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ABSTRACT
Whether Nucleos(t)ide analogs(NA) treatment can delay the onset of HCC remains 

unclear. We retrospectively analyzed the clinical data of patients with HBV-related 
cirrhosis and HCC from 2000 to 2012. Cox proportional hazards model was used to 
explore the association between NA treatment and postponement of HCC development, 
the dependent variable was time interval from cirrhosis treatment towards the onset 
of HCC, and the covariates included age, sex, family history, compensation status at 
baseline. A total of 1155 HCC patients treated with NAs (n = 528, lamivudine, adefovir, 
entecavir) and non NA (n = 627) for more than 24 months before the occurrence of HCC 
were incorporated into the cohort. Compared with the non-NA group, NAs therapy was 
associated with delaying the onset of HCC in patients with cirrhosis. Significant factors 
were: adefovir treatment (n = 181; p = 0.0072; HR: 0.792; 90% CI: 0.687–0.914),  
entecavir treatment (n = 83; p = 0.0068; HR: 0.716; 90% CI: 0.585-0.877), lamivudine 
switched to adefovir treatment (n = 95, p = 0.0808; HR: 0.822; 90% CI: 0.684 to 
0.989). But Lamivudine monotherapy was not a significant factor (n = 102; p = 0.6877; 
HR: 1.045; 90% CI: 0.873–1.250). Long-term NA treatment (> 6 months, except for 
lamivudine monotherapy) can delay the onset of HCC in patients with HBV-related 
cirrhosis, and applying high barrier NA to resistance is important in these patients.

INTRODUCTION

Hepatitis B virus (HBV) infection is a major public 
health issue worldwide, about 2 billion people were 
infected with HBV globally, and approximately 240 
million people are chronically infected with HBV [1]. 
The annual incidence of hepatocellular carcinoma (HCC) 
in HBV carriers was 0.5%, and the annual risk of HCC  
in patients with cirrhosis has been reported 2.5% to 6% 
[2–5]. For cirrhosis and HCC patients, 30% to 45% of them 
were caused by HBV infection globally [6, 7], but in the 

areas with high HBV prevalence (Asia and Africa), 60% to 
80% of patients with HCC has an etiology of HBV infection 
[8, 9]. Worldwide, about 650000 people die from HBV-
related liver failure, cirrhosis and HCC each year [6], 
making HBV infection a great economic and health burden. 
Antiviral therapy has been a rational approach to reduce 
the development of HCC, as the risk for HCC is higher for 
patients with persistent high viral replication [10].

The data of the antiviral therapy showed that both 
IFN-α and NA treatment may decrease HCC incidence, 
especially for those sustained responders [11, 12]. 
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NA inhibits the HBV replication by competing for 
incorporation into viral DNA. Benefits of NA treatment 
include long-term HBV DNA suppression and reduction 
in hepatic fibrosis, hepatic decompensation, and liver-
related mortality. Some studies reported that NA improved 
survival and decreased the risk of HCC recurrence after 
liver resection [13, 14]. However, whether NA treatment 
can delay the progression of HCC among patients with 
HBV-related cirrhosis remains unclear. This study, we 
applied a historical cohort study to evaluate the effect of 
NA treatment on the interval time from cirrhosis to HCC 
onset in patients who developed HCC with HBV-related 
cirrhosis etiology. 

RESULTS

Patient characteristics 

From January 2000 to March 2012, a total of 15,540 
patients’ medical records diagnosed with HCC in Beijing 
302 Hospital were studied. Among them, 11743 cases 
were HBV-related hepatocellular carcinoma, the rest of 
them were hepatitis C, Hepatitis B and C co-infection, or 
non-hepatitis virus-related hepatocellular carcinoma.

Of the 11743 patients with confirmed HCC, 1155 
cases were in line with the requirements of the present 
study (Figure 1). The others were excluded from the study, 
the reason as follows: some cases had not pathological 
diagnosis results; some patients were treated by IFN 

monotherapy; some patients developed to hepatocellular 
carcinoma without cirrhosis stage; the interval time in 
some patients between the initiation date of NA therapy 
and the diagnosis date of HCC was less than 24 months.

