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Abstract

Background Nucleotide analogues have recently been

approved for the treatment of patients with hepatitis B virus

(HBV) infection. However, it is still controversial whether

the decrease of HBV-DNA amount induced by treatment

with nucleotide analogues can reduce the risk of hepato-

cellular carcinoma (HCC) development in HBV patients.

Methods A total of 293 HBV patients without HCC who

were treated with lamivudine (LAM) were enrolled in a

multicenter trial. The incidence of HCC was examined

after the start of LAM therapy, and the risk factors for liver

carcinogenesis were analyzed. The mean follow-up period

was 67.6 ± 27.4 months.

Results On multivariate analysis for HCC development in

all patients, age C50 years, platelet count \14.0 9 104/

mm3, cirrhosis, and median HBV-DNA levels of C4.0 log

copies/ml during LAM treatment were significant risk

factors. The cumulative carcinogenesis rate at 5 years was
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3% in patients with chronic hepatitis and 30% in those with

cirrhosis. For the chronic hepatitis patients, the log-rank

test showed the significant risk factors related to HCC

development to be age C50 years, platelet count

\14.0 9 104/mm3, and hepatitis B e antigen negativity, but

median HBV-DNA levels of \4.0 log copies/ml (main-

tained viral response, MVR) did not significantly suppress

the development of HCC. In cirrhosis patients, however,

the attainment of MVR during LAM treatment was

revealed to reduce the risk of HCC development.

Conclusions These results suggest that the incidence of

HCC in HBV patients with cirrhosis can be reduced in those

with an MVR induced by consecutive LAM treatment.

Keywords Lamivudine � Chronic hepatitis B � Cirrhosis �
Hepatocellular carcinoma � HBV-DNA level

Abbreviations

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

LAM Lamivudine

ADV Adefovir

ETV Entecavir

Hbs Ag Hepatitis B surface antigen

PCR Polymerase chain reaction

TMA Transcription-mediated amplification

IVR Initial viral response

MVR Maintained viral response

HBe Ag Hepatitis B e antigen

CT Computed tomography

MRI Magnetic resonance imaging

ALT Alanine aminotransferase

Introduction

More than 350 million people worldwide suffer from

chronic infection with hepatitis B virus (HBV) [1–3].

Chronic HBV infection eventually leads to the develop-

ment of cirrhosis and hepatocellular carcinoma (HCC), and

raises the risk of hepatic disease-related death [4–6]. In

Japan, up to 15% of HCC patients are diagnosed with

HBV-related liver disease [7].

HCC is one of the most common malignancies in Japan

and its incidence has been increasing over the past 30 years.

Recently, various treatments such as transcatheter arterial

embolization/chemoembolization, radio-frequency abla-

tion, and hepatic resection have been reported to yield

significant improvements in overall patient survival [8–11].

However, HCC relapse has thus far been observed in a

majority of treated patients due to its highly malignant

potential. In this regard, successful treatment of chronic

HBV infection should prevent the patient’s liver from

progressing to cirrhosis and reduce the risk of HCC devel-

opment. In recent years, the treatment of chronic hepatitis

has changed greatly with the development of various anti-

viral therapies with nucleoside/nucleotide analogues such

lamivudine (LAM), adefovir (ADV), and entecavir (ETV)

[12–15]. LAM has long been used against chronic hepatitis,

and many reports have demonstrated that LAM is effective

in stabilizing inflammatory activity, suppressing HBV-

DNA replication, and improving liver histological findings

in chronic hepatitis patients [16, 17] and in HBV-related

cirrhosis patients [18]. Furthermore, LAM has been repor-

ted to reduce the incidence of HCC in patients with chronic

hepatitis B [19]. However, it is still controversial whether or

not treatment using nucleotide analogues can reduce the risk

of HCC development in HBV-infected patients [20, 21],

and the relationship between the effect of HBV suppression

and HCC development during LAM treatment has not yet

been discussed in detail. Also, the risk factors for HCC

development in HBV-infected patients who have been

treated with LAM have not been sufficiently evaluated. In

this study, we aimed to clarify whether the decrease of

HBV-DNA amount induced by LAM therapy could reduce

the incidence of HCC in HBV-infected patients.

