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Abstract

Background Noninvasive risk factors are required for
predicting the development of hepatocellular carcinoma
(HCC) not only in patients with cirrhosis but also in those
with chronic hepatitis who are infected with hepatitis C
virus (HCV).

Methods A total of 707 patients with chronic HCV
infection without other risks were evaluated for the pre-
dictive value of noninvasive risk factors for HCC, includ-
ing age, sex, viral load, genotype, fibrosis stage, aspartate
and alanine aminotransferase levels, bilirubin, albumin,
platelet count, and alpha-fetoprotein (AFP) at entry to the
study, as well as interferon (IFN) therapy they received.
Results The ten-year cumulative incidence rates of HCC
for patients with fibrosis stages FO/F1, F2, F3, and F4 were
2.5, 12.8, 19.3, and 55.9%, respectively. Multivariate
analysis identified age >57 years [hazard ratio (HR) 2.026,
P = 0.004], fibrosis stage F4 (HR 3.957, P < 0.001), and
AFP 6-20 ng/mL (HR 1.942, P = 0.030) and >20 ng/mL
(HR 3.884, P <0.001), as well as the response to IFN
[relative risk (RR) 0.099, P < 0.001], as independent risk
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factors for the development of HCC. The ten-year cumu-
lative 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.

Conclusions Not only high (>20 ng/mL), but also even
slightly elevated (6-20 ng/mL) AFP levels, could serve as
a risk factor for HCC to complement the fibrosis stage. In
contrast, AFP levels <6 ng/mL indicate a low risk of HCC
development in patients infected with HCV, irrespective of
the fibrosis stage.

Keywords Alpha-fetoprotein - Hepatitis C virus -
Hepatocellular carcinoma

Introduction

Worldwide, an estimated 170 million people are persis-
tently infected with hepatitis C virus (HCV) [1, 2], and they
are at high risk of developing hepatocellular carcinoma
(HCC) [1, 3-5]. Several factors have been identified that
increase the risk of HCC, including, age, male gender, and
alcohol intake, as well as cirrhosis and the duration of
infection [3, 5]. Of these factors, the stage of liver fibrosis
parallels the risk for HCV-associated HCC. The annual
incidence of HCC in patients with HCV-related cirrhosis
ranges from 1 to 7% [6, 7]. Although liver biopsy is the
gold standard for the assessment of hepatic fibrosis [8, 9], it
is too invasive a procedure to be acceptable as a routine test
[10, 11]. In place of liver biopsy, the platelet count is used
to estimate the degree of fibrosis [12—14], and low platelet
counts have been shown to be a risk factor for the devel-
opment of HCC in cirrhotic patients [13, 15, 16]. In this
study, we tried to identify noninvasive markers for pre-
dicting the development of HCC in a large cohort of



J Gastroenterol (2011) 46:92-100

93

patients with chronic HCV infection during a long obser-
vation period.

Patients and methods
Study design

Between January 1992 and December 2003, 832 patients
were identified who were positive for both anti-HCV, by a
second or third-generation enzyme-linked immunosorbent
assay (ELISA), and for HCV RNA by polymerase chain
reaction (PCR). These patients underwent liver biopsy
guided by ultrasonography (US) at the National Nagasaki
Medical Center. Of the 832 patients, 125 (15.0%) were
excluded according to the following criteria: (1) positive
for hepatitis B surface antigen (HBsAg) (n = 12); (2)
heavy habitual drinking defined as an average daily con-
sumption of >100 g ethanol (n = 26); (3) presence of
autoimmune hepatitis (AIH), primary biliary cirrhosis, or
idiopathic portal hypertension (n = 8); (4) positive anti-
nuclear antibody (defined as a titer of >320x) without a
diagnosis of AIH (n = 8); or (5) a short follow-up period
(<180 days ) (n = 71). The remaining 707 patients were
analyzed retrospectively for the incidence of HCC. Their
medical histories had been recorded, with the results of
routine tests for blood cell counts, liver biochemical
parameters, and markers for HCV infection at the time of
US-guided liver biopsy at regular intervals. Complete
blood cell counts and biochemical tests were performed,
using automated procedures, at the clinical pathology lab-
oratories of the National Nagasaki Medical Center. lin-
formed consent was obtained from each patient included in
the study, and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected
in a-priori approval by the institution’s human research
committee.

Staging of hepatic fibrosis

Liver biopsy was taken by fine-needle aspiration (18G or
16G sonopsy) guided by US. Liver tissue specimens were
fixed in 10% formalin, embedded in paraffin, and stained
with hematoxylin and eosin. They were evaluated for the
stage of hepatic fibrosis by a pathologist according to the
criteria of Desmet et al. [17].

