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TABLE 4. Detection of ETVr mutations by HBV DR v3 and direct sequencing at weeks 0, 24, 48, 72, 96, and 144

INNO-LiPA detection

Direct-sequencing detection

Case
Wk ETVr Wk ETVr
J20 96 ILFM184 + G202 96 L184 (L184 and G202 detected at wk 144)
J27 144 SCGA184 + T184 144 S184 + T184
130 48 G202 96 G202 (ND” at wk 48)
J39 72 SCGA/ILFM184 + G202 96 1184, G202 (ND at wk 72)
J40 -8 G202 0 G202 (ND at wk —8)
J33 96 G202 144 G202 (ND at wk 96)
J19 24 G202 + C202 48 G202 (ND at wk 24)
122 144 S202 + G202 144 $202
J28 0 SCGA184, V233 0 Al184, V233
J37e 48 §202 + G202 48 S$202
U42 80 SCGA184 + T184 80 Ti184 + Al184
uU72 144 T184 + SCGA184, S202 + G202 144 T184 + A184, S202
H55 48 T184 + ILFM184 48 T184

“ Switched from ETV to LVD plus ADV therapy at week 60.
5 ND, ETVr was not detected.

at baseline (BT, 100%, versus non-BT, 28.6%) (Table 5). For
other factors, additional analysis showed that ETVr substitu-
tions (i.e., S202G, T184SCGA/ILFM, and M204V) were
strongly associated with BT during the 3-year ETV treatment
(OR, 146.67 [95% CI, 13.55 to 1,587.24], 96.25 [95% CI, 9.38
to 987.41], and 10.91 [95% CI, 4.72 to 354.28]) (Table 5).

After adjustment for age, gender, baseline HBV DNA, and
reduction in HBV DNA, we found that ETVr substitutions
(i.e., TIB4SCGA/ILFM and S202G) significantly increased the
risk of BT among patients with LVDr (OR, 141.12 [95% (I,
6.94 to 2,870.20] and 201.25 [95% CI, 11.22 to 3,608.65], re-
spectively).

Mechanism of ETVr assessed by 3D docking simulation.
Modeling of the DNA binding cleft of HBV RT by docking
simulation indicated that ETVr substitutions (T184L and

$202G), which are located in the palm, were found to change
the direction of the D205 residue (YMDD domain) and to
narrow the binding pocket in comparison with the wild type
and LVDr substitutions (M204V and L180M) (Fig. 3). The
results of docking simulation showed that ETVr substitutions
(T184L and S202G) plus LVDr substitutions (M204V and
L180M) have significantly longer minimal distances between
the molecular surfaces of the protein and the drug (2.2 A and
2.1 A) and higher potential energy (—118 and —99.8 Kcal/mol
[smaller absolute values have a minus sign]) for ETV-TP than
for the wild type (1.3 A; -178 Kcal/mol) and LVDr substitu-
tions (1.5 A; 141 Kcal/mol) (Table 6). Since binding at higher
potential energy creates a less stable structure, the deoxyribo-
nucleotide triphosphate (ANTP)-binding domains of the ETVr
substitutions plus the LVDr substitutions in HBV RT have

TABLE 5. ORs and 95% Cls of BT according to baseline characteristics among 67 patients treated with ETV for 3 years

Characteristic (;J(:‘-? 6];“ e ]3[1.1),, dié}e Izrl;cc Contrast OR 95% CI

Age (mean) 454 £ 8.1 45494 0.932 1-yr increase 1 0.92-1.08
Male (%) 714 81.8 0.481 Male vs. female 1.8 0.35-9.26
ALT (mean) 115.9 = 105.6 126.2 = 127.3 0.832 1-U increase 1 0.99-1.00
HBeAg (%) 66.1 81.8 0.307 Positive vs. negative 2.31 0.45-11.78
HBV-DNA
Level (mean) 6.8+ 1.6 71£08 0.959 1-U increase 1.16 0.72-1.89
2-log-unit reduction at 1 yr (%) 98.2 63.6 <0.001 With vs. without 0.03 0.00-0.33
DNA <2.6 at 1 yr (%) 58.9 0.0 <0.001 With vs. without NA®?
LVD refractory (%) 321 100.0 <0.001 With vs. without NA
Amino acid substitutions at baseline

V80 (%) 3.6 18.2 0.063 With vs. without 6 0.74-48.17

180 (%) 17.9 36.4 0.171 With vs. without 2.63 0.64-10.72

L173 (%) 3.6 18.2 0.063 With vs. without 6 0.75-48.18

M180 (%) 28.6 100.0 <0.001 With vs. without NA

V204 (%) 19.6 90.9 <0.001 With vs. without 10.91 4.72-354.28

1204 (%) 232 36.4 0.363 With vs. without 1.89 0.48-7.49
Amino acid substitutions during

ETV therapy (3 yr)
SCGA/ILFM184 (%) 1.8 72.7 <0.001 With vs. without 96.25 9.38-987.41
G202 (%) 1.8 63.6 <0.001 With vs. without 146.67 13.55-1,587.24

“ Values are means =+ standard deviations.
? NA, not applicable.
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FIG. 3. 3D structures of the dNTP-binding domains of HBV RT of the wild type (A), an LVDr substitution (B), and ETVr substitutions (C
and D). The molecular surfaces of the wild type and the LVDr mutant are drawn in green, those of LVDr plus ETVr mutants are drawn in blue,

and that of ETV-TP is drawn in orange.

lower binding affinity for ETV-TP than the wild type. Molec-
ular docking simulation in the present study showed that the
L180M, M204V, S202G, and T184L substitutions can lessen
the affinity of ETV-TP for HBV RT by heightening the poten-
tial energy between them, suggesting that S202G and T184L
substitutions, in addition to M204V in the YMDD motif and
L180M in domain C, could affect the initial polymerase binding
of dNTP analog inhibitors.

DISCUSSION

Based on the combination of clinical observations and 3D
docking simulation, this is the first report to suggest the mech-
anism by which ETVr substitutions (T184SCGA/ILFM and
S202G, but not S202C), in addition to LVDr (L180M and
M204V, but not M2041), can induce BT during ETV therapy.

TABLE 6. Minimal distances and binding potentials between ETV
and the HBV RT domain in the wild type, one LVDr mutant,
and 2 ETVr mutants

Binding potential

. distance o Reference
Strain (/\) (([]é)ci‘ll/)ms;ﬁ;s (Fig. 3)
Wild type 1.3 -178.4 A
L180M, 204V 1.5 —141.3 B
L180M, T184L, 204V 22 -1179 c
L180M, S202G, 204V 2.1 —-99.8 D

First, an assessment of virological and biochemical events dur-
ing a 3-year ETV treatment course showed that ETVr substi-
tutions were absent among treatment-naive patients but were
detected in 44.8% of patients who were refractory to LVD
during the preceding treatment period. Evidence of BT during
ETV therapy was observed in 26.8% of LVD-refractory pa-
tients between weeks 60 and 144 of treatment. All 11 of the BT
cases had both L180M and M204V/I substitutions at baseline
(LVD refractory), as well as additional substitutions, such as
T184 and/or S202G (not S202I/C), during the 3-year ETV
treatment period.