Patients and methods

Patient selection and study design

This study was conducted at Osaka University Hospital and

other institutions participating in the Osaka Liver Forum in

Japan. The subjects were 293 consecutive patients with

HBV infection who underwent continuous LAM therapy for

more than 24 weeks from September 2000 to September

2006. All patients tested positive for hepatitis B surface

antigen (HBs Ag) or had detectable levels of HBV DNA in

their sera according to findings from a polymerase chain

reaction (PCR)-based method or a transcription-mediated

amplification (TMA) method. Exclusion criteria were

patients with anti-hepatitis C antibody, anti-human immu-

nodeficiency virus antibody, and other liver diseases

(alcoholic liver disease, drug-induced liver disease, and

autoimmune hepatitis). Also excluded were patients with a

history of HCC and those who developed HCC within the

first 24 weeks of the follow-up period after the initiation of

LAM therapy (because of the possibility that microscopic

HCC had been present before the initiation of treatment).

All patients were treated with 100 mg of LAM daily. Of

the 293 patients, 129 underwent ADV (10 mg/day) therapy

in addition to receiving ongoing LAM treatment. For 43

patients who started ETV administration in lieu of LAM,

the observation period was terminated when they started
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ETV. LAM resistance was confirmed by virological

breakthrough and was defined as an increase in serum

HBV-DNA by [1 log10 greater than the nadir [22]. If

virological breakthrough developed and alanine amino-

transferase (ALT) was elevated over the upper normal

limit, the patients received add-on ADV at 10 mg/day.

In this study, all patients were examined for serum HBV-

DNA level just before therapy initiation and every 6 months

during treatment. The initial viral response (IVR) was

defined as HBV-DNA \4.0 log copies/ml in the first

24 weeks of the follow-up period after the initiation of

LAM therapy, and the maintained viral response (MVR)

was defined as median HBV-DNA levels of less than

4.0 log copies/ml measured every 6 months during therapy.

This study protocol followed the ethical guidelines of

the Declaration of Helsinki amended in 2008, and informed

consent was obtained from each patient.

HBV testing

HBs Ag, hepatitis B e antigen (HBe Ag) and anti-hepatitis B

e antibody (anti-HBe) levels were examined by chemilu-

minescence immunoassay or enzyme immunoassay. HBV

DNA was measured by a PCR-based method (Amplicor

HBV monitor; Roche Diagnostics, Tokyo, Japan) or a TMA

method (TMA-HPA; Fujirebio, Tokyo, Japan), which have

lower detection limits of 2.6 and 3.7 log copies/ml,

respectively. The LAM-resistant YMDD mutant virus was

examined by a PCR-ELMA method. Serum samples were

stored frozen at -80�C.

Diagnosis of HCC and cirrhosis

Ultrasonography was carried out before LAM therapy and

every 3–6 months during the follow-up period. New space-

occupying lesions detected or suspected at the time of

ultrasonography were further examined by computed

tomography (CT), magnetic resonance imaging (MRI), or

hepatic angiography. HCC was diagnosed by the presence

of typical hypervascular characteristics on angiography, in

addition to the findings from CT or MRI. If no typical image

of HCC was observed, fine-needle aspiration biopsy was

carried out with the patient’s consent or the patient was

carefully followed until a diagnosis was possible with def-

inite observation by CT, MRI, or hepatic angiography.

Cirrhosis was diagnosed by liver biopsy or laparoscopy, and

for patients without this information, by clinical data,

imaging modalities, and portal hypertension.

Statistical analysis

Quantitative variables were expressed as means ± SD.

Quantitative variables at the baseline were compared

among two groups, the chronic hepatitis and cirrhosis

groups, using the Mann–Whitney U-test. Categorical data,

such as gender and status of HBe Ag, were compared using

Fisher’s exact test. The cumulative incidence of HCC was

evaluated with a Kaplan–Meiercurve and the differences

between groups were analyzed by the log-rank test. For

multivariate analysis to investigate factors affecting the

cumulative incidence of HCC, Cox’s regression analysis

was carried out. A value of p \ 0.05 (two-tailed) was

considered to be statistically significant. All calculations

were performed with SPSS version 15.0J (SPSS, Chicago,

IL, USA).

