCLC, Barcelona Clinic Liver Cancer; MVI, microvascular invasion; AFP, alpha-fetoprotein; RHCC, recurrent
hepatocellular carcinoma; ALBI, albumin-bilirubin.

Table 1: Baseline characteristics of patients who underwent transarterial chemoembolization (TACE)-sorafenib or TACE-sorafenib + radiofrequency ablation (RFA) treatment for
intermediate-stage recurrent hepatocellular carcinoma (RHCC).
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Fig. 2: Kaplan–Meier analysis of overall survival (OS). Data in the entire cohort (2A) and in the propensity score-matched cohort (2B) in
patients with intermediate-stage recurrent hepatocellular carcinoma (RHCC).

Variable Comparison Overall survival Progression-free survival

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

Recurrent stage data

Tumour diameter. cm ≤3 vs. >3 1.54 (1.12–2.11) 0.007 1.89 (1.46–2.44) <0.001

Tumour number ≤3 vs. >3 2.57 (1.81–3.63) <0.001 2.80 (2.21–3.69) <0.001

Recurrent stage Late vs. Early 1.81 (1.28–2.56) 0.001 1.66 (1.27–2.16) <0.001

Types of treatment TACE-sorafenib + RFA vs. TACE-sorafenib 2.41 (1.77–3.26) <0.001 2.71 (2.10–3.50) <0.001

Initial hepatectomy stage data

Tumour diameter, cm ≤5 Reference

>5, <10 1.68 (0.89–2.58) 0.074

BCLC stage ≥10 1.92 (1.18–3.12) 0.009

BCLC stage A vs. B 1.45 (1.05–2.00) 0.022 1.44 (1.11–1.86) 0.006

MVI Negative vs. Positive 1.54 (1.14–2.09) 0.005 1.24 (0.94–1.63) 0.127

HR, hazard ratio; CI, confidence interval; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; BCLC, Barcelona Clinic Liver Cancer; MVI, microvascular
invasion.

Table 2: Multivariate analysis of prognostic factors for overall survival (OS) and progression-free survival (PFS) in patients with intermediate-stage
recurrent hepatocellular carcinoma (RHCC) after propensity score matching (PSM).

Articles
Treatment-related adverse events between TACE-
sorafenib and TACE-sorafenib + RFA groups
All of 363 patients in cohort received at least 3 months
of sorafenib. Grades of treatment-related and drug-
related adverse events from TACE-sorafenib and
TACE-sorafenib + RFA treatment were recorded
(Supplementary Table S2). No unexpected adverse
events or treatment-related deaths occurred. Median
duration of sorafenib in TACE-sorafenib group was 12.2
months (range, 5.0–23.0 months) and 13.5 months
(range, 5.0–24.0 months) in TACE-sorafenib + RFA
group. For the grade 1–2 of adverse events, patients
alleviated after accepting symptomatic treatment or dose
reduction. For the 3–4 grade level, patients were tem-
porary stopped the sorafenib until the adverse effects
www.thelancet.com Vol 56 February, 2023
were alleviated, and low dose of sorafenib were
continued if possible after recovery.
Discussion
In the present study, we analysed 363 consecutive pa-
tients who were treated with TACE-sorafenib (n = 164)
or TACE-sorafenib + RFA (n = 199) for intermediate-
stage of RHCC. Results from our study suggested that
TACE-sorafenib + RFA treatment significantly improved
the OS and PFS of intermediate-stage RHCC patients
compared with those who received TACE-sorafenib
treatment, which was consistently observed in unad-
justed, propensity score-matched, and competing risk
analyses. In addition, we also found that patients who
7
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Fig. 3: Kaplan–Meier analysis of progression-free survival (PFS). Data in the entire cohort (3A) and in the propensity score-matched cohort
(3B) in patients with intermediate-stage recurrent hepatocellular carcinoma (RHCC).

