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Abstract. The fucosylated fraction of α-fetoprotein (AFP-
L3) is a specific marker for hepatocellular carcinoma (HCC). 
However, conventional AFP-L3% (c-AFP-L3%) has not always 
been reliable in cases with low serum α-fetoprotein (AFP) 
levels. In this study, we evaluated the clinical utility of a newly 
developed assay, highly sensitive AFP-L3% (hs-AFP-L3%). 
Subjects included 74 patients with benign liver disease (BLD), 
including chronic hepatitis and cirrhosis, and 94 with HCC. 
Serum hs-AFP-L3% was significantly higher than c-AFP-L3% 
in patients with early-stage HCC (solitary or <20 mm in diam-
eter). Additionally, hs-AFP-L3% was significantly increased 
in patients with well-differentiated HCC. In patients with 
serum AFP <20 ng/ml, the sensitivities of c-AFP-L3% and 
hs-AFP-L3% were 12.5 and 44.6%, respectively, at a cut-off 
value of 5%. In 59 BLD patients with serum AFP <20 ng/ml, 
the HCC-positive rate in patients with hs-AFP-L3% ≥5% was 
significantly higher compared to those with hs-AFP-L3% <5% 
during the follow-up period (median, 35 months; range, 5-48 
months). Importantly, none of the BLD patients with both 
serum AFP <20 ng/ml and hs-AFP-L3% <5% developed HCC. 
These results indicated that hs-AFP-L3% is useful for early 
detection of HCC in BLD patients, even for those with serum 
AFP <20 ng/ml. Furthermore, since hs-AFP-L3% increases 
before HCC is detectable by various advanced imaging modali-
ties, this assay may help identify BLD patients with a higher 
risk of HCC.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer in the world, and the third most common cause of 
cancer-related death (1). Although it is more common in Asia 
and Africa, its incidence in the United States has increased 
over the past two decades, largely due to the spread of hepa-
titis C (HCV) infection, which is an underlying risk factor (2). 
Early detection of HCC increases the potential for curative 
treatment and improves prognosis. Several methods developed 
for the diagnosis of HCC, including evaluation of serum 
markers, ultrasonography (US), computed tomography (CT) 
and magnetic resonance imaging (MRI), have been tested 
clinically. α-fetoprotein (AFP) and des-γ carboxy prothrombin 
(DCP), serum proteins that are elevated in HCC, are the most 
widely used markers. Although routine screening offers the 
best chance for early tumor detection, the reported sensitivities 
and specificities of elevated serum AFP and DCP levels vary 
significantly (3-8). Furthermore, serum AFP levels increase 
in only 30-40% of patients with HCC, especially early in the 
disease process (5). Additionally, an increase in serum AFP is 
also seen in patients with non-cancerous conditions, including 
cirrhosis or exacerbation of chronic hepatitis (9). AFP-L3, the 
lectin lens culinaris agglutinin-bound fraction, is one of the 
three glycoforms of AFP, and is the major glycoform elevated 
in the serum of HCC patients. The reported sensitivities of 
AFP-L3 as a method of detecting HCC range from 75-97% with 
specificities of 90-92% (10,11). In cases of HCC, however, high 
percentage of AFP-L3 is closely associated with poor differ-
entiation and biologically malignant characteristics, including 
portal vein invasion, of neoplastic cells (11,12). Therefore, it 
is not clear how useful this test is for the early detection of 
HCC. Additionally, measurement of AFP-L3 has not always 
been reliable for serum samples with low total AFP concen-
tration, as determined by conventional lectin affinity system 
(LiBASys) (13). 

Recently, a novel automated immunoassay for AFP-L3 has 
been developed. The new method uses on-chip electrokinetic 
reaction and separation by affinity electrophoresis (micro-total 
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analysis system; µ-TAS) (14). In patients with an AFP level of 
≥20 µg/ml, µ-TAS AFP-L3% correlated well with LiBASys 
AFP-L3% (15). Furthermore, this system has enabled the accu-
rate measurement of AFP-L3% at very low AFP concentrations. 
Therefore, in this retrospective study, we investigated the 
clinical utility of the new highly sensitive µ-TAS AFP-L3% 
assay for diagnosis of HCC in a population of patients with 
HCC or benign liver diseases (BLD), including chronic hepa-
titis or cirrhosis.