Results

Baseline characteristics of patients

The baseline clinical features of the enrolled patients before

LAM administration are shown in Table 1. The mean age of

the patients was 48.0 ± 10.7 years, 214 (73%) of the entire

group were male, and 163 (56%) tested positive for HBe

Ag. Of the 293 patients, 205 (70%) were diagnosed as

having chronic hepatitis and 88 (30%) as having cirrhosis.

The median HBV-DNA level was 7.0 (range 3.0 to 8.5\)

log copies/ml. At baseline, the aspartate aminotransferase

(AST) level was 131 ± 151 IU/l, the ALT level was

203 ± 252 IU/l, the total bilirubin level was 1.2 ± 1.6 mg/

dl, the albumin (Alb) level was 3.8 ± 0.5 g/dl, and the

platelet count was 13.7 ± 5.4 9 104/mm3. The mean

follow-up period for all patients was 67.6 ± 27.4 months,

with a range of 12–110 months from the start of LAM

treatment. There were significant differences between

patients with chronic hepatitis and those with liver cirrhosis

in age, AST, ALT, total bilirubin, Alb, and platelet counts.

Cumulative incidence of development of HCC

Figure 1a shows the Kaplan–Meier curve of the cumulative

HCC incidence for all HBV patients treated with LAM or

LAM plus ADV. Of the 293 patients with HBV infection,

32 (10.9%) developed HCC and the cumulative carcino-

genesis rate was 6% at 3 years, 12% at 5 years, and 15% at

7 years.

Figure 1b shows the Kaplan–Meier curve of the cumu-

lative HCC incidence according to initial diagnosis

(chronic hepatitis vs. cirrhosis). Eight (4%) of the 205

enrolled chronic hepatitis patients developed HCC and the

cumulative carcinogenesis rate was 2% at 3 years, 3% at

5 years, and 5% at 7 years. On the other hand, 24 (27%) of

the 88 enrolled cirrhosis patients developed HCC and the

cumulative carcinogenesis rate was 15% at 3 years, 30% at

5 years, and 35% at 7 years.
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Risk factors for cumulative incidence of HCC

development in all HBV-infected patients

Univariate analysis with the log-rank test was performed

for all HBV-infected patients treated with LAM, with the

results shown in Table 2. Univariate analysis with the log-

rank test showed that the following were significant risk

factors for the development of HCC: older age (C50 years)

(p \ 0.001), cirrhosis (p \ 0.001), high total bilirubin

level ([1.2 g/dl) (p = 0.004), low Alb level (\3.8 g/dl)

(p = 0.019), low platelet count (\14 9 104/mm3)

(p \ 0.001), and non-MVR (p = 0.035).

Stepwise multivariate analyses of four of these variables

were performed by Cox’s regression analysis for all

patients treated with LAM with the results shown in

Table 3. The analysis indicated the following factors as

independent significant risk factors related to the devel-

opment of HCC: age C50 years [hazard ratio (HR) 3.20,

95% confidence interval [CI] 1.08–9.53, p = 0.036],

platelet count \14.0 9 104/mm3 (HR 4.76, 95% CI 0.05–

0.96, p = 0.045), cirrhosis (HR 4.64, 95% CI 1.75–12.4,

p = 0.002), and non-MVR (HR 2.70, 95% CI 1.09–6.56,

p = 0.032).

Cumulative incidence of and risk factors for HCC

development in patients with chronic hepatitis

and cirrhosis

The results of univariate analysis with the log-rank test for

the development of HCC in chronic hepatitis patients

treated with LAM are shown in Table 4, and the follow-

ing were significant risk factors: older age (C50 years)

(p = 0.002), HBe Ag negativity (p = 0.005), and low

platelet count (\14 9 104/mm3) (p = 0.004). Suppression

of median HBV-DNA levels to \4.0 log copies/ml by

LAM treatment was not associated with the development

of HCC in the chronic hepatitis patients. Only non-MVR

(median HBV-DNA amount C4.0 log copies/ml) was

shown to be a significant risk factor for the development of

HCC in the cirrhosis patients (p = 0.029), while the factors

of age, HBe Ag status, and platelet count were not sig-

nificant in these patients (Table 4).