Among the 1155 patients, non-NA treated group 
was 627 and NA treatment group was 528, including 
lamivudine (LAM) treated 102, lamivudine sequential  
adefovir (ADV) 95, adefovir 181, entecavir (ETV) 83, the 
rest of them 67 (Figure 1)

As shown in Table 1, among the 102 patients 
treated with LAM, 14 of them were male and 88 were 
female. The mean age (± standard deviation[SD]) was 
48.12 ± 9.10 years and the median age was 47.5 (28–67) 
years; Of the181 patients treated with ADV, 40 of them 
were male and 141 were female, their mean age was 
49.04 ± 8.65 years and the median age was 50 (26–72) 
years. In the 83 treated with ETV, 8 of them were male 
and 75 were female.The mean age was 47.07 ± 8.25 years 
and the median age was 47 (30–69) years; Of the 95 
patients treated with LAM+ADV, 18 were male and 77 
were female, whose mean age was 46.79 ± 9.58 years and 
the median age was 46 (26–68) years. The mean of time 
interval between cirrhosis treatment and onset of HCC in 
the non NA treated group was 59.02 ± 29.66months; in 
NA treated group was 57.22 ± 26.04months. Of the LAM, 
ADV, ETV, LAM sequential ADV and other NA treatment 
groups, the mean of time interval were 58.12 ± 23.98, 
55.58 ± 25.56, 50.70 ± 24.84, 60.88 ± 25.88, 63.15 ± 
30.24 months, respectively. Because the data of HBV 

Figure 1: Patient characteristics. Combin: lamivudine sequential adefovir. Median: the median of interval months from cirrhosis to 
the diagnosis of HCC n: case number.
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DNA or ALT level was incomplete in some patients, these 
data was not presented in Table 1.

Log-rank test of different NA treated groups vs 
non-NA treated group

The Log-rank test results of different NA treated 
groups versus non-NA treated group showed that the 
survival curves had multiple intersections (Figure 2), 
which did not meet the proportional hazards(the 
prerequisite for COX regression analysis). 

In this study, the cases distributed from 2000 to 
2009 for their treatment date of cirrhosis, and observed 
till March 2012, that means the patients included in 2000 
were involved in the analysis for up to 13 years, while 
those cases in 2009 involved were only observed less 
than 3 years, which indicated different treatment time 
of cirrhosis had different proportional hazards. Based 
on this reason, we conducted the year of treatment as a 
stratification variable into the COX regression model.

The effect of NAs treatment on the interval time 
from cirrhosis to HCC

In the COX regression model, sex, age, family 
history, compensation status were taken as covariates, 
the treatment date of cirrhosis was introduced as a 
stratification factor to explore the effect of different 
NA drugs on the occurrence time of HCC. The results 
indicated that sex (male as the reference, n = 195; female: 
n = 950, p = 0.1816, HR: 1.115, 90% CI: 0.975 to 1.276),  
age (age < 40 as the reference, n = 203; 40 ≤ age < 60:  
n = 815, p = 0.6087, HR: 1.043, 90% CI: 0.912 to 
1.193; age ≥ 60: n = 137, p = 0.5861, HR: 1.066, 90% 
CI: 0.879 to 1.294), family history, (non history as the 
reference, n = 115; HCC: n = 596, p = 0.2130, HR: 
0.915, 90% CI: 0.814 to 1.029; cirrhosis: n = 341, p = 
0.7908, HR: 0.971, 90% CI: 0.812 to 1.162; HBV: n 
= 103, p = 0.6441, HR: 0.952, 90% CI: 0.801 to 1.133); 
compensation status (decompensation status as the 
reference, n = 345; compensation status: n = 810, p = 
0.1058, HR: 1.114, 90% CI: 0.998 to 1.244) were not 

