
Abstract. Background: Long-term survival of patients with
hepatocellular carcinoma after hepatectomy is unsatisfactory
because of the high recurrence rate. Patients and Methods:
Among 396 patients who underwent curative resection of
hepatocellular carcinoma, there were 228 patients with clinical
recurrence: 85 with solitary intrahepatic recurrence (group A),
109 with two or more intrahepatic recurrences (group B), and
34 who had extrahepatic recurrence (group C). The clinical
and pathological factors for each group were investigated for
association with long-term survival of each group. Results: The
survival rate of group C was significantly lower than that of the
other groups. Patients in group C were significantly younger
than those in groups A or B, with higher levels of protein
induced by absence/antagonism of vitamin K-II, larger tumors,
more poorly differentiated tumors, intravascular invasion and
a lower incidence of cirrhosis than the other groups. Group A
showed a significantly longer period until recurrence and
maintained good liver function at recurrence. In group B, the
survival rate of Child-Pugh class A patients was significantly
higher than that of class B and C patients. Class A patients
received significantly more treatments for recurrence than
patients in the other classes. Conclusion: Postoperative
adjuvant chemotherapy should be performed as early as
possible after hepatectomy if the patient is younger, has a large
tumor and/or has a high level of protein induced by
absence/antagonism of vitamin K-II. Patients with solitary
intrahepatic recurrence and adequate liver function should
receive further curative therapy. It is important to maintain the
postoperative nutritional status of patients with multiple
intrahepatic recurrences in order to allow repeated and
aggressive therapy to be performed. 

Advances in surgical techniques and perioperative
management have transformed the resection of
hepatocellular carcinoma (HCC) into a relatively safe
operation with a low mortality rate (1). However, the long-
term survival of these patients is still unsatisfactory because
of the high recurrence rate of HCC after curative
hepatectomy (2). Prevention and effective management of
recurrence are the most important methods for improving
the long-term survival of these patients. Numerous studies
have investigated the risk factors for recurrence of HCC
after surgical resection (3-16), but the postoperative
recurrence rate (especially intrahepatic recurrence) remains
high and is the main cause of death (6, 10, 17-20).
Recurrence is thought to have two main mechanisms: one
is metastasis from the primary tumor via the portal system
and the other is metachronous development of multicentric
tumors. Multiple intrahepatic recurrences, as well as
extrahepatic recurrence, are the main patterns of metastatic
recurrence (21) and the prognosis of such patients is worse
than that of patients with nodular recurrence (22).

We classified patients with recurrence of HCC into 3
groups on the basis of the site of the recurrence and the
number of recurrent tumors, and then analyzed the clinical
and pathological factors for each pattern of recurrence. The
aim of this study was to investigate the main risk factors for
each pattern of recurrence after resection of HCC in terms
of the long-term survival rate.

Patients and Methods

Patients. Between February 1992 and June 2005, a total of 411
patients with HCC underwent curative resection at our institution.
A curative operation was defined as one during which all of the
tumors were macroscopically resected. Fifteen patients died in
hospital prior to discharge and the remaining 396 patients were
followed at our outpatient clinics. Ultrasonography (US),
computed tomography (CT), or magnetic resonance imaging
(MRI) was performed at least every 3 months. In addition, various
laboratory parameters were monitored, including the serum levels
of alanine transaminase (ALT), total bilirubin and albumin, as well
as the prothrombin time, platelet count, ·-fetoprotein (AFP) and
protein induced by absence/antagonism of vitamin K-II (PIVKA-
II). When recurrence of HCC was detected based on tumor marker
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levels or imaging findings, treatment was provided. As of
December 2005, a total of 228 (58%) of the 396 patients had
suffered from clinical recurrence and were included in this study.
Informed consent was obtained from all of the patients.

