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Abstract

Chronic hepatitis B virus (HBV) infection is the key driving force of liver disease progression, resulting in the development of hepatic dysfunction, cirrhosis and hepatocellular carcinoma (HCC). The primary aim of therapy is to suppress or eliminate HBV replication to reduce the activity of hepatitis thus reducing the risk of or slowing the progression of liver disease. Nucleos(t)ide analogues (Nucs) may result in rapid suppression of HBV replication with normalization of serum transaminases and restore liver function, thus increasing survival in patients with hepatic decompensation. Long-term Nuc therapy may result in histological improvement or reversal of advanced fibrosis and reduction in disease progression, including the development of HCC. The long-term benefits of a finite course of interferon (IFN)-α therapy also include a sustained and cumulative response, as well as hepatitis B surface antigen seroclearance and reduction in the development of cirrhosis and/or HCC. Pegylated IFN and newer Nucs may achieve better long-term outcomes because of improved efficacy and a low risk of drug resistance. However, treatment outcomes are still far from satisfactory. Understanding the effects of anti-HBV treatment against HCC incidence and recurrence after hepatectomy or liver transplantation is required for further improvement of outcome.
© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Chronic hepatitis B virus (HBV) infection is the key driving force of hepatocellular carcinoma (HCC). In this review, we discussed the mechanism of HBV induction of HCC and described the current trends in anti HBV therapy. The associations of the anti-HBV therapy in prevention of HCC incidence and recurrence after curative operations was also summarized. Moreover, based on our center's experiences, the standardized antiviral strategy was suggested and greatly benefit those patients who underwent hepatectomy and liver transplantation for a better clinical results.
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INTRODUCTION
Hepatitis B virus (HBV) is a member of the Hepadnaviridae family, which includes small enveloped DNA viruses. HBV infection affects > 2 billion people worldwide and is a significant cause of liver cirrhosis and hepatocellular carcinoma (HCC), which increases morbidity and mortality in these patients1[]
. HBV targets and replicates in hepatocytes and the risk of developing HCC among HBV carriers is 10–100-fold greater compared with that in uninfected people2[]
. Treatment with antiviral drugs such as nucleoside analogues (Nucs) or interferon (IFN)-α may result in rapid suppression of HBV replication and thus reduce the progression of fibrosis and the development of HCC
 ADDIN EN.CITE 
[3]
. Although localized or systemic radiation and chemotherapy have been used to eliminate the tumor mass, surgical resection or liver transplantation are still the most effective treatments, but relapse is common4[]
. It is widely accepted that comprehensive treatment is required for prevention of HBV-associated HCC development and recurrence. Thus, this review highlights the mechanism of HBV induction of HCC and discusses the current trends in anti-HBV therapy for prevention of HCC and its recurrence.
HBV INFECTION INDUCES CHRONIC INFLAMMATION AND CANCER TRANSFORMATION
HBV persistently replicates in immortalized hepatocytes in vitro without overt cellular damage or death, implying that they are not directly cytopathic, and the pathogenesis of hepatitis is immune mediated
 ADDIN EN.CITE 
[5,6]
. Liver injury in response to inflammatory hepatitis elicits an inflammatory response in non-parenchymal cells (NPCs), such as myeloid Kupffer cells and hepatic stellate cells. Toll-like receptor (TLR)–nuclear factor (NF)-κB signaling activation may trigger an innate immune response and inhibit virus replication in HBV-transgenic mice7[]
. NPCs secrete NF-κB-regulated hepatomitogens [e.g., tumor necrosis factor (TNF)-(, interleukin (IL)-6, and hepatocyte growth factor], which promote compensatory proliferation of quiescent hepatocytes carrying HBV-induced mutations. This process allows for the transmission of genetic alterations to daughter cells, thereby favoring liver neoplastic progression. Alternatively, autocrine secretion of transforming growth factor (TGF)-β by hepatocytes induces cell survival and proliferation in the absence of liver damage and independent of NPC-mediated secretion of hepatomitogens. Increased proliferation is then followed by dysplasia, adenoma, and HCC formation
 ADDIN EN.CITE 
[8,9]
. In conclusion, NF-κB activation associated carcinogenesis more likely depends on the downstream hepatomitogen release and death-driven compensatory proliferation
 ADDIN EN.CITE 
[9,10]
.
HBV X (HBx) protein is encoded by the smallest HBV open reading frame and is 154 amino acids in size, with a molecular weight of approximately 17.5 kDa. HBx can localize to the mitochondria where it acts as an adaptor or kinase activator to influence signal transduction pathways such as: protein kinase C, Janus kinase/signal transducer and activator of transcription (JAK/STAT), phosphoinositide 3-kinase, stress-activated protein kinase/Jun N-terminal kinase (SAPK/JNK), Ras-Raf-mitogen-activated protein kinase (Ras-Raf-MAPK), extracellular signal-regulated kinase (ERK) may provide an unified mechanism by which HBx exerts many of its pleiotropic activities, including transcription, cell cycle control, and apoptosis
 ADDIN EN.CITE 
[11-14]
. It is also reported that HBx could activate NF-κB directly, which could be partially via upregulated inhibitor of NF-κB kinase activity and mammalian target of rapamycin (mTOR) pathway15


