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Abstract
Antiviral treatment is the only option to prevent or de-
fer the occurrence of hepatocellular carcinoma (HCC) in 
patients chronically infected with hepatitis B virus (HBV) 
or hepatitis C virus (HCV). The approved medication for 
the treatment of chronic HBV infection is interferon-α 
(IFNα) and nucleos(t)ide analogues (NAs), including 
lamivudine, adefovir dipivoxil, telbivudine, entecavir 
and tenofovir disoproxil fumarate. IFNα is the most 
suitable for young patients with less advanced liver dis-
eases and those infected with HBV genotype A. IFNα 
treatment significantly decreases the overall incidence 
of HBV-related HCC in sustained responders. However, 
side effects may limit its long-term clinical application. 
Orally administered NAs are typically implemented for 
patients with more advanced liver diseases. NA treat-
ment significantly reduces disease progression of cir-

rhosis and therefore HCC incidence, especially in HBV 
e antigen-positive patients. NA-resistance due to the 
mutations in HBV polymerase is a major limiting fac-
tor. Of the NA resistance-associated mutants, A181T 
mutant significantly increases the risk of HCC develop-
ment during the subsequent course of NA therapy. It 
is important to initiate treatment with NAs that have a 
high genetic barrier to resistance, to counsel patients 
on medication adherence and to monitor virological 
breakthroughs. The recommended treatment for pa-
tients with chronic HCV infection is peg-IFN plus riba-
virin that can decrease the occurrence of HCC in those 
who achieve a sustained virological response and have 
not yet progressed to cirrhosis. IFN-based treatment is 
reserved for patients with decompensated cirrhosis who 
are under evaluation of liver transplantation to reduce 
post-transplant recurrence of HCV. More effective thera-
peutic options such as direct acting antiviral agents 
will hopefully increase the response rate in difficult-to-
treat patients with HCV genotype 1. However, the risk 
of HCC remains in cirrhotic patients (both chronic HBV 
and HCV infection) if treatment is initiated after cir-
rhosis is established. Future research should focus on 
investigating new agents, especially for those patients 
with hepatic decompensation or post-transplantation. 
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INTRODUCTION
Hepatocellular carcinoma (HCC), one of  the most com-
mon and aggressive malignancies, is the third leading 
cause of  cancer-related deaths worldwide[1]. Chronic in-
fection with hepatitis B virus (HBV) and hepatitis C virus 
(HCV) affect over 400 million and 170 million individuals 
respectively, together contributing to 75%-80% of  global 
HCC[2]. The incidence of  HCC has a wide geographical 
variation due to the heterogeneous penetration of  the 
main causal factors within a given population[3]. In HCC-
endemic areas, such as Asia and Africa, chronic HBV 
infection is the principal etiological factor. While in the 
West and Japan, chronic HCV infection plays a predomi-
nant role. Chronic HBV and HCV are progressive diseas-
es; the dynamic process involving the interplay between 
the hepatitis viruses and host inflammatory factors con-
tributes to the development of  advanced liver diseases 
such as HCC. The most effective measure to avert HCC 
is to prevent HBV and HCV infection. Hepatitis B vac-
cination for newborns has led to a substantial reduction 
in the incidence of  HCC in HBV endemic regions, while 
no vaccine is currently available for HCV. For individuals 
who are chronically infected with HBV or HCV, antiviral 
therapy is the only option for the prevention of  HCC. 
In chronic hepatitis B or C patients without cirrhosis, 
antiviral therapy may prevent the occurrence of  HCC by 
slowing the progression of  liver diseases and possibly re-
versing liver damage[4]. In patients with advanced fibrosis 
or cirrhosis, eradication or oppression of  HBV or HCV 
does not remove this risk, but can control the complica-
tions and gain the time to prepare for liver transplanta-
tion[5]. Postoperative antiviral therapy also improves the 
prognosis of  HBV/HCV-related HCC[6,7]. Therefore, the 
treatment might be of  greater benefit if  patients are treat-
ed earlier and adhere to medications during the course of  
chronic HBV or HCV infection[8]. Several safe and effec-
tive medications have been approved. Decision to start or 
defer treatment should take into consideration the stage 
of  liver disease, initial virus replication status, adverse 
effects, drug resistance and costs of  the treatment. More-
over, the response should be closely monitored so that 
the treatment can be modified in a timely fashion. 

