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Nucleos(t)ide analogues (NUCs) and interferon have been
used for several decades to treat chronic hepatitis B; however, the therapeutic response remains unsatisfactory.
Although NUC therapy exhibits potent on-treatment viral suppression, frequent off-therapy virological relapses suggest
an indefinite treatment course. Interferon modulates the
innate and adaptive antiviral immune responses and thus
increases the chance of viral eradication. Interferon therapy
has the advantage of a finite duration, absence of drug resistance, and durable posttreatment responses. Therefore, the
combination of NUCs and interferon can theoretically facilitate a synergistic therapeutic effect. This paper summarizes
the current strategies of various combination therapies into
three categories: the simultaneous “dual” strategy, sequential combination “add-on” strategy, and “switch” strategy.
Generally, dual therapy exhibits greater on-treatment and
off-therapy viral suppression and lower drug resistance
compared with NUC monotherapy. Compared with interferon monotherapy, dual therapy has greater on-treatment
viral suppression but shows no difference in off-therapy
sustained virological responses. Specific add-on or switch
strategies provide promising on-treatment efficacy in select
patients. Pretreatment or on-treatment quantitative hepatitis
B surface antigen and e antigen are predictive for the treatment efficacy of combination therapy. The optimal schedule
of combination regimens and individualized therapy remain
to be comprehensively evaluated. (Gut Liver 2017;11:590603)
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a global health
problem, with an estimated 240 million chronic hepatitis B (CHB)
patients worldwide. Subsequent cirrhosis, hepatocellular carcinoma (HCC), and death are major risks for chronic HBV carriers.
It is critical to develop treatment strategies to halt disease progression and ultimately eradicate CHB.
The current therapy for CHB employs nucleos(t)ide analogues
(NUCs) and interferon (IFN). NUCs are viral polymerases and reverse transcriptase inhibitors that can efficiently suppress HBV
viral replication, resulting in rapid HBV DNA reduction. Because
NUCs do not target covalently closed circular DNA (cccDNA)
transcription, NUCs can only slightly reduce the circulating
hepatitis B e antigen (HBeAg) and hepatitis B surface antigen
(HBsAg). Prolonged therapy with potent NUCs with the smallest
drug resistance profiles can achieve long-term viral suppression and halt disease progression.1 Oral administration, few side
effects, and high rates of on-treatment virological responses
are the advantages of NUC therapy; however, the risk of drug
resistance, long-term safety, and indefinite duration of therapy
remain major concerns for NUCs.2
IFN-based therapy has both direct antiviral and immunomodulatory effects. Previous in vitro and in vivo studies have
shown that IFN prevents the formation of replication-competent
pregenomic RNA-containing HBV capsids, or otherwise accelerates their degradation, thereby inhibiting HBV replication.3,4
One recent study found that IFN-α inhibits HBV replication
by reducing the transcription of pregenomic RNA and subgenomic RNA from the HBV cccDNA minichromosome, both in
cultured cells with HBV replication and in HBV-infected mice
with humanized livers. Administration of IFN-α results in
cccDNA-bound histone hypoacetylation and active recruitment
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of transcriptional corepressors to the cccDNA. IFN-α mediates
epigenetic repression of HBV cccDNA transcriptional activity.5
Therefore, HBsAg reduction is particularly prominent in patients
receiving pegylated IFN (PegIFN) therapy. Furthermore, IFNs
are crucial immunomodulators that interact with adaptive and
innate immune responses. The major advantages of IFN-based
therapy are a finite duration, absence of drug resistance, a high
seroconversion rate, and an opportunity to obtain durable posttreatment responses; however, a modest antiviral effect, subcutaneous injections, and poor tolerability during treatment are
the major obstacles for this therapy type.