Patients and methods

Patients. Between December 2006 and September 2010, frozen 
serum samples were obtained from 94 patients with HCC, as 
well as from 74 patients with BLD, who had chronic hepatitis or 
liver cirrhosis, but not HCC (Table I). All patients met the eligi-
bility criteria (availability of stored serum samples and written 
informed consent). Among the BLD patients, 20 were positive 
for hepatitis B surface antigen (HBsAg), 43 were positive for 
anti-hepatitis C virus (HCV) antibody, and 11 were negative for 
either HBsAg or anti-HCV antibody. The BLD patients were 
followed after serum sampling for 32.8±12.3 months (median, 
35; range, 5-48); liver imaging was performed by US at 6- to 
12-month intervals in most patients with chronic hepatitis, and 
CT, MRI, or US was performed at 3- to 6-month intervals in 
patients with liver cirrhosis. 

HCC patients were diagnosed using imaging modali-
ties such as US, MRI and CT during hepatic arteriography. 
Vascular invasion was evaluated by imaging modalities. In some 
cases that showed atypical features upon imaging, ultrasound-
guided biopsies were performed. Based on imaging findings, 
tumor stage was ranked using the tumor-node-metastasis (TMN) 
staging system of the Liver Cancer Study Group of Japan (16,17): 
T1 (fulfilling the following three conditions: solitary, 2 cm, 
no vessel invasion), T2 (fulfilling two of the three conditions), 
T3 (fulfilling one of the three conditions), T4 (fulfilling none 
of the three conditions or showing presence of distant metas-
tasis); N0 (no lymph node metastasis), N1 (metastasis to lymph 
nodes); M0 (no distant metastasis), M1 (distant metastasis); 
stage 1 (T1N0M0), stage II (T2N0M0), stage III (T3N0M0), 
and stage IV (T4N0M0 or any TN1M0, or any TN0-1M1).

Measurement of serum AFP and AFP-L3%. For the HCC 
group, AFP and AFP-L3% were measured in the same sample 
obtained at the time of HCC diagnosis, before any treatment. 
For the BLD without HCC group, measurements were made 
at the time of diagnosis of chronic liver disease. Highly sensi-
tive AFP-L3% (hs-AFP-L3%) were measured by a microchip 
capillary electrophoresis and liquid-phase binding assay on a 
µ-TASWako i30 auto analyzer (Wako Pure Chemical Industries, 
Ltd., Osaka, Japan) (15). Conventional AFP-L3% (c-AFP-L3%) 
was examined using a column chromatography and liquid-
phase binding assay on a LiBASys auto analyzer (Wako Pure 
Chemical Industries, Ltd.) (13). The analytical sensitivity of the 
µ-TASWako i30 auto analyzer is 0.3 µg/ml AFP; the AFP-L3% 
can be measured when AFP-L3 is over 0.3 µg/ml. Although 
the analytical sensitivity of the LiBASys is 0.8 µg/ml AFP, 
AFP-L3% cannot be measured at AFP <10 ng/ml. Therefore, 
the correlation between µ-TAS-L3% and LiBA-L3% was poor 
at AFP <20 ng/ml.

Statistical analysis. We used the Mann-Whitney U test, Z test 
and Chi-square test for evaluation of the statistical significance 
of each finding. SPSS version 17.0J (SPSS Inc., Chicago, IL, 
USA) was used to perform statistical analysis; p<0.05 was 
considered to indicate statistical significance.

Results

Clinical feature of patients. The demographics, etiology of 
liver disease, hepatic functional reserve ranked by Child-Pugh 
classification, tumor stage, tumor size and tumor number of 
the study patients are summarized in Table I. The HCC group 
included 94 patients: 35 patients with stage I, 35 with stage II, 
14 with stage III, and 10 with stage IV; thus, ~75% of HCC cases 
were stage I or II. The incidence of cirrhosis in HCC patients 
(55.3%) was significantly higher than in BLD (25.7%), whereas 
the hepatic reserve expressed by Child-Pugh classification of 
HCC patients was significantly preserved compared with BLD 
patients. 

