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Abstract. - In the past decade, the treatment
of chronic Hepatitis B (CHB) has been revolu-
tionized by the increased availability of effective
antiviral agents. However, there is an alarming
of the increasing rates of viral resistance and
suboptimal response in CHB patients with sin-
gle drug therapy. Recently, the strategy of com-
bination therapy for CHB has been proposed
and concerned by clinicians. In this review, us-
ing PubMed and web of science as main search-
ing tools, we evaluated various latest research
reports on combination therapy for CHB, and
made a summary of the progress of combination
antiviral therapy and outline areas that need to
be addressed in the future.
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Introduction

Hepatitis B virus (HBV) infection is a serious
global public health problem, and approximately
two billion people who have been infected
worldwide. Of them, there are more than 350
million who are chronic carriers of HBV!-2. Suf-
ficient evidences have showed that the level of
serum HBV DNA is a strong predictor of HBV-
related complications®. And how to effectively
control and even eliminate virus replication has
been concerned increasingly by clinicians*?.

At present, several drugs with different modes
of action are approved and recommended as
monotherapies for treatment of chronic HBV
(CHB) infection®®. Though those therapies rarely
eradicate HBV infection, they can maximally
suppress viral replication and reduce the risk of
disease progression and complications.

Recently, it has been reported that the antiviral
efficacy of current treatment would be affected
by the interaction of multiple factors, such as
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specific host factors, complexity of viral quasi-
species, and types of agents®'?. With the exten-
sion of duration of treatment, issues of drug re-
sistance, viral relapse and particularly suboptimal
response to current antiviral agents are increas-
ingly evident'*'7, and how to manage those pa-
tients after initial therapy failure has become the
primary concern for clinicians’. Fortunately,
combination therapy as a new therapeutic direc-
tion has gained more and more attention in rescu-
ing of initial inefficacious therapies and optimiz-
ing suboptimal response of current unsatisfactory
monotherapies'®?!. In the treatment of subset pa-
tients, evidences suggested that combination
therapy could offer more advantages including
synergistic anti-viral effects and a higher barrier
towards resistance?*?. In this article, we will
make a summary of the progress of combination
antiviral therapy and outline areas that need to be
addressed in the future according to the latest re-
search reports.

Limitations of Current Monotherapy

With the available of highly potent nucle-
os(t)ide analogues (NAs)?*, entecavir (ETV) or
tenofovir (TDF) monotherapy has been favored
by various international guidelines'®2°. If one
starts treatment with those highly potent agents,
discussions about combination therapy would be
superfluous because of the low rates of resistance
and failure of treatment®’-28.

Though ETV and TDF have been developed,
lamivudine (LAM), adefovir (ADV) and telbivu-
dine (LdT) remain the mainstay therapy in many
countries with high HBV prevalence (for example,
in China) because of a lower cost?'. Evidences
have showed that those agents have significant
drawbacks. Because of low genetic barrier to re-
sistance, monotherapy with these agents would
easily result to the emergence of drug-resistant vi-
ral strains®; and for inefficient inhibition of virus
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replication, suboptimal response is also common
in naive patients with high viremia'’*. According
to the current published literatures, LAM-associat-
ed resistance developed in 70% patients after 5
years of therapy, ADV-associated resistance de-
veloped in 29% patients after 5 years of therapy,
and LdT-associated resistance developed in 32%
patients after 3 years of therapy. The emergence
of these drug-resistant strains would limit thera-
peutic options for individual patient. Evidences
have showed that detectable serum HBV DNA
level was still found in 68% of HBeAg-positive
patients and 29% of HBeAg-negative patients re-
ceiving LAM treatment, and in 55% of HBeAg-
positive patients and 20% of HBeAg-negative pa-
tients receiving LdT treatment®'*?. Many studies
also have suggested that the prognosis of patients
with long-term suboptimal response is disappoint-
ing and those patients would be more easily to de-
velop resistance, which would inevitably not only
diminish the beneficial effects of previous therapy
but also limit their future therapeutic options. Be-
sides NAs, interferon alfa (IFN-a), an im-
munomodulator also have been widely used for
monotherapy options. However, its antiviral effi-
cacy is not satisfactory, and many studies suggest-
ed that IFN-a is not so potent in suppressing HBV
DNA3. Additionally, patients with genotypes C
and D responded less frequently as compared to
patients with genotype A and B*.

Thus, when and how to treat those who were
with failure or poor responses to NAs or IFN-a
monotherapy have become the focus of our clini-
cal researches.

The Significance of Combination Therapy

In view of the shortcomings of current
monotherapy, the challenge now is to define the
most effective use of the currently available
agents to enhance antiviral efficacy while avoid-
ing the emergence of viral resistance.

The concept of combination therapy is well
established for patients with human immunode-
ficiency virus (HIV) and hepatitis C virus
(HCV) infections**-¢, but combination therapy is
not restricted to HIV and HCV infections. Re-
cently, some reliable clinical studies suggested
that combination therapy for HBV would also
bring synergistic antiviral effects and a higher
barrier towards resistance compared with
monotherapy'®?’. Experimental data showed that
the combination therapy could not only inhibit
viral synergy in duck hepatitis B virus (DHBV)-
infected primary hepatocyte cultures, but also de-

crease the pool of cccDNA in already chronically
infected cells in a more effective way than
monotherapy?’.

One major benefit of combination therapies
for chronic hepatitis B (CHB) is that they could
significantly delay or decrease the emergency of
drug resistance®“°. Compared to sequential NAs
monotherapy, multi-drug resistance was less fre-
quently in combination therapy*'-*. Recently,
some investigators dynamic observed the genetic
evolution of viral quasispecies in patients who
received, sequentially, monotherapy and combi-
nation therapy, and their findings indicated that
the combination therapy could be more effective
in inhibiting viral replication and reducing the
complexity of HBV quasispecies* .