Clinicopathological variables and surgery. Before surgery, each
patient underwent measurement of the indocyanine green
retention rate at 15 min (ICGR15) and conventional liver function
tests. Hepatitis screening was performed by detection of hepatitis B
surface antigen and hepatitis C antibody, while AFP and PIVKA-
II were also measured in all patients. Our operative procedures
have been reported previously (23, 24). The method of
hepatectomy was largely chosen according to the criteria of
Makuuchi (25, 26) and the procedures were classified according to
conventional terminology with respect to the eight liver
subsegments of Couinaud (27). Anatomic resection was defined as
lobectomy (resection of one liver lobe), extended lobectomy
(lobectomy plus removal of additional contiguous segments), or
segmentectomy (resection of two Couinaud subsegments). All of
the other non-anatomic procedures were classified as limited
resection. A senior pathologist reviewed each specimen for
histological confirmation of the diagnosis. The maximum tumor
diameter was recorded and the resection margin width was
measured as the distance from the tumor edge to the resection line.

Classification of recurrent tumors. Patients with recurrence were
assigned to 1 of 3 groups on the basis of the site of recurrence and
the number of recurrent tumors. Group A consisted of 85 patients
with solitary intrahepatic recurrence, group B of 109 patients with
two or more intrahepatic recurrences, and group C of 34 patients
who had extrahepatic recurrence with or without intrahepatic
recurrence. The sites of extrahepatic recurrence in group C were
the lung, bone, lymph node, adrenal gland, skin and brain in 15
(44%), 7 (21%), 5 (15%), 3 (9%), 2 (6%), and 2 (6%) patients,
respectively. Concomitant recurrence in the liver remnant and an
extrahepatic organ was seen in 14 patients.

Group B was divided into Child-Pugh class A and class B/C at
the time of recurrence. Group B patients were also classified into
four categories according to the location of recurrence in the liver
remnant (13), which were marginal recurrence, recurrence in an
adjacent segment, recurrence in a distant segment and
multisegmental recurrence. The size of the recurrent tumor was
defined as the initial diameter of the recurrent lesion on US, CT,
and/or MRI. In patients with multiple recurrent tumors, the size of
the largest lesion was used for classification. Portal venous invasion
at the time of recurrence was detected on angiography as
protrusion of the tumor into the first and/or second branches of the
portal vein or into the main trunk.

Treatment of recurrent HCC. On the basis of liver function and
tumor factors, either transcatheter hepatic artery infusion of
anticancer agents (lipiodolization) or transcatheter arterial
chemoembolization (TACE) was selected for intrahepatic
recurrence in 146 patients. Eleven of the 14 patients with
concomitant recurrence in the liver remnant and extrahepatic
organs underwent lipiodolization or TACE for their intrahepatic
tumors. Other treatments were used in 30 patients, including 17
patients who underwent repeat hepatic resection and 13 patients
who underwent percutaneous ethanol injection therapy (PEIT).
Percutaneous microwave coagulation therapy and radiofrequency

ablation under US guidance were performed in 11 and six patients,
respectively, while four patients each underwent radiation therapy
and systemic chemotherapy, respectively. Twenty-seven patients did
not receive any treatment for recurrence because they had a poor
hepatic functional reserve or refused treatment. Patients with two
or more recurrences usually received TACE or PEIT.

Statistical analysis. Continuous variables were used to divide the
subjects into 2 categories by the median value. The significance of
differences among the three groups of patients was assessed by the
chi-square test. The significance of differences between Child-Pugh
class A and class B/C in group B was also assessed by the Chi-
square test. The Kaplan-Meier life table method was used to
calculate the survival rate after recurrence as of December 2005,
and the significance of differences in survival was estimated using
the generalized log-rank test. In all analyses, p<0.05 was
considered to indicate statistical significance.

