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Abstract
Objective: Chronic hepatitis B virus (HBV) infection leads to cirrhosis and hepatocellular carcinoma (HCC). Entecavir (ETV) is effective for treating patients with 
HBV infection. However, the process of HCC development in patients treated with ETV remains unclear. We used transient elastography to investigate whether 
HCC development was correlated with liver stiffness (LS).

Methods: This retrospective study enrolled 100 patients with chronic HBV infection who were treated with ETV from August 2007 to November 2015. The baseline 
patient characteristics were as follows: average age 54.8 ± 13.8 years, 64 men, 11 with cirrhosis, 32 positive for HBe antigen, median HBV DNA level 3.0 log copies/
mL, and treatment duration 55.0 ± 28.7 months. One year after the initiation of ETV treatment, laboratory data and viral markers were evaluated. LS values were 
measured using transient elastography.

Results: HBV DNA became undetectable in 90 patients, and alanine aminotransferase (ALT) levels normalized in 86%. Alpha-fetoprotein levels decreased from 
12.0 ± 35.7 to 3.2 ± 1.4 ng/mL (p < 0.05). HCC developed in seven patients. The cumulative incidence of HCC at 1, 3, and 5 years was 1%, 4%, and 6%, respectively. 
HCC development was not affected by HBV DNA negativity or by ALT level normalization. Patients who developed HCC had a higher rate of cirrhosis and higher 
LS values (≥ 6.8 kPa) than patients who did not develop HCC (cirrhosis: 57.1% vs. 7.5%, p < 0.001; LS values ≥ 6.8 kPa: 83.3% vs. 16.3%, p < 0.001).

Conclusion: LS values can be useful for the evaluation of HCC development in patients with chronic HBV infection treated with ETV.
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Introduction
Chronic hepatitis B virus (HBV) infection leads to liver cirrhosis, 

liver failure, and hepatocellular carcinoma (HCC) [1]. Lamivudine 
(LVD), a first-generation oral nucleoside analogue (NA), significantly 
reduced the risk of HCC development in a randomized controlled 
trial [2]. However, LVD leads to a high incidence of drug-resistant 
mutations and virological relapse [2,3]. Hence, entecavir (ETV) and 
tenofovir, more effective oral NAs, are now the first-line antiviral agents 
for patients with chronic HBV infection [4-6] because of their low risk 
for the development of drug resistance [7,8]. ETV can substantially 
improve liver function and reduce both cirrhotic complications and 
HCC development [9,10]. However, a randomized controlled ETV 
treatment study of patients with chronic HBV infection has not been 
performed, and the suppressive effect of ETV on HCC development 
remains unclear.

The degree of liver fibrosis is associated with HCC development 
in patients with chronic HBV infection. The 5-year cumulative 
HCC development rate was 21.2–59% in patients with HBV-related 
cirrhosis [11,12]. Recently, measurement of liver stiffness (LS) using 
transient elastography has been used as a noninvasive method for 
evaluating fibrosis instead of the invasive approach of liver biopsy [13]. 
Measurement of LS with transient elastography is also a predictive tool 
for HCC development [14].

Therefore, we aimed to investigate whether HCC development 
was correlated with LS using transient elastography in patients with 
chronic HBV infection treated with ETV.

Materials and methods
We retrospectively studied the data of a total of 100 patients with 

chronic HBV infection who were treated with ETV from August 2007 
to November 2015 at the National Hospital Organization Nagoya 
Medical Center. The patients were followed once every 3–6 months 
during ETV treatment, and ultrasonography, computed tomography, 
and magnetic resonance imaging of the abdomen were used for HCC 
surveillance. One year after the initiation of ETV treatment, liver 
biochemistry, HBV DNA level, and alpha-fetoprotein (AFP) level were 
assessed. LS values were measured more than 10 times using transient 
elastography, and the median value was considered the elastic modulus 
of the liver.

Statistical analysis

All data were expressed as the mean ± standard deviation. 
Differences were analyzed using paired t-test, Mann–Whitney U-test, 
and chi-square test. The cumulative incidence of HCC was estimated 
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using the Kaplan-Meier method. Values of p < 0.05 were considered 
statistically significant.

This study was approved by the ethical review board of the National 
Hospital Organization Nagoya Medical Center.

Results
The baseline patient characteristics are summarized in Table 1. 