HCV RNA, HCV core antigen, and HCV genotypes

HCV RNA was determined by reverse transcriptase (RT)-
PCR using a commercial kit (Amplicor HCV; Roche
Diagnostic Systems, Basel, Switzerland). HCV core anti-
gen was determined using the lumispot EIKEN HCV

antigen assay (Eiken Chemicals, Tokyo, Japan). HCV core
antigen levels were classified as low or high with the cutoff
at 1,000 fmol/L. [18, 19]. Genotypes of HCV were deter-
mined by RT-PCR with genotype-specific primers (HCV
RNA core genotype; Roche Diagnostics, Tokyo, Japan)
[20, 21].

Interferon therapy

During the observation period, 373 of the 707 (52.8%)
patients received interferon (IFN) monotherapy, pegylated
(PEG)-IFN monotherapy, combination therapy with IFN
and ribavirin, or PEG-IFN and ribavirin. Sustained viro-
logical response (SVR) was defined as the absence of
detectable HCV RNA by the end of treatment that persisted
for longer than 6 months thereafter, while failure in
meeting these criteria was judged as non-SVR. There was
no relapse of viremia after 6 months among SVR patients.

Diagnosis of hepatocellular carcinoma

Patients were followed up with hematological and bio-
chemical tests at intervals of 1-12 months. Liver imaging
was performed by US at 6- to 12-month intervals in most
patients at fibrosis stages FO-F2, while computed tomog-
raphy (CT), magnetic resonance imaging (MRI), or US was
performed at 3- to 6-month intervals in patients at fibrosis
stages F3 and F4. HCC was diagnosed by typical vascular
patterns on CT, MRI or angiography, or by fine-needle
biopsy of space-occupying lesions detected in the liver.

Statistical analysis

Continuous variables [platelet counts, albumin, total bili-
rubin, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alpha-fetoprotein (AFP), HCV core
antigen] were dichotomized with respect to the median
value or clinically meaningful values.in a multivariate
analysis. To estimate the cumulative risk of developing
HCC, the Kaplan—Meier method and the log-rank test were
used. Cox proportional hazards regression analysis was
performed to evaluate risk factors for HCC. Analysis was
performed by Bonferroni’s correction and data analysis
was performed with SPSS ver. 11.0 (SPSS, Chicago, IL,
USA).

Results
Characteristics at enrollment

Table 1 lists the characteristics of the 707 patients at
enrollment. The median age was 57.0 years; 120 (17.0%)

@ Springer
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Table 1 Demographic, clinical, and virological characteristics of 707
patients persistently infected with hepatitis C virus (HCV)

Age (years) 57.0 (19-79)
Male 351 (49.6%)
Observation period (years) 8.2 + 44*

Interferon therapy 373 (52.8%)
Habitual alcohol intake 135 (19.1%)

Fibrosis stage

FO/F1 273 (38.6%)

F2 193 (27.3%)

F3 121 (17.1%)

F4 120 (17.0%)
Piatelet count (x 10%/mm°) 156 (30-391)
Albumin (g/dL) 4.2 (2.7-5.3)
Total bilirubin (mg/dL) 0.7 (0.1-2.5)
Aspartate aminotransferase (AST; [U/L) 53 (11-422)
Alanine aminotransferase (ALT; TU/L) 82 (1-1.057)
Alpha-fetoprotein (AFP; ng/mL) 6 (1-510)
HCV core antigen

>1,000 fmol/L 539 (76.2%)
HCV genotype

1b 510 (72.1%)

2a/2b 195 (27.6%)

Unknown 2 (0.3%)

Values are medians with ranges in parentheses, or means with SD in
parentheses

* Mean =+ SD

patients were diagnosed histologically with liver cirrhosis
(fibrosis stage: F4) and the remaining 587 had chronic
hepatitis (fibrosis stage FO, F1, F2, or F3). The median
value of AFP was 6 ng/mL. The average follow-up period
was 8.2 years. The patients were classified into three cat-
egories by the level of AFP; 350 patients (49.5%) had AFP
levels of <6 ng/mL, 254 (35.9%) had levels between 6 and
20 ng/mL, and the remaining 103 (14.6%) had levels of
>20 ng/mL.

IFN therapy and IFN response

Of the 120 patients with cirrhosis (fibrosis stage F4), 46
(38.3%) received IFN while the remaining 74 (61.7%) did
not. The proportions of IFN-treated patients showing an
SVR were 40.8% (56/137) in patients with F1; 37.6% (44/
117) in those with F2; 32.8% (24/73) in those with F3; and
32.6% (15/46) in those with F4.

