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Abstract: The present study aims to investigate retrospectively the efficacy and safety of sorafenib combined with radiofrequency ablation (RFA) to treat unresectable remnant large hepatocellular carcinoma (HCC) after transcatheter
arterial chemoembolization (TACE). The 229 consecutive patients with unresectable remnant large HCC (diameter ≥
5 cm) received RFA and sorafenib (RFA + Sor group, n = 102) or sorafenib (Sor group, n = 127) from January 2010
to January 2016. Complications and overall survival (OS) of the two groups were compared and subgroup analysis
carried out. Survival curves were drawn using the Kaplan-Meier method. The RFA + Sor group had no additional serious adverse events. The average OS was 18.3 ± 1.6 months (95% confidence interval [CI]: 15.2-21.4) in the RFA +
Sor group and 14.1 ± 1.1 months (95% CI: 11.8-16.3) in the Sor group, a difference the log-rank test indicated was
significant (P = 0.03). The 1-, 2- and 3-year survival rates of the RFA + Sor group were 56.9%, 34.3%, and 11.7%,
and those of the Sor group were 42.5%, 22.0%, and 5.5%, respectively. The between-group differences in 1- and
2-year survival rates were statistically significant, but not the difference in 3-year survival rates. Subgroup analysis
showed that the RFA + Sor group achieved significantly more lifetime benefits than the Sor group in: patients with
tumors 5-10 cm in diameter (hazard ratio [HR] 0.42, 95% CI 0.21-1.06 vs. HR 0.94, 95% CI 0.63-1.22); patients
with an isolated tumor (HR 0.36, 95% CI 0.19-0.81 vs. HR 0.93, 95% CI 0.55-1.24); and patients with remnant lesion volume < 50% after TACE (HR 0.47, 95% CI 0.21-1.12 vs. HR 0.77, 95% CI 0.46-0.81). RFA with sorafenib is
safe and effective for unresectable remnant large HCC, controlling tumor progression and prolonging survival better
than sorafenib alone.
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Introduction
Large hepatocellular carcinoma (HCC) is a
hepatocellular carcinoma ≥ 5 cm in diameter
[1]. Patients with large HCC are often diagnosed late, when tumor volume is already large
and that of normal liver tissue is reduced; liver
function is poor; and microvascular invasion
and compression of adjacent organs is often
present. Most of these patients are in the
advanced stage, and the risk of surgical removal is relatively high [2, 3]. Evidence-based
research has confirmed that transcatheter
arterial chemoembolization (TACE) and sorafenib can effectively control the growth of
late-stage HCC, improve prognosis, and pro-

