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urvival Rates Are Comparable After Radiofrequency Ablation or Surgery
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ACKGROUND & AIMS: Differences in efficacy of radio-
requency ablation (RFA) and surgical resection (SR) are not
lear for patients with hepatocellular carcinoma (HCC).

ETHODS: From 2002 to 2007, 419 patients with HCCs �5
m were enrolled consecutively in the study. Among these
atients, 190 and 229 patients received RFA and SR, respec-
ively, as their first treatment. Factors were analyzed in terms of
verall survival and recurrence by multivariate analysis and
ropensity score matching analysis. RESULTS: The SR group
ad younger age, a higher male-to-female ratio, higher preva-

ence of hepatitis B virus, lower prevalence of hepatitis C virus,
etter liver function reserve, and larger tumor size than the RFA
roup. The cumulative 5-year overall survival rates were 79.3%
n the SR group and 67.4% in the RFA group. During the
ollow-up period, tumors recurred in 244 patients in a median
ime of 14.5 � 15.7 months. Before propensity-score matching,
he RFA group had shorter overall survival time (P � .009) and
igher tumor recurrence rate (P � .001) than the SR group.
fter matching, RFA was comparable to SR in overall survival

ime (P � .519), but the RFA group still had a greater incidence
f tumor recurrence (P � .001). In patients with Barcelona
linic Liver Cancer (BCLC) stage 0 HCC, RFA was as effective as
R for overall survival time and recurrence. CONCLU-
IONS: Patients with small HCCs have a higher rate of

umor recurrence following RFA than surgery, but overall
urvival rates are comparable between therapies. RFA is as
ffective as surgery in patients with BCLC stage 0 HCC.

eywords: Liver Surgery; Liver Tumor; Hepatic.

iew this article’s video abstract at www.cghjournal.org.

epatocellular carcinoma (HCC) is the third most com-
mon cause of cancer mortality in the world.1,2 It is esti-

ated that more than 600,000 people die of HCC annually
orldwide.3 Surgical resection (SR), liver transplantation, and

ocal ablation therapies are currently regarded as potentially
urative treatment modalities.4 – 6 Because of scarcity of liver
ransplantation donors in Taiwan, SR and local ablation ther-
pies are applied in most patients with small HCC and well-
reserved liver function.

Among the local ablation therapies, percutaneous radiofre-
uency ablation (RFA) is superior to others because of fewer

essions, better local tumor control, and higher overall survival
ates.7–13 Compared with SR, RFA is associated with less de-
truction of non-neoplastic tissue, greater repeatability for re-
urrence, and lower costs and complications rates.14 –18 Never-
heless, the efficacy between RFA and SR is still debated because
here is only 1 prospective randomized control trial that has
irectly compared the prognosis of patients with small HCC
ho underwent RFA or surgery.19

Because the demographic data of patients undergoing RFA
nd SR are frequently different, it is very complicated to eval-
ate the real impact of these 2 different modalities on out-
omes. Moreover, it is also very difficult to conduct a prospec-
ive double-blind trial to compare their efficacies. To minimize
onfounding factors in nonrandomized retrospective studies,
ropensity score matching analysis has been introduced to
vercome potential selection biases in recent years.20 –22 How-
ver, it has been rarely applied for comparison of therapy
fficacies between RFA and SR.

This study aimed to evaluate the results of patients with
CC who underwent RFA or SR by using not only multivariate

nalysis but also propensity score matching analysis to mimic a
andomized trial in a nonrandomized retrospective cohort
tudy.

Materials and Methods
Patients and Follow-Up
This cohort study retrospectively reviewed patients who

nderwent RFA or SR in Taipei Veterans General Hospital from
002 to 2007, and 419 consecutive patients who fulfilled the
iagnostic criteria of HCC by the American Association for the
tudy of Liver Disease (AASLD consensus, 2005) were enrolled.6

Abbreviations used in this paper: AASLD, American Association for
he Study of Liver Disease; AFP, alpha-fetoprotein; Alk-p, alkaline
hosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
ransferase; BCLC, Barcelona Clinic Liver Cancer; CHB, chronic hepa-
itis B; CHC, chronic hepatitis C; CT, computed tomography; EASL,
uropean Association for the Study of the Liver; HR, hazard ratio;
CG-15R, indocyanine green dye intravenously injected at 15 minutes;
NR, international normalized ratio; MRI, magnetic resonance imaging;
T, prothrombin time; RFA, radiofrequency ablation; RITA, radiofre-
uency interstitial tissue ablation; SR, surgical resection.

© 2011 by the AGA Institute
1542-3565/$36.00
doi:10.1016/j.cgh.2010.08.018

http://www.cghjournal.org
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mong them, 190 and 229 patients received RFA (RFA group)
nd SR (SR group) as their first treatment modality, respec-
ively. The inclusion criteria were HCC with size �5 cm and
ithout extrahepatic metastasis, tumor number 3 or less,
hild’s classification of liver function A or B, and no other
ajor diseases that might complicate RFA or SR. The study

omplied with the standards of the Declaration of Helsinki and
urrent ethical guidelines. It was approved by the Institutional
eview Board.

