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Abstract
AIM: To investigate the long-term survival and pro-
gnostic factors in hepatocellular carcinoma (HCC) 
patients undergoing radiofrequency ablation (RFA) as 
a first-line treatment.

METHODS: From 2000 to 2013, 316 consecutive 
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patients with 404 HCC (1.0-5.0 cm; mean: 3.2 ± 1.1 
cm) underwent ultrasonography-guided percutaneous 
RFA as a first-line treatment. There were 250 males 
and 66 females with an average age of 60.1 ± 10.8 
years (24-87 years). Patients were followed for 1 year 
to > 10 years after RFA (234, 181, 136, and 71 for 3, 
5, 7, and 10 years, respectively). Overall local response 
rates and long-term survival rates were assessed. 
Survival results were generated using Kaplan-Meier 
estimates, and multivariate analysis was performed 
using the Cox regression model. 

RESULTS: In total, 548 RFA sessions were performed 
and major complications occurred in 10 sessions 
(1.8%). Local tumor progression and/or new tumor 
development were observed in 43.3% (132/305) of 
the patients during the follow-up period. Overall 5- 
and 10-year survival rates were 49.7% and 28.4%, 
respectively. Based on multivariate analysis, three 
factors were identified as independent prognostic 
factors for overall survival: Child-Pugh classification 
(HR = 4.054, P < 0.001), portal vein hypertension (HR 
= 2.743, P = 0.002), and tumor number (HR = 2.693, 
P = 0.003). The local progression-free 5- and 10-year 
survival rates were 42.7% and 19.5%. In addition 
to the Child-Pugh classification and the number of 
tumors, the number of RFA sessions (HR = 1.550, P 
= 0.002) was associated with local progression-free 
survival.

CONCLUSION: RFA can achieve acceptable outcomes 
for HCC patients as a first-line treatment, especially for 
patients with Child-Pugh class A, patients with a single 
tumor and patients without portal vein hypertension.

Key words: Radiofrequency ablation; Hepatocellular 
carcinoma; Percutaneous; Ultrasonography-guided; 
Long term survival
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Core tip: Numerous large series have shown that 
percutaneous radiofrequency ablation (RFA) is safe 
and effective, with minimal morbidity and mortality in 
hepatocellular carcinoma (HCC) treatment. However, 
few studies had follow-up time that was adequate 
to rival that of surgery and percutaneous ethanol 
injection. In our long-term follow-up study on a large 
group of HCC patients, we further confirmed that RFA 
could achieve a 10-year survival in HCC patients as a 
first-line treatment, especially for patients with liver 
function of Child-Pugh class A, a single tumor, and 
without portal vein hypertension.
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INTRODUCTION
Advances in approaches to the diagnosis and 
management of hepatocellular carcinoma (HCC) are 
improving patient survival. Although surgical resection 
is the standard treatment modality for HCC, its use is 
usually limited because the majority of patients, even 
those with small tumors, have associated severe liver 
dysfunction[1,2]. Therefore, many nonsurgical image-
guided ablation methods have been developed, and 
radiofrequency ablation (RFA) is currently the most 
widely used percutaneous ablation therapy. Some 
centers now use RFA as a first-line treatment option, 
even in patients feasible for surgery.

Recently, more and more evidence has shown 
the longer-term efficacy of RFA in HCC patients[3-7]. 
However, among the various clinical studies of RFA, 
only a few have focused on percutaneous RFA for HCC 
as a first-line treatment option[8], and reports on the 
10-year survival of post-RFA HCC patients are rare, 
with very few patients reported for this endpoint[9,10]. 
The present study aimed to investigate long-term 
survival and prognostic factors in HCC patients 
undergoing percutaneous RFA as a first-line treatment 
based on our 14 years of clinical experience.

MATERIALS AND METHODS
Patients
This was a cohort study conducted as a retrospective 
analysis of a prospective database in a single center. In 
our group, there were 732 consecutive HCC patients 
who underwent ultrasound-guided percutaneous RFA 
in our center from January 2000 to January 2013. The 
inclusion criteria for this study were as follows: (1) a 
tumor size ≤ 5 cm and tumor number ≤ 3; (2) an 
absence of significant direct tumor invasion of adjacent 
organs or tumor thrombi in the main or lobar portal 
system; (3) a tumor not invading a main bile duct or 
being obviously exophytic; (4) a liver function of Child-
Pugh A and B or Child-C (whose liver function was 
improved after liver protection therapy and tumor size 
<3 cm, no obvious ascites next to the puncture site 
of liver); (5) a tumor accessible via a percutaneous 
approach; (6) international standard ratio < 1.6 
and platelet count > 50000/μl; (7) No extrahepatic 
metastasis before RFA; and (8) a follow-up of at least 
one year after the first RFA treatment. 

