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sectionectomy or larger resection to be a significant inde-
pendent prognostic factor for recurrence-free survival and 
survival in patients with T2 HCC.  Conclusions:  Sectionecto-
my or larger resection prevents intrahepatic recurrence of 
HCC and prolongs survival in patients with T2 HCC. 

 Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Hepatic resection for hepatocellular carcinoma (HCC) 
has become a safe operation with a low operative mortal-
ity, and is the most effective treatment available at present 
 [1–3] . However, the rates of intrahepatic recurrence of 
HCC are particularly high, even when curative hepatic 
resection can be performed  [2] . Anatomic hepatectomy 
has been reported to be an effective treatment modality 
with a higher rate of survival or disease-free survival than 
that of limited hepatectomy, because it may prevent intra-
hepatic metastasis of HCC through the portal vein  [4–8] . 
However, surgical outcomes between sectionectomy and 
segmentectomy have not been clarified in detail.

  Vauthey et al.  [9]  reported a simplified staging system 
which is a modification of The American Joint Commit-
tee on Cancer (AJCC)/International Union Against Can-
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 Abstract 

  Background/Aims:  The effectiveness of systematized hepa-
tectomy in the modified International Union Against Cancer 
(UICC) staging classification for hepatocellular carcinoma 
(HCC) has not been clarified in detail.  Methods:  We retro-
spectively studied 406 patients with UICC T1 HCC and 124 
patients with T2 HCC who underwent initial curative hepa-
tectomy from 1994 through 2003. Outcomes after section-
ectomy or larger resection and segmentectomy or smaller 
resection for patients with T1 HCC and T2 HCC were exam-
ined.  Results:  The overall recurrence-free survival rate and 
survival rate of sectionectomy or larger resection at 5 years 
(45 and 79%, respectively) did not significantly differ from 
those of segmentectomy or smaller resection (38 and 81%, 
respectively) in patients with T1 HCC. However, in patients 
with T2 HCC, the 5-year recurrence-free survival rate and sur-
vival rate after sectionectomy or larger resection (37 and 
71%, respectively) were significantly different from those af-
ter segmentectomy or smaller resection (6%: p  !  0.0001, and 
35%: p = 0.0027, respectively). Multivariate analysis showed 
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cer (UICC) staging system for HCC. Recently, the UICC 
staging classification for HCC was modified   on the basis 
of their report  [10] . The effectiveness of anatomic hepa-
tectomy according to the stage of HCC has not been clar-
ified in detail. We attempted to clarify whether there 
might be a difference in outcome after sectionectomy or 
larger resection and segmentectomy or smaller resection 
in relation to the modified UICC T1 HCC and T2 HCC.

  Patients and Methods 

 Between 1994 and 2003, 889 patients with HCC underwent 
initial hepatic resection for HCC at our institute. T1 HCC was 
diagnosed in 406, T2 HCC in 133, T3 HCC in 130, and T4 HCC 
in 17 by histopathological examination based on the UICC T clas-
sification. Nine of 133 patients with T2 HCC who underwent non-
curative resection were excluded in this study. Patients with T3 
HCC which invaded major portal or hepatic veins and patients 
with T4 HCC with distant metastasis or ruptured HCC were ex-
cluded in this study, because most patients with T3 HCC required 
hemihepatectomy or larger resection and in patients with T4 HCC 
curative resection could not be achieved with any hepatectomy. 
The remaining 203 patients who had been given a diagnosis of 
synchronous multicentric HCC by histopathological examina-
tion were excluded because if each of the multiple lesions includes 
a component of well-differentiated HCC, it is considered to indi-
cate multicentric carcinogenesis and to be a primary cancer ac-
cording to the General Rules for the Clinical and Pathological 
Study of Primary Liver Cancer of the Liver Cancer Study Group 
of Japan  [11] . Surgical procedures for patients with T1 HCC and 

T2 HCC are shown in  table 1 . The terminology of liver resection 
was determined based on the Terminology Committee of the In-
ternational Hepato-Pancreato-Biliary Association in 2000  [12] . 
Patients who underwent left medial sectionectomy (segmentec-
tomy 4) were included in the sectionectomy or larger resection 
group. Patients who underwent bisegmentectomy were included 
in the sectionectomy or larger resection group. We retrospective-
ly examined surgical outcomes between sectionectomy or larger 
resection and segmentectomy or smaller resection in relation to 
the modified UICC T1 HCC and T2 HCC.