The criteria for HCC resection and the operative procedures
ere as previously described.23,24 All of the patients who under-
ent SR received anatomical resection, with the tumor tissue

ompletely excised on the basis of macroscopic evidence.
For patients who received RFA, 2 different RFA devices were

sed: the Cool-Tip Radiofrequency System (Radionics, Burlington,
A) for 175 patients and the Radiofrequency Interstitial Tissue

blation (RITA) device (Rita Medical Systems, Mountain View,
A) for the remaining 15 patients. With the Cool-Tip device,

reatment was performed with a single (2- or 3-cm active tip)
eedle electrode. Each tumor had 1–4 ablations per session, de-
ending on the tumor size. With the RITA device, ablation was
erformed with an expandable needle electrode (StarBurst, 2–3
m, or StarBurst XL, 3–5 cm; AngioDynamics, Queensbury, NY).

RFA was performed with real-time ultrasonography guid-
nce, and the RF electrode was advanced into the tumor. After
FA, all patients underwent immediate follow-up ultrasonog-

aphy to evaluate the possibility of bleeding or fluid accumu-
ation. Dynamic computed tomography (CT) scan was done 1

onth after all of the tumors were ablated by RFA. Magnetic
esonance imaging (MRI) was performed in the cases of patients
ho were allergic to contrast medium of CT scan, with renal

nsufficiency, or with inconclusive diagnosis of CT scan. When
hese confirmed residual tumors by showing contrast enhance-

ent during the arterial phase and washout in venous phase,
ubsequent RFA was conducted. If no viable tumor was de-
ected, RFA was completed, and the patient was regularly fol-
owed up. Consequently, the starting date of follow-up for
umor recurrence was the day when all of the tumors ablated by
FA were confirmed by CT scan or MRI.

All of the patients had been visited regularly every 3 months
fter surgery or RFA for testing serum liver biochemistries,
lpha-fetoprotein (AFP) levels, and arranging ultrasonography
xaminations until January 31, 2010. All patients were followed
p until their last visit in our hospital or death. All of the
ltrasonography examinations were performed by using the
ame protocol at the same facility.

Tumor recurrence was suspected if serum AFP levels were
levated (�20 ng/mL) or new lesions were detected by surveil-
ance ultrasonography. The diagnosis was further confirmed by
ynamic CT or MRI. Hence, they had comparable method and
requency of monitoring for tumor recurrence.

Biochemical and Serologic Markers
Serum hepatitis B surface antigen (HBsAg) was tested

y using radioimmunoassay (Abbott Laboratories, North Chi-
ago, IL), and anti-hepatitis C virus (HCV) was measured by
sing a second-generation enzyme immunoassay kit (Abbott
aboratories). Serum biochemistries including albumin, biliru-
in, alanine aminotransferase (ALT), aspartate aminotransfer-
se (AST), alkaline phosphatase (Alk-P), creatinine, glucose, and

rothrombin time/international normalized ratio (PT/INR) p
ere measured by a systemic multiauto-analyzer (Technicon
MAC; Technicon Instruments, Corp, Tarrytown, NY). Serum
FP level was also measured by using a radioimmunoassay kit

Serono Diagnostic SA, Coinsin/VD, Switzerland).

Statistical Analysis
Baseline characteristics to be evaluated with outcomes

ere selected according to the European Association for the
tudy of the Liver (EASL) guidelines published in 2001.25 Pear-
on �2 analysis was used to compare categorical variables, and
he Mann–Whitney U test was used to compare continuous
ariables. Cumulative recurrence rates or overall survival rates
ere estimated by the Kaplan–Meier method and compared by
sing Cox proportional hazards model.

Propensity scores were used to control for selection bias20–22

nd performed by using binary logistic regression to generate a
ropensity score for each patient who underwent RFA or SR.
ariables entered in the propensity model were age, sex, tumor
ize, tumor number, platelet counts, serum bilirubin, ALT, AST,
lk-P, PT/INR, albumin, AFP, and status of HBsAg and anti-HCV
ntibody. Subsequently, a one-to-one match between the RFA and
R groups was obtained by using the nearest-neighbor matching
ethod.22 Survival analysis was repeated to analyze the overall

urvival and total recurrence amended from these confounding
actors.

Variables with statistical significance (P � .05) or proximate to
t (P � .1) by univariate analysis underwent multivariate analysis
y using forward stepwise logistic regression model. A two-tailed
� .05 was considered statistically significant. All statistical anal-

ses were performed by using the Statistical Package for Social
ciences (SPSS 17.0 for Windows; SPSS Inc, Chicago, IL).