Figure 2: Long-rank test of different NA treated groups vs Non-NA group.
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significant factors in the Cox model. As presented in 
Table 2, NAs therapy (n = 528; p = 0.0004; HR: 0.810; 
90% CI: 0.721–0.911) could notably prolong the interval 
time from cirrhosis to HCC compared with non-NA 
treatment group (n = 627; HR=1), however lamivudine 
monotherapy (n = 102; p = 0.6877; HR: 1.045; 90% CI: 
0.873–1.250) is not a significant factor. Significantly, 
the interval time from cirrhosis therapy to HCC onset 
was longer in adefovir, entecavir and LAM+ADV treated 
patients compared with non-NA treated patients, in other 
words, adefovir monotherapy(n = 181; p = 0.0072; HR: 
0.792; 90% CI: 0.687–0.914),entecavir monotherapy 
(n = 83; p = 0.0068; HR: 0.716; 90% CI: 0.585–0.877) 
and LAM+ADV((lamivudine > 6 months and switching 
to adefovir > 6 months, n = 95, p = 0.0808; HR: 0.822; 
90% CI: 0.684 to 0.989) could be taken as significant 
factors in this model. The hazard ratio of HCC onset in 
other NA treated groups(67 patients) was also significant 
lower than non-NA treated groups (n = 67, p = 0.0166; 
HR: 0.731; 90% CI: 0.589 to 0.906), and those NA treated 
groups included 23 patients who sequentially received 
lamivudine and entecavir, 19 patients who sequentially 
received adefovir and entecavir, 5 patients who 
sequentially received adefovir and telbivudine, one patient 
who sequentially received entecavir and telbivudine, 12 
patients with monotherapy of telbivudine, 6 patients who 
sequentially received nucleoside and interferon. 

DISCUSSION

Previous studies showed that NA treatment could 
decrease the incidence of HCC [15–19]. However, whether 
NA treatment can delay the onset of HCC remains unclear. 
To our knowledge, this is the first study to explore whether 
NA long-term treatment could slow down the progression 

of cirrhosis towards HCC. Since there were already 
sufficient evidence to support antiviral therapy benefits 
patients with HBV-related cirrhosis, implementing a 
prospective placebo-controlled or blank controlled clinical 
study would face huge ethical issues, a retrospective study 
was conducted here. Using the Cox proportional hazards 
model, we found the hazards ratios in patients treated 
with adefovir or entecavir monotherapy, sequentially 
received lamivudine and adefovir were significant lower 
as compared to non-NA treated groups. But the hazards 
ratio difference was not observed in the patients with 
lamivudine monotherapy. 

“AASLD practice guidelines- Chronic Hepatitis B: 
Update 2009” quoted Liao’s double blind, randomized, 
placebo-controlled study, which demonstrated that 
lamivudine reduced the incidence of HCC in chronic 
hepatitis B (CHB) (lamivudine: 17:436, 3.9%; placebo: 
16:215,7.4%; p = 0.047) [20]. In order to understand the 
impact of HBV polymerase mutation on antiviral drug 
resistance, we investigated the virologic and clinical 
features of HBV mutations in those patients suffered 
NAs treatment. We found that the patients suffered LAM 
monotherapy had a high ratio of resistance mutation than 
other patients, which might be the reason of lamivudine 
monotherapy can’t delay the onset of HCC in this study. 
We suggested that high genetic barrier NA should be used 
first in the patients with HBV-related cirrhosis.

Previous studies had demonstrated that male gender, 
family history of HCC, older age, history of reversions 
from anti-HBe to HBeAg, alcoholics, diabetes, aflatoxin, 
Genotype B or C, persistent liver inflammation and co-
infection with HCV were risk factors for HCC [21–28]. 
A few recent follow-ups on large cohorts of prospective 
carriers from Asia identified the presence of HBeAg and 
high levels of HBV DNA and ALT as independent risk 

Table 1: Patient demographics

Factor
NA-treated Non

-treated 
N = 627

p1
LAM

N = 102
ADV

N = 181
ETV

N = 83
LAM+ ADV

N = 95
Others
N = 67

Total
N = 528

Sex Female/Male 88/14 141/40 75/8 77/18 52/15 433/95 527/100 0.3557
Age Mean ± Sd 48.12 ± 9.10 49.04 ± 8.65 47.07 ± 8.25 46.79 ± 9.58 45.06 ± 10.18 47.64 ± 9.12 49.19 ± 10.00

