
Abstract. We evaluated the clinical value of perioperative
·-fetoprotein (AFP) and des-Á-carboxy prothrombin (DCP)
levels in predicting recurrence of hepatocellular carcinoma
(HCC) after curative resection, with a focus on the time
course as surveillance tools. A total of 165 consecutive HCC
patients who had undergone curative hepatectomy at our
institution from 2005 to 2007 and whose serum AFP and
DCP had been measured before and after hepatectomy were
included in this study. The minimum postoperative levels
within a 4-month period were used for analysis. Among the
patients with a positive level of AFP before operation, the
number of patients whose AFP level did not change from
positive to negative after operation in the group with recur-
rence exceeded that in the group without recurrence (48/60,
80.0% vs. 4/23, 17.4%), and the difference was significant
(P<0.001). Minimum postoperative AFP level was found to
be a significant independent risk factor for recurrence by
multivariate analysis (P<0.001). There was no statistically
significant correlation between AFP level and grade of
hepatitis activity (P=0.599). Postoperative AFP level is a

useful tool for predicting recurrence after curative hepatec-
tomy. A positive level of AFP after operation might suggest a
site of residual viable cancer. The need for effective adjuvant
therapy and close follow-up is suggested in patients with a
positive postoperative AFP level.

Introduction

Primary liver cancer, which consists predominantly of
hepatocellular carcinoma (HCC), is the fifth most common
cancer worldwide and the third most common cause of
cancer mortality, and is becoming more prevalent not only in
South-East Asia and Africa but also in Western countries
(1-4). Therefore, great interest in HCC has recently developed
all over the world.

Surgical resection is the most effective treatment for
curable HCC. Although the short-term prognosis of HCC
patients has improved due to advances in surgical technique
and perioperative management, the long-term prognosis
remains far from satisfactory due to frequent recurrence
because of not only metastasis from the primary tumor but
also multicentric carcinogenesis based on underlying hepatitis
or cirrhosis. Therefore, control of recurrent disease is a major
challenge in HCC treatment and, especially, the establish-
ment of effective adjuvant therapy to prevent recurrence is
required. However, there is no universal consensus at present
(5). Secondly, because the outcome in cases of HCC recur-
rence is likely to be improved by early detection, postoperative
surveillance is also required.

Serum levels of ·-fetoprotein (AFP) and des-Á-carboxy
prothrombin (DCP) are well known as tumor markers of
HCC (6). Although many study groups have indicated that
preoperative levels of these tumor markers were prognostic
factors for HCC (7-11), the clinical usefulness of postoperative
levels for early detection of HCC recurrence remains unclear.

This study evaluated the clinical value of perioperative
serum AFP and DCP levels in predicting HCC recurrence
after curative resection, with a focus on the time course as
surveillance tools.

Materials and methods

Patient selection. From January 2005 to December 2007, 192
consecutive patients with HCC underwent hepatectomy at the
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National Cancer Center Hospital East, Japan. Among them,
165 patients were enrolled in this study, excluding 14 who
underwent non-curative resection, 9 who were lost to serial
follow-up, and 4 who took oral warfarin, a DCP-inducing
agent. Baseline characteristics of the patients are shown in
Table I. None of the patients in this study received post-
operative adjuvant therapy, including interferon.

Diagnosis of HCC. HCC was diagnosed using dynamic
computed tomography (CT) or magnetic resonance imaging
(MRI), considering hyper-attenuation in the arterial phase
with washout in the late phase to indicate definite HCC (12).
Intraoperatively, ultrasonography (US) was performed to
determine whether other nodules were present in the liver
or not (13). All nodules were confirmed to be HCC histo-
pathologically after surgical resection. Pathological stage
was assigned according to the tumor-node-metastasis (TNM)
classification of the International Union against Cancer (UICC)

(14), and curative resection was defined as a negative surgical
margin histopathologically. Tumor recurrence was defined as
a newly developed lesion on CT or MRI.

Measurement of serum AFP and DCP concentrations. Serum
AFP and DCP concentrations were determined within 1 month
before operation and at least once within a 4-month period
after operation, using a commercially available electrochemi-
luminescence immunoassay kit (Roche Co., Tokyo, Japan)
and chemiluminescent enzyme immunoassay kit (Eisai Co.,
Tokyo, Japan), respectively. The minimum postoperative level
was used for analysis, and the levels of the tumor markers
before and after operation were compared. In this study, the
cut-off levels for AFP and DCP were set as 10 ng/ml and
40 mAU/ml, respectively.