Statistically significant risk factors for BT were the presence
of LVDr (L180M and M204V) at baseline, detection of ETVr
(S202G and TI184SCGA/ILFM substitutions) during ETV
treatment, and undetectable HBV DNA (<2.6) or more than
a 2-log,,-unit reduction in HBV DNA levels during the first
year of ETV treatment. Detection of T184SCGA/ILFM and
S202G was significantly associated with BT independent of
age, gender, and LVDr (M204V and/or L180M) at baseline or
nondetection or reduction in HBV DNA at the first year of
treatment, indicating that these substitutions could be used as
predictive markers for BT.

The mechanism by which combinations of ETVr (S202G and
T184 SCGA/ILFM) and LVDr (L180M and M204V) can in-
duce BT during ETV therapy is largely unknown. Note that
T184L and S202G residues are located within domain B and
domain C of the RT/polymerase, respectively, as well as
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L180M and M204V. The modeling of HBV RT indicated that
the combination changed the direction of the D205 residue
(YMDD domain) and narrowed the dNTP-binding pocket in
comparison with the wild type and LVDr substitutions
(M204V and L180M) (Fig. 3). The results of docking simula-
tion of HBV RT and ETV-TP showed that the ETVr (184L
and S202G) plus LVDr (L180M and M204V) substitutions had
significantly longer minimal distances for ETV-TP and steric
conflict with the D205 residue (Fig. 3 and Table 6). These
docking simulation results suggest that nucleotide analogs that
have the exocyclic alkene moiety of ETV-TP replaced by a
smaller atom may retain activity against ETV-resistant mu-
tants. Differences in the mode of binding of nucleotide inhib-
itors to the dNTP-binding pocket of HBV polymerase, as pre-
dicted from the current modeling studies, may account for the
complementary drug resistance profiles seen for different nu-
cleotide analogs. Interestingly, a previous in vitro study showed
that ETVr substitutions (S2021 and T184G), in addition to
LVDr (L180M and M204V), were associated with a >1,100-
fold decrease in susceptibility to ET (20). Collectively, these
data indicate that nucleoside-naive patients treated with ETV
were less likely to become resistant to ETV.

In an in vitro assay, the rtA181T/V clinical-isolate genome
from patients refractory to LVD/ADV induced a decrease in
susceptibility to LVD, ADV, and, to a lesser extent, TDF, but
sensitivity to ETV remained (22). LVDr selected by LVD
exposure may lead to ETV failure. Therefore, for patients
refractory to LVD/ADV, a combination of emtricitabine/TDF
(10) might be an effective option. Furthermore, since sequen-
tial antiviral therapy leads to the selection of multidrug-resis-
tant HBV and fitness or maximal viral resistance (25), combi-
nation therapy using a nucleoside together with a nucleotide
analog, such as emtricitabine/TDF (10), ADV/LVD, ADV/
ETV, ADV/telbivudine, or TDF, would be a more appropriate
treatment strategy for patients with the LVDr substitution.

Based on HBV DR v3, T184SCGA/ILMF and S202G sub-
stitutions were present at baseline in 4.8% of patients and were
detected in 14.6%, 24.4%, and 44.8% during 48, 96, and 144
weeks, respectively, of ETV therapy (Fig. 2). The prevalence of
ETVr in our cohort seems to be higher than that reported in
previous studies, based on assessment of ETV treatment at
weeks 48, 96, 144, 192, and 240 using direct sequencing, where
ETVr emerged in 6%, 15%, 36%, 47%, and 51% of LVD-
refractory patients, respectively (21). The differences might be
attributable to the tools used to detect HBV DNA substitu-
tions associated with drug resistance, which differed between
the studies. HBV DR v.3 and v.2 performed better than direct
sequencing, and monitoring of the nucleoside mutations by
HBV DR v.3 and v.2 in patients before and during ETV ther-
apy was good for selecting effective therapeutic strategies and
new combination therapies.

In conclusion, the combination of clinical observations and
3D docking simulation in the present study indicated that the
low binding affinity of ETV-TP for the dNTP-binding domains
of HBV RT by the ETVr plus LVDr substitutions could induce
BT and provides the mechanistic foundations for a mechanism
of inhibition of ETV against HBV. This modeling would be
useful for designing new antiviral drugs.

ANTIMICROB. AGENTS CHEMOTHER.
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Background & Aims: To determine whether amino acid muta-
tions in the core region of hepatitis C virus (HCV) genotype 1
are associated with response to interferon (IFN) therapy and
development of hepatocellular carcinoma (HCC).

Methods: We followed up 361 patients (median duration,
121 months), and IFN monotherapy was administered to 275
(76%) [sustained virological response (SVR) rate, 26.5%]. Using
pretreatment sera, mutations at core residues 70 and 91 were
analyzed [double wild (DW)-type amino acid pattern: arginine,
residue 70; leucine, residue 91].

Results: A low aspartate aminotransferase (AST)/alanine amino-
transferase (ALT) ratio and low HCV load were independently
associated with SVR, but core mutations were not. During fol-
low-up, 12 of 81 (14.8%) patients with the DW-type pattern
and 52 of 216 (24.1%) patients with non-DW-type pattern devel-
oped HCC (p = 0.06, Breslow-Gehan-Wilcoxon test). Multivariate
analysis with the Cox proportional-hazards model revealed the
following independent risk factors for HCC: male gender
[p <0.0001; risk ratio (RR), 3.97], older age (p <0.05; RR, 2.08),
advanced fibrosis (p<0.0001; RR, 5.75), absence of SVR
(p<0.01; RR, 10.0), high AST level (p<0.01; RR, 2.08), high
AST/ALT ratio (p<0.01; RR, 2.21), and non-DW-type pattern
(p<0.05; RR, 1.96). In patients with FO-F2 fibrosis at entry,
non-DW-type was likely to lead to cirrhosis (p = 0.051).
Conclusions: In HCV genotype 1 patients, HCC risk could be pre-
dicted by studying core mutations, response to IFN, and host fac-
tors like age, gender, and liver fibrosis.

© 2009 European Association for the Study of the Liver. Published by
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Introduction

Hepatitis C virus (HCV) infection is a global health problem and
the number of chronic carriers worldwide is estimated at 170
million [1]. HCV causes chronic hepatitis, which may progress
to liver cirrhosis and hepatocellular carcinoma (HCC); the speed
of disease progression, though, varies among patients [2,3]. Age,
gender, steatosis, liver fibrosis, and response to interferon (IFN)
therapy are reported to be associated with disease progression
and HCC development [4-7]. HCV has six major genotypes, of
which genotype 1 is most common in Japan and reported to be
associated with increased severity and progression of chronic
liver disease [8,9]. HCV contributes to HCC by directly modulating
the pathways promoting the malignant transformation of hepa-
tocytes [10-13]. Studies on transgenic mice revealed that the
HCV core protein has oncogenic potential [14], but other studies
yielded conflicting results [15,16]. Recently, mutations at amino
acids 70 and 91 in the core region were shown to predict virolog-
ical response to therapy with IFN plus ribavirin and also HCC
development [17-19]. However, few studies support these
results, and hence, the clinical impact of core mutations on HCC
development is still unclear. In order to determine the viral fac-
tors associated with HCC development, we performed a retro-
spective cohort study on 361 patients with chronic liver disease
caused by HCV genotype 1 infection and analyzed the amino
acids present at core residues 70 and 91. Additionally, we
evaluated whether these mutations were associated with IFN
treatment, cirrhosis development, or host factors like age and
gender.