Risk factors for HCC
Cox regression analysis was performed on several vari-

ables, including age, sex, alcohol consumption, IFN ther-
apy during the observation period, and biochemical as well

@_ Springer

as virological parameters. The following factors were
identified as showing an increased risk for HCC by the
univariate analysis: age; IFN therapy; fibrosis stage;
platelet count; albumin; AST, ALT, and AFP levels; and
HCV genotype (Table 2). Multivariate analysis was per-
formed on these factors (Table 3), and the following were
identified as independent risk factors: fibrosis stage (F4),
AFP (6-~20 and >20 ng/mL), age (>57 years), and IFN
therapy (SVR).

Development of HCC

During the follow-up period, HCC developed in 110
(15.6%) patients. Of the 110 patients with HCC, 58 (52.7%)
were diagnosed with the disease by histological examina-
tion of biopsy-obtained or resected liver specimens. Of
these 58 patients, 24 (41.3%) had hypovascular HCC.

Among the patients with HCC, only eight (7.2%) had
AFP <6 ng/mL at the time of diagnosis of HCC. Figure |
shows Kaplan—Meier estimates of the cumulative risk of
HCC with respect to fibrosis stage at entry. The 10-year
cumulative incidence rates of HCC for stages FO/F1, F2,
F3, and F4 were 2.5, 12.8, 19.3, and 55.9%, respectively.

There were significant differences in cumulative incidence
rates among the three groups of patients with different AFP
levels. The 10-year cumulative risk of HCC was 6.0% in the
350 patients with AFP <6 ng/mL at the study entry, 24.6% in
the 254 patients with AFP 6-20 ng/mL, and 47.3% in the 103
patients with AFP =20 ng/mL (P < 0.001) (Fig. 2). Of the
350 patients with AFP <6 ng/mL, 21 eventually developed
HCC during the observation period. Fourteen of these 21
patients were >57 years old and 10 had fibrosis stage F3 or
F4. In remarkable contrast, HCC ultimately developed in
84.5% of the patients with AFP >20 ng/mL.

The 10-year cumulative incidence rates of HCC were
3.1% in patients with SVR to IFN, 14.6% in patients with
non-SVR, and 29.5% in the patients without IFN therapy
(Fig. 3). Of the 139 patients with SVR, three (2.2%)
eventually developed HCC during the observation period.
These three patients had advanced fibrosis stages at the
study entry (1 with F3 and 2 with F4). Figure 4 shows the
cumaulative incidence of HCC in the patients with different
AFP levels, stratified by the fibrosis stage. In the patients
with fibrosis stage F4, there were significant differences in
HCC incidence between those with AFP levels of <6 and
those with levels of >20 ng/mlL.

Figure 5 shows the proportions of patients with different
AFP levels stratified by the fibrosis stage. The proportion
of patients with AFP <6 ng/mL decreased with the
advance of fibrosis stage, and conversely, the proportion of
patients with AFP =20 ng/mL increased with the advance
of fibrosis stage. There was a strong correlation between
AFP levels and the fibrosis stage.
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Table 2 Factors increasing the risk for hepatocellular carcinoma
(HCC), determined by univariate analysis

Table 3 Factors increasing the risk for HCC, determined by muldi-
variate analysis

