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Abstract
Significant advances have been made in nucleos(t)ide 
analogue (NA) therapy to treat chronic hepatitis B, 
and this therapy reduces the risk of hepatitis B virus 
(HBV)-related hepatocellular carcinoma (HCC) in some 
patients. However, whether NAs can also prevent re-
currence after radical resection of HBV-related HCC re-
mains controversial and is an important question, given 
that most patients will experience recurrence within a 
few years of curative surgery. Here we systematically 
reviewed the literature since 2004 on outcomes after 
administering NAs to patients with HBV-related HCC 
following radical resection. We focused on treatment 
indications, duration, effects on recurrence-free survival 
and overall survival, and the management of NA resis-
tance. We find that patients with HCC should strongly 
consider NA therapy if they are positive for HBV-DNA, 
and that the available evidence suggests that postoper-
ative NA therapy can increase both recurrence-free and 
overall survival. To minimize drug resistance, clinicians 
should opt for potent analogues with higher resistance 

barriers, and they should monitor the patient carefully 
for emergence of NA-resistant HBV.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Significant advances have been made in 
nucleos(t)ide analogue (NA) therapy to treat chronic 
hepatitis B. However, for patients undergoing radical 
resection for hepatitis B virus (HBV)-related hepatocel-
lular carcinoma (HCC), a number of important questions 
remain undefined, including when NA therapy should be 
initiated, how long the treatment should continue, and 
whether NAs can prevent recurrence after radical resec-
tion. Here we review the available evidence on these 
questions in the Medline database. We focus on NA 
treatment indications, duration, effects on recurrence-
free survival and overall survival, and management of 
NA resistance in patients with HBV-related HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer and the third most frequent cause of  cancer-
related death in the world[1]. Hepatic resection, percu-
taneous ethanol injection, radiofrequency ablation are 
recognized as radical treatment options for HCC and are 
highly effective at removing tumors; however, patients’ 
prognosis after radical resection remains poor, due to the 
high recurrence rate[1,2]. HCC recurrence occurs in up to 
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41%-50% of  patients within 2 years after resection (early 
recurrence) and in up to 20% of  patients more than 2 
years later (late recurrence)[3,4]. Most early recurrence ap-
pears to reflect diffusion of  primary tumors, while most 
late recurrence stems from de novo tumors spontaneously 
arising in the remnant diseased liver[3-5].

In China and Sub-Saharan Africa, the major risk fac-
tor for HCC is hepatitis B virus (HBV) infection. There-
fore investigators reasoned that the same nucleos(t)ide 
analogues (NAs) that have been proven so effective 
against chronic HBV infection may also benefit patients 
with HBV-related HCC. Indeed, randomized controlled 
trials (RCTs)[6] and large retrospective studies[7-9] have 
shown that NAs can dramatically reduce the risk of  
HCC in patients with chronic HBV infection or cirrhosis. 
While this suggests that NAs are effective against prima-
ry HCC, the question of  whether they can also prevent 
HCC recurrence after radical resection remains contro-
versial[10].

Here we systematically reviewed the literature on this 
question by searching the Medline database for articles 
published since 2004 on outcomes of  NA therapy in 
patients with HBV-related HCC. We used the following 
search terms: “nucleoside analogue”, “nucleoside analog”, 
“nucleotide analogue”, “nucleotide analog”, “antiviral 
therapy”, “hepatitis B virus”, “hepatocellular carcinoma”, 
“liver resection”, and “survival rate”. We focused on 
treatment indications, duration, effects on recurrence-free 
survival and overall survival, and the development of  NA 
resistance.