[ ADDIN EN.CITE ]
. As mentioned above, various inflammatory cytokines, including TNF-α, IL-1α, IL-1β, IL-6 and IL-8, which play an important role in the inflammation–carcinogenesis axis of the liver, are NF-κB activation-mediated, and IL-6 is thought to be one of the most important
 ADDIN EN.CITE 
[16]
. Recently, our group found that IL-22 could also promote HCC via STAT3 activation, suggesting that inflammatory cytokines have also attracted considerable attention as a mediator of the association between inflammation and hepatocarcinogenesis17[]
.
Furthermore, HBx could interfere with the anti-tumor immune response via other inflammatory cells. Infected intrahepatic natural killer cells are also known to induce cytolytic activity without IFN-γ production, suggesting that hepatocellular killing occurs without virus clearance
 ADDIN EN.CITE 
[18]
. Dendritic cells may be infected with HBV, which will cause defective chronic HBV infection, resulting in poor adaptive immunity
 ADDIN EN.CITE 
[19]
. CD4+CD25+FOX3P+ regulatory T cells could be induced by HBx-stimulated production of TGF-β1, and their crosstalk with Th17 cells may contribute to an immune tolerance–clearance balance in the liver20[]
.
MECHANISMS OF HBV ONCOGENESIS
Increasing evidence suggests that HBV contributes to HCC as a directly modulating pathway that may promote the malignant transformation of hepatocytes. First, HBV insertions are associated with host large genetic alterations: deletions, duplications and chromosomal translocations and these events could either induce chromosome changes or act in cis on the expression or function of nearby cellular genes that contribute to chromosome instability
 ADDIN EN.CITE 
[21,22]
. For instance, integration of HBx gene fragments (316–462/262–462 bp) can directly transform human immortalized normal liver L02 cells line by using a cell model. And these integrations could be detected in five of 44 clinical HBV-positive HCC tissues
 ADDIN EN.CITE 
[23]
. Integration at specific sites in host genes may contribute to a growth advantage in a clonal cell population but subsequent additional mutations will eventually accumulate. Evidence was first provided in two independent HCCs, with retinoic acid receptors and cyclin A being targeted by HBV integration in tumors24[]
. Recently, more genes involved in cell survival, proliferation and immortalization were also reported as the HBV integration target, such as human telomerase reverse transcriptase (hTERT, a regulator of telomerase), platelet-derived growth factor receptor, calcium signaling-related genes, and ribosomal protein genes25[]
.
Although it is suggested that upregulated expression of HBx and HBV S proteins is associated with hepatocarcinogenesis in transgenic mouse models, the exact mechanism remains unclear
 ADDIN EN.CITE 
[26]
. It is worth noting that hepatocytes in cirrhotic livers display decreased proliferation rates with a dominant replicative senescence phenotype characterized by critically shortened telomeres and permanent cell cycle arrest1[]
. However, during hepatocyte proliferation, low or absent telomerase activity in cirrhotic liver is associated with upregulated HBx or pre-S2 protein27[]
. In a study of 55 HCC and 17 chronic hepatitis patients, hTERT was positive in 81% of HCCs, and the mean telomere length in HCC was significantly shorter compared with those in chronic hepatitis
 ADDIN EN.CITE 
[28]
.
HBx is also suggested have the ability to induce directly chromosomal instability by interfering with the mitotic checkpoints
 ADDIN EN.CITE 
[29,30]
. HBx induces epigenetic changes, including DNA methylation aberration, histone modification and miRNA expression. Jiang et al31


[ ADDIN EN.CITE ]
 reported that increased miR-22 is associated with HCC development in male patients. Xu et al32


