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Radiofrequency ablation of hepatocellular carcinoma sized 
> 3 and ≤ 5 cm: Is ablative margin of more than 1 cm 
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Abstract
AIM: To investigate whether an ablative margin (AM) 
> 1.0 cm might reduce chance of recurrence for pa-
tients with hepatocellular carcinoma (HCC) tumors 3.1 
to 5.0 cm in size, compared with an AM of 0.5-1.0 cm.

METHODS: From October 2005 to December 2012, 
936 consecutive patients with HCC who received radio-
frequency ablation were screened. Of these, 281 pa-
tients, each with a single primary HCC tumor of 3.1 to 
5.0 cm in size on its greatest diameter, were included 
in the study. Based on the AM width, we categorized 
patients into the 0.5-1.0 cm group and the > 1.0 cm 

group. Local tumor progression (LTP)-free survival, 
intrahepatic distant recurrence (IDR)-free survival and 
overall survival (OS) rates were obtained using the 
Kaplan-Meier method.

RESULTS: The 1-, 2-, 3-, 4-, and 5-year LTP-free sur-
vival rates and IDR-free survival rates were significantly 
higher in the > 1.0 cm group compared with the 0.5-1.0 
cm group (97.5%, 86.3%, 73.6%, 49.5% and 26.4% 
vs  91.3%, 78.4%, 49.5%, 27.8%, and 12.8%; 95.1%, 
90.3%, 77.0%, 61.0% and 48.3% vs  95.2%, 85.9%, 
62.6%, 47.2% and 28.5%; P  < 0.05). The 1-, 2-, 3-, 
4-, and 5-year OS rates were 98.6%, 91.5%, 69.2%, 
56.0% and 42.2%, respectively, in the 0.5-1.0 cm 
group and 100%, 98.9%, 90.1%, 68.7% and 57.4%, 
respectively, in the > 1.0 cm group (P  = 0.010). There 
were no significant differences in complication rates be-
tween the two groups. Both univariate and multivariate 
analyses identified AM as an independent prognostic 
factor linked to LTP, IDR, and OS.

CONCLUSION: For HCC tumors > 3.0 cm and ≤ 5.0 
cm, AM > 1.0 cm could reduce chances of recurrence 
compared with AM of 0.5-1.0 cm, emphasizing the 
need for a more defensive strategy using AMs > 1.0 cm 
for ablating HCC tumors of 3.1 to 5.0 cm.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Recurrence is the most important factor for 
prognosis of hepatocellular carcinoma (HCC) after ra-
diofrequency ablation. Although a sufficient ablative 
margin (AM) is an essential way to minimize recur-
rence risk, the optimal AM for HCC tumors 3.1 to 5.0 
cm remains controversial. This study provides evidence 
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that, for HCC tumors 3.1 to 5.0 cm, AMs > 1.0 cm 
could reduce chance of recurrence compared to AMs 
of 0.5-1.0 cm, which emphasizes the need for more 
strategic AMs that are > 1.0 cm for ablation of HCC 
tumors of 3.1 to 5.0 cm. 
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INTRODUCTION
Radiofrequency (RF) ablation is accepted as a potentially 
curative treatment modality for hepatocellular carcinoma 
(HCC) at an early stage when transplantation and resec-
tion are precluded[1,2]. Local tumor progression (LTP) 
and intrahepatic distant recurrence (IDR) have been re-
peatedly found to be the most important prognostic fac-
tors, with the incidence rates of  2%-53% and 43%-53%, 
respectively[1,3-5]. LTP that occurs after complete RF 
ablation is widely considered to result from residual 
tumor cells in the peritumoral area, which contains mi-
crovascular invasion and satellite micronodules due to 
an insufficient ablative margin (AM), although there is a 
possibility of  de novo occurrence at the site. Pathogenesis 
of  IDR is thought to result from intrahepatic metastasis 
of  the primary tumor, viable residual tumor or an HCC 
of  multicentric origin[6,7]. Therefore, a sufficient AM 
that encompasses both the main tumor and the area of  
adjacent parenchyma containing microvascular invasion 
or satellite micronodules, should theoretically ensure 
pathologically complete ablation, and would thus be an 
essential way to minimize risk of  LTP and IDR[8,9]. 