long survival [4]. However, most large HCCs are
rich in blood supply, have mutated origin of the
tumor blood supply arteries, and have poorly
open small arteries [5-7]; therefore, complete
embolization is difficult, even with superselective TACE. Even when the operator subjectively feels he/she has achieved complete embolization of the tumor, some residuals always
remain, suggesting that TACE cannot always
achieve complete tumor necrosis and postoperative remnant cancer is common [8]. In addition, TACE can easily form a hypoxic microenvironment after tumor embolization, leading to
changes in hypoxia-related factors (e.g., vascular endothelial growth factor, microRNA-210),
increasing the risk of tumor recurrence and
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metastasis [9-11]. Sorafenib, a multi-kinase
inhibitor, inhibits tumor angiogenesis and tumor
cell proliferation [12] and can theoretically
make up for this deficiency. Many liver cancer
treatment guidelines consider radiofrequency
ablation (RFA) as effective as surgical resection
to treat small HCC < 3 cm in diameter. It can be
manipulated easily and can achieve complete
coagulative necrosis [13], but because of the
heat sink effect and the limited ablation range,
this technique is still not suitable for large HCC
[14]. In theory, RFA can be used as a complementary treatment for remnant cancer after
TACE in large HCC, but it may increase the liver
load. However, there are few reports of remnant cancer after TACE treatment of HCC, especially large HCC. Therefore, this study retrospectively analyzed our experience in treating
remnant cancer after TACE for patients with
large HCC, to compare the efficacy, safety, and
prognostic factors of sorafenib with RFA and
sorafenib alone.
Materials and methods
Design
This retrospective study was approved by the
hospital ethics committee, which waived patient informed consent. Inclusion criteria were:
HCC ≥ 5 cm in diameter; remnant tumor tissue after TACE due to large tumor volume;
Child-Pugh grade A or B; and platelets > 60 ×
109/L, prothrombin time < 6 s, or values < 1.5
times the upper limit of normal for: serum alanine aminotransferase, aspartate aminotransferase, or creatinine. Exclusion criteria were:
associated tumor thrombus in the portal or
hepatic vein; new intrahepatic or extrahepatic
metastases after TACE; rejection of sorafenib
treatment; topical treatments other than RFA;
and non-standardized sorafenib treatment.
Data were collected from 1,437 consecutive
patients with large HCC who underwent TACE
between January 2010 and January 2016.
Devices
The therapeutic unit equipped with Siemens
Miyabi Angio-CT system (Siemens Medical Solutions AG, Erlangen, Germany) and GE INNOVA
4100 IQ (GE Healthcare, Milwaukee, WI, USA).
The RF therapy device was the RITA® RF System, Model 1500, with the RITA® RF ablation
electrode needle (RITA Medical System, Mountain View, CA, USA).
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Treatment methods
All patients with large HCCs underwent TACE
for 2-4 weeks, then enhanced magnetic resonance imaging (MRI) (Figure 4C). The patient
with remnant cancer or the patient’s guardian
was informed of the estimated efficacy, potential risk, and cost of treatment of RFA with
sorafenib versus sorafenib alone. The patient
or guardian determined the method of treatment, which was initiated after informed consent was obtained.
Sorafenib treatment and management: The initial dose of sorafenib (Bayer Pharmaceuticals,
Leverkusen, Germany) was 400 mg twice daily.
The medication was suspended 1-2 days before RFA treatment and the initial oral dose
resumed within one week after RFA according
to the recovery of liver function. When intolerable adverse reactions occurred, the dose was
reduced. Adverse reactions were evaluated according to the Common Terminology Criteria
for Adverse Events 4.0 standard [15]. The dose
was reduced according to the SHARP test [16]:
first to 400 mg once a day, then to 400 mg
once every other day. For a grade 3 or 4 toxic
reaction, sorafenib was suspended. If toxicity
was reduced to level ≤ 2 within 30 days, oral
medication was resumed; otherwise, medication was stopped permanently. Patients took
sorafenib for at least 3 months, until the lesion
progressed or they died. Patients were followed
through outpatient visits, telephone follow up,
and the China Charity Federation APP.
Radiofrequency ablation: Two doctors with 10+
years’ experience performed RFA treatment for
remnant cancer after TACE. After successful
computed tomography-guided radiofrequency
puncture, the 1500 RITA® radiofrequency ablation tumor treatment system was switched on,
and the RFA treatment procedure was set.
Parameters were adjusted according to the
size, shape, and position of the remnant tumor.
The range of ablation was defined to cover the
whole tumor plus 0.5-1.0 cm. Multi-added,
multi-needle overlapping ablation was carried
out for patients with a relatively large volume of
remnant tumor. At the end of ablation, the needle track was coagulated at a temperature of
70-90°C to reduce the risk of needle track
bleeding and needle track implantation of
tumor (Figure 4C).
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Figure 1. Flow chart of patients included in the study.

starting sorafenib, MRI examination was performed every
4-6 weeks, and the efficacy of
tumor treatment was evaluated using the modified Response Evaluation Criteria in
Solid Tumors (mRECIST) criteria [17]. Adverse reactions
were graded and recorded
using the National Cancer
Institute Common Terminology Criteria, Version 4.0. The
local objective response rate
was calculated as the proportion of patients with complete remission (Figure 4D) and
partial remission. Time to
tumor progression was the
time from beginning sorafenib use to the onset of progressive disease (PD). PD
included local tumor progression and distant metastasis.
Distant metastasis was defined as the emergence of
new metastatic lesions in the
liver region or in extrahepatic
organs far from the original
tumor lesion. Overall survival
(OS) was the time from the
start of sorafenib to the time
of death or last follow up.
Statistical methods