ANTIVIRAL THERAPY AND PREVENTION 
OF HBV-RELATED HCC
The natural course of  chronic HBV infection consists 
of  4 phases, namely immune tolerant, immune clearance, 
inactive (carrier) and reactivation phases. The immune 
tolerance phase [or hepatitis B e antigen (HBeAg)-positive 
chronic hepatitis B] is characterized by the presence of  
HBeAg, normal serum alanine aminotransferase (ALT) 
and high HBV DNA levels. Most patients in this phase 
have minimal liver injury and little or no fibrosis[9]. The 
immune clearance phase is characterized by the presence 
of  HBeAg, high serum HBV DNA levels, persistent or 
intermittent elevation of  ALT and active inflammation 

in the liver. During this phase, some patients undergo 
spontaneous HBeAg seroconversion which occurs at a 
rate of  10%-20% per year and others may experience 
recurrent hepatitis flares and even progress to cirrhosis 
or hepatic decompensation. The inactive (carrier) phase 
is characterized by the absence of  HBeAg, presence of  
HBe antibody (anti-HBe), persistently normal ALT levels 
and low or undetectable levels of  serum HBV DNA. 
Patients in this phase have a favorable prognosis[10]. The 
reactivation phase (or HBeAg-negative chronic hepatitis 
B) is characterized by the absence of  HBeAg, presence 
of  anti-HBe, intermittently or persistently elevated serum 
HBV DNA and ALT levels, and active inflammation in 
the liver. Patients in this phase are usually older and have 
more advanced liver disease than those in other phases[11]. 
However, patients vary regarding which phases they go 
through. This is largely influenced by the HBV genotype 
and host immune status. Previous studies have demon-
strated that the presence of  HBeAg and persistently high 
serum HBV DNA levels are risk factors for the occur-
rence of  cirrhosis and HCC[12-14]. 

Moreover, chronic infection with HBV genotype C 
is more likely to cause liver cirrhosis than genotype B[15]. 
Chronic infection with genotype C (C2) is related to 
HBV-associated HCC, especially in cirrhotic patients aged 
> 50 years, whereas HBV B2 infection is related to high 
prevalence of  HCC in non-cirrhotic young patients and 
HCC recurrence after resection[16]. In addition, precore or 
core promoter HBV variants that occur in most patients 
can prevent or decrease the production of  HBeAg[11]. 
Different HBV subgenotypes have distinct patterns of  
mutations. We and others have found that serum HBV 
load (> 104 copies/mL) and viral mutations in the en-
hancer Ⅱ/basal core promoter (EnhⅡ/BCP) regions 
(such as C1653T, T1753V, A1762T/G1764A, T1674C/G 
and C1766T/T1768A) and in the precore/core gene (such 
as G1899A, C2002T, A2159G, A2189C and G2203A/
T), as well as in the preS region (such as T53C, preS2 
start codon mutation, preS1 deletion, C2964A, A2962G, 
C3116T and C7A) are significantly associated with the 
occurrence of  HCC[17-22]. Reduction of  CD8+ T cell epi-
topes in HBV to evade immune clearance is one of  the 
most common ways of  these mutations. It remains to be 
evaluated if  the HCC-associated HBV mutants are still 
sensitive to the antiviral treatment. 

Clinical assessment of  the treatment response relies 
on intermediate outcomes, including a decrease in levels 
of  serum HBV DNA, HBeAg seroconversion, loss of  
HBsAg, normalization of  ALT levels and a decrease in 
hepatic inflammation. The ultimate goal of  the antiviral 
therapy is to obtain clinical benefits by reducing com-
plications, including HCC. However, treatment choices 
mainly depend on the degree of  viral replication and 
disease progression. Other factors, such as the patient’s 
age, HBeAg status, family history of  HCC, occupational 
requirement and need for immunosuppressive or cancer 
chemotherapy, could also influence the decision to start 
or defer antiviral treatment. In patients with life-threaten-
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ing liver diseases, such as acute liver failure, decompen-
sated cirrhosis or severe exacerbation of  chronic hepatitis 
B, antiviral treatment should be initiated as soon as pos-
sible in order to stabilize liver function and prepare for 
liver transplantation[23]. In patients with advanced fibrosis 
or compensated cirrhosis (those whose laboratory tests 
indicate normal hepatic function and no evidence of  por-
tal hypertension), antiviral treatment should be initiated 
when serum HBV DNA levels > 104 copies/mL because 
the risks of  cirrhosis and HCC increase when serum 
HBV DNA reaches or exceeds this level[13,24]. HBeAg-
positive chronic hepatitis patients who have ALT levels 
persistently twice the normal upper limit or with clini-
cal and/or histological evidence of  severe inflammation 
should be considered for treatment. Patients older than 
40 years should be treated if  HBeAg remains positive 
and the serum HBV DNA level is still high, regardless of  
ALT levels. Given that sustained spontaneous remission 
is rare, patients who have HBeAg-negative chronic hepa-
titis should also be considered for treatment. However, it 
is not recommended to initiate antiviral therapy for young 
HBeAg-positive patients (< 40 years) in the immune tol-
erance phase because most have little or no fibrosis and a 
favorable prognosis during follow-up of  up to 10 years[25]. 
Another reason for deferring treatment is that antiviral 
treatment is less efficacious during this phase due to the 
low likelihood of  treatment-related HBeAg seroconver-
sion. Continued monitoring is necessary for timely initia-
tion of  treatment if  patients fail to undergo spontaneous 
HBeAg seroconversion. Treatment may also be deferred 

in the inactive (carrier) phase because no evidence sup-
ports the hypothesis that antiviral therapy will alter the 
outcome of  patients who are truly in this phase. Howev-
er, the decision should only be made on the premise that 
patients have been observed for at least one year of  HBV 
DNA and ALT levels tested on three or four occasions 
(Figure 1). 