Statistical analysis. Continuous variables were expressed as
mean and standard deviation. The number of patients whose
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Table I. Baseline characteristics of study patients (n=165).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 67.2±8.6

Gender (male/female) 138 (83.6)/27 (16.4)

Viral infection [HBsAg(+)/anti-HCV(+)/both(+)/both(-)] 30 (18.2)/97 (58.8)/6 (3.6)/32 (19.4)

Diabetes (present/absent) 44 (26.7)/121 (73.3)

Tumor occurrence (initial/recurrent) 108 (65.5)/57 (34.5)

Child-Pugh classification (Class A/B/C) 150 (90.9)/15 (9.1)/0 (0.0)

AST (IU/l) 56.2±38.1

ALT (IU/l) 57.2±44.6

T. Bil (mg/dl) 0.9±0.3

Alb (g/dl) 3.9±0.3

ChE (IU/l) 247.0±71.0

PLT (x103/mm3) 15.9±16.9

PT (%) 78.7±10.9

ICG-R15 (%) 17.2±10.4

Preoperative AFP (ng/ml) 1464.0±6038.2

Minimum postoperative AFP (ng/ml) 695.7±7755.1

Preoperative DCP (mAU/ml) 1539.8±6204.2

Minimum postoperative DCP (mAU/ml) 39.9±125.3

Tumor size (cm) 3.9±2.9

No. of nodules (solitary/multiple) 108 (65.5)/57 (34.5)

Histological differentiation (well/moderate/poor) 29 (17.6)/92 (55.8)/44 (26.7)

Macroscopic vascular invasion (present/absent) 7 (4.2)/158 (95.8)

Microscopic vascular invasion (present/absent) 43 (26.1)/122 (73.9)

Intrahepatic metastasis (present/absent) 14 (8.5)/151 (91.5)

Stage (UICC) (I/II/III/IV) 86 (52.1)/62 (37.6)/15 (9.1)/2 (1.2)

Operative procedure

(trisegmentectomy/central bisegmentectomy/ 2 (1.2)/2 (1.2)/

hemihepatectomy/segmentectomy/ 18 (10.9)/15 (9.1)/

subsegmentectomy/partial resection) 14 (8.5)/114 (69.1)

Surgical margin (mm) 2.7±4.2

Histological findings of non-cancerous lesions (liver cirrhosis/ 60 (36.4)/90 (54.5)/15 (9.1)

chronic hepatitis/normal liver)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Continuous variables are expressed as mean and standard deviation. Values in parentheses are percentages.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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tumor marker levels changed from positive to negative after
operation was compared using ¯2 test. Recurrence rates were
analyzed according to the Kaplan-Meier estimate, and dif-
ferences between subgroups were compared using the log-
rank test. Multivariate Cox's proportional hazard regression
was used to determine the effect of all of the potential
variables. Univariate regression analysis was used to evaluate
the correlation between AFP level and grade of hepatitis
activity. Kruskal-Wallis rank test was used to evaluate the
correlation between AFP level and grade of underlying chronic
liver disease. Mann-Whitney U test was used to evaluate the
correlation between AFP level and recurrence. For all statistical
tests, differences were considered significant at P-values <0.05.
Data were analyzed with the statistical package, Dr. SPSS II®

for Windows (SPSS Japan, Tokyo, Japan).

Results

Sensitivity of AFP and DCP. The sensitivity rates of pre-
operative AFP and DCP for detection of HCC were 50.3%
(83/165) and 61.2% (101/165), respectively. The combination
of AFP and DCP increased the sensitivity to 78.8% (130/165)
(Table II).

Until the end of follow-up, tumor recurrence was identified
in 114 patients (69.1%). Of these, 106 (93.0%) had intrahepatic
recurrence distant from the primary site, 3 (2.6%) had local
tumor recurrence and 13 (11.4%) had extrahepatic recurrence
(some patients had a first relapse at more than one site). The
cumulative probability of overall recurrence was 46.2, 64.5
and 74.5% at 1, 2 and 3 years, respectively. The sensitivity of
AFP, DCP, and their combination at the time for detecting
recurrence was 55.3% (63/114), 40.4% (46/114) and 71.9%
(82/114), respectively (Table II).