0.0062Median
(Min-Max) 47.5 (28–67) 50 (26–72) 47 (30–69) 46 (26–68) 47 (15–61) 48 (15–72) 49 (15–78)

age < 40 18 31 16 21 15 101 102
0.068240 ≤ age < 60 72 129 62 64 49 376 439

age ≥ 60 12 21 5 10 3 51 86
Family history 0.0009
 HCC 55 77 34 48 31 245 351
 Cirrhosis 30 66 36 32 22 186 155
 HBV 7 15 5 7 9 43 60
 No history 10 23 8 8 5 54 61
Compensation status 30/72 54/127 22/61 33/62 28/39 167/361 178/449 0.2308
Time2 (Month) Mean ± Sd 58.12 ± 23.98 55.58 ± 25.56 50.70 ± 24.84 60.88 ± 25.88 63.15 ± 30.24 57.22 ± 26.04 59.02 ± 29.66 0.2381

Median  
(Min-Max) 54 (24–139) 53 (24–132) 42 (24–125) 57 (24–135) 55 (24–140) 53 (24–140) 55 (24–140)

1.p, Non-treated vs Total NA treated.
2.Time, the interval time between cirrhosis treatment and HCC diagnosis date.
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factors for the subsequent development of cirrhosis and 
HCC [29–30].Although there was no evidence indicated 
that these factors had an impact on interval time between 
cirrhosis and HCC in patients with HBV-related cirrhosis 
etiology, but the analysis of these factors will make the 
results more reliable. In this study, we investigated the 
influence of age, sex and family history on interval time 
between cirrhosis and HCC, but there were no significant 
statistical differences in the three factors. As presented in 
Table 2, the hazard ratio for the three factors was closed to 
1, it seems none of them has significant effect on interval 
time between cirrhosis and HCC.

The data of HBeAg seroconversion, alcoholics, 
diabetes, aflatoxin, Genotype, the degree of the liver 
tissues inflammation, HBV DNA, ALT in this retrospective 
study were not presented, the reason was most of these 
information in medical records was imperfect in the 
duration of 13 years.

Of the above-mentioned factors, we focused on 
the variables which would affect the doctor’s treatment 
strategy (anti-virus treatment or no anti-virus treatment), 
and we considered those variables which had no effect 
on the doctor’s treatment strategy could keep balance 
between the two groups in those relatively large samples.

Based on the “EASL 2017 Clinical Practice 
Guidelines on the management of hepatitis B virus 
infection” [31], the typical indication for treatment 
requires high HBV DNA level, elevated ALT and/or at 
least moderate histological lesions, while all cirrhotic 

patients with detectable HBV DNA should be treated 
regardless of ALT levels. The results of the COX 
regression analysis indicated that the hazards ratios in 
patients treated with NA, especially with monotherapy of 
adefovir or entecavir, sequentially received lamivudine 
and adefovir were significant lower than non-NA treated 
group. The long-term administration of NA with high 
barrier to resistance represents the treatment of choice in 
the patients with compensated or decompensated cirrhosis. 
NA with high barrier to resistance can halt progression 
of liver disease, and can also result in a significant 
improvement of histological necroinflammation and 
fibrosis [31].

MATERIALS AND METHODS

Study populations 

The clinical data of patients with HCC were 
collected from the Beijing 302 hospital medical records 
system database from 2000 to 2012. Inclusion criteria: 
NA treated (treatment > 6 months) or non-NA treated 
patients with a HCC diagnosis before March 2012 and a 
confirmed HBV-related cirrhosis treatment for the period 
between January 2000 (as lamivudine was approved in 
China in June 1999) and December 2009 (the time from 
cirrhosis to HCC was at least two years). A medical 
examination was performed with imaging, histopathology 
or serological markers. The interval between nucleos(t)ide 