Features Hazard ratio P value Features Hazard ratio (95% Cl) P value
Age Fibrosis stage
<57 years ! FO/F1 |
>57 years 3.889 <0.001 F2 1.030 (0.471-2.253) 0.942
Sex F3 1.682 (0.632-3.713) 0.198
Female ] F4 3.957 (1.861-8.411) <0.001
Male 1.146 0.475 AFP
Alcohol intake <6 ng/mL 1
None 1 6-20 ng/mL 1.942 (1.066-3.538) 0.030
Habitual 1.012 0.962 =20 ng/mL 3.884 (2.014-7.433) <0001
Interferon therapy Age
None 1 <57 years i
Non-SVR 0.523 0.002 >57 years 2.026 (1.261-3.255) 0.004
SVR 0.063 <0.001 Interferon therapy
Fibrosis stage None !
FO/F1 | Non-SVR 0.704 (0.453-1.094) 0.119
F2 1.863 0.096 SVR 0.099 (0.029-0.334) <(.001
F3 3.985 <0.001 C1 confidence interval
F4 13.045 <0.001
Platelet count
>150 x 10%/mm* I Discussion
<150 x 10%mm’ 4.644 <0.001
Albumin In the present study, four variables were identified as risk
>4.2 o/dL [ factors for HCC in patients with chronic HCV infection:
<42 ofdL 2953 <0.001 fibrosis stage, AFP level, age, and IFN therapy. Previous
Total b;limbin reviews have analyzed risk factors for the development of
<0.7 mg/dL 1 HCC [3, 22-25]. Yoshida et al. {6] have reported that the
>0.7 mg/dL 1.438 0.065 annual incidence increases with the stage of liver fibrosis,
AST from 0.5% in patients with stage FO or F1 to 7.9% in
<53 TUL patients with stage F4 (cirrhosis). In our study, the cumu-
~53 TUIL 2501 <0001 lative incidence of HCC increased along with the advance
AET of fibrosis stage. AFP is used as a serological marker of
<82 TUAL | HCC, and is employed in combination with US for
82 TU/L 1514 0.035 screening HCC [3]. Several reports have shown an elevated
Al;P AFP level ‘as a lris‘k factor. for the development of HCC
<6 ng/mL. | among patients infected with HCV [16, 25-32]. Most of
the studied patients had cirrhosis that was not definitely
6-20 ng/ml. 4.628 <0.001 . .. .
220 ng/mL. 10,335 <0.001 dlagnosed by clinical symptoms apd ultrasqnograpr}lc
- . findings. There have been few studies on patients with
HCV mre_ antigen chronic hepatitis C, in addition to those with cirrhosis [27].
<1000 fmol/L ! Thus, it has been unclear whether elevated AFP levels are a
21,000 fmol/L 12 0645 sk factor for the development of HCC in patients infected
HCV genotype with HCV. Against this background, we were prompted to
2a/2b ! analyze the utility of AFP as a risk factor for the devel-
Ib 1.730 0.027

SVR sustained virological response

opment of HCC in patients who had been histologically
diagnosed by US-guided liver biopsy. In the present study,

@ Springer
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Fig. 1 Cumulative incidence of The cumulative HCC incidence rates
hepatocellular.carcinoma . Fibrosis stage  Number 5% year 10% year 15% year
gggf) agoording 10 the fbrosts . FO 73 1.26% 247% 14.63%
- P2 193 2.69% 12.76% 19.64%

71 . m 121 6.98% 1934%  4297%

80 - I . | 120 2831% 55.94% 7033%

T

The cumulative HCC incidence rates (%)

Fig. 2 Cumulative incidence of
HCC according to alpha-

fetoprotein (AFP) levels

The cumulative HCC incidence rates (%)

Fig. 3 Cumulative incidence of The cumulative HCC incidence rates
HCC according to interferon IFN therapy Number th 10% 15%
(IFN) therapy. SVR Sustained - — b —
virological response 100 ~ SVR 139 0.83% 3.10% 3.10%
— = Non-SVR 234 5.69% 14.61% 36.07%
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Fig. 4 Cumulative incidence of HCC according to AFP levels, stratified by the fibrosis stage

Fig. 5 Proportions of patients
with three different AFP levels
(<6 ng/mL, 6-20 ng/mL, and

>20 ng/mL) at different fibrosis
stages

Percentage (%)

FO/l (N=273) F2(N=193)

among patients infected with HCV, including not only
those with cirrhosis but also those with chronic hepatitis,
we found AFP levels to be a dependable risk factor for
HCC, in addition to the fibrosis stage. Of particular note,
not only the patients with high AFP levels (=20 ng/mL)
but also those with even slightly elevated AFP levels
(between 6 and 20 ng/mL) had increased risks for the
development of HCC. In the patients in this study, the
median AFP level was 6 ng/mL. It deviated slightly from
serum levels of AFP in healthy adults that have been
reported to range from 0.1 to 5.8 ng/mL [33]. Hence, we
performed analyses by setting various AFP cutoff levels for

Multiple comparison
* p<0.01
F3(N-121) F4(N-120) *Pe00s
Fibrosis stage

evaluating their performance as risk factors. However,
there were no significant differences in the analysis with
the use of AFP cutoff levels exceeding 7 ng/mL. On the
basis of these observations, an AFP cutoff level of 6 ng/mL
was adopted in this study. In previous reports, AFP levels
were associated with advanced fibrosis stage in patients
infected with HCV in the absence of HCC [34-38]. In the
present study, AFP levels were elevated in parallel with
advanced fibrosis stages and correlated well with the
fibrosis stage. As the patients with even slightly elevated
AFP levels, between 6 and 20 ng/mL, had moderately
advanced liver fibrosis stages, these AFP levels could
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indicate an elevated risk for HCC in patients with chronic
HCV infection.