The optimal safe AM for HCC is controversial[3,10-12]. 
Accumulating data have demonstrated that recurrence 
rates, such as LTP rates, differ greatly for tumors of  vari-
ous sizes but similar AMs[3,13]. For HCCs ≤ 3.0 cm, the 
3-year LTP rates for patients treated by RF ablation with 
AMs of  0.5-1.0 cm are reportedly 10%-20%[3,14-17]. How-
ever, for HCC tumors 3.1 to 5.0 cm treated with AMs of  
0.5-1.0 cm, the 3-year LTP rates were as high as 39%[18]. 
This can be well explained by the data from histopatho-
logical investigations on both the scope of  peritumoral 
microvascular invasion and satellite micronodules and 
the incidence rate between HCCs ≤ 3.0 cm and those > 
3.0 cm[19,20]. Only 14.5%-19% of  single small HCC (≤ 3.0 
cm) reportedly have satellite micronodules, located with-
in 1.0 cm from the main tumor[21]. In contrast, for HCC 
tumors 3.1 to 5.0 cm, 26.3%-36.9% had peritumoral sat-
ellite micronodules, located more than 1.0 cm from the 
main tumor in most cases[9]. These data indicate that for 
HCCs ≤ 3.0 cm, AMs of  0.5-1.0 cm are likely to remove 
most peritumoral lesions. However, for HCC tumors 3.1 

to 5.0 cm, AMs of  ≤ 1.0 cm seem insufficient to ensure 
pathological complete tumor clearance in most cases.

Although the idea that AMs > 1.0 cm would be more 
likely to completely delete tumor tissues seems intuitively 
logical, no study to date has been conducted to deter-
mine the optimal AM for HCC tumors 3.1 to 5.0 cm. 
Based on the experience of  the surgical requirement of  
a tumor-free margin ≥ 1.0 cm wide[9], we supposed that 
for HCC tumors 3.1 to 5.0 cm, AMs > 1.0 cm might 
reduce chance of  recurrence compared with AMs of  
0.5-1.0 cm. Therefore, the purpose of  this study was to 
elucidate the survival benefit of  AMs wider than 1.0 cm 
for HCC tumors 3.1 to 5.0 cm. 

MATERIALS AND METHODS
Patients
To determine whether AMs >1.0 cm in RF ablation for 
HCC tumors 3.1 to 5.0 cm might greatly reduce chance 
of  recurrence compared with AMs of  0.5-1.0 cm, a 
prospective cohort study was performed. From October 
2005 to December 2012, 936 consecutive patients with 
HCC received RF ablation at the Department of  Hepa-
tobiliary Surgery, Beijing Chao-yang Hospital Affiliated 
to Capital Medical University, China. Among them, 327 
patients suffered from a single primary HCC tumor each, 
3.1 to 5.0 cm in diameter. Written informed consent was 
obtained from all patients. The study was approved by 
the investigation and ethics committee of  Beijing Chao-
yang Hospital, Capital Medical University according to 
the standards of  the Declaration of  Helsinki. 

Among the 327 HCC patients, 291 who met the in-
clusion criteria were enrolled in this study. The inclusion 
criteria were (1) a single primary HCC tumor 3.1 to 5.0 
cm at its greatest diameter on preoperative investiga-
tions; (2) no other therapy prior to RF ablation except 
for trans-arterial chemoembolization (TACE); (3) getting 
imaging-complete ablation with AM ≥ 0.5 cm after RF 
ablation; (4) no other therapy in the period of  follow-up 
except for RF ablation or TACE for LTP or IDR; and (5) 
complete follow-up data. The exclusion criteria were (1) 
extrahepatic metastasis before LTP or IDR; and (2) fol-
low-up period less than 6 mo. A total of  10 patients were 
excluded from the study for developing extrahepatic me-
tastasis before LTP or IDR (n = 7), or follow-up period 
less than 6 mo (n = 3). The remaining 281 patients were 
included in this study (Table 1). There were 195 men and 
86 women. Their median age was 52 years (range, 24-88 
years). Of  these, 231 (82.2%) were positive for serum 
hepatitis B virus surface antigen, 18 (6.4%) positive for 
serum HCV antibody, and 2 (0.7%) positive for both. 
Liver cirrhosis was observed in 92 patients (32.4%). In 
126 of  the 281 patients, preoperative diagnosis of  HCC 
was histologically confirmed by needle biopsy under CT 
guidance. In the remaining 155 patients, HCC was estab-
lished on the basis of  compatible radiological features in 
contrast-enhanced multiphase helical CT scan and dy-
namic contrast-enhanced MRI. The median diameter of  
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the HCC nodules was 4.1 cm (range: 3.1-5.0 cm). Tumor 
location was described according to Couinaud segmen-
tal anatomic classification. Liver function was classified 
according to the Child-Pugh classification. In all, 136 
(48.4%) and 145 (51.6%) showed Child-Pugh classes A 
and B, respectively. Randomization was not performed 
in this study. The aim of  this study was explained to all 
of  the approved patients in advance, and safe AMs > 1.0 
cm were tried in all patients, although AMs of  ≥ 0.5 cm 
are routinely considered adequate. On the basis of  their 
AMs, we categorized patients into 2 groups: the 0.5-1.0 
cm group and the > 1.0 cm group. Their demographic 
characteristics are shown in Table 1. The treatment algo-
rithm of  the present study is depicted in Figure 1.

