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Abstract

Background Increases in tumor markers are sometimes

seen in patients with chronic liver disease without hepa-

tocellular carcinoma (HCC). The aim of this study was to

determine the relationship between the levels of three

tumor markers [alpha-fetoprotein (AFP), Lens culinaris

agglutinin-reactive fraction of AFP (AFP-L3%), and des-c-

carboxy prothrombin (DCP)] and hepatic carcinogenesis to

identify hepatitis C virus (HCV) carriers at high risk for

cancer development.

Methods A total of 623 consecutive HCV carriers with

follow-up periods of [3 years were included. The average

integration values were calculated from biochemical tests,

and tumor markers, including AFP, AFP-L3%, and DCP,

and factors associated with the cumulative incidence of

HCC were analyzed.

Results HCC developed in 120 (19.3%) of the 623

patients. Age[65 years [adjusted relative risk, 2.303 (95%

confidence interval, 1.551–3.418), P \ 0.001], low platelet

count [3.086 (1.997–4.768), P \ 0.001], high aspartate

aminotransferase value [3.001 (1.373–6.562), P \ 0.001],

high AFP level [C10, \20 ng/mL: 2.814 (1.686–4.697),

P \ 0.001; C20 ng/mL: 3.405 (2.087–5.557), P \ 0.001]

compared to \10 ng/mL, and high AFP-L3% level [C5,

\10%: 2.494 (1.291–4.816), P = 0.007; C10%: 3.555

(1.609–7.858), P \ 0.001] compared to \5% were signif-

icantly associated with an increased incidence of HCC on

multivariate analysis.

Conclusions Increased AFP or AFP-L3% levels were

significantly associated with an increased incidence of

HCC. Among HCV carriers, patients with C10 ng/mL AFP

or patients with C5% AFP-L3% are at very high risk for

the development of HCC even if AFP is less than 20 ng/

mL or AFP-L3% is less than 10%, which are the most

commonly reported cutoff values.

Keywords Alpha-fetoprotein (AFP) � Lens culinaris

agglutinin-reactive fraction of AFP � Hepatic regeneration �
Necroinflammatory activity � Hepatocarcinogenesis

Introduction

Serum alpha-fetoprotein (AFP) is a widely used marker for

hepatocellular carcinoma (HCC) [1]. However, serum AFP

levels are increased in patients with liver diseases other

than HCC, including viral hepatitis [2–4], with a preva-

lence of 10–42% [2, 5–7]. Increases in AFP are a marker of

hepatic regeneration following hepatocyte destruction in

viral hepatitis [8]. However, the pathogenesis and clinical

significance of this phenomenon remain unclear.

The Lens culinaris agglutinin-reactive fraction of AFP

(AFP-L3%) and des-c-carboxy prothrombin (DCP) are also

markers for HCC [9–12]. Available data suggest that these

tumor markers are more highly specific for HCC than AFP

alone [9]. However, there are no reports examining the

prognostic value of these markers in hepatocarcinogenesis.
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Results of biochemical tests, including tumor markers,

can fluctuate for a given patient and can vary between

different patients, and repeated measurements over time

may provide a more accurate picture of disease develop-

ment or progression. The arithmetic mean value is often

used to assess biochemical parameters over time, but this

value can be greatly affected by the interval between

measurements such that a short period of very high values

can inappropriately skew the mean. We have previously

argued that the average integration value is more mean-

ingful than the arithmetic mean value for the purposes of

monitoring disease progression [13, 14].

The aim of this study was to determine the relationship

between three tumor markers (AFP, AFP-L3%, and DCP)

to better identify hepatitis C virus (HCV) carriers at high

risk for the development of HCC. Of note, we used the

average integration values of these parameters in our

analysis.