Currently, interferon-α (IFNα) and nucleos(t)ide 
analogues (NAs) are the two main categories of  medica-
tions approved for the treatment of  chronic hepatitis B. 
IFNα has an immunomodulatory activity that can lead 
to a higher rate of  HBeAg seroconversion and HBsAg 
loss[12,13]. Treatment with IFNα may significantly decrease 
overall HCC incidence in sustained responders, especially 
in Asians[26-28]. IFNα may be used in carefully selected pa-
tients with compensated cirrhosis. It is most appropriate 
for young patients, particularly among HBeAg-positive 
patients who have a genotype A infection. However, it 
is contraindicated in patients with decompensated cir-
rhosis to avoid sepsis and liver failure. It is also not used 
in patients with severe exacerbations of  chronic hepatitis 
B or acute liver failure, and in those undergoing im-
munosuppressive or cancer chemotherapy. The major 
advantages of  IFNα-based treatment include short treat-
ment duration and a sustained off-treatment response 
once achieved. However, low probability of  achieving a 
response and high costs as well as side-effects may limit 
its long-time clinical use. 

Treatment with NAs can also result in a significantly 
lower incidence of  HCC compared to untreated patients 
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HBeAg-positive: 
ALT > 2 ULN, histologic evidence of
severe inflammation, clinical
symptoms (jaundice, severe flare),
age > 40 yr, high HBV DNA;
HBeAg-negative

Serum HBV
DNA levels 
>104 copies/mL

Decompensated
cirrhosis or acute
liver failure

Young (< 40 yr) HBeAg-
positive in immune tolerance
phase or inactive (carrier) phase;
HBeAg-negative in inactive
(carrier) phase

No recommended 
treatment

Chronic
hepatitis

Advanced
fibrosis

Compensated
cirrhosis

Decompensated 
cirrhosis

HCC

NAs

IFN or NAs

Figure 1  Flowchart of therapy choice for patients with chronic hepatitis B virus infection. ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HCC: 
Hepatocellular carcinoma; HBV: Hepatitis B virus; IFN: Interferon; NAs: Nucleos(t)ide analogues; ULN: Upper limit of normal.
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but it does not completely eliminate the risk of  HCC, 
particularly in patients with pre-existing cirrhosis. Hence, 
patients with chronic hepatitis B require careful surveil-
lance for HCC, even when they are undergoing antiviral 
therapy[29,30]. Another disadvantage of  NA treatment is 
the long-term continuous treatment course, resulting 
in antiviral drug resistance[31]. The choice of  treatment 
should consider the initial HBV-DNA levels, HBV geno-
type/subgenotype, age of  the patient and any contra-
indication to NA treatment. NAs are most appropriate 
for patients who have decompensated liver diseases or 
contraindications to IFN, and those who are willing to 
commit to a long duration of  treatment. The treatment 
should be initiated with NAs with a high genetic barrier 
to resistance (that is, a low potential for drug resistance). 