Among our study subjects, 416 patients did not 
meet the inclusion criteria and were excluded from 
the study. The remaining 316 patients, who met the 
inclusion criteria and received percutaneous RFA as a 
first-line treatment were enrolled in this study (Figure 
1). These patients underwent percutaneous RFA 
due to severe liver cirrhosis, advanced age, chronic 
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respiratory/cardiac diseases or preferred minimally-
invasive therapy. There were 250 men and 66 women. 
Patients age ranged from 24 to 87 years (mean, 60.1 
± 10.8 years). Two hundred and fifty patients had liver 
function of Child-Pugh class A, whereas 57 patients 
had class B, and 9 class C. A total of 278 (88.0%) 
patients were found with liver cirrhosis, which was 
caused by hepatitis B in 231 patients, hepatitis C in 
37, alcohol abuse in 4 and other causes in 6. The 
remaining 38 patients had fatty liver (n =24) and 
normal liver (n = 14) (Table 1).

The diagnosis of HCC was histologically proven (n 
= 204) or established according to noninvasive criteria 
(n = 112)[11]. liver biopsies were performed when the 
noninvasive criteria were not satisfied.

Pre-procedural examination
All patients underwent a baseline evaluation, which 
included an enhanced CT or MRI scan of the abdomen 
and pelvis within one month before the treatment. 
Serum laboratory tests consisting of a complete blood 
count, coagulation profile, liver and kidney functional 
tests (such as ALT, AST) and serum tumor markers 
(such as AFP) were performed in the two weeks before 
the treatment. Contrast-enhanced ultrasound (CEUS) 
was regularly performed to confirm tumor coverage 

and tumor number prior to RFA. SonoVue (Bracco SpA, 
Italy) was used as the contrast agent in this study.

RFA method and technique
All RFA procedures were performed by two of four 
radiologists (YW, WW, CMH, and YK), all of them had 
more than 5 years of experience in ultrasound-guided 
interventional procedures. The tumor size, shape and 
border were obtained mainly using ultrasound scans, 
and enhanced CT/MRI was used as a reference. If 
liver cirrhosis was present, a full evaluation of the 
portal vein system was performed. We evaluated the 
related ultrasound parameters for the diagnosis of 
portal hypertension in the liver cirrhosis patients[12]. 
“Risky procedure location” was defined as a tumor 
located adjacent to (≤ 0.5 cm) the diaphragm, bowel, 
gallbladder, main bile duct or large vessels (i.e., 
potentially critical structures).

Currently, in clinical practice, most RFA devices are 
able to create an ablation sphere having a maximum 
diameter of up to 5 cm in the liver. When treating 
spherical tumors larger than 3 cm in diameter with 
5-cm ablation spheres, we generally used multiple 
overlapping ablations based on a mathematical 
protocol[13]. Ablative margins covered 0.5-1.0 cm 
beyond the original tumor with the exception of tumors 

Figure 1  Flow chart summarizing the patients selected for this study. HCC: Hepatocellular carcinoma; TACE: Transcatheter arterial chemoembolization; AFP: 
Alpha-fetoprotein.

732 HCC patients

Tumor larger than 5 cm 
or more than 3 or 

extra hepatic meta (n  = 37)
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and no portal 
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hepatocellular carcinomas  n  (%)
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adjacent to major structures such as the diaphragm, 
gastrointestinal tract, or gallbladder. For these latter 
cases, the ablative margin was limited; thus, an 
individualized protocol was developed[14-16].

During RFA, intravenous moderate sedation 
provided by an anesthesiologist was induced using 
2.5-5.0 mg of midazolam (Roche; Basel, Switzerland) 
and 50-100 μg fentanyl (Fentaini; Renfu, Yichang, 
China). The patient was conscious when the RFA 
electrode was placed, and vital signs and oxygen 
saturation were continuously monitored during the 
procedure. After RFA, the patient was observed for 2-4 
h and discharged if no evidence of active bleeding was 
found.

Ultrasound guided RFA instrument
Selection of the RFA device was based upon the tumor 
size, morphology and location. In the present study, 
three types of RFA systems were used: multi-tined 
(RITA Medical System, United States), multi-polar 
(Celon lab Power, Germany) and internally-cooled 
(Tyco Healthcare, United States) electrodes. Real-time 
Aloka ultrasound systems (Alokaα-10, Tokyo, Japan) 
and GE systems (E9, GE, United States) were used for 
scanning with 3.5-5.0 MHz convex probes with needle 
guide devices for all ablation procedures. Track ablation 
was performed when withdrawing the RFA electrode in 

all patients. 

Assessment of therapeutic efficacy and follow-up
To evaluate the technical success of the RFA therapy, 
contrast-enhanced CT/MRI was performed 1 mo after 
treatment. Primary technical success was defined as 
the absence of contrast enhancement in the target 
tumor[17]. Residual tumor was retreated if the patient 
was physically strong enough to tolerate another RFA 
session. Secondary technical success was defined as 
the absence of contrast enhancement after re-ablation. 
Complete ablation that was achieved after a maximum 
of three iterative procedures within 3 mo after initial 
RFA was regarded as a treatment success. Therefore, 
persistence of active tumor foci that were untreatable 
by RFA after a maximum of three iterative procedures 
was regarded as treatment failure. 

