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Abstract
Background and Aims Percutaneous radiofrequency ablation (RFA) demonstrated good results for the treatment of
hepatocellular carcinoma (HCC) in cirrhotic patients; it is still not clear whether the overall survival and disease-free
survival after RFA are comparable with surgical resection. The aims of this study are to compare the overall survival and
disease-free survival in two groups of cirrhotic patients with HCC submitted to surgery or RFA.
Methods Two hundred cirrhotic patients with HCCs smaller than 6 cm were included in this retrospective study: 109
underwent RFA and 91 underwent surgical resection at a single Division of Surgery of University of Verona.
Results Median follow-up time was 27 months. Overall survival was significantly longer in the resection group in
comparison with the RFA group with a median survival of 57 and 28 months, respectively (P=0.01). In Child–Pugh class B
patients and in patients with multiple HCC, survival was not significantly different between the two groups. In patients with
HCC smaller than 3 cm, the overall survival and disease-free survival for RFA and resection were not significantly different
in univariate and multivariate analysis. Whereas in patients with HCC greater than 3 cm, surgery showed improvement in
outcome in both univariate and multivariate analysis.
Conclusions Surgical resection significantly improves the overall survival and disease-free survival in comparison with
RFA. In a selected group of patients (Child–Pugh class B, multiple HCC, or in HCC ≤3 cm), the results between the two
treatments did not show significant differences.
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Introduction

Hepatocellular carcinoma (HCC) is the most frequent
primary liver neoplasm, and its incidence is increasing
worldwide.1 Because of the underlying cirrhosis, the
treatment of this malignancy requires a multimodality
approach: although surgical resection has the best results
in terms of overall survival and disease-free survival, other
treatments demonstrated to be successful in improving
survival.2

Percutaneous ethanol injection (PEI) and percutaneous
radiofrequency ablation (RFA) proved their efficacy and
safety in patients with small HCC not eligible for surgery.3

RFA has shown a greater effectiveness than PEI in obtaining
complete tumor necrosis with fewer number of treatments.4
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More recently, RFA has been also successfully offered in
patients eligible for liver resection or transplantation.5,6 Few
studies in literature evaluate the outcomes of percutaneous
treatments in comparison with surgical treatment.7–9

The aim of this study is to compare the prognosis of
cirrhotic patients with HCC who were submitted to surgical
resection or RFA.

Material and Methods

From January 1996 to August 2006, 260 patients with
chronic liver disease and HCC were submitted to liver
resection or RFA at a single Division of Surgery of the
Department of Surgery and Gastroenterology of the
University of Verona, Italy. Two hundred patients with
single or multiple (≤3 nodules) HCC measuring ≤6 cm were
included in this retrospective study.

Diagnosis of HCC was based on accordance two imaging
techniques (US, CT, or MRI) showing an arterial enhance-
ment in a focal lesion ≥2 cm or with a combined criteria of
an imaging technique and serum alpha-fetoprotein (AFP)
level greater than 400 ng/dl, according to the European
Association for Study of the Liver (EASL) consensus
conference criteria. A fine-needle biopsy was performed in
patients with uncertain diagnosis.10

Before surgery or RFA, all patients were submitted to
complete liver function tests (bilirubin, alkaline phospha-
tase, AST, ALT, GGT, albumin, prothrombin time), blood
count, creatinine level, chest x-rays, liver ultrasound, and
abdominal triple phase computed tomography (CT) and/or
contrast-enhanced magnetic resonance (MR).

Resection Group

During the study period, 91 patients were submitted to
surgical resection of HCC. The characteristics of the
patients submitted to surgery are reported in Table 1.

Surgical resection was considered the treatment of choice
for patients with Child–Pugh class A cirrhosis and single
HCC. Resection was also performed in selected patients with
multiple HCC or with Child–Pugh class B cirrhosis. All
surgical resections had negative resection margins confirmed
with histology. Surgical specimen examination confirmed the
presence of liver fibrosis in all patients. The type of resection
included 28 wedge resections, 51 segmentectomies, 8 biseg-
mentectomies, and 2 major resections (≥3 segments).

RFA Group

During the study period, 109 patients submitted to RFA
were included in this study. The characteristics of the
patients submitted to RFA are reported in Table 1.