TYPES OF NAS
Five types of  oral NAs have been used in clinical practice: 
lamivudine (LAM), adefovir dipivoxil (ADV), telbivudine 
(LdT), entecavir (ETV) and tenofovir disoproxil fuma-
rate (TDF). LAM and LdT are L-nucleoside analogues, 
ADV and TDF are acyclic adenine nucleotide analogues, 
and ETV is a cyclopentyl guanosine analogue[11]. All 5 
of  these NA types can be phosphorylated in cells, and 
subsequently compete with natural nucleotides to be in-
corporated into viral DNA by HBV polymerase/reverse 
transcriptase. Since the analogues cannot be extended by 
HBV polymerase, they cause premature termination of  
genome replication. Studies suggest that ETV, TDF, and 
LdT are similarly effective at suppressing HBV-DNA 
synthesis and are more potent than LAM and ADV[11], 
although none can completely eradicate HBV due to the 
persistence of  covalently closed circular DNA in the nu-
clei of  infected hepatocytes[12]. 

INDICATIONS AND DURATION OF NA 
THERAPY AFTER HCC SURGERY
Nowadays there are Asian-Pacific consensus[11], Chinese 
Medical Association guideline[13], American Association 
for the Study of  Liver Disease (AASLD) guideline[14], 
European Association for the Study of  Liver (EASL) 

guideline[15], Treatment Algorithm in the United States[16] 
and Asian-American guideline[17] related to the treatment 
of  chronic hepatitis B infection. In these guidelines[11,13-17], 
the criteria for initiating treatment such as ALT level and 
HBV-DNA amount are different. Current Asian guide-
lines[11,13] recommend that NA therapy be considered if  
the ALT level is > 2-fold greater than the upper limit of  
the normal range, and the HBV-DNA level is either > 
20000 IU/mL if  the patient is HBeAg-positive or > 2000 
IU/mL if  the patient is HBeAg-negative. In America, 
with the same criteria about ALT level, NA therapy is 
recommended to patients if  their HBV-DNA level is > 
20000 IU/mL[14]. While a panel of  Asian-American phy-
sicians with expertise in hepatitis B treatment has sug-
gested[17] that Asia Americans should be considered for 
treatment when they have HBV-DNA levels above 2000 
IU/mL, and serum ALT levels above the upper limit of  
the normal range, and so did EASL guidelines[15] in the 
criteria of  ALT level and HBV-DNA amount, which are 
stricter than AASLD guideline[14].

Recommended treatment duration also varies de-
pending on these guidelines[11,13-15]. In HBeAg-positive 
patients who show HBeAg seroconversion and unde-
tectable levels of  HBV-DNA, Asian-Pacific guideline[11] 
recommends that NA treatment can be discontinued 
after 12 mo of  consolidation therapy, while AASLD 
guideline[14] recommends the duration of  consolidation 
therapy be at least 6 mo. In HBeAg-negative patients, 
both Asian-Pacific and AASLD guidelines recommend 
NA treatment should ideally be stopped when HBsAg is 
no longer detectable[11,14], while Asian-Pacific guideline[11] 
advises if  the patient remains HBsAg-positive, NA treat-
ment can be discontinued after at least 2 years of  therapy 
when test results show undetectable HBV-DNA levels on 
3 separate occasions 6 mo apart. EASL guideline[15] sug-
gests that in both HBeAg-positive and HBeAg-negative 
patients sustained off-treatment HBsAg loss is the ideal 
end point. Sustained off-treatment virological and bio-
chemical response in HBeAg-negative patients (including 
HBeaAg-positive patients at baseline with durable anti-
HBe seroconversion) is the second, and a maintained 
undectable HBV-DNA under long-term antiviral therapy 
in HBeAg-positive patients without anti-HBe serocon-
version and in HBeAg-negative patients is the next most 
desirable end point.