[ ADDIN EN.CITE ]
 also suggested that suppression of miR-148a upon HBx activation can enhance tumorigenesis. Moreover, HBx binds and inactivates p53, and interacts with DNA damage-binding protein 1 (DDB1, the DNA repair protein), which may affect repair functions and allow the accumulation of genetic changes and confer resistance against nucleolar stress and anticancer drugs
 ADDIN EN.CITE 
[33]
.
CURRENT OPINION IN ANTIVIRAL THERAPY
Despite dramatic improvements in the treatment of patients against HBV over the past decade, treatment of chronic HBV infection is currently based on two different strategies: (1) IFN-α or thymosin-a1 (T-a1) aimed to induce a sustained antiviral response; and (2) oral anti-HBV Nucs to achieve long-term complete suppression of HBV replication34[]
.
The first strategy is typically used in patients with less advanced liver disease, with high alanine aminotransferase (ALT) and not too high HBV DNA replication. It is particularly successful in younger patients and in those infected with HBV genotype A or B. Since the first introduction of IFN-α in 1976, the long-term benefit of IFN therapy has included a sustained and cumulative immune response. T-a1 is an immunomodulator that triggers maturational events in lymphocytes and T-cell function. It can promote reconstitution of immune defects and promote disease remission and cessation of HBV replication in patients with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B, without significant side effects
 ADDIN EN.CITE 
[35,36]
. Eighteen patients with HBeAg-positive and serum HBV-DNA-positive chronic hepatitis B received 6 mo treatment with 1.6 mg subcutaneous T-a1 twice weekly[37]. They achieved better HBV loss and seroconversion than 30 patients with 6 mo 3–5 MU subcutaneous IFN-α (injection daily for 15 d, then three times weekly). The results of this trial indicate that T-a1 is of potential interest in patients with anti-HBe- and HBV-DNA-positive chronic hepatitis B.
The introduction of 12-kDa linear polyethylene glycol (PEG) for IFN-α2b and 40-kDa branched PEG for IFN-α2a has allowed weekly rather than daily or three times weekly injection34[]
. This has had a significant impact on the tolerability and ease of use. In addition, for patients with HBeAg-positive chronic hepatitis B, Pegylated IFN (PEG IFN)-α2a offers superior efficacy over lamivudine, on the basis of HBeAg seroconversion, HBV DNA suppression, and hepatitis B surface antigen (HBsAg) seroconversion
 ADDIN EN.CITE 
[37]
. Overall, PEG IFN-α is an ideal treatment strategy in selected patients with HBeAg-negative chronic hepatitis B, because of its well-recognized and predictable safety profile and unique mechanism of antiviral activity leading to long-lasting immune control.
For high HBV DNA levels, Nucs are typically adopted for patients with more advanced liver disease, and for those who have failed or cannot tolerate IFN therapy. However, the main limitation is the development of resistance: for example, after 5 years of therapy with lamivudine (L-nucleoside), 76% of patients developed resistance. Telbivudine, another L-nucleoside, is more potent than lamivudine but resistance still developed in 25% of HBeAg-positive and 11% of HBeAg-negative patients after 2 years. Adefovir, an acyclic phosphonate, is relatively weak, but is effective against lamivudine- and telbivudine-resistant mutations, and it should be used in combination rather than substituted. Resistance to adefovir develops relatively slowly, rising to 29% for HBeAg-negative patients after 5 years, but more rapidly when used alone for lamivudine-resistant HBV. Currently, the two ﬁrst-line NUCs are entecavir and tenofovir. Entecavir, a cyclopentane (D-nucleoside), is very potent, with 94% of patients having undetectable HBV DNA after 5 years. Resistance develops in only 1.2% of treatment-naïve patients. Tenofovir, another acyclic nucleotide, is more potent with less renal toxicity compared to adefovir. It is effective against lamivudine-resistant mutations when used alone. No resistance to tenofovir has been described after its use for 3 years or longer, often for patients with human immunodeﬁciency virus/HBV co-infection38[]
.
In conclusion, for patients with HBeAg-positive chronic hepatitis B, PEG IFNα offers superior efficacy on the basis of HBeAg seroconversion, HBV DNA suppression, and HBsAg seroconversion. As a result of these features, new therapeutic regimens based on combination of PEG IFN-α and third-generation Nucs such as entecavir and tenofovir are being developed to increase the rate of HBsAg seroclearance, which remains the ideal end-point in all HBeAg-negative chronic hepatitis B patients.
ANTIVIRAL THERAPY SUPPRESSES THE CHRONIC INFLAMMATION–CANCER TRANSITION
A prospective cohort study with 11 years follow-up showed that HBV DNA concentration > 104 copies/mL is an especially strong predictor of risk in individuals aged ≥ 30 years, independent of the level of serum ALT
 ADDIN EN.CITE 
[39]
. It is accepted that anti-HBV therapy can improve the outcome of chronic HBV infection in terms of HCC incidence.
In a randomized controlled trial of 101 male patients in Taiwan region, cumulative incidence of HCC development was significantly decreased in the IFN-α-treated group (1 of 67 patients) than in the control group (4 of 34 patients), at 1.1–11.5 years after the end of therapy
 ADDIN EN.CITE 
[40]
. In addition, a retrospective study suggested that natural lymphoblastoid IFN-α (IFN-α nl) and IFN therapy may provide better long-term beneficial effects than placebo in terms of HBV clearance, reduction of HCC, and prolonged survival. HCC was detected in 1.5% of the IFN-α nl group, 3.7% of the IFN-α2a group and 14.7% of the control group.
As for the long-term benefits of Nucs, in a randomized control trial, HCC occurred in 3.9% of patients treated with lamivudine and 7.4% of those in the placebo group in a total of 651 patients (hazard ratio: 0.49, P = 0.047)
 ADDIN EN.CITE 
[41]
. A retrospective multicenter study of 377 Japanese patients with lamivudine treatment for up to 96 (23.1 ± 19.0) months showed a marked reduction in the incidence of HCC compared with a historical control group matched for age, sex, liver fibrosis score, albumin level and platelet count (0.4% vs 2.5% per year, P < 0.001)42[]
. In another study of 656 HBeAg-negative patients (54% had chronic hepatitis, 30% had cirrhosis), lamivudine (median 22 mo, range 1–66) was highly effective in reducing viral load in HBeAg-negative patients, and HBV suppression reduced the development of HCC and disease worsening in patients with cirrhosis
 ADDIN EN.CITE 
[43]
. A Korean study also showed a reduced incidence of HCC in patients with compensated cirrhosis who received lamivudine therapy (4.9%) compared to untreated patients or patients treated with lamivudine who had viral breakthrough (11.8%) or a suboptimal response (19.4%)
 ADDIN EN.CITE 
[44]
. In a recent systemic review, Papatheodoridis et al45[]
 reviewed 21 studies that included 3881 treated and 534 untreated patients and found that HCC developed less frequently in Nuc-treated patients (2.8% vs 6.4%, P < 0.003).
In a systematic review of 11 studies of the effect of IFN and Nucs therapy on the outcome of HBV infection over the past 10 years, Sung et al46