IFNα
Two forms of  IFNα are currently available: conventional 
IFNα and the pegylated, long-acting formulation (PEG-
IFN). The introduction of  PEG-IFN mainly impacts 
tolerability. It allows for weekly injections compared to 
the daily or three times/week schedules of  conventional 
IFNα administration, while maintaining similar antiviral 
efficacy. Long-term follow-up of  patients treated with 
conventional IFNα therapy shows that responders have a 
decreased incidence of  decompensated cirrhosis or HCC 
and improved overall survival compared with non-re-
sponders[32]. A retrospective analysis of  PEG-IFN in pa-
tients with HBeAg-positive hepatitis showed that factors 
associated with response to treatment included high ALT, 
low HBV DNA, female sex, older age and the absence 
of  previous IFN therapy. Patients with the best outcomes 
were those with genotype A and high ALT or low HBV 
DNA, and those with genotypes B or C and both high 
ALT and low HBV DNA[33]. A recent meta-analysis of  14 
trials suggested that PEG-IFN facilitated HBsAg clearance 
or seroconversion in chronic hepatitis B patients. Accord-
ing to an assessment conducted in 24 wk after completion 
of  a 1 year course of  PEG-IFN, approximately 30% of  
HBeAg-positive patients achieved HBeAg seroconver-
sion and undetectable serum HBV DNA, and 15% of  
HBeAg-negative patients had normalized ALT levels[34]. 
Compared with the placebo, a 1 year course of  PEG-
IFN therapy resulted in a greater HBV DNA decline in 
HBeAg-seropositive patients (32% vs 11%)[35]. A large 
study evaluated long-term outcomes of  IFNα therapy in 
HBeAg seropositive patients by comparing 233 IFNα-
treated patients with 233 well-matched untreated controls 
and the cumulative incidences at the end of  15 years 
of  follow-up (median 6.8 years, range 1.1-16.5 years) in 
the IFNα-treated patients vs the controls were: HBeAg 
seroconversion 74.6% vs 51.7% (P = 0.031); HBsAg 
seroclearance 3% vs 0.4% (P = 0.03); cirrhosis 17.8% vs 
33.7% (P = 0.041); and HCC 2.7% vs 12.5% (P = 0.011)[26]. 
Another meta-analysis with a total of  2742 subjects 
pooled from 12 studies has shown that the risk of  HCC 
in patients treated by IFNα is reduced by 34% (RR = 0.66, 
95%CI: 0.48-0.89) and the benefit is more significant 

among patients with early cirrhosis than among those 
without cirrhosis[23]. These data indicated that the main 
advantages of  IFN are durable administration course and 
a high rate of  HBsAg loss and HBeAg seroconversion, 
particularly among HBeAg-positive patients who have a 
genotype A infection compared with patients who are in-
fected with other HBV genotypes. However, the adverse 
effects of  IFNα, including initial flu-like illness, fatigue, 
bone marrow suppression and exacerbation of  autoim-
mune illnesses, should be closely monitored.

NAs
There are five NAs approved for the treatment of  chron-
ic hepatitis B: lamivudine, adefovir dipivoxil, telbivudine, 
entecavir and tenofovir disoproxil. We have summarized 
the pros and cons of  each NA for the treatment of  
chronic HBV infection in Table 1. 

In patients who do not respond to IFNα, an oral 
sequential therapy with NAs is preferable because of  
its predictable efficacy and minimal side-effects. It has 
been demonstrated that a 1 year course of  NA treatment 
results in high rates of  undetectable serum HBV DNA, 
normalization of  ALT levels and increase in liver func-
tion, but low rates of  HBsAg loss in chronic hepatitis 
B patients with either positive or negative HBeAg[36,37]. 
Extending the duration of  NA treatment to more than 
1 year can increase rates of  HBeAg seroconversion to 
40%-50%, but rates of  HBsAg loss remain below 10% 
in patients with HBeAg-positive chronic hepatitis B pa-
tients after 5 years of  treatment[38,39]. In a randomized 
controlled trial, 651 HBsAg-positive patients with com-
pensated liver diseases were allocated into two groups: 
receiving 100 mg/d lamivudine (n = 436) or receiving 
placebo (n = 215). HCC occurred in 3.9% of  those in 
the lamivudine group and 7.4% of  those in the placebo 
group (HR = 0.49, 95%CI: 0.25-0.99, P = 0.047) after a 
median treatment duration of  32.4 mo (ranging from 0 
to 42 mo)[40]. A meta-analysis pooling 5 studies (n = 2289) 
compared the incidence of  HCC in patients with and 
without NA treatment. It found that the incidence of  
HCC was reduced by 78% (RR = 0.22, 95%CI: 0.10-0.50) 
in the treatment arm, especially in HBeAg-positive pa-
tients[27]. Similarly, a recent meta analysis pooling 3881 
patients with NA treatment and 534 untreated controls 
from 21 studies has concluded that NA treatment is as-
sociated with a lower incidence of  HCC (2.8% vs 6.4%, P 
= 0.003)[29]. 

Current approved NAs act primarily by inhibiting the 
reverse transcription of  the pregenomic HBV RNA to 
the first strand of  HBV DNA rather than directly inhib-
iting cccDNA. Therefore, viral relapse is common after 
treatment. In addition, inadequate or slow decline in se-
rum HBV DNA levels during the first 12-24 wk of  NA 
treatment is associated with an increased risk of  antiviral 
drug resistance during continued therapy. Patients receiv-
ing NAs with a low genetic barrier to resistance, such 
as lamivudine and telbivudine, should receive additional 
therapy if  initial viral decline is inadequate, while patients 
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who receive NAs that have a high genetic barrier to re-
sistance, including entecavir and tenofovir disoproxil, 
may remain on the same drug if  serum HBV DNA levels 
continue to decline[41,42]. 