Subsequently, patients were followed with repeat 
CT/MRI every 2-3 mo during the first year and 
then every 4-6 mo. Contrast enhancement that 
was detected in the ablation zone on follow-up CT/
MRI scans was considered to represent local tumor 
progression[18]. New nodules in other sites of the liver 
were considered new tumor occurrence. When local 
tumor progression or new tumors were identified, 
additional RFA treatment was considered according to 
the same criteria used at the time of the initial RFA. 
When these criteria were not met, liver transplantation, 
resection, transarterial chemoembolization (TACE), or 
other treatments were considered if possible.

Statistical analysis
Fifteen potential prognostic factors were considered in 
this study, and their classification scores are listed in 
Table 2. Transplanted patients were censored from this 
study at the date of transplantation. The probability 
of local progression-free survival was defined as 
the interval between the treatment and the date of 
local tumor progression or death. Overall survival 
duration was counted in months from the date of 
RFA to death. Survival curves were plotted using a 
Kaplan-Meier model and compared using a log-rank 
test. A univariate Cox proportional hazards model 
was fitted to each variable. All significant variables 
were subject to multivariate analysis to assess their 
value as independent prognostic factors. SPSS 21.0 
software (SPSS, Chicago, Il, United States) was used 
to perform the analysis, and p < 0.05 was considered 
to be statistically significant.

RESULTS
Early response
For the treatment of initial tumors, primary technical 
success was achieved in 301 patients (95.2%). 
Residual tumor was observed in 15 nodules in 15 
patients, including 3 nodules close to the main branch 
of the portal vein, 2 close to the gallbladder, 2 close 

Characteristics Value

Age (yr)
   Mean (range) 60.1 ± 10.8 (24-87)
   Patients aged ≥ 60 yr 140 (44.3)
Sex
   Males 250 (79.1)
   Females   66 (20.9)
Etiology of cirrhosis
   HBV 231 (86.6)
   HCV   37 (10.2)
   Alcohol   4 (1.9)
   Others   6 (1.3)
Pre-RFA serum AFP
   < 20 ng/mL 177 (56.0)
   ≥ 20 ng/mL 139 (44.0)
Child-Pugh class
   A 250 (77.0)
   B   57 (20.1)
   C   9 (2.8)
Serum ALT/AST
   Normal 229 (72.5)
   Elevated   87 (27.5)
Tumor no
   Single 248 (78.4)
   ≥ 2   68 (21.6)
Tumor size (cm)
   Mean (range) 3.2 ± 1.1(1.0-5.0)
   Tumor > 3 cm 169 (53.4)

HCC: Hepatocelluar carcinoma; RFA: Radiofrequency ablation; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alpha-
fetoprotein.
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Table 2  Potential prognostic variables and their class scores 
in hepatocellular carcinomas patients
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to the diaphragm, 2 close to the bowel, 4 larger 
than 4 cm, and 2 with poorly defined margins during 
ultrasound imaging. Among the 15 patients, four 
patients (26.7%) had secondary technical success 
after 2-3 RFA sessions. The other 11 patients did 
not receive repeated RFA or still had residual tumor 
after re-ablation due to difficulty with respect to the 
ablation location, poor liver function, or development 
of multiple new tumors (Figure 2).

Local tumor progression and new tumor development
local tumor progression and/or new tumor 
development was observed in 43.3% (132/305) of 
the patients during the follow-up period. Twenty-two 
patients had local tumor progression and new tumors, 
whereas 20 patients had local progression only, and 90 
patients had new tumors only. A total of 53 patients 
underwent repeated RFA sessions (2-5 sessions); 
43 received TACE, 12 received resection, 8 liver 
transplantion, and the other 16 patients received other 
treatments such as PEI, radiotherapy or supportive 
treatment (Figure 2). 

Overall accumulative survival and prognostic factors
Follow-up ranged from 12 to 158 mo (median: 72.5 
mo; mean: 71.8 mo), (Table 3). In all, 105 patients 
died, 10 received transplants, and 172 were alive 
without transplants. The remaining 29 patients (9.2%) 

were lost to follow-up (mean 20.4 mo), largely due to 
logistic and geographic challenges in making follow-
up visits (Figure 2). Overall, 100 deaths were related 
to HCC progression or cirrhosis complications, and 5 
were unrelated to liver disease. The overall estimated 
1, 3, 5, 7 and 10 year survival rates were 90.0%, 
70.8%, 49.7%, 41.1%, and 28.4%, respectively. 
Median overall survival was 61.0 mo (Figure 3). When 
comparing the different periods of enrollment, the 
overall survival in the second enrollment from 2007 to 
2013 was significantly better than survival in the first 
enrollment from 2000 to 2007 (median 65 mo vs 44 
mo, p < 0.001). 

The factors associated with overall survival are 
reported in Table 4 and Table 5. Univariate analysis 
identified 8 factors that were related to the post-RFA 
overall survival rate. Patient-related factors included 
Child-Pugh classification (HR = 3.210, p < 0.001) and 
portal vein hypertension (HR = 2.686, p < 0.001). The 
tumor-related factors included the number of tumors 
(HR = 2.293, p < 0.001), Serum AFP (HR = 1.501, 
p = 0.039) and pathological grade of tumor (HR = 
2.509, p < 0.001). Procedure-related factors included 
CEUS pre-RFA (HR = 0.438, p < 0.001), choice of 
RFA electrodes (HR = 0.191, p < 0.001), and primary 
technical success (HR = 2.592, p = 0.009). The 
factors that showed statistical significance from the 
univariate analysis were included in the multivariate 
analysis. Among them, Child-Pugh classification, 
portal vein hypertension, and number of tumors were 
independent prognostic factors for overall survival 
(Table 5 and Figure 4). 