Serum AFP levels in patients with HCC were significantly 
higher than those with BLD (Table I and Fig. 1A). hs-AFP-
L3% was measurable in 47.3 and 78.7% of patients with BLD 
and HCC, respectively, whereas c-AFP-L3% was detected in 
31.1 and 63.8% of patients. Thus, hs-AFP-L3% was signifi-
cantly higher than c-AFP-L3% in both BLD and HCC patients 
(Table I and Fig. 1B). Since a cut-off value of 5% has been 
reported to be useful for diagnosis of HCC using hs-AFP-L3% 
(18), the cut-off value for AFP-L3% was set at 5% in the present 
study. The sensitivity and specificity of hs-AFP-L3% were 
57.0 and 63.5%, respectively, whereas those of c-AFP-L3% 
were 40.4 and 81.1%.

hs-AFP-L3% significantly increases in HCC patients at early 
stage. Next, we analyzed serum AFP levels, c-AFP-L3% and 
hs-AFP-L3%, and compared early and advanced stages of 
HCC (Fig. 2). When compared with HCC patients with stage I 
or II cancer, serum AFP levels were significantly increased 
in patients with stage III and IV disease (Fig. 2A). Both 
c-AFP-L3% and hs-AFP-L3% in HCC patients with advanced 
stages were also significantly higher than in patients with 
early stages (Fig. 2B). Although 86% of HCC patients with 
stage I (n=35) exhibited serum AFP <20 ng/ml, c-AFP-L3% 
and hs-AFP-L3% were measurable in 46 and 69% of these 
patients, respectively; hs-AFP-L3% was significantly higher 
than c-AFP-L3%. Consequently, in HCC patients at stage I, the 
sensitivity of c-AFP-L3% or hs-AFP-L3% at a cut-off level of 
5% were 17.1 or 48.6%, respectively. 

Next, we evaluated the relationship between AFP-L3% 
and tumor number or size (Fig. 3). hs-AFP-L3% was signifi-
cantly higher than c-AFP-L3%, even in patients with single or 
small HCC (<20 mm in diameter) (Fig. 3). Conversely, when 
compared to HCC patients with solitary or small HCC, both 
c-AFP-L3% and hs-AFP-L3% were increased in cases with 
multiple or ≥20 mm HCC, and there was no statistical differ-
ence between c-AFP-L3% and hs-AFP-L3%. These results 
indicate that hs-AFP-L3% is a useful biomarker for detecting 
early-stage HCC.

An increase in hs-AFP-L3% is observed in both BLD and 
HCC patients with AFP <20 ng/ml. We analyzed c-AFP-L3% 
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Table I. Clinical features of patients with BLD and HCC.

 BLD (n=74) HCC (n=94) p-value

Age  56.23±13.88 65.76±12.98a <0.001
Gender (male/female)  30/44 56/38a 0.015
CH/LC  55/19 42/52a <0.001
HBV/HCV/NBNC  20/43/11 5/61/28a <0.001
Child-Pugh class
   (A/B/C/unknown)  39/5/4/26 75/19/0/0a <0.001
TNM stage (I/II/III/IV)   35/35/14/10 
Tumor size (mean ± SD)  22.35±16.42 
   <20 mm/≥20 mm   58/36 
Tumor number (single/multiple)   50/44 
AFP (ng/ml)  46.17±163.6 2871.5±9882.7a <0.001
c-AFP-L3% 2.96±6.45 18.19±26.95a <0.001
hs-AFP-L3% 3.84±5.59 21.12±29.01a <0.001
Platelet count (x104/µl)  14.98±6.82 11.39±4.73a 0.001
AST (IU/l)  70.55±95.87 55.78±22.92 0.099
ALT (IU/l)  85.38±144.71 48.28±24.13 0.783

BLD, benign liver disease; HCC, hepatocellular carcinoma; CH, chronic hepatitis; LC, liver cirrhosis; HBV, hepatitis B virus; HCV, hepatitis 
C virus; hs-AFP-L3%, hypersensitive-AFP-L3%; c-AFP-L3%, conventional-AFP-L3%.

Figure 1. Serum levels of AFP, c-AFP-L3% and hs-AFP-L3% in patients with 
BLD or HCC. (A) Serum AFP concentrations in HCC patients (n=94) were 
significantly higher than those in BLD (n=74). (B) hs-AFP-L3% (HS) signifi-
cantly increased in comparison with c-AFP-L3% (Con) in both BLD and HCC 
patients. 