  Sex, age, hepatitis C virus antibody, serum level of  � -fetopro-
tein (AFP), Child-Pugh class, indocyanine green retention rate at 
15 min (ICGR 15 ), tumor size, macroscopic type, histological grad-
ing, cirrhosis, and surgical procedure were examined. All surgical 
procedures were systematized hepatectomy with the Glissonean 
pedicle transection method  [7, 13, 14] . The choice of resection was 
made on the basis of the tumor size, tumor type, and liver func-
tion (ICGR 15 ). In most patients with small and simple nodular 
HCC without daughter lesions, segmentectomy or smaller resec-
tion was performed. However, in patients with large and simple 
nodular HCC, sectionectomy or larger resection was performed 
considering functional liver reserve. In patients with HCC with 
daughter lesions or vascular invasion within the section, section-
ectomy or larger resection was performed. However, in patients 
with HCC with daughter lesions or vascular invasion and poor 
functional liver reserve, segmentectomy or smaller resection was 
performed. Pathological findings including the macroscopic type 
were evaluated according to the General Rules for the Clinical and 
Pathological Study of Primary Liver Cancer of the Liver Cancer 
Study Group of Japan  [11] .

  Follow-Up 
 After surgery, patients were followed up every 4–12 weeks at 

the outpatient department of our institution. Ultrasonography or 
computed tomography was performed once every 3–4 months. 
Intrahepatic recurrence was defined clinically as the appearance 
of a new lesion with radiological features typical of HCC, as con-
firmed by the above two imaging methods or biopsy specimens. 
Survival duration was defined as the time from hepatic resection 
to the date of death or last contact.

  Statistical Analysis 
 Because of sample size limitations, patients with small nodular 

type with indistinct margins were combined with those with sim-
ple nodular type. Patients with single nodular with extranodular 
growth type, confluent multinodular type, massive type, and dif-
fuse type were combined into a single group. Patients with mod-
erately or poorly differentiated HCC, and undifferentiated HCC 
were also grouped together. Patients with Child-Pugh class C 
(n = 1) were combined with those with Child-Pugh class B. The 
cumulative survival and recurrence-free survival rates among the 
patients were calculated by the Kaplan-Meier method and com-
pared with the log-rank test. Univariate prognostic factors within 
each T1 class and T2 class were entered into a Cox’s proportional 
hazard model to identify independent predictors of survival or 
recurrence. p values  ! 0.05 were taken to indicate statistical sig-
nificance. We used StatView (Version 4.5 Hulinks, Tokyo, Japan) 
for statistical analysis.

Table 1. Surgical procedures for patients with T1 HCC and T2 
HCC

T class Surgical procedure Patients

T1 Trisectionectomy 5
Extended hemihepatectomy 6
Hemihepatectomy 45
Trisegmentectomy 4, 5, 8 7
Sectionectomy 106
Bisegmentectomy 5,6 or 7,8 or 4,5 or 4,8 50
Segmentectomy 105
Partial segmentectomy 82

T2 Trisectionectomy 3
Extended hemihepatectomy 4
Hemihepatectomy 21
Trisegmentectomy 4, 5, 8 5
Sectionectomy 39
Bisegmentectomy 5,6 or 7,8 or 4,5 or 4,8 11
Segmentectomy 25
Partial segmentectomy 16
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  Results 

 Patient characteristics in relation to the surgical pro-
cedure in patients with T1 and T2 HCC are shown in 
 tables 2  and  3 . The number of patients with ICG R 15  
 ! 15% was significantly lower in patients with T1 and T2 
HCC who underwent segmentectomy or smaller resec-
tion than in patients with T1 and T2 HCC who under-
went sec tionectomy or larger resection. The number of 
cases in which tumor size  ! 3 cm was significantly high-
er in patients with T1 and T2 HCC who underwent seg-
mentectomy or smaller resection than in patients with 
T1 and T2 HCC who underwent sectionectomy or larger 
resection.