Table 1 Patient characteristics

HBe Ag Hepatitis B e antigen,

HBV hepatitis B virus,

AST aspartate aminotransferase,

ALT alanine aminotransferase,

Alb albumin
a Values are expressed as

medians

* p \ 0.05, ** p \ 0.001,

comparing patients with chronic

hepatitis and those with liver

cirrhosis using the Mann–

Whitney U-test for quantitative

variables and Fisher’s exact test

for categorical variables

Factor All Chronic hepatitis Cirrhosis p value

Number of patients 293 205 88

Age (years) 48.0 ± 10.7 46.3 ± 10.7 51.9 ± 9.8 \0.001**

Sex (male/female) 214/79 147/58 67/21 0.475

HBe Ag (positive 163 (56%) 121 (59%) 42 (48%) 0.068

HBV DNA (log copies/ml)a 7.0 (3.0 to 8.5\) 6.8±1.1 6.6 ± 1.1 0.162

AST (IU/l) 131 ± 151 143 ± 162 104 ± 120 0.045*

ALT (IU/l) 203 ± 252 235 ± 269 129 ± 189 \0.001**

Total bilirubin (mg/dl) 1.2 ± 1.6 0.9 ± 0.6 1.8 ± 2.7 \0.001**

Alb (g/dl) 3.8 ± 0.5 3.9 ± 0.4 3.5 ± 0.6 \0.001**

Platelets (9104/mm3) 13.7 ± 5.4 15.6 ± 9.3 9.3 ± 3.8 \0.001**

Follow-up period (months) 67.6 ± 27.4 68.5 ± 26.5 65.5 ± 29.5 0.393

Fig. 1 Cumulative incidence of development of hepatocellular

carcinoma (HCC) in patients with hepatitis B virus infection treated

with lamivudine (LAM). a All cases; b chronic hepatitis or cirrhosis.

Solid line Chronic hepatitis, dotted line cirrhosis
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Cumulative incidence of HCC development according

to effectiveness of treatment (MVR vs. non-MVR)

Figure 2a shows the Kaplan–Meier curve of cumulative

HCC incidence in all HBV-infected patients treated with

LAM according to the effectiveness of treatment (MVR vs.

non-MVR). The cumulative carcinogenesis rate for MVR-

positive patients was 2% at 3 years, 4% at 5 years, and 6%

at 7 years. On the other hand, the cumulative carcinogen-

esis rate for MVR-negative patients was 5% at 3 years,

13% at 5 years, and 16% at 7 years. MVR during LAM

significantly suppressed the cumulative HCC incidence

compared with non-MVR in all HBV-infected patients

(p = 0.035).

Figure 2b shows the Kaplan–Meier curve of the cumu-

lative HCC incidence in chronic hepatitis patients accord-

ing to the effectiveness of treatment (MVR vs. non-MVR).

The cumulative carcinogenesis rate for MVR-positive

patients was 0% at 3 years, 0% at 5 years, and 2% at

7 years. On the other hand, the cumulative carcinogenesis

rate for MVR-negative patients was 2% at 3 years, 4% at

5 years, and 6% at 7 years. MVR during LAM did not

significantly suppress the cumulative HCC incidence

compared with non-MVR in the chronic hepatitis patients

(p = 0.144).

Figure 2c shows the Kaplan–Meier curve of the cumu-

lative HCC incidence in cirrhosis patients according to

the effectiveness of treatment (MVR vs. non-MVR).