The time course of AFP and DCP. Among the 83 patients
with a positive AFP level before operation, the value decreased
and changed to negative after curative operation in 31 patients
(37.3%), whereas it remained positive in 52 (62.7%). On the
other hand, among the 101 patients with a positive DCP level
before operation, the value changed to negative after operation
in 85 (84.2%), whereas it remained positive in 16 (15.8%).
The rate of negative change of AFP was significantly lower
than that of DCP (P<0.001).

Fig. 1 shows the changes in perioperative AFP level in
patients with (Fig. 1A and B) and without (Fig. 1C and D)
recurrence. Among the patients with a positive level of AFP
before operation, the number of patients whose AFP level
remained positive after operation in the group with recurrence
exceeded that in the group without recurrence (48/60, 80.0%
vs. 4/23, 17.4%) (Fig. 1A and C), and the difference was

significant (P<0.001). From a different viewpoint, among the
52 patients whose AFP level was positive both before and
after operation, 48 (92.3%) experienced recurrence later
(Fig. 1A and C). Among the 82 patients whose AFP level
was negative before operation, only 2 (2.4%) had a positive
AFP level after operation, and both of them (2/2, 100.0%)
experienced recurrence (Fig. 1B and D).
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Table II. Sensitivity of ·-fetoprotein (AFP), des-Á-carboxy prothrombin (DCP) and combination of both.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

AFP (%) DCP (%) Combination of
(Cut-off level; 10 ng/ml) (Cut-off level; 40 mAU/ml) AFP and DCP (%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Sensitivity before operation 83/165 50.3 101/165 61.2 130/165 78.8

Sensitivity at recurrence 63/114 55.3 46/114 40.4 82/114 71.9
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Pre- and postoperative serum ·-fetoprotein (AFP) level. (A)
Patients with recurrence and positive AFP preoperatively. (B) Patients with
recurrence and negative AFP preoperatively. (C) Patients without recurrence
and positive AFP preoperatively. (D) Patients without recurrence and
negative AFP preoperatively. Among the patients with a positive preoperative
AFP level, the number of patients whose AFP level remained positive after
operation in the group with recurrence exceeded that in the group without
recurrence (P<0.001). Preop exam, preoperative examination.
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Fig. 2 shows the changes in perioperative DCP level. In
contrast to AFP, there was no significant difference in the
number of patients whose DCP remained positive between
the two groups (14/72, 19.4% vs. 2/29, 6.9%; P=0.118)
(Fig. 2A and C). However, from a different viewpoint, among
the 16 patients whose DCP level was positive both before
and after operation, 14 (87.5%) experienced recurrence later
(Fig. 2A and C). Among the 64 patients whose DCP level
was negative before operation, only 2 (3.1%) had a positive
DCP level after operation, and both of them (2/2, 100.0%)
experienced recurrence (Fig. 2B and D).

Accuracy of minimum postoperative AFP and DCP. The
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of minimum postoperative
AFP, DCP and the combination of both for HCC recurrence
were calculated. The sensitivity of minimum postoperative

AFP (43.9%), DCP (14.0%) and even the combination of
both (50.0%) was rather low. However, when classified by
preoperative level, the minimum postoperative AFP level in
patients with a positive preoperative level had higher sensi-
tivity (80.0%) while maintaining high specificity (82.6%)
and PPV (92.3%) (Table III).

Univariate and multivariate analyses to identify the risk
factors for HCC recurrence. The differences in cumulative
recurrence rate of patients among the various risk factors
stratified were evaluated by log-rank test. Age (P=0.031),
tumor occurrence (initial/recurrent) (P<0.001), minimum post-
operative AFP level (P<0.001), minimum postoperative DCP
level (P=0.002), tumor size (P=0.026), number of nodules
(P=0.007), microscopic vascular invasion (P<0.001), intra-
hepatic metastasis (P<0.001) and pathological stage (P<0.001)
were found to be significantly related to recurrence, whereas
preoperative levels of AFP (P=0.408) and DCP (P=0.375)
were not. Thereafter, multivariate analysis using Cox's
proportional hazard model was performed to assess the
independent importance of each variable studied. Tumor
occurrence (initial/recurrent) (P<0.001), minimum post-
operative AFP level (P<0.001), and intrahepatic metastasis
(P=0.004) were found to be significant independent risk
factors for recurrence after curative hepatectomy (Table IV).
Fig. 3 shows the overall cumulative recurrence rate curve
according to pre- and postoperative AFP level. When limited
to the patients with a positive AFP level before operation,
52 patients whose AFP value remained positive after operation
had significantly higher recurrence rate than 31 whose value
changed to negative (P<0.001). Among the patients with a
positive minimum postoperative AFP level, 70.4% (38/54)
experienced recurrence within 1 postoperative year, 22.2%
(12/54) after this time period and only 7.4% (4/54) did not
experience recurrence until the end of follow-up.