Lamivudine 100 mg/d is the first approved NA to 
treat chronic hepatitis B and has been extensively used 
for more than a decade with an excellent safety record. 
Lamivudine treatment can reduce disease progression of  
HBV-related cirrhosis, resulting in approximately a 50% 
decrease in HCC incidence. Such efficacy is achieved 
despite emergence of  drug resistance in approximately 
50% of  cases[28]. Long-term therapy with lamivudine 
leads to viral breakthrough in some patients, owing to 
the emergence of  viral mutation harboring a M204V or 
I substitution in the YMDD motif[10]. M204V/I is the 
most frequently encountered lamivudine-resistant mu-
tant. L180M mutation usually concurrently occurs with 
M204V mutation. Another mutation, A181T, exists in a 
substantial proportion of  lamivudine-resistant patients. 
More importantly, the emergence of  A181T mutant sig-
nificantly increases the risk of  HCC development in lami-
vudine-resistant patients during the subsequent course of  
antiviral therapy[43,44]. The rate of  lamivudine resistance is 
24% after 1 year and approximately 70% after 5 years[45]. 
Furthermore, lamivudine-resistance causes the attenu-
ation of  HBV suppression, hepatitis flare ups, hepatic 
decompensation and even death, thereby posing a serious 
clinical challenge[46]. Because of  the overlap between the 
S and polymerase genes of  HBV, a great proportion of  
patients carrying A181T mutation also possess sW172* 
nonsense mutation, resulting in truncation of  the pre-S/
S reading frames. This partially explains why chronic 
hepatitis B patients who fail to NA treatment at the late 
stage are more likely to develop HCC compared to those 
who respond to the treatment. Despite this, lamivudine 
is still widely used in several countries, mostly because 
of  its low cost. Treatment of  patients with lamivudine-

resistance includes the addition of  adefovir dipivoxil or 
tenofovir disoproxil and entecavir rescue treatment. A 
daily dose of  10 mg of  adefovir dipivoxil is not an ideal 
first-line NA therapy because of  its low potency. A pro-
portion (20%-50%) of  patients fails to achieve even a 
102-fold reduction in serum HBV DNA. Although adefo-
vir dipivoxil has been widely used in lamivudine-resistant 
HBV infection, up to 25% of  patients fail to achieve a 
satisfactory response and 30% of  naïve patients develop 
adefovir dipivoxil resistance in 5 years[47]. Furthermore, 
adefovir mutations harboring a N236T and/or A181V 
substitution emerge more frequently in lamivudine-resis-
tant patients than in treatment-naïve patients[48-50]. Entecavir 
rescue monotherapy can be adopted as a treatment option 
for patients with resistance to both lamivudine and adefovir 
dipivoxil[51,52]. A clinical trial studying the long-term effi-
cacy of  entecavir therapy with 146 patients has shown that 
among patients with up to 5 years of  continuous entecavir 
0.5 or 1.0 mg therapy, 94% resulted in HBV DNA reduc-
tion to < 300 copies/mL and 80% achieve normalization 
of  ALT levels, while the HBeAg seroconversion and 
decrease in HBsAg rates are only 23% and 1.4%, respec-
tively[39]. Entecavir monotherapy may be efficacious in 
adefovir dipivoxil-refractory chronic hepatitis B patients 
with prior lamivudine-resistance if  these patients have an 
early virological response to the monotherapy at 12 wk. 
Entecavir-resistance is rare in treatment-naïve patients, 
even with long-term therapy, but the cumulative prob-
ability of  genotypic entecavir resistance with a combina-
tion of  substitutions I169T and M250V, or T184G and 
S202I, in lamivudine-resistant patients increases up to 
51% after 5 years of  treatment[41,53]. A recent meta-anal-
ysis has demonstrated that a combination therapy with 
lamivudine and adefovir dipivoxil is more effective and 
produces long-lasting effects than switching to entecavir 
monotherapy in treating chronic hepatitis B patients with 
lamivudine resistance. However, taking into account the 
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Table 1  Pros and cons of each nucleos(t)ide analogue therapy for the treatment of chronic hepatitis B infection

Nucleos(t)ide analogue Regimen Pros Cons 

Lamivudine 100 mg daily First licensed agent Highest incidence of resistant mutations of M204V/I substitution 
(20% at year 1, 70% at year 5)Well established safety and efficacy record

Lowest cost Adverse effects including hepatitis flare ups, hepatic 
decompensation and even death

Adefovir dipivoxil 10 mg daily Low drug resistance rate, and no cross 
resistance with other nucleos(t)ide analogs

Incidence of resistant mutations of N236T and/or A181V 
substitution (29% at year 5)
Adverse effects including renal tubular acidosis with 
hypophosphataemia when treatment is prolonged

Telbivudine 600 mg daily Higher seroconversion rate Incidence of resistant mutations of M204I mutation (5% at year 1)  
Adverse effects including myopathy and neuropathy