Local progression-free survival and prognosis factors
The 1, 3, 5, 7 and 10 year local progression-free 
survival rates were 83.2%, 59.3%, 42.7%, 35.1%, 
and 19.5%, respectively (Figure 5). Median local 
progression-free survival was 45.0 mo. The factors 
associated with the local progression-free survival 
are shown in Table 6. Univariate analysis showed 11 
factors that were related to the local progression-
free survival rate. Of them, 7 factors were the same 
as above including pathological grade, portal vein 
hypertension, Child-Pugh classification, number 
of tumors, serum AFP, CEUS pre-RFA, type of RFA 
electrodes. The 4 additional factors were the etiology 
of cirrhosis (HR = 0.851, p = 0.048), number of RFA 
sessions (HR = 1.574, p = 0.001), tumor size (HR = 
1.587, p = 0.013), and risky location (HR = 1.442, p 
= 0.042). Multivariate analysis showed that Child-Pugh 
liver function classification (HR = 2.416, p < 0.001), 
number of tumors (HR = 1.588, p = 0.036) and 
number of RFA sessions (HR = 1.550, p = 0.002) were 
strongly related to the local progression-free survival 
(Table 6, Figure 6).

Complications
Ten major complications (1.8%) occurred after 

Variables Definition Class scores1

X1 Sex Male (1), Female (2)
X2 Age (yr) 18-60 (1), ≥ 60 (2)
X3 Pathological grade Well-Moderate differentiated (1), 

Poor-differentiated (2) 
X4 Etiology of cirrhosis HBV (1), HCV (2), Alcohol (3), 

Others (4)
X5 Portal vein hypertension No (1), Yes (2)
X6 Liver function enzyme Normal (1), Elevated (2)

(serum AST/ALT)
X7 Child-Pugh classification A (1), B (2), C (3)
X8 Serum AFP (ng/mL) Normal < 20 (1), 

Abnormal ≥ 20 (2)
X9 CEUS pre-RFA No (1), Yes (2)
X10 Number of tumors Single (1), ≥ 2 (2)
X11 Tumor size (cm) ≤ 3.0 (1), 3.0-5.0 (2)
X12 Risky location No (1), Yes (2)
X13 Type of RFA electrodes Umbrella (1), single (2)
X14 Primary technical success Yes (0), No (1)
X15 Number of RFA sessions 1 (0), ≥ 2 (1)

1The number in parentheses in the class scores column means the 
classification of variables in statistical analysis. Liver function enzyme 
referred to ALT and AST value, normal range was 0-40 IU/L for ALT and 
0-45 IU/L for AST. CEUS pre-RFA means CEUS was performed prior to 
RFA to instruct treatment plan. Based on needle shape, multi-tined RITA 
electrode was regarded as umbrella electrode, while both internally-cooled 
Tyco and multi-polar Celon electrodes were regarded as single electrode. 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CEUS: 
Contrast enhanced ultrasound; RFA: Radiofrequency ablation.
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ablation in this group as summarized in Table 7. One 
death (0.2%) related to RFA occurred. This patient 
had a tumor located close to the colon and had a 
bowel perforation the day after RFA. After surgical 
repair, he ultimately died of septic shock within one 
month. Minor complications included mild skin burns 
(n = 1), moderate pleural effusion (n = 4), slight 
bowel adhesion without obstruction (n = 8), mild 
dilation of the biliary duct (n = 4), and inflammation or 

Figure 2  Outcomes of radiofrequency ablation as a first-line treatment for 316 patients with liver cirrhosis and hepatocellular carcinoma. RFA: 
Radiofrequency ablation; HCC: Hepatocellular carcinoma; TACE: Transcatheter arterial chemoembolization.

RFA as first line treatment for 316 HCC patients

301 patients (95.2%)
Primary Technical success

15 (4.8%)
Residual tumor

305 patients (96.5%) 
Treatment success

Treatment failure:
TACE = 4

Section = 3
Supportive = 2

Transplant
2

Both
n = 22

TACE
43

Others
16

Repeat RFA
53

Section
12

New tumor occurrence
n = 90

Local progression
n = 20

Transplant
8

Alive
172 

Lost follow up
29

Death
105

2-3 RFA

Follow-up (yr) No. of patients Cumulative frequency1

1 82 316 (100)
3 53  234 (74.1)
5 45  181 (57.3)
7 65  136 (43.0)
10 71    71 (22.5)

1Numbers in parentheses are percentages.
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Figure 3  Kaplan-Meier curve showing an overall 10-year survival. Overall 
estimated 1-, 3-, 5-, 7-, and 10-year survival rates are 90.0%, 70.8%, 49.7%, 
41.1%, and 28.4%, respectively (n = 234, 181, 136, and 71 for 3, 5, 7, and 10 
years, respectively).
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Table 4  Kaplan meier univariate analysis of overall accumulative survival in 316 hepatocellular carcinoma patients after 
radiofrequency ablation
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thickening of the gallbladder wall (n = 3). 