Combination therapy as a new therapeutic direc-
tion has gained more and more attention in man-
agement of patients who responded poorly to sin-
gle drug treatment>!, because a lot of evidences
have indicated patients with poor response during
treatment are more likely to develop resistance®.
Clinical studies have shown that combination ther-
apy can help patients who respond poorly obtain
more rapid achievement of undetectable HBV
DNA. Recently, one study has compared effect of
ADV add-on LAM versus switching to ETV in
LAM-resistant CHB patients, and they found that
combination therapy was more effective in induc-
ing complete viral suppression*®<’.

Additionally, despite combination therapy
may seem costlier than monotherapy in the short
term, when used appropriately, combination ther-
apy causes significant savings: slower develop-
ment of resistance, lower treatment failure rate
and consequently, lower risk of end-stage liver
disease.

Candidates for Combination Therapy
According to present recommendations of
guidelines and clinical experience, combination
therapy is only recommended for a limited num-
ber of patients with CHB, which include: patients
with evidence of drug resistance so as to mini-
mize the risk of multidrug-resistant HBV with
sequential monotherapy; patients with subopti-
mal response to current single antiviral agent
(NAs or IFN-a); patients who can least afford to
develop drug resistance from a clinical perspec-
tive, for example, patients with decompensated
cirrhosis and/or with HBV recurrence after liver
transplantation*®; patients with HIV/HBV coin-
fection on antiretroviral therapy*~’; patients with
the high risk of resistance development during
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therapy with NAs, for example, patients with
long-standing HBV infection and high viraemia
levels at baseline associated with more complex
viral quasispecies’'2. More and more evidences
suggest, if viral replication in those patient is
well controlled, the risk of rapid disease progres-
sion and life-threatening complications could be
significantly reduced>*-*.

Current Combination Therapy Strategies

Combination therapy represents the future of
treatment for CHB, and ideal combination thera-
py should target distinct steps of the HBV life
cycle, probably consisting of different classes of
agents. To date, combinations of two NAs and of
IFN-o and NAs are investigated widely, and they
have been regarded as the main combination
strategies at present. Considering NAs and IFN-
alphaldhaving different mechanisms of antiviral
action®, the combining IFN-a with NAs seems to
be the most appealing approach at present. Nev-
ertheless, any kinds of combination have its own
certain advantages and disadvantages.

De Novo Combination Therapy

Studies on the efficacy of de novo combina-
tion therapy with NAs are scarce and combina-
tions of NAs are not routinely recommended as
first-line treatment for ordinary patients. But for
patients with long-standing infection, high
viremia levels and pre-existing viral resistance
strains to NAs are the most likely to benefit from
de novo combination therapy. For patients with
decompensated cirrhosis and/or with HBV recur-
rence after liver transplantation, de novo combi-
nation therapy of NAs also should be considered,
because the recurrent viremia would lead to clin-
ical deterioration.

At present, there are no data to support de no-
vo combination therapy with NAs that have a
high barrier to resistance in NAs-naive patients,
but combination of less potent agents may be
preferable. Recently, someone evaluating the de
novo combination of LAM and ADV versus
ETV monotherapy for HBeAg-negative patients
showed that LAM plus ADV combination and
ETV monotherapy had similar efficacy in HBV
DNA reduction and ALT normalization during
the 48-week treatment period*®. Additionally,
NAs-naive patients with HBeAg-positive disease
receiving LAM plus ADV combination therapy
for 2 years had less virological breakthrough
compared to those receiving LAM monotherapy
(19% vs 44%)°".

Currently, the data of combination therapy of
INF-a and NAs are mainly on naive CHB pa-
tients. peglFN-a-2b in combination with LAM
showed a greater decline in HBV DNA com-
pared with peglFN-a-2b alone (approximately 5
log10 vs 2 log10 decline), as well as a higher rate
of HBeAg loss (44% vs 29%) by the end of 52
weeks of treatment*-%. In Phase III trials of
peglFN-a-2a, combination of LAM and pegIFN-
a-2a induced a greater decline in HBV DNA
than peglFN-a-2a alone, or LAM monotherapy
at the end of treatment (HBeAg positive, 7.2, 4.5,
and 5.8 log decline, and HBeAg-negative, 5.0,
4.1, and 4.2 log decline, respectively)*°. These
studies also found lower rates of resistance to
LAM when it was administered in combination
with pegIFN-a, presumably as IFNalso effective
against HBV resistant mutants. Compared to
those with LAM monotherapy, the rates of HB-
sAg clearance and seroconversion in patients
with combination therapy were markedly high-
er®. The de novo combination therapy of ADV
plus interferon-alpha also has been investigated.
Evidences from a multicentre randomized con-
trolled trial for compensated HBeAg-negative
CHB showed that HBV DNA undetectable rate
was higher in peglFN-a-2a and ADV combina-
tion therapy as compared to peglFN-a-2a
monotherapy (67% vs 37%, p = 0.02)%'. Another
small study suggested peglFN-a-2b in combina-
tion with ADV could lead to strong HBsAg re-
duction and intrahepatic cccDNA decline’. Be-
cause of peripheral neuropathy, the combination
of IFNplus LdT was forbidden in clinical®*. Fur-
ther trials of pegIFN in combination with TDF or
ETV, are required. And the combination of
pegIFN and NAs may be the most promising de
novo combination therapy strategies.

Combination Therapy for Drug-Resistance

Increasing data show combination therapy is a
highly effective tool for drug-resistance patients,
and it is established that combination therapy
achieves better long-term efficacy and lower
multidrug resistance compared with sequential
monotherapy, once viral drug resistance has de-
veloped.