  Four of 530 patients died within 30 days after surgery. 
The overall recurrence-free survival curves and survival 
curves in relation to the surgical procedure in patients with 
T1 and T2 HCC are shown in  figures 1  and  2 . In patients 
with T1 HCC, the overall recurrence-free survival rate and 
survival rate were 45 and 79% in sectionectomy or larger 
resection, and 38 and 81% in segmentectomy or smaller 
resection, at 5 years, respectively. There were no significant 
differences between surgical procedures in patients with 
T1 HCC. However, in patients with T2 HCC, the 5-year 
recurrence-free survival rate and survival rate after sectio-
nectomy or larger resection (37 and 71%, respectively) 
were significantly different from those after segmentec-
tomy (6%: p  !  0.0001, and 35%: p = 0.0027, respectively).

Sectionectomy
or larger
(n = 219)

Segmentectomy
or smaller
(n = 187)

p value

Sex, male 176 131 0.0159
HCV antibody (positive) 130 138 0.0022
Cirrhosis (present) 74 105 <0.0001
ICGR15 (<15%) 129 75 0.0001
Child-Pugh class (A) 204 163 0.0414
AFP (<100 ng/ml) 173 146 0.7621
Tumor size (<3 cm) 114 137 <0.0001
Macroscopic type (simple nodular) 154 159 0.0004
Histological grade (moderately-poorly) 198 136 <0.0001

HCV = Hepatitis C virus; ICGR15 = indocyanine green retention rate at 15 min;
AFP = �-fetoprotein.

Table 2. Patient characteristics in relation 
to the surgical procedure in patients with 
T1 HCC

Sectionectomy
or larger
(n = 83)

Segmentectomy
or smaller
n = 41)

p value

Sex, male 68 28 0.0876
HCV antibody (positive) 52 28 0.5367
Cirrhosis (present) 23 26 0.0001
ICGR15, <15% 50 14 0.0062
Child-Pugh class (A) 75 32 0.0607
AFP (<100 ng/ml) 39 25 0.2022
Tumor size (<3 cm) 25 26 0.0004
Macroscopic type (simple nodular) 27 16 0.4747
Histological grade (moderately-poorly) 82 41 0.4804
Tumor number (multiple) 36 19 0.7543
Vascular invasion (present) 64 32 0.9062

HCV = Hepatitis C virus; ICGR15 = indocyanine green retention rate at 15 min;
AFP = �-fetoprotein.

Table 3. Patient characteristics in relation 
to the surgical procedure in patients with 
T2 HCC
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  Outcomes between surgical procedures were com-
pared considering the liver function in patients with T2 
HCC.   In   patients   with   T2   HCC   with   good  liver  func-
tion (ICGR15  ! 15%), the 5-year recurrence-free survival 
rate after sectionectomy or larger resection (40%) was 
significantly different from that after segmentectomy 
(13%: p = 0.0341). Even in patients with T2 HCC with 
ICGR15  1 15%, the 5-year recurrence-free survival rate 
after sectionectomy or larger resection (30%) was signif-
icantly different from that after segmentectomy (0%: p = 
0.0020).

  The univariate analysis of prognostic factors of pa-
tients with T1 and T2 HCC is summarized in  table 4 . 
Univariate analysis showed that positive HCV antibody 

was significantly associated with recurrence-free surviv-
al in patients with T1 and T2 HCC. ICGR 15  was signifi-
cantly associated with recurrence-free survival and sur-
vival in patients with T1 and T2 HCC by univariate anal-
ysis.