Table 2: The results of COX regression analysis
Factor Group N HR 90% CI P value

Sex Male 195 1.000 (Reference)
Female 960 1.115 0.975 1.276 0.1816

Age age < 40 203 1.000 (Reference)
40 ≤ age < 60 815 1.043 0.912 1.193 0.6087

age ≥ 60 137 1.066 0.879 1.294 0.5861

family history Non history 115 1.000 (Reference)
HCC 596 0.915 0.814 1.029 0.2130
Cirrhosis 341 0.971 0.812 1.162 0.7908
HBV 103 0.952 0.801 1.133 0.6441

Compensation status Decompensation 345 1.000 (Reference)
Compensation 810 1.114 0.998 1.244 0.1058

time lengths from cirrhosis 
treatment to HCC onset Non-treated 627 1.000 (Reference)

Total 528 0.810 0.721 0.911 0.0004
LAM 102 1.045 0.873 1.250 0.6877
ADV 181 0.792 0.687 0.914 0.0072
ETV 83 0.716 0.585 0.877 0.0068
LAM+ADV 95 0.822 0.684 0.989 0.0808
Others 67 0.731 0.589 0.906 0.0166
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analogs initiation date and HCC diagnosis date was at least 
24 months. Exclusion criteria: patients with co-infection 
with hepatitis C, D, E virus or human immunodeficiency 
virus; patients with alcoholic or autoimmune cirrhosis, 
drug induced liver injury(DILI), parasite, inherited 
liver disease, metabolic liver disease, nonalcoholic fatty 
liver disease (NAFLD) and patients continued alcohol 
consumption after treatment of cirrhosis.

Study design and survey content

Survey data included patients’ age at baseline (the 
date of cirrhosis treatment), sex, family history (HCC, 
cirrhosis, HBV, or no history), date of cirrhosis treatment, 
date of HCC diagnosis, treatment (lamivudine, entecavir 
, and adefovir treated or non-NA treated); HBV DNA and 
ALT level at baseline; compensation status at baseline 
(Decompensation: gastrointestinal bleeding, hepatic 
encephalopathy, ascites).

Statistical analysis

Multivariable Cox proportional hazards regression 
models to assess the relation between NAs treatment and the  
delaying onset of HCC were constructed. Cox regression 
analysis was used to identify independent risk factors for 
delaying onset of HCC. The models included the base-
line covariates age (continuous), sex (categorical; female, 
male), treatment (categorical; dummy variable; non-NA 
treated, lamivudine, entecavir, adefovir, independent, joint 
or sequential therapy), family history (categorical; dummy 
variable; family history of HCC, cirrhosis, HBV, or no 
history), date of cirrhosis treatment (stratification; accurate 
to year), compensation status (categorical; compensation, 
decompensation). The statistic analyses were conducted 
using SAS 9.2 (SAS Institute Inc), all statistical tests were 
2-sided with p < 0.1 deemed as statistical significant, and 
the odds ratios (ORs) and 90% confidence intervals (CIs) 
were calculated to assess the relative risk confidence.

Ethics statement

The study protocol was approved by the Beijing 
302 Hospital Research Ethnics Committee, and written 
informed consents for therapy and study were obtained 
from each patient.

Authors ̕contributions

Jingfeng Bi, Zheng Zhang, Yanwei Zhong and 
Zhenman Wei designed the study; Jingfeng Bi, Zheng 
Zhang, Enqiang Qin and Jun Hou acquired the data; 
Jingfeng Bi, Zheng Zhang, Yanwei Zhong, Zhenman 
Wei, Enqiang Qin, Jun Hou, Shuiwen Liu, Zengmin Liu 
and Shuo Li analyzed and interpreted the data; Jingfeng 
Bi and Yanwei Zhong wrote, reviewed, and/or revised 

the manuscript; All authors read and approved the final 
manuscript. 

CONFLICTS OF INTEREST

The authors declare that they have no competing 
interests.

FUNDING

This study was supported by the National Natural 
Science Foundation of China in 2012 (81172734). The 
funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the 
manuscript.

REFERENCES

 1. Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global 
epidemiology of hepatitis B virus infection: new estimates 
of age-specific HBsAg seroprevalence and endemicity. 
Vaccine. 2012; 30:2212–19.