Figure 2. Serum levels of AFP, c-AFP-L3% and hs-AFP-L3% in patients with 
early or advanced HCC. (A) Serum AFP levels in HCC patients at stage III 
(n=14) or IV (n=10) were significantly higher than those at stage I (n=35) or II 
(n=35). *p<0.05. (B) hs-AFP-L3% (HS) was significantly higher than c-AFP-
L3% (Con) in patients with HCC at stage I, whereas there was no significant 
difference between c- and hs-AFP-L3% in HCC patients at stages II, III and IV.
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and hs-AFP-L3% in BLD and HCC patients with AFP <20 ng/
ml (Table II). Forty-seven of 56 (83.4%) HCC patients exhib-
ited small HCCs (<20 mm in diameter); 35 patients (62.5%) 
exhibited solitary tumors. c-AFP-L3% was detectable in 13.6 
and 39.3% of BLD and HCC patients, respectively. Conversely, 
hs-AFP-L3% was measurable in 33.9 and 64.3% of BLD and 
HCC patients, respectively, and the levels of hs-AFP-L3% were 
significantly higher than those of c-AFP-L3% [BLD: mean ± SD 
(range) 0.83±3.92 (1.3-29.5) vs. 2.70±5.15%, p=0.003, and 
HCC: 1.86±3.16 (1.1-12.1) vs. 4.86±5.19% (2.3-24.6), p=0.004] 
(Fig. 4). The sensitivity and specificity of hs-AFP-L3% 

Table II. Clinical features of BLD and HCC patients with AFP <20 ng/ml.

 BLD (n=59) HCC (n=56) p-value

Age  56.78±13.51 68.88±12.05a <0.001
Gender (male/female)  23/36 26/30 0.422
CH/LC  45/14 25/31a 0.001
HBV/HCV/NBNC  14/35/10 5/32/19a 0.008
Child-Pugh class
   (A/B/C/unknown)  31/4/1/23 50/6/0/0a <0.001
TNM stage (I/II/III/IV)   30/21/5/0 
Tumor size (mean ± SD)  16.16±11.59 
   <20 mm/≥ 20 mm  47/9 
Tumor number (single/multiple)   35/21 
AFP (ng/ml)  4.68±3.6 8.92±5.23a <0.001
c-AFP-L3% 0.83±3.92 1.86±3.16a 0.002
hs-AFP-L3% 2.7±5.15 4.86±5.19a 0.003
Platelet count (x104/µl)  15.93±6.67 11.93±4.49a 0.001
AST (IU/l)  43.91±25.72 54.32±21.61a 0.003
ALT (IU/l)  49.21±51.7 48.66±24.41 0.184

BLD, benign liver disease; HCC, hepatocellular carcinoma; CH, chronic hepatitis; LC, liver cirrhosis; HBV, hepatitis B virus; HCV, hepatitis 
C virus; hs-AFP-L3%, hypersensitive-AFP-L3%; c-AFP-L3%, conventional-AFP-L3%.

Figure 3. hs-AFP-L3% significantly increased in patients with solitary or small 
HCC, but not multiple or HCC ≥20 mm in diameter. (A) hs-AFP-L3% (HS) 
was significantly higher than c-AFP-L3% (Con) in patients with solitary HCC 
(n=50), but not in patients with multiple HCC (n=44). (B) hs-AFP-L3% signifi-
cantly increased in comparison with c-AFP-L3% in patients with small HCC 
(<20 mm in diameter) (n=58), but not in patients with large HCC (≥20 mm) 
(n=36). 

Figure 4. Higher levels of hs-AFP-L3% were observed in both BLD and HCC 
patients with serum AFP <20 ng/ml. c-AFP-L3% (Con) and hs-AFP-L3% 
(HS) in BLD and HCC patients with AFP <20 ng/ml (n=59 and 56, respec-
tively) were analyzed. c-AFP-L3% was detectable in 13.6 and 39.3% of BLD 
and HCC patients, respectively, whereas hs-AFP-L3% was measurable in 33.9 
and 64.3% of BLD and HCC patients, respectively; hs-AFP-L3% was signifi-
cantly higher than c-AFP-L3%. 
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at a cut-off level of 5% were 44.6 and 71.2%, whereas those of 
c-AFP-L3% were 12.5 and 98.3%, respectively. These results 
suggest that hs-AFP-L3% is useful for early detection of HCC, 
even when serum AFP is <20 ng/ml. 