Results
Baseline Clinical Characteristics
The baseline demographic data are shown in Table 1.

atients in the RFA group were significantly older than those in
he SR group (P � .001). In both groups there was male
redominance, but the male-to-female ratio was higher in the
R group. Chronic hepatitis B (CHB) patients were more prev-
lent in the SR group than in the RFA group (59.8% vs 46.3%,

� .004), whereas chronic hepatitis C (CHC) carriers were
ore common in the RFA group (44.7% vs 26.6%, P � .001).

iver functional reserve, including albumin, total bilirubin, PT/
NR, and indocyanine green dye intravenously injected at 15

inutes (ICG-15R), was relatively poor for patients in the RFA
roup. Patients who underwent RFA also had lower platelet
ounts and higher ALT, AST, Alk-P, and glucose levels.

The tumor sizes were larger in the SR group than in the RFA
roup (2.88 � 1.06 cm vs 2.37 � 0.92 cm, P � .001), as well as
FP levels (P � .043).

Factors Associated With Overall Survival
After a median follow-up of 42.1 � 23.5 months, 83

atients died, and 336 were still alive on their last visit. Among the
90 patients who underwent RFA, 41 (21.6%) died during the
ollow-up period, 97 (51.1%) were alive with regular visits until
anuary 31, 2010, and the remaining 52 (27.4%) were lost to
ollow-up sometime before 2010. For 229 patients who underwent
esection surgery, 42 (18.3%) died, 120 (52.4%) were alive with

ersistent visits until January 31, 2010, and the remaining 67
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January 2011 COMPARISON OF RFA AND SR FOR SMALL HCCs 81
29.3%) were lost to follow-up sometime before 2010. For those
atients who were lost to follow-up, the median (25th–75th per-
entiles) follow-up duration after therapy was 27.8 (12.6–44.5)
onths. In addition, only 28 patients (6.7%) had a follow-up

eriod less than 1 year. The survival status of these patients was
ensored in the survival analysis.

The RFA, older age (�65 years), lower serum albumin levels
�4 g/dL), higher bilirubin (�1.6 mg/dL) and AST (�90 U/L)
evels, lower platelet counts (�105/mm3), higher ICG-15R
�10%), higher PT/INR (�1.1), elevated AFP (�20 ng/mL)
evels, and multi-nodularity were associated with poor overall
urvival by univariate analysis (Table 2).

able 1. Comparison of Demographic Data Between HCC Pa

Parameter RFA g

atient demographics
Age (y) (mean � SD) 67
Sex (M:F) (%) 121/69

iral factors
HBsAg positive/negative 88/97
Anti-HCV positive/negative 85/101

erum biochemistry tests and liver function tests
Albumin (g/dL) (mean � SD) 3
Total bilirubin (mg/dL) (mean � SD) 0
ALT (U/L) (mean � SD) 71
AST (U/L) (mean � SD) 71
Alk-P (U/L) (mean � SD) 114
Creatinine (mg/dL) (mean � SD) 1
Glucose (mg/dL) (mean � SD) 117
ICG-15R (%) (mean � SD) 23

(median; 25th and 75th percentiles) 19.5
PT/INR (mean � SD) 1
Platelet (/mm3) (mean � SD) 128,8

umor factors
Tumor size (cm) (mean � SD) 2

(median; 25th and 75th percentiles) 2.2
Single tumor/multi-nodularity (%) 152/38
AFP (ng/mL) (mean � SD) 209

(median; 25th and 75th percentiles) 17.8

D, standard deviation.

able 2. Factors Associated With Poor Overall Survival After

Variable No. of cases

Univa

HR (95% confide

FA/SR 190/229 1.783 (1.14
ge �65/�65 y 202/217 1.909 (1.22
ex (female/male) 114/305 1.487 (0.93
BsAg (positive/negative) 225/178 0.793 (0.50
nti-HCV (positive/negative) 146/252 1.175 (0.74
lbumin �4/�4 g/dL 216/185 2.128 (1.33
ilirubin �1.6/�1.6 mg/dL 29/388 4.102 (2.21
LT �80/�80 U/L 105/314 1.100 (0.67
ST �90/�90 U/L 67/352 2.123 (1.26
latelet �105/�105/mm3 96/323 2.358 (1.49

CG-15R �10%/�10% 153/113 2.066 (1.09
T/INR �1.1/�1.1 79/339 2.480 (1.55
FP �20/�20 ng/mL 197/219 1.655 (1.06
ultiple tumor (yes/no) 86/333 1.929 (1.21
umor size �2/�2 cm 278/141 1.347 (0.833–2.1
The cumulative overall survival rates at 1, 2, 3, and 5 years were
7.3%, 92.2%, 88.2%, and 79.3% in the SR group and 96.6%, 86.7%,
7.3%, and 67.4% in the RFA group, respectively (Figure 1A; P �

009).
Although ICG-15R had statistical significance in univariate

nalysis, it was not included in the multivariate analysis because
t was not a routine test before RFA, and only 266 patients had
vailable data. In multivariate analysis, age �65 years (hazard
atio [HR], 1.988; P � .003), lower albumin levels (�4 g/dL)
HR, 1.751; P � .025), total bilirubin �1.6 mg/dL (HR, 2.032;
� .040), PT/INR �1.1 (HR, 2.114; P � .004), AFP �20 ng/mL

