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Relationship of a-fetoprotein levels and development
of hepatocellular carcinoma in hepatitis C
patients with liver cirrhosis
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Abstract. a-fetoprotein (AFP) is a tumor marker of hepa-
tocellular carcinoma (HCC) and has also been reported to
reflect the effectiveness of long-term low-dose interferon
(IFN) therapy in hepatitis C virus (HCV)-infected patients
with chronic liver disease. The correlation between AFP
levels and the incidence of HCC has been discussed over
a long period. We investigated whether high levels of AFP
at the time of diagnosis were associated with an increased
incidence of HCC in patients with HCV. A total of 107 HCV
patients with liver cirrhosis without other risks were evalu-
ated for the predictive value of non-invasive risk factors
for HCC, including age, gender, alcohol intake, aspartate
and alanine aminotransferase levels, bilirubin, albumin,
platelet count and AFP levels at study entry, as well as the
IFN therapy received. During the follow-up period, HCC
developed in 68 (63.6%) patients. Kaplan-Meier estimates
were made to assess the cumulative risk of HCC. The 10-year
cumulative incidence rate of HCC was 80%. Cox regression
analysis was performed on several variables, including age,
gender, alcohol consumption, experience of IFN therapy and
biochemical parameters. The following factors were identified
as exhibiting an increased risk of HCC by univariate analysis:
aspartate transaminase (AST) =71 IU/I, alanine transaminase
(ALT) =60 IU/1, AFP =6 ng/ml and IFN therapy. Multivariate
analysis identified that the AFP level [6-19 ng/ml: hazard ratio
(HR), 2.22; P=0.006 and =20 ng/ml: HR, 2.09; P=0.003] was
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an independent and significant risk factor for the development
of HCC. A slightly elevated (6-19 ng/ml) AFP level may be a
risk factor for HCC in certain cases. By contrast, AFP levels
<6 ng/ml indicate a low risk of HCC development in HCV
patients with liver cirrhosis.

Introduction

Primary liver cancer is the most common primary cancer
of the liver, accounting for approximately 6% of all human
cancers. It is estimated that half a million cases are diag-
nosed worldwide annually, making primary liver cancer
the fifth and ninth most common malignancy in males and
females, respectively (1-6). Hepatocellular carcinoma (HCC)
accounts for 85-90% of primary liver cancers (7) and the
age-adjusted HCC mortality rate has increased in recent
decades in Japan (8). Similarly, a trend of increasing rates
of HCC has been reported in several developed countries in
North America, Europe and Asia (9,10). HCC often develops
in patients with liver cirrhosis caused by hepatitis B virus
(HBV) or hepatitis C virus (HCV) infection, excessive
alcohol consumption or non-alcoholic fatty liver disease. Of
the hepatitis viruses that cause HCC, HCV is predominant in
Japan (11-14).

a-fetoprotein (AFP) is a tumor marker of HCC and is also
reported to reflect the effectiveness of long-term low-dose
interferon (IFN) therapy in HCV patients with chronic liver
disease (15). The correlation between AFP levels and the
incidence of HCC has been discussed over a long period. We
investigated whether high levels of AFP at the time of diag-
nosis were associated with an increased incidence of HCC in
patients with HCV.

Patients and methods
Study population. Between 1976 and 2010, 107 patients were

diagnosed with liver cirrhosis due to HCV infection at the
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University Hospital (Nagasaki, Japan). The diagnosis of liver
cirrhosis was based on biopsy and/or clinical findings. Sera
were stored at -80°C until they were used for assays. The
diagnosis of chronic HCV infection was based on the presence
of anti-HCV antibodies (HCV Abs; microparticle enzyme
immunoassay; Abbott Laboratories, Chicago, IL, USA) and
HCV RNA, as detected by the polymerase chain reaction.
The diagnosis of chronic HBV infection was excluded on the
basis of the presence of hepatitis B surface antigen (HBsAg;
enzyme-linked immunosorbent assay; Abbott Laboratories).
Serum AFP was measured using a radioimmunoassay (Abbott
Laboratories). The patient alcohol intake histories were
obtained from their medical records. Habitual drinking was
defined as an average daily consumption of an amount equiva-
lent to 80 g of pure ethanol for a period of >10 years.