Main outcome TACE-sorafenib
N = 150

TACE-sorafenib + RFA
N = 150

P value

Tumour response 0.058

CR 16 (10.7) 24 (16.0)

PR 86 (57.3) 95 (63.3)

SD 48 (32.0) 31 (20.7)

ORR 102 (68.0) 119 (79.3) 0.026

TACE downstaging 50 (33.3) 67 (44.7) 0.044

TACE, transarterial chemoembolization; RFA, radiofrequency ablation; CR,
complete response; PR, partial response; SD, stable disease; ORR, objective
response rate.

Table 3: Outcome of intermediate stage recurrent hepatocellular
carcinoma (RHCC) response to transarterial chemoembolization
(TACE) with modified Response Evaluation Criteria in Solid Tumours
(mRECIST) evaluation.
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showed good response to TACE and achieved down-
staging successfully could not benefit from the RFA
therapy.

The 5-year recurrence rate of HCC after curative
hepatectomy is about 70%, which is the main cause of
cancer-related death.30,31 Intermediate-stage of RHCC
counts 30% of all recurrence, as the primary
intermediate-stage HCC, TACE is still the first-line
choice.32,33 Previous studies have shown that TACE
combined sorafenib showed longer survival than TACE
alone for intermediate-stage RHCC.15 While, for patients
with limited tumours after recurrence, RFA could pro-
vide complete ablation which certainly prolong the
survival and slow disease progression.21 The reasons of
TACE combined ablation superior to TACE are that
TACE could reduce the heat-sink effect of subsequent
ablation by obstructing the tumour-feeding flow and the
hyperthermia in the tumour area induced by ablation
could strengthen the effect of TACE.34 Although local
combination therapy has achieved certain efficacy in
primary intermediate-stage HCC, it still needs clinical
evidence that TACE combined sorafenib and RFA could
provide higher survival benefit than TACE combined
sorafenib for intermediate-stage RHCC after hepatec-
tomy. To bridge the gap, we conduct this multicentre
study.

In our study, patients in the matched cohort, the 1-,
3-, and 5-year OS rates were 98.7%, 79.5%, 46.2% in
TACE-sorafenib + RFA group, and 93.3%, 57.0%, 32.7%
in TACE-sorafenib group. Compared with the TACE-
sorafenib group, the TACE-sorafenib + RFA group had
significantly longer OS. Peng et al. illustrated that the
1-, 3-, and 5-year OS of TACE-sorafenib on intermediate-
stage RHCC were 77.1%, 49.3%, 38.9%.15 The OS rates
of TACE-sorafenib group in our study was higher than
the Peng’s results, and the reason may be that patients
in our study had less tumour number. Wang et al.
demonstrated that the 1-, 3- and 5-year OS rates in
TACE-RFA on intermediate-stage RHCC were 81.2%,
52.4%, 41.6%.21 The OS rates of TACE-sorafenib + RFA
group in our study was longer than Wang’s research due
to the benefit of sorafenib.

In the present study, our results suggested that
TACE-sorafenib + RFA was superior to TACE-
sorafenib with respect to both OS and PFS in pa-
tients with intermediate-stage RHCC. The underlying
reasons for these results might be complicated, but it
may be explained by the following aspects. First,
through the TACE procedure, tumour number and
tumour location were identified, which made the
subsequent RFA performed easily and clearly under
www.thelancet.com Vol 56 February, 2023
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Fig. 4: Kaplan–Meier survival curves for patients with different response to transarterial chemoembolisation (TACE). (4A) Overall survival
(OS) and (4B) progression-free survival (PFS) of patients achieved TACE downstaging between TACE-sorafenib and TACE-sorafenib + RFA
groups (4C) Overall survival (OS) and (4D) progression-free survival (PFS) of patients didn’t achieve TACE downstaging between TACE-sorafenib
and TACE-sorafenib + RFA groups.