Correlation between AFP level and hepatitis. To evaluate the
correlation between AFP level and grade of hepatitis activity,
we compared minimum postoperative AFP level with simul-
taneous alanine aminotransferase (ALT) level. Univariate
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Figure 2. Pre- and postoperative serum des-Á-carboxy prothrombin (DCP)
level. (A) Patients with recurrence and positive DCP preoperatively. (B)
Patients with recurrence and negative DCP preoperatively. (C) Patients
without recurrence and positive DCP preoperatively. (D) Patients without
recurrence and negative DCP preoperatively. There was no significant
difference in the number of patients whose DCP remained positive between
the group with and without recurrence (P=0.118). Preop exam, preoperative
examination.

Figure 3. Overall cumulative recurrence rate curve according to minimum
postoperative ·-fetoprotein (AFP) level. Recurrence rate was higher in the
patients whose AFP level remained positive after operation than in those
whose AFP level was changed from positive to negative (P<0.001).
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Table III. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of minimum post-
operative ·-fetoprotein (AFP), des-Á-carboxy prothrombin (DCP), and combination of both for detection of hepatocellular
carcinoma (HCC) recurrence.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Minimum postoperative AFP

Overall 50/114 43.9 47/51 92.2 50/54 92.6 47/111 42.3

Regarding preoperative AFP level

Negative 2/54 3.7 28/28 100.0 2/2 100.0 28/80 35.0

Positive 48/60 80.0 19/23 82.6 48/52 92.3 19/31 61.3

Minimum postoperative DCP

Overall 16/114 14.0 49/51 96.1 16/18 88.9 49/147 33.3

Regarding preoperative DCP level

Negative 2/42 4.8 22/22 100.0 2/2 100.0 22/62 35.5

Positive 14/72 19.4 27/29 93.1 14/16 87.5 27/85 31.8

Combination of both AFP and DCP

Overall 57/114 50.0 45/51 88.2 57/63 90.5 45/102 44.1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Cumulative recurrence rate stratified by variables using Kaplan-Meier method.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate analysis Multivariate analysis
––––––––––––––––––––––––––––––– –––––––––––––––––––––

Estimated recurrence rate (%)
No. of –––––––––––––––––––––––– Odds
patients 1-year 2-year 3-year P-value ratio 95% CI P-value

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) (<70/≥70) 88/77 44.4/48.1 55.7/75.5 66.3/85.3 0.031 1.390 0.953-2.027 0.088

Gender (male/female) 138/27 45.0/51.9 63.0/71.4 73.9/77.1 0.691

HBsAg (positive/negative) 36/129 44.4/46.7 60.5/65.7 72.3/75.2 0.585

Anti-HCV (positive/negative) 103/62 45.9/46.8 66.9/60.1 78.9/66.0 0.300

Diabetes (present/absent) 44/121 36.7/49.6 61.8/65.4 78.5/73.2 0.779

Tumor occurrence (initial/recurrent) 108/57 35.1/67.6 55.1/83.6 67.1/90.1 <0.001 2.935 1.868-4.611 <0.001