TACE
In the study, TACE was performed in all patients, both 
for radiological assessment of  AMs, and for oncological 
purposes, 2-3 wk before RF ablation by two interven-

tional radiologists (YM Zhou and K Gao) with a stan-
dard regimen. TACE was performed through the femo-
ral artery using the technique of  Seldinger under local 
anesthesia[22] by injecting 6-10 mL of  an emulsion of  io-
dized oil (Lipiodol; Aulnay-Sous-Bois, France) and 20-40 
mg of  epirubicin hydrochloride (Zhejiang Haizheng, 
China) into the tumor feeding arteries. The selected 
doses of  iodized oil and anticancer drug were individu-
ally based on the patient’s liver function and tumor size. 
Injection was discontinued upon full accumulation of  
iodized oil into the tumor vessels. No gelatin sponge was 
used after TACE.

RF ablation 
A percutaneous approach was most commonly preferred 
in this study. Laparoscopic RF ablation was considered 
in the presence of  the following: (1) tumors on the liver 
edge or surface, protruding out of  the liver; (2) tumors 
located in the left lobe, under the bottom of  the heart, 
for which percutaneous RF ablation might cause heart 
injury; or (3) tumors close to visceral organs, such as the 
gallbladder, small and large bowels, and stomach. If  oth-
er intra-abdominal procedures were planned, then open 
RF ablation was used. 

Percutaneous RF ablation was performed under CT 
guidance (GE Yokogawa Medical Systems Ltd, Tokyo, 
Japan). To ensure the safety and tolerance of  patients, 
each patient had respiratory control with a tracheal tube 
or a laryngeal mask airway under intravenous anesthesia 
during RF ablation procedure. This relatively more in-
vasive protocol also helped improve targeting accuracy 
by providing a transient stop of  respiration at end ex-
piratory status during the procedures of  planning and 
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Table 1  Comparison of patient clinical characteristics be-
tween the 0.5-1.0 cm group and the > 1.0 cm group  n  (%)

Variable 0.5-1.0 cm group 
 (n  = 158)

> 1.0 cm group 
 (n  = 123)

P  value1

Age (yr) 52 (24-88) 51 (27-84) 0.467
Gender 
   Male/female 109 (69.0)/49 (31.0) 86 (69.9)/37 (30.1) 0.873
Pre-existing hepatitis
   Hepatitis B 125 (79.1) 106 (86.2) 0.133
   Hepatitis C 13 (8.2)  5 (4.1) 0.161
   Hepatitis B and C  1 (0.6)  1 (0.8) 0.859
Child-Pugh grade
   Class A/class B 78 (49.4)/80 (50.6) 58 (47.2)/65 (52.8) 0.754
Liver cirrhosis
   Yes/No 55 (34.8)/103 (65.2) 37 (30.1)/86 (69.9) 0.417
Serum a-fetoprotein level (ng/mL)
   < 20   17 (10.8) 11 (8.9) 0.622
   20-200 116 (73.4)   93 (75.6) 0.681
   > 200   25 (15.8)  19 (15.4) 0.938
Tumor location
   S2,S3,S4,S6,S7/S5,S8 73 (46.2)/85 (53.8) 56 (45.5)/67 (54.5) 0.923
Biochemical analysis
   AST (IU/L) 46.5 (11.3-235.2) 46.1 (12.1-202.7) 0.793
   ALT (IU/L) 48.4 (15.6-240.0) 47.9 (13.8-212.4) 0.560
   Alb (g/dL)   3.7 (2.9-4.2) 3.6 (2.8-4.2) 0.460
   T-Bil (mg/dL)   0.9 (0.7-1.4) 0.9 (0.6-1.4) 0.594
   ALP (IU/L)     83.5 (7.7-376.6) 84.2 (8.1-284.8) 0.744
   PT (%) 80.5 (58-100) 83.0 (59-100) 0.262
   AFP (ng/mL) 83.2 (6.3-1301.9)     82.5 (5.4-750.7) 0.849
   Tumor 
   diameter(cm)

  4.1 (3.1-5.0)   4.1 (3.3-5.0) 0.652

No. of ablation sessions before getting AM ≥ 0.5 cm
   1 session/2 sessions 115 (72.8)/43 (27.2) 99 (80.5)/24 (19.5) 0.143
Approaches of the 
first ablation session

0.978

   Percutaneous   121 (76.6)     94 (76.4)
   Laparoscopic     37 (23.4)     29 (23.6)
   Open  0 (0)  0 (0)

Values presented as absolute numbers (percent of cases) or median (range). 
1Fisher’s exact test or Mann-Whitney U test. AFP: α-fetoprotein; Alb: 
albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferase; 
AM: ablative margin; AST: aspartate aminotransferase; PT: prothrombin 
time; T-Bil: total bilirubin. 