Hu et al. [36] found that an AFP level of 15.0 mg/mL
could detect severe fibrosis with a sensitivity of 22.8% and
specificity of 94.5%. Moreover, they reported, during
observation for 6 months of patients with chronic hepatitis
C, that AFP levels stayed within the normal range (<10 ng/mL)
in 60%, were persistently elevated in 24%, and fluctuated
in the remaining 15%. By multivariate analysis, they
identified AST, INR, and fibrosis as risk factors for AFP
levels of >10 ng/mL. In view of the correlation between
AFP levels and fibrosis stages, the AFP level at the time of
liver biopsy was taken into account in the analysis in the
present study; ALT levels are reported to be persistently
elevated in the majority (60%) of patients with chronic
hepatitis C.

Liver biopsy is the gold standard for assessing hepatic
fibrosis {8, 9]. However, the needle liver biopsy has a
sampling error and is too invasive as a routine procedure
[10, 1]. Therefore, AFP levels may be used as a nonin-
vasive and predictive marker in place of the fibrosis stage.
The platelet count is known to reflect the severity of
chronic hepatitis C [12, 13], and is used to estimate the
degree of fibrosis without resort to liver biopsy [12-14].
Previous reports have shown low platelet counts to repre-
sent a risk factor for HCC in cirrhotic patients [13, 15, 16].
Matsumura et al. [13] reported that age and serum platelet
count were significant risk factors for the development of
HCC, and as such, they were a major clinico-laboratory
means of evaluating the fibrosis stage. In the present study,
however, the platelet count was not an independent risk
factor for HCC development. When Cox regression anal-
ysis was performed on variables other than the fibrosis
stage, platelet count and serum albumin levels were iden-
tified as independent risk factors for the development of
HCC (data not shown).

IFN has been used to treat patients with HCV infection.
Failure to achieve an SVR to IFN-based therapies, and
preexisting advanced hepatic fibrosis and/or cirrhosis, are
major predictors of HCC [6, 23, 25, 39, 40]. In the present
study, SVR emerged as an independent risk factor for the
development of HCC, while non-SVR was not. However,
the cumulative incidence rate of HCC in patients with non-
SVR was lower than that in those without IFN therapy.
These results suggest that the use of IFN in patients with
HCV-related liver disease may be beneficial in preventing
the development of HCC. Several Japanese cohort studies
have demonstrated that IFN therapy reduces the incidence of
HCC, not only in sustained virological responders but also in
transient responders who have failed to eliminate HCV [6,
41-45]. In cirrhotic patients, Nishiguchi et al. [39] reported
that the relative risk of patients with IFN-alpha treatment
developing HCC was 0.067 in comparison with the control
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group. In contrast, Valla et al. [46] could not prove any
significant benefit for the prevention of HCC between
patients with and without IFN treatment. Camma et al. [47]
suggested a slight preventive effect of IFN on HCC devel-
opment in patients with HCV-related cirrhosis. Shiffman
et al. [48] have reported that continuous IFN therapy led to a
decline in hepatic fibrosis despite the persistence of viremia.
In addition, there are case reports that IFN therapy reduced
AFP levels in virological nonresponders [49]. Murashima
et al. [50] showed that IFN therapy, but not Strong Neo-
Minophagen C (SNMC) (Glycyrrhizin, Tokyo, Japan),
universally reduced basic AFP levels. In an in vitro study of
the effects of IFN on an HCC cell line, IFN exhibited anti-
tumor effects [51]. Taken together, these findings suggest
that AFP levels may be useful for predicting the develop-
ment of HCC during IFN-based treatments, including long-
term low-dose IFN therapy.

There have been several reports on the relationship
between chronological trends in platelet counts, AST or
AFP levels, and the development of HCC [11, 26, 27, 52—
54]. Tarao et al. [52, 53] showed that in patients with HCV-
related cirrhosis, those with persistently high serum ALT
levels had a high risk of developing HCC and multicentric
carcinogenesis, whereas those with persistently low ALT
levels faced a very low risk. Likewise, the dynamics of
AFP levels in patients with chronic HCV infection may be
useful to estimate the risk of developing HCC. Recently,
Bruce et al. [32] found serial measurements of AFP helpful
in identifying persons with advanced fibrosis. They used an
AFP level of 8 ng/mL, the test manufacturer’s upper limit
of normal, as the evaluation of the risk of development of
HCC. 1t is not certain whether or not AFP would be a risk
factor of HCC development in patients with chronic liver
disease of etiologies other than persistent HCV infection.
Velazquez et al. [55] reported that an AFP level of >5 ng/mL
at study entry was associated with the development of HCC
in their univariate analysis but not in their multivariate
analysis. They speculated that this could have been because
the main causative factor of liver cirrhosis in their series
was alcohol. Taken together, the findings of various studies
suggest that the baseline AFP level may be more reliable as
a predictive factor for the development of HCC in patients
with HCV-related liver disease than in those with liver
disease of other ctiologies.