HR, 1.680; P � .022), and multiple tumors (HR, 1.851; P �

s Who Underwent RFA or SR

(n � 190) SR group (n � 229) P value

11.45 60.07 � 12.56 �.001
.7/36.3) 184/45 (80.3/19.7) �.001

.3%/51.1%) 137/81 (59.8%/35.4%) .004

.7%/53.2%) 61/151 (26.6%/65.9%) �.001

0.55 4.09 � 0.40 �.001
0.60 0.81 � 0.48 .001
56.08 59.83 � 49.75 .022
56.55 50.58 � 37.67 �.001
56.02 91.25 � 42.06 �.001
1.05 1.08 � 0.51 .159
57.83 105.91 � 40.47 .026
20.55 13.10 � 8.26 .002
0, 29.00 11.50; 7.00, 16.00
0.12 1.03 � 0.06 .002
62,029 162,078 � 61,612 �.001

0.92 2.88 � 1.06 �.001
0, 2.90 2.70; 2.00, 3.70

.0/20.0) 181/48 (79.0/21.0) .904
1362.86 514.22 � 1697.41 .043
0, 49.87 17.88; 6.59, 190.25

tive Therapy for HCC

analysis Multivariate analysis

nterval) P value HR (95% confidence interval) P value

70) .010
72) .004 1.988 (1.266–3.121) .003
56) .091
42) .311
66) .495
90) .001 1.751 (1.073–2.857) .025
97) �.001 2.032 (1.033–3.998) .040
05) .706
52) .004
4) �.001
06) .026
51) �.001 2.114 (1.275–3.506) .004
68) .025 1.680 (1.079–2.617) .022
68) .006 1.851 (1.139–3.007) .013
tient

roup

.42 �
(63

(46
(44

.85 �

.99 �

.84 �

.43 �

.08 �

.20 �

.40 �

.42 �
0; 8.0
.06 �
89 �

.37 �
0; 1.7

(80
.40 �
6; 7.3
Cura

riate

nce i

7–2.7
6–2.9
9–2.3
7–1.2
0–1.8
9–3.3
5–7.5
0–1.8
9–3.5
–3.70
2–3.9
7–3.9
6–2.5
2–3.0
79) .225
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013) were independent risk factors predicting poor overall
urvival. Compared with SR, RFA was not an independent risk
actor associated with poor overall survival.

Factors Associated With Recurrence
During the follow-up period, 244 patients developed

umor recurrence, with median time of recurrence of 14.5 �
5.7 months. Univariate analysis showed that RFA, older age
�65 years), HCV carrier, lower serum albumin levels (�4
/dL), higher bilirubin (�1.6 mg/dL), higher ALT (�80 U/L)
nd AST (�90 U/L) levels, lower platelet counts (�105/mm3),
nd multi-nodularity were associated with higher incidence of
umor recurrence after therapy (Table 3). The cumulative recur-
ence rates at 1, 2, 3, and 5 years were 17.4%, 30.5%, 43.9%, and
9.1% in the SR group and 37.4%, 54.1%, 71.0%, and 79.5% in

igure 1. Cumulative curves of overall survival and recurrence plotted
roup had (A) lower overall survival rate (P � .009) and (B) higher recu
atching, RFA was not inferior to SR in overall survival (P � .519). (D)
he RFA group, respectively (Figure 1B; P � .001). a
By multivariate analysis, RFA remained as an independent fac-
or associated with higher recurrence rate (HR, 1.949; P � .001)
fter therapy, together with lower platelet counts (�105/mm3)
HR, 1.420; P � .031) and multiple tumors (HR, 1.798; P � .001).

Factors Associated With Overall Survival and
Tumor Recurrence After Propensity Score
Correction With One-to-One Nearest-
Neighbor Matching Method
Subsequently, propensity analysis with one-to-one nearest-

eighbor matching method was applied to minimize the con-
ounding factors, including age, sex, tumor size, tumor number,
latelet counts, bilirubin, ALT, AST, Alk-P, INR, albumin, AFP,
BsAg, and anti-HCV antibody. Eighty-four patients were
atched in each group, and the previously mentioned factors

aplan–Meier method and compared by log-rank test. Patients in RFA
e rate than those in SR group (P � .001). (C) After propensity score
d lower incidence of developing recurrence than RFA (P � .001).
by K
rrenc
ppeared to be well-matched between these 2 groups (Table 4).
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January 2011 COMPARISON OF RFA AND SR FOR SMALL HCCs 83
fter matching, the overall survival rate of the RFA group was
ot inferior to that of the SR group (P � .519, Figure 1C),
hereas total recurrence remained higher in the RFA group

P � .001, Figure 1D).