DISCUSSION
Numerous large series have shown that RFA is safe 
and had minimal morbidity and mortality in the 
treatment of HCC. Although several promising and 
optimistic short- and mid-term follow-up studies using 
RFA for HCC have been reported[5,8,19], it should be 
noted that very few studies had a follow-up time that 
was adequate to rival that of surgery and percutaneous 
ethanol injection. The results from recent retrospective 
studies of long-term survival with RFA treatment have 
been promising[9,10,15,20,21]. However, only a few studies 

have covered 10-year outcomes with a sufficient 
number (> 20% patients had over 10 years of follow-
up) of patients to draw firm conclusions.

In this single-center study, we assessed 10-year 
survival and prognostic factors in 316 consecutive HCC 
patients who received RFA as a first-line treatment 
for up to three ≤ 5 cm diameter HCC tumors (404 
tumors; mean diameter: 3.2 ± 1.1 cm). Follow-up 
ranged from 12 to 158 mo (median: 72.5 mo) with 
5-, 7-, 10-year overall survival rates of 49.7%, 41.1% 
and 28.4%,  and local progression-free survival rates 
of 42.7%, 35.1% and 19.5%, respectively. In the 
present study in China, HCC patients have higher 
rates of chronic HBV infection and serve liver cirrhosis, 

Variable No. of 
patients

Survival rate (%) P  value

1-yr 3-yr 5-yr 7-yr 10-yr
Sex 0.570
   Male 250 89.8 70.4 53.2 44.8 33.0
   Female   66 90.7 72.1 37.8 23.6 -
Age (yr) 0.163
   < 60 176 90.3 67.6 48.0 31.7 26.4
   ≥ 60 140 89.6 75.8 58.0 55.4 25.2
Pathology grade < 0.001
   Well-Moderate differentiated 126 94.4 82.5 64.2 53.0 42.5
   Poor-differentiated   78 83.6 51.9 33.1 26.5 16.1
Etiology of cirrhosis 0.474
   HBV 231 91.2 72.8 55.1 36.1 21.7
   HCV   37 95.8 76.7 57.5 57.5 -
Portal vein hypertension < 0.001
   No 211 94.2 78.5 63.0 51.8 36.2
   Yes 103 79.8 53.2 30.2 20.4 10.2
Liver function enzyme 0.489
   Normal 229 89.0 73.5 54.4 42.1 30.0
   Elevated   87 92.2 64.1 45.6 40.5 -
Child-Pugh classification < 0.001
   A 250 94.1 78.9 60.1 50.5 33.6
   B   57 82.5 46.8 25.9 17.2 17.2
   C     9 28.6 14.3 0 0 0
Serum AFP (ng/mL) 0.037
   Normal 177 88.4 75.1 59.2 53.3 35.4
   Abnormal 139 91.8 66 42.1 25.7 22.1
CEUS pre-RFA < 0.001
   No   83 80.1 56.2 37.7 26.1 18.0
   Yes 233 93.8 77.1 59.7 54.4 -
Number of tumors < 0.001
   Single 248 90.6 75.3 59.3 46.8 34.5
   ≥ 2   68 87.6 54.6 27.0 21.6 10.8
Tumor size (cm) 0.178
   ≤ 3.0 147 94.0 71.6 59.2 49.0 18.4
   3.0-5.0 169 86.8 69.8 47.3 36.4 25.2
Risky location 0.668
   No 152 91.4 71.5 48.6 41.6 32.7
   Yes 164 88.6 70.0 53.1 40.6 27.7
Type of RFA electrodes <0.001
   Umbrella 213 86.8 64.3 45.7 36.7 23.6
   Single 103 97.5 94.1 62.7 62.7 -
Primary technical success 0.006
   Yes 301 89.9 69.1 51.4 39.6 30.6
   No   15 54.5 36.4 18.2 0 0
Number of RFA sessions 0.793
   1 256 90.2 70.1 53.4 40.3 31.0
   ≥ 2   60 89.3 73.4 49.0 42.4 30.3
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Table 5  Cox survival analysis of predictors of overall accumulative survival in 316 hepatocelluar carcinom patients after 
radiofrequency ablation
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Characteristic Univariate Multivariate

HR 95%CI P  value HR 95%CI P  value
Sex 1.149 0.709-1.862 0.572
Age 0.754 0.506-1.125 0.166
Pathology grade 2.509 1.593-3.952 < 0.001
Etiology of cirrhosis 0.862 0.720-1.031 0.105
Portal vein hypertension 2.686 1.826-3.951 < 0.001 2.743 1.462-5.149 0.002
Liver function enzyme (AST/ALT) 1.162 0.758-1.780 0.491
Child-Pugh classification 3.210 2.297-4.488 < 0.001 4.054 2.346-7.005 < 0.001
Serum AFP 1.501 1.021-2.206 0.039
CEUS pre-RFA 0.438 0.295-0.651 < 0.001
Number of tumor 2.293 1.518-3.463 < 0.001 2.693 1.399-5.185 0.003
Tumor size 1.318 0.879-1.978 0.181
Risky location 1.090 0.735-1.616 0.670
Type of RFA electrodes 0.191 0.077-0.473 < 0.001
Primary technical success 2.592 1.269-5.296 0.009
Number of RFA sessions 0.955 0.703-1.298 0.769

HCC: Hepatocelluar carcinoma; HR: Hazard ratio; AFP: Alpha–fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CEUS: 
Contrast enhanced ultrasound; RFA: Radiofrequency ablation.