The average age of patients (64 men and 36 women) was 54.8 ± 13.8 
years. HBV genotypes were measured in 54 patients (8 genotype A, 
3 genotype B, and 43 genotype C). Thirteen patients received LVD, 3 
patients received LVD/adefovir, and 84 patients received no drug as 
a prior treatment. Concerning the severity of liver disease, chronic 
hepatitis was diagnosed in 89 patients and cirrhosis in 11 patients. HBe 
antigen was positive in 32 patients (33%) and negative in 65 patients 
(67%). The median HBV DNA level was 3.0 log copies/mL, and the 
treatment duration was 55.0 ± 28.7 months.

One year after the initiation of ETV treatment, HBV DNA became 
undetectable in 90 patients (90%); alanine aminotransferase (ALT) 
level significantly decreased from 109.2 ± 280.5 to 22.1 ± 14.8 IU/L (p 
< 0.05); normalization of ALT level (30 IU/L or lower) was achieved in 
86%; and AFP level significantly decreased from 12.0 ± 35.7 to 3.2 ± 1.4 
ng/mL (p < 0.05).

HCC developed in seven patients during the observation period. 
The average age of these patients (six men and one woman) was 58.0 ± 
7.7 years. The total bilirubin level, ALT level, LS value, and occurrence 
of cirrhosis were significantly higher in patients who developed HCC 
than in those who did not (total bilirubin level: 1.30 ± 0.96 vs. 0.78 
± 0.44 mg/dL, p = 0.025; ALT level: 129.0 ± 129.7 vs. 107.8 ± 289.0 
IU/L, p = 0.020; LS value: 13.3 ± 11.5 vs. 5.2 ± 4.2 kPa, p = 0.024; 
without cirrhosis/with cirrhosis: 3/4 vs. 86/7, p < 0.001) (Table 2). The 
cumulative incidence of HCC at 1, 3, and 5 years was 1%, 4%, and 6%, 
respectively (Figure 1). The average time to HCC development was 36.3 
± 33.8 months from the initiation of ETV treatment.

Among all patients, HCC development was not affected by ALT 
level normalization or by HBV DNA negativity 1 year after the initiation of 
ETV treatment (ALT level normalization: 71.4% vs. 87.0%, p = 0.249, HBV 
DNA negativity: 100% vs. 89.2%, p = 0.360) (Figures 2 and 3).

Patients who developed HCC had higher LS values (≥ 6.8 kPa) than 
those who did not (LS values ≥ 6.8 kPa: 83.3% vs. 16.3%, p < 0.001) 
(Figure 4).

Discussion
According to the Japan Society of Hepatology guidelines for the 

management of HBV infection (second edition), the treatment goal 
of antiviral therapy for persistent HBV infection is to improve the 
life expectancy and quality of life of patients with HBV infection. In 
other words, the treatment goal of antiviral therapy in patients with 
persistent HBV infection should be to inhibit the activity of hepatitis 
and the progression of hepatic fibrosis in order to prevent chronic 
liver failure and reduce the risk of HCC, thereby improving the life 
expectancy and quality of life of patients with HBV infection. Thus, 
the treatment goal should be to attain an HBV DNA negative status 
for both chronic hepatitis and cirrhosis cases [15]. ETV is a more 
potent and more highly selective inhibitor of HBV DNA polymerase 
with a lower risk for drug-resistant mutations than LVD [16–18]. In a 
previous study, the cumulative rates of undetectable HBV DNA level 
was 81.1% and normalization of ALT level was achieved in 84% at 1 
year after the initiation of ETV treatment [19]. In this study, the rate 
of undetectable HBV DNA level and the normalization of ALT level 
at 1 year after the initiation of ETV treatment were similar to that 
of previous results. However, although an undetectable HBV DNA 
level and ALT level normalization are achieved with ETV treatment, 
complete elimination of intracellular HBV remains difficult [20,21]. 
It was reported that although ETV can considerably reduce the risk 
of HCC development [9], HCC development persists, and the details 
remain unclear. In a recent report, the cumulative incidence of HCC 
was not affected by HBV DNA negativity or by ALT level normalization 
at 24 weeks [22]. In this study, HCC developed in seven patients, and 
neither a virological response nor biochemical response at 1 year after 
ETV treatment affected HCC development among the patients.