Since these guidelines[11,13-17] were different from each 
other and were developed for patients whose major dis-
ease was chronic HBV infection, it is unclear whether 
they are optimal for patients with HBV-related HCC. 
Given the need to reduce HBV replication as much as 
possible in these patients, particularly before drug re-
sistance emerges, the Chinese Medical Association[18] 
recommends that the threshold of  viremia to initiate NA 
therapy for patients with HBV-related HCC should be 
lower than the threshold for patients without HCC, and 
that patients with HBV-related HCC should take NA 
therapy as long as they show detectable levels of  HBV-
DNA, regardless of  ALT levels. Going even further, 
some investigators[19] have suggested routine prophylactic 
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NA therapy for HCC patients with HBV-DNA levels < 
2000 IU/mL before liver resection. The aim is to prevent 
HBV reactivation after liver resection, which occurs in as 
many as 19% of  patients within the first 1 year and which 
can severely reduce liver function and survival[19].

Since NA therapy cannot completely eradicate HBV, 
some investigators have advocated lifelong treatment, re-
gardless of  undetectable levels of  HBV-DNA and HBeAg 
seroconversion in HBeAg-positive patients or HBsAg 
loss in HBeAg-negative patients. Those authors argue that 
long-term therapy may help prevent hepatitis flare-ups 
and inhibit hepatocarcinogenesis to the greatest extent[20], 
although there is not sufficient evidence nowadays. 

POSTOPERATIVE NA THERAPY AND 
RECURRENCE-FREE SURVIVAL
Our extensive online search in the Medline database 
identified 19 studies published since 2004 that investi-
gated outcomes of  postoperative NA therapy in patients 
with HBV-related HCC. These references comprise 17 
retrospective studies[21-37] and 2 RCTs[38,39]. Most of  stud-
ies come from Asia, including Chinese mainland, Japan, 
Hong Kong and Tai Wan, which reflects HBV epidemi-
ology and the high incidence of  HBV-related HCC in 
this region. One study from the United States has a small 
number of  patients appeared first in 2011[36] and further 
follow up published in 2014 with more cases and a longer 
follow up over 12 years[37]. Of  the 19 included studies, 
besides patients who underwent hepatic resection (6705, 
96.7%), NA therapy were also applied for patients with 
ablative procedures as follows: radiofrequency ablation 
(176, 2.5%), percutaneous ethanol injection (7, 0.1%), 
and transarterial chemoembolization (49, 0.7%). Patients’ 
characteristics in these studies are shown in Table 1. The 
outcomes data are shown in the Table 2.

All 19 studies reported data on recurrence-free 
survival after radical surgery. Several retrospective stud-
ies[21-23,26-29,33,35] showed that NA treatment did not lead to 
significantly higher recurrence-free survival than non-NA 

treatment, while other retrospective studies[24,25,30-32,34,36,37] 
and the RCTs[38,39] showed that NA therapy was associat-
ed with significantly higher recurrence-free survival than 
non-NA treatment.

To synthesize these findings quantitatively, we gener-
ated bubble plots of  1-, 3-, and 5-year recurrence-free 
survival, with bubble size proportional to the size of  
the study cohort (Figure 1). We also compared median 
recurrence-free survival between NA and non-NA 
groups using the Mann-Whitney U test. The NA group 
(1468 patients) showed a median recurrence-free survival 
of  85.0% (range 19.7%-90.0%) at 1 year, 57.0% (range 
11.4%-90.0%) at 3 years, and 54.0% (range 42.6%-81.3%) 
at 5 years. These median survival rates were significantly 
higher than the corresponding values in the non-NA 
group (5541 patients): 78.0% (range 4.5%-86.6%) at 1 
year, 56.0% (range 0%-56.0%) at 3 years, and 47.0% 
(range 0%-47.0%) at 5 years (all P < 0.001).