Child-Pugh (class A/B) 150/15 44.8/60.0 64.3/66.7 74.7/75.0 0.695

AST (IU/l) (<80/≥80) 132/33 45.6/48.5 64.9/63.6 75.2/71.7 0.861

ALT (IU/l) (<80/≥80) 132/33 47.9/39.4 66.6/57.6 76.7/66.1 0.363

T. Bil (mg/dl) (<1.5/≥1.5) 156/9 45.6/55.6 64.3/66.7 75.0/66.7 0.795

PLT (x103/mm3) (<100/≥100) 34/131 44.7/46.6 63.4/64.9 78.0/72.5 0.885

PT (%) (<70/≥70) 31/134 32.8/49.3 59.7/65.9 71.5/75.4 0.437

ICG-R15 (%) (<15/≥15) 75/90 46.7/45.8 62.9/65.9 76.4/74.1 0.884

Preoperative AFP (ng/ml) (<10/≥10) 82/83 40.4/51.9 61.7/67.3 73.9/75.1 0.408

Minimum postoperative AFP (ng/ml) (<10/≥10) 111/54 34.4/70.4 54.0/85.2 65.1/90.7 <0.001 2.331 1.574-3.453 <0.001

Preoperative DCP (mAU/ml) (<40/≥40) 64/101 47.0/45.6 64.5/64.4 68.9/79.3 0.375

Minimum postoperative DCP (mAU/ml) (<40/≥40) 147/18 43.0/72.2 61.9/85.2 72.2/92.6 0.002 1.438 0.787-2.626 0.237

Operative procedure (<segmentectomy/≥segmentectomy) 127/38 44.3/52.6 64.8/63.2 75.0/72.4 0.600

Tumor size (cm) (<5/≥5) 129/36 42.8/58.3 60.9/77.8 72.1/83.3 0.026 1.489 0.887-2.500 0.132

No. of nodules (solitary/multiple) 108/57 39.0/59.7 59.2/74.5 70.3/82.5 0.007 0.851 0.443-1.635 0.628

Histological differentiation (well/moderate and poor) 29/136 37.9/47.9 56.3/66.3 60.7/78.4 0.095

Macroscopic vascular invasion (present/absent) 7/158 71.4/45.1 71.4/64.1 71.4/74.5 0.236

Microscopic vascular invasion (present/absent) 43/122 69.8/37.9 82.1/58.2 85.1/70.7 <0.001 1.726 0.951-3.130 0.073

Intrahepatic metastasis (present/absent) 14/151 85.7/42.5 85.7/62.6 92.9/72.6 <0.001 3.066 1.425-6.594 0.004

Surgical margin (mm) (0/>0) 54/111 53.7/42.5 71.6/60.9 83.4/69.7 0.080

Stage (UICC) (I/II, III and IV) 86/79 31.5/62.0 51.6/78.5 65.2/84.6 <0.001 1.352 0.631-2.900 0.438

Histological findings of non-cancerous lesions 60/105 50.6/43.8 72.8/59.7 83.5/68.5 0.118

(cirrhosis/non-cirrhosis)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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regression analysis showed no statistically significant corre-
lation (P=0.599) (Fig. 4). To evaluate the correlation between
AFP level and grade of underlying chronic liver disease, we
compared minimum postoperative AFP level with histo-
logical findings of non-cancerous lesions. Fig. 5A shows

minimum postoperative AFP level of the patients divided
into three groups according to underlying chronic liver disease.
As chronic liver disease became more severe, minimum
postoperative AFP level became greater, and the difference
was statistically significant by Kruskal-Wallis rank test
(P<0.001). Furthermore, when patients were limited to those
with a positive preoperative AFP level and the patients in
each group were divided into two subgroups - those with
and without recurrence, minimum postoperative AFP level
of the patients with recurrence exceeded that of the patients
without recurrence in the chronic hepatitis group (P<0.001)
and cirrhosis group (P=0.007) (Fig. 5B).

Discussion

In this study, we demonstrated that postoperative AFP level
is a useful tool for predicting HCC recurrence after curative
hepatectomy. The evidence for this is that most of the patients
who experienced recurrence later did not show a negative
change in AFP level after curative resection. Moreover,
minimum postoperative AFP level was a significant inde-
pendent risk factor for recurrence. On the other hand, most of
the patients who experienced recurrence later as well as those
who never experienced recurrence showed a negative change
in DCP level after operation, and minimum postoperative
DCP was not a significant risk factor in multivariate analysis.
There was no statistically significant correlation between
AFP level and grade of hepatitis activity, and thus a positive
level of AFP after operation might suggest a site of residual
viable cancer.