Percutaneous RFA was considered the treatment of
choice for patients with Child–Pugh class B cirrhosis or
with multiple tumors. A small number of patients with
Child–Pugh class A cirrhosis and single tumor was treated
with RFA. In these patients, ablative therapy was indicated
because tumors were ill-located requiring major hepatic
resection or refusal of surgery. All patients included in the
study did not have general contraindication to surgery.

All the patients underwent RFA with a percutaneous
approach under real-time ultrasonographic guidance in an
operative room setting under conscious sedation or general
anesthesia. An expandable, electrode-needle type probe,
connected to a radiofrequencies generator (RITA Medical
System, CA, USA) was utilized in all patients. In the first
period from 1998 to 2000, we utilized a four-hook
electrode-needle connected to a 50-Watt radiofrequency
generator (RITA model 500, RITA Medical System, CA,
USA). After 2000, a new model, expansible nine-hook
needle linked to a 150-Watt generator was utilized (RITA
model 1500, RITA Medical System, CA, USA).

Evaluation of treatment response was performed with
CT or MR after 30 days. Evaluation of tumor response after
RFA was based on the World Health Organization (WHO)
criteria in which complete tumor response is defined as the
absence of arterial enhancement within or at the periphery
of all treated tumors determined by imaging observation

Table 1 Characteristics of the Patients Included in the Study

Variables Resection,
N (%)

RFA,
N (%)

P

Gender 0.92
M 73 (80) 88 (81)
F 18 (20) 21 (19)
Age 0.01
≤65 years 47 (52) 38 (35)
>65 years 44 (48) 71 (65)
Chronic liver disease 0.36
Viral HBV 10 (11) 14 (13)
Viral HCV 55 (61) 58 (53)
Not viral 26 (28) 37 (34)
Child–Pugh class 0.01
A 69 (76) 64 (59)
B 22 (24) 45 (41)
Tumor 0.01
Single 69 (76) 65 (60)
Multiple 22 (24) 44 (40)
Size 0.4
≤3 cm 31 (34) 32 (30)
>3, ≤6 cm 60 (66) 77 (70)
Serum alpha-fetoprotein level 0.8
≤20 ng/dl 57 (63) 66 (61)
> 20 ng/dl 34 (37) 43 (39)
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(CT or MRI).11 HCC with incomplete response were
reevaluated for a new RFA session.

Post Treatment Follow-up

Patients were monitored for recurrences every 3 months by
physical examination, serum AFP level and imaging studies
(CT or MR) were performed every 6 months. All patients
with intrahepatic recurrence were evaluated for new
treatment with ablative therapies (PEI or RFA), transarterial
chemoembolization, or surgery in relation to the severity of
liver dysfunction and tumor stage.

Statistical Analysis

All data were collected and analyzed with a statistical
computer software (SPSS 14.0, SPSS, IL, USA). Categor-
ical variables were compared using the chi-square test
and continuous variables using the Student’s t test. Over-
all survival and disease-free survival analyses were carried
out using the Kaplan–Meier methods; comparisons be-
tween different groups were carried out using the log rank
test.

Multivariate analyses for survival and disease free
survival were carried out using the Cox’s regression model.

Table 2 Univariate Analysis of Survival for Patients with Different Child–Pugh Class and for Patients with HCC Smaller and Larger than 3 cm

Variable N Median 95%CI 1 year % 3 year % 5 year % P

Overall 0.01
RFA 109 28 24–32 83 42 20
Resection 91 57 36–77 84 64 48
Child–Pugh class A 0.01
RFA 64 33 22–43 86 44 28
Resection 69 64 51–76 90 72 57
Child–Pugh class B 0.90
RFA 45 21 10–32 70 29 9
Resection 22 32 11–52 70 42 14
HCCs ≤3 cm 0.12
RFA 32 37 30–44 91 50 29
Resection 31 65 46–83 89 78 54
Single HCCs ≤3 cm and Child–Pugh class A 0.06
RFA 11 33 23–42 100 50 –
Resection 20 106 – 100 93 71
Multiple HCCs ≤3 cm and Child–Pugh class A 0.7
RFA 6 36 2–70 100 75 37
Resection 7 30 – 100 50 –
Single HCCs ≤3 cm and Child–Pugh class B 0.08
RFA 10 28 13–42 75 45 30
Resection 4 3 0–7 25 0 –
Multiple HCCs ≤3 cm and Child–Pugh class B –
RFA 5 43 – 80 60 0
Resection 0 – – – – –
HCCs >3 cm 0.01
RFA 77 24 20–30 77 33 14
Resection 60 40 29–51 81 56 44
Single HCCs >3 cm and Child–Pugh class A 0.7
RFA 23 38 19–36 84 63 45
Resection 33 64 17–111 80 64 55
Multiple HCCs >3 cm and Child–Pugh class A 0.13
RFA 24 25 14–36 77 22 0
Resection 9 – – 100 – –
Single HCCs >3 cm and Child–Pugh class B 0.16
RFA 21 15 14–16 66 15 –
Resection 12 24 9–39 82 47 23
Multiple HCCs >3 cm and Child–Pugh class B 0.7
RFA 9 29 0–68 75 45 15
Resection 6 32 0–72 67 33 33
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Results