In conclusion, AFP is a noninvasive predictive marker
for the development of HCC in patients infected with HCV.
The present study indicates that not only high AFP levels
(=20 ng/mL) but also slightly elevated AFP levels,
between 6 and 20 ng/mL, could indicate substantial risks
for the development of HCC, complementing the fibrosis
stage. In contrast, AFP levels of <6 ng/mL indicate a low
risk of HCC development, irrespective of the liver fibrosis
stage. IFN therapy significantly reduces the risk of the
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development of HCC, especially in patients with an SVR to
the therapy.
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BACKGROUND

ResuLTs

The three leading causes of death in Japan are malignan-
cy neoplasms, cardiovascular diseases, and cerebrovascular
diseases. Since 1981, malignant neoplasms have been the
leading cause of death in Japan. For the last 30 years, liv-
er cancer has been the third leading cause of death from
malignant neoplasms in men. In women, liver cancer has
ranked fifth during the past decade [1]. Hepatocellular
carcinoma (HCC) accounts for 85% to 90% of primary liv-
er cancers[2] and the age-adjusted HCC mortality rate has
increased in recent decades in Japan [3]. Similarly, a trend
of increasing rates of HCG has been reported from sever-
al developed countries in North America, Europe and Asia
[4,5]. HCC often develops in patients with liver cirrhosis
caused by hepatitis B virus (HBV), hepatitis C virus (HCV),
excessive alcohol consumption, or nonalcoholic fatty liver
disease. Of the hepatitis viruses which cause HCC, HCV is
predominant in Japan [6-9].

Although the age-adjusted incidence of HCC has increased
in Japan, sequential changes in etiology of HCC patients be-
tween 2001 and 2008 are not fully understood [10]. To clar-
ify factors affecting epidemiological changes in Japanese
HCC patients, especially the recent trend of HCC, we ana-
lyzed the epidemiological trend of HCC in the western area
of Japan, Kyushu area.

MATERIAL AND METHODS

Patients

A total of 10,010 patients with HCC diagnosed between
1996 and 2008 in the Liver Cancer study group of Kyushu
(LCSK), were recruited for this study. The diagnosis of
HCC was based on AFP levels and imaging techniques in-
cluding ultrasonography (USG), computerized tomogra-
phy (CT), magnetic resonance imaging (MRI), hepatic
angiography (HAG), and/or tumor biopsy. The diagnos-
tic criteria for HCC were either a confirmative tumor biop-
sy or elevated AFP (520 ng/mL) and neovascularization in
HAG and/or CT.

Etiology of HCC

A diagnosis of chronic HCV infection was based on the
presence of HCV-RNA detected by polymerase chain re-
action (PCR), whereas diagnosis of chronic HBV infec-
tion was based on the presence of hepatitis B surface an-
tigen (HBsAg). The etiology of HCC was categorized to
four groups as follows; B: HBsAg positive, HCV-RNA neg-
ative, C: HCV-RNA positive, HBsAg negative, B+C: both of
HBsAg and HCV-RNA positive, nonBC: both of HBsAg and
HCV-RNA negative.

Statistical analysis

The data were analyzed by the Mann-Whitney test for the
continuous ordinal data, the x2 test with Yates’ correction
and the Fisher exact test for the association between two
qualitative variables. The standard deviation was calculated
based on the binomial model for the response proportion.
P<0.05 was considered statistically significant.

Clinical features of the studied patients

A total of 10,010 patients with HCC were diagnosed at our
study group from 1996 to 2008. Table 1 show that the pro-
portion of patients diagnosed with B was 14.8% (1,485 of
10,010), whereas 68.1% (6,819 of 10,010) had C, and an ad-
ditional 1.4% (140 of 10,010) had HCC associated with both
viruses. The remaining 1,566 patients (15.6%) did not as-
sociate with both viruses. In analysis of patients in HCC by
category, the median age of patients at diagnosis of B was
57 years old significant younger than other types HCC(C:
69, nonBC: 70,.B+C 65 years old).

As shown in Figures 1 and 2, the number and ratio of B cas-
es remained unchanged from1996 to 2001 and thereafter
increased and plateaued, whereas C rapidly increased from
1996 to 2000 and thereafter decreased and plateaued. In addi-
tion, the number and ratio of the nonBC cases has increased
continued gradually and continued in this study period.

Change of etiology in patients with HCC during the
period 1996-2007 with 6-years intervals

Cohorts of patients with HCC were divided into six-year in-
tervals (1996-2001 and 2002-2007). Table 2 show that the
incident rate of C decreased significantly from 73.1% in
1996-2001 to 64.9% in 2002-2007 (1996-2001 vs. 2002-2007,
p=<0.001). On the other hand, the incident rate of B and
-nonBC increased significantly from 13.9% and 11.3% in
1996-2001 to 16.2% and 17.6% in 2002-2007, respectively.
Not only the incident rate but also number of B and -non-
BC became larger in same 6 years periods.