  The univariate prognostic factors were entered into a 
multivariate model to identify independent predictors of 
recurrence-free survival and survival. The factors associ-
ated with recurrence and survival by Cox’s proportional 
hazard model are shown in  table 5 . Multivariate analysis 
showed the surgical procedure (sectionectomy or larger 
resection) to be a significant independent prognostic fac-
tor for recurrence-free survival and survival in patients 
with T2 HCC.
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  Fig. 1.  Overall recurrence-free survival 
curves ( a ) and survival curves ( b ) of 
patients with UICC T1 HCC in relation 
to the surgical procedures are shown. 
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  Discussion 

 It is well known that vascular invasion of HCC, in par-
ticular portal vein invasion, is the best known HCC char-
acteristic and prognostic factor in patients with HCC  [2, 
9, 15–17] . Because HCC often spreads around the section 
or whole liver through the portal vein, it is an important 
treatment strategy to target the section involving the tu-
mor, in particular in patients with HCC with vascular 
invasion. According to the modified UICC classification 
 [10] , solitary HCC with vascular invasion is classified as 
T2, and HCC with invasion of a major branch of the por-
tal or hepatic vein is classified as T3. If the HCC invades 
the portal vein, tumor cells such as of small intrahepatic 

metastasis caused by portal invasion cannot be removed 
completely, even by Couinaud’s segmentectomy. Section-
ectomy or larger resection is one of the most suitable mo-
dalities for treating the section including the tumor. In 
the present study, sectionectomy or larger resection was 
significantly associated with recurrence-free survival 
and survival by univariate analysis in patients with T2 
HCC. Multivariate analysis also showed sectionectomy 
or larger resection to be a significant independent prog-
nostic factor for recurrence-free survival and survival in 
patients with T2 HCC. Therefore, sectionectomy is the 
most suitable treatment modality for patients with T2 
HCC, which has a higher risk of intrahepatic recurrence 
caused by intrahepatic metastasis.

0 

p = 0.0027 

p = 0.0001 

Sectionectomy or larger resection 

Couinaud’s segmentectomy or smaller resection 

0.2 

0.4 

0.6 

0.8 

1.0 

0 

0.2 

0.4 

0.6 

0.8 

1.0 

Patients at risk: 
Sectionectomy or larger 
Segmentectomy or smaller 

0 
83 
41 

20 
62 
24 

40 
46 
13 

60 
30 
7 

80 
23 
4 

100 
14 
1 

120 
7 

140 months 

b 

Patients at risk: 
Sectionectomy or larger 
Segmentectomy or smaller 

0 
83 
41 

20 
47 
9 

40 
27 
3 

60 
15 
1 

80 
8 

100 
6 

120 
3 

140 months 

a 

  Fig. 2.  Overall recurrence-free survival 
curves ( a ) and survival curves ( b ) of 
patients with UICC T2 HCC in relation 
to the surgical procedures are shown. 
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  Originally the staging system for cancer requires not 
only an accurate prognostic assessment but also the true 
extent of tumor cell spread and a different treatment 
strategy within each stage. In Japan, the staging system 
of the General Rules for the Clinical and Pathological 
Study of Primary Liver Cancer of the Liver Cancer Study 
Group of Japan has been used  [11] . This staging system 
has not been adopted worldwide, due to the complicated 
scoring system based on tumor size, number of tumors, 
and vascular or bile duct invasion, and it does not provide 

any guide on initial therapy for patients with HCC.   The 
Barcelona Clinic Liver Cancer (BCLC) staging system 
provides an accurate prognostic assessment and only 
links the stage of the disease to a specific treatment strat-
egy  [18] . However, it does not refer to the surgical proce-
dure such as sectionectomy or segmentectomy. The mod-
ified UICC staging system presents a true staging system 
considering tumor cell spread as vascular invasion, but it 
does not refer to the surgical procedure. However, the 
modified UICC staging system can link the stage to a 

Table 4. Factors associated with recurrence-free survival rate and survival rate of patients by univariate analysis