Resection Group

No operative mortality was observed in the patients
included in this group; 33 (36.2%) patients suffered from
postoperative complications. The mean follow-up for
patients submitted to resection was 32 months (range 3–
120 months).

Median survival time was 57 months (95%CI=36–
77 months) with a 3-year and 5-year survival rate of 64%
and 48%, respectively.

Median disease-free survival was 36 months (95%CI=
27–44 months) with a 3-year and 5-year disease-free
survival rate of 56% and 27%, respectively.

RFA Group

There were no mortality after the procedure, and 11 (10%)
patients suffered of minor complications. The mean follow-
up in the RFA group was 23 months (range 3–92 months).

After single or multiple treatment (range 1–4 RFA
sessions), complete necrosis of the tumor was obtained in
89 patients, the rate of complete necrosis was related to
HCC size, 93.3% in patients with tumors ≤3 cm and 80.3%
in patients with tumors larger than 3 cm (P=0.05).

Median survival was 28 months (95%CI=24–32 months)
with 3-year and 5-year survival rate of 42% and 20%,
respectively.

Median disease-free survival for the RFA group was
16 months (95%CI=11–20) with a 3-year and 5-year
disease-free survival rate of 22% and 22%, respectively.

Comparison Between the Two Groups

Overall survival was significantly longer in the resection
group in comparison with the RFA group (P=0.001)
(Table 2). In Child–Pugh class A patients, surgery showed
better results with a median survival of 64 months in
comparison to 33 months in the RFA group (P=0.01).
Survival for patients with Child–Pugh class A cirrhosis and
single HCC was significantly longer in the resection group
in comparison to the RFA group with a median survival of
65 and 38 months, respectively (P=0.05). In patients with
multiple HCCs or Child–Pugh class B cirrhosis, we did not
observe differences in survival between the two groups.
(Table 2).

Multivariate analysis identified that Child–Pugh class B,
AFP level grater than 20 ng/dl, and RFA treatment were
significantly related with survival, the relative hazards were
2.1, 2.7, and 3.2, respectively (Table 3).

Comparison Between the Two Groups in HCCs ≤3 cm

Survival analysis in patients with tumors ≤3 cm identified
that survival was longer in patients in the resection group
in comparison to the RFA group with a median survival
time of 65 and 37 months, respectively; the difference did
not reach statistical significance. Subgroup survival anal-
yses of patients with single or multiple HCC in Child–
Pugh A and B patients did not show significantly different
survival rates between the two groups (Table 2). Multi-
variate analysis in patients with HCC ≤3 cm identified that
only Child–Pugh class was significantly related with
survival (Table 3).

Table 3 Multivariate Cox’s
Regression Model for Survival
in All Patients, Cox’s Regres-
sion Model for Patients with
HCCs Smaller than 3 cm, and
Cox Regression Model for
HCCs Larger than 3 cm

N Coefficient Relative hazard 95%CI P

Overall survival
RFA vs resection 109 vs 91 1.15 3.18 1.70–5.93 0.01
Child–Pugh class B vs A 67 vs 133 0.72 2.06 1.27–3.35 0.01
Serum AFP >20 vs ≤20 ng/dl 77 vs 123 0.97 2.64 1.64–4.24 0.01
Tumor size >3 vs ≤3 cm 137 vs 63 – – – 0.12
Multiple vs single tumor 66 vs 134 – – – 0.74
HCCs ≤3 cm
RFA vs resection 32 vs 31 – – – 0.15
Child–Pugh class B vs A 19 vs 44 1.44 4.24 1.50–11.97 0.01
Serum AFP >20 vs <20 ng/dl 31 vs 74 – – – 0.29
Multiple vs single tumor 18 vs 45 – – – 0.90
HCCs >3 cm
RFA vs resection 77 vs 60 0.95 2.58 1.23–5.41 0.01
Child–Pugh class B vs A 48 vs 89 0.56 1.75 1.01–3.01 0.04
Serum AFP >20 vs <20 ng/dl 46 vs 69 0.94 2.56 1.47–4.43 0.01
Multiple vs single tumor 48 vs 89 – – – 0.56
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Comparison Between the Two Groups in HCCs >3 cm