Several clinical trials have demonstrated the
added value of combination therapy in terms of
viral load decline, prevention of drug resistance
and durable prevention of virologic and clinical
breakthrough*¢*%. A 3-year study of 145 LAM-
resistant patients under prolonged combination
therapy of ADV and LAM showed that 80% of
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LAM-resistant patients cleared serum HBV
DNA and 100% remained free of virologic and
clinical breakthroughs; and the 1-, 2-, 3-, and 4-
year cumulative rates of de novo rtA181T (an-
tiviral drug selected hepatitis B virus) were only
1%, 2%, 4%, and 4%, respectively®’. Additional-
ly, as compared to switch-to ETV monotherapy,
ADV add-on treatment suppresses HBV replica-
tion more effectively, and decrease genotypic re-
sistance more significantly*“¢. However, ADV
add-on therapy may have limitations in patients
with a higher baseline HBV DNA in LAM res-
cue therapy*’. If TDF is available, the add-on of
TDF may be more potent than ADV for LAM-re-
sistant patients™.

In clinical practice, the add-on of LAM, LdT
or ETV has been widely used for rescuing ADV-
resistant patients®. Recently, experimental evi-
dence indicated the rtA181T mutant strains dis-
played a reduction in susceptibility to both LAM
and ADV"'. So for ADV-resistant patients with
detection of rtA181T, add-on of LAM was not
appropriate, instead add-on of LdT or ETV is
worth considering. Recently, it had been reported
that TDF plus LAM could safely and markedly
suppress HBV replication in patients with resis-
tance to ADV”.

For patients with ETV resistance, the efficacy
of ETV plus ADV was still controversial® 7.
Jeon et al” reported ETV plus ADV combination
therapy effectively reduced serum HBV DNA
levels in patients with CHB who developed resis-
tance to both LMV and ETV; but Kim et al’ in
their observation found that either the combina-
tion of ADV plus ETV or ADV plus LAM
brought limited efficacy. To clarify this issue,
long-term and large-sample studies are needed
urgently.

Taking into account the immunomodulatory
effects of IFNs and its potential to act with the
antiviral action of NAs, the combination of IFNs
with NAs is attractive. Though the studies of
IFN-a combined with NAs in recurring NAs-re-
sistant patients is limited. Some experts still sug-
gested that the combination of IFNs plus NAs
was worthy of consideration not only for reduc-
ing de novo resistance but also as an option for
the management of those patients in whom drug
resistance had already developed™.

Combination Therapy for
Suboptimal Response

Suboptimal response is encountered with all
NAs therapies, which would result to poor long-

term efficacy and greatly increase the incidence
of resistance. Currently, there is no consensus on
a definition of suboptimal response but two defi-
nitions are prevalent: a decrease in HBV DNA of
more than 1 logl0 copies/mL but detectable
HBV DNA by real-time PCR assay; HBV DNA
> 4 log10 copies/ml after more than 24 weeks of
antiviral therapy. According to European Associ-
ation for the Study of the Liver (EASL) Clinical
Practice Guidelines, suboptimal response should
be assessed at 24 weeks of treatment for moder-
ately potent drugs or drugs with a low genetic
barrier to resistance (LAM and LdT) and at 48
weeks of treatment for highly potent drugs, drugs
with a higher genetic barrier to resistance or
drugs with a late emergence of resistance (ETV,
ADYV and TDF).

In case of suboptimal response to NAs, treat-
ment adding-on a second drug without cross-re-
sistances should be an efficient salvage strate-
gy. In patients receiving LAM or LdT with a
suboptimal response at week 24, addition of a
more potent drug that does not share cross-re-
sistance with the existing drug could be consid-
ered (add ADV or TDF to LAM or LdT). In pa-
tients receiving ADV, ETV or TDF with a sub-
optimal response at week 48, adding-on a sec-
ond drug for combination therapy may prevent
resistance in the long term'®. A short-term ob-
servational study evaluated the combination of
LAM and ADV for HBeAg-positive patients
with suboptimal response to ADV monothera-
py, and reported that combining LAM and ADV
for 24 weeks could induce 35.5% patients with
undetectable HBV DNA, 34.5% patients with
HBeAg loss and 6.9% patients with HBeAg/An-
ti-HBe seroconversion'®. Additionally, we also
found that both add-on LAM and add-on LdT
could significant decrease in HBV-DNA, but
HBeAg/Anti-HBe seroconversion was higher in
add-on LdT therapy (unpublished data). For pa-
tients with suboptimal response to ETV, it has
been reported that the combination of ADV plus
ETV may be more effective than the combina-
tion of ADV plus LAM”. Unfortunately, the
data of NAs plus IFNs combination therapy on
patients with suboptimal response to NAs or
IFN is rare.

In summary, more and more evidences have
demonstrated the benefit of an early add-on treat-
ment, as soon as suboptimal response is deter-
mined. Combination therapy would become the
first-choice approach in the management of CHB
patients with suboptimal response.
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Combination Therapy for
Decompensated Cirrhosis

Suppression of viral replication has resulted in
reduction of hepatic necroinflammation and im-
provement of liver function in patients with de-
compensated cirrhosis. CHB patients with de-
compensated cirrhosis should be considered for
antiviral therapy irrespective of HBVDNA lev-
els. Indeed, potent NAs with good resistance
profiles (ETV or TDF) could be used alone,
while moderately potent drugs or drugs with a
low genetic barrier to resistance (LAM, ADV,
and LdT) should be used in combination’. A
study of 115 patients with decompensated cirrho-
sis reported that the HBV DNA undetectable rate
of combination therapy of LAM plus ADV was
high to 86.7% as compared to 60.0% of LAM
monotherapy; and the accumulative total mortali-
ty or liver transplantation rate was also lower in
combination therapy (16.7% vs 20.0%)"’. These
findings suggested that LAM plus ADV combi-
nation therapy was a better choice for patients
with decompensated cirrhosis as compared to
LAM monotherapy. However, a growing number
of studies referred that patients with decompen-
sated cirrhosis would benefit more from de novo
combination therapy as compared to add-on
combination therapy, in terms of Child-Pugh
score, virus inhibition and renal function’®.