Figure 4  Post-radiofrequency ablation overall survival curves in hepatocellular carcinoma patients with different independent prognostic factors. A: The 1-, 3-, 5-, 
7-, and 10-year overall survival for patients with Child-Pugh class A liver function of were 94.1%, 78.9%, 60.1%, 50.5%, and 33.6%, whereas the overall survival rates were 
82.5%, 46.8%, 25.9%, 17.2%, and 17.2%, respectively, for Child-Pugh class B, and 28.6%, 14.3%, 0%, 0%, and 0% for Child-Pugh class C, respectively (P < 0.001); B: The 
1-, 3-, 5-, 7-, and 10-year overall survival rates were 94.2%, 78.5%, 63.0%, 51.8%, and 36.2%, respectively, for patients without portal vein hypertension and 79.8%, 53.2%, 
30.2%, 20.4%, and 10.2%, respectively, for patients with portal vein hypertension (P = 0.002); C: The 1-, 3-, 5-, 7-, and 10-year survival rates were 90.6%, 75.3%, 59.3%, 
46.8%, and 34.5%, respectively, for patients with a single tumor and 87.6%, 54.6%, 27.0%, 21.6%, and 10.8%, respectively, for patients with more than one tumor (P = 0.003).
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Table 6  Cox survival analysis of predictors of local 
progression-free survival in 316 patients with 404 
hepatocelluar carcinomas after radiofrequency ablation
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larger tumor sizes, and greater baseline AFP levels 
than in other survival studies. Taking into account this 
discrepancy in demographics, our long-term survival 
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Figure 5  Kaplan-Meier curve shows a local progression-free 10-year 
survival. The 1-, 3-, 5-, 7- and 10-year local progression-free survival rates 
were 83.2%, 59.3%, 42.7%, 35.1%, and 19.5%, respectively.

Characteristic Univariate Multivariate

HR 95%CI P  value HR 95%CI P  value
Sex 1.073 0.691-1.667 0.753
Age 0.796 0.559-1.133 0.205
Pathological 
grade

2.258 1.506-3.385 < 0.001

Etiology of 
cirrhosis

0.851 0.725-0.999 0.048

Portal vein 
hypertension

1.826 1.288-2.589 0.001

Liver function 
enzyme

1.082 0.740-1.583 0.684

(AST/ALT)
Child-Pugh 
classification

2.930 2.169-3.958 < 0.001 2.416 1.713-3.409 < 0.001

Serum AFP 1.425 1.010-2.011 0.044
CEUS pre-
RFA

0.421 0.297-0.598 < 0.001

Number of 
tumors

1.765 1.212-2.570 0.003 1.588 1.031-2.447 0.036

Tumor size 1.587 1.104-2.283 0.013
Risky location 1.442 1.013-2.054 0.042
Type of RFA 
electrodes 

0.449 0.264-0.764 0.003

Primary 
technical 
success

1.772 0.877-3.583 0.111

Number of 
RFA sessions

1.574 1.201-2.061 0.001 1.550 1.183-2.033 0.002

HCC: Hepatocelluar carcinoma; HR: Hazard ratio; AFP: Alpha–fetoprotein; 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CEUS: 
Contrast enhanced ultrasound; RFA: Radiofrequency ablation.

Figure 6  Post-radiofrequency ablation local progression-free survival 
curves in hepatocellular carcinoma patients with different independent 
prognostic factors. A: Patients with Child-Pugh class A had significantly 
greater local progression-free survival rate than patients with Child-Pugh class 
B and C (P < 0.001); B: Patients with a single tumor had a significantly higher 
local progression-free survival rate than patients with more tumors (P = 0.036); 
C: Patients who had one radiofrequency ablation session had a significantly 
greater local progression-free survival rate than patients who had multiple 
sessions (P = 0.002).

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Lo
ca

l p
ro

gr
es

si
on

 f
re

e 
su

rv
iv

al

0   12  24   36  48   60  72  84  96  108 120 132 144 156

Time post-ablation (mo)

Solitary tumor
Multiple tumors

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Lo
ca

l p
ro

gr
es

si
on

 f
re

e 
su

rv
iv

al

0   12  24   36  48   60  72  84  96  108 120 132 144 156

Time post-ablation (d)

Child-pugh A
Child-pugh B
Child-pugh C

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Lo
ca

l p
ro

gr
es

si
on

 f
re

e 
su

rv
iv

al

0   12  24   36  48   60  72  84  96  108 120 132 144 156

Time post-ablation (mo)

Single RF
Mutiple RF

A

B

C

Yang W et al . Ten-year survival of RFA-treated HCC patients



Table 7  Incidence of major complications in 548 treatment 
sessions
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outcome after percutaneous RFA for HCC, which was 
49.7% at 5 years and 28.4% at 10 years, appears to 
be comparable with the survival outcomes of surgical 
resection[22,23].