Next we examined whether, based on the available 
evidence, NA therapy prevents early recurrence, late re-
currence, or both. Studies have shown that tumor factors 
are associated with early HCC recurrence, while high viral 
loads and hepatic inflammatory activity are associated 
with late HCC recurrence[3,4]. NAs can suppress HBV-
DNA replication and promote ALT normalization but 
cannot affect tumor factors directly, so in theory NAs 
may prevent late HCC recurrence but have minimal ef-
fect on early HCC recurrence. Several retrospective 
studies and a RCT[27,33,35,39] support this idea. However, 
the other RCT[38] in our review found that NA therapy 
significantly decreased early HCC recurrence, while it 
did not report outcomes on late HCC recurrence. NA 
therapy may inhibit early HCC recurrence, which usually 
arises due to diffusion of  the primary tumor, by reducing 
high HBV load and HBV mutations, all of  which are as-
sociated with HCC metastasis and growth[40-42], as well as 
by inhibiting HBxAg, which promotes HCC invasiveness 
and metastatic potential[43,44]. Further studies are urgently 
needed to clarify whether and how NA therapy affects 
risk of  HCC recurrence, since the results of  RCT[38] in 
our review may overestimate the NA efficacy because the 
control group at baseline had significantly higher rates of  
cirrhosis, lower rates of  tumor encapsulation, and higher 
rates of  HBeAg positivity than the NA group, as well as 
poorer tumor differentiation and higher AFP levels. 

POSTOPERATIVE NA THERAPY AND 
OVERALL SURVIVAL
A total of  15 studies reported data on overall survival 
after radical surgery. Twelve of  them, including the 
RCTs[22,27,29-34,36-39], concluded that NA treatment leads to 
significantly higher overall survival than non-NA treat-
ment, but 3 studies[21,23,26] concluded that NA therapy 
does not lead to significantly higher overall survival.

The 1-, 3-, and 5-year overall survival rates were sum-
marized using bubble plots (Figure 2), and median rates 
were compared between NA and non-NA groups using 
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Figure 1  Bubble plot of recurrence-free survival in patients receiving 
nucleos(t)ide analogue therapy or not after radical resection to treat hepa-
titis B virus-related hepatocellular carcinoma. Bubble size reflects relative 
cohort size. aP < 0.05: NA group vs Control group. NA: Nucleos(t)ide analogue.
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the Mann-Whitney U test. Median survival in the NA 
group (1468 patients) was 94.0% (range 24.0%-100.0%) 
at 1 year, 81.0% (range 60.0%-100.0%) at 3 years, and 
73.0% (range 59.0%-89.7%) at 5 years. These values were 

significantly higher than the corresponding ones for the 
non-NA group (5200 patients): 91.0% (range 0-100.0%) 
at 1 year, 74.0% (range 0-85.0%) at 3 years, and 62.0% 
(range 0%-70.0%) at 5 years (all P < 0.001).

  Year of 
  publication

Ref. Group n Overall survival rate (%) Recurrence-free survival rate (%)

1 yr 3 yr 5 yr P 1 yr 3 yr 5 yr P
  2005 Piao et al[21] NAs   30 100 91.3 N/A 0.12 75 46 N/A > 0.05

Control   40 92.4 66 N/A 58 22 N/A
  2006 Shuqun et al[22] NAs   16 24 N/A N/A   0.0053 19.7 N/A N/A > 0.05

Control   17 0 N/A N/A 4.5 N/A N/A
  2007 Kuzuya et al[23] NAs   16 100 100 N/A 0.063 86.5 64.9 N/A     0.622

Control   33     86.6 46.8 N/A 86.6 46.8 N/A
  2007 Kubo et al[24] NAs   14 N/A N/A N/A N/A 90 90 78     0.0086

Control   10 N/A N/A N/A 55 28 28
  2008 Hung et al[25] NAs   10 N/A N/A N/A N/A 90 N/A N/A    0.03

Control   62 N/A N/A N/A 75 N/A N/A
  2008 Yoshida et al[26] NAs   33 100 80 59 > 0.05 N/A N/A N/A > 0.05

Control   71 100 85 70 N/A N/A N/A
  2009 Koda et al[27] NAs   30 96 76 76 0.02 65 15 N/A > 0.05