Additionally, other combination strategies also
should be investigated so to determine the best
strategy for achieving rapid and prolonged suppres-
sion of viral replication, obtain clinical stabilization
and delay or prevent the need for transplantation.

Combination Therapy for HBV
Recurrence After Liver Transplantation
The combination of hepatitis B immunoglobu-
lin (HBIG) and NAs is currently recommended
for prevention against HBV recurrence after liver
transplantation, but the optimal protocol is con-
troversial. The results from a recent systematic
review showed that the combination of HBIG
plus ADV is associated with a lower rate of HBV
recurrence than HBIG plus LAM after liver
transplantation, and in patients receiving HBIG
plus LAM, HBIG should be given at high dosage
during the first week after liver transplantation,
while lower HBIG dosage can be safely used in
patients receiving HBIG plus ADV™. At present,
HBIG administration is costly and inconvenient.
So the combination of nucleoside and nucleotide
analogues has been concerned. A multicenter
randomized study reported that that combination

of ADV plus LAM provides equivalent protec-
tion against recurrent HBV infection but better
tolerability and less cost, as compared to HBIG
plus LAM combination®.

Although there are few studies of ETV or TDF
being used for prevention against HBV recur-
rence, the properties of these drugs suggest that
they are definitely required and should replace
LAM or ADV for treatment®!.

Combination Therapy for HBV and
HIV Co-Infection

Combination emtricitabine (FTC) or LAM
with TDF is the recommended first-line strategy
for treatment in chronic HBV/HIV co-infection®.
Given its potential anti-HIV activity, both ETV
and LdT must only be prescribed with antiretro-
viral agents®. For example, among patients with
previous TDF/FTC failure therapy, add-on ETV
can be considered to suppress viral replication®.

Conclusions

For CHB patients who are suboptimal response
to single NA therapy, at high risk of complications
in the event of virological breakthrough, or already
with drug-resistant HBV, combination therapy
should be recommended. But for the typical CHB
patients requiring antiviral therapy, under the avail-
able of highly potent antiviral agents (such as ente-
cavir and tenofovir), there is insufficient evidence
to recommend combination therapy as initial treat-
ment. It is worth to mention here that there are no
uniform combination protocols at present, and how
to make reasonable combination of existing antivi-
ral drugs, and help patients obtain more benefits
from combination therapy is worth studying for us
in future. In future research, the combination of a
limited course of interferon with long-term nucleo-
side analog therapy should be more concerned. Be-
cause of rare safety data at present, close attention
must be paid to the safety and adverse events of
long-term combination therapy in future.

Acknowledgements

This work was partially supported by National Science and
Technology Major Project of China (No. 2012ZX10002007
and 2008ZX10002-006) and National S&T Major Project for
Infectious Diseases Control (2009Z.X10004-905).

Conflict of Interest

None.



E.-Q. Chen, H. Tang

10)

11)

12)

13)

References

Liaw YF, CHu CM. Hepatitis B virus infection.
Lancet 2009; 373: 582-592.

Lok AS, McMaHoN BJ. Chronic hepatitis B. Hepa-
tology 2007; 45: 507-539.

LN CL, Kao JH. Recent advances in the treatment
of chronic hepatitis B. Expert Opin Pharmacother
2011; 12: 2025-2040.

ZHANG NP, ReUNDERs JG, PErQUIN M, HANSEN BE,
JAnsseN HL. Frequency and clinical outcomes of
flares related to nucleos(t)ide analogue therapy in
patients with chronic hepatitis B. J Viral Hepat
2011; 18: e252-257.

TANG H, MclacHAN A. Transcriptional regulation
of hepatitis B virus by nuclear hormone receptors
is a critical determinant of viral tropism. Proc Natl
Acad Sci U S A 2001; 98: 1841-1846.

ILoese UH, YanG HI, Su J, JeEn CL, You SL, CHEN OJ.
Predicting cirrhosis risk based on the level of cir-
culating hepatitis B viral load. Gastroenterology
2006; 130: 678-686.

CHEN CJ, YANG HI, Su J, JEN CL, You SL, Lu SN,
HuanG GT, ILoese UH. Risk of hepatocellular carci-
noma across a biological gradient of serum he-
patitis B virus DNA level. JAMA 2006; 295: 65-73.

ViGano M, Lampertico P. Antiviral drugs for HBV
liver disease. Expert Opin Biol Ther 2011; 11:
285-300.

CArrOLL MB. The impact of biologic response
modifiers on hepatitis B virus infection. Expert
Opin Biol Ther 2011; 11: 533-544.

LoNG Y, CHEN E, Liu C, HUANG F, ZHou T, HE F, Liu L,
Liu F TANG H. The correlation of hepatocyte nu-
clear factor 4 alpha and 3 beta with hepatitis B
virus replication in the liver of chronic hepatitis B
patients. J Viral Hepat 2009; 16: 537-546.

PAPATHEODORIDIS GV, MANOLAKOPOULOS S, TouLouMI
G, VourLl G, RAPTOPOULOU-GIGI M, VAFIADIS-ZOUM-
BouLl I, VAsiuapis T, Mimipis K, GoGgos C, KETIKOGLOU
I, ManEesis EK. Virological suppression does not
prevent the development of hepatocellular carci-
noma in HBeAg-negative chronic hepatitis B pa-
tients with cirrhosis receiving oral antiviral(s)
starting with lamivudine monotherapy: results of
the nationwide HEPNET. Greece cohort study.
Gut 2011; 60: 1109-1116.

CorfFIN CS, MULROONEY-COUSINS PM, VAN MARLE G,
RoBERTs JP MicHALAK TI, TERRAULT NA. Hepatitis B
virus quasispecies in hepatic and extrahepatic viral
reservoirs in liver transplant recipients on prophy-
lactic therapy. Liver Transpl 2011; 17: 955-962.