Patients, materials, and methods

Patient selection

A total of 1623 consecutive patients positive for anti-HCV

antibody visiting the Department of Gastroenterology at

Ogaki Municipal Hospital during the period January 1995

to December 1997 were considered for enrollment. The

present study cohort included the following criteria for

enrollment: (1) positive for anti-HCV antibody by second-

or third-generation enzyme-linked immunosorbent assay

and detectable HCV RNA for at least 6 months; (2) no

evidence of positivity for hepatitis B surface antigen; (3)

exclusion of other causes of chronic liver disease (i.e.,

alcohol consumption lower than 80 g/day, no history of

hepatotoxic drug use, and negative tests for autoimmune

hepatitis, primary biliary cirrhosis, hemochromatosis, and

Wilson’s disease); (4) follow-up period greater than

3 years; (5) measurement of AFP, AFP-L3%, and DCP at

least every 6 months; (6) no evidence of HCC for at least

3 years from the start of the observation periods; and (7)

interferon (IFN) therapy completed greater than 3 years

before the detection of HCC in patients who received IFN

therapy. A total of 623 patients fulfilled these criteria

(Fig. 1).

Fibrosis was histologically evaluated in 187 of the 623

patients and staged according to Desmet et al. [15] as

follows: F0, no fibrosis; F1, mild fibrosis; F2, moderate

fibrosis; F3, severe fibrosis; and F4, cirrhosis. The

remaining 436 patients were evaluated by ultrasound (US)

findings and biochemical tests. The diagnosis of cirrhosis

was made according to typical US findings, e.g., super-

ficial nodularity, a coarse parenchymal echo pattern, and

signs of portal hypertension (splenomegaly [120 mm,

dilated portal vein diameter [12 mm, patent collateral

veins, or ascites) [16–18]. In this study patients who did

not satisfy these criteria were classified as having chronic

hepatitis. Four hundred and sixty-three patients were

diagnosed with chronic hepatitis and 160 patients with

cirrhosis.

1623 consecutive patients positive for 
anti-hepatitis C virus antibody, no 

evidence of hepatitis B virus infection,  
and exclusion of other causes of 

chronic liver disease (1995-1997)
645 lost to follow-up 

within 3 years

978 were followed up for >3 years

874 underwent monitoring of 
tumor markers* at least every 6 

months

104 did not undergo monitoring of 
tumor markers* at least every 6 

months

706 had no evidence of HCC** >3 
years from the start of the observation 

period 

168 showed confirmed HCC** 
within 3 years of the start of 

the observation period

623 fulfilled the criteria. 

83 completed interferon 
therapy within 3 years of 
the detection of HCC**

Fig. 1 Schematic flowchart of

enrolled patients. *Serum alpha-

fetoprotein (AFP), Lens
culinaris agglutinin-reactive

fraction of AFP (AFP-L3%),

and des-c-carboxy prothrombin

(DCP). **Hepatocellular

carcinoma (HCC)
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All patients were followed up at our hospital at

least twice a year. During each follow-up examination,

platelet count, alanine aminotransferase (ALT), aspartate

aminotransferase (AST), gamma glutamyl transpeptidase

(c-GTP), total bilirubin, cholinesterase, alkaline phospha-

tase (ALP), lactate dehydrogenase (LDH), albumin, total

cholesterol, AFP, AFP-L3%, and DCP were measured.

Platelet count and ALT, AST, c-GTP, total bilirubin,

cholinesterase, ALP, LDH, albumin, total cholesterol, AFP,

AFP-L3%, and DCP values were expressed as average

integration values [13, 14]. Briefly, using ALT as an

example, the area of a trapezoid is calculated by multi-

plying the sum of two ALT values by one-half of the

interval between the measurements. This value is then

divided by the observation period to obtain the average

integration value, and this technique provides a better

representation of values over time when there are extremes

of high and low values [14, 16]. In patients who developed

HCC during the observation period, AFP, AFP-L3%, and

DCP values obtained at least 1 year before the diagnosis of

HCC were assessed. Serum AFP concentration was deter-

mined with a commercially available kit. AFP-L3% was

measured by lectin-affinity electrophoresis and antibody-

affinity blotting with the AFP Differentiation Kit L (Wako

Pure Chemical Industries, Osaka, Japan) [10]. DCP was

measured with a DCP reagent (Picolumi PIVKA-II; Eizai,

Tokyo, Japan) [11]. Cutoff levels for AFP, AFP-L3%, and

DCP were set at 20 ng/mL, 10%, and 40 mAU/mL,

respectively, according to previous reports [10–12]. HCV

genotype and quantification of HCV RNA (Amplicor 2;

Roche Diagnostics, Tokyo, Japan) were determined in 513

cases. All patients underwent imaging modalities (US,

computed tomography [CT], or magnetic resonance

imaging [MRI]), every 3 months in patients with cirrhosis

and every 6 months in patients with chronic hepatitis.

