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Abstract

AIM: To determine which treatment modality -
hepatectomy or percutaneous ablation - is more beneficial
for patients with small hepatocellular carcinoma (HCC)
(=<4 cm) in terms of long-term outcomes.

METHODS: A retrospective analysis of 149 patients
with HCC <4 cm was conducted. Eighty-five patients
underwent partial hepatectomy (anatomic in 47 and non-
anatomic in 38) and 64 underwent percutaneous ablation
(percutaneous ethanol injection in 37, radiofrequency
ablation in 21, and microwave coagulation in 6). The
median follow-up period was 69 mo.

RESULTS: Hepatectomy was associated with larger
tumor size (P<0.001), whereas percutaneous ablation
was significantly associated with impaired hepatic
functional reserve. Local recurrence was less frequent
following hepatectomy (P <0.0001). Survival was
better following hepatectomy (median survival time:
122 mo) than following percutaneous ablation (median
survival time: 66 mo; £=0.0123). When tumor size was
divided into <2 cm vs >2 cm, the favorable effects
of hepatectomy on long-term survival was seen only
in patients with tumors >2 cm (P=0.0001). The Cox
proportional hazards regression model revealed that
hepatectomy (P=0.006) and tumors <2 cm (P=0.017)
were independently associated with better survival.

CONCLUSION: Hepatectomy provides both better local
control and better long-term survival for patients with
HCC <4 cm compared with percutaneous ablation. Of
the patients with HCC <4 cm, those with tumors >2 cm
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are good candidates for hepatectomy, provided that
the hepatic functional reserve of the patient permits
resection.

© 2006 The WIG Press. All rights reserved.

Key words: Liver neoplasms; Hepatocellular carcinoma;
Hepatectomy; Percutaneous ablation; Prognosis;
Multivariate analysis

Wakai T, Shirai Y, Suda T, Yokoyama N, Sakata ], Cruz PV,
Kawai H, Matsuda Y, Watanabe M, Aoyagi Y, Hatakeyama
K. Long-term outcomes of hepatectomy vs percutaneous
ablation for treatment of hepatocellular carcinoma <4 cm.
World J Gastroenterol 2006; 12(4): 546-552

http://www.wjgnet.com/1007-9327/12/546.asp

INTRODUCTION

Hepatectomy and percutaneous ablation are the treatments
of choice for small hepatocellular carcinoma (HCO)™,
Hepatectomy is recommended by surgeons, as this
procedure removes portal venous thrombi in the adjacent
liver”, allows for better local control, and has better
survival outcomes compared with percutaneous ablation™”,
In contrast, gastroenterologists and interventional
radiologists advocate percutaneous ablation techniques
including ethanol injectionpm, microwave coagulation[m’lzl,
and radiofrequency ablation”™"! as these methods are not
as invasive as hepatectomy[—/’ﬁ], have a lower incidence of
morbidity and mortality” "', are more feasible in patients
with impaired hepatic functional reserve' "™, and have
similar survival outcomes compared with hepatectomy' "7,

The aim of this study was to determine which treatment
modality - hepatectomy or percutaneous ablation - is more
beneficial for patients with small (<4 cm) HCC in terms

of long-term outcomes.

MATERIALS AND METHODS

Patients

From January 1990 to December 2002, 224 consecutive
patients with HCC underwent either partial hepatectomy
or percutaneous ablation therapy as an initial treatment at
the Niigata University Medical and Dental Hospital. Of
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these patients, 149 with HCC measuting < 4 c¢m formed
the basis of this retrospective study; they included 104
men and 45 women with a median age of 64 years (range:
29-83 years). Only HCCs measuring << 4 cm were included
in the current study, because percutancous ablation therapy
was the treatment modality mainly recommended for such
tumors in our hospital. All patients were Japanese.