Control   20 86 48 32 72 30 N/A
  2009 Chuma et al[28] NAs   20 N/A N/A N/A N/A 90 55 45 > 0.05

Control   64 N/A N/A N/A 85.9 50 43.7
  2010 Li et al[29] NAs   43 41.9 N/A N/A 0.0094 23.3 N/A N/A     0.072

Control   36 33.3 N/A N/A 8.3 N/A N/A
  2011 Chan et al[30] NAs   42 88.1 79.1 71.2 0.005 66.5 51.4 51.4     0.05

Control   94 76.5 47.5 43.5 48.9 33.8 33.8
  2012 Wu et al[31] NAs 518 94 81 73 0.002 87 66 54 < 0.001

Control    4051 91 74 62 78 56 47
  2012 Urata et al[32] NAs   46 100 97.1 89.7 0.0025 71.6 56.8 42.6     0.0478

Control   13 84.6 68.4 59.8 61.5 19.2 19.2
  2013 Ke et al[33] NAs 141 92.1 84.4 79.1 0.009 73.1 54.7 44.5     0.503

Control 141 89.6 66.3 52.1 68.8 47.8 43
  2013 Yin et al [38] NAs   81 98 88 N/A < 0.001 81 46 N/A < 0.001

Control   82 86 51 N/A 50 20 N/A
NAs 215 84 60 N/A 0.04 52 37.5 N/A < 0.001

Control 402 75 50 N/A 43 21 N/A
  2013 Su et al[34] NAs   62 99 96 89 < 0.001 90 64 58 < 0.001

Control 271 84 64 49 64 44 34
  2013 Yan et al[35] NAs   35 N/A N/A N/A N/A 74.3 11.4 N/A     0.283

Control   25 N/A N/A N/A 80 0 N/A
  2014 Hann et al[37] NAs   16 100 93.8 86.5 < 0.001 81.3 81.3 81.3 < 0.001

Control     9 55.6 0 0 11.1 0 0
  2014 Huang et al [39] NAs 100 96 77.6 63.1 0.001 85 50.3 46.1     0.026

Control 100 94 67.4 41.5 84 37.9 27.1

Table 2  Survival outcomes of patients with hepatitis B virus-related hepatocellular carcinoma treated with nucleos(t)ide analogues 
or not after radical resection

Boldfaced data come from randomized controlled trials in our review[38,39]. N/A: Not applicable; NA: Nucleos(t)ide analogue. 

  Initial NA therapy Mutational sites after initial NA therapy Cross-resistance data

LAM LdT ETV ADV TDF
Wild-type S S S S S

  LAM or LdT M204I/V R R I S S
  ADV N236T S S S R I
  LAM or LdT or ADV A181T/V R R S R I
  ADV or TDF A181T/V + N236T1 R R S R R
  ETV L181M + M204V/I ± I169 ± T184 ± S202 ± M250V2 R R R S S

Table 3  Mutations of the hepatitis B virus polymerase gene arising after initial therapy with one nucleos(t)ide analogue and 
resulting in cross-resistance to other nucleos(t)ide analogues

1Resistance to ADV or TDF is associated with the substitution A181T/V and/or N235T in HBV polymerase gene; 2Resistance to ETV is associated with sub-
stitutions at I169, T184, S202 or M250V, and with the simultaneous substitutions at L181M plus M204V/I in HBV polymerase gene. Data come from ref. [11]. 
ADV: Adefovir dipivoxil; ETV: Entecavir; I: Intermediate; LAM: Lamivudine; LdT: Telbivudine; NA: Nucleos(t)ide analogue; R: Resistant; S: Sensitive; TDF: 
Tenofovir disoproxil fumarate.
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Investigators have attributed this survival benefit to 3 
factors. First, NA therapy can efficiently suppress HBV 
replication and reactivation, ease liver inflammation and 
fibrosis, impede progression of  liver disease, and prevent 
liver failure[21-23,27,29,33,38,45]. Second, liver function improve-
ment after NA therapy increases the possibility of  cura-
tive re-treatment and allows surgeons to remove a larger 
liver region after recurrence, which means lower risk of  
residual tumors[23,29,33,45]. Third, NA therapy can reduce re-
currence, helping to increase overall survival[24,25,30-32,34,36-38].