Data analysis was performed using SPSS version 24.0
(IBM Corporation, Armonk,
NY, USA). Rates, percentages, and baseline stratification
were analyzed by chi-square
tests. The normal distribution
and homogeneity of variance
were expressed by X ± S
Figure 2. Kaplan-Meier curves show overall survival in the radiofrequency
according to the independablation with sorafenib (RFA + sorafenib) and sorafenib groups.
ent-sample t-test. OS curves
were drawn according to the
Follow up and response assessment
Kaplan-Meier method and OS rates calculated
using the log-rank test. The stratified Cox regrePatients were followed up from the start of oral
ssion model was used to calculate the overall
administration of sorafenib until they either
hazard ratio (HR) and 95% confidence interval
died or were lost to follow up. The follow up of
(CI) for each subgroup, and GraphPad Prism 7
surviving patients ended in August 2018.
(GraphPad Software, San Diego, CA, USA) was
Adverse reactions, patients’ disease progresused for subgroup analysis. Statistical significance was considered when P < 0.05.
sion and/or time of death were recorded. After
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Figure 3. Subgroup analysis: overall survival of the corresponding subgroup of patients.

Results
Patient baseline data
We collected data from 1,437 patients with
large HCC who underwent TACE between
January 2010 and January 2016. Among them,
1,113 patients had remnant cancer after TACE
treatment. After excluding the 541 patients not
treated with sorafenib, 106 with liver failure, 47
with portal vein tumor thrombus, 32 with extrahepatic metastases, 33 who underwent other
local or systemic treatment, 8 who underwent
surgical resection, 41 lost to follow up, and 76
treated with sorafenib irregularly, 229 patients
were studied: 102 receiving RFA and sorafenib
(RFA + Sor group) and 127 receiving sorafenib
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alone (Sor group) (Figure 1). The two groups
had no significant differences in age, gender,
tumor size, alpha-fetoprotein level, tumor staging, liver function grading, and physical fitness
scores (Table 1).
Safety and side effects
Patients in the RFA + Sor group received RFA
treatment at least once, and the mean duration
of sorafenib treatment was 7.3 ± 1.4 months
(range 2-45 months), while the mean duration
of sorafenib treatment was 6.9 ± 1.8 months
(range 1-51 months) in the Sor group (P =
0.06). At the end of the follow-up period, a total of 220 patients died but no treatment-related deaths occurred. The main causes of death
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(DCR = complete remission +
partial remission + stable disease) was 100% in the RFA +
Sor group, but 65.3% in the
Sor group (P = 0.006). In the
RFA + Sor group, complete
remission of the overall lesion was achieved in 13 patients (12.7%), partial remission in 47 patients (46.1%),
and stable disease in 7 patients (6.85); the DCR was
65.7% (67/102), while the
DCR in the Sor group was
41.7% (53/127) (P < 0.001).
The Kaplan-Meier survival
analysis curve is shown in
Figure 2. The mean survival
time of patients in the RFA +
Figure 4. An older female patient showed large hepatocellular carcinoma
Sor group was 18.3 ± 1.6
with local remnants (arrow) after transcatheter arterial chemoembolization
months (95% CI: 15.2-21.4)
(TACE). A. The Computed Tomography scan showed lipiodol deposition in the
and that in the sorafenib
tumor in one month after TACE. B. The magnetic resonance imaging (MRI)
showed slightly uneven enhancement of the residual tumor during the artegroup was 14.1 ± 1.1 monrial phase. C. Radiofrequency ablation (RFA) treatment (arrow) for the reths (95% CI: 11.8-16.3); the
sidual tumor and RFA combined with sorafenib therapy. D. The MRI showed
median OS of patients in the
complete remission (arrow) in the residual tumor.
RFA + Sor group was 14.0
months (95% CI: 10.7-17.3)
were liver function decompensations (includand that in the sorafenib group was 9.0 months
ing hepatic encephalopathy), hepatorenal syn(95% CI: 6.8-11.2). The log-rank test showed a
drome, gastrointestinal bleeding, and tumor
significant difference in survival time between
progression. The main RFA-related complicathe two groups (P = 0.03). The 1-, 2- and 3-year
tions were hepatic subcapsular hemorrhage in
survival rates of the RFA + Sor group were
5 cases (5.0%), biliary tumor in 2 cases (2.0%),
56.9%, 34.3%, 11.7%; those of the sorafenib
and pleural effusion in 1 case (1.0%). All pagroup were 42.5%, 22.0%, 5.5%, respectively.
tients had different degrees of toxicity and side
Between the two groups, the differences in 1effects after taking sorafenib, such as skin
and 2-year survival rates were statistically sigreactions of the hands and feet, decreased
nificant, but not the difference in 3-year survivappetite, fatigue, and diarrhea. The RFA + Sor
al rates.
group had 65 cases (63.7%) and the Sor group
Subgroup analysis
had 75 cases (59.1%) of severe adverse reactions (grade 3/4 toxicity), an insignificant differThe stratified Cox regression model was used
ence in the incidence of these side effects (P =
to calculate the HR and 95% CI for each sub0.559). For these patients, we reduced the
group. The forest plots for subgroup analysis
dose, suspended the use of sorafenib, and car(Figure 3) showed that the RFA + Sor group had
ried out symptomatic treatment.
significant OS benefits for all 18 subgroups.
Compared with the Sor group, survival benefits
Efficacy analysis
were most significant in the following RFA + Sor
During the follow-up period, 171 patients died
subgroups: patients with a tumor diameter of
of tumor progression. The data of local efficacy
5-10 cm (HR 0.42, 95% CI 0.21-1.06 vs. HR
are shown in Table 2. In the RFA + Sor group,
0.94, 95% CI 0.63-1.22), patients with an isoaccording to the mRECIST criteria, complete
lated tumor (HR 0.36, 95% CI 0.19-0.81 vs. HR
remission of the target lesion (large lesion) was
0.93, 95% CI 0.55-1.24), and patients with reachieved in 32 patients (31.4%), partial remismnant lesion volume < 50% after TACE treatsion in 59 patients (57.8%), and stable disease
ment (HR 0.47, 95% CI 0.21-1.12 vs. HR 0.77,
in 11 patients (10.8%). The disease control rate
95% CI 0.46-0.81).
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Table 1. Baseline characteristics of study patients
Parameter
Age (years)
Sex
Male
Female
Hepatitis virus
HBV
HCV
Negative
Platelet count (× 109/L)
Serum AST (IU/L)
Serum ALT (IU/L)
Total bilirubin (μmol/L)
Maximum diameter of primary tumor (cm)