Table 2 Risk factors for HCC development in all HBV-infected

patients by univariate analysis

Factor 95% CI p value

Age (years) (\50/C50) 2.15–14.5 \0.001

Sex (male/female) 0.33–1.76 0.520

Initial diagnosis (chronic hepatitis/cirrhosis) 3.75–1.176 \0.001

HBe Ag (positive/negative) 0.31–1.29 0.209

HBV DNA (log copies/ml) (\7.0/[7.0) 0.33–1.35 0.262

AST (IU/l) (\40/C40) 0.33–2.22 0.742

ALT (IU/l) (\40/C40) 0.17–1.16 0.188

Total bilirubin (mg/dl) (\1.2/[1.2) 1.43–6.72 0.004

Alb (g/dl) (\3.8/C3.8) 0.19–0.86 0.019

Platelets (9104/mm3) (\14/C14) 0.02–0.31 \0.001

Emergence of LAM-resistant viruses

(positive/negative)

0.51–2.03 0.968

IVR (positive/negative) 0.52–3.25 0.575

MVR (positive/negative) 1.04–5.95 0.035

HCC Hepatocellular carcinoma, HBV hepatitis B virus, CI confidence

interval, HBe Ag hepatitis B e antigen, HBV hepatitis B virus, AST
aspartate aminotransferase, ALT alanine aminotransferase, Alb albu-

min, IVR initial viral response, MVR maintained viral response, LAM
lamivudine

Table 3 Risk factors for HCC development in all HBV-infected

patients by multivariate analysis

Factor Category Risk

ratio

95% CI p value

Age (years) \50 1 1.08–9.53 0.036

C50 3.20

Initial diagnosis Chronic

hepatitis

1 1.75–12.4 0.002

Cirrhosis 4.64

Platelets (9104/mm8)

(\14/C14)

C14 1 0.05–0.96 0.045

\14 4.76

MVR Negative 1 1.09–6.56 0.032

Positive 0.37

HCC Hepatocellular carcinoma, HBV hepatitis B virus, CI confidence

interval, MVR maintained viral response

Table 4 Risk factors for HCC development by univariate analysis

(chronic hepatitis/cirrhosis)

95% CI p value

Chronic hepatitis

Age (years) (\50/C50) 0.26–8.38 0.002

Sex (male/female) 0.37–6.42 0.556

HBe Ag (positive/negative) 0.01–0.74 0.005

HBV DNA (log copies/ml) (\7.0/C7.0) 0.11–1.99 0.296

AST (IU/l) (\40/C40) 0.11–2.64 0.482

ALT (IU/l) (\40/C40) 0.06–1.41 0.101

Total bilirubin (mg/dl) (\1.2/C1.2) 0.67–6.67 0.574

Alb (g/dl) (\3.8/C3.8) 0.13–8.58 0.960

Platelets (9104/mm3) (\14/C14) 0.01–0.72 0.004

Emergence of LAM-resistant viruses

(positive/negative)

0.27–4.28 0.927

IVR (positive/negative) 0.29–8.67 0.590

MVR (positive/negative) 0.51–37.10 0.144

Cirrhosis

Age (years) (\50/C50) 0.86–6.17 0.089

Sex (male/female) 0.21–1.82 0.380

HBe Ag (positive/negative) 0.80–4.17 0.149

HBV DNA (log copies/ml) (\7.0/C7.0) 0.40–2.01 0.795

AST (IU/l) (\40/C40) 0.27–3.07 0.873

ALT (IU/l) (\40/C40) 0.13–1.47 0.167

Total bilirubin (mg/dl) (\1.2/C1.2) 0.82–4.80 0.126

Alb (g/dl) (\3.8/C3.8) 0.28–1.58 0.354

Platelets (9104/mm3) (\14/C14) 0.03–1.51 0.084

Emergence of LAM-resistant viruses

(positive/negative)

0.44–2.18 0.948

IVR (positive/negative) 0.90–8.32 0.063

MVR (positive/negative) 1.07–0.029

HCC Hepatocellular carcinoma, HBV hepatitis B virus, CI confidence

interval, HBe Ag hepatitis B e antigen, HBV hepatitis B virus, AST
aspartate aminotransferase, ALT alanine aminotransferase, Alb albu-

min, IVR initial viral response, MVR maintained viral response
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The cumulative carcinogenesis rate for MVR-positive

patients was 8% at 3 years, 14% at 5 years, and 14% at

7 years. On the other hand, the cumulative carcinogenesis

rate for MVR-negative patients was 18% at 3 years, 40% at

5 years, and 44% at 7 years. MVR during LAM signifi-

cantly suppressed the cumulative HCC incidence compared

with non-MVR in the cirrhosis patients (p = 0.029).