The diagnoses of HCC were confirmed by histologic

examination of resected hepatic tumors or US-guided

needle biopsy specimens. When biopsy of the tumor was

contraindicated, the HCC diagnosis was made using clin-

ical criteria and imaging findings obtained from B-mode

US, CT angiography, or MRI [19, 20]. HCC was histo-

logically diagnosed in 46 patients, and in the remaining

74 patients, the diagnosis was made based on clinical cri-

teria [19, 20]. All tumors were 3 cm or less in maximum

diameter, and there were 3 nodules or less on diagnosis.

One hundred eighty-nine patients received IFN therapy.

Patients were classified into three groups according to the

type of response to IFN therapy: sustained virologic

response (SVR), defined as the absence of serum HCV

RNA at 6 months after IFN therapy; the non-SVR group,

defined as the presence of serum HCV RNA at 6 months

after IFN therapy; and the no IFN therapy group.

Patients were classified into three groups for each of the

tumor markers according to the average integration values

of AFP, AFP-L3%, and DCP: A1, \10 ng/mL (n = 452);

A2, C10, \20 ng/mL (n = 80); and A3, C20 ng/L

(n = 91); L1, \5% (n = 588); L2, C5, \10% (n = 18);

and L3, C10% (n = 17); and D1, \20 mAU/mL

(n = 379); D2, C20, \40 mAU/mL (n = 170); and D3,

C40 mAU/mL (n = 51), respectively.

The present study ended on 31 December 2008 or the

date of identification of HCC occurrence. The median

follow-up period was 9.0 years (range 3.0–13.0 years). The

total number of blood examinations was 25.721, and the

median number of blood examinations was 23 (range

6–105) per subject.

Statistical analysis

Statistical analysis was performed with the Statistical

Program for Social Science (SPSS ver.17.0 for Windows;

SPSS Japan, Tokyo, Japan). Continuous variables are

shown as medians (ranges). The Mann–Whitney U-test

was used for continuous variables, and Fisher’s exact test

was used for categorical variables. Actuarial analysis of

the cumulative incidence of hepatocarcinogenesis was

performed by the Kaplan–Meier method, and differences

were tested by the log-rank test. The Bonferroni cor-

rection was performed for multiple comparisons. The

Cox proportional hazards model and forward selection

method were used to estimate the relative risk of HCC

development associated with age (B65 or [65 years),

sex (female or male), body mass index (BMI B25.0 or

[25.0 kg/m2), HCV genotype (type 1 or type 2), viral

concentration (B100 or [100 KIU/mL), platelet count

(\12.0 9 104/mm3 or C12.0 9 104/mm3), ALT (B35 or

[35 IU/mL), AST (B40 or [40 IU/mL), total bilirubin

(B1.2 or [1.2 mg/dL), c-GTP (B56 or [56 IU/mL),

ALP (B338 or [338 IU/mL), cholinesterase (\431 or

C431 IU/mL), LDH (B250 or [250 IU/mL), albumin

(\3.5 or C3.5 g/dL), total cholesterol (\130 or

C130 mg/dL), cirrhosis (presence or absence), and IFN

treatment (no therapy, non-SVR, or SVR) for univariate

and multivariate analyses. We used the lower or upper

limit of the reference values at our institute as cutoff

values for platelet count, ALT, AST, total bilirubin,

c-GTP, ALP, cholinesterase, LDH, albumin, and total

cholesterol levels. Statistical significance was set at

P \ 0.05.

The study protocol was approved by the Ethics Com-

mittee at Ogaki Municipal Hospital in January 2009 and

the study was performed in compliance with the Helsinki

Declaration. Informed consent was obtained from each

patient for analyzing patient records and images.
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Results

HCC developed in 120 (19.3%) of the 623 patients. The

5- and 10-year cumulative incidences of HCC were 2.3 and

18.5%, respectively (Fig. 2). Demographic and medical

data for the 623 patients are summarized in Table 1.