Results

Perioperative characteristics. The perioperative characteristics
of each group of patients with recurrent HCC are shown in
Table I. Compared with those in groups A and B, patients
in group C were significantly younger, had lower ICGR15
and serum alanine aminotransferase (ALT) levels, and had a
higher platelet count and a higher serum PIVKA-II level. In
addition, patients in group C were significantly more likely
to have anatomic resection, larger tumors, poorly
differentiated histology, intravascular invasion and an
advanced disease stage compared with those in the other two
groups. Examination of the resected nontumorous liver
tissue demonstrated a significantly lower incidence of
cirrhosis in group C.

Clinical characteristics at recurrence and subsequent survival.
The clinical characteristics of the three groups at the time
of recurrence are summarized in Table II. Patients in group
A had a significantly longer period until recurrence, had
higher serum albumin levels and were more often in Child-
Pugh class A compared with patients from groups B or C.
Patients in group A were also significantly more likely to
receive curative therapy (such as repeat hepatectomy or
local ablation) for their recurrent HCC. Patients in group C
had significantly higher serum AFP and PIVKA-II levels
compared with patients from the other groups. In addition,
group C patients were significantly more likely to receive no
treatment for recurrence and had fewer treatments for
recurrent HCC after the initial recurrence.

Figure 1 compares the survival rate after recurrence of
HCC among the three groups. The survival rate of group A
was significantly higher than that of the other groups (both
p<0.0001), while the survival rate of group B was
significantly higher than that of group C (p<0.005). In
group A, the survival rate was 93.3% at 1 year, 63.9% at 3
years, and 39.1% at 5 years, whereas the survival rates for
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groups B and C were 74.7% versus 36.5% at 1 year, 33.2%
versus 20.0% at 3 years, and 13.8% versus 4.0% at 5 years,
respectively.

Clinical characteristics of the two Child-Pugh subgroups at
recurrence and subsequent survival. Group B was classified
into patients who were in Child-Pugh class A or class B and
C at recurrence (Table III). Patients in classes B and C had
a significantly shorter period until recurrence, lower serum
albumin level, longer prothrombin time and higher serum
bilirubin level compared with those in class A. There were
no differences between the two subgroups with respect to
the pattern of intrahepatic recurrence, tumor size, or
presence of portal venous invasion at recurrence. Patients
in class A received significantly more treatment for
recurrence of HCC after the initial recurrence compared
with those in class B and C. 

The survival rate of patients in class A was significantly
higher than that of those in class B and C (Figure 2), with
the rates being 89.0% versus 38.2% at 1 year and 43.0%
versus 3.8% at 3 years, respectively (p<0.0001).

Discussion

The long-term survival of patients with HCC is still
unsatisfactory after curative hepatectomy because of the
high recurrence rate (2). Therefore, the present study was
performed to identify the characteristics of patients with
single, multiple, or extrahepatic recurrence and to assess
the clinical significance of such variables. Our aim was to
identify patients who required intervention to prevent
recurrence following initial hepatectomy so that effective
treatment can be provided as early as possible after
surgery.
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Table I. Perioperative clinical characteristics of the three groups.

Group A Group B Group C P-value
(n=85) (n=109) (n=34)