HCC
(3.1-5.0 cm, n  = 291)

TACE

RF ablation

AM ≥ 0.5 cm
(n  = 281)

AM < 0.5 cm

0.5-1.0 cm group
(n  = 158)

> 1.0 cm group
(n  = 123)

Follow-up Follow-up

Figure 1  Flow diagram of the enrollment and follow-up. A total of 281 pa-
tients met the inclusion criteria. HCC: hepatocellular carcinoma; RF: radiofre-
quency; TACE: transcatheter arterial chemoembolization; AM: ablative margin.
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and adjusts the output accordingly. For this applica-
tion, the ablation protocol was preset to the automatic 
mode, and ablation usually was carried out for 15 to 20 
min, which was a little bit longer than that suggested in 
the manufacturer’s protocol, with the intent of  attain-
ing a satisfactory degree of  tumor collapse. Cold saline 
continuous irrigation of  the needle was provided with 
an external pump. In the clinical settings, we selected 
the type of  electrode depending on the size, geometry 
and location of  the index tumor. A multiple-overlapping 
ablation technique was adopted for pursuing AMs ≥ 
0.5 cm. Electrode track ablation technique was also per-
formed to minimize post-procedural bleeding and tumor 
seeding.

Post-treatment assessment
For post-treatment evaluation, contrast-enhanced CT 
scans were performed 1 mo after the procedure in all 
cases. The initial unenhanced CT acquisition was fol-
lowed by enhanced acquisitions obtained at 30 and 70 
s after the bolus administration of  intravenous contrast 
material. The contrast agent used was 100 mL iopamidol 
(Iopromide Injection, Bayer Schering Pharma, Guang-
zhou, China). Any contrast-enhancing areas beyond the 
margin of  the ablation zone on post-ablation CT indicat-
ed incomplete tumor ablation. Additional sessions were 
scheduled for ablation of  residual tumors. The diagnosis 
and treatment procedures were repeated until imaging 

targeting. Laparoscopic RF ablation and open RF abla-
tion were performed with laparoscopic and open surgery 
techniques as usual with laparoscopic and intraoperative 
ultrasonographic assistance. All RF procedures in this 
study were performed using either a 15-gauge multitined 
electrode (Starburst XL; RITA Medical Systems, Man-
chester, GA, United States) or Cool-tip ACTC2025 or 
ACTC1525 electrodes, and an RF generator (RITA 1500; 
RITA Medical Systems Inc, Manchester, GA, United 
States or Covidien Healthcare, Ireland), according to 
their respective manufacturers’ protocols. For patients 
treated with multitined expandable electrodes, when 
needle arrays are introduced into the tumor and posi-
tioned satisfactorily, the RF generator produces RF en-
ergy and maintains an average temperature of  105°C. A 
series of  arrays, radiating from the central hollow probe, 
are pushed forward and unfolded gradually to 3, 4, or 5 
cm until they reach the borders of  the tumor. RF energy 
is delivered at 5-min intervals until the output power 
drops below 30 W in the final step of  the procedure. For 
patients treated with Cool-tip electrodes, the RF gen-
erator (Covidien Healthcare, Ireland) was used. Unlike 
the RITA electrode, the Cool-tip electrode is straight, 
without arrays. With a 2.5 cm exposed tip, the Cool-tip 
electrodes can produce ablation zones of  4.5 cm with a 
single placement of  electrodes and a maximum power 
of  200 W. Also, the Cool-tip RF generator continuously 
monitors tissue impedance throughout the procedure 

B

A

Figure 2  Three-dimensional computed tomography for radiofrequency ablation imaging in a patient with hepatocellular carcinoma. A: The computed to-
mography (CT) images prior to the second radiofrequency (RF) ablation; B: The CT images after the second RF ablation. 1: Axial plane; 2: Coronal plane; 3: Sagittal 
plane. The ablative margin is < 0.5 cm prior to the second RF ablation, and it has been ablated to ≥ 0.5 cm after the second RF ablation. Black arrow indicates the 
shortest width of the area of low density outside the iodine stained tumor. 

1                                                                     2                                                                     3
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complete ablation was achieved (Figure 1).