Factors associated with the incidence of hepatic

carcinogenesis on univariate analysis

Factors associated with the incidence of HCC are listed in

Table 2. Age C65 years, high AFP level, high AFP-L3%

level, high DCP level, low platelet count, high ALT level,

high AST level, high LDH level, high ALP level, low

cholinesterase level, low albumin level, presence of cir-

rhosis, and response to IFN therapy were significantly

associated with the development of HCC on univariate

analysis.

The 5-, 7-, and 10-year cumulative incidences of HCC

were 1.1, 2.1, and 7.5% in group A1; 2.6, 9.6, and 42.1%

in group A2; and 6.6, 18.3, and 50.0% in group A3,

respectively, and the cumulative incidence of HCC dif-

fered significantly between groups A1 and A2 and groups

A1 and A3 (Fig. 3). The 5-, 7-, and 10-year cumulative

incidences of HCC were 1.4, 4.6, and 15.6% in group L1;

19.6, 39.7, and 73.6% in group L2; and 12.5, 25.0, and

56.7% in group L3, respectively, and the cumulative

incidence of HCC differed significantly between groups

L1 and L2 and groups L1 and L3 (Fig. 4). The 5-, 7-, and

10-year cumulative incidences of HCC were 0.5, 4.6, and

0

10

20

30

40

50

0 2 4 6 8 10 12

Cumulative incidence of
hepatocarcinogenesis (%)

2.3%

18.5%

No. at risk 623 623 611 548 465 300 103

Fig. 2 Overall cumulative

incidence rate of HCC

Table 1 Patient characteristics

Age (years) 61 (26–84)

Sex (F/M) 265/358

BMI (kg/m2) 22.5 (12.0–34.9)

HCV genotype (type 1/type 2) 356/157

Viral concentration (KIU/mL) 270 (0.5–6300)

AFP (ng/mL) 4.8 (0.8–341.5)

AFP-L3 (%) 0.1 (0.0–32.5)

DCP (mAU/mL) 18.1 (8.5–99.6)

Platelets (9104/mm3) 14.8 (3.0–33.9)

ALT (IU/L) 46.4 (10.1–340.4)

AST (IU/L) 48.5 (13.3–168.9)

c-GTP (IU/L) 37.6 (9.9–2207)

Total bilirubin (mg/dL) 0.6 (0.2–2.7)

ALP (IU/L) 276.4 (86.8–845.5)

Cholinesterase (IU/L) 242.9 (38.8–545.30)

LDH (IU/L) 196.4 (118.4–650.1)

Albumin (g/dL) 4.0 (2.4–4.9)

Total cholesterol (mg/dL) 155.8 (77.9–264.1)

Fibrosis (F0/F1/F2/F3/F4)a 32/73/56/24/2

Cirrhosis (present/absent) 160/463

IFN therapy (none/non-SVR/SVR) 434/146/43

Continuous variables are quoted as medians (ranges)

BMI body mass index, HCV hepatitis C virus, AFP alpha-fetoprotein,

AFP-L3Lens culinaris agglutinin-reactive fraction of AFP, DCP des-

c-carboxy prothrombin, ALT alanine aminotransferase, AST aspartate

aminotransferase, GTP gamma glutamyl transpeptidase, ALP alkaline

phosphatase, LDH lactate dehydrogenase, IFN interferon, SVR sus-

tained virologic response
a Staging of chronic hepatitis according to Desmet et al. [15]
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14.8% in group D1; 1.8, 4.3, and 16.3% in group D2; and

10.0, 25.0, and 48.2% in group D3, respectively, and the

cumulative incidence of HCC differed significantly

between groups D1 and D3 and groups D2 and D3

(Fig. 5).