Comparison of Overall Survival Rate and
Recurrence Rate Between the RFA and SR
Groups in Barcelona Clinic Liver Cancer
Stage 0 Hepatocellular Carcinoma
Patients with solitary HCC �2 cm in size defined as

ery early small HCC (Barcelona Clinic Liver Cancer [BCLC]
tage 0) were included for further analysis.6 Among them, 66
nd 50 patients received RFA and SR as the first treatment
odality, respectively. Compared with the SR group, pa-

ients who underwent RFA had older age, lower incidence of
epatitis B virus (HBV) carriers, higher rate of positive anti-
CV in sera, lower platelet counts, and albumin and AFP

evels, but higher Alk-P levels (Supplementary Table 1).

able 3. Factors Associated With Tumor Recurrence After Cu

Variable

Univariate analy

HR (95% confidence interval)

FA/SR 2.049 (1.582–2.653)
ge (�65/�65 y) 1.361 (1.058–1.751)
ex (female/male) 1.241 (0.940–1.639)
BsAg (positive/negative) 1.001 (0.772–1.297)
nti-HCV (positive/negative) 1.355 (1.040–1.767)
lbumin (�4/�4 g/dL) 1.565 (1.203–2.033)
ilirubin (�1.6/�1.6 mg/dL) 1.995 (1.260–3.158)
LT (�80/�80 U/L) 1.338 (1.010–1.774)
ST (�90/�90 U/L) 1.726 (1.250–2.383)
latelet (�105/�105/mm3) 1.931 (1.453–2.571)
CG-15R (�10%/�10%) 1.219 (0.869–1.710)
T INR (�1.1/�1.1) 1.238 (0.902–1.698)
FP (�20/�20 ng/mL) 1.018 (0.791–1.311)
ultiple tumor (yes/no) 1.737 (1.306–2.312)

umor size (�2/�2 cm) 1.077 (0.825–1.406)

able 4. Comparison of Demographic Data Between Patients
Analysis With One-to-One Nearest-Neighbor Matchin

Parameter RFA group (n �

ge (y) (mean � SD) 64.8 � 12.1
ex (M/F) (%) 63/21 (75.0/25.0
lbumin (g/dL) (mean � SD) 4.0 � 0.5
otal bilirubin (mg/dL) (mean � SD) 0.82 � 0.42
LT (U/L) (mean � SD) 66.5 � 54.5
ST (U/L) (mean � SD) 57.8 � 38.4
lk-P (U/L) (mean � SD) 97.0 � 37.3
T-INR (mean � SD) 1.04 � 0.11
latelet (k) (/mm3) (mean � SD) 143.7 � 64.1
umor size (cm) (mean � SD) 2.58 � 0.98
ingle tumor/multi-nodularity (%) 70/14 (83.3/16.7
FP (ng/mL) (median � SD) 3363.8 � 1991
(median; 25th and 75th
percentiles)

12.7; 5.1, 51.

BsAg (positive/negative) 50/34 (59.5%/40
nti-HCV (positive/negative) 24/60 (28.6%/71
D, standard deviation.
The cumulative overall survival rates at 1, 2, 3, and 5 years
ere 100%, 95.9%, 91.1%, and 84.6% in the SR group and
8.3%, 94.9%, 86.5%, and 77.8% in the RFA group, respec-
ively (Figure 2A, P � .358). Moreover, the cumulative recur-
ence rates at 1, 2, 3, and 5 years were 18.9%, 29.3%, 57.4%,
nd 74.8% in the SR group and 18.2%, 28.3%, 40.5%, and
4.8% in the RFA group, respectively (Figure 2B, P � .104).
here were no significant differences statistically in terms of
verall survival and recurrence between the RFA and SR
roups.

After propensity score matching, patients in the RFA group
nd SR group still had similar prognosis in both overall survival
Figure 2C, P � .981) and recurrence (Figure 2D, P � .700).

Discussion
In this cohort study, patients who chose RFA as the first

reatment modality were significantly older than those who

e Therapy for HCC

Multivariate analysis

P value HR (95% confidence interval) P value

�.001 1.949 (1.479–2.571) �.001
.017
.127
.994
.025
.001
.003
.042
.001

�.001 1.420 (1.033–1.949) .031
.251
.186
.888

�.001 1.798 (1.344–2.405) �.001
.587

Underwent RFA and SR in Small HCC by Propensity
thod

SR group (n � 84) P value

63.8 � 11.2 .570
65/19 (77.4/22.6) .856

4.0 � 0.4 .861
0.82 � 0.35 .944
63.2 � 48.7 .684
57.1 � 40.3 .902
98.3 � 52.8 .845
1.05 � 0.08 .788

145.2 � 49.7 .869
2.47 � 0.86 .444

64/20 (76.2/23.8) .337
464.7 � 1675.2 .652
21.5; 8.5, 193.3

51/33 (60.7%/39.3%) 1.000
28/56 (33.3%/66.7%) .617
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nderwent SR. There are several reasons for this phenomenon.
irst, according to the AASLD (2005) guidelines, SR is the first
hoice of curative therapy in patients with single tumor �2 cm,
hereas RFA and percutaneous ethanol injection are recom-
ended for patients with associated disease who cannot un-

ergo resection surgery.6 Older patients might choose RFA
ecause they more commonly have comorbidities that make SR
nfeasible. Second, compared with SR, RFA is less invasive and
as lower rates of complications and costs and higher repeat-
bility when recurrence occurs.14,16 Therefore, older patients
end to choose local ablation therapies as their first treatment

odality. It is consistent with data from a large, nationwide
ohort study from Japan.26