Follow-up of patients and diagnosis of HCC. Following the
initial diagnosis of patients with liver cirrhosis and HCV
infection, the patients underwent measurement of AFP levels
and liver function biochemistry every 1 to 3 months during the
follow-up period and ultrasonography (USG) was performed
every 3 to 6 months. The diagnosis of HCC was based on
imaging techniques, including USG, computerized tomog-
raphy (CT), magnetic resonance imaging (MRI), hepatic
angiography (HAG) and/or liver biopsy. The diagnostic criteria
for HCC included confirmative liver biopsy, neovasculariza-
tion in HAG and/or CT.

The end date of the present study was December 2010,
detection of HCC or the time of patient mortality. If a patient
had not been monitored in the hospital for >1 year, the patient
was considered lost to the follow-up. The median observation
period was 3.8 years (IQR, 5.0).

IFN therapy. During the observation period, 43 (40%) of
the 107 patients received IFN monotherapy, PEGylated
(PEG)-IFN monotherapy or combination therapy with IFN
and ribavirin or PEG-IFN and ribavirin. A sustained virolog-
ical response (SVR) was defined as the absence of detectable
HCV RNA at the end of treatment persisting for >6 months,
while a failure to meet these criteria was defined as non-SVR.
There were no relapses of viremia in the SVR patients after
6 months.

Statistical analysis. The HCC development rate was analyzed
using the Kaplan-Meier technique and differences in the
curves were studied using the log-rank test. Independent risk
factors associated with the rate of HCC development were
identified using the stepwise method of non-time-dependent
Cox regression analysis. Parametric comparisons were
performed using analysis of variance (ANOVA). The signifi-
cance of individual differences was evaluated using the
Scheffe test. Data analysis was performed with SPSS version
16.0 for Windows. P<0.05 was considered to indicate a statis-
tically significant result.

Results
Clinical features of the studied patients. Patient characteris-

tics at the time of the cirrhosis diagnosis are shown in Table I.
There were 54 male (51%) and 53 female (49%) cirrhosis
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Table I. Characteristics of 107 studied hepatitis C patients with
liver cirrhosis.

Characteristic Value
Number of patients 107
Age (years), median (IQR) 62.5(13.3)
Gender, n (%)

Male 54 (51)

Female 53 (49)
Height (m), median (IQR) 1.58 (0.2)
Weight (kg), median (IQR) 56.4(13.3)
BMI (kg/m?), median (IQR) 22.6 (4.2)
Alcohol consumption, n (%)

Excessive 11 (10)

Not excessive 96 (90)
Diabetes mellitus, n (%)

+ 44 (41)

- 63 (59)
Diagnosis, n (%)

Histological 80 (75)

Clinical 27 (25)
Child-Pugh grade, n (%)

A 56 (52)

B 44 (41)

C 7(7)
Platelet count (10°/u1), median (IQR) 100 (6.5)
AST (IU/1), median (IQR) 71 (64)
ALT (IU/1), median (IQR) 60 (61)
v-GTP (IU/1), median (IQR) 45 (58)
Bilirubin (mg/dl), median (IQR) 1.0 (0.9)
Albumin (mg/dl), median (IQR) 3.8(0.9)
TC (mg/dl), median (IQR) 152 (44)
TG (mg/dl), median (IQR) 92 (57
AFP (ng/ml), median (IQR) 11 (24)

<6,n (%) 34 (32)

6-19,n (%) 38 (35)

>20,n (%) 35(33)
BCAA,n (%)

+ 39 (36)

- 68 (64)
Interferon therapy, n (%)

SVR 11 (10)

Non-SVR 32 (30)

No therapy 64 (60)

Data are median (IQR) or frequency (%). BMI, body mass index;
AST, aspartate transaminase; ALT, alanine transaminase; TC, total
cholesterol; TG, triglyceride; BCAA, branched-chain amino acids;
AFP, a-fetoprotein; SVR, sustained virological response.

patients (median age, 62.5 years). Habitual drinkers and
diabetic patients were 10% (11 of 107) and 44% (41 of 107)
of all cases, respectively. Child-Pugh grade A was recorded
in 52% (56 of 107) of patients, grade B in 41% (44 of 107)
and grade C in 7% (7 of 107). Of the studied patients,
40% (43 of 107) underwent IFN therapy and 60% (64 of 107)
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Table II. Factors increasing the risk of hepatocellular carci-
noma (HCC) determined by univariate analysis.