 2. Crissien AM, Frenette C. Current management of 
hepatocellular carcinoma. Gastroenterol Hepatol (N Y). 
2014; 10:153–61.

 3. Chu CM, Liaw YF. Hepatitis B virus-related cirrhosis: 
natural history and treatment. Semin Liver Dis. 2006; 
26:142–52.

 4. Chen YC, Chu CM, Yeh CT, Liaw YF. Natural course 
following the onset of cirrhosis in patients with chronic 
hepatitis B: a long-term follow-up study. Hepatol Int. 2007; 
1:267–73.

 5. Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY, Chu 
CM, Liaw YF. Long-term outcome after spontaneous 
HBeAg seroconversion in patients with chronic hepatitis B. 
Hepatology. 2002; 35:1522–27.

 6. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, 
Aboyans V, Abraham J, Adair T, Aggarwal R, Ahn SY, 
Alvarado M, Anderson HR, Anderson LM, et al. Global 
and regional mortality from 235 causes of death for 20 
age regional mortality from 235 causes of death for 20 
age groups in 1990 and 2010: a systematic analysis for 
the Global Burden of Disease Study 2010. Lancet. 2012; 
380:2095–128.

 7. Goldstein ST, Zhou F, Hadler SC, Bell BP, Mast EE, 
Margolis HS. A mathematical model to estimate global 
hepatitis B disease burden and vaccination impact. Int J 
Epidemiol. 2005; 34:1329–39.

 8. Schütte K, Bornschein J, Malfertheiner P. Hepatocellular 
carcinoma—epidemiological trends and risk factors. Dig 
Dis. 2009; 27:80–92.

 9. Wang FS, Fan JG, Zhang Z, Gao B, Wang HY. The 
global burden of liver disease: the major impact of China. 
Hepatology. 2014; 60:2099–108.



Oncotarget96731www.impactjournals.com/oncotarget

10. Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang 
GT, Iloeje UH, and REVEAL-HBV Study Group. Risk of 
hepatocellular carcinoma across a biological gradient of 
serum hepatitis B virus DNA level. JAMA. 2006; 295:65–73.

11. Sung JJ, Tsoi KK, Wong VW, Li KC, Chan HL. Meta-
analysis: treatment of hepatitis B infection reduces risk of 
hepatocellular carcinoma. Aliment Pharmacol Ther. 2008; 
28:1067–77.

12. Lin SM, Yu ML, Lee CM, Chien RN, Sheen IS, Chu CM, 
Liaw YF. Interferon therapy in HBeAg positive chronic 
hepatitis reduces progression to cirrhosis and hepatocellular 
carcinoma. J Hepatol. 2007; 46:45–52.

13. Nishikawa H, Nishijima N, Arimoto A, Inuzuka T, Kita 
R, Kimura T, Osaki Y. Effect of nucleoside analog use 
in patients with hepatitis B virus-related hepatocellular 
carcinoma. Hepatol Res. 2014; 44:608–20.

14. Wu CY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, Wu MS, 
Lin JT. Association between nucleoside analogues and 
risk of hepatitis B virus–related hepatocellular carcinoma 
recurrence following liver resection. JAMA. 2012; 
308:1906–14.

15. Dienstag JL, Goldin RD, Heathcote EJ, Hann HW, 
Woessner M, Stephenson SL, Gardner S, Gray DF, Schiff 
ER. Histological outcome during long-term lamivudine 
therapy. Gastroenterology. 2003; 124:105–17.

16. Hosaka T, Suzuki F, Kobayashi M, Seko Y, Kawamura Y, 
Sezaki H, Akuta N, Suzuki Y, Saitoh S, Arase Y, Ikeda K, 
Kobayashi M, Kumada H. Long-term entecavir treatment 
reduces hepatocellular carcinoma incidence in patients with 
hepatitis B virus infection. Hepatology. 2013; 58:98–107.

17. Papatheodoridis GV, Dimou E, Dimakopoulos K, 
Manolakopoulos S, Rapti I, Kitis G, Tzourmakliotis D, 
Manesis E, Hadziyannis SJ. Outcome of hepatitis B e 
antigen-negative chronic hepatitis B on long-term nucleos(t)
ide analog therapy starting with lamivudine. Hepatology. 
2005; 42:121–29.