Treatment modalities
Of the 149 patients, 85 underwent a hepatectomy for
HCC in the Division of Digestive and General Surgery.
Hepatectomy. Procedures included non-anatomic
hepatectomy in 38 patients, monosegmentectomy in 14,
bisegmentectomy in 15, right hepatectomy in 14, and
left hepatectomy in 4. In our department, the type of
hepatectomy procedure selected was primarily based on
the disappearance rate of indocyanine green (Kice)!'™'",
which is an indicator of hepatic functional reserve. The
selection critetia were Kicc = 0.12 for hemihepatectomy,
Kicc=0.10 for bisegmentectomy, Kicc = 0.08 for
monosegmentectomy, and Kice = 0.06 for non-anatomic
hepatectomy (including the enucleation of hepatic tumors).
The remaining 64 patients underwent a percutaneous
ablation procedure for HCC in the Division of
Gastroenterology and Hepatology. Hepatectomy was
considered as a feasible option for 51 of these 64 patients
and was offered as an alternative. However, all these
patients preferred to undergo percutaneous ablation
treatment. Hepatectomy was not considered feasible in the
remaining 13 patients due to impaired hepatic functional
reserve (Kicc<0.00); therefore, these patients were only
offered percutaneous ablation treatment. Percutaneous
ablation procedures included percutaneous ethanol
injection (PEI) in 37 patients, radiofrequency ablation
(RFA) in 21, and microwave coagulation therapy (MCT) in
6. In these patients, adequacy of the ablation was assured
with dual-phase dynamic computed tomography (section
thickness of 5 mm) within a month of the procedure.
A microwave tissue coagulator (Microtaze” OT-110M;
Alfresa-Pharma Co., Inc., Osaka, Japan) and an RF
generator (Cool-tip” RF System, CMI Century Medical
Co., Inc., Tokyo, Japan) wete introduced in our hospital in

1995 and 2000, respectively.

Post-treatment follow-up
There were no mortalities 30 d post-treatment in the
current study. Serum concentrations of alpha-fetoprotein
were measured and abdominal ultrasonography and/or
contrast-enhanced computed tomography was performed
on all the patients approximately 1 mo after the treatment.
Thereafter, patients were regularly monitored for
recurrences in outpatient clinics every 3 mo by physical
examination, laboratory tests, and imaging studies. When
intrahepatic recurrences were detected, they were treated
with either interventional radiological techniques, such
as PEI, RFA, MCT, transarterial chemoembolization and
hepatic arterial infusion, or repeat hepatectomy when
indicated. Patients with disseminated recurrences and those
in a debilitated state wete treated with supportive care.

The follow-up period after the treatment was defined
as the interval between the date of the initial treatment

and that of the last follow-up, and ranged from 11 to 178
(median: 69) mo in the current study. The median follow-
up period was 73 mo in patients who had undergone
hepatectomy, and 61 mo in those who had undergone
percutaneous ablation.

Definition of local recurrence after treatment

Local recurrence was defined as recurrences contiguous
to resection margins in patients who had undergone
hepatectomy, whereas in patients treated with percutaneous
ablation, local recurrence was defined as recurrences
contiguous to or within the ablated areas.

Laboratory examination

The following laboratory tests were performed before
treatment: hepatitis B surface antigen; hepatitis C
antibody; serum aspartate aminotransferase; serum alanine
aminotransferase; the indocyanine green clearance test;
and serum alpha-fetoprotein. Hepatitis B surface antigen
and hepatitis C antibody in serum were detected by
radioimmunoassay (Lumipulse I1I HBsAg; Fujirebio Co.,
Inc., Tokyo, Japan) and a second-generation enzyme-linked
immunosorbent assay (Lumipulse II Ortho HCV; Ortho-
Clinical Diagnostics Co., Inc., Tokyo, Japan), respectively.
Indocyanine green (Diagnogreen; Daiichi Pharmaceutical
Co., Inc., Tokyo, Japan) retention rate at 15 min after the
injection of the dye (0.5 mg/kg) was used as an indicator
of hepatic functional reserve, with a reference range of
10% or less" " Serum concentrations of alpha-fetoprotein
were determined by enzyme immunoassay (Luminomaster

AFP; Sankyo Yell Yakuhin Co., Ltd., Tokyo, Japan).

Pathologic examination

Resected specimens from all the patients who had
undergone hepatectomy wete submitted to the Department
of Surgical Pathology in our hospital. Each specimen was
examined to determine the number of hepatic tumors,
tumor size, vascular invasion (gross or microscopic), and
cirrhosis. Vascular invasion included both portal and
hepatic venous invasion in the current study. Cirrhosis
in the adjacent (non-tumorous) liver was diagnosed
microscopically based on the presence of regenerative
nodules surrounded by fibrous septa. The pathology of
the liver was confirmed by fine-needle biopsy in all the
patients undergoing percutaneous ablation. Among this
group of patients, 41 patients had a fine-needle biopsy of
the tumor.