RFA + Sorafenib group
55.7 ± 11.2

Sorafenib group
56.1 ± 9.6

88
14

107
20

89
6
7
131.4 ± 28.5
41.7 ± 10.3
36.4 ± 8.1
12.5 ± 11.7
8.8 ± 2.7

109
8
10
127.1 ± 32.2
42.3 ± 11. 2
35.1 ± 10.7
11.8 ± 12.3
8.3 ± 3.0

71
31

88
39

63
39

78
49

32
20
50

33
29
65

5~10 cm
≥ 10 cm
AFP level (ng/L)
≥ 400
< 400
No. of tumors
≥3
2
1
Child-Pugh class
A
B
Local remnants after TACE
< 50%
≥ 50%
ECOG performance
0
1

90
12

108
19

74
28

86
41

85
17

102
25

χ2/t
0.290
0.183

P-Value
0.771
0.668

0.107

0.947

1.056
0.417
1.015
0.437
1.310
0.002

0.291
0.676
0.311
0.662
0.191
0.958

0.002

0.957

0.906

0.635

0.493

0.482

0.627

0.428

0.344

0.557

Note: AFP = a-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus.

Discussion
Tumor size is reported to be an important risk
factor for TACE outcomes [18, 19]. Chung et al.
[20] reported that 35 cases with < 4 cm tumors
had an extrahepatic blood supply rate of < 3%;
when the tumor diameter was > 6 cm, this proportion increased to 63%. Large HCC has a
multi-arterial blood supply, including the portal
vein, requiring a high level of expertise in embolization [5-7, 21]. Therefore, TACE can produce
necrosis in only 30%-50% of tumors, with only
2% of large HCCs showing complete necrosis
[22]. Indeed, most patients with large HCC have
796