18. Eun JR, Lee HJ, Kim TN, Lee KS. Risk assessment for 
the development of hepatocellular carcinoma: according to 
on-treatment viral response during long-term lamivudine 
therapy in hepatitis B virus-related liver disease. J Hepatol. 
2010; 53:118–25.

19. Matsumoto A, Tanaka E, Rokuhara A, Kiyosawa K, Kumada 
H, Omata M, Okita K, Hayashi N, Okanoue T, Iino S, 
Tanikawa K, and Inuyama Hepatitis Study Group. Efficacy 
of lamivudine for preventing hepatocellular carcinoma in 
chronic hepatitis B: A multicenter retrospective study of 
2795 patients. Hepatol Res. 2005; 32:173–84.

20. Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen 
H, Tanwandee T, Tao QM, Shue K, Keene ON, Dixon 

JS, Gray DF, Sabbat J, and Cirrhosis Asian Lamivudine 
Multicentre Study Group. Lamivudine for patients with 
chronic hepatitis B and advanced liver disease. N Engl J 
Med. 2004; 351:1521–31.

21. Fattovich G, Bortolotti F, Donato F. Natural history of 
chronic hepatitis B: special emphasis on disease progression 
and prognostic factors. J Hepatol. 2008; 48:335–52.

22. Chen YC, Chu CM, Liaw YF. Age-specific prognosis 
following spontaneous hepatitis B e antigen seroconversion 
in chronic hepatitis B. Hepatology. 2010; 51:435–44.

23. Yim HJ, Lok AS. Natural history of chronic hepatitis B 
virus infection: what we knew in 1981 and what we know 
in 2005. Hepatology. 2006 (Suppl 1); 43:S173–81.

24. McMahon BJ, Holck P, Bulkow L, Snowball M. Serologic 
and clinical outcomes of 1536 Alaska Natives chronically 
infected with hepatitis B virus. Ann Intern Med. 2001; 
135:759–68.

25. Fattovich G, Giustina G, Schalm SW, Hadziyannis S, 
Sanchez-Tapias J, Almasio P, Christensen E, Krogsgaard 
K, Degos F, Carneiro de Moura M, Solinas A, Noventa 
F, Realdi G. Occurrence of hepatocellular carcinoma and 
decompensation in western European patients with cirrhosis 
type B. Hepatology. 1995; 21:77–82.

26. Fattovich G. Natural history and prognosis of hepatitis B. 
Semin Liver Dis. 2003; 23:47–58.

27. Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen 
CL, Hsu CA, Kuo SF, Liu CH, Chen PJ, Chen DS, Kao 
JH. Serum hepatitis B surface antigen levels help predict 
disease progression in patients with low hepatitis B virus 
loads. Hepatology. 2013; 57:441–50.

28. Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen 
CL, Kuo SF, Liu CH, Chen PJ, Chen DS, Kao JH. High 
levels of hepatitis B surface antigen increase risk of 
hepatocellular carcinoma in patients with low HBV load. 
Gastroenterology. 2012; 142:1140–1149.e3.

29. Park BK, Park YN, Ahn SH, Lee KS, Chon CY, Moon YM, 
Park C, Han KH. Long-term outcome of chronic hepatitis 
B based on histological grade and stage. J Gastroenterol 
Hepatol. 2007; 22:383–88.

30. Wei X, Li N, Li S, Shi J, Guo W, Zheng Y, Cheng S. 
Hepatitis B virus infection and active replication promote 
the formation of vascular invasion in hepatocellular 
carcinoma. BMC Cancer. 2017; 17:304–311.

31. Lampertico P, Agarwal K, Berg T, Buti M, Janssen HL, 
Papatheodoridis G, Zoulim F, Tacke F, and European 
Association for the Study of the Liver. EASL 2017 Clinical 
Practice Guidelines on the management of hepatitis B virus 
infection. J Hepatol. 2017; 67:370–98.