Factors influencing outcomes after treatment

To determine the factors that may influence outcomes
after the treatment, 13 conventional variables"”*” were
identified for univariate and multivariate analyses (Table 1).
Vascular invasion and histologic grade were not chosen
because they were often missed in patients undergoing

percutaneous ablation.

Statistical analyses

Medical records and survival data were obtained for all the
patients. The causes of death wetre determined from the
medical records. Deaths from other causes were treated
as uncensored cases. The Kaplan-Meier method was
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used to estimate the cumulative incidences of events, and
differences in these incidences were evaluated using the
log rank test. The Cox proportional hazards regression
model was performed to identify the factors that were
independently associated with local recurrence and
survival. In this model, a stepwise selection was used for
variable selection with entry and removal limits of P<0.1
and P>0.15, respectively. The stability of each model
was confirmed using a step-backward and step-forward
fitting procedure, and variables identified as having an
independent influence on local recurrence and survival
were identical in both the procedures. Clinical features
and pathologic tumor-related factors were compared
between the two groups using Fishet’s exact test. All
statistical evaluations were petformed using the SPSS 11.5]
software package (SPSS Japan Inc., Tokyo, Japan). All tests
were two-sided and P values of <0.05 were considered
statistically significant.

RESULTS

Clinicopathologic characteristics according to treatment
modality

A total of 125 hepatic tumors (median: one per patient;
range: 1-14 tumors) were resected in patients undergoing
hepatectomy, and a total of 100 tumors (median: one
per patient; range: 1-5 tumors) were treated in patients
undergoing percutaneous ablation.

Patients treated with hepatectomy had larger tumors
than those treated with percutaneous ablation. Patients
who had undergone percutaneous ablation were
characterized by hepatitis C virus infection, cirrhosis,
Child-Pugh classification B or C, an impaired indocyanine
green retention rate at 15 min, and increased serum
concentrations of aspartate aminotransferase and alanine
aminotransferase, suggesting impaired hepatic functional
reserve with active hepatitis in these patients (Table 1).

Factors influencing local recurrence

During the follow-up petiod, local recurrences developed
in two patients who had undergone hepatectomy and
17 patients who had been treated with percutaneous
ablation (10 treated with PEI and 7 treated with RFA).
Univariate analysis revealed that treatment modality
(P<0.0001), indocyanine green retention rate at 15 min
P=0.0005), Child-Pugh classification (P=0.0012), serum
alpha-fetoprotein level (P=0.0072), hepatitis C virus
infection (P = 0.0374), and number of hepatic tumots
(P=0.0419) were risk factors for local recurrence. Of these
six variables, multivariate analyses revealed that treatment
modality and serum alpha-fetoprotein level were the only
independently significant variables (Table 2).

Factors influencing long-term survival

At the time of disease status assessment, 53 patients who
had undergone hepatectomy were alive, and 32 had died.
Thirty-four patients treated with percutaneous ablation
were alive, and 30 had died. Univariate analysis revealed
that Child-Pugh classification (P=0.0010), serum alpha-
fetoprotein level (P=0.0052), treatment modality (P = 0.0123),

serum aspartate aminotransferase (P=0.0278), tumor size
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Variable Hepatectomy Percutaneous ablation
Age (yr)
<65 56 33
>65 29 31
Gender
Male 61 43
Female 24 21
HBsAg
Negative 61 54
Positive 24 10
HCVAb
Negative 38 11
Positive 47 53°
Cirrhosis
Absent 38 13
Present 47 51°
Child-Pugh classification
A 74 30
B plus C 1 34°
ICG R15 (%)
<10 52 10
>10 33 54°
AST(IU/L)
<50 48 17
>50 37 47°
ALT(IU/L)
<50 50 23
>50 35 41°
AFP (ng/mL)
<20 39 27
>20 46 37
No. of hepatic tumors
Solitary 67 41
Multiple 18 23
Tumor size (cm)
<2 23 43
>2 62 21°

ICG R15: indocyanine green retention rate at 15 min. "P<0.01 between

groups.
Variable Relative risk 95% CI P value
Treatment modality 0.001
Hepatectomy 1.000
Percutaneous ablation 13.442 3.102-58.254
AFP (ng/mL) 0.014
<20 1.000
>20 4.711 1.370-16.195

(P=0.0454), and number of hepatic tumors (P=0.0464)
were significant prognostic factors of long-term survival.
Of these six variables, multivariate analyses revealed
that treatment modality and tumor size were the only
independent significant variables (Table 3).