Patients and methods
Study population

We enrolled 361 consecutive HCV genotype 1-infected patients who had under-
gone liver biopsy between August 1986 and June 1998 at Chiba University Hos-
pital. At the enrollment time, the absence of HCC was proven by abdominal
ultrasonography (US), computed tomography (CT), or magnetic resonance imag-
ing (MRI). All the patients tested positive for anti-HCV antibody, determined by
second-generation enzyme-linked immunosorbent assay. Patients with chronic
hepatitis B, autoimmune hepatitis, primary biliary cirrhosis, hemochromatosis,
Wilson disease, or alcoholic liver disease were excluded, as were patients with
a history of alcoholism, drug abuse, or IFN therapy. Written informed consent
was obtained from all patients before performing liver biopsy.

Journal of Hepatology 2010 vol. 52 | 72-78
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Table 1. Baseline characteristics of 361 hepatitis C (HCV) genotype 1-infected patients according to hepatocellular carcinoma (HCC) development.

Patients n=361 HCC development

(+),n=82 (=), n=279 p value
Gender (male/female) 219/142 56/26 163/116 0.1
Age (years) 50.5+12.2 56.8 £7.1 48.6+12.7 <0.0001
BMI (kg/m?) 231129 231428 231133 0.82
Staging of fibrosis (FO-1/F2/F3/F4) 197/59/52/53 13/18/23/28 184/41/29/25 <0.0001
IFN treatment and response
SVR/non-SVR/non-IFN 73/202/86 4/55/23 69/147/63 0.0004
Laboratory data
AST (IU/L) 87 +62 109 £ 59 8061 0.0001
ALT (IU/L) 125+93 139480 12196 0.13
AST/ALT 0.75 £ 0.26 0.84 +0.28 0.73£0.25 0.0003
Platelets (10%/mm?) 17.7£6.7 13.0+33 182+6.9 <0.0001
Albumin (g/dL) 4.2 +0.36 41+0.39 43 +0.35 <0.0001
Total bilirubin (mg/dL) 0.8+0.6 09+0.3 08+0.6 0.39
Core protein (pg/mL) 201 £ 245 283273 177 £231 0.001
Amino acid pattern i
70 Wild/non-wild/ND 168/129/64 32/32/18 136/97/46 023,
91 Wild/non-wild/ND 139/158/64 28/36/18 111/122/46 0.58,
DW/non-DW/ND 81/216/64 12/52/18 69/164/46 0.08

BMI, body mass index; DW, double wild (arginine at residue 70 and leucine at residue 91 in the core region); ND, not detected; ND cases were excluded.

The clinical backgrounds of the patients are shown in Table 1. The study pop-
ulation was predominantly male (59% men), and the mean age of the patients was
50.5 + 12.2 years, with 15% patients having liver cirrhosis.

Laboratory examination

Serum samples were obtained and stored at —30 °C until analysis. We assumed
that genotype 1 corresponds to group 1 when determining the HCV RNA geno-
types by serologic grouping of serum antibodies [20]. The serum HCV load of
the patients was determined at the time of liver biopsy, using the HCV core
protein detection kit (Eiken Chemical, Tokyo, Japan; detection limit, 8 pg/mL)
[21].

Histopathological examination

Percutaneous liver biopsy was performed, and specimens were histopathological-
ly assessed as described previously [22]. According to the criteria of Desmet et al.
[23), the staging of fibrosis was defined as FO (no fibrosis), F1 (mild fibrosis), F2
(moderate fibrosis), F3 (severe fibrosis), and F4 (cirrhosis).

Core nucleotide sequences

HCV RNA was extracted from the serum samples obtained at the time of liver
biopsy, and it was reverse-transcribed using SuperScript Ill reverse transcriptase
(Invitrogen, Carlsbad, CA, USA). Nucleic acids were amplified by PCR with the

Hepatitis C genotype 1, n = 361

Serum samples

sor Liver biopsy performed

Nucleotide sequences

of the core region

F IFN treatment, n = 275 (76%) | [ Non-IFN treatment, n = 86 (24%)

SVR Non-SVR

Follow-up; ultrasonography

> every 3-6 months

Outcome; diagnosis of HCC or censored

Fig. 1. Clinical courses after enrollment and the evaluation methods. IFN, interferon; SVR, sustained virological response; HCC, hepatocellular carcinoma. [This figure

appears in colour on the web.]
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HotStart Taq Master Mix kit (Qiagen, Hilden, Germany) and primers that have
been previously described [24]. Polymerase chain reaction (PCR) was initiated
with a denaturation step at 95 °C for 15 min, followed by 45 cycles at 94 °C for
1 min, 45°C for 1 min, and 72°C for 3 min, and subsequent extension for
7 min. PCR products were resolved by agarose gel electrophoresis, purified using
the QIA quick PCR purification kit (Qiagen), and directly sequenced using a Big
Dye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Tokyo, Japan).
The sequences were determined using an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems).

As described previously, the double wild-type (DW-type) amino acid pattern
was defined as the presence of arginine at residue 70 (wild-type) and leucine at
residue 91 (wild-type) [19].

IFN treatment

Depending on whether IFN was administered, the patients were divided into the
IFN (76%) and non-IFN groups (24%) (Fig. 1). Patients who received IFN mono-
therapy during follow-up were divided into two subgroups: the sustained viro-
logical response (SVR) group, including patients who tested negative for HCV
RNA at 24 weeks after completion of therapy, and non-SVR group (Fig. 1). Of
the 275 patients in the IFN group, 73 (26.5%) achieved SVR.

Follow-up and diagnosis of cirrhosis and HCC

Clinical assessments were performed at least once every month during IFN
treatment and every 3-6 months after the treatment. During follow-up,
abdominal US was performed every 3-6 months to determine whether HCC
had developed (Fig. 1). If necessary, additional procedures like CT, MRI, abdom-
inal angiography, and US-guided tumor biopsy were performed to confirm HCC
development. We also evaluated whether cirrhosis had developed in non-cir-
rhotic patients (FO-F2 stage). Cirrhosis was diagnosed according to the criteria
of cirrhosis as described previously [25,26]. The follow-up period was the
duration from the initial liver biopsy to HCC diagnosis or the last follow-up
visit. For non-cirrhotic patients, this was the duration from the start point to
cirrhosis diagnosis.

Statistical analysis

The x? test was used to compare categorical variables, and Student's t test to
compare continuous variables related to background characteristics among
groups. Continuous variables were expressed as mean + standard deviation. The
cumulative incidence of HCC and cirrhosis was calculated using the Kaplan-Meier
method and evaluated using the Breslow-Gehan-Wilcoxon test. Multivariate
analysis was performed using the Cox proportional-hazards model or multiple
logistic regression analysis. The Cochran-Armitage trend test was used for ana-
lyzing the association between the prevalence of mutation and subject age. Sta-
tistical significance was defined as p < 0.05.