Gender (male/female) 70/15 91/18 27/7 NS
Age >67 years 42 (49.4%) 52 (47.7%) 8 (23.5%) p<0.01 (C vs. A), p<0.05 (C vs. B)
HBsAg 10 (11.8%) 23 (21.1%) 7 (20.6%) NS
HCVAb 70 (82.4%) 79 (72.5%) 23 (67.6%) NS
Alcohol abuse 39 (45.9%) 49 (45.0%) 15 (44.1%) NS
ICGR15 >17.0% 45 (52.9%) 56 (51.4%) 10 (29.4%) p<0.05 (C vs. A and B)
Platelets <13.0x104/Ìl 50 (58.8%) 51 (46.8%) 9 (26.5%) p<0.005 (C vs. A), p<0.05 (C vs. B)
Total bilirubin >0.9 mg/dl 34 (40.0%) 41 (37.6%) 12 (35.3%) NS
Albumin <3.7 g/dl 33 (38.8%) 53 (48.6%) 13 (38.2%) NS
Prothrombin time <89% 43 (50.6%) 52 (47.7%) 14 (41.2%) NS
Cholinesterase <99 U/l 44 (51.8%) 52 (47.7%) 16 (47.1%) NS
AST >46 IU/l 39 (45.9%) 57 (52.3%) 14 (41.2%) NS
ALT >47 IU/l 46 (54.1%) 56 (51.4%) 10 (29.4%) p<0.05 (C vs. A and B)
Child-Pugh class: A/B/C 80/5/0 98/11/0 32/2/0 NS
·-Fetoprotein >26 ng/ml 33 (38.8%) 57 (52.3%) 22 (64.7%) p<0.05 (C vs. A)
PIVKA-II >106 mAU/ml 30 (35.3%) 59 (54.1%) 26 (76.5%) p<0.0001 (C vs. A), p<0.01 (B vs. A and C)
Preoperative TACE 40 (47.1%) 50 (45.9%) 15 (44.1%) NS
Hepatic resection (limited/anatomic) 72/13 82/27 14/20 p<0.0001 (C vs. A), p<0.0005 (C vs. B)
Operative blood loss >983 ml 36 (42.4%) 57 (52.3%) 21 (61.8%) NS
Blood transfusion 35 (41.2%) 59 (54.1%) 20 (58.8%) NS
Number of patients with complications 20 (23.5%) 23 (21.1%) 9 (26.5%) NS
Tumor size >3.2 cm 33 (38.8%) 50 (45.9%) 28 (82.4%) p<0.0001 (C vs. A), p<0.0005 (C vs. B)
Histology (well or moderately/poorly) 81/4 102/7 26/8 p<0.005 (C vs. A and B)
TW 12 (14.1%) 30 (27.5%) 10 (29.4%) NS
VP and VV 28 (32.9%) 66 (60.6%) 28 (82.4%) p<0.0001 (C vs. A), p<0.05 (C vs. B), p<0.0005 (A vs. B)
Number of tumors (single/multiple) 62/23 66/43 19/15 NS
Associated liver disease
(normal or fibrosis or hepatitis/cirrhosis) 44/41 57/52 25/9 p<0.05 (C vs. A and B)
Tumor stage (I/II/III/IVA) 22/42/16/5 7/52/32/18 3/6/15/10 p<0.0001 (C vs. A), p<0.05 (C vs. B), p<0.0005 (A vs. B)

Data represent the number of patients. NS, not significant; HBsAg, hepatitis B surface antigen; HCVAb, hepatitis C virus antibody; ICGR15,
indocyanine green retention rate at 15 min; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PIVKA-II, protein induced by
absence/antagonism of vitamin K-II; TACE, transcatheter arterial chemoembolization; fc, microscopic capsule formation; TW, microscopic surgical
margin <5 mm from the tumor; VP, microscopic invasion of the portal vein; VV, microscopic invasion of the hepatic vein.



Extrahepatic recurrence of HCC after hepatectomy is
not infrequent, especially in patients with advanced
disease (28, 29). Nakashima et al. studied 225 HCC
patients at autopsy and found lung metastases and lymph
node metastases in 51.6% and 26.7%, respectively (30). In
the present study, the survival rate of group C
(extrahepatic recurrence) was significantly lower than that
of groups A or B (intrahepatic recurrence). Patients in
group C were more likely to have large tumors, poorly
differentiated histology, and intravascular invasion. They
also had a relatively young age, good preoperative liver
function, lower incidence of cirrhosis in the nontumorous
liver, and higher PIVKA-II levels. Among the patients
with advanced HCC, only those who had well-preserved
liver function were candidates for anatomic resection. If
a patient is aged ≤67 years, has a tumor larger than 3 cm
in diameter and has a preoperative plasma level of
PIVKA-II >100 mAU/ml, we recommend postoperative
adjuvant regional chemotherapy or lipiodolization (31-33).
In addition, more careful follow-up (including bone
scintigraphy and chest CT) may be necessary to detect
extrahepatic recurrence as early as possible after curative
hepatectomy in such patients.