Evaluation of ablative margin
Three-dimensional reconstructions of  CT images were 
made before and after RF ablation (Figure 2). To define 
the AM as accurate as possible, we performed qualita-
tive side-by-side comparison of  CT scans obtained 
before and after RF ablation. Two radiologists (Cao BX 
and Qian XJ) who were blind to the results of  quantita-
tive analysis assessed in consensus whether an AM of  
0.5-1.0 cm or > 1.0 cm was achieved in each case. For 
this analysis, the adjacent hepatic vessels or the hepatic 
capsule were used to facilitate comparison. The varia-
tion between the two radiologists’ findings was < 5%. 
In the evaluation, the AM was defined as the narrowest 
width of  the area of  low density outside the iodine stain 
(Figure 2). When the iodine stain in the tumor was not 
uniform, measuring AM was more difficult. In such in-
stances, when the radiologists did not concur (n = 11), 
we compared carefully the imaging data before and after 
RF ablation, outlined the contours of  the tumor in this 
area and measured AM according to the tumor contour 
rather than the edge of  the iodine stain.

Follow-up 
The follow-up protocol mainly included routine physical 
examination, laboratory tests, and measurement of  AFP 
levels every month, as well as dynamic CT studies every 
2 or 3 mo. Definitions are based on the standardization 
by the International Working Group on Image-Guided 
Tumor Ablation[23]. LTP was defined by the presence of  
a nodular lesion that was enhanced during the hepatic 
arterial phase and washed out by the delayed phase, and 
was found along the peripheral margin of  the low-atten-
uated ablative zone. IDR was defined by a lesion with 
similar characteristics but not in contact with the original 
ablation zone in the liver. Overall survival (OS), defined 
as the interval between date of  initial therapy and date 
of  death or the last follow-up examination for living pa-
tients, was also evaluated.

In cases of  LTP or IDR, other supplemental exami-
nations like hepatic DSA, Lipiodol CT of  the liver, CT 
of  the chest and lower abdomen, and bone scintigra-
phy were performed for other potential tumor nodules. 

When LTP or IDR was confirmed, patients were hospi-
talized as soon as possible. Basically, repeat RF ablation 
treatment cycles were administered for LTP and IDR of  
≤ 4 nodules. Five or more IDR nodules, or nodules in 
unsuitable locations for RF ablation, were treated with 
TACE. TACE was performed through the femoral ar-
tery using the aforementioned technique. 

Complications
Major complications were assessed on the basis of  the 
previously described guideline for image-guided tumor 
ablation[23]. Complication rates were evaluated for the 
total number of  ablation sessions. We defined a major 
complication as an event that led to substantial morbid-
ity and disability, increased the level of  care required, re-
sulted in hospital admission, or substantially lengthened 
the hospital stay. All other complications were consid-
ered minor.

Statistical analysis
Continuous data are expressed as median and range. 
Comparisons were made with the Mann-Whitney U test. 
Categorical data were compared using the Fisher’s exact 
test. Rates of  LTP-free survival, IDR-free survival and 
OS rates were calculated by the Kaplan-Meier method 
and compared using the log-rank test. Risk factors for 
LTP, IDR and overall survival were evaluated by univari-
ate analyses using Cox regression tests. If  multiple risk 
factors were shown to be significant by this test, we per-
formed multivariate analysis using Cox regression tests 
to identify independent prognostic factors for LTP, IDR 
and OS. All statistical analyses were performed using the 
SPSS 15.0 statistical software (SPSS Inc., Chicago, Il-
linois, United States). All reported P values were 2-sided. 
P < 0.05 was considered statistically significant.

RESULTS
LTP-free survival
During the follow-up, LTP was found in 112 (70.9%) of  
158 patients in the 0.5-1.0 cm group and in 55 (44.7%) 
of  123 patients in the > 1.0 cm group (P < 0.001) (Table 
2). The rates of  LTP-only and total LTP in the 0.5-1.0 
cm group (46.8% and 70.9%, respectively) were signifi-
cantly higher than those in the > 1.0 cm group (31.7% 
and 44.7%, respectively, P = 0.010 and < 0.001, respec-
tively). The 1-, 2-, 3-, 4-, and 5-year LTP-free survival 
rates were 91.3%, 78.4%, 49.5%, 27.8% and 12.8%, 
respectively, in the 0.5-1.0 cm group and 97.5%, 86.3%, 
73.6%, 49.5% and 26.4%, respectively, in the > 1.0 cm 
group (Figure 3A), and differed significantly between the 
two groups (P = 0.001).