Results
Cumulative HCC incidence

During follow-up (median duration, 121 months; range, 8-
257 months), 82 (22.7%) patients developed HCC [HCC group;
13 of 197 (6.6%) from FO-F1, 18 of 59 (30.5%) from F2, 23 of 52
(44.2%) from F3, and 28 of 53 (52.8%) from F4 stage at entry]
and 279 (77.3%) did not (non-HCC group). The cumulative HCC
incidence at 5, 10, and 15 years of follow-up was 9.5%, 22.9%,
and 30.9%, respectively.

Core nucleotide sequences

The core nucleotide sequence was determined for 297 of 361
(82.3%) patients. In the entire patient group, the proportions of
DW-type and non-DW-type patterns were 22% and 60%, respec-
tively (Table 1).
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Fig. 2. Cumulative incidence of hepatocellular carcinoma (HCC) in hepatitis C
genotype 1-infected patients. (A) Comparison between patients with double
wild-type (DW-type: arginine, residue 70; leucine, residue 91) (n = 81) and non-
DW-type (n=216) amino acids in the core region (p =0.06). (B) Comparison
based on risk score (R) calculated using independent variables for HCC risk
(p <0.0001).

The core nucleotide sequence could not be determined for 64
patients because their samples showed significantly lower levels
of the HCV core protein than those obtained from the 297
patients in whom the core sequence could be detected (119 vs.
217 pg/mL; p=0.0083). There was no significant difference
between the other variables shown in Table 1.

Cumulative HCC incidence according to core amino acid mutations

During follow-up, 12 of 81 (14.8%) patients with the DW-type
pattern and 52 of 216 (24.1%) patients with the non-DW-type
pattern developed HCC. Cumulative HCC incidence was 6.8%
and 11% at 5 years, 19.1% and 27.7% at 10 years, and 26.6% and
38% at 15years in the DW-type and non-DW-type groups,
respectively. Cumulative HCC incidence in the DW-type group
tended to be lower than that in the non-DW-type group
(p=0.06; Fig. 2A).

Predictive factors associated with HCC development
Potential predictive factors associated with HCC development are

shown in Table 1. Univariate analysis revealed 10 parameters
correlating with HCC development (Table 1). Multivariate analy-
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Table 2. Factors associated with hepatocellular carcinoma development in
hepatitis C genotype 1-infected patients, identified by multivariate analysis
using the Cox proportional-hazards model.

Factor” Category Risk ratio (95% CI)  p value

Gender Male 3.97 (2.05-7.63) <0.0001
Female 1.0

Age (years) =50 2.08 (1.01-4.33) 0.049
<50 1.0

Staging of fibrosis 22 5.75 (2.68-12.35)  <0.0001
<2 1.0

IFN treatment and response  Absence of SVR  10.0 (2.29-43.48)  0.002
SVR 1.0

AST (1U/L) >90 208 (1.20-3.62)  0.009
<90 1.0

AST/ALT =08 2.21(1.24-3.97) 0.007
<0.8 1.0

Amino acid pattern Non-DW 1.96 (1.02-3.76) 0.04
DW 1.0

Cl, confidence intervals; DW, double wild (arginine at residue 70 and leucine at
residue 91 in the core region).
*Significant factors are shown.

sis with the Cox proportional-hazards model showed that the fol-
lowing seven independent parameters were significantly associ-
ated with HCC development: male gender (p<0.0001),
age > 50 years (p = 0.049), fibrosis > F2 (p < 0.0001), absence of
SVR (p =0.002), aspartate aminotransferase (AST) level > 90 IU/L
(p=0.009), AST/alanine aminotransferase (ALT) ratio > 0.8
(p<0.007), and non-DW-type pattern in the core region
(p =0.04) (Table 2).

Prediction of HCC development based on risk score

Using the predictive variables from the previous step (Table 2),
the risk score (R) for HCC development was calculated from the
beta coefficients derived from the Cox proportional-hazards
model as follows: R=0.671 x (non-DW-type) + 2.307 x (absence
of SVR)+0.733 x (AST>90 IU/L) + 0.733 x (age > 50 years) +
1.752 x (staging  of fibrosis > 2)+ 1.378 x (male) + 0.795 x
(AST/ALT > 0.8) (each variable: yes=1, no=0). Fig. 2B shows
the cumulative HCC incidence of four subgroups categorized by
risk score, and the RR of each group is shown in Table 3. The
cumulative HCC incidence increased with the risk score: from
highest to lowest it was 84.7%, 35.1%, 18.5%, and 3.0% at 10 years.

Cumulative HCC incidence according to IFN treatment and response

During follow-up, 4 (5.5%) patients in the SVR, 55 (27.2%) in the
non-SVR, and 23 (26.7%) in the non-IFN groups developed HCC;
cumulative HCC incidence was 0%, 11.3%, and 13.2%, respectively,
at 5 years; 7.8%, 25.6%, and 27.3%, respectively, at 10 years; and
7.8%,36.5%, and 35.5%, respectively, at 15 years. Moreover, cumu-

Table 3. Relative risk of HCC development based on risk score, using the Cox
proportional-hazards model.

Score (R) Risk ratio (95% CI) p value
R<5 1

5<R<6 9.22 (2.60-32.7) 0.0006
6<R<7 26.9 (8.15-89.0) <0.0001
7<R 88.3 (25.8-302) <0.0001

CI, confidence intervals.
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Fig. 3. Cumulative incidence of hepatocellular carcinoma (HCC). Comparison
between the sustained virological response (SVR) (n = 73), non-SVR (n = 202), and
non-interferon (IFN) (n = 86) groups (p = 0.002).

lative HCC incidence was significantly lower in the SVR group
than other groups (p < 0.001; Fig. 3).

Analysis of SVR-associated factors

Compared to those in the non-IFN group, patients in the IFN
group were younger (49 years vs. 54 years, p = 0.003), had higher
aminotransferase levels (AST, 93 vs. 68 IU/L, p=0.001; ALT, 137
vs. 87 IU/L, p<0.0001) and lower core protein levels (183 vs.
263 pg/mL, p=0.01). Table 4 shows baseline characteristics of
patients according to interferon response. Univariate analysis
revealed six SVR-associated parameters, whereas multiple logis-
tic regression analysis revealed two independent significant pre-
dictors of SVR: AST/ALT ratio of <0.8 [p = 0.005; odds ratio (OR),
3.09; 95% confidence interval (CI), 1.40-6.82] and core protein
level of <200 pg/mL [p < 0.0001; OR, 70.94; 95% Cl, 9.56-526.2].
However, both univariate (p =0.64) and multivariate analyses
(data not shown) showed that the DW-type pattern in the core
region was not associated with SVR.

Table 4. Baseline characteristics of patients according to interferon response.

