
Abstract. Several studies have reported that antibody to
hepatitis B core antigen (anti-HBc) positivity may influence
the development of hepatocellular carcinoma (HCC) in chronic
hepatitis C patients, but the evidence is still not conclusive.
In this study, we examined whether the presence of anti-
HBc positive was associated with the development of HCC
in hepatitis C virus (HCV)-infected subjects among the
residents in an HCV hyperepidemic area who were followed
up for 12 years. In an HCV hyperendemic area (positive rate
of anti-HCV: 23.4%), 509 residents were examined by health
screening in 1990. After 12 years of follow-up, we evaluated
the risk factors for HCC. The incidence of HCC was compared
between anti-HBc positive and anti-HBc negative subjects
after 12 years of prospective observation. Univariate and multi-
variate analyses were conducted to determine risk factors
for the development of HCC. The incidence of HCC was
significantly higher in the anti-HBc positive group (13
subjects) than in the anti-HBc negative group (0 subjects)
(P=0.012). Multivariate analysis identified positivity for anti-
HBc and HCV RNA, history of icterus, and female gender as
independent determinants of the development of HCC. Our
findings provide clear evidence in a prospective study that
presence of anti-HBc, that is, past hepatitis B virus (HBV)
infection, is a risk factor for the development of HCC in HCV-
infected people.

Introduction 

The number of hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection carriers worldwide is estimated at 350
million (1) and 170 million (2), respectively. HBV and HCV

infections include substantial proportions of cases with past
infection, asymptomatic carriers, acute hepatitis and chronic
hepatitis, and HBV infections may cause fulminant hepatitis.
Especially, chronic HBV and HCV infections may lead to
cirrhosis and hepatocellular carcinoma (HCC) (1,3). It was
reported that the frequency of HCC due to chronic HCV
infection is higher in Japan than in any other country (4).
Several studies have reported that occult HBV infection may
also be one of the causative factors of HCC (5,6). The presence
of occult HBV infection is diagnosed based on the fact that
HBV DNA still exists in serum and liver tissue after hepatitis B
surface antigen (HBsAg) disappears in acute or chronic HBV
infection (7-9), or even after antiviral treatment is successful.
Although some studies reported that occult HBV infection is
associated with HCV-related liver dysfunction (10) or the
development of HCC (11-13), these associations have still
not been clearly demonstrated in a prospective study.

A higher incidence of HBV DNA is commonly seen in
patients with anti-HBc-positive serology than in those with
anti-HBc negative serology in coinfections with HBV and
HCV (10), and using PCR amplification, most studies have
demonstrated the presence of the HBV DNA genome in 22%
to 87% of the patients who are HBsAg negative and HCV
RNA positive (10,14-18). Some studies showed that HBV
infection could occur in recipients of livers donated from
subjects with anti-HBc but without HBsAg (19,20). That is,
anti-HBc, which was initially considered to be an index for
the past HBV infection in which all HBV had been cleared,
has emerged as a convincing marker of occult hepatitis B
(19,21-23). Also, several studies showed that the anti-HBc
positivity was associated with the development of HCC in
patients with HCV-associated chronic liver disease (11,24-26),
but these associations have not been clearly demonstrated.

Since 1990, we have conducted health screenings of the
residents of H town (adult population: 7,389), Fukuoka pre-
fecture in northern Kyushu, Japan (27). This town is known
for its high prevalence of liver disease. We previously reported
that the town had a high prevalence of HCV carriers, 120/509
(23.6%) in 1990, and that HCV infection was the principal
cause of liver dysfunction and HCC (27,28).

In the present study, we analyzed the influence of anti-HBc
positivity on the development of HCC in HCV-infected people
in the same town during 12 years in a prospective manner.
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Subjects and methods

Subjects. In 1990, of a total 9,799 inhabitants, 739 (10%) of the
7,389 inhabitants >20 years old were randomly selected as
follows: the names of the residents (as they appeared on their
resident cards) were arranged in order according to the
Japanese phonetic syllabary. Then every tenth resident was
selected. As a result, 509 subjects (6.9% of H town residents)
gave their informed consent to participate in the study.

Of 509 participants initially screened in 1990, 69 people
had died and 55 people had moved to other regions as of 2002.
Thus, 385 of the original 509 residents survived in the area
and 139 residents agreed to participate in the medical follow-up
survey, while 26 did not agree to participate, and the remaining
220 residents did not declare their intention either way in 2002.
For 14 of these remaining 220 inhabitants, the records were
obtained from the primary physicians. Consequently, we
analyzed the outcome in terms of the liver disease in 222
inhabitants (69+139+14) in 2002.