To define more precisely which patients with HBV-
related HCC may benefit from NA therapy, we retrospec-
tively studied its efficacy in patients with HCC in differ-
ent stages of  the Barcelona Clinic Liver Cancer (BCLC) 
system[33]. We found that NA therapy provided significant 
survival benefit to patients with BCLC stage A or B dis-
ease, but not to patients with BCLC-C disease. These 
results are similar to those reported in 2 larger retrospec-
tive studies[30,34]. This may reflect the poor prognosis of  
BCLC-C patients, whose short survival provides insuf-
ficient time for NA therapy to be effective. 

MANAGEMENT OF NA RESISTANCE IN 
HBV-RELARED HCC PATIENTS
One of  the major problems associated with long-term 
NA therapy is the emergence of  NA-resistant HBV 
strains[21,23,27]. Such resistance increases not only the risk 
of  breakthrough hepatitis and liver failure, but also the 
difficulty and cost of  subsequent treatment. LAM has the 
worst antiviral resistance profile among NAs, and LAM 
resistance is caused by mutations of  the YMDD region in 
the active site of  the HBV polymerase/reverse transcrip-
tase gene[11]. One study[27] reported YMDD mutations in 
11 of  28 patients after 28.6 ± 16.7 mo of  LAM admin-
istration. Of  those 11 patients, 6 exhibited breakthrough 
hepatitis; fortunately none of  them experienced fatal liver 
failure because they were immediately given ADV or ETV.

To prevent NA resistance and manage its clinical ef-

fects in patients with HBV-related HCC, clinicians should 
obtain a thorough medical history for NA candidates. 
Patients who previously received NA therapy and devel-
oped resistance should receive potent NA not associated 
with cross-resistance (Table 3) in order to reduce the risk 
of  eliciting multiple drug-resistant viral strains[12]. For 
patients who have never received any NA therapy, potent 
drugs with high resistance barriers, such as ETV and 
TDV, may be the best choice[12]. Clinicians should also 
not rush to incorrect conclusions about NA resistance, 
since about 40% of  cases of  HBV-related breakthrough 
hepatitis occur simply because of  poor patient adherence 
to NA therapy rather than NA resistance[46]. On the other 
hand, drug resistance should be considered if  regular 
follow-up tests of  HBV-DNA levels and liver function 
every 2-3 mo give abnormal results and other possible 
causes can be excluded. In such cases, an appropriate 
rescue therapy using potent NAs without cross-resistance 
should be given as soon as genotypic drug resistance is 
confirmed[11].

CONCLUSION
Given the serious clinical consequences of  uncontrolled 
HBV replication, patients with HBV-related HCC should 
consider taking NA if  they are positive for HBV-DNA. 
Because NA therapy cannot completely eradicate HBV, 
patients should prepare for the possibility that they may 
require lifelong treatment. With the currently advanced 
techniques of  the loco-regional ablations such as radio-
frequency ablation, microwave ablation and others, NA 
therapy also applies for HCC patients who underwent 
such procedures in addition to surgical resection, and a 
significant body of  evidence suggests that postoperative 
NA therapy in patients with HBV-related HCC improves 
both recurrence-free survival and overall survival.

Every coin has two sides. Emergence of  NA-resistant 
HBV strains is a significant concern, highlighting the im-
portance of  regular monitoring of  HBV-DNA levels and 
liver function during NA therapy. The most potent NAs 
with high resistance barriers, such as EVT and TDF, may 
be the best choice for NA-naïve patients. In case of  drug 
resistance, rescue therapy should be carried out using po-
tent NAs not associated with cross-resistance.
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