Evaluation of the prognostic factors is also 
important when selecting RFA patients, planning RFA 
protocols and improving treatment efficacy. 

As previously reported[10,24,25], we observed 
that liver function and portal hypertension strongly 
influenced overall and local progression-free survival 
rates. In our cohort, there was a high percentage of 
patients with HBV-related cirrhosis. These patients 
had significantly better local progression-free survival 
compared with patients with HCV cirrhosis. In an 
Italian study involving 187 patients with Child-Pugh 
class A or B cirrhosis and early-stage HCC, overall 
survival rates at 1, 3, 5 years were 97%, 71% and 
48%, respectively[5]. The most significant prognostic 
factor identified in that study was Child-Pugh class. 
Similarly, we also identified host factors as prognostic 
factors. It is often that the final cause of their death is 
not HCC itself, but liver failure or portal hypertension 
related severe bleeding. Therefore, during RFA, normal 
liver tissue should be reserved as much as possible 
and anti-virus therapy is necessary. 

Although RFA has been shown to be a safe local 
therapy for HCC with less liver function damage, data 
with respect to its application in patients with poor liver 
function are limited[26,27]. The survival of HCC patients 
with decompensated liver cirrhosis and without target 
therapy is poor (approximately 2-5 mo)[28,29]. Our 
results showed that the mean survival time after 
RFA in HCC patients with Child-Pugh class C cirrhosis 
was 12 mo, which suggests that RFA provided an 
opportunity to treat these HCC patients, and prolonged 
their survival. 

Mulier et al[30], demonstrated that the possibility 
of achieving technical success substantially decreases 
when the tumor size exceeds 3 cm. In previous series, 
technical success rates for larger HCCs (3-5 cm) after 

RFA appeared unfavorable, and ranged from 61.3% 
to 82.5%[31,32]. In the present cohort, an important 
observation was that despite the fact that tumor 
size was a prognostic factor for local progression-
free survival by univariate analysis, tumor size did 
not significantly impact overall survival. Recently, 
higher-powered RFA generators and modifications to 
the electrodes have enabled an increase in ablation 
size. These advances have opened the door to more 
patients who were previously considered untreatable 
with RFA[33,34]. In the past 14 years, our team has 
made great effort to improve the outcome of patients 
with liver tumors larger than 3 cm. In our study, the 
overall 5-, 10- years survival rates for HCC patients 
with a tumor size of 3-5 cm were 47.3% and 25.2%, 
respectively, which appeared fairly good. Additionally, 
the fairly good outcome for tumors larger than 3 cm 
was likely because we repeated RFA when the tumor 
progressed at a limited stage. It should be noted 
that tumor size influenced the local progression. 
Therefore, combination therapy was recommended by 
some studies to improve completed ablation of larger 
tumors. 

Like tumor size, the number and distribution of the 
tumors represented the biological behavior of these 
tumors. When more than one tumor was observed 
in the liver, intrahepatic metastasis or multicentric 
HCC was likely to occur. Regarding to tumor location, 
tumors in risky locations reduced local progression-
free survival. Tumor location near important structures 
easily resulted in incomplete ablation or complications, 
which influenced survival.

Not surprisingly, a high serum AFP level was 
predictive of HCC recurrence and poor prognosis. 
In the present cohort, the impact of AFP levels on 
the prognosis after RFA therapy demonstrated that 
patients with high serum AFP levels had a significantly 
poorer overall survival and a reduced local progression-
free survival. Yamamoto et al[35] suggested that 
serum AFP levels may reflect tumor biology, thereby 
determining the prognosis of HCC patients after 
therapy. This implies that monitoring serial serum AFP 
levels before and after therapy is mandatory for HCC 
patients undergoing RFA. Our result also showed that 
well to moderately differentiated HCC had a better 
prognosis than poorly differentiated HCC, most likely 
because poorly differentiated HCC tends to grow more 
aggressively, resulting in a poorer prognosis.

In addition to tumor factors and patient factors, 
procedural factors were prognostically analyzed in this 
study. In a univariate analysis of the prognostic factors 
for overall survival, CEUS application was determined 
to be helpful in improving outcome after RFA. Solbiati 
et al[36] first reported their experience in using CEUS 
in RFA treatment and pointed out CEUS represented 
a significant improvement in the detection of tumors, 
in the selection of patients and in all of the steps of 
tumor ablative treatment. In our previous study[37], the 
complete necrosis rate after RFA treatment in CEUS 

Type of procedure-related 
complications1

No. of events Managements

Major complications 10 (1.8)
   Bowel perforation 1 Surgically repaired
   Seeding metastasis 3 Surgical resection
   Pneumothorax or hemothorax 3 Drainage
   Intraperitoneal hemorrhage 1 Ablation in site
   Liver abscess 1 PTCD2

   Biliary stenosis 1 PTCD
No. of deaths   1 (0.2) (Bowel perforation) 

Surgically repaired

1Definition of a major complication was a complication that, if left 
untreated, might threaten the patient’s life, lead to substantial morbidity 
and disability, or result in a lengthened hospital stay. All other 
complications were considered minor; 2PTCD: percutaneous transhepatic 
cholangial drainage.
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group was greater than in control group (92.2% vs 
83.0%, p = 0.036), which may be due to the ability 
of CEUS to have a higher sensitivity for identifying 
small tumors, tumor invasive range and feeding vessel 
before treatment.