In patients with tumors greater than 3 cm, the overall sur-
vival was significantly longer in the resection group with a
median survival of 40 months compared to 24 months for
the RFA group (P=0.01; Table 2). Survival for patients with
HCC larger than 3 cm and Child–Pugh class A cirrhosis was
significantly longer in the resection group compared with
the RFA group with a median survival time of 64 and
27 months, respectively (P=0.05). Subgroup analysis in
patients with Child–Pugh class A cirrhosis and single HCC
confirmed longer median survival time for the resection
group but the difference did not reach statistical significance
(Table 2). Whereas surgical resection did not show superior
results compared to the RFA group in Child–Pugh class B
patients or in multiple HCC. Multivariate analysis in patients
with HCC greater than 3 cm identified that Child-Pugh class
B, serum AFP level grater than 20 ng/dl, and RFA were
significantly related with worse prognosis with relative
hazards of 1.7, 2.6, and 2.6, respectively (Table 3).

Disease-free Survival

Disease-free survival for the resection group was signifi-
cantly longer in comparison to the RFA group with a
median recurrence-free time of 36 and 16 months,
respectively (P=0.001).

Disease free survival analysis in patients with tumors
≤3 cm showed similar results between the two groups with
5-year disease-free survival of 36% in the RFA group and
19% in the resection group (P=0.70; Table 4). Multivariate
analysis confirms that the type of treatment was not
significantly related with recurrence (Table 5).

In patients with HCCs >3 cm, median disease-free
survival was significantly longer in the resection group
compared with the RFA group, 36 and 12 months
respectively (P=0.001; Table 4). Multivariate analysis for
HCCs grater than 3 cm identified that RFA treatment and
multiple tumors were significantly related with higher
recurrence rate with relative hazards of 2.5 and 2.1,
respectively (Table 5).

Table 4 Univariate Analysis
of Disease Free Survival
for All Patients, for Patients
with HCC Smaller than 3 cm
and for Patients with HCC
Larger than 3 cm

a In this group, only patients
with complete necrosis
were included in the statistical
analysis.

N Median 95%CI 1 year % 3 year % 5 year % P

All patients
RFAa 89 16 11–20 60 22 22 0.001
Resection 91 36 27–44 83 56 27
HCCs ≤3 cm
RFAa 28 25 14–35 72 36 36 0.70
Resection 31 36 26–45 80 58 19
HCCs >3 cm
RFAa 61 12 6–17 58 12 – 0.001
Resection 60 36 21–50 82 54 34

Table 5 Multivariate Cox’s
Regression Model for Disease-
free Survival in All Patients,
Cox’s Regression Model for
Patients with HCCs Smaller
than 3 cm, and Cox Regression
Model for HCCs Larger
than 3 cm

a In this group, only patients
with complete necrosis
were included in the statistical
analysis.

N Coefficient Relative hazard 95%CI P

Overall disease-free survival
RFAa vs resection 89 vs 91 0.64 1.89 1.15–3.13 0.01
Child–Pugh class B vs A 60 vs 120 – – – 0.64
Multiple vs single tumor 68 vs 112 0.58 1.78 1.12–2.83 0.01
Size >3 vs ≤3 cm 119 vs 61 – – – 0.25
AFP >20 vs ≤20 ng/dl 60 vs 120 – – – 0.11
HCCs ≤3 cm
RFAa vs resection 28 vs 31 – – – 0.46
Child–Pugh class B vs A 17 vs 42 – – – 0.16
Multiple vs single tumor 30 vs 71 – – – 0.38
AFP >20 vs ≤20 ng/dl 15 vs 44 – – – 0.93
HCCs >3 cm
RFAa vs resection 61 vs 60 0.91 2.50 1.24–5.07 0.01
Child–Pugh class B vs A 40 vs 81 – – – 0.42
Multiple vs single tumor 40 vs 59 0.73 2.09 1.18–3.69 0.01
AFP >20 vs ≤20 ng/dl 43 vs 78 – – – 0.14
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Discussion