Relationship between IVR and MVR

Maintained viral response (MVR) was achieved by 142

(48%) of the 293 patients enrolled in this study. IVR was

achieved by 204 (79%) of the 259 patients who were

examined for IVR. The relationship between IVR and MVR

is shown in Fig. 3; 60% (122/204) of the IVR-positive

patients achieved an MVR, while only 16% (9/55) of the

IVR-negative patients achieved an MVR (p \ 0.001). The

LAM-resistant YMDD mutant virus was found in 149

(51%) of all patients during follow-up, and in 52% (107/

204) of the IVR-positive patients, a finding which was

nearly equal to that for the IVR-negative patients (51%,

28/55). Among the IVR-positive patients, the MVR rate

was lower in patients with the YMDD mutation, compared

with that in those without the YMDD mutation (44%,

47/107 vs. 77%, 75/97, p = 0.016), while the MVR rates

were low in the IVR-negative patients, irrespective of their

YMDD mutation status (with and without the mutation, 15

vs. 18%, respectively). ADV was added to LAM treatment

for 73 (68%) of the 107 IVR-positive patients with the

YMDD mutation and 20 (36%) of the 55 IVR-negative

patients with the YMDD mutation. However, MVR was

only achieved at the low rates of 33% (24/73) for the former

patients and 20% (4/20) for the latter.

Discussion

Lamivudine treatment has been shown to improve the liver

histological findings in patients with HBV-infected liver

disease by reducing the HBV load and stabilizing inflam-

matory activity [16–18]. One report has shown that LAM

effectively reduced the incidence of HCC in patients with

chronic hepatitis B, but the study only compared LAM-

treated patients with non-treated patients in a matched case-

controlled study [19]. However, there have been few detailed

reports about the relationship between virological response

and HCC development in HBV-infected patients during

LAM treatment. In the present study, we retrospectively

examined the incidence of HCC to clarify the indicators of

LAM therapy, including median HBV-DNA levels, for

reducing the risk of HCC in HBV-infected patients.

Fig. 2 Cumulative incidence of development of HCC according to

the effectiveness of treatment (MVR vs. non-MVR). a All cases;

b chronic hepatitis; c cirrhosis. Solid lines MVR, dotted lines non-

MVR. MVR Maintained viral response
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Many investigators have reported that serum HBV DNA

levels higher than 4.0–4.5 log copies/ml before HBV

treatment serve as a strong risk predictor of HCC [23–25].

Di Marco et al. [26] have reported that the incidence of

HCC was higher in patients with serum HBV levels of more

than 5.0 log copies/ml, at least once, during LAM therapy

than in those in whom serum HBV levels were maintained

at 5.0 log copies/ml or less. However, the add-on ADV

therapy had not been adopted when the study of Di Marco

et al. was reported. When the use of ADV is possible, an

evaluation method is needed to measure the antiviral effects

of nucleoside/nucleotide analogues against HBV-related

liver disease. In the present study, we set the cut-off value

for HBV-DNA at 4.0 log copies/ml. The basis of this cut-

off value is that a serum HBV DNA level higher than

4.0 log copies/ml before HBV treatment was reported to

serve as a strong risk predictor of HCC [23]. MVR, defined

as a median HBV-DNA level of less than 4.0 log copies/ml

measured every 6 months during therapy, was adopted as an

indicator of viral replication, and non-MVR (median HBV-

DNA[4.0 log copies/ml) during LAM therapy was shown

to be significantly associated with the development of HCC

in HBV-infected patients. We also found that a median

HBV-DNA level of [4.0 log copies/ml during LAM ther-

apy was a risk factor for HCC development. On the other

hand, IVR, defined as HBV-DNA of\4.0 log copies/ml in

the first 6 months of the follow-up period after the initiation

of therapy, was not associated with the development of

HCC in HBV patients in this study. As shown in Fig. 3,

84% of the IVR-negative patients could not achieve an

MVR, suggesting that it is crucial to achieve an IVR in

order to achieve an MVR. The reason why IVR was not a

significant factor for MVR seemed to be the appearance of

the YMDD mutation, which reduced the antiviral effect of

LAM for HBV in IVR-positive patients. The LAM-resistant

YMDD mutant virus was found in 52% of the IVR-positive

patients. Although ADV was added to LAM treatment for

73 patients, only 33% of these patients could achieve an

MVR. We speculate that the antiviral effect of ADV is not

very strong [27] and it takes time to reduce the YMDD

mutant virus, which may explain the low MVR rate (33%)