Table 3 shows that male/female ratio of C and -nonBC de-
creased significantly from 2.2 and 4.0 in 1996-2001 to 1.8 and
2.7 in 2002-2007, respectively (p<0.001). The ratio became
clearly smaller, indicates an increase in female patients with
C and nonBC. On the other hand, the male/female ratio
of B patients did not significantly change during the peri-
od. The median age at diagnosis of B, C, and nonBC in six-
year intervals were significant increase from 56 to 58, from
67 to 71 and from 68 to 71 years of age during the period.

DISCUSSION

Our study was the twenty-three major liver center-based study
designed to examine the sequential change in the back-
ground of HCC patients during the past 13 years, 1996-2008.
More than 80% of our patients had chronic HBV or HCV
infections. During this observation period, the number and
proportion of HCC-C reached a peak in 2000 and thereaf-
ter decreased and became stabilized. Previous studies from
Japan reported that the proportion of the HCC patients with
HCV infection had been increased and reached a plateau
in the period of 1981-2001 [1,3,10-12]. However, in our
study, the number and proportion of the HCC patients with
HCV infection cases decreased in 2001-2008. The reason
may be explained as follows; interferon therapy for chron-
ic hepatitis C may have been associated with a decreased
incidence of HCC [13-17]. Oral supplementation with a
oral branched-chain amino acids has been useful in the
prevention HCC [18]. Finally, the chronically HCV-infected
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Table 1. The characteristic of HCC patients during the period of 1996-2008.

Taura N et al - Trends of HCC incidence in western japan

B C nonB B+C
Age (y.0.) Total
Male Female Male Female Male Female Male Female
0- 1 0 0 1 0 0 0 2
10— 4 1 0 0 0 2 0 0 7
20~ 6 2 1 0 1 1 0 0 n
30— 31 5 4 0 1 3 2 0 56
40~ 204 22 130 12 32 15 12 0 427
50— 507 66 728 145 167 32 31 6 1,682
60— 287 118 1836 41 411 102 35 13 3,543
70— 140 64 1775 947 483 133 22 14 3,578
80— 9 18 m 214 97 65 1 4 679
90— 0 0 9 5 9 2 0 0 58
1,189 296 4,754 2,065 1,211 355 103 37
Total 10,010
1,485 (4.8%) 6,819 (68.1%) 1,566 (15.6%) 140 (1.4%)
57 63 67 70 68 70 61 68
Median 67
57 69 70 65
56 64 68 N 69 n 62 68
Mean 67
58 68 68 63
1-87 14-89 27-94 0-93 28-96 17-90 36-82 55-82
Range 0-96
1-89 0-94 17-96 36-82

Age: Bvs. ( p<0.001; Bvs. B+( p<0.001; Bvs. nonBC p<0.001; C vs. BC p<0.001; C vs. nonBC p=0.043; BC vs. nonB+C p<0.001. IQR - interquartile

range; SD — standard deviation.

Figure 1. Sequential changes in the number of HCC

0
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 (years)

patients categorized by etiology during
the period 1996—2008.

population is aging in Japan. Yoshizawa et al. reported that
age-specific prevalence for the presence of HCVAb among
~300,000 voluntary blood donors from Hiroshima in 1999
clearly increased with the age, reaching the highest propor-
tion of 7% in individuals who were more than 70 years old
[10,19]. In this study, the median age of the HCC patients
with HCV infection steadily increased from 67 to 71 years
of age during the studied period. In a word, HCV infected

people become older with years in Japan and they were re-
garded as a high risk for HCC.

The prevalence rate of HBV in Kyushu area has been re-
ported to be higher than other area in Japan [1]. In Kyushu
area, 95% of patients with chronic HBV infection had HBV
genotype C except for Okinawa [20]. HBV genotype C is
thought to be associated with higher incidence of HCC
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Ratio (%)
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Figure 2. Sequential changes in the ratio of HCC
patients categorized by etiology during
the period 1996-2008.

Table 2. Change of etiology in patients with HCC during the period
19962007 with 6-years intervals.

Table 3. The median age and male/female ratio of HCC patients
during the period of 1996—2007.