Information on cigarette smoking, alcohol consumption,
and history of icterus, and blood transfusion was obtained at
the time of enrollment through interviews by the doctors in
charge and experienced public health nurses. Smoking was
defined as >10 cigarettes per day for >10 years. Alcohol con-
sumption was defined as a daily intake of ≥75 g of ethanol
per day for >10 years.

Serological assay. In 1990, sera were collected from all the
participants, and conventional liver function tests were
performed: serum levels of aspartate aminotransferase (AST),
alanine aminotransferase (ALT), gammaglutamyl trans-
peptidase (Á-GTP), total protein (TP), albumin (Alb), total
cholesterol (TC), total bilirubin (TB), zinc turbidity (ZTT) were
measured. Anti-HCV was measured using HCV PHA 2nd
generation kits (Dainabot Co. Ltd., Tokyo, Japan). These
results were confirmed using a second generation
recombinant immunoblot assay (RIBA II) (Ortho Diagnostic

System, Tokyo, Japan). Measurement of HBsAg and anti-HBc
was performed with an enzyme immunoassay kit (Mizuho
Medy Co. Ltd., Tosu, Saga, Japan). Titers of anti-HBc yielding
>70% inhibition were assessed as positive.

Detection of HCV RNA by RT-PCR. All subjects who were
anti-HCV-positive were tested for the presence of serum HCV
RNA, which was detected by reverse transcription-nested
polymerase chain reaction (RT-nested PCR) using primers
based on the sequences of the 5'UTR (untranslated region) of
the HCV genome, as described previously (29).

Statistical analysis. Continuous data were expressed as mean ±
SD, minimum and maximum. Categorical data were
expressed as frequency and/or percentage. For comparing the
background between anti-HBc positive and negative, the ¯2 and
Wilcoxon's test were used to analyze quantitative data.
Univariate and multivariate analysis were performed by
logistic regression to calculate odds ratio and its 95%
confidence interval. The SAS (statistical analysis system)
computer program (release 8.2; SAS Institute Inc., Cary, NC,
USA) was used for the logistic regression. A P-value of
<0.05 was considered statistically significant.

Results

In 2002, anti-HCV was detected in 74 of the 222 inhabitants
(Fig. 1). HCV RNA was detected in 53 (71.6%), HBsAg in
1 (1.4%), and anti-HBc in 53 (71.6%) of these 74 people. We
asked the primary physician of these 74 inhabitants about the
diagnosis of liver disease, and found thereby that 8 inhabitants
had died of HCC and 5 inhabitants had been treated for HCC
(total 13 inhabitants).

The 74 inhabitants were divided into two groups: 53 who
were positive and 21 who were negative for anti-HBc, and
the clinical characteristics observed in the screening were
compared between the two groups. No significant differences
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Figure 1. Diagram showing incident of hepatitis virus markers (anti-HCV and anti-HBc) among the 222 inhabitants 12 years ago. Fifty-three inhabitants were
anti-HBc positive and anti-HCVpositive, 21 were anti-HBc negative and anti-HCVpositive, 70 were anti-HBc positive and anti-HCV negative, and 78 were
anti-HBc negative and anti-HCV negative.
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were observed between the two groups in age, sex, smoking,
history of icterus or blood transfusion, alcohol consumption,
ALT level, HBsAg, or HCV RNA. Significant differences
were observed for the incidence of HCC (13 versus 0) between
these two groups (P=0.012) (Table I).

Univariate and multivariate analyses of factors that influenced
the incidence of HCC. The influence of age, sex, smoking,
history of icterus, history of blood transfusion, alcohol con-
sumption, AST, ALT, Á-GTP, TP, Alb, TC, TB, ZTT, anti-HBc
and HCV RNA on the development of HCC was analyzed by
univariate and multivariate analyses.