[ ADDIN EN.CITE ]
 indicated that IFN-α or Nuc treatment significantly reduced the risk of HCC. Although IFN benefited patients with cirrhosis, Nucs benefited those with non-cirrhosis and HBeAg-positive infection. From the experiences mentioned above, sustained HBV suppression induced by IFN-α and Nuc therapy may be necessary to reduce the development of HCC in HBV-infected patients.
EFFECT OF ANTIVIRAL THERAPY ON HCC RECURRENCE
Anti-HBV therapy eventually decreases the risk of HCC development, therefore, the most effective method to reduce tumor burden is partial hepatectomy or liver transplantation. As suggested previously, the 5-year overall survival for all early HCC patients was 58% (transplantation: 63%; resection: 53%)
 ADDIN EN.CITE 
[47]
. Huang et al48


[ ADDIN EN.CITE ]
 reported that patients with HBV reactivation after liver resection have a higher liver failure rate, lower 3-year disease-free survival rate, and lower overall survival rate than those without reactivation (11.8% vs 6.4%, P = 0.002, 34.1% vs 46.0%, P = 0.009, and 51.6% vs 67.2%, P < 0.001, respectively).
Exploratory subset analysis showed that adjuvant IFN-α had no survival benefit for pTNM stage I/II tumor (5-year survival 90% in both groups; P = 0.917) but prevented early recurrence and improved the 5-year survival of patients with stage III/IVA tumor from 24% to 68% (P = 0.038)
 ADDIN EN.CITE 
[49]
. Lee et al50[]
 also reported that metastasis-associated protein 1-positive HCC recurred postoperatively in 26 of 93 patients (28%). Although the PEG IFN group had significantly lower overall cumulative recurrence rates than the control group (7% and 14% vs 24% and 34% at 1 and 2 years, respectively; P < 0.05). In addition, the 1- and 2-year cumulative survival rates were higher in the PEG IFN group compared with the control group (100% vs 93% and 100% vs 87%, respectively; P < 0.05). In a report of 237 HCC patients after hepatectomy treated with IFN-α or placebo within comparable clinicopathological parameters, the median overall survival was 63.8 mo in the IFN-α group and 38.8 mo in the placebo group (P = 0.0003), and the median disease-free survival period was 31.2 versus 17.7 mo (P = 0.142)
 ADDIN EN.CITE 
[51]
. Chen et al52