Outcomes after treatment according to tumor size

Local recurrence was significantly less frequent in patients
who had undergone hepatectomy than in those who had
undergone percutancous ablation (P<0.0001) (Figure 1).
When the patients were divided into two groups according



Wakai T ef a/. Hepatectomy vs percutaneous ablation for HCC 549

Variable Relative risk 95% ClI P value
Treatment modality 0.006
Hepatectomy 1.000
Percutaneous ablation 2.398 1.278-4.499
Tumor size (cm) 0.017
<2 1.000
>2 2.159 1.148-4.060
Child-Pugh classification 0.050
A 1.000
B+C 1.773 1.000-3.142
AFP (ng/mL) 0.072
<20 1.000
>20 1.713 0.952-3.084
80
S P<0.0001
Q
5
2 40
&9 Percutaneous ablation
= £
58
Hepatectomy
0 T = T T T T 1

T T T T
0 1 2 3 4 5 6 7 8 9 10
t (after treatment)/a
No. of patients at risk

Percutaneous ablation 64 51 35 25 19 17 12 8 5 3 2
Hepatectomy 85 80 71 59 45 35 31 26 21 17 12

Figure 1 Kaplan-Meier estimates of local recurrence. The incidence of local
recurrence reached a plateau of 28% at 20 mo after percutaneous ablation, and a
plateau of 3% at 22 mo after hepatectomy.

to tumor size (X 2 cm 25 >2 cm), hepatectomy was found
to be the more effective treatment for controlling local
recurrence, but only in patients with HCC >2 ecm (P<0.0001)
(Figure 2). Survival after the treatment was significantly
better in patients who had undergone hepatectomy than
in those treated with percutaneous ablation (P=0.0123,
Figure 3). Again, hepatectomy was the more effective
treatment in terms of long-term survival, but only in
patients with HCC >2 cm (P=0.0001, Figure 4).

Incidence of vascular invasion according to tumor size
Vascular invasion was more frequent in patients with
tumors >2 cm (16/62, 26%) than in those with tumors
< 2 cm (1/23, 4%; P=0.033, Table 4).

DISCUSSION

Selecting the correct treatment modality to suit individual
patients with HCC remains a matter of debate!"*”. This
prompted us to conduct the current study, which has
revealed that hepatectomy provided better outcomes for
patients with HCC <4 c¢m than percutaneous ablation.
This may partly be due to the fact that hepatic functional
reserve was better in patients who had undergone
hepatectomy. Despite this, we found that the incidence
of local recurrence decreased and long-term survival
increased independently after hepatectomy, indicating that

Vascular invasion

Tumor size (cm) ) (+) P value
<2 22 1 0.033
>2 46 16

1 . . 2 . . . .
Portal venous invasion was noted. “Portal venous invasion in 10 patients,
hepatic venous invasion in 3, and both portal and hepatic venous invasion in 3.
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=0
oo J
2= O
ET Hepatectomy
(@} ]
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t (after treatment)/a
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Hepatectomy 23 22 22 20 18 13 11 9 8 7 3
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o Percutaneous ablation
S 60
g
o 40 P<0.0001
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0 1 2 3 4 5 6 7 8 9 10
t (after treatment)/a
No. of patients at risk

Percutaneous ablation 21 11 5 3 3 2 1 1 0 0 O
Hepatectomy 62 58 49 39 27 22 20 17 13 10 9

Figure 2 Kaplan-Meier estimates of local recurrence by tumor size. A: Among
tumors < 2 cm, the incidence of local recurrence reached a plateau of 12% at
15 mo after percutaneous ablation, whereas no recurrences had occurred after
hepatectomy; B: among tumors >2 cm, the incidence of local recurrence reached
a plateau of 61% at 21 mo after percutaneous ablation, whereas it reached a
plateau of 4% at 22 mo after hepatectomy.