Nature of the Regime SVRn=73 Non-SVRn=202 pvalue

Gender (Male/Female) 47/26 126/76 0.76
Age (years) 466 +133 505115 0.02
BMI (kg/m?2) 227+28 232+30 024
Staging of fibrosis: (FO-1/F2/F3/F4) 45/12/9/7  104/34/34/30 0.42
Laboratory data

AST (IU/L) 79 £ 56 97 + 69 0.048
ALT (IU/L) 132+92 1394100 0.60
AST/ALT 0.65+ 022 0.75+0.27 0.003
Platelets (10%/mm?3) 186167 167 +6.1 0.03
Albumin (g/dL) 43+0.3 42 +04 0.06
Total bilirubin (mg/dL) 0.7+04 08 +04 0.02
Core protein (pg/mL) 31+50 234 + 226 <0.0001
Amino acid pattern

70 Wild/Non-wild/ND 35/21/17 89/74/39 0.30
91 Wild/Non-wild/ND 24/32/17 76/87/39 0.62
DW/Non-DW/ND 14/42/17 46/117/39 0.64

BMI, body mass index; DW, double wild (arginine at residue 70 and leucine at
residue 91 in the core region); ND, not detected.
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Fig. 4. Cumulative incidence of cirrhosis in non-cirrhotic patients (FO-F2).
Comparison between patients with double wild-type (DW-type: arginine, residue
70; leucine, residue 91) (n=81) and non-DW-type (n = 216) amino acids in the
core region (p =0.051).

Cumulative cirrhosis incidence for non-cirrhotic patients (FO-F2)

Of the 256 non-cirrhotic patients (197 from FO-F1, 59 from
F2), 50 (19.5%) developed cirrhosis (cirrhosis group) and 206
(80.5%) did not (non-cirrhosis group). The cumulative cirrhosis
incidence at 5, 10, and 15 years of follow-up was 9.7%, 18.2%,
and 26.4%, respectively. The HCC incidence was higher in
the cirrhosis group [23/50 (46%)] than the non-cirrhosis group
[8/206 (3.9%); p<0.0001). In the entire population, 71 of
82 (86.6%) patients who developed HCC had underlying cirrho-
sis and 11 (13.4%) did not, when HCC was detected
(p<0.0001).

Cumulative cirrhosis incidence according to the amino acid pattern
in the core region for FO-F2 patients

The cumulative cirrhosis incidence tended to be higher in the
non-DW-type group than the DW-type group (11.9% and 3.6%
at 5years, 21.5% and 10.4% at 10 years, and 29.7% and 20.7% at
15 years of follow-up, respectively; p = 0.051; Fig. 4).

Analysis of factors associated with cirrhosis development in FO-F2
patients

We analyzed the factors associated with cirrhosis development
in patients with FO-F2 fibrosis at enrollment. Univariate analy-
sis revealed nine parameters correlating with cirrhosis develop-
ment: male gender (p =0.04), older age (p < 0.0001), advanced
fibrosis (p <0.0001), absence of SVR (p <0.0001), high AST level
(p<0.0001), high ALT level (p=0.01), high AST/ALT ratio
(p=0.001), low platelet count (p =0.0009), and high core pro-
tein level (p=0.02). Multivariate analysis, including analysis
of the amino acid pattern in the core region with the Cox pro-
portional-hazards model, showed that the following three
independent parameters were significantly associated with cir-
rhosis development: male gender (p=0.004), fibrosis=F2
(p=0.004), and absence of SVR (p = 0.02). Meanwhile, the pres-
ence of the non-DW-type pattern in the core region tended to
lead to cirrhosis development (RR, 2.13; 95% CI, 0.93-4.91;
p=0.07).

(2]
o
I

0 male, p = 0.49%

Z 50 1

) B female, p= 0.02"
o

= 40

2

5 304

©

Q

§ 20+

[

>

o

a 104

0 ._l
<40 40-49 50-59 260
Age (years)

Fig. 5. Prevalence of double wild-type (DW-type: arginine, residue 70;
leucine, residue 91) amino acids in the hepatitis C core region according to
age and gender. ‘By the Cochran-Armitage trend test.

Analysis of factors associated with mutations at core residues 70 and
91

Eighty-one patients with the DW-type pattern at core residues 70
and 91, who were at low risk for HCC, tended to be younger than
the 216 patients with the non-DW-type pattern, who were at
high risk for HCC (48.4 + 11.8 years vs. 51.1 + 11.8 years, respec-
tively; p=0.08). Separate analysis of men and women (Fig. 5)
showed that the DW-type pattern was rare in women aged
60 years or above (p =0.02).

Consistent with these results, HCC incidence was the same in
men and women aged 60 or above (19% vs. 10% at 5 years and
32% vs. 38% at 10 years of follow-up, respectively; p = 0.89); how-
ever, in patients aged less than 60 years, HCC incidence was
lower in women than in men (4% vs. 11% at 5 years and 15% vs.
22% at 10 years of follow-up, respectively; p = 0.03).

Discussion

Male gender, older age, advanced-stage fibrosis, and no IFN treat-
ment are reported as important predictors of HCC development
in chronic hepatitis C patients [4-7]. Viral factors associated with
HCC development were also reported [27-29]. Several studies
showed that mutations in the core protein are associated with
HCC among HCV genotype 1b-infected patients, but the results
varied between studies [18,30,31]. Consistent with a report by
Akuta et al. [18], we showed that the presence of the non-DW-
type pattern at core residues 70 and 91 is an independent risk
factor for HCC development. Akuta et al. [18] studied 313 chronic
hepatitis C patients who received IFN therapy (101 were
excluded), and found that non-DW-type was an independent risk
factor for HCC development (RR, 5.92; 95% ClI, 1.58-22.2;
p =0.008) by using the Cox proportional-hazards model, and its
correlation with HCC risk was stronger than that found in our
study (RR, 1.96; 95% CI, 1.02-3.76; p=0.04). We analyzed cir-
rhotic patients (14.7% of total population), most of whom devel-
oped HCC, and also non-cirrhotic patients, and found that the
non-DW-type was still an independent risk factor for HCC devel-
opment (RR, 2.90; 95% CI, 1.11-7.61; p =0.03). Furthermore, we
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found that the non-DW-type in patients with FO-F2 fibrosis was
likely to lead to cirrhosis, diagnosed by US (p = 0.051). Moreover,
the non-DW-type in patients with FO-F3 fibrosis was signifi-
cantly associated with cirrhosis development (p =0.007, data
not shown). These results suggest that the non-DW-type may
affect HCC development by accelerating cirrhosis development;
however, prospective studies of histological findings are needed
to confirm this.

It is unclear why the amino acids at residues 70 and 91 affect
HCC development. The core protein cooperates with the Ras
oncogene and transforms primary rat embryo fibroblasts into
the tumorigenic phenotype [10]. The HCV core protein (residues
25-91) also interacts with the heterogeneous nuclear ribonucleo-
protein K, which stimulates the c-myc promoter, downstream of
the Wnt/beta-catenin signal [11]. Pavio et al. reported that the
HCV core (residues 59-126, residues at 70 and 91 were non-
wild-type) interacts with Smad3 and inhibits the TGF-beta path-
way, important in apoptosis [12]. Mutations in the clustering
variable regions (residues 39-76) are often seen in HCC patients
[30], and mutations in the N-myristoylation sites (e.g., residue
91) in the core region, are associated with growth control and
virus replication [31]. Delhem et al. have shown that the core
protein with non-wild-type amino acids at residues 70 and 91
obtained from a HCC patient binds and activates PKR, which
might cause carcinogenesis [13]. It was reported that the pres-
ence of a non-wild-type amino acid at residue 91 enhances inter-
nal initiation of HCV protein synthesis, leading to the expression
of a core isoform, which may interact with viral and cellular com-
ponents [32]. These results suggest that residues 70 and 91 them-
selves or via interactions with adjacent amino acids may be
involved in HCC development; however, further studies are
needed to evaluate the effect of core mutations on HCC
development.