Serum hs-AFP-L3% increases in patients with well-differen-
tiated HCC. Most HCC, initially present as well-differentiated 
HCC, develops in patients with chronic liver disease. Therefore, 
we evaluated c-AFP-L3% and hs-AFP-L3% in 20 patients with 
well-differentiated HCC, which was confirmed by histological 
examination. Fifteen patients (75.0%) exhibited small HCCs 
(<20 mm), and 9 (45.0%) suffered from liver cirrhosis. Serum 
AFP was 14.2±12.4 ng/ml (1.4-54.1), and 18 patients (90%) 
exhibited serum AFP levels <20 ng/ml. hs-AFP-L3% was 
measurable in 14 patients (70%), while 11 patients (55%) exhib-
ited detectable levels of c-AFP-L3% (Fig. 5). Consequently, 
hs-AFP-L3% was significantly higher than c-AFP-L3% 
[4.81±5.91 (0.6-24.6) vs. 2.24±3.53% (0.5-12.1), p=0.011]. These 
results support the possible utility of hs-AFP-L3% for detec-
tion of early-stage HCC.

hs-AFP-L3% increases prior to detection of HCC in patients 
with BLD. Seven of 74 patients with BLD developed HCC 

during the follow-up period (median, 35 months; range, 5-48) 
(Table III). Five patients suffered from liver cirrhosis, and 6 
exhibited hepatitis C virus infection. Two of the patients with 
chronic hepatitis required a longer period (31 months) for 
appearance of HCC than did the 5 patients with cirrhosis (5-18 
months). Five patients exhibited measurable c-AFP-L3%, and 
an increase in c-AFP-L3% (≥5%) was observed in 3 patients. 
In contrast, hs-AFP-L3% was measurable in all 7 patients prior 
to detection of HCC, and 6 patients (85.7%) exhibited hs-AFP-
L3% ≥5%. In 59 BLD patients with serum AFP <20 ng/ml, 4 
patients developed HCC (Table III). An increase in c-AFP-
L3% (≥5%) was observed only in 1 patient, who developed 
HCC during the follow-up period, whereas the other three 
patients exhibited undetectable levels or <5% of c-AFP-L3%. 
Conversely, all 4 patients with serum AFP <20 ng/ml exhibited 
an increase in hs-AFP-L3% (≥5%) prior to detection of HCC. 

Next, we analyzed the HCC-free rate in BLD patients with 
serum AFP <20 ng/ml during the follow-up period (Fig. 6). 
The HCC-free rate in patients with hs-AFP-L3% ≥5% was 

Table III. Characterization of seven BLD patients, who developed HCC. 

Case no. 1 2 3 4 5 6 7

Age  58 70 63 70 53 60 59
Gender  M F F F M M F
CH/LC  LC CH LC LC LC LC CH
HCV/NBNC  HCV HCV HCV NBNC HCV HCV HCV
AFP (ng/ml)  5.3 8.3 10.7 10.9 27.8 28.5 32.0
c-AFP-L3% ND ND 29.5 4.9 15.9 12.2 3.4
hs-AFP-L3% 6.0 7.0 32.6 8.4 12.2 9.6 3.7
ALT (IU/l)  31 48 23 39 41 65 116
Months until HCC detection 13 31 5 13 18 8 31

F, female; M, male; ND, not detectable.

Figure 5. Patients with well-differentiated HCC showed an increase in hs-AFP-
L3%. hs-AFP-L3% (HS) was significantly higher than c-AFP-L3% in patients 
with well-differentiated HCC; this was confirmed by histological examination. 

Figure 6. No patients with both serum AFP <20 ng/ml and hs-AFP-L3% <5% 
developed HCC. Patients with BLD (n=74) were periodically followed by US, 
CT, or MRI during the follow-up period (median, 35 months; range, 5-48 
months). In cases of BLD with AFP <20 ng/ml (n=59), HCC was newly detected 
in 4 patients with hs-AFP-L3% ≥5%. The HCC-free rate in patients with hs-
AFP-L3% ≥5% (▲) was significantly higher than in patients with hs-AFP-L3% 
<5% (●) (log-rank test and Wilcoxon test; p=0.0012 and p=0.0017, respectively). 
Importantly, no patients with hs-AFP-L3% <5% developed HCC.
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significantly higher than those with hs-AFP-L3% <5%. Of 
importance, HCC was not detected in BLD patients with both 
serum AFP <20 ng/ml and hs-AFP-L3% <5%, whereas 3 out of 
58 patients with both serum AFP <20 ng/ml and <5% of c-AFP-
L3% developed HCC. These results suggest that an increased 
hs-AFP-L3% allows prediction of HCC development; measure-
ment of hs-AFP-L3% is useful for selecting BLD patients with 
higher risk of HCC.