This selection tendency also results in different HBV and

igure 2. Cumulative curves of overall survival and recurrence plotted
CC patients. There was no statistical significance between RFA and
ropensity score matching, patients in RFA group and SR group still ha

P � .700).
CV prevalence rates in the RFA and SR groups in this cohort. b
n chronic HBV infection, HCCs tend to occur in younger age,
arger tumor size, and less severe cirrhosis than those of HCV-
elated HCCs.27,28 Men develop HCC 3 times more often than
omen,29 and male-to-female ratio tends to be higher in HBV-

elated HCC than in HCV-related HCC in the Asia-Pacific re-
ion, where chronic HBV is endemic.6,28,30 Accordingly, the less
nvasive characteristic of RFA causes the selection bias, which
esults in older age, lower male-to-female ratio, higher HCV
revalence, lower HBV prevalence, and poorer liver functional
eserve in the RFA group.18

In the present study, older age, lower serum albumin levels,
igher bilirubin levels, prolonged PT/INR, higher serum AFP

evels, and multi-nodularity are associated with poorer overall
urvival in HCC treatment. These factors have been confirmed

aplan–Meier method and compared by log-rank test in BCLC stage 0
in (A) overall survival (P � .358) and (B) recurrence (P � .104). After
ilar prognosis in both (C) overall survival (P � .981) and (D) recurrence
by K
SR

d sim
y previous studies.31–33 However, RFA was not shown to be
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nferior to SR with respect to overall survival by multivariate
nalysis in the present study. The slightly lower significant
verall survival in the RFA group might be attributed to older
ge and poorer liver functional reserve but not the treatment
odality. A previous study has shown that in patients with

ingle HCC �5 cm in size, laparoscopic RFA leads to similar
urvival rates with SR.16 Our current study further demon-
trates that overall survival remains similar in RFA and SR
hen patients have small HCCs, especially for those in BCLC

tage 0.
By multivariate analysis, RFA, lower platelet counts, and

ultiple tumors are associated with higher incidence of tumor
ecurrence after curative therapies, which is consistent with
revious studies.31,32 Although the RFA group had higher ALT

evels and poorer liver functional reserve associated with higher
umor recurrence, RFA remains an independent factor associ-
ted with higher rate of tumor recurrence compared with SR by
oth multivariate analysis and propensity score matching anal-
sis. It demonstrates that SR has the advantage of complete
xcision of tumor tissue and hepatic parenchyma around the
umor, which might contain undetectable micrometastases and

icrovascular invasion.34 Therefore, SR with safe tumor-free
argins has better results than RFA in tumor recurrence.
The novelty of this study is the application of propensity

core matching analysis to compensate for the selection bias
etween the RFA and SR groups. It helps to better clarify the
rue impact of therapy modality on the prognosis of small
CCs. After the one-to-one nearest-neighbor matching
ethod, the patients were reanalyzed with comparable clinico-

athologic characteristics. Although the recurrence rate re-
ained higher in the RFA group, RFA was comparable to SR in

verall survival for treatment of small HCCs. Because a majority
f the patients with recurrence after RFA were detected by close
urveillance, the sizes of recurrent tumors were small, which can
e treated completely by another session of local ablation ther-
py. Accordingly, long-term outcomes remain relatively good. It
ighlights the importance of close surveillance after local abla-
ion therapy.

SR is recommended as the first-line treatment modality in
CLC stage 0 HCC.6 In this cohort, RFA is comparable to SR in
oth overall survival and recurrence by multivariate analysis
nd propensity score matching analysis. Interestingly, patients
n the RFA group appeared to have a trend of higher risk of
ecurrence than the SR group 2 years after therapy (Figure 2B).
ur recent study demonstrates that tumor factors dominate

he emergence of early recurrence (occurring within 2 years of
herapy), whereas field factors like inflammation and liver func-
ional reserve are crucial in developing late recurrence (occur-
ing 2 years after therapy).35 Because patients in the RFA group
ave relatively higher ALT levels and poorer liver functional
eserve, this might lead to higher incidence of developing late
ecurrence than in the SR group. After correcting these param-
ters by propensity score matching, the incidences of recurrence
including late recurrence) seem very similar between these 2
roups. Accordingly, the clinical implication of our study is that
FA might be a good alternative for SR for BCLC stage 0 HCC.
owever, prospective studies are warranted to further compare
rognosis between RFA and SR in treating small HCC, espe-

ially in BCLC stage 0.
Conclusions
Although recurrence rate is higher, the overall survival

ate of RFA is comparable to SR in patients with small HCC.
oreover, RFA is as effective as SR in BCLC stage 0 HCC.

Supplementary Material
Note: To access the supplementary materials accompa-

ying this article, visit the online version of Clinical Gastroenter-
logy and Hepatology at www.cghjournal.org, and at doi:10.1016/
.cgh.2010.08.018.