Imaging modalities, including US, dynamic CT and
dynamic MRI, are the gold standard for diagnosis of HCC.
However, in general, since they can only detect a cancer site
greater than approximately 1 cm in diameter, smaller cancer
sites are missed before operation. Although intraoperative
US is used to try to detect other cancer sites that have not
been detected before operation, the limitations of US include
its operator dependence and its poor ability to differentiate
early HCC from dysplastic nodules in the cirrhotic liver.
Therefore a positive level of AFP after operation might sug-
gest a viable residual cancer site that has been undetectable
by imaging modalities.

One reported problem of AFP and DCP is low sensitivity
(15,16). Although measurement of two tumor markers is
recommended (17-19), the sensitivity for small HCC is not
yet satisfactory. However, this study showed that, when
classified by preoperative level, the sensitivity of minimum
postoperative AFP level was high (80.0%), whereas that of
minimum postoperative DCP level was still low (19.4%).
This is because AFP is superior to DCP for the diagnosis of
small HCC (20). Another reported problem of AFP is low
specificity because of a high false-positive rate with benign
conditions such as acute and chronic active hepatitis (21-24).
Several authors have demonstrated that Lens culinaris
agglutinin-reactive ·-fetoprotein (AFP-L3) can distinguish
between HCC and hepatitis by detecting a sugar chain micro-
heterogeneity (25-27). Our previous studies have demon-
strated that glypican-3 (GPC3) is a novel tumor marker of
HCC and is especially useful in the early stages because of
its high sensitivity (28-31).
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Figure 4. Correlation between minimum postoperative ·-fetoprotein (AFP)
and alanine aminotransferase (ALT) levels. There was no significant
correlation (P=0.599).

Figure 5. Correlation between minimum postoperative ·-fetoprotein (AFP)
and histological findings of non-cancerous lesions. (A) Patients were
divided into three groups according to grade of underlying chronic liver
disease. As underlying liver disease became more severe, minimum
postoperative AFP level became greater (P<0.001). (B) Furthermore,
patients limited to those with a positive preoperative AFP level in each
group were divided into two subgroups - with and without recurrence.
Minimum postoperative AFP level in patients with recurrence exceeded that
in patients without recurrence in the chronic hepatitis group (P<0.001) and
cirrhosis group (P=0.007). Bars are medians.
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A limitation of our study is that it is difficult to determine
whether an elevation of AFP is due to a residual cancer site or
active hepatitis. However, our results showed no statistically
significant correlation between levels of AFP and ALT, which
is a well known marker of hepatitis activity (32,33). Although
the histological findings of non-cancerous lesions showed a
statistically significant correlation with AFP level, our results
showed that patients who had higher postoperative AFP levels
were most likely to experience recurrence. Moreover, not the
grade of underlying chronic liver disease but postoperative
AFP level was a significant risk factor for recurrence by uni-
variate and multivariate analyses. Therefore, in most cases, a
positive level of AFP after operation might mean a residual
viable cancer site and not liver cirrhosis.

Generally, two different mechanisms are responsible for
HCC recurrence (34). One is recurrence due to metastasis,
originating from cancer cell dissemination from the primary
tumor. The other is multicentric carcinogenesis of a new
tumor based on underlying hepatitis or cirrhosis. However,
they are not easily distinguishable (35). Instead, we distin-
guished between recurrence within 1 postoperative year and
that after this time period as described previously (36). The
result was that the majority of patients whose postoperative
AFP level remained positive experienced recurrence within 1
postoperative year. Therefore, a positive level of AFP after
operation suggests a site of residual viable cancer that has
already occurred before operation.

In order to prevent HCC recurrence from a viable but
undetectable cancer site, establishment of effective adjuvant
therapy is urgently needed. We have just started a phase II
clinical trial of GPC3-derived peptide vaccine for adjuvant
therapy after curative operation or ablation. GPC3 is an ideal
target for anticancer immunotherapy because its expression is
detected specifically in most HCCs even in the early stages
and is correlated with a poor outcome (37-41).

In conclusion, we have shown that minimum postoperative
AFP level is an important risk factor for recurrence after
curative hepatectomy. A positive level of AFP after operation
might suggest a residual viable cancer site. The need for
effective adjuvant therapy and close follow-up is suggested
in patients with a positive postoperative AFP level. In addition,
further studies will be needed to find novel useful serum
markers that have better sensitivity for early detection of
HCC recurrence.
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