The presence of the DW-type pattern in the core region is
also reportedly a predictor of the virological response to ther-
apy with peginterferon and ribavirin [19]. With this therapy,
an SVR of approximately 50% could be achieved by HCV geno-
type 1-infected patients having high viral load. We found the
absence of an SVR and the non-DW-type pattern to be predic-
tors of HCC development; however, the non-DW-type pattern
was not a predictor of the absence of an SVR. This may be
partly because we used IFN monotherapy without ribavirin,
with which the SVR rate (26.5% in our study) was lower than
that with peginterferon plus ribavirin [33,34]. Therefore, we
believe that combination therapy, rather than IFN mono-
therapy, would more efficiently eradicate HCV with the DW-
type pattern in the core region; however, further studies are
required to test this hypothesis. Our current focus is on a pro-
spective study to examine the association between core muta-
tions and the outcome of combination treatment with
peginterferon plus ribavirin.

Our study revealed that the DW-type pattern, associated with
a low HCC risk, was rare in women aged 60 years or above. This
may explain why HCC incidence in women was as high as that
in men. The underlying mechanisms by which age or gender
influence core-region mutations are unknown. In previous stud-
ies, a mutation at residue 70 was correlated with virological
response to therapy with IFN plus ribavirin [17] and with AFP lev-
els [35] in HCV genotype 1b-infected patients without HCC. Fur-
ther follow-up studies must examine whether a mutation occurs
in the wild-type amino acid.

JOURNAL OF HEPATOLOGY

We investigated two specific amino acid mutations in the HCV
core region by direct sequencing. The HCV core sequence can be
easily amplified using PCR because of its conservative nature and
analysis of only two amino acid positions is timesaving; there-
fore, this method might be feasible for identifying predictive
markers for HCC. A specific PCR method for detecting these muta-
tions was reported [36]. Furthermore, we developed a rapid and
sensitive real-time PCR method for quantitatively detecting these
mutations [37]. We hope this method can be used to detect HCV
sequences in case of a low viral load, and believe that it will be
more useful for predicting HCC.

In conclusion, HCC risk could be predicted by studying muta-
tions in the HCV core region, response to IFN, and host factors like
age, gender, and liver fibrosis in HCV genotype 1-infected
patients. These mutations might be involved in an oncogenic
mechanism leading to HCC development in chronic HCV patients.
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Abstract

Objective. To determine the risk factors for the occurrence of hepatocellular carcinoma (HCC) in patients with
hepatitis B virus (HBV) infection. Material and methods. A total of 620 patients who tested positive for hepatitis B surface
antigen and were referred to Chiba University Hospital between February 1985 and March 2008 were included in the study
and the following characteristics were analyzed: age, gender, status of hepatitis B e antigen, alanine aminotransferase level,
HBV DNA level, and number of platelets (PLTs). Results. HCC was detected in 30 cases during the follow-up period
(5.4 £ 5.1 years). Multivariate analysis revealed that age >40 years [compared with patents aged <40 years; odds ratio
(OR) = 4.28; 95% confidence interval (CI) = 1.68-10.9] and PLT level <206,000/ul (compared with patients with a higher
PLT level; OR = 8.50; 95% CI = 1.98-36.2) were predictive factors for HCC occurrence. In patients aged > 40 years, the HBV
DNA level (compared with <5.0 log copies/ml; OR = 4.22, 95% CI = 1.13-15.8) and PLT level (compared with patients with
>196,000/ul PLTs; OR = 15.6, 95% CI = 2.06-118.3) were predictive factors for HCC occurrence. Conclusions. Advanced
age and low PLT level were risk factors for HCC occurrence in patients with HBV infection. In patients aged >40 years,
viral load was also a risk factor for HCC.

Key Words: Hepatitis B virus, hepatocellular carcinoma

Introduction

The clinical course of patients with hepatitis B virus
(HBV) infection varies considerably [1]. Therefore,
long-term follow-up studies of patients with HBV
infection are quite complex and difficult. In most of
the patients, the disease is either non-progressive or
shows a slow progression and is usually accompanied
by the loss of serum HBV DNA after seroconversion
of hepatitis B e antigen (HBeAg) [2]. Some patients
show continuous elevation of the alanine aminotrans-
ferase (ALT) level, which leads to cirrhosis [3]. HBV
infection is also associated with an increased risk of

developing hepatocellular carcinoma (HCC), which is
one of the most common human cancers and causes
of death. Although previous studies have attempted to
determine factors influencing the prognosis of
patients with HBV infection, the key factors remain
to be identified. Recent studies have indicated that the
serum level of HBV DNA correlates with the pro-
gression of liver diseases [1,4-6]. However, viral load
alone cannot predict the occurrence of HCC in the
future [7]. In this study, multivariate analyses of the
risk factors for HCC occurrence were performed for
data obtained from 620 patients with HBV infection
who were referred to a single institute in Japan.
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Material and methods
Patients

This was a retrospective analysis. The study was
approved by the ethical committee of Chiba Univer-
sity and written informed consent was obtained from
all the patients. Of the hepatitis B surface antigen
(HBsAg)-positive carriers (n= 676) who were referred
to Chiba University Hospital between February 1985
and March 2008, those who tested positive for
hepatitis C virus (HCV) antibody (anti-HCV) or
had autoimmune liver disease and those who had
another potential cause of chronic liver disease
were excluded. The characteristics of the excluded
HBsAg-positive carriers were as follows: anti-HCV
positivity in 12, autoimmune liver disease in four and
primary biliary cirrhosis in one. Five patients who had
previously received lamivudine treatment were also
excluded. Thirty-nine patients consulted a physician
only once and were excluded from further analysis.
Thus, a total of 620 patients were further analyzed.
Serum samples were collected during diagnosis and
stored at —20°C until analysis.

Serologic markers, HBV DNA quantitative assay, and
genotyping

HBsAg, HBeAg, and anti-HBe levels were deter-
mined by enzyme-linked immunosorbent assay
(ELISA; Abbott Laboratories, Chicago, IL) and
anti-HCV was also measured by ELISA (Ortho
Diagnostics, Tokyo, Japan). Serum HBV DNA
levels were quantified by polymerase chain reaction
(PCR) assay (Amplicor HBV Monitor; Roche Diag-
nostics, Basle, Switzerland); the linear range of this
assay was 2.6-7.6 log copies (LC)/ml. The six major
genotypes of HBV (A-F) were determined by EIA
(HBV Genotype EIA; Institute of Immunology Co.,
Ltd., Tokyo, Japan). Aspartate aminotransferase
(AST), ALT, and the number of platelets were
determined and the aminotransferase to platelet ratio
index (APRI) was calculated [8].