Discussion

Most HCC occurs in patients with chronic liver diseases, espe-
cially cirrhosis. Therefore, periodical measurement of tumor 
markers for HCC, such as AFP and DCP, is recommended 
in patients who are at high risk for HCC. However, recent 
advances in diagnostic imaging techniques, including US, 
CT and MRI, facilitate the detection of small and early-stage 
HCC (19-21), resulting in an increase in the number of HCC 
patients diagnosed without an observed increase in serum 
AFP. Indeed, the 18th survey and follow-up study of primary 
liver cancer in Japan has reported that most patients with HCC 
exhibited low levels of serum AFP, <15 ng/ml. Additionally, 
although AFP-L3% status is known to be a specific marker 
for HCC, measurement of c-AFP-L3% has not always been 
reliable in patients with AFP <20 ng/ml. 

In this study, we investigated the clinical utility of hs-AFP-
L3%, which was measured by a newly developed and highly 
sensitive method, µ-TAS, in patients with BLD and HCC. 
Here, we showed that although most HCC patients with stage I 
cancer did not exhibit an increase in serum AFP levels (≥20 ng/
ml), hs-AFP-L3% was measurable in ~70% of the patients, and 
was significantly increased in comparison with c-AFP-L3% 
(Fig. 2). Since hs-AFP-L3% is reliable even when serum AFP 
is <20 ng/ml, it is possible to set the cut-off value for hs-AFP-
L3% at 5-7% (18,22,23). We show here that at a cut-off level 
of 5%, the sensitivity and specificity of hs-AFP-L3% were 
44.6 and 71.2%, respectively, in HCC patients with serum 
AFP <20 ng/ml (Fig. 4). Recent investigations have shown that 
diagnostic sensitivity of hs-AFP-L3% at a cut-off level of 5 
or 7% was 41.5 or 41.1%, respectively, in HCC patients with 
serum AFP <20 ng/ml (18,22). Therefore, our findings in this 
study support the specificity of hs-AFP-L3% in patients with 
serum AFP <20 ng/ml, as previously reported. 

The sensitivity of c-AFP-L3% is relatively low (22.2-38.6%) 
in early-stage HCCs <20 mm in diameter (24,25). In this study, 
although the sensitivity of c-AFP-L3% was <20% in patients 
with HCC at stage I, hs-AFP-L3% was significantly higher than 
c-AFP-L3% in patients with solitary or small (<20 mm) HCC or 
with stage I HCC (Figs. 2 and 3); consequently, ~50% of HCC 
patients at stage I exhibited hs-AFP-L3% ≥5%. Additionally, in 
patients with well-differentiated HCC, hs-AFP-L3% was also 
significantly higher than c-AFP-L3%. Conversely, patients with 
stage III or IV HCC (multiple or larger (≥20 mm) tumors) exhib-
ited an increase in both hs- and c-AFP-L3%, with no statistical 
difference. HCC initially develops as well-differentiated HCC, 
and then progresses to moderately- to poorly-differentiated HCC 
via a process of dedifferentiation. Thus, an increase in hs-AFP-
L3% in patients with well-differentiated HCC and early-stage 
HCC supports the conclusion that measurement of hs-AFP-L3% 
is useful for early detection of HCC. 

HCC often develops in patients with chronic infection of 
hepatitis B or C virus; especially in patients with chronic HCV 
infection, the annual incidence of HCC increases as a function of 
the stage of liver fibrosis, from 0.5% at stages F0 to F1 to 7.9% at 
stage F4 (cirrhosis) (26). Recently, Tateyama et al demonstrated 
that elevated AFP levels are a risk factor for the development 
of HCC in patients with HCV infection; the 10-year cumulative 
incidence rates of HCC in the patients with AFP levels of <6, 6-20 
and ≥20 ng/ml at entry were 6.0, 24.6 and 47.3%, respectively, 
and that AFP levels may be used as a non-invasive and predictive 
marker in place of stage of fibrosis (27). In this study, all 7 BLD 
patients who developed HCC during the follow-up period exhib-
ited measurable hs-AFP-L3% prior to detection of HCC, and 6 
patients exhibited hs-AFP-L3% ≥5%. Of particular note, even 
when serum AFP levels increased to up to 20 ng/ml, HCC was 
not detected in patients with hs-AFP-L3% <5% (Fig. 6). 

Although prolonged observation will be required in order 
to clarify whether hs-AFP-L3% is useful for prediction of 
HCC, the findings presented here indicated that hs-AFP-L3% 
is useful for early detection of HCC in BLD patients even with 
serum AFP <20 ng/ml, and also that an increase in hs-AFP-
L3% prior to detection of HCC by various advanced imaging 
modalities may contribute to more precisely identifying BLD 
patients with a higher risk of HCC.
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