SHAMLIYAN TA, MACDONALD R, SHAUKAT A, TAYLOR BC,
YUAN JM, JOHNSON JR, TACKLIND J, RuTtks I, KANE RL,
Wit TJ. Antiviral therapy for adults with chronic
hepatitis B: a systematic review for a National In-
stitutes of Health Consensus Development Con-
ference. Ann Intern Med 2009; 150: 111-124.

WANG Z, Wu XL, ZENG WZ, Xu H, ZHANG Y, QIN JP
JANG MD. Lamivudine plus adefovir is a good op-

2028

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

tion for chronic hepatitis B patients with viral re-
lapse after cessation of lamivudine treatment. Vi-
rol J 2011; 8: 388.

CHEN EQ, ZHou TY, TanG H. Combination of telbivu-
dine and adefovir dipivoxil therapy in chronic hepati-
tis B patients with poor response to adefovir dipivoxil
monotherapy. Int J Inf Dis 2010; 14: S18-S.

WANG LC, CHEN EQ, Cao J, Liu L, WANG JR, LeI BJ,
TAanG H. Combination of Lamivudine and adefovir
therapy in HBeAg-positive chronic hepatitis B pa-
tients with poor response to adefovir monothera-
py. J Viral Hepat 2010; 17: 178-184.

CHoN YE, Kim SU, Lee CK, Heo J, Kim JK, YooN KT,
CHo M, Lee KS, Kim DH, CHol EH, PArRk JY, Kim DO Y,
CHoN CY, HAN KH, AHN SH. Partial virological re-
sponse to entecavir in treatment-naive patients with
chronic hepatitis B. Antivir Ther 2011; 16: 469-477.

BenNeTT JC, PLum F Ceci RL. Cecil textbook of medi-
cine. 20th ed./edited by J. Claude Bennett, Fred
Plum. ed. Philadelphia; London: Saunders; 1996.

BUSTER EH, VAN ERPECUM KJ, SCHALM SW/, ZAAIJER HL,
Brouwer JT, GELDERBLOM HC, DE KNEGT RJ, MINKE
BAKKER C, REesINK HW, JANSSEN HL. Treatment of
chronic hepatitis B virus infection - Dutch national
guidelines. Neth J Med 2008; 66: 292-306.

TEN KATE FJ, SCHALM SW/, WiLLEMSE PJ, BLok AP HEUTINK
RA, TerrsTRA OT. Course of hepatitis B and D virus
infection in auxiliary liver grafts in hepatitis B-posi-
tive patients. A light-microscopic and immunohisto-
chemical study. J Hepatol 1992; 14: 168-175.

The guideline of prevention and treatment for
chronic hepatitis B (2010 version). Zhonghua
Gan Zang Bing Za Zhi 2011; 19: 13-24.

Scott JD, McMaHoN B. Role of combination thera-
py in chronic hepatitis B. Curr Gastroenterol Rep
2009; 11: 28-36.

CHAN HL, LeEung NW, Hul AY, WoNG VW, Liew CT,
CHIM AM, CHAN FK, HuNG LC, LEe YT, Tam JS, Lam CW/,
SUNG JJ. A randomized, controlled trial of combina-
tion therapy for chronic hepatitis B: comparing pe-
gylated interferon-alpha2b and lamivudine with
lamivudine alone. Ann Intern Med 2005; 142: 240-
250.

MARCELLIN P LAU GK, BoNINO F, FARCI P HADZIYANNIS
S, JIN R, Lu ZM, PIrRATVISUTH T, GERMANIDIS G, YURDAY-
DIN C, DIAGO M, GUREL S, LAl MY, ButtoN P PLuck N.
Peginterferon alfa-2a alone, lamivudine alone,
and the two in combination in patients with
HBeAg-negative chronic hepatitis B. N Engl J
Med 2004; 351: 1206-1217.

BoNINO F, MARCELLIN P Lau GK, HADzIYANNIS S, JIN R,
PIRATVISUTH T, GERMANIDIS G, YURDAYDIN C, DIAGO M,
GUREL S, LAl MY, BRUNETTO MR, FARCI P Popescu M,
McCLoup P. Predicting response to peginterferon
alpha-2a, lamivudine and the two combined for
HBeAg-negative chronic hepatitis B. Gut 2007;
56: 699-705.

Woo G, TOMLINSON G, NISHIKAWA Y, KOWGIER M,
SHERMAN M, WONG DK, PHAM B, UNGAR WJ, EINAR-
SON TR, HEATHCOTE EJ, KraHN M. Tenofovir and en-
tecavir are the most effective antiviral agents for



The current status of combination therapy of Chronic Hepatitis B

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

chronic hepatitis B: a systematic review and
Bayesian meta-analyses. Gastroenterology 2010;
139: 1218-1229.

Seto WK, YUEN MF, FUNG J, Lai CL. Tenofovir diso-
proxil fumarate for the treatment of chronic he-
patitis B monoinfection. Hepatol Int 2011. [Epub
ahead of print]

OsBorN M. Safety and efficacy of entecavir for the
treatment of chronic hepatitis B. Infect Drug Re-
sist 2011; 4: 55-64.

YANG JX, Liu BM, LI XG, YAN CH, Xu J, SuN XW,
WANG YH, Jino XJ, YaN L, DonG JP, Hou CS,
ABUDUHEILILL X, LI T, ZHUANG H. Profile of HBV an-
tiviral resistance mutations with distinct evolution-
ary pathways against nucleoside/nucleotide ana-
logue treatment among Chinese chronic hepatitis
B patients. Antivir Ther 2010; 15: 1171-1178.

LamperTico P. Partial virological response to nucle-
os(t)ide analogues in naive patients with chronic
hepatitis B: From guidelines to field practice. J
Hepatol 2009; 50: 644-647.