Entecavir 1.0 mg daily Anti-HBV effect Incidence of resistant mutations of T184G or M250V (1.2% at 
year 5) (I169T and M250V, or T184G and S202I if also lamivudine-
resistant)

Lowest rate of resistance

Most expensive
Tenofovir disoproxil 300 mg daily More potent in reducing HBV load in 

patients with prior failure or resistance 
to lamivudine and/or adefovir

No resistant mutations reported at year 3

HBV: Hepatitis B virus.
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practical benefits and the limitations of  adefovir dipiv-
oxil, individualized therapy will be needed in patients with 
a prior history of  lamivudine-resistant infections[54]. En-
tecavir rescue therapy for 96 wk is less efficacious in pa-
tients with lamivudine/adefovir dipivoxil-refractory HBV, 
particularly in those who have an initial HBV DNA of  > 
107 copies/mL. Patients who achieve a HBV DNA level 
of  < 104 copies/mL and a normalized ALT level should 
continue, rather than stop, entecavir therapy[55]. Telbivu-
dine is as potent as entecavir. The therapeutic response to 
telbivudine is superior to that of  lamivudine in HBeAg-
positive and HBeAg-negative patients. In HBeAg-positive 
patients, telbivudine has better outcomes compared to 
lamivudine in terms of  nondetectable viremia, HBeAg 
loss and viral resistance[56]. Resistance to telbivudine is 
associated with a signature M204I mutation in viral poly-
merase[37,57]. Tenofovir disoproxil appears to be safe and 
effective in patients with prior resistance to lamivudine 
and adefovir dipivoxil and becomes the optimal choice of  
antiviral treatment[58,59]. The cost-effectiveness of  switch-
ing to tenofovir disoproxil or adding tenofovir disoproxil 
to ongoing lamivudine in lamivudine-resistance patients 
is still debatable. Adefovir dipivoxil-resistant mutants are 
usually susceptible to lamivudine, telbivudine or enteca-
vir and they may also be sensitive to tenofovir disoproxil, 
depending on the mutation pattern, while telbivudine or 
the rare entecavir resistance strains are usually sensitive to 
adefovir dipivoxil and tenofovir disoproxil[43,60]. Despite 
their high initial potency, 1 year of  therapy with NAs does 
not usually lead to sustained off-therapy responses and 
therefore treatments usually last for several years or even 
longer. Nowadays, entecavir and tenofovir disoproxil are 
recommended as first-line treatments because of  their 
higher potency and lower risk of  resistance compared to 
lamivudine, adefovir or telbivudine[43,44]. Although it is dif-
ficult to compare entecavir and tenofovir disoproxil since 
no comparison studies have been conducted, tenofovir 
disoproxil monotherapy appears to be superior to enteca-
vir monotherapy in multidrug-resistant HBV. 

ANTIVIRAL THERAPY AND PREVENTION 
OF HCV-RELATED HCC
Cirrhosis is the strongest risk factor for HCC among pa-
tients with chronic HCV infection. Antiviral therapy to 
inhibit and even eradicate HCV can result in decreasing 
hepatic necroinflammation and, over time, causes reversal 
of  fibrosis and eventually decreases the risk of  HCC[61]. 
The standard of  care in patients with chronic hepatitis 
C consists of  a 24 to 48 wk course of  PEG-IFNα2a or 
PEG-IFNα2b in combination with the guanosin analog 
ribavirin. This therapy leads to a sustained virological 
response (SVR) of  42%-52%, 65%-85% and 76%-82% 
of  those infected with HCV genotype 1, HCV genotypes 
4, 5 or 6, and HCV genotypes 2 or 3, respectively[62,63]. 
A clinical trial following-up 150 patients for 5 years has 
shown that the clinical, virological, biochemical and histo-
logical outcomes of  patients with SVR are favorable and 