Parameters Hazard ratio P-value
Age (years)

>62 1.29 0.291
Gender

Male 0.80 0.360
BMI (kg/m?)

>25 0.88 0.636
Alcohol consumption

Excessive 1.40 0.211
Diabetes mellitus (%)

+ 1.10 0.712
Child-Pugh grade

A 1 -

B 1.20 0.474

C 0.94 0.925
Platelet (10°/ul)

<100 1.07 0.788
AST (IU/1)

>71 1.83 0.016
ALT (IU/)

=60 1.80 0.020
v-GTP (IU/)

>45 1.25 0.970
Bilirubin (mg/dl)

=1.0 0.72 0.189
Albumin (mg/dl)

<3.8 0.85 0.520
TC (mg/dl)

>152 0.66 0.095
TG (mg/dl)

>92 0.76 0.269
AFP (ng/ml)

<6 1 -

6-19 2.54 0.006

>20 2.71 0.003
BCAA

+ 1.59 0.063
Interferon therapy (%)

No therapy 1 -

Non-SVR 0.77 0.366

SVR 0.26 0.031

BMI, body mass index; AST, aspartate transaminase; ALT, alanine
transaminase; TC, total cholesterol; TG, triglyceride; BCAA,
branched-chain amino acids; AFP, a-fetoprotein; SVR, sustained
virological response.

were followed closely without receiving IFN treatment. The
proportion of IFN-treated patients exhibiting an SVR was
25.6% (11/43). The patients were classified into 3 categories
according to the level of AFP. The AFP levels were <6 ng/ml
in 34 (32%) patients, between 6 and 19 ng/ml in 38 (35%) and
=20 ng/ml in 35 (33%).
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Figure 1. Cumulative incidence rates of hepatocellular carcinoma (HCC) in
all patients.
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Figure 2. Cumulative incidence rates of hepatocellular carcinoma (HCC)
according to a-fetoprotein (AFP) levels.

Risk factors for HCC. Cox regression analysis was performed
on variables, including age, gender, alcohol consumption,
experience of IFN therapy and biochemical parameters. The
following factors were identified as exhibiting an increased
risk of HCC by univariate analysis: aspartate transaminase
(AST) =71 IU/I, alanine transaminase (ALT) =60 1U/l, AFP
=6 ng/ml and IFN therapy (Table II). Multivariate analysis
identified the etiology of the AFP level [6-19 ng/ml: hazard
ratio (HR), 2.22; P=0.006 and =20 ng/ml: HR, 2.09; P=0.003]
as independent and significant risk factor for the development
of HCC (Table III).

Development of HCC. During the follow-up period, HCC
developed in 68 (63.6%) patients. Kaplan-Meier estimates of
the cumulative risk of HCC are shown in Fig. 1. The 10-year
cumulative incidence rate of HCC was 80%. The cumulative
incidence of HCC in patients with various AFP levels is shown
in Fig. 2. The 10-year cumulative risk of HCC was 60% in the
34 patients with AFP levels <6 ng/ml at study entry, 86% in
the 38 patients with AFP levels between 6 and 19 ng/ml and
87% in the 34 patients with AFP levels =20 ng/ml. Significant
differences were observed in the HCC incidence between
those with AFP level <6 ng/ml and those with an AFP level
between 6 and 19 ng/ml and =20 ng/ml.
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Table III. Factors increasing the risk for hepatocellular carcinoma (HCC), determined by multivariate analysis.
Parameters Hazard ratio 95% CI P-value
AST (1U/1)

=71 1.27 0.72-2.26 0411
ALT (IU/)

=60 1.40 0.81-2.43 0.229
AFP (ng/ml)

<6 1 - -

6-19 222 1.13-4.38 0.006

=20 2.09 1.03-4.23 0.003
Interferon therapy (%)

No therapy 1 - -

Non-SVR 0.99 0.55-1.80 0.989

SVR 046 0.14-1.57 0.218

CI, confidence interval; AST, aspartate transaminase; ALT, alanine transaminase; AFP, a-fetoprotein; SVR, sustained virological response.