LAl CL, GANE E, LiIaw YF, Hsu CW., THONGSAWAT S,
WANG Y, CHEN Y, HEATHCOTE EJ, RASENACK J, BzowEJ N,
Naoumov NV, Di BisceGLE AM, Zeuzem S, MooN YM,
GOODMAN Z, CHAO G, CoNsTANCE BFE, BRowN NA. Tel-
bivudine versus lamivudine in patients with chronic
hepatitis B. N Engl J Med 2007; 357: 2576-2588.

Liaw YF, GANE E, LEUNG N, ZEuzem S, WANG Y, Lal CL,
HeatHcoTE EJ, MAaNNs M, Bzowes N, Niu J, HAN SH,
HwANG SG, CAKALOGLU Y, TONG MJ, PAPATHEODORIDIS
G, CHEN Y, BROwWN NA, ALeaNIS E, GALIL K, NAouMovV
NV. 2-Year GLOBE trial results: telbivudine Is su-
perior to lamivudine in patients with chronic hepati-
tis B. Gastroenterology 2009; 136: 486-495.

RUCKBORST V, SONNEVELD MU, JANSSEN HL. Review arti-
cle: chronic hepatitis B - anti-viral or immunomodu-
latory therapy? Aliment Pharmacol Ther 2011; 33:
501-513.

CHEN CH, Lee CM, HunG CH, WANG JH, Hu TH,
CHANGCHIEN CS, Lu SN. Hepatitis B virus genotype
B results in better immediate, late and sustained
responses to peginterferon-alfa in hepatitis-B-e-
antigen-positive patients. J Gastroenterol Hepatol
2011; 26: 461-468.

THoMPSON MA, ABERG JA, CAHN P MONTANER JS, Riz-
ZARDINI G, TELENTI A, GATELL JM, GuUNTHARD HF, HAm-
MER SM, HIrscH MS, JACOBSEN DM, REIss P RICHMAN
DD, VOLBERDING PA, YENI P ScHooLEY RT. Antiretro-
viral treatment of adult HIV infection: 2010 recom-
mendations of the International AIDS Society-
USA panel. JAMA 2010; 304: 321-333.

Craxi A. EASL Clinical Practice Guidelines: Man-
agement of hepatitis C virus infection. J Hepatol
2011; 55: 245-264.

WURSTHORN K, LUTGEHETMANN M, DANDRI M, VoLz T,
BuGaiscH P ZOLINER B, LONGERICH T, SCHIRMACHER P
METzLER F, ZANKEL M, FIsCHER C, CURRIE G, BROSGART
C, PeTerseN J. Peginterferon alpha-2b plus ade-
fovir induce strong cccDNA decline and HBsAg
reduction in patients with chronic hepatitis B. He-
patology 2006; 44: 675-684.

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

JacauarD AC, NassaL M, PicHoup C, ReN S, ScHultz U,
GUERRET S, CHEVALLIER M, WERLE B, PeYROL S, JAMARD C,
Rivsky LT, TRepo C, Zouum F. Effect of a combination
of clevudine and emtricitabine with adenovirus-me-
diated delivery of gamma interferon in the wood-
chuck model of hepatitis B virus infection. Antimi-
crob Agents Chemother 2004; 48: 2683-2692.

CHEN EQ, WANG LC, Lei J, Xu L, TANG H. Meta-
analysis: adefovir dipivoxil in combination with
lamivudine in patients with lamivudine-resistant
hepatitis B virus. Virol J 2009; 6: 163.

RANEY AK, KLNE EF TANG H, MclLAcHLAN A. Tran-
scription and replication of a natural hepatitis B virus
nucleocapsid promoter variant is regulated in vivo
by peroxisome proliferators. Virology 2001; 289:
239-251.

WANG F, WANG H, SHEN H, MeENG C, WENG X, ZHANG
W. Evolution of hepatitis B virus polymerase mu-
tations in a patient with HBeAg-positive chronic
hepatitis B virus treated with sequential
monotherapy and add-on nucleoside/nucleotide
analogues. Clin Ther 2009; 31: 360-366.

WEeI C, CHONG YT, WEN JZ, Li YW, LI G. Characteriza-
tion of hepatitis virus B isolated from a multi-drug
refractory patient. Virus Res 2011; 155: 254-258.

KURASHIGE N, OHKAWA K, HIRAMATSU N, Oze T,
YAKUSHUIN T, MocHizuki K, Hosul A, Mivaal T, ISHIDA
H, Tatsumi T, KANTO T, TAKEHARA T, HAvAsHI N. Two
types of drug-resistant hepatitis B viral strains
emerging alternately and their susceptibility to
combination therapy with entecavir and adefovir.
Antivir Ther 2009; 14: 873-877.

LocarNint S. Primary resistance, multidrug resis-
tance, and cross-resistance pathways in HBV as
a consequence of treatment failure. Hepatol Int
2008; 2: 147-151.

LEE YS, CHUNG YH, Kim JA, Kim SE, SHIN JW/, Kim KM,
Lim YS, PAark NH, Lee HC, Sun DJ. Hepatitis B virus
with the rtL80V/l mutation is associated with a
poor response to adefovir dipivoxil therapy. Liver
Int 2009; 29: 552-556.

ZHAO LS, QIN S, ZHou TY, TANG H, Liu L, Lel BJ.
DNA-based vaccination induces humoral and cel-
lular immune responses against hepatitis B virus
surface antigen in mice without activation of C-
myc. World J Gastroenterol 2000; 6: 239-243.

TANG H, BANks KE, ANDERSON AL, McLACHLAN A. He-
patitis B virus transcription and replication. Drug
News Perspect 2001; 14: 325-334.

JANG L, JIANG LS, CHENG NS, YaN LN. Current pro-
phylactic strategies against hepatitis B virus re-
currence after liver transplantation. World J Gas-
troenterol 2009; 15: 2489-99.