recovery of  normal or nearly normal liver architecture 
is possible[64]. The standard of  care can decrease the risk 
of  HCC, although the effect is predominantly evident in 
patients who achieve SVR and in those who have not yet 
progressed to cirrhosis[65,66]. However, several studies have 
demonstrated that, for patients with advanced fibrosis 
or cirrhosis, the risk of  developing HCC remains even if  
a SVR is achieved, highlighting the importance of  con-
tinued surveillance in these patients[67,68]. A recent meta-
analysis pooled data from 20 studies (4700 patients with 
HCV-related cirrhosis) and compared untreated patients 
with those given IFNα alone or combined with ribavirin 
treatment and it showed a reduced risk of  HCC in the 
treatment group (RR = 0.43, 95%CI: 0.33-0.56). Another 
meta-analysis using data from 14 studies (n = 3310) indi-
cated that patients achieving a SVR had a lower incidence 
of  HCC (RR = 0.35, 95%CI: 0.26-0.46) compared with 
nonresponders and the maximum benefits were observed 
in those treated with ribavirin-based regimens (RR=0.25, 
95%CI: 0.14-0.46)[65]. Due to the potential anti-tumoral, 
anti-angiogenic and anti-fibrotic roles of  IFNα, main-
taining IFNα therapy might decrease the risk of  HCC in 
patients who fail to achieve SVR. However, several large-
scale randomized controlled trials with long (3-4 years) 
and extended (up to 5 years) follow-up time have shown 
that low-dose PEG-IFN in patients with advanced fibro-
sis or cirrhosis have minimal or even no benefit on overall 
clinical outcomes[69-71]. Although the treatment of  HCV 
chronic infection with the standard of  care therapy can 
eradicate HCV in 40%-90% of  patients, approximately 
10%-15% of  patients have to discontinue the treatment 
due to adverse effects. The adverse effects, ranging from 
mild to moderate in severity, impact most organ systems 
and can cause serious and even life-threatening toxicity, 
such as psychological disturbances, poor appetite, skin 
rash, infection, anemia and leukopenia[72]. Accordingly, 
patients should be closely monitored for adverse effects 
during treatment. 

Although the standard of  care therapy will probably 
continue for some years, more effective therapeutic op-
tions with shorter treatment durations are being intro-
duced to increase the response rate in difficult-to-treat 
patients (mainly infected with genotype 1) and reduce the 
impact of  HCV infection and related complications. So 
far, intensive efforts have been made to develop different 
compounds that specifically target the replication cycle of  
the virus. These direct-acting antiviral agents (DAAs) act 
by directly inhibiting the NS3/4A serine protease (which 
processes the HCV polyprotein to generate mature viral 
proteins), the NS5B polymerase (which replicates the vi-
ral RNA genome) and the NS5A phosphoprotein (which 
functions as a part of  the replicase complex)[73-76]. The 
new standard of  care for patients with chronic hepatitis 
C is to add nonstructural (NS) 3/4A protease inhibitors 
boceprevir or telaprevir to the Peg-IFNα plus ribavirin 
regimen. The recent sixty-first annual meeting of  the 
American Association for the Study of  Liver Diseases 
(AASLD) provided an overview of  the pipeline of  these 
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novel drugs. Numerous other protease inhibitors, as well 
as nucleoside and non-nucleoside inhibitors of  the RNA-
dependent RNA NS5B polymerase and inhibitors of  the 
NS5A protein, are also under evaluation currently. These 
can achieve higher SVR rates in previously untreated 
patients infected with HCV genotype 1 and provide 
successful medical care for those who have failed treat-
ment under current standard of  care[77]. In a recent phase 
Ⅱ study, 465 chronic hepatitis C patients with poor 
response to PEG-IFNα plus ribavirin therapy were al-
located to the triple therapy group and the control group. 
It was found that the triple therapy significantly increased 
SVR rates in these difficult-to-treat patients compared 
with the controls (53% vs 14%)[78]. Remarkably, in a 
group of  HCV patients treated for 24 wk with this triple 
therapy followed by another 24 wk of  PEG-IFNα2b 
plus ribavirin, the SVR rates for patients who had previ-
ously relapsed was 76% and up to 39% for those who 
did not response to the standard therapy. Another report 
of  a phase Ⅱ study indicated that adding boceprevir 
to the standard treatment leads to a notably increased 
SVR (75% vs 38%) in treatment-naive patients who were 
infected with HCV genotype 1[79]. The combination of  
three agents, PEG-IFNα, ribavirin and HCV protease 
inhibitor, is able to increase SVR rates substantially. The 
potency and safety of  the two first generation HCV pro-
tease inhibitors are also confirmed in large phase Ⅲ stud-
ies. In the treatment-naive patients infected with HCV 
genotype 1, the SVR rates are 75% with the addition of  
telaprevir vs 44% with the standard therapy and 68% 
with the addition of  boceprevir vs 40% with the standard 
therapy. Although the upcoming triple therapy regimens 
including telaprevir or boceprevir may be different, this 
strategy means that in treatment-naive patients, treatment 
duration will be reduced to 24 or 28 wk for the patients 
with a rapid viral response, those with a negative result 
of  serum HCV RNA after 4 wk of  exposure to an HCV 
protease inhibitor. In addition, the single nucleotide poly-
morphisms around the gene encoding interleukin 28B 
(IL28B) have been identified as key predictive factors[80]. 
In treatment-naïve HCV-1 patients treated with PEG-IFN 
and ribavirin, among host and viral factors associated with 
SVR, combination of  IL28B genotypes and rapid viral 
response monitoring seems to provide a high predictive 
value of  treatment outcome, particularly in the context of  
emerging therapies and DDAs[81]. Furthermore, a study 
combining a nucleoside polymerase inhibitor (RG7128) 
and danoprevir led to an average of  5.1 log reduction 
of  plasma HCV RNA levels within 14 d[82]. Overall, this 
treatment is not only an important step towards an IFN-
free regimen, but also reflects the high genetic barrier to 
resistance associated with nucleoside polymerase inhibi-
tors. Co-administration of  different classes of  DAAs, 
combined with or without PEG-IFNα and/or ribavirin, 
might make HCV RNA suppression possible in most 
individuals who are infected with HCV genotype 1, in-
cluding those who are not responsive to PEG-IFNα[73]. 
However, it is still unclear whether the novel agents will 