The survival rate after recurrence was significantly higher
in group A than in the patients with multiple intrahepatic
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Table II. Clinical characteristics of the three groups at recurrence.

Group A Group B Group C P-value
(n=85) (n=109) (n=34)

Period until recurrence
<1 year 24 (28.2%) 55 (50.5%) 20 (58.8%) p<0.005 (A vs. C), p<0.005 (A vs. B)
1-2 27 (31.8%) 30 (27.5%) 8 (23.5%)
>2 years 34 (40.0%) 24 (22.0%) 6 (17.6%)

Albumin <3.6 g/dl 29 (34.1%) 55 (50.5%) 22 (64.7%) p<0.005 (A vs. C), p<0.05 (A vs. B)
Bilirubin >0.9 mg/dl 43 (50.6%) 50 (45.9%) 15 (44.1%) NS
ALT >54 IU/dl 39 (45.9%) 49 (45.0%) 15 (44.1%) NS
Platelets <11.6x104/Ìl 47 (55.3%) 49 (45.0%) 20 (58.8%) NS
Prothrombin time <85% 40 (47.1%) 53 (48.6%) 19 (55.9%) NS
·-Fetoprotein >35 ng/ml 35 (41.2%) 58 (53.2%) 25 (73.5%) p<0.005 (C vs. A), p<0.05 (C vs. B)
PIVKA-II >52 mAU/ml 28 (32.9%) 55 (50.5%) 32 (94.1%) p<0.0001 (C vs. A and B)
Child-Pugh class: A/B/C 79/5/1 78/29/2 27/6/1 p<0.0001 (A vs. C), p<0.001 (A vs. B)
Treatment of initial recurrence

None 2 (2.4%) 9 (8.3%) 16 (47.1%) p<0.0001 (C vs. A and B), p<0.05 (A vs. B)
Other 28 (32.9%) 20 (18.3%) 7 (20.6%)
Hepatectomy 11 6 0
PEIT 8 5 0
PMCT 6 5 0
PRFA 3 3 0
Radiation 0 1 3
Chemotherapy 0 0 4
TACE/LPD 55 (64.7%) 80 (73.4%) 11 (32.4%)

>3 treatments after initial recurrence 41 (48.2%) 49 (45.0%) 8 (23.5%) p<0.05 (C vs. A and B)

The variables were determined at recurrence. Data represent the number of patients. NS, not significant; ALT, alanine aminotransferase; PIVKA-
II, protein induced by absence/antagonism of vitamin K-II; PEIT, percutaneous ethanol injection therapy; PMCT, percutaneous microwave
coagulation therapy; PRFA, percutaneous radiofrequency ablation; TACE, transcatheter arterial chemoembolization; LPD, lipiodolization.

Table III. Clinical characteristics of Child-Pugh class A or class B/C
patients in group B.

Class A Classes B/C P-value
(n=78) (n=31)

Period until recurrence
<1 year 28 (35.9%) 26 (83.9%) p<0.0001
1-2 years 27 (34.6%) 4 (12.9%)
>2 years 23 (29.5%) 1 (3.2%)

Age >67 years 41 (52.6%) 11 (35.5%) NS
Albumin <3.6 g/dl 25 (32.1%) 30 (96.8%) p<0.0001
Bilirubin >0.9 mg/dl 30 (38.5%) 20 (64.5%) p<0.05
ALT >51 IU/dl 42 (53.8%) 12 (38.7%) NS
Platelets <11.9x104/Ìl 35 (44.9%) 15 (48.4%) NS
Prothrombin time <85% 23 (29.5%) 27 (87.1%) p<0.0001
·-Fetoprotein >37 ng/ml 35 (44.9%) 19 (61.3%) NS
PIVKA-II >78 mAU/ml 36 (46.2%) 17 (54.8%) NS
Classification of intrahepatic 
recurrence marginal/adjacent 
segment/distal segment/ 
multisegment 2/24/2/50 0/5/2/24 NS
Tumor size >2.0 cm 30 (38.5%) 13 (41.9%) NS
PVI 4 (5.1%) 4 (12.9%) NS
>3 treatments after 
initial recurrence 45 (57.7%) 4 (12.9%) p<0.0001