Statistical analysis

The baseline data are presented as mean + SD. The
difference in the values of clinical parameters between
the two groups was analyzed by unpaired i-test,
Welch’s z-test, and chi-square test. The Cox propor-
tional hazards model was used to identify factors
predictive of HCC occurrence using the SPSS version
16.1 software package (SPSS Inc., Chicago, IL).

Results
Demographic characteristics of HCC and control patients

None of the study participants had HCC at entry. In
total, 30 incident HCC cases (HCC group) occurred
during the follow-up period. During the follow-up
period, most of the patients were re-evaluated at least
once a year for liver function and detection of HCC.
Screening for detection of HCC was performed on the
basis of typical findings of abdominal ultrasonogra-
phy, dynamic CT, angiography, and/or MRI. For all
patients suspected of having HCC by imaging anal-
ysis, the diagnosis of HCC was confirmed by patho-
logical analysis. If the patient had HCC or was being
treated with an antiviral drug (lamivudine or enteca-
vir), we terminated the follow-up. At baseline, signif-
icant differences were observed in age, gender, status
of HBeAg, ALT and HBV DNA levels, number of
platelets (PLTs), and APRI between the HCC
(n = 30) and control (r = 590) groups (Table I).
The 590 patients in whom HCC was not detected
during the follow-up period constituted the control
group. The average follow-up period was 5.1 + 4.1
and 5.4 + 5.2 years in the HCC and control groups,
respectively, and this difference was not significant.

Patients with HBV

The differences in age, sex, PLT and ALT levels,
status of HBeAg, and HBV DNA level between the
HCC and control groups were investigated. We
defined threshold levels as age 40 years, HBV DNA
5.3 LC/ml, ALT 72.9 IU/l, and PLTs 206,000/ul
according to the average data of all patients. Univar-
iate analysis revealed that age, number of PLTs, and
HBV DNA level at baseline were predictive factors for
HCC occurrence. Multivariate analysis revealed that
age >40 vyears [compared with patients aged
<40 years; odds ratio (OR) = 4.28; 95% confidence
interval (CI) = 1.68-10.9] and PLT level < 206,000/ul
(compared with patients with a higher PLT level;
OR = 8.50, 95% CI = 1.98-36.2) were predictive
factors for HCC occurrence (Table II). Thus, these
analyses revealed that age and PLT level were the
most important factors influencing future occurrence
of HCC. Kaplan—-Meier curves were constructed for
age (P <0.0001; log-rank test; Figure 1a), PLT level
(P?<0.0001; log-rank test; Figure 1b), and HBV DNA
(P = NS; log-rank test; Figure 1c). Next, we catego-
rized the HBV patients into two subgroups according
to the thresholds of age and PLT level based on the
average data, and performed further analysis. Because
there was only one HCC patient aged <40 years and
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Table I. Characteristics of study subjects and their association with HCC.

Parameter

No. of patients
Gender; n (%)
Male

Female

Age (years); mean = SD
HBeAg status; n (%)

Positive

Negative

HBV DNA (LC/mL); mean + SD

ALT (IU/N); mean + SD
PLTs (/ul); mean + SD

APRI >0.5; n (%)

Interval between two consecutive visits (years); mean = SD

Genotype A/B/C/D/not determined; n

Risk of HCC in HBV carriers 245
Group
Total HCC Controls P
620 30 590
<0.001*
364 (59) 20 (67) 344 (58)
256 (41) 10 (33) 246 (42)
40.0 + 14.2 50.0 £ 11.6 40.0 + 14.2 <0.001°
<0.001*
269 (43) 17 (57) 252 (43)
351 (57) 13 (43) 338 (57)
53+ 2.0 6.4+ 1.3 5.3+ 2.0 0.002°
72.9 + 89.3 105.0 + 129.3 71.0 + 86.6 0.041°¢
206,000 + 66,000 130,000 = 51,160 210,000 + 64,410  <0.001°
294 (47.4) 27 (90) 267 (45.3) <0.001*
54 +5.1 5.1 +4.1 54+52 NS¢
7/38/333/0/242 1/0/24/0/5 6/38/309/0/237 NS*

#Chi-square test.
®Welch’s -test.
“Unpaired z-test.

only two cases had a PLT level >206,000/ul, we did
not analyze these groups.

Analysis of the subgroup of HBV patients aged > 40 years

HCC was detected in 29 patients in the group aged
>40 years (n = 372). Significant differences were
observed in the status of HBeAg, HBV DNA, and
PLT levels at baseline between the HCC (= 29) and
control groups (n = 343). The average follow-up

period was 5.1 + 4.1 and 5.0 = 4.7 years in the
HCC and control groups, respectively, and this dif-
ference was not significant. We defined thresholds as
age 49 years, HBV DNA 5.0 LC/ml, ALT 66.0 IU/,
and PLTs 196,000/ul, according to the average data
for the patients aged >40 years. The risk factors for
HCC occurrence in patients aged >40 years were
analyzed by Cox regression analysis. Univariate anal-
ysis revealed that ALT, PLT, and HBV DNA levels at
baseline were predictive factors for HCC occurrence.
Multivariate analysis revealed that the HBV DNA

Table II. Multivariate analysis of risk factors associated with HCC in patients with HBV infection.

Patients with PLTs

All patients® Patients aged >40 years® <206,000 /pl°

Risk factor HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age 4.28 (1.68-10.9) 0.002 2.16 (0.88-5.29) NS 1.75 (0.71-4.34) NS
Male gender 1.48 (0.67-3.26) NS 2.25 (0.86-5.90) NS 1.43 (0.61-3.35) NS
HBeAg-positive 1.34 (0.59-3.06) NS 0.98 (0.41-2.33) NS 1.06 (0.45-2.51) NS
HBV-DNA 1.59 (0.62-4.13) NS 4.22 (1.13-15.8) 0.032 1.20 (0.49-2.94) NS
ALT 0.86 (0.40-1.87) NS 1.44 (0.61-3.44) NS 0.923 (0.40-2.11) NS
PLTs 8.50 (1.98-36.2) 0.004 15.6 (2.06-118.3) 0.008 4.49 (1.62-12.5) 0.004

*The thresholds of age, HBV-DNA, ALT, and PLTs were defined as 40 years, 5.3 LC/ml, 72.9 TU/, and 206,000 /ul, respectively.
®The thresholds of age, HBV-DNA, ALT, and PLTs were defined as 49 years, 5.0 LC /ml, 66.0 IU/l, and 196,000 /ul, respectively.
°The thresholds of age, HBV-DNA, ALT, and PLTs were defined as 42 years, 5.8 LC /ml, 84 TU/], and 159,000 /ul, respectively.

HR = hazard ratio.
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Figure 1. Cumulative occurrence of HCC based on (a) number of PLTs, (b) age, and (c) HBV DNA level. Thresholds for age, number of
PLTs, and HBV DNA level were defined according to the average data for all patients. Dotted lines indicate the control group (high number of

PLTs, younger age, and low HBV DNA level).

level (compared with <5.0 LC/ml; OR = 4.22; 95%
CI = 1.13-15.8) and PLT level (compared with
>196,000/ul; OR = 15.6; 95% CI = 2.06-118.3)
were predictive factors for HCC occurrence
(Table II). Kaplan—-Meier curves were constructed
for HBV DNA (P = 0.001; log-rank test; Figure 2).