T class 5-Year recurrence-
free survival rate, %

p value 5-Year survival
rate, %

p value

T1 HCV antibody (negative vs. positive) 60/33 <0.0001 84/78 0.1682
Cirrhosis (absent vs. present) 48/33 0.0060 82/77 0.0097
ICGR15 (<15 vs. >15%) 52/29 0.0004 88/71 0.0003
Child-Pugh class (A vs. B) 43/35 0.1647 83/40 <0.0001
AFP (<100 vs. >100 ng/ml) 44/34 0.0654 84/66 0.0004
Surgical procedure (sectionectomy vs. segmentectomy) 45/38 0.4676 79/81 0.5618

T2 Sex (male vs. female) 31/15 0.0240 63/49 0.1570
HCV antibody (negative vs. positive) 41/19 0.0110 69/56 0.2569
Cirrhosis (absent vs. present) 31/22 0.0245 71/44 0.0586
ICGR15 (<15 vs. >15%) 34/19 0.0038 70/47 0.0137
Surgical procedure (sectionectomy vs. segmentectomy) 37/6 <0.0001 71/35 0.0027

HCV = Hepatitis C virus; ICGR15 = indocyanine green retention rate at 15 min; AFP = �-fetoprotein.

Risk factor Relative
risk

95% CI p value

Recurrence
T1 HCV antibody (positive) 1.709 1.222, 2.390 0.0017

ICGR15 (<15%) 0.711 0.528, 0.958 0.0248
Surgical procedure (sectionectomy or larger) 1.121 0.843, 1.491 0.4330

T2 HCV antibody (positive) 2.071 1.228, 3.493 0.0063
ICGR15 (<15%) 0.571 0.351, 0.929 0.0239
Surgical procedure (sectionectomy or larger) 0.403 0.238, 0.683 0.0007

Survival
T1 ICGR15 (<15%) 0.485 0.291, 0.811 0.0058

Child-Pugh class (A) 0.432 0.230, 0.814 0.0094
AFP (<100 ng/ml) 0.456 0.281, 0.740 0.0015
Surgical procedure (sectionectomy or larger) 1.574 0.971, 2.549 0.0654

T2 ICGR15 (<15%) 0.517 0.267, 0.998 0.0493
Surgical procedure (sectionectomy or larger) 0.437 0.228, 0.837 0.0125

CI = Confidence interval; HCV = hepatitis C virus; ICGR15 = indocyanine green re-
tention rate at 15 min; AFP = �-fetoprotein.

Table 5. Multivariate analysis using Cox’s 
proportional hazards model
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specific surgical strategy in patients with T2 HCC be-
cause sectionectomy or larger resection for patients with 
T2 HCC was significantly associated with recurrence-
free survival and survival in our present study.

  It is also well known that liver function is an important 
prognostic factor for the recurrence-free survival and 
survival of patients with HCC  [1, 2, 4, 9, 17, 19–21] . In our 
present study, ICGR 15  was shown to be a significant inde-
pendent prognostic factor for recurrence-free survival 
and survival in patients with T1 HCC on univariate and 
multivariate analysis. There was no difference in ana-
tomic hepatectomy between sectionectomy or larger re-
section and segmentectomy or smaller resection for re-
currence-free survival and survival by univariate and 
multivariate analysis. Since the outcome in patients with 
T1 HCC depends largely on liver function, anatomic re-
section which allows complete elimination of the HCC 
should be chosen considering liver function.

  Anatomic hepatectomy resulting in excellent survival 
and recurrence-free survival of patients with solitary 
HCC has been reported. However, there are various pro-
cedures in anatomic hepatectomy. Sectionectomy and 
segmentectomy differ with regard to the extent of resec-
tion. In our present study, sectionectomy or larger resec-
tion for patients with T2 HCC was an independent sig-
nificant factor for recurrence-free survival and survival. 
Therefore, sectionectomy prevents intrahepatic recur-
rence and prolongs survival in patients with T2 HCC.
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