PIROTH L, MAHY S, PoL S, CARrRAT F SENE D, ETIENNE
M, Lascoux-Comse C, SIMON A, ScHmiT JL, CAcous P.
Current management and recommendations on
hepatitis B therapy in HIV-coinfected patients.
Hepatol Int 2011; [Epub ahead of print].

DemING B McNicHoLL IR. Coinfection with human
immunodeficiency virus and hepatitis C virus:
challenges and therapeutic advances. Insights



E.-Q. Chen, H. Tang

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

from the Society of Infectious Diseases Pharma-
cists. Pharmacotherapy 2011; 31: 357-368.

LAl CL, DIENSTAG J, ScHIFF E, LEUNG NW, ATKINS M, HUNT
C, BRowN N, WOoEssNER M, BOEHME R, CONDREAY L.
Prevalence and clinical correlates of YMDD variants
during lamivudine therapy for patients with chronic
hepatitis B. Clin Infect Dis 2003; 36: 687-696.

LmwiN S, ToLL E, JiLBERT AR, MasoN WS. The com-
peting roles of virus replication and hepatocyte
death rates in the emergence of drug-resistant
mutants: theoretical considerations. J Clin Virol
2005; 34(Suppl 1): S96-S107.

Liu TT, FANG Y, XiIoNG H, CHeN TY, NI ZR Luo JE ZHAO
NQ, SHEN XZ. A case-control study of the relation-
ship between hepatitis B virus DNA level and risk of
hepatocellular carcinoma in Qidong, China. World J
Gastroenterol 2008; 14: 3059-3063.

OHATA K, HAMASAKI K, TORIYAMA K, ISHIKAWA H, NAKAO
K, EGcucHi K. High viral load is a risk factor for he-
patocellular carcinoma in patients with chronic
hepatitis B virus infection. J Gastroenterol Hepa-
tol 2004; 19: 670-675.

Zouum E Mechanism of viral persistence and re-
sistance to nucleoside and nucleotide analogs in
chronic hepatitis B virus infection. Antiviral Res
2004; 64: 1-15.

WANG LC, CHEN EQ, Cao J, L L, ZHENG L, LIDJ, Xu L,
Lel XZ, Liu C, TANG H. De novo combination of
lamivudine and adefovir versus entecavir monother-
apy for the treatment of naive HBeAg-negative
chronic hepatitis B patients. Hepatol Int 2011; 5:
671-676.

Liu K, Lel XZ, ZHAo LS, TANG H, Liu L, FENG P Ler BJ.
Tissue microarray for high-throughput analysis of
gene expression profiles in hepatocellular carcino-
ma. World J Gastroenterol 2005; 11: 1369-1372.

JANSSEN HL, VAN ZONNEVELD M, SENTURK H, ZEUZEMm
S, AKARCA US, CakaLoGLU Y, SIMON C, SO TM, GERKEN
G, b MAN RA, NIesTers HG, ZONDERVAN P HANSEN
B, ScHALm SW. Pegylated interferon alfa-2b alone
or in combination with lamivudine for HBeAg-pos-
itive chronic hepatitis B: a randomised trial.
Lancet 2005; 365: 123-129.

LAu GK, PIrRATVISUTH T, Luo KX, MARCELLIN P THONG-
SAWAT S, CooksLEy G, GANE E, FRIED MW, CHow WC,
PAaK SW, CHANG WY, BErG T, FusiAk R, McCLoup P
Pruck N. Peginterferon Alfa-2a, lamivudine, and
the combination for HBeAg-positive chronic he-
patitis B. N Engl J Med 2005; 352: 2682-2695.

LI WC, WANG MR, KoNG LB, REN WG, ZHANG YG,
NAN YM. Peginterferon alpha-based therapy for
chronic hepatitis B focusing on HBsAg clearance
or seroconversion: a meta-analysis of controlled
clinical trials. BMC Infect Dis 2011; 11: 165.

PiccoLo P Lenci |, DeMELIA L, BANDIERA F PIRAS MR,
ANTONUCCI G, NosoTTl L, MARI T, DE SANTIS A, PONTI
ML, SorseLLo O, lacomi F ANGELIcO M. A random-
ized controlled trial of pegylated interferon-al-
pha2a plus adefovir dipivoxil for hepatitis B e anti-
gen-negative chronic hepatitis B. Antivir Ther
2009; 14: 1165-1674.

2030

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

MARCELLIN P AvitA C, WURSTHORN K, CHUANG WL,
LAu GK, PenG CY, GANE EJ, FAnBOIM H, MANNS MP
NV N. Telbivudine (LdT) plus peginterferon
(peglFN) in HBeAg-positive chronic hepatitis B-
Very potent antiviral efficacy but risk of peripheral
neuropathy (PN). J Hepatol 2010; 52: S6-S7.

GAIA S, BARBON V, SMEDILE A, OLIVERO A, CARENZI S,
LAGGET M, ALESSANDRIA C, Rizzetto M, MARzANO A.
Lamivudine-resistant chronic hepatitis B: an ob-
servational study on adefovir in monotherapy or
in combination with lamivudine. J Hepatol 2008;
48: 540-547.

LAMPERTICO P VIGANO M, MANENTI E, IAVARONE M,
LunGHI G, CoLomBo M. Adefovir rapidly suppress-
es hepatitis B in HBeAg-negative patients devel-
oping genotypic resistance to lamivudine. Hepa-
tology 2005; 42: 1414-1419.

RAPTI I, DiMou E, MiTsouLA P, HADzIYANNIS SJ.
Adding-on versus switching-to adefovir therapy in
lamivudine-resistant HBeAg-negative chronic he-
patitis B. Hepatology 2007; 45: 307-313.