Period 1996-2001 2002-2007 P value Period 1996-2001 2002-2007 P value
Number 3,023 4173 B
Sex Male 2,162 2,849 Age (y.0.) (IQR) 56 (14) 58(15) 0.001
Female 861 1324 Sex Male 331 519
Ratio (male/female) 25 22 0.003 Female 8 157
Age (y.0.) (IQR) 66 (14) 69(12) <0.001 Ratio (male/female) 3.8 33 0.391
B 139 16.2 ¢
Hepatitis C 731 64.9 Age (y.0.) (IQR) 67(9) 71(N) <0.001
virus (%) B+(C 17 13 g Male 1,524 1,753
. . ex
nonB 13 176 0.001 Female 647 955
QR - interquartile range. Ratio (male/female) 22 18 0.002
nonB(
compared with other HBV genotypes [21]. In the present Age (y.0.) (IQR) 68(12) 71(13) <0.001
study, the incident rate of HCC patients with HBV infection Male Ve 534
became larger in this study period. To explain this change, Sex
we must consider from two viewpoints. The one is that the Female 69 201
number of patients with HCC caused by HCV infection de- Ratio (male/female) 40 27 0.012

creased, the other is that the proportion of chronic HBV
infected patients who have reached the age of developing
HCC is relatively high as described below.

Nationwide health survey for HBsAg in the over 40 years of
age population had been done between 2002 and 2006 in
Japan. This survey reports indicated that the average HBsAg
prevalence was 1.2% in the total Japanese population pa-
tients with chronic HBV infection [10] and the age-specif-
ic prevalence of HBsAg was higher in the group aged be-
tween 50 (1.4%) and 55 years (1.5%). In the HCC patients
with HBV genotype C, the mean age was 55 years in Japan
[20]. This overlap between age-specific prevalence and he-
patocellular carcinogenic age would be associated with the
increase of HCC patients with HBV infection. Nucleoside
analogue reverse transcriptase inhibitor (NARTT) therapy
effectively reduces the incidence of HCC in chronic hep-

PH10

atitis B patients [22,23]. However, Interferon therapy for tion of HCC patients with nonBC. First, Lai et al. reported

QR — interquartile range.

chronic hepatitis C started from 1992, whereas NARTI ther-
apy for HBV started from 2000 in Japan [24,25]. Hence,
HBV associated HCC will probably decrease in Japan dur-
ing the next 10 to 20 years.

The survey of HCC patients associated with nonBC infec-
tion in Japan was conducted by Inuyama Hepatitis Research
Group from 1995 to 2003. The ratio of HCC patients with
nonBC accounted 9.3% [1]. In the present study, the ratio
of HCC patients with nonBC was 14.1%. Furthermore, the
number and the proportion of HCC patients with nonBC
have been gradually increasing in the periods. The current
two studies account for the increase in number and propor-
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that type 2 diabetes increases the risk of developing HCC
in those who are HCV negative or have a high level of total
cholesterol [26]. Second, Nakano et al. reported that epi-
demiological studies on diabetes mellitus revealed that the
number of patients with diabetes mellitus is gradually in-
creasing in Japan along with development of car society and
westernization of food intake. Since prevalence of diabetes
mellitus increases with aging, proportion of individuals with
diabetes mellitus aged over 60 has exceeded two-third of es-
timated total number of patients (7.40 million in 2002) in
Japan where aging of society is rapidly progressing [27]. In
aword, the number of type 2 diabetes people is increasing
in Japan and they were regarded as a high risk for HCC.
Then, the number and the proportion of HCC patients with
nonBC have been increased recent twelve years in Japan.

Itis known that 2 to 4 decades of chronic HCV infection are
required to develop cirrhosis and subsequent HCC [28-31].
The number of HCC cases has increased in Japan, because in-
dividuals infected with HCV during the past have grown old
and have reached the cancer-bearing age. The prevalence of
HCV infection in young Japanese individuals is low and the
incidence of HCVAD is very low because of preventative ac-
tions against HCV infection such as the screening of blood
products for HCV and the use of sterile medical equipment
[32]. Additionally, we showed that the number and propor-
tion of patients with HCC-C cases decreased, whereas the
number and ratio of HCC-nonBC steadily increased during
the studied period. These findings may be expected that the
incidence of HCC patients with nonBC in Japan may contin-
ue to increase even after the consequence of the HCV ep-
idemic level off, a country that is far advanced with regard
to HCC patients with HCV infection, in the near future.

CONCLUSIONS

In summary, HCC patients had increased from 1996 to 2000
and this increase was originated from HCC patients with
HCV infection. The number and proportion of HCC pa-
tients with HCV infection reached a peak in 2000 and there-
after decreased and became stabilized. The incidence of he-
patocellular carcinoma associated with hepatitis C infection
decreased after 2001 in Kyushu area. This change was due
to the increase in the number and proportion of the HCC
not only nonBC patients but also B patients.
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