Articles
CT guidance, and tumours were ablated after RFA
which certainly provided survival benefit. Second,
TACE could also help to control and detect recurrent
tumours which might be too small to be distinguished
in CT or MRI, providing important information for
further local combination therapy and targeted ther-
apy. Third, the effectiveness of sorafenib on HCC has
been demonstrated in the SHARP trial,35 thus, the
sorafenib acted as effective strategy from controlling
state to preventing state after RFA. Studies had proved
that TACE-sorafenib was superior to TACE or sor-
afenib alone on primary and recurrent intermediate-
stage HCC.36,37 As was expected, addition of RFA for
patients accepting TACE-sorafenib was an effective
www.thelancet.com Vol 56 February, 2023
strategy and should be considered when patients
experienced intermediate-stage RHCC with limited
tumours.

Interestingly, our study showed that not all patients
need RFA. When patients showed good response to
TACE, RFA may not be needed. A series of studies have
explored downstaging with TACE before liver trans-
plantation, and the results showed that the survival
outcome for downstaging were comparable to those
initially met the Milan criteria for patients receiving liver
transplantation.38,39 Chen et al. have demonstrated that
thermal ablation following TACE downstaging outside
Milan criteria obtained comparable survival with ther-
mal ablation of HCC within Milan criteria.40,41 Currently,
9
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there is no literature about the use of TACE as down-
staging tool for intermediate-stage RHCC. In this mul-
ticentre study, we found that patients who showed good
response to TACE and achieved downstaging success-
fully could not benefit from the RFA treatment. There
were several possible explanations for this result. First,
tumours showed good response to TACE and achieved
downstaging successfully, and tumour downstaging was
thought to be associated with the less biologically
aggressive nature of RHCC.42 Second, a good response
to TACE, the residual tumour aggression was decreased
after TACE downstaging, and added the susceptibility to
sorafenib.37 Thus, sorafenib could plenarily control the
residual tumours from progression, so addition of RFA
was not prerequisite.37 Third, the reprogramming of the
microenvironment after TACE, macrophages and natu-
ral killer were recruited to tumour, and sorafenib could
enhance the function of macrophages and cytotoxic NK
cells.43 Therefore, our study revealed that different
response to TACE may represent a strategy to select
patients for different treatment.

Additionally, it is well known that prior to the
immunotherapy, treatment of advanced HCC was
dominated by antiangiogenic tyrosine kinase inhibitors,
mainly sorafenib.44 The demonstration of the efficacy of
programmed death-1 (PD-1) and programmed cell
death-Ligand 1 (PD-L1) inhibitor, showed durable re-
sponses, manageable safety, and promising survival in
HCC therapy.45 The IMbrave150 trial, combination of
atezolizumab and bevacizumab, showed obviously bet-
ter prognosis both in OS and PFS than sorafenib.46 This
combination therapy replacing the sorafenib, was
approved as first-line treatment in advanced HCC by
Food and Drug Administration (FDA).46,47 As the
emergence of new multi-kinase inhibitors, immuno-
therapy, and the combination of the two, sorafenib was
not the first choice for HCC patients worldwide.48,49

However, we believe that our study could be applied
not only for the sorafenib, but also for other multi-
kinase inhibitors as Lenvatinib, and atezolizumab and
bevacizumab.

This study has several limitations. First, this study
was retrospectively and carried out without random-
isation which may have resulted in selection bias, but
we tried to minimise such limitation by propensity
score matching. Second, although we have carefully
selected patients with several clinical characteristics,
the influence of measured and unmeasured con-
founders on the outcome of patients is inevitable. For
example, heterogeneous RFA modalities and doctor’s
experience, and their combinations may have some
influence on the results. Third, although we have
included data from multiple centres, the number of
patients included in the analysis is limited, there may
be some influence on the results due to insufficient
sample sise, future prospective and large-scale
multicentre study needed to verify our founding, which
could be as a guideline to treat the intermediate-stage
RHCC after thermal ablation.

In conclusion, our study indicated that addition of
RFA following TACE and sorafenib combination was
associated with longer progression-free survival and
overall survival than TACE and sorafenib combination
for intermediate-stage RHCC. In addition, patients who
showed good response to TACE and achieved down-
staging successfully could not benefit from the RFA
therapy.
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