YAaTsusl H, Suzuki F SEzaki H, AKUTA N, Suzuki Y,
KAWAMURA Y, HOsAKA T, KOBAYASHI M, SAITOH S, ARASE
Y, IKEDA K, WATAHIKI S, IwAsAkl S, KUMADA H. Low risk
of adefovir resistance in lamivudine-resistant
chronic hepatitis B patients treated with adefovir
plus lamivudine combination therapy: two-year
follow-up. J Hepatol 2008; 48: 923-931.

LAMPERTICO P VIGANO M, MANENTI E, IAVARONE M,
SABLON E, CoLomBo M. Low resistance to adefovir
combined with lamivudine: a 3-year study of 145
lamivudine-resistant hepatitis B patients. Gas-
troenterology 2007; 133: 1445-1451.

PETERS MG, HANN Hw H, MARTIN P HEATHCOTE EJ,
BuaGaiscH P RuBIN R, BOURLIERE M, KowbDLEY K, TREPO
C, GrAY DF D, SuLLivaN M, KLEBER K, EBRAHIMI R,
XioNG S, BrosGgart CL. Adefovir dipivoxil alone or in
combination with lamivudine in patients with
lamivudine-resistant chronic hepatitis B. Gas-
troenterology 2004; 126: 91-101.

LIN'Y, NOMURA T, YAMASHITA T, DORISUREN D, TANG H,
Murakami S. The transactivation and p53-interact-
ing functions of hepatitis B virus X protein are
mutually interfering but distinct. Cancer Res
1997; 57: 5137-5142.

Mutiver D. Tenofovir salvage for nucleoside ex-
perienced patients: muddy waters? Gut 2011; 60:
148-150.

INOUE J, UENO Y, WAkul Y, NiimsuMA H, FUKUSHIMA K,
YAMAGIWA Y, SHINA M, KONDO Y, Kakazu E, TAmAI K,
OBARA N, lwasakl T, SHIMOSEGAWA T. Four-year
study of lamivudine and adefovir combination
therapy in lamivudine-resistant hepatitis B pa-
tients: influence of hepatitis B virus genotype and
resistance mutation pattern. J Viral Hepat 2011;
18: 206-215.

CHoE WH, Kwon SY, Kiv BK, Ko SY, YEoN JE, ByuN
KS, Kim GH, Lee CH. Tenofovir plus lamivudine as
rescue therapy for adefovir-resistant chronic he-
patitis B in hepatitis B e antigen-positive patients
with liver cirrhosis. Liver Int 2008; 28: 814-820.



The current status of combination therapy of Chronic Hepatitis B

73)

74)

75)

76)

77)

78)

TANG H, RANEY AK, McLAcHLAN A. Replication of the
wild type and a natural hepatitis B virus nucleo-
capsid promoter variant is differentially regulated
by nuclear hormone receptors in cell culture. J Vi-
rol 2001; 75: 8937-8948.

ALCANTARA FE TANG H, MclacHLAN A. Functional
characterization of the interferon regulatory ele-
ment in the enhancer 1 region of the hepatitis B
virus genome. Nucleic Acids Res 2002; 30: 2068-
2075.

LIN Y, TANG H, NOMURA T, DORISUREN D, HAYAsHI N,
WEI W, OHTA T, ROEDER R, MurAkami S. The hepati-
tis B virus X protein is a co-activator of activated
transcription that modulates the transcription ma-
chinery and distal binding activators. J Biol Chem
1998; 273: 27097-27103.

Zouum F RADENNE S, Ducerr C. Management of
patients with decompensated hepatitis B virus as-
sociated [corrected] cirrhosis. Liver Transpl 2008;
14(Suppl 2): S1-S7.

JA HY, Lu W, ZHENG L, YING U, YANG YD. Efficacy
of lamivudine monotherapy and combination ther-
apy with adefovir dipivoxil for patients with hepati-
tis B virus-related decompensated cirrhosis.
Zhonghua Gan Zang Bing Za Zhi 2011; 19: 84-
87.

TANG H, MclacHAN A. Avian and mammalian he-
padnaviruses have distinct transcription factor re-
quirements for viral replication. J Virol 2002; 76:
7468-7472.

79)

80)

81)

82)

83)

84)

CHoLoNGITAs E, Gouuss J, AKRVIADIS E, PAPATHEODORIDIS
GV. Hepatitis B immunoglobulin and/or
nucleos(t)ide analogue(s) for prophylaxis from he-
patitis B virus recurrence after liver transplantation:
A systematic review. Liver Transpl 2011; 17: 1176-
1190.

ANGUS PW, PATTERSON SJ, STRASSER SI, McCAUGHAN
GW, GANE E. A randomized study of adefovir dip-
ivoxil in place of HBIG in combination with
lamivudine as post-liver transplantation hepatitis
B prophylaxis. Hepatology 2008; 48: 1460-1466.

PATTERSON SJ, ANGus PW. Post-liver transplant he-
patitis B prophylaxis: the role of oral nucleos(t)ide
analogues. Curr Opin Organ Transplant 2009; 14:
225-230.

Dore GJ, Coorer DA, PozNniak AL, DeJEesus E,
ZHONG L, MiLLer MD, Lu B, CHENG AK. Efficacy of
tenofovir disoproxil fumarate in antiretroviral ther-
apy-naive and -experienced patients coinfected
with HIV-1 and hepatitis B virus. J Infect Dis
2004; 189: 1185-1192.

SoriANO V. TumMA P VisPo E, LABARGA P FERNANDEZ JV,
MEeDRANO J, BARREIRO P Hepatitis B in HIV patients:
what is the current treatment and what are the
challenges? J HIV Ther 2009; 14: 13-8.

RATCLIFFE L, BEADSWORTH MB, PENNELL A, PHILLIPS M,
ViLaR FJ. Managing hepatitis B/HIV co-infected:
adding entecavir to truvada (tenofovir disoprox-
illemtricitabine) experienced patients. AIDS 2011;
25:1051-1056.