Table II shows the basic characteristics of the 74 inhabitants
with anti-HCV divided into two groups: a group with HCC
(HCC group) and a non-HCC group, and shows the results
of univariate analyses. The mean age and sex were not
significantly different between the HCC group and non-HCC
group. Serum levels of AST, ALT, Á-GTP, TB, and ZTT were
significantly higher in the HCC group than in the non-HCC
group (P<0.05). The serum level of Alb was significantly
lower in the HCC group than in the non-HCC group (P<0.05).
The frequency of anti-HBc, HCV RNA, and history of icterus
were significantly higher in the HCC group than in the non-
HCC group (P<0.05). The frequency of smoking, alcohol
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Table I. Characteristics of anti-HCV positive patients with and without anti-HBc.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics Anti-HBc positive (N=53) Anti-HBc negative (N=21) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (year) 62.3±10.9 58.0±16.4 NS
Sex: M:F 23:30 05:16 NS
Smoking (%) 16 (30.2) 4 (19.0) NS
History of icterus (%) 8 (15.1) 3 (14.3) NS
Alcohol consumption (%) 3 (5.7) 2 (9.5) NS
History of blood transfusion (%) 8 (15.1) 4 (19.0) NS
ALT level (IU/l) 40.6±30.8 27.5±17.9 NS
HBsAg (%) 1 (1.9) 0 (0) NS
HCV RNA (%) 39 (73.6) 14 (66.7) NS
HCC (%) 13 (24.5) 0 (0) 0.012
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age and serum ALT level were expressed as mean ± SD. HCC, hepatocellular carcinoma; NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Univariate analysis of risk factors that influence the development of HCC.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Factors HCC group (n=13) non-HCC group (n=61) Odds ratio 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 65.3±8.1 (53-82) 60.1±13.4 (23-89) 1.035 0.984-1.088 0.1866
Sex: male (%) 6 (46.2) 22 (36.1) 0.658 0.196-2.205 0.4976
Smoking (%) 4 (30.8) 13 (21.3) 1.641 0.435-6.190 0.4646
Alcohol consumption (%) 5 (38.5) 22 (36.1) 1.108 0.323-3.804 0.8706
History of blood transfusion (%) 3 (23.1) 8 (13.1) 1.988 0.448-8.810 0.3659
History of icterus (%) 5 (38.5) 5 (8.2) 7.000 1.652-29.667 0.0083a

AST (IU/l) 65.5±31.1 (28-131) 33.0±21.9 (13-132) 1.041 1.015-1.068 0.0016a

ALT (IU/l) 57.5±24.8 (20-108) 32.6±27.1 (9-160) 1.028 1.006-1.050 0.0119a

Á-GTP (IU/l) 127.1±195.3 (17-720) 32.4±34.2 (7-196) 1.015 1.003-1.027 0.0158a

Total protein (IU/l) 7.97±0.88 (6.6-10.0) 8.05±0.58 (6.6-9.8) 0.808 0.309-2.107 0.6622
Albumin (g/dl) 3.98±0.49 (3.0-4.9) 4.33±0.31 (3.2-4.8) 0.094 0.017-0.507 0.0060a

Total cholesterol (mg/dl) 160.5±33.1 (111-224) 173.8±32.5 (111-257) 0.987 0.967-1.007 0.1851
Total bilirubin (mg/dl) 1.01±0.50 (0.5-2.3) 0.77±0.27 (0.4-1.3) 7.537 1.170-48.533 0.0335a

ZTT (KU) 15.35±5.76 (1.1-21.7) 11.40±4.86 (2.5-27.4) 1.161 1.026-1.314 0.0183a

Anti-HBc (%) 13 (100) 40 (65.6) 9.150 1.407- 0.0161a

HCV RNA (%) 13 (100) 40 (65.6) 9.150 1.407- 0.0161a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aP<0.05; HCC, hepatocellular carcinoma; CI, confidence interval. Age, AST, ALT, Á-GTP, total protein, albumin, total bilirubin and ZTT
were expressed as mean ± SD (range).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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consumption, and history of blood transfusion were not
significantly different between the HCC group and non-HCC
group.

Multivariate logistic regression analyses identified anti-HBc
positivity, HCV RNA positivity, history of icterus, and female
sex as independent risk factors for the development of HCC
(Table III).

Discussion

Several studies have shown that anti-HBc positivity was
associated with the development of HCC in patients with
HCV-associated chronic liver disease (11,24-26). However,
considering the natural history of all HCV infections, the
results of those previous studies have some problems, i.e., the
observation period was short and the research was performed
in a retrospective manner in patients with chronic hepatitis
and liver cirrhosis. Our study was a prospective study that
investigated the disease progress after 12 years, and was
thought to reflect the natural history of HCV infections,
because we did not investigate only HCV-associated chronic
liver disease but also covered all HCV infections such as past
HCV infection and asymptomatic carriers of HCV (30,31). In
this study, we obtained clear evidence that anti-HBc-positivity
was a risk factor for the development of HCC in HCV-infected
people.