resistance to multiple TACE treatments [23, 24]
and the remnant lesion after TACE can seriously affect the treatment efficacy and prognosis
[25]. Therefore, the remnant cancer must be
treated.
Our study concluded that RFA combined with
sorafenib is a safe and effective treatment for
remnant large HCC after TACE. When the tumor
diameter is < 3 cm, the complete ablation rate
of RFA can reach 90% [26], but the efficacy of
RFA decreases as tumor size increases, and
RFA alone is not suitable for the initial treatment of large HCCs [27]. We tried to use RFA to
Am J Cancer Res 2019;9(4):791-799
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the Sor group was 14.1 ±
1.1 months, indicating
RFA + Sorafenib
Outcome
Sorafenib group P-Value
a significantly prolonged
group
survival in the RFA + Sor
Tumor response in target lesions
group. However, although
CR
31.4% (32/102) 3.1% (4/127) < 0.001
the 1- and 2-year survival
PR
57.8% (59/102) 21.2% (27/127) < 0.001
rates of the RFA + Sor
SD
10.8% (11/102) 40.9% (52/127) < 0.001
group were significantly
DCR
100%
65.3% (83/127) 0.006
better than those of the
Tumor response in general lesions
Sor group, the 3-year surCR
12.7% (13/102) 0.8% (1/127) < 0.001
vival rates were not sigPR
46.1% (47/102) 11.8% (15/127) < 0.001
nificantly different (P >
SD
6.8% (7/102) 29.1% (37/127) < 0.001
0.05). We consider that
the poor long-term surDCR
65.7% (67/102) 41.7% (53/127) < 0.001
vival of those with large
OS (mo)
18.3 ± 1.6
14.1 ± 1.1
0.03
HCC may be related to
mOS (mo)*
14.0 (10.7, 17.2) 9.0 (6.8, 11.2)
0.03
the biological characterSurvival rate (%)
istics of large HCC, mak1 year
56.9% (58/102) 42.5% (54/127) 0.031
ing it more likely to prog2 year
34.3% (35/102) 22.0% (28/127) 0.048
ress [30]. In addition,
3 year
11.7% (12/102) 5.5% (7/127)
0.088
one purpose of the presNote: Objective Response Rate (ORR), Disease Control Rate (DCR), OS = overall survival,
ent study was to charDCR = CR + PR + SD; *Data in parentheses are the 95% confidence interval.
acterize the population
suitable for the use of
ablate the remnant cancer after TACE in large
RFA and sorafenib to treat remnant cancer
after TACE in large HCC. Analysis of patient subHCCs. In this process, there will inevitably be
groups showed that RFA + Sor could achieve a
omissions in the three-dimensional space, with
more significant survival benefit for patients
the result of incomplete treatment. Combinwith a tumor diameter of 5-10 cm, those with
ing RFA with sorafenib may result in more thoran isolated tumor, and those with remnant
ough treatment and prolonged patient survival.
lesion volume < 50% after TACE treatment. We
In our study, the objective remission rates of
speculate that these patients in particular will
the target lesions in the RFA + Sor group and
receive the best benefits. The possible reason
the Sor group were 100% and 65.3%, respecis that neovascular invasion and extrahepatic
tively. The outcome of the RFA + Sor treatment
dissemination occur more easily in large HCC
was significantly better than that of sorafenib
patients with larger-volume lesions, multiple
alone for the target lesions, and the objective
lesions, and poor outcome of TACE [5-7, 21, 31,
remission rate of the RFA + Sor group was also
32], and the long-term clinical outcomes of
significantly better than that of the Sor group
these patients are not easily improved.
(65.7% vs. 41.7%) (P < 0.001). In the RFA + Sor
Table 2. Outcomes of tumor response after treatment

group, significant necrosis of the remnant cancer occurred, and the complete remission rate
was slightly lower than that of the thermal ablation of large HCCs (69-81.8%) reported by Li et
al. [27] Safety results showed that only a few
patients in the RFA + Sor group had RFA-related complications, with similar rates of overall
drug-related grade 3/4 adverse reactions in the
two groups, a result similar to those reported
by Zhu et al. [28] and Kan et al. [29] RFA did not
increase the number or severity of adverse
reactions to sorafenib and no new safety-related issues arose.

In the present study, the modified OS of the RFA
+ Sor group was 18.3 ± 1.6 months and that of
797

Limitations include the fact that this study is a
retrospective exploration of the treatment of
large HCC, the grade of the results of the efficacy analysis is relatively low, and the cost-benefit of the combination therapy should be further evaluated.
The current study analyzed a difficult problem
in the treatment of large HCC. We believe RFA
combined with sorafenib is safe and effective
in improving the local control of HCC, reducing
the liver cancer remnant, and increasing postoperative tumor necrosis. The conclusions of
this study should be further verified by subsequent multi-center large-scale randomized clinical studies.
Am J Cancer Res 2019;9(4):791-799
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