Factors associated with the incidence of hepatic

carcinogenesis on multivariate analysis

Factors associated with the incidence of HCC as analyzed

by the Cox proportional hazards model and the forward

selection method are listed in Table 3. Age[65 years, low

platelet count, high AST level, high AFP level, and high

AFP-L3% level were significantly associated with the

incidence of HCC. Factors associated with the incidence of

HCC were analyzed in patients with chronic hepatitis and

cirrhosis (Table 4). High age, low platelet count, high AST

level, and high AFP level were significantly associated

with the incidence of HCC in chronic hepatitis, and male

sex, high age, low platelet count, high AFP level, and high

AFP-L3% level were significantly associated with the

incidence of HCC in cirrhosis. Factors associated with the

incidence of HCC were analyzed in patients with and

without IFN treatment (Table 5). Male sex, low platelet

count, low cholinesterase level, and high AFP level were

significantly associated with the incidence of HCC in

patients with IFN therapy and male sex, high age, low

platelet count, high AFP level, and high AFP-L3% level

were significantly associated with the incidence of HCC in

patients without IFN therapy.

Discussion

Advances in US, CT, and MRI have allowed for the more

frequent and earlier detection of small HCC tumors less

than 2 cm in diameter during the routine follow-up of

patients with chronic liver disease [21–23]. However, the

performance and resolution of the imaging device, the

skills of individual operators, and the diagnostic acumen of

the interpreting radiologist all affect the early detection of

HCC. AFP, AFP-L3%, and DCP levels have been used as

prognostic markers rather than diagnostic markers for HCC

[9]. However, the detection rate of small HCC tumors with

these markers is low; AFP-L3% and DCP have low sen-

sitivity, and AFP has low specificity. Sassa et al. [12]

reported detection rates of 22.6 and 48.4% for AFP-L3%

and DCP, respectively, in patients with small HCC tumors.

It is currently thought that serum markers are useful for

follow-up after HCC therapy in patients with high tumor

marker levels before treatment [24].

We have previously reported that the average integration

value of ALT correlates with the cumulative incidence

of hepatocarcinogenesis, even within the normal range

[13, 14]. In the present study, the average integration value

of AFP was not selected as a factor associated with the

Table 2 Factors associated with hepatocarcinogenesis (univariate

analysis)

Crude hazard

ratio (95% CI)

P

Age (years)

B65 1

[65 2.318 (1.580–3.400) \0.001

AFP (ng/mL)

A1; \10 1

A2; C10, \20 6.061 (3.768–9.750) \0.001

A3; C20 8.985 (5.874–13.744) \0.001

AFP-L3 (%)

L1; \5 1

L2; C5, \10 8.032 (4.388–14.700) \0.001

L3; C10 3.781 (1.838–7.778) \0.001

DCP (mAU/mL)

D1; \20 1

D2; C20, \40 1.209 (0.788–1.855) 0.385

D3; C40 4.535 (2.840–7.241) \0.001

Platelets (9104/mm3)

C12.0 1

\12.0 5.887 (3.982–8.702) \0.001

ALT (IU/L)

B35 1

[35 2.632 (1.574–4.400) \0.001

AST (IU/L)

B40 1

[40 8.120 (4.115–16.024) \0.001

LDH (IU/L)

B250 1

[250 1.970 (1.249–3.106) \0.001

ALP (IU/L)

B338 1

[338 2.509 (1.724–3.650) \0.001

Cholinesterase (IU/L)

[431 1

B431 3.288 (2.209–4.893) \0.001

Albumin (g/dL)

C3.5 1

\3.5 3.948 (2.635–5.917) \0.001

Cirrhosis

Absent 1

Present 3.474 (2.413–5.002) \0.001

IFN therapy

No therapy 1

Non-SVR 0.312 (0.180–0.539) \0.001

SVR 0.215 (0.075–0.620) 0.004

Continuous variables are quoted as medians (ranges)

CI confidence interval, AFP alpha-fetoprotein, AFP-L3Lens culinaris aggluti-

nin-reactive fraction of AFP, DCP des-c-carboxy prothrombin, ALT alanine

aminotransferase, AST aspartate aminotransferase, LDH lactate dehydrogenase,

ALP alkaline phosphatase, IFN interferon, SVR sustained virologic response

540 J Gastroenterol (2011) 46:536–544

123



incidence of HCC on multivariate analysis. AFP produc-

tion is thought to be increased in response to injury, pos-

sibly due to increased hepatocyte turnover, in patients with

HCV who do not have HCC [25]. In contrast, increased

ALT levels are correlated with hepatocellular necrosis but

not with hepatocyte proliferation. This difference may at

least partially explain the absence of correlation between

ALT and AFP levels.