in patients with the add-on ADV therapy. The immediate

administration of ADV when the LAM-resistant YMDD

mutant virus appears can be important [28]. A switch to

ETV, which induces resistant virus less frequently, could

also raise MVR rates among IVR-positive patients without

the YMDD mutant virus.

As the duration of the add-on ADV therapy was inclu-

ded in this study, we compared the cumulative incidence of

HCC in patients receiving LAM monotherapy with that in

patients who also received the add-on ADV therapy.

Sixteen (10%) of the 164 patients who received the LAM

monotherapy developed HCC and the cumulative carci-

nogenesis rate was 6% at 3 years, 10% at 5 years, and 15%

at 7 years. On the other hand, 16 (12%) of the 129 patients

who received LAM plus ADV developed HCC and the

cumulative carcinogenesis rate was 6% at 3 years, 12% at

5 years, and 14% at 7 years. No significant difference was

found between these two groups (p = 0.986). In addition,

we examined the cumulative incidence of HCC develop-

ment according to the effectiveness of treatment (MVR vs.

non-MVR) in patients for whom the observation period

was terminated when ADV was added, and the same results

were obtained (data not shown).

Older age (C50 years), cirrhosis, and low platelet count

(\14 9 104/mm3) were shown to be significantly associ-

ated with the development of HCC in patients with HBV

infection. These results were consistent with those of

Fig. 3 Relationship between

IVR and MVR. IVR Initial viral

response, MVR maintained viral

response, N.S. not significant
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previous reports [29–31], suggesting that patients of older

age with advanced fibrosis should be followed up carefully

for longer periods in order to detect early stages of HCC

even if LAM therapy does effectively suppress HBV. Of

note, in the present study we estimated the cumulative HCC

incidence according to the initial diagnosis of chronic

hepatitis or cirrhosis. In the chronic hepatitis patients, older

age (C50 years), HBe Ag negativity, and low platelet count

(\14 9 104/mm3) were significant risk factors for the

development of HCC, but this was not the case in the

cirrhosis patients. Because liver biopsies had not been

performed, the liver fibrosis stage could not be evaluated

with respect to the risk factors for HCC in this study.

Instead, the factors of age, HBe Ag status, and platelet count

may reflect the degree of liver fibrosis in chronic hepatitis

patients. In fact, cirrhotic patients, in comparison with

chronic hepatitis patients, were of older age (chronic

hepatitis vs. cirrhosis: 46.3 ± 10.7 vs. 51.9 ± 9.8 years,

p \ 0.001), had higher rates of HBe Ag negativity (chronic

hepatitis vs. cirrhosis: 39 vs. 51%, p = 0.065), and had

lower platelet counts (chronic hepatitis vs. cirrhosis:

15.6 ± 4.9 vs. 9.3 ± 3.8 9 104/mm3, p \ 0.001). This

seems to explain why none of these factors were significant

risk factors for HCC in cirrhotic patients. On the other hand,

in the chronic hepatitis patients, MVR was not a significant

factor for HCC development, while MVR was a significant

factor for HCC development in the cirrhotic patients. We

speculate that HBV suppression induced by LAM therapy

could reduce the incidence of HCC in patients infected with

HBV, especially those with cirrhosis, who displayed higher

malignant potential. Investigation over a longer period is

needed to clarify the effect of HBV suppression on the

development of HCC in chronic hepatitis patients.

In conclusion, the present study shows that the attain-

ment of an MVR induced by LAM therapy has a significant

beneficial effect on the clinical course of HBV-infected

patients by decreasing the incidence of HCC. The newer

nucleotide analogues, such as ETV and tenofovir, should

be able to further reduce the incidence of HCC, given their

greater potency.
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