References

1. Shariff MI, Cox IJ, Gomaa AI, et al. Hepatocellular carcinoma:
current trends in worldwide epidemiology, risk factors, diagnosis
and therapeutics. Expert Rev Gastroenterol Hepatol 2009;3:
353–367.

2. Mazzaferro V, Romito R, Schiavo M, et al. Prevention of hepato-
cellular carcinoma recurrence with alpha-interferon after liver re-
section in HCV cirrhosis. Hepatology 2006;44:1543–1554.

3. Ferenci P, Fried M, Labrecque D, et al. Hepatocellular carcinoma
(HCC): a global perspective. J Clin Gastroenterol 2010;44:239–
245.

4. Llovet JM, Bruix J. Novel advancements in the management of
hepatocellular carcinoma in 2008. J Hepatol 2008;48(Suppl 1):
S20–S37.

5. El-Serag HB, Marrero JA, Rudolph L, et al. Diagnosis and treat-
ment of hepatocellular carcinoma. Gastroenterology 2008;134:
1752–1763.

6. Bruix J, Sherman M. Management of hepatocellular carcinoma.
Hepatology 2005;42:1208–1236.

7. Shiina S, Teratani T, Obi S, et al. A randomized controlled trial of
radiofrequency ablation with ethanol injection for small hepato-
cellular carcinoma. Gastroenterology 2005;129:122–130.

8. Lopez PM, Villanueva A, Llovet JM. Systematic review: evidence-
based management of hepatocellular carcinoma—an updated
analysis of randomized controlled trials. Aliment Pharmacol Ther
2006;23:1535–1547.

9. Sutherland LM, Williams JA, Padbury RT, et al. Radiofrequency
ablation of liver tumors: a systematic review. Arch Surg 2006;
141:181–190.

0. Lin SM, Lin CJ, Lin CC, et al. Radiofrequency ablation improves
prognosis compared with ethanol injection for hepatocellular car-
cinoma � or �4 cm. Gastroenterology 2004;127:1714–1723.

1. Germani G, Pleguezuelo M, Gurusamy K, et al. Clinical outcomes
of radiofrequency ablation, percutaneous alcohol and acetic acid
injection for hepatocelullar carcinoma: a meta-analysis. J Hepatol
2010;52:380–388.

2. Seror O, N’Kontchou G. Tin-Tin-Htar M, et al. Radiofrequency
ablation with internally cooled versus perfused electrodes for the
treatment of small hepatocellular carcinoma in patients with
cirrhosis. J Vasc Interv Radiol 2008;19:718–724.

3. Lencioni R. Loco-regional treatment of hepatocellular carcinoma.
Hepatol 2010;52:762–773.

4. Livraghi T, Meloni F, Di Stasi M, et al. Sustained complete
response and complications rates after radiofrequency ablation
of very early hepatocellular carcinoma in cirrhosis: is resection
still the treatment of choice? Hepatology 2008;47:82–89.

5. Hong SN, Lee SY, Choi MS, et al. Comparing the outcomes of
radiofrequency ablation and surgery in patients with a single
small hepatocellular carcinoma and well-preserved hepatic func-
tion. J Clin Gastroenterol 2005;39:247–252.

6. Santambrogio R, Opocher E, Zuin M, et al. Surgical resection
versus laparoscopic radiofrequency ablation in patients with hep-
atocellular carcinoma and Child-Pugh class A liver cirrhosis. Ann

Surg Oncol 2009;16:3289–3298.

http://www.cghjournal.org
http://dx.doi.org/10.1016/j.cgh.2010.08.018
http://dx.doi.org/10.1016/j.cgh.2010.08.018


1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

R

m
H
j
D
G
e

A

s
t

C

F

C
a
V
D

86 HUNG ET AL CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 9, No. 1
7. Khan MR, Poon RT, Ng KK, et al. Comparison of percutaneous
and surgical approaches for radiofrequency ablation of small and
medium hepatocellular carcinoma. Arch Surg 2007;142:1136–
1143.

8. Vivarelli M, Guglielmi A, Ruzzenente A, et al. Surgical resection
versus percutaneous radiofrequency ablation in the treatment of hep-
atocellular carcinoma on cirrhotic liver. Ann Surg 2004;240:102–107.

9. Chen MS, Li JQ, Zheng Y, et al. A prospective randomized trial
comparing percutaneous local ablative therapy and partial hepa-
tectomy for small hepatocellular carcinoma. Ann Surg 2006;243:
321–328.

0. Cho YB, Lee KU, Suh KS, et al. Hepatic resection compared to
percutaneous ethanol injection for small hepatocellular carci-
noma using propensity score matching. J Gastroenterol Hepatol
2007;22:1643–1649.

1. Mirici-Cappa F, Gramenzi A, Santi V, et al. Treatments for hepa-
tocellular carcinoma in elderly patients are as effective as in
younger patients: a 20-year multicentre experience. Gut 2010;
59:387–396.

2. D’Agostino RB Jr. Propensity score methods for bias reduction in
the comparison of a treatment to a non-randomized control
group. Stat Med 1998;17:2265–2281.