The multivariate analysis in our series was carried

out to minimize the influence of confounding factors, and

5 factors were selected by the forward selection method. Age

[65 years, low platelet count, high AST value, high AFP

A1; <10 ng/mL (n=452) 1

6.061 (3.768-9.750)A2; ≥10, <20 ng/mL (n=80) <0.001

8.985 (5.874-13.744)A3; ≥20 ng/mL (n=91) <0.001

Crude hazard ratio P

0

20

40

60

80

100

0 2 4 6 8 10 12 Years

Cumulative incidence of
hepatocarcinogenesis (%)

No. at risk
<10 ng/mL
≥10, <20 ng/mL
≥20 ng/mL

452 452 444 405 357 239 85

80 80 78 69 49 28 11

91 91 90 75 59 33 8

Fig. 3 Incidence of HCC

according to the average

integration value of AFP. The

cumulative incidence of HCC

differed significantly between

groups A1 (\10 ng/mL) and A2

(C10, \20 ng/mL) and groups

A1 and A3 (C20 ng/L)

Cumulative incidence of
hepatocarcinogenesis (%)

Crude hazard ratio P

L1; <5 % (n=588) 1

8.032 (4.388-14.700)L2; ≥5, <10 % (n=18) <0.001

3.781 (1.838-7.778)L3; ≥10 % (n=17) <0.001

0

20

40

60

80

100

0 2 4 6 8 10 12
Years

No. at risk

<5 %

≥5, <10  %
≥10 %

588 588 577 521 448 291 99

18 18 16 12 8 4 1

17 17 16 14 9 6 4

Fig. 4 Incidence of HCC

according to the average

integration value of AFP-L3%.

The cumulative incidence of

HCC differed significantly

between groups L1 (\5%) and

L2 (C5, \10%) and groups L1

and L3 (C10%)
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level, and high AFP-L3% level were significantly associated

with hepatic carcinogenesis in our multivariate analysis, but

serum ALT level was not a risk factor for developing HCC.

Ikeda et al. [26] reported that the cumulative incidence of

HCC increased significantly in cirrhotic patients with an

AFP level C10 ng/mL compared to those with an AFP level

\10 ng/mL, and the adjusted risk ratio was 15.788 in HCV

patients. They speculated that AFP is a marker of disease

activity or severity and cellular regeneration, and it acts as a

better predictor of HCC with viral etiology of cirrhosis. As an

index of hepatic regeneration, the AFP level better represents

the risk of hepatic carcinogenesis than an index of liver injury

(e.g., ALT level). In addition to AFP, AFP-L3% was iden-

tified as a factor predicting the development of HCC, and this

is a specific marker for the existence of HCC. Therefore,

elevations in AFP-L3% may reflect an occult cancer that is

undetectable with current imaging modalities. More inten-

sive surveillance is needed for patients such as those who

fulfill the criteria of groups L2 and L3 in our series, although

these groups were very small in size. However, similar to

other laboratory values, as high AFP-L3% values may be

associated with severe liver damage, it is necessary to

interpret these values carefully. DCP is well known to be also

a specific marker of HCC. DCP is more closely related to

tumor size than AFP and AFP-L3% [27]. Therefore, it is

thought that these were the reasons that DCP was not selected

as a predictive marker for HCC in our multivariate analysis.