be useful in the most difficult-to-treat patients, such as 
those with advanced or decompensated liver diseases or 
after liver transplantation. Furthermore, DAAs also need 
to be developed for other HCV genotypes. Therefore, 
characterizing resistance to DAAs and the combination 
of  antiviral agents with different resistance profiles in 
clinical trials are the best strategies to prevent the emer-
gence of  drug-resistant mutants and thereby maximize 
SVR rate. 

However, given the adverse effects, it remains uncer-
tain whether patients with decompensated cirrhosis could 
tolerate HCV eradication treatment and therefore should 
be treated to prevent progression of  decompensation. 
The AASLD recommends those patients to be referred 
for consideration of  liver transplantation[83]. Eradication 
of  HCV before liver transplantation could reduce post-
transplant recurrence of  HCV, especially in patients 
infected with HCV genotypes other than genotype 1[84]. 
Thus, treatment should be reserved for those patients 
awaiting liver transplantation. It is recommended that 
patients with decompensated cirrhosis initiate treatment 
at a low dose of  IFN-based therapy. However, the treat-
ment should be administered with caution since it is still 
unclear whether the novel agents will be effective in those 
most difficult-to-treat patients[79,85]. In addition, use of  
hematological growth factors can improve the life quality 
of  treated patients and manage treatment-induced cyto-
penias (Figure 2). 

CONCLUSION
In summary, antiviral treatment of  chronic hepatitis B or 
chronic hepatitis C is so far the only option to prevent 
HCC. Treatment of  chronic hepatitis B with IFNα may 
significantly decrease overall incidence of  HCC in sus-
tained responders, while the adverse effects may limit its 
long-term application. Orally administered NAs signifi-
cantly reduce disease progression of  liver cirrhosis, result-
ing in up to a 78% decrease in HCC incidence, especially 
in HBeAg-positive patients. In patients with life-threat-
ening liver diseases, antiviral treatment should be initiated 

Chronic
hepatitis

Standard course of IFN + Ribavirin
therapy with SVR
Maintenance IFN therapy with NR

IFN + Ribavirin therapy
before liver 
transplantation

Advanced
fibrosis

Compensated
cirrhosis

Decompensated
cirrhosis HCC

Figure 2  Flowchart of therapy choice for patients with chronic hepatitis 
C virus infection. HCC: Hepatocellular carcinoma; IFN: Interferon; NR: No 
response; SVR: Sustained virological response.
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as soon as possible in order to stabilize liver function and 
prepare for liver transplantation. Long-term continuous 
treatment with NAs results in antiviral drug resistance 
due to the mutations in HBV polymerase. Of  the NA 
resistance-associated mutants, A181T mutant significantly 
increases the risk of  HCC in lamivudine-resistant patients 
during the subsequent courses of  antiviral therapy. In ad-
dition, it remains to be explored if  the HCC-associated 
HBV mutants, whose emergence is likely to be selected 
by virus-host interaction during carcinogenesis, are sensi-
tive to the antiviral therapy.

The recommended treatment for patients with chron-
ic HCV infection is PEG-IFN plus ribavirin which can 
decrease HCC incidence in those who achieve SVR and 
have not yet progressed to cirrhosis. Patients with decom-
pensated cirrhosis are under evaluation of  liver transplan-
tation, because achievement of  a SVR is possible in these 
patients but does not forestall the disease progression. 
IFN and ribavirin therapy, therefore, should be reserved 
in these patients to prevent post-transplant recurrence of  
HCV. More effective therapeutic options such as DDAs 
are promising in increasing the response rate of  difficult-
to-treat patients with HCV genotype 1. 

There is a great need to develop safer, more effective 
and affordable antiviral therapies. To optimize treatment 
responses, appropriate therapy should be initiated at the 
proper time. Patients must be educated about the impor-
tance of  treatment compliance. The response to antiviral 
treatment should be closely monitored so that the ther-
apy can be modified when the initial one fails. HCC risk 
remains in cirrhotic patients (both HBV and HCV infec-
tion) if  treatment is initiated after cirrhosis is established 
and close monitoring is needed. Future research should 
focus on investigating the use of  new agents, especially 
for patients with hepatic decompensation or after trans-
plantation. 
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