IDR-free survival
During the follow-up, IDR was found in 72 (45.6%) 
of  158 patients in the 0.5-1.0 cm group and 38 (30.9%) 
of  123 patients in the > 1.0 cm group (Table 2). There 

Table 2  Comparison of the recurrence pattern between the 
0.5-1.0 cm group and > 1.0 cm group  n  (%)

Recurrence 
pattern

0.5-1.0 cm group 
(n  = 158)

> 1.0 cm group 
(n  = 123)

P  value1

LTP only   74 (46.8) 39 (31.7)  0.01
IDR only   34 (21.5) 22 (17.9)  0.45
LTP + IDR   38 (24.1) 16 (13.0)  0.02
Total LTP 112 (70.9) 55 (44.7) < 0.001
Total IDR   72 (45.6) 38 (30.9)     0.012

1Fisher’s exact test. IDR: intrahepatic distant recurrence; LTP: local tumor 
progression. 
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was no significant difference in the rates of  IDR-only 
between the 0.5-1.0 cm group and the > 1.0 cm group 
(21.5% vs 17.9%, P = 0.450). However, the rates of  total 
IDR in the 0.5-1.0 cm group was significantly higher 
than those in the > 1.0 cm group (45.6% vs 30.9%, P = 
0.012). The 1-, 2-, 3-, 4-, and 5-year IDR-free survival 
rates were 95.2%, 85.9%, 62.6%, 47.2% and 28.5%, re-
spectively, in the 0.5-1.0 cm group and 95.1%, 90.3%, 
77.0%, 61.0% and 48.3%, respectively, in the > 1.0 cm 
group (Figure 3B); the two groups differed statistically (P 

= 0.010).

OS rates
As of  December 2012 (with a median follow-up of  
38.2 mo), 203 patients (72.2%) remained alive, and 78 
(27.8%) had died, including 55 patients in the 0.5-1.0 cm 
group and 23 patients in the > 1.0 cm group. The cause 
of  death was HCC in 58 patients (74.4%), liver failure 
in 7 (9.0%), upper gastrointestinal bleeding in 3 (3.8%), 
causes unrelated to liver disease in 4 (including 3 patients 
who died of  cardiovascular disease and 1 of  cerebral 
hemorrhage; 5.1%), and undetermined causes in 6 pa-
tients (who died in emergency situations at other hospi-
tals without definite diagnoses related to death; 7.7%). 
The 1-, 2-, 3-, 4-, and 5-year OS rates were 98.6%, 
91.5%, 69.2%, 56.0% and 42.2%, respectively, in the 
0.5-1.0 cm group and 100%, 98.9%, 90.1%, 68.7% and 
57.4%, respectively, in the > 1.0 cm group (Figure 3C); 
the two groups differed significantly (P = 0.010, log-rank 
test).

Safety (complications)
No procedure-related death was observed. Major com-
plications were observed in 5 (1.8%) of  281 patients. Of  
these, 2 patients in the 0.5-1.0 cm group and 1 patient 
in the > 1.0 cm group developed pneumothorax when 
laparoscopic RF ablation was performed. During the 
laparoscopic surgery, the presence of  pneumothorax 
was confirmed immediately after the puncture of  the RF 
probe. All of  the pneumothorax was successfully treated 
by chest tube placement at the end of  the operation. 
One patient in the 0.5-1.0 cm group suffered an intra-
abdominal hemorrhage. He responded to transfusion 
of  2 units of  packed red blood cells and required no 
other intervention. Two patients in the > 1.0 cm group 
developed hemopneumothorax and recovered from 
chest tightness and chest tube placement. Minor compli-
cations, including asymptomatic right pleural effusion, 
were noted within 3 d of  the procedures in 13 patients 
of  the 0.5-1.0 cm group and 15 patients of  the > 1.0 cm 
group (0.5-1.0 cm group vs > 1.0 cm group, P = 0.271); 
however, none of  these patients required interventional-
drainage procedures. 

Factors associated with LTP, IDR, and OS
Using univariate analysis, the tumor size (4.1-5.0 cm, P 
= 0.005), AM (> 1.0 cm, P = 0.003), AFP (> 200 ng/
mL, P = 0.028), and number of  ablation sessions for 
imaging complete ablation (CA, 2 sessions, P = 0.031) 
were found to be significant factors for predicting LTP, 
IDR, and OS (Table 3). In multivariate analyses of  the 
4 factors that were found to be significant in univariate 
analysis, the hazard ratios (HRs) for tumor size, AM, 
AFP, and number of  ablation sessions for imaging CA 
are detailed in Table 4. Only the AM was found to be a 
significant independent factor linked to LTP, IDR, and 
OS.
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DISCUSSION
Over the past years, the rapid development and refine-
ment of  RF ablation technology has led to increasing use 
of  this treatment modality in HCC patients[24]. Extensive 
clinical studies support RF ablation as a preferred treat-
ment for very early HCC[25]. However, tumor recurrence, 
including LTP and IDR, frequently occurs, affecting the 
prognosis. Furthermore, rapid tumor progression after 
RF ablation, which may mostly be associated with the 
progression of  residual HCC, has been gaining increas-
ing attention[26-29]. These experimental data indicated that 
any residual tumors might be a disaster for individual 
HCC patients who received RF ablation. Thus, we 
should try to remove microvascular invasions and satel-
lite micronodules around the main tumor of  HCC to 
decrease the likelihood of  residual tumor, the incidence 
rates of  LTP, IDR and the rapid tumor progression. 