With the univariate analysis, our study also found 
that the type of RFA electrodes had an effect on the 
local progression-free survival. Single electrodes (both 
internally cooled and multipolar) had some advantages 
over an umbrella electrode, such as easy operation, 
more ideal visualization of the needle tip, and a thinner 
needle diameter, particularly for the treatment of 
tumors in challenging locations. However, the choice of 
optimal equipment should be determined based on the 
tumor condition and the experience of the operator. 

There were several limitations to our study. The 
source of study population in this study may result in 
selection bias, as we are a specialization unit, more 
patients with unfavorable tumor conditions for RFA 
may have been referred to us than to other centers. 
Therefore, caution is required when extrapolating our 
findings to the general population of HCC patients. 
Additionally, this study was a 10-year retrospective 
investigation, and the data obtained in the early years 
and in later years were analyzed together. Therefore, 
it is acknowledged that the better survival results 
observed in the later years may be partly due to our 
experience and because RFA equipment had improved. 
Additionally, anti-virus therapy has been a focus as a 
method to prolong survival in HCC patients in recent 
years and should be further analyzed in the next study. 

In conclusion, this long-term follow-up study on 
a large group of HCC patients confirmed that RFA 
can achieve favorable outcomes in HCC patients as a 
first-line treatment, especially for patients with Child-
Pugh class A, a single tumor, and without portal vein 
hypertension. Understanding the prognostic factors, 
including tumor characteristics, liver function Child-
Pugh classification, and application of CEUS prior to 
RFA, are critical for patient care.
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COMMENTS
Background
Hepatocellular carcinoma (HCC) is one of the most common malignancies 
worldwide, causing more than 500000 deaths each year. Clinical evidence 
has confirmed the efficacy of radiofrequency ablation (RFA) for the treatment 
of localized HCC. The promising and optimistic short- and mid-term outcomes 
for RFA in HCC have been widely reported; however, the studies on the  long-
term outcomes of a 10-year follow-up are limited. RFA was not the sole first-line 
treatment in some of the 10-year studies. Additionally, this study showed the 
long-term outcomes of RFA as a first-line treatment in HCC patients in China in 
a more heterogeneous population with expanded inclusion criteria that included 

a larger number of treated tumors > 3 cm and tumors with poorer Child-Pugh 
class scores. 

Research frontiers 
In this study, the overall 5- and 10-year survival rates for HCC patients with 
tumors of 3-5 cm were 47.3% and 25.2%, which appears to be fairly good 
despite tumor size being a prognostic factor for local progression-free survival 
through univariate analysis. Tumor size did not significantly affect the overall 
survival in a multivariate analysis. In addition to tumor factors and patient 
factors, procedural factors were prognostically analyzed in this study. Contrast-
enhanced ultrasound application was found to be helpful in improving the 
overall survival after RFA, and the type of RFA electrodes had an effect on local 
progression-free survival.

Innovations and breakthroughs
Thus far, only a few studies have covered 10-year outcomes with a sufficient 
number of HCC patients to draw firm conclusions. This study showed the long-
term outcome of RFA in 316 HCC patients, including a more heterogeneous 
population with expanded inclusion criteria that included a larger number of 
treated tumors > 3 cm and tumors with a poorer Child-Pugh class scores as a 
first-line treatment. Follow-up ranged from 12 to 158 mo (median: 72.5 mo) with 
5-, 7-, and 10-year overall survival and local progression-free survival rates of 
49.7%, 41.1%, and 28.4% and 42.7%, 35.1%, and 19.5%, respectively.

Applications
These 10-year survival outcomes after percutaneous RFA of HCC appear to 
be comparable to survival outcomes after surgical resection. Understanding 
the prognostic factors, which include tumor characteristics, liver function Child-
Pugh classification, and application of contrast ultrasound before RFA, is critical 
for patient care, and this study is helpful in establishing a treatment protocol for 
HCC with ultrasound-guided RFA.

Terminology
RFA - a medical procedure in which part of the electrical conduction system 
of the heart, tumor or other dysfunctional tissue is ablated using the heat 
generated from high-frequency alternating current. The radiofrequency waves 
passing through the electrode increase the temperature within the tumor tissue, 
which results in tumor destruction. First-line treatment: the initial, preferred, 
or best treatment for a disease. It is often the therapy that combines the best 
efficacy with the best safety profile and/or the lowest cost.

Peer-review
This is an interesting paper. This monocentric, large experience shows us 
that RFA is a good first-line treatment option in HCC patients. The analysis 
of the prognostic factors is also important. The authors have described their 
retrospective experience with the use of RFA in a large group of patients with 
HCC, and with a significant long-term follow-up. This is an important experience 
in the field of HCC therapy.
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