[ ADDIN EN.CITE ]
 showed that adjuvant IFN-α2b treatment was associated with a significantly higher incidence of leukopenia and thrombocytopenia and did not reduce postoperative recurrence of viral-hepatitis-related HCC.
For the effect of Nucs on HCC recurrence, Anselmo et al53


[ ADDIN EN.CITE ]
 suggested that hepatitis B immunoglobulin (HBIg) and lamivudine treatment markedly reduced HBV recurrence rate and significantly improved 1- and 3-year recurrence-free survival rates after liver transplantation. Chan et al54


[ ADDIN EN.CITE ]
 also reported that the 1-, 3- and 5-year disease-free survival rates in patients treated with lamivudine or entecavir were 66.5%, 51.4% and 51.4% compared with 48.9%, 33.8% and 33.8%, respectively in the control group. Kubo et al55[]
 reported that the tumor-free survival rate after hepatectomy was significantly higher in the lamivudine than the control group. Recently, multivariate analysis showed that HCC recurrence after transplantation was markedly associated with HBV reinfection. However, HBIg was associated with worse survival as well as HBV reinfection and HCC recurrence (P = 0.002, P < 0.001 and P < 0.001, respectively)56[]
.
In our center (Liver Transplantation Center, The First Affiliated Hospital of Nanjing Medical University), we suggest that HBsAg-positive patients who have > 104/mL or 103–104/mL HBV-DNA copies with impaired liver function, must take lamivudine after curative surgery. Moreover, for those who have HBV YMDD mutation during initial treatment, entecavir and/or adefovir dipivoxil should be used as the replacement. If drug resistance occurs, tenofovir disoproxil fumarate could be used instead. In our randomized controlled clinical study, we verified that standardized anti-HBV therapy could significantly improve the outcome and decrease the recurrence of patients who underwent partial hepatectomy and liver transplantation (Figure 1A, B).
CONCLUSION
This literature review describes two different aspects of the tumorigenesis of chronic HBV infection: the direct mechanism by which HBV DNA and its main product HBx induce host DNA instability; and HBV-infection-associated liver inflammation and imbalanced immunoregulation. We also briefly introduced the current strategy against HBV infection and showed that timely usage of Nucs and immunomodulatory agents can eventually prevent further disease progression, including HCC, in patients with chronic HBV infection. Since the development of anti-viral drugs, long-term studies will probably confirm that new antiviral drugs such as entecavir, tenofovir and telbivudine offer even more opportunities for reducing disease progression than lamivudine therapy does.
For patients who undergo hepatectomy or liver transplantation as curative treatment for HCC, tumor recurrence must be monitored by ultrasound and α-fetoprotein assay. More importantly, from our experience, HBV replication should also be monitored because sustained HBV activation or relapse is significantly related to HCC development and recurrence. Standardized anti-HBV treatment can eventually delay HCC recurrence and benefit survival.
Since the PEG-IFN as the new introduced IFN offers better opportunity to suppress HBV replication in the patients who did not have cirrhosis or fibrosis, it should have a promising prospect in reducing HCC development and recurrence. While in many third world country, lamivudine still the first-line drug, and the massive usage of new invented IFN could be used more frequently in future and show better prospect.
In conclusion, developing safe and affordable agents as well as management strategies to improve sustained or maintained HBV suppression should be the ultimate goal in the management of chronic HBV infection.
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Figure 1 Comparison of hepatocellular carcinoma recurrence and outcome in patients who received anti-hepatitis B virus therapy or placebo after hepatectomy or liver transplantation. (A) From September 2009 to May 2010, 224 HCC patients who received partial hepatectomy due to HBV-related HCC were enrolled. HCC recurrence and 3-year overall survival rate in patients with anti-HBV treatment (n = 173) and patients without standardized anti-HBV treatment (n = 51) were monitored for at least 3 years. Left: log-rank test, P = 0.013; right: log-rank test, P = 0.006. (B) From January 2010 to August 2011, 42 HCC patients within Milan criteria who received liver transplantation were enrolled. HCC recurrence and 2-year overall survival rate in patients with anti-HBV treatment (n = 28) and patients without standardized anti-HBV treatment (n = 14) are shown. Left: log-rank test, P = 0.031; right: log-rank test, P = 0.045. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.
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