From perspective of  pathological clearance of  the 
tumor tissue, AMs should be as wide as possible. How-

ever, correctly obtaining a sufficient AM around all sides 
of  a tumor of  medium size is not easy. Specifically, to 
get a 1.0-cm AM for lesions sized 3.0, 4.0 and 5.0 cm in 
diameters, the volumes of  peritumoral tissue to ablate 
are 3.6, 2.4 and 1.7 times, respectively, the volume of  
the main tumor[30]. A little increase of  the dimension of  
the ablation zone means a tremendous increase of  the 
amount of  ablation tissue. For example, if  we increase 
the AM from 1.0 to 1.5 cm for a lesion of  4.0 or 5.0 cm 
in diameter, respectively, the amounts of  tissue to ablate 
will be theoretically increased by as much as 58.8% and 
49.3% respectively, and this does not take into account 
the increased difficulty and time to accomplish it. So we 
should balance the perfect AM standard against its fea-
sibility in clinical practice. As a compromise settlement, 
we take an AM of  more than 1.0 cm as a minimum re-
quirement for HCC nodules of  3.1 to 5.0 cm. 

Although an AM > 1.0 cm cannot guarantee that all 
peritumoral tumor tissues are ablated in all cases, 2 ways 
can be used to compensate for the conservativeness 

Table 3  Significant variables in the univariate analysis for local tumor progression, intrahepatic distant recurrence, and overall 
survival (n  = 281)

Significant variable n P  value1

LTP IDR OS

Age (> 65 yr), yes/no   123/158 0.376 0.282 0.103
Gender (male), yes/no 195/76 0.571 0.436 0.854
Liver cirrhosis, yes/no     92/189 0.469 0.645 0.912
Child–Pugh grade (Class B), yes/no   145/136 0.173 0.742 0.811
Tumor location (S5,S8), yes/no   152/129 0.537 0.488 0.635
Tumor size (4.1-5.0 cm), yes/no   154/127 0.007 0.011 0.005
AM (> 1.0 cm), yes/no   123/158 0.001 0.024 0.003
AST (> 40 IU/L), yes/no   166/115 0.658 0.586 0.879
ALT (> 40 IU/L), yes/no   157/124 0.672 0.460 0.734
ALP (> 110 IU/L), yes/no   120/161 0.385 0.473 0.581
Alb (> 3.5 g/dL), yes/no 202/79 0.622 0.564 0.838
T-Bil (> 1 mg/dL), yes/no     93/188 0.541 0.502 0.796
PT (> 70%), yes/no 216/65 0.336 0.573 0.636
AFP (> 200 ng/mL), yes/no     44/237 0.016 0.032 0.028
Post-RF ablation antiviral therapy, yes/no     86/195 0.275 0.547 0.201
Body mass index (> 25 kg/m2), yes/no     83/198 0.611 0.582 0.913
No. of ablation sessions before getting AM ≥ 0.5 cm (2 sessions), yes/no 67/214 0.034 0.041 0.031
Approaches of the first ablation session (Laparoscopic), yes/no   66/215 0.459 0.383 0.728

1Cox regression analysis. AFP: α-fetoprotein; Alb: albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AM: ablative margin; AST: 
aspartate aminotransferase; IDR: intrahepatic distant recurrence; LTP: local tumor progression; OS: overall survival; PT: prothrombin time; T-Bil: total 
bilirubin. 