It has been suggested that HBV can induce liver tumor
formation by at least two distinct mechanisms. First, HBV
DNA sequences are frequently found integrated into chromo-
somes of hepatocytes that have evolved into HCC, and a
direct role of HBV in hepatocarcinogenesis has thus been
inferred (32,33). Second, HBV DNA sequences may be
caused by disruption of tumor suppressor gene function (34). It

has been shown that HBV DNA sequences can be detected in
some of the liver or serum from anti-HBc-positive patients
(9,10), and the presence of anti-HBc does not entirely
exclude the possibility of chronic HBV infection. Though the
presence of anti-HBc has been used as a marker of past HBV
infection, the integration of HBV DNA in hepatocytes may
cause carcinogenesis, as noted above. That is, anti-HBc-
positivity may represent occult HBV infection. The presence
of anti-HBc alone, in the absence of HBV DNA testing, has
been used in some studies as a marker of occult hepatitis B
(19,21-23). Pollicino et al provided clear evidence that occult
HBV was a risk factor for the development of HCC and
showed that the potential mechanisms whereby HBV might
induce tumor formation occur in most cases of occult
infection (6).

To detect occult HBV infection, it is necessary to examine
whether HBV DNA is present. However, serum HBV DNA
levels are frequently below the limits of detection in anti-HBc-
positive patients, and there is a pronounced risk of false-
positive results from contamination (35) or amplification of
non-HBV-DNA targets, and the sensitivity of detection is
variable (36,37). In a previous study in which serum HBV
DNA was tested in 20 anti-HBc positive patients with HCV-
associated HCC, HBV DNA was not detected by a real-time
PCR assay with a minimum detection limit of 101.7 copies/ml
(1.7 log copies/ml) (38,39). Considering these results, it
might not be possible to detect serum HBV DNA in some
anti-HBc-positive subjects. Therefore, if we could examine
liver tissues by PCR to examine whether occult HBV
infection is present, we could be more certain of the presence
of occult HBV infection.

In contrast to our findings, in some studies anti-HBc
positivity was not found to be associated with the development
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Table III. Multivariate analysis of risk factors that influence the development of HCC.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Factors Odds ratio 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 0.987 0.852-1.132 0.8428
Sex: female 190.517 2.157- >999.999 0.0188a

Smoking 40.580 0.656- >999.999 0.0824
Alcohol consumption 5.051 0.163-3.804 0.3644
History of blood transfusion 0.964 <0.001- >999.999 0.9918
History of icterus 311.186 5.066- >999.999 0.0042a

AST (IU/l) 1.013 0.855-1.244 0.8776
ALT (IU/l) 0.974 0.791-1.101 0.7013
Á-GTP (IU/l) 1.006 0.990-1.080 0.6950
Total protein (IU/l) 15.131 0.227- >999.999 0.2035
Albumin (g/dl) <0.001 <0.001-11.319 0.1236
Total cholesterol (mg/dl) 1.018 0.952-1.106 0.6028
Total bilirubin (mg/dl) 7.911 0.060- >999.999 0.4127
ZTT (KU) 0.695 0.370-1.196 0.1853
Anti-HBc positive >999.999 1.556- 0.0292a

HCV RNA positive >999.999 3.767- 0.0063a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aP<0.05; HCC, hepatocellular carcinoma; CI, confidence interval.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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of HCC in patients with HCV-associated chronic liver disease
(9,39,40). One study showed that anti-HBc was detected
significantly more frequently in blood donors with than
without anti-HCV, but the prevalence of anti-HBc was no
different between the patients with HCV-associated HCC and
anti-HCV-positive blood donors. Therefore, no epidemio-
logical evidence was obtained for a role of past HBV infection
in hepatocarcinogenesis in patients infected with HCV in Japan
(40). Also, Yano et al showed that the clinical features of
HCV-associated HCC were unaffected by anti-HBc-positivity
(39). In addition, a study in Taiwan suggested that occult HBV
infection might have little influence on the clinicopathologic
course of chronic HCV infection (9).

It was reported that the frequency of HCC due to chronic
HCV infection is higher in Japan compared with any other
country (4). If the frequency of HCC due to chronic HCV
infection is high, it is necessary to consider the possibility that
anti-HBc positivity may be associated with hepatocarcino-
genesis. In addition to HBV, other environmental and host
factors might also be associated with the pathogenesis of
HCC (4,41-43).

We continued carrying out health screenings of the
residents of H town and conducted a cohort study of liver
disease among the same residents over a 12-year period. The
results of this study showed that anti-HBc is associated with
the development of HCC in HCV-infected people.
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