The variables were determined at recurrence. Data represent the
number of patients. NS, not significant; ALT, alanine amino-
transferase; PIVKA-II, protein induced by absence/antagonism of
vitamin K-II; PVI, portal venous invasion.



recurrence (group B) or extrahepatic recurrence (group C)
(Figure 1). Group A showed a longer time until recurrence,
as well as maintenance of good liver function at recurrence.
Lu et al. (34) reported that local ablation of recurrent tumors
with radiofrequency or microwave energy is a efficient and
safe procedure in patients with relatively good function of the
liver remnant after hepatectomy. Nakajima et al. (35)
reported that intrahepatic recurrence of HCC can be treated
safely by repeat resection in the same way as the primary
tumor, provided that an adequate hepatic functional reserve
can be maintained. It was also reported that re-resection is
the best treatment for solitary recurrence due to multicentric
carcinogenesis in Child-Pugh class A patients (36). Therefore,
patients with a solitary intrahepatic recurrence who have well-
preserved liver function should receive further curative
therapy such as repeat hepatectomy or local ablation.

Multiple intrahepatic recurrences after resection of HCC
may be the result of intrahepatic metastasis or may be due to
multicentric development of new tumors in the liver remnant
and controversy exists about the relative contribution of each
mechanism (6, 10, 36, 37). In our patients, early recurrence
and multinodular recurrence were associated with
intravascular invasion, suggesting that intrahepatic metastasis
was the mechanism involved rather than multicentric
carcinogenesis. Shimada et al. (22) reported that nodular
recurrence (≤3 nodules) was associated with a better
prognosis than was multiple recurrence (≥4 nodules) and
that the main prognostic factor in patients undergoing repeat
resection of recurrent HCC was venous invasion by the
primary tumor at the time of initial resection (38). These
findings support the concept that multiple recurrence is due
to intrahepatic metastasis, and thus the prognosis is poor. In
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Figure 1. Survival rate after recurrence of hepatocellular carcinoma (HCC) in each group. The survival rate of group A (broken line) was significantly
higher than that of the other two groups (both p<0.0001) and the survival rate of group B (unbroken line) was significantly higher than that of group C
(dotted line) (p<0.005). The number of patients at risk is shown below the graph.



group B, the survival rate of patients in Child-Pugh class A
was significantly higher than that of patients in classes B and
C (Figure 2). Patients in class A received significantly more
treatment after initial recurrence compared with those in the
other two classes (Table III). We and others have reported
that the albumin level at the recurrence of HCC is an
independent prognostic factor (22, 24, 36). Because liver
function was well preserved in the class A patients with
multiple intrahepatic recurrence, more aggressive therapy
was feasible and this was more likely to be effective.

Conclusion

Postoperative adjuvant chemotherapy should be
commenced as early as possible after curative hepatectomy
for HCC if the patient is younger, has a large tumor and/or
has a high PIVKA-II level. Patients with solitary

intrahepatic recurrence who have adequate liver function
should receive curative therapy for recurrent HCC such as
repeated hepatectomy or local ablation. It is important to
maintain the postoperative nutritional status of patients
with multiple intrahepatic recurrences in order to allow
performance of repeated and aggressive therapy. Thus,
surgeons need to be extremely careful to maintain adequate
liver function after hepatectomy for HCC and must closely
follow-up their patients to detect recurrence.
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