Discussion

In the present study, the AFP level was identified as a risk factor
for HCC in HCV patients with liver cirrhosis. Notably, patients
with high (=20 ng/ml) and elevated AFP levels (between 6 and
19 ng/ml) had an increased risk of HCC development. This
deviated slightly from the serum AFP levels of healthy adults
reported to range between 0.1 and 5.8 ng/ml (16). In the present
study, analyses were performed by setting various AFP cut-off
levels to evaluate their performance as risk factors. In HCV
patients with cirrhosis, an AFP level =6 ng/ml was observed to
be associated with the development of HCC in the multivariate
analysis.

AFP is used as a serological marker of HCC and employed
in combination with USG for HCC screening (17,18). Numerous
studies have demonstrated an elevated AFP level to be a risk
factor for the development of HCC in HCV patients (19-26).
There is extensive evidence demonstrating that AFP is func-
tionally an embryonic and fetal carrier/transport molecule for
a number of of ligands, including fatty acids, bilirubin, heavy
metals, steroids, retinoids, drugs, dyes and antibiotics (27).
However, the biological and pathophysiological roles of the
association of AFP with an increased risk of HCC develop-
ment remain unclear. Tateyama et al reported that AFP levels
were elevated in parallel with advanced fibrosis stages and
correlated well with the fibrosis stage (26). Since the patients
with slightly elevated AFP levels (between 6 and 19 ng/ml)
had moderately advanced liver fibrosis stages, these AFP
levels may indicate an elevated risk of HCC in patients with
chronic HCV infection. Li et al identified a functional link
between cytoplasmic AFP and the PTEN/AKT signalling
pathway and provided further evidence for the understanding
of the novel role of cytoplasmic AFP in the maintenance of
tumor cell growth (28). The silencing of AFP expression by
a knockdown of its gene may play a role in growth arrest and
apoptosis in human HCC cells (28-31).

IFN has been used to treat patients with HCV infec-
tion. A failure to achieve an SVR with IFN-based therapies,
pre-existing advanced hepatic fibrosis and/or cirrhosis are

major predictors of HCC (20,32-35). Numerous Japanese cohort
studies have demonstrated that IFN therapy reduces the inci-
dence of HCC, not only in sustained virological responders but
also in transient responders in whom the elimination of HCV
has failed (32,36-40). In cirrhotic patients, Nishiguchi ez al
reported that the relative risk of patients receiving IFN-a. treat-
ment developing HCC was 0.067 in comparison with the control
group (34). By contrast, Valla et al were unable to demonstrate
any significant benefit for the prevention of HCC in patients
with or without IFN treatment (41). Camma et al suggested a
slight preventive effect of IFN on HCC development in patients
with HCV-related cirrhosis (42). Shiffman er al reported that
continuous IFN therapy led to a decline in hepatic fibrosis
despite the persistence of viremia (43). In addition, Nomura et al
reported that the AFP level was significantly decreased at
3 months following the start of low-dose long-term IFN treat-
ment (15). Murashima er al demonstrated that IFN therapy, but
not Stronger Neo-Minophagen C (SNMC), universally reduced
basic AFP levels (44). In an in vitro study of the effects of IFN
on an HCC cell line, IFN exhibited antitumor effects (45).
Taken together, these findings suggest that AFP levels may aid
the prediction of the development of HCC during IFN-based
treatments, including long-term low-dose IFN therapy.

In conclusion, AFP is a non-invasive predictive marker of
the development of HCC in HCV patients. The present study
indicates that high (=20 ng/ml), and slightly elevated (between
6 and 19 ng/ml) AFP levels, may suggest a substantial risk
of HCC development, complementing the fibrosis stage. By
contrast, AFP levels <6 ng/ml indicate a low risk of HCC
development.
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