100
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t (after treatment)/a
No. of patients at risk ( )

Hepatectomy 85 80 73 61 47 36 32 26 21 17 12
Percutaneous ablation 64 59 44 29 21 19 12 8 5 3 2

Figure 3 Kaplan-Meier estimates of survival. The median survival time was
122 mo with a 10-year survival rate of 53% in patients who had undergone
hepatectomy. The median survival time was 66 mo with a 10-year survival rate of
31% in patients who had undergone percutaneous ablation.
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Figure 4 Kaplan-Meier estimates of survival by tumor size. A: Among patients
with tumors < 2 cm, survival was better following hepatectomy (median survival
time of 122 mo; 10-year survival rate of 58%) than following percutaneous ablation
(median survival time of 76 mo; 10-year survival rate of 45%); B: among patients
with tumors >2 cm, survival was better following hepatectomy (median survival
time of 126 mo; 10-year survival rate of 51%) than following percutaneous ablation
(median survival time of 26 mo; 10-year survival rate of 0%).

this is an oncologically reliable treatment modality for
HCC <4 cm.

Local recurrence was found to be more frequent after
percutaneous ablation than after hepatectomy. Prospective,
randomized controlled trials for PEI treatment of HCC
<4 cm™ ™ demonstrated that cumulative 2-year local
recurrence rates ranged from 33% to 45%. These rates are
comparable with the 28% incidence of local recurrence
after percutaneous ablation detected in the current study.
Local recurrences after percutaneous ablation may be
attributable to insufficient ablation of the primary tumor
and/or the presence of portal or hepatic venous tumor
thrombi in the adjacent liver™*", Hepatectomy removes
a rim of non-neoplastic liver parenchyma (a resection
margin) together with the primary tumor, and thus
eradicates both the primary tumor and venous tumor
thrombi within the resection margin. This may explain
better the outcomes following hepatectomy. In the current
study, the beneficial effect of hepatectomy was prominent
in a subgroup of patients with tumors >2 cm (Figures 2B
and 4B), suggesting that these patients are good candidates
for hepatectomy. Tumors >2 cm had a higher incidence
of vascular invasion than tumors <X 2 cm (Table 4). Taken
together, these findings suggest that the beneficial effect
of hepatectomy is due to the clearance of venous tumor
thrombi in the adjacent liver in addition to the complete
removal of the primary tumor.

HCC mainly spreads vz the portal and hepatic veins.
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Vascular invasion is an established adverse prognostic
factor of HCC!"" " and the incidence of vascular
invasion increases as the tumor enlarges” . The current
study confirmed this, with vascular invasion being more
frequent in tumors >2 cm. Recent authors have suggested
that tumors >2 c¢m are independently associated with local
failure after RFA™¥.. Considering that vascular invasion
was less frequent in tumors <2 cm in our patients,
percutaneous ablation appears to be an appropriate
treatment modality for HCCs <2 cm. Despite this,
outcomes for patients with HCCs <2 cm were better
following hepatectomy than following percutaneous
ablation. Due to the small sample size of this study,
however, these differences were only marginally significant.
We believe that hepatectomy may also be an appropriate
treatment modality for HCCs <2 cm, provided that the
patient is robust and that the hepatic functional reserve of
the patient is at a level permitted for the resection.

Recent evidence suggests that high pre-treatment
serum alpha-fetoprotein levels are associated with both
the presence of portal venous invasion and intrahepatic
recurrences after the treatment in HCC”***Y, Serum
alpha-fetoprotein levels were independently associated
with local recurrences in the current study. The above
findings suggest that high serum alpha-fetoprotein levels
predict the presence of portal venous invasion, which may
lead to treatment failure, in patients with HCC.

The current study has some limitations. First, it was
a retrospective analysis of a small number of patients;
second, the follow-up period in 64 patients was <60 mo;
and third, percutaneous ablation therapy included three
different treatment modalities. However, we believe that
these limitations do not significantly influence the outcome
of the study, as the marked differences between each
group appear to overcome these biases.

In conclusion, hepatectomy provides both better local
control and better long-term survival for patients with
HCC <4 cm than percutaneous ablation, probably
because hepatectomy eradicates both the primary tumor
and venous tumor thrombi within the hepatectomy
margin. Among the patients with HCC <4 cm, those
with tumors >2 cm are good candidates for hepatectomy,
provided that the level of hepatic functional resetve of the
patient is suitable for resection,
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