Among the other risk factors we identified for the

development of HCC, a low platelet count stands out. The

platelet count is a useful marker for the diagnosis of cirrhosis

[28], and cirrhosis is an established risk factor for HCC in

HCV carriers [26, 28–30]. Taken together with our other

findings, the low platelet count suggests that HCC develops

in patients with progressive or advanced liver disease. We

additionally used ultrasound (US) to distinguish cirrhotic

patients from non-cirrhotic patients [16–18]. The presence

of cirrhosis on US was strongly associated with an increased

Crude hazard ratio P

D1; <20 mAU/mL (n=379) 1

1.209 (0.788-1.855)D2; ≥20, <40 mAU/mL (n=170) 0.385

4.535 (2.840-7.241)D3; ≥40 mAU/mL (n=51) <0.001

0

20

40

60

80

100

0 2 4 6 8 10 12

Years

Cumulative incidence of
hepatocarcinogenesis (%)

No. at risk
<20 mAU/mL
≥20, <40  mAU/mL
≥40 mAU/mL

379 379 372 333 286 180 58

170 170 168 162 136 101 40

51 51 51 42 35 15 5

Fig. 5 Incidence of HCC

according to the average

integration value of DCP. The

cumulative incidence of HCC

differed significantly between

groups D1 (\20 mAU/mL) and

D3 (C40 mAU/mL) and groups

D2 (C20, \40 mAU/mL)

and D3

Table 3 Factors associated with hepatocarcinogenesis (multivariate

analysis)

Adjusted hazard

ratio (95% CI)

P

Age (years)

B65 1

[65 2.303 (1.551–3.418) \0.001

Platelets (9104/mm3)

C12.0 1

\12.0 3.086 (1.997–4.768) \0.001

AST (IU/L)

B40 1

[40 3.001 (1.373–6.562) 0.006

AFP (ng/mL)

A1; \10 1

A2; C10, \20 2.814 (1.686–4.697) \0.001

A3; C20 3.405 (2.087–5.557) \0.001

AFP-L3 (%)

L1; \5 1

L2; C5, \10 2.494 (1.291–4.816) 0.007

L3; C10 3.555 (1.609–7.858) 0.002

AST aspartate aminotransferase, AFP alpha-fetoprotein, AFP-L3 Lens
culinaris agglutinin-reactive fraction of AFP
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incidence of HCC on univariate analysis, but US-determined

cirrhosis was not identified as a risk factor on multivariate

analysis. Histologic assessment of fibrosis and cirrhosis was

obtained in only 187 patients (30.0%), and patients with F4

fibrosis had a higher incidence of HCC in our univariate

analysis. However, the population of patients with material

available for histologic review was only one-third the size of

the entire study population, and this small number may have

negatively affected our ability to detect the predictive nature

of fibrosis at all levels of severity. In contrast to serum ALT,

serum AST levels were significantly associated with the

incidence of HCC. AST levels are often abnormal in patients

with cirrhosis when ALT values are in the normal range, and

the AST/ALT ratio is frequently greater than 1 in cirrhotic

patients [31]. Elevated AST activity is a surrogate marker for

cirrhosis. Aging is associated with a number of events at the

molecular, cellular, and physiological levels that influence

carcinogenesis and subsequent cancer growth [32]. It has

been hypothesized that an age-associated decrease in DNA

repair [33] contributes to the development of HCC.

Recent reports have shown that AFP levels fall following

the administration of IFN with or without ribavirin [34, 35].

IFN has been shown to have antiviral, anti-inflammatory,

and anticancer activities [36]. One study demonstrated an

anticancer effect of IFN when this agent was given

following intrahepatic recurrence after HCC resection

[37], and in our study, previous treatment with IFN was

a factor associated with a reduced incidence of HCC on

univariate analysis. The median ages of our patients with

and without IFN treatment were 53 years (range 28–71)

and 65 years (range 26–84), respectively; the age in

those receiving IFN was significantly lower than the age

in the group without IFN (P \ 0.0001). It is thought that

age and IFN therapy are confounding factors because

IFN therapy has better results in younger patients.

Although IFN was not identified as a predictive factor on

multivariate analysis, the possibility cannot be denied

that IFN may play an important role in modulating AFP

levels prior to the onset of HCC.

In conclusion, increased AFP or AFP-L3% levels were

significantly associated with an increased incidence of

HCC. Among HCV carriers, patients with C10 ng/mL AFP

or patients with C5% AFP-L3% are at very high risk for the

development of HCC even if AFP is less than 20 ng/mL or

AFP-L3% is less than 10%, which are the most commonly

reported cutoff values. Intensive imaging modalities

including US, CT, and MRI are recommended every

3–6 months for these patients.
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