The degree of liver fibrosis is strongly associated with the risk of 
HCC in patients with chronic HBV infection [23]. Liver biopsy has 
been the most widely used method for evaluating the degree of liver 
fibrosis; however, as it is invasive, a noninvasive tool remains desired. 
Recently, transient elastography was reported as a noninvasive tool 
for the assessment of liver fibrosis [13]. The measurement of LS values 
using transient elastography in patients with HBV with complete 
virological response on antiviral therapy is useful for predicting the risk 
of development of liver-related events including HCC [14]. A previous 
study reported that the median LS values from transient elastography 
(F0/F1: 5.4 kPa, F2: 6.8 kPa, F3: 10.3 kPa, and F4: 17.6 kPa) were 
correlated with the stage of liver fibrosis in patients with chronic 

Age Years 54.8 ± 13.8 
Gender male/female 64/36
HBV genotype A/B/C 8 (14.8%)/3 (5.6%)/43 (79.6%)
Prior treatment LVD/LVD+ADV/not treated 13/03/84
Severity of liver disease no cirrhosis/cirrhosis 89/11
HBeAg positive/negative 32 (33%)/65 (67%)
HBV DNA log copies/mL (median) 0.3
Total bilirubin mg/dL 0.82 ± 0.50
Albumin g/dL 4.16 ± 0.55
Platelet ×103/mm3 206 ± 88
ALT IU/L 109.2 ± 280.5
γ-GTP IU/L 70.9 ± 104.0
AFP ng/mL 12.0 ± 35.7
Observation period months 550 ± 28.7
Data are expressed as number or mean ±  SD,
HBV: Hepatitis B Virus; LVD: Lamivudine; ADV: Adefovir; ALT: Alanine 
Aminotransferase: GTP: γ-glutamyltransferase; AFP: α-fetoprotein.

Table 1. The baseline patient characteristics.

HCC 
development HCC-free

P-value
n=7 n=93

Age years 58.0 ± 7.7 54.5 ± 14.2 0.552
Gender male/female 6/1 58/35 0.215

HBV DNA log copies/mL 
(median) 6.1 3 0.483

HBV genotype A/B/C 0/0/5 8/3/38 0.494
HBBeAg positive/negative 3/4 29/61 0.564
Total bilirubin mg/dL 1.30 ± 0.96 0.78 ± 0.44 0.025
Albumin mg/dL 3.90 ± 0.61 4.18 ± 0.55 0.239
Platelet ×103/mm3 154 ± 78 210 ± 88 0.056
ALT IU/L 129.0 ± 129.7 107.8 ± 289.0 0.020
AFP Ng/mL 9.8 ± 10.1 12.2 ± 36.8 0.184
LS kPa 13.3 ± 11.5 5.2 ± 4.2 0.024
Severity of liver 
disease

no cirrhosis/
cirrhosis 3/4 86/7 <0.001

Table 2. Evaluation of the baseline characteristics according to HCC development.
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Figure 1. The cumulative incidence of HCC at 1,3, and 5 years was 1%, 4%, and 6% respectively.

Figure 2. HCC development was not affected by ALT level normalization. Figure 4. Patients who developed HCC had higher LS values (≥ 6.8 kPa) than those who 
did not (LS values ≥ 6.8 kPa: 83.3% vs. 16.3%, p<0.001).

Figure 3. HCC development was not affected by HBV DNA negativity.

hepatitis C [24]. To determine whether transient elastography is useful 
for the evaluation of HCC development, we measured LS values using 
this method after the initiation of ETV treatment for both patients with 
and without HCC development. The results showed that patients who 
developed HCC had higher LS values (≥ 6.8 kPa) than those who did 
not.

Although HCC development was not affected by ALT level 
normalization or by HBV DNA negativity during ETV treatment 

among the patients, the measurement of LS values using transient 
elastography was useful for predicting the development of HCC. 
Therefore, we believe that attention should be paid to the incidence of 
HCC development during ETV treatment in patients with continuously 
high LS values (≥ 6.8 kPa).

This was a retrospective study at a single institution. In the future, 
a larger, multicenter prospective study should be performed to confirm 
our findings.

In conclusion, LS values measured using transient elastography 
can be useful for the evaluation of HCC development in patients with 
chronic HBV infection treated with ETV.
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