The management of hepatocellular carcinoma on cirrhosis
involves nowadays many treatment options in relation to
the tumor stage and the severity of underlying chronic liver
disease.10,12,13 Among these, liver transplantation has the
best results in terms of overall survival and disease-free
survival, but only few patients can be submitted to this
treatment because of organ shortage.14,15

Liver surgery for hepatocellular carcinoma has improved
its results in patients with and without chronic liver disease
during the last decades with mortality lower than 5% in
most series.6,16 Long-term outcome after surgery is good
with a 5-year survival rate of 50%, but recurrence of the
disease is still a major issue with more than 70% of patients
who suffer recurrent disease.17

Local ablative techniques, in particular RFA, gained
much consent in the last years for its low complications rate
and for its efficacy in local necrosis of the tumor.3,18 The
indications for these treatments, the real impact in HCC
natural history, and the long-term survival are still matter of
debate. Moreover, RFA has been successfully applied in the
setting of liver transplantation as a bridge procedure to
control the tumor progression during the waiting list
period.15

Recent studies in literature compared local ablative
therapies with surgical resection. In a previous retrospective
multicenter study, the authors identified that surgical
resection has still the best results in terms of overall
survival and disease-free survival.7 On the contrary Wakai
et al., in a retrospective study in HCCs smaller than 4 cm,
identified that results of local ablative therapy are compara-
ble with surgery in HCCs smaller than 2 cm with a 10-year
actuarial survival rate of 45% for ablative therapy and 58%
for surgical resection (P=0.08), whereas surgery showed
superior results in larger HCCs.9 More recently, Hong
et al. found that RFA is as effective as surgery in small
HCC (≤4 cm), also with preserved liver function (Child–
Pugh class A) without differences in overall survival and
disease-free survival.8

In literature, only one prospective randomized trial had
been recently published. In this study, the authors identified
that surgery and RFA have similar results for single HCCs
smaller than 5 cm in terms of overall survival and disease-
free survival.19

The results of the current study confirm that surgery has
still superior results in comparison to RFA and that these
differences are more clearly demonstrated in HCCs larger
than 3 cm. The current study has some limitations because
it is retrospective with a relatively small sample and
because the two groups of patients have differences in
severity of chronic liver disease and in tumor stage.
However, we think that these biases did not influence the

statistical analysis in the subgroups and in the multivariate
analyses.

In the current study, we included in the analysis only
patients submitted to surgical or ablative treatment with
curative intent because the strong prognostic value of
complete response of treatment both in surgical therapies
and in RFA has been clearly demonstrated.20,21 With regard
to tumor size, we choose the 3-cm cutoff value because
RFA showed higher tumor necrosis rate in HCCs smaller
than 3 cm.18

In tumor smaller than 3 cm, we observed a longer
median survival time for patients submitted to surgical
resection, 65 vs 37 months, respectively, but the difference
did not reach statistical significance (P=0.12). Also,
multivariate analysis showed that type of treatment did
not influence the survival in this group of patients.

Although these data emphasized the efficacy of RFA in
small HCCs, surgical resection still has better results also in
small HCCs. The role of RFA in these patients should be
evaluated in relation with the severity of chronic liver disease
where the lower risk of the procedure without impairment of
liver function could give some advantages in these patients.
Moreover, RFA could be preferred to surgical resection in
patients candidate for liver transplantation.

Surgical resection proved its efficacy in HCCs larger
than 3 cm in which hepatectomy can remove small
peritumoral satellites and microvascular invasion that are
frequently observed in larger tumors.22 In these patients, the
results of surgery was clearly superior to RFA in both
univariate and multivariate analyses.

In conclusion, this retrospective study shows that RFA
have comparable results with surgical resection in patients
with more severe liver dysfunction (Child–Pugh class B) or
multiple nodules. In single small HCCs (≤3 cm), surgery
has still better results but the difference with RFA did not
reach statistical significance in univariate and multivariate
analysis.

In larger HCCs (>3 cm and <6 cm), surgical resection
has still demonstrated its efficacy in terms of long-term
survival and disease-free survival. More studies are neces-
sary to demonstrate if RFA can be a curative therapeutic
option in patients candidate for surgical resection for HCCs
smaller than 3 cm.
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