Analysis of the subgroup of HBV patients with PLTs
< 206,000/l

HCC was detected in 28 patients in the group with
PLTs <206,000/ul (n = 329). The risk factors for
HCC occurrence in the group with <206,000/ul

PLTs were analyzed by Cox regression analysis. Uni-
variate analysis revealed that age and PLT level at
baseline were predictive factors for HCC occurrence.
Multivariate analysis revealed that PLT level (com-
pared with patients with >159,000/ul; OR = 4.49;
95% CI = 1.62-12.5) was the only predictive factor for
HCC occurrence (Table II).

Discussion

In Japan, HBV infection is one of the most important
factors determining HCC occurrence [9]. Moreover,
HCC is one of the most important determinants for
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Figure 2. Cumulative occurrence of HCC based on the HBV DNA
level in patients aged >40 years. The threshold for the HBV DNA
level was defined according to the average data for the patients aged
>40 years. A significant difference was observed by log-rank test.
The dotted line indicates the control group (low HBV DNA level).

the prognosis of patients with HBV infection. In
previous studies, factors associated with an increased
risk of HCC among people with chronic HBV infec-
tion included demographic characteristics, lifestyle,
and environmental, viral and clinical factors. Among
these, male gender, older age, HBV genotype, cirrho-
sis, elevated ALT, and high viral load were found to
be factors associated with HCC [6,10-19]. We
focused on clinical factors which may be tested easily
and for which tests are available all over the world.
This report clarifies the relative risk for HCC in all
patients with HBV who were referred to a single
institute in Japan and provides important information
for physicians.

In this study, the relative risk of HCC was found to
be increased to 4.28 (95% CI 1.68-10.9) times higher
for patients aged > 40 years compared with those aged
<40 years. In addition, a low PLT level, which indi-
cates advanced fibrosis in the liver, including cirrho-
sis, was a risk factor for HCC: the relative risk was
found to be increased to 8.50 (95% CI 1.98-36.2)
times higher for patients with a PLT level < 206,000/l
compared with higher levels. The HBV DNA level
was not selected as a risk factor for HCC occurrence
in all patients with HBV infection by multivariate
analysis. Previous follow-up studies have shown
that viral load is an important and independent factor
for HCC occurrence [4,5,20]. However, in the pres-
ent study, although various thresholds of HBV DNA
level were used for analysis, none of the thresholds
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showed statistical significance in multivariate analysis
(data not shown). In contrast, the analysis intended
for patients aged >40 years revealed that high HBV
viral load was added as a risk factor for HCC. By
changing the threshold of HBV DNA from 4.5 t0 5.3
LC/ml in 0.1-log increments, 5.0 or 5.1 LC/ml were
found to be the best (data not shown); therefore we
designated the threshold of HBV DNA level as >5.0
LC/ml. In our study, HBV carriers aged >40 years
with HBV DNA levels >5.0 LC/ml had a 4.22-times
higher risk of HCC compared to HBV carriers with
lower viral loads. In previous studies in Japan regard-
ing predictive factors for HCC, Ohata et al. [5]
reported that age, HBV DNA, and staging of fibrosis
were the important factors, while Murata et al. [21]
reported that the number of PLTs was the only factor
after HBeAg seroconversion. On the other hand, in an
analysis of patients with liver cirrhosis in Japan, levels
of HBV DNA and/or ALT were the predictive factors
for HCC [12,19]. Taken together with the present
study, these reports suggest that the HBV DNA level
may not be an absolute factor for predicting HCC in
the analysis, irrespective of the age of the patients and
the number of PLTs, but that in patients with
advanced age or low numbers of PLTs, indicating
advanced fibrosis of the liver, HBV DNA could be a
predictive factor for the occurrence of HCC. The
PLT level negatively reflects the extent of liver fibrosis
[22], therefore it is very difficult to achieve an
improvement in liver fibrosis and to recover the
PLT level concomitantly, but a high viral load can
be lowered by antiviral drug treatment. Therefore, in
patients aged > 40 years, lowering the viral load using
an antiviral drug might be an important way to avoid
the occurrence of HCC but, in younger patients,
lowering the HBV DNA level may not result in direct
inhibition of HCC occurrence, although the activity of
hepatitis could be suppressed.

The decrease in the number of PLTs in patients
with liver disease reflects advanced fibrosis of the liver,
which is strongly related to HCC occurrence. In fact,
the patients in the HCC group of our study were
suggested to show advanced fibrosis because they had
higher values of APRI than the controls. In addition to
being a marker of liver fibrosis, the influence of PLTs
on cytotoxic T lymphocytes (CTLs) has been studied
with keen interest. Chronic HBV infection is charac-
terized by an inefficient CTL response, which often
results in continuous destruction of hepatocytes.
A recent study indicated that PLTs are required for
virus-specific CTLs to accumulate within the liver
and perform pathogenetic and/or antiviral roles [23].
In our study, low PLT number was a strong risk factor
for HCC in all the HBV carriers, irrespective of age or
PLT number at baseline. Especially in the HBV
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carriers aged >40 years, low PLT number has the
strongest association with HCC occurrence. There-
fore, older HBV carriers with low PLT levels should
be followed closely because of a high possibility of
HCC occurrence, as for HCV carriers with low PLT
levels [24].

The presence of HBeAg is often associated with
active liver disease, whereas HBeAg seroconversion
often coincides with loss of HBV DNA in serum,
normalization of the ALT level, and clinical remission
[25]. Spontaneous HBeAg seroconversion confers a
good long-term outcome on most patients. In this
study, the status of HBeAg at baseline differed sig-
nificantly between the HCC and control groups;
however, the status of HBeAg was not identified by
univariate analysis as a predictive factor for HCC
occurrence. From these results, we speculated that
the HBe protein was not the direct precursor of HCC,
although the HBe antigen status often reflects the
replication of HBV DNA.

In this study, we evaluated parameters for predict-
ing HCC only at first admission. A previous study
reported that changes in ALT or HBV DNA levels
during the follow-up period were important for pre-
dicting advanced liver disease and HCC [26]. We
need to evaluate the importance of following changes
in these parameters.

There was only one HCC patient aged <40 years.
This patient was male and was followed up from the
age of 27 years; his ALT, HBV DNA, and PLT levels
and the status of HBeAg at baseline were 34 IU/, 7.7
LC/ml, 203,000/ul, and positive, respectively. It was
difficult to predict the occurrence of HCC in this case
only on the basis of the risk factors for HCC indicated
in this study. Hence, we need to find an adequate risk
factor to predict HCC in such a case.

In conclusion, advanced age and low PLT level
were the risk factors for HCC in patients with HBV
infection, irrespective of the PLT level at baseline. In
patients aged > 40 years, viral load was added as a risk
factor for HCC.

Declaration of interests: The authors indicated no
potential conflict of interest.
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