Table 4  Significant variables in the multivariate analysis for local tumor progression, intrahepatic distant recurrence, and overall 
survival (n  = 281)

Significant variable LTP IDR OS

HR 95%CI P  value1 HR 95%CI P  value1 HR ratio 95%CI P  value1

Tumor size (4.1-5.0 cm), yes/no 1.032 0.521-1.376 0.475 0.891 0.452-1.602 0.744 0.882 0.673-1.572 0.084
AM (> 1.0 cm), yes/no 1.484 0.101-1.812 0.001 1.278 1.137-1.729 0.025 1.604 0.881-2.753 0.002
AFP (> 200 ng/mL), yes/no 0.947 0.540-1.050 0.531 0.509 0.370-1.215 0.546 1.007 0.639-1.158 0.748
No. of ablation sessions before getting AM ≥ 0.5 cm 
(2 sessions), yes/no

1.012 0.683-1.772 0.663 0.923 0.562-1.218 0.347 0.745 0.321-.431 0.325

1Cox regression analysis. LTP: local tumor progression; IDR: intrahepatic distant recurrence; OS: overall survival; AFP: α-fetoprotein; AM: ablative 
margin. 
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of  this standard. First, there may be some decrease in 
the size of  the ablation zone due to tissue healing and 
scar formation when measured 1 mo after ablation and 
the real AM might be underestimated in some extent. 
Second, in our performance of  RF ablation treatment, 
we took an AM of  more than 1 cm thick as the least re-
quirement and tried to make it as wide as possible.

The precise evaluation of  AM after RF ablation is 
rather difficult, especially for HCC lesions of  medium 
size or larger which did not get TACE/trans-arterial em-
bolization (TAE) pretreatment[3]. First, AM area is not 
clearly visualized on images because both the ablated tu-
mor and AM appear as areas that lack contrast enhance-
ment. Second, AMs around tumors are usually not sym-
metrical and the measurement of  AM by subtracting the 
diameter of  the index tumor from that of  ablation zone 
is not as precise as expected. So in the present study, all 
enrolled patients received TACE pretreatment, aiming to 
facilitate the evaluation of  AM as precise as possible.

We demonstrated that tumor size, AM, AFP, and 
number of  ablation sessions before getting an AM > 1.0 
cm were significant risk factors for LTP, IDR, and OS 
of  HCC after RF ablation, using univariate analysis. Our 
results were in line with those of  previous studies on 
risk factors related to recurrence of  HCC after RF abla-
tion[11,31]. However, only AM was found to be a signifi-
cant independent factor linked to LTP, IDR, and OS of  
HCC after RF ablation using multivariate analysis. These 
findings confirmed that AMs > 1.0 cm are an important 
predictive factor for recurrence of  HCC tumors 3.1 to 
5.0 cm after RF ablation. It is easy to understand that 
an AM >1.0 cm can reduce rates of  LTP and IDR and 
eventually increase OS rate. An AM > 1.0 cm can lead to 
a further clearance of  possible residues of  microvascu-
lar invasion and satellite micronodules by ablating more 
viable tumor containing liver parenchyma and decrease 
probability of  metastasis of  the residual tumor cell by 
intrahepatic portal vein.

We are aware of  the limitations of  this analysis. This 
study was not randomized. Moreover, the AM standard 
of  1.0 cm referred only to the safety margin for liver 
resection advocated by most surgeons. Also, the biologi-
cal nature of  HCC as a commonly accepted important 
risk factor was not demonstrated in this study due to the 
limited number of  cases with pathological examination. 
One further limitation is the fact that this was a single-
center study; these results might not be reproducible 
consistently in other settings. The results may be influ-
enced by the physicians’ expertise and the institution’s 
volume of  care. Nevertheless, our data may be helpful 
for clinicians who treat HCC with RF ablation and may 
also be useful as a basis for the design of  future tri-
als. Again, more prospective, large randomized studies 
are needed to assess the benefit of  AMs > 1.0 cm for 
medium-sized HCC lesions in patients who receive RF 
ablation.

Notwithstanding its preliminary character, this study 

does provide evidence that, for HCC tumors 3.1 to 5.0 
cm, AMs > 1.0 cm could reduce chance of  recurrence 
compared with AMs of  0.5-1.0 cm, which emphasizes 
the need for more defensive strategies in using AMs 
wider than 1.0 cm for ablation of  HCC tumors 3.1 to 5.0 
cm. However, confirmation in a prospective multicenter 
randomized trial is required.

COMMENTS
Background
Radiofrequency (RF) ablation is becoming accepted as a promising technique 
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risk of recurrence. However, the optimal AM for HCC tumors 3.1 to 5.0 cm in 
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Research frontiers
Theoretically, AMs that encompass both the main tumor and an area of adjacent 
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suring a pathological complete ablation, will minimize risk of tumor recurrence. 
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logical complete tumor clearance in most cases. In this study, we confirmed that 
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The study results provide evidence that, for HCC tumors 3.1 to 5.0 cm, AMs > 
1.0 cm could reduce chances of recurrence compared with AMs of 0.5-1.0 cm, 
emphasizing the need for a more defensive strategy that used AMs > 1.0 cm for 
ablation of HCC tumors 3.1 to 5.0 cm.
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LTP was defined by the presence of a nodular lesion that was enhanced dur-
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