3. Lei HJ, Chau GY, Lui WY, et al. Prognostic value and clinical
relevance of the 6th edition 2002 American Joint Committee on
Cancer staging system in patients with resectable hepatocellular
carcinoma. J Am Coll Surg 2006;203:426–435.

4. Lui WY, Chau GY, Loong CC, et al. Hepatic segmentectomy for
curative resection of primary hepatocellular carcinoma. Arch Surg
1995;130:1090–1097.

5. Bruix J, Sherman M, Llovet JM, et al. Clinical management of
hepatocellular carcinoma: conclusions of the Barcelona-2000
EASL Conference—European Association for the Study of the
Liver. J Hepatol 2001;35:421–430.

6. Arii S, Yamaoka Y, Futagawa S, et al. Results of surgical and
nonsurgical treatment for small-sized hepatocellular carcinomas:
a retrospective and nationwide survey in Japan—the Liver Cancer
Study Group of Japan. Hepatology 2000;32:1224–1229.

7. Huang YH, Wu JC, Chen CH, et al. Comparison of recurrence after
hepatic resection in patients with hepatitis B vs hepatitis C-
related small hepatocellular carcinoma in hepatitis B virus en-
demic area. Liver Int 2005;25:236–241.

8. Shiratori Y, Shiina S, Imamura M, et al. Characteristic difference
of hepatocellular carcinoma between hepatitis B- and C-viral
infection in Japan. Hepatology 1995;22:1027–1033.

9. Parkin DM, Bray F, Ferlay J, et al. Global cancer statistics, 2002.

CA Cancer J Clin 2005;55:74–108. T
0. Wands J. Hepatocellular carcinoma and sex. N Engl J Med 2007;
357:1974–1976.

1. Tandon P, Garcia-Tsao G. Prognostic indicators in hepatocellular
carcinoma: a systematic review of 72 studies. Liver Int 2009;29:
502–510.

2. N’Kontchou G, Mahamoudi A, Aout M, et al. Radiofrequency
ablation of hepatocellular carcinoma: long-term results and prog-
nostic factors in 235 Western patients with cirrhosis. Hepatology
2009;50:1475–1483.

3. Waki K, Aikata H, Katamura Y, et al. Percutaneous radiofre-
quency ablation as first-line treatment for small hepatocellular
carcinoma: results and prognostic factors on long-term follow up.
J Gastroenterol Hepatol 2010;25:597–604.

4. Sumie S, Kuromatsu R, Okuda K, et al. Microvascular invasion in
patients with hepatocellular carcinoma and its predictable clini-
copathological factors. Ann Surg Oncol 2008;15:1375–1382.

5. Wu JC, Huang YH, Chau GY, et al. Risk factors for early and late
recurrence in hepatitis B-related hepatocellular carcinoma.
J Hepatol 2009;51:890–897.

eprint requests
Address requests for reprints to: Dr Jaw-Ching Wu, MD, PhD, Depart-
ent of Medical Research and Education, Taipei Veterans General
ospital, 201, Shih-Pai Road, Sec. 2, Taipei 11217, Taiwan. e-mail:

cwu@vghtpe.gov.tw; fax: 886-2-2874-5074; or Dr Chien-Wei Su, MD,
ivision of Gastroenterology, Department of Medicine, Taipei Veterans
eneral Hospital, 201, Shih-Pai Road, Sec. 2, Taipei 11217, Taiwan.
-mail: cwsu2@vghtpe.gov.tw; fax: 886-2-28739318.

cknowledgments
The authors thank Mrs Pui-Ching Lee for her assistance with the

tatistical analysis and Gene Alzona Nisperos, MD, for writing assis-
ance.

onflicts of interest
The authors disclose no conflicts.

unding
This study was supported by grants from the National Science

ouncil (97-2314-B-075-035, 98-2314-B-075-030-MY2), Taipei Veter-
ns General Hospital (V95C1-014, V97A-033, V97ER2-016, V98A-072,
97B1-015, V98C1-120, V97C1-159, V99C1-025), and partly by
OH99-TD-C-111-007, Center of Excellence for Cancer Research at

VGH, Taipei, Taiwan.

mailto:cwsu2@vghtpe.gov.tw
mailto:jcwu@vghtpe.gov.tw

	Survival Rates Are Comparable After Radiofrequency Ablation or Surgery in Patients With Small Hepatocellular Carcinomas
	Materials and Methods
	Patients and Follow-Up
	Biochemical and Serologic Markers
	Statistical Analysis

	Results
	Baseline Clinical Characteristics
	Factors Associated With Overall Survival
	Factors Associated With Recurrence
	Factors Associated With Overall Survival and Tumor Recurrence After Propensity Score Correction With One-to-One Nearest-Neighbor Matching Method
	Comparison of Overall Survival Rate and Recurrence Rate Between the RFA and SR Groups in Barcelona Clinic Liver Cancer Stage 0 Hepatocellular Carcinoma

	Discussion
	Conclusions
	Supplementary Material
	Acknowledgments
	References