VALUE OF COMBINATION THERAPY
Various studies have shown that HBV can potentially suppress innate immunity, including the Toll-like receptor signaling
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pathway,6,7 myeloid dendritic cell function,8 and IFN-α signaling by inhibiting nuclear translocation of signal transducer and
activator of transcription 1.9 High levels of viral antigens (i.e.,
HBeAg and HBsAg) have been linked to T-cell exhaustion in
patients with CHB.10,11
PegIFN-α and NUCs have differential effects on the innate
and adaptive immune responses. PegIFN-α increases the production of IL-15 and expands natural killer (CD56bright NK) cells,
with upregulation of tumor necrosis factor-related apoptosisinducing ligand (TRAIL) and IFN-γ production; however,
PegIFN-α depletes CD8+ T cells.12 Moreover, after long-term
NUC therapy, HBV-specific CD8+ T-cell functions can be restored.13 Potent NUC therapy can reduce TRAIL-expressing CD56bright NK cells, with defective capacity to produce the antiviral
cytokine IFN-γ (Table 1).14 The potential for PegIFN and NUC
therapy to restore the impaired innate and adaptive immunity,

Table 1. The Effects of Pegylated Interferon and Nucleos(t)ide Analogues on Innate and Adaptive Immunity and Virological Control
Clinical effect

PegIFN

Innate immunity

NUC

Increase the production of IL-15 and expands NK cells
(CD56bright NK), with upregulation of TRAIL and IFN-γ

Reduce TRAIL-expressing CD56bright NK cells,
with defective capacity to produce IFN-γ

production
Deplete CD8+ T cells amount and function

Adaptive immunity

Restore HBV-specific CD8+ T-cell function
after long-term treatment

Overall effect

Suppress HBV replication and cccDNA transcription

Suppress HBV replication

HBV DNA reduction

++

+++

HBeAg/HBsAg seroconversion

++

+

PegIFN, pegylated interferon; NUC, nucleos(t)ide analogue; NK, natural killer; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand;
HBV, hepatitis B virus; cccDNA, covalently closed circular DNA; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen.

Dual therapy

NUC
PegIFN
NUC based therapy/add-on PegIFN

Add-on therapy

PegIFN based therapy/add-on NUC

NUC
PegIFN
PegIFN

NUC
PegIFN

NUC
PegIFN

NUC
PegIFN

Switch therapy

NUC
NUC

PegIFN

PegIFN

NUC

NUC switches to PegIFN

PegIFN switches to NUC

NUC

PegIFN

NUC
PegIFN

PegIFN

NUC

Fig. 1. Diagram of combination
therapy. Dual therapy is defined as
the concurrent use of nucleos(t)ide
analogues (NUCs) and interferon
(IFN) during the entire treatment
course. Add-on therapy is defined as
a sequential combination of NUCs
and pegylated IFN (PegIFN), whereby
the combination is employed for
more than 12 weeks, with two types
of combinations: NUC-based therapy
with add-on PegIFN and PegIFNbased therapy with add-on NUCs.
Switch therapy is defined as a longterm NUC or PegIFN therapy with
a subsequent switch to PegIFN or
NUCs, with or without a short period (≤12 weeks) of overlap of both
agents.
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respectively, provides the rationale for combination therapy for
CHB infection.
The main strength of immunomodulators is increasing the
rate of seroconversion of HBeAg or HBsAg, whereas the advantage of NUCs is the rapid and sustained reduction of HBV
DNA. Because monotherapy with IFN or NUCs is insufficient to
eradicate CHB infection, a combination therapy is a potential
strategy for eradicating this disease.15 Combination therapy has
already been used in the treatment of human immunodeficiency
virus and hepatitis C virus infection. An efficient combination
therapy should have additive or synergistic effects, prevent the
development of drug resistance, and have low toxicity profiles.
However, because of the limited information on the efficacy
and safety of combining PegIFN with NUCs, the combination
of PegIFN with lamivudine (LAM) or telbivudine (LdT) is not
recommended by the 2012 EASL guideline (A1).2 In this paper,
we provide current information on the role and efficacy of PegIFN–NUC combination therapy. According to the combination
schedule, there are three types of combination therapy: “dual,”
“add-on,” and “switch” therapies (Fig. 1).

DUAL THERAPY
The first studied combination strategy is dual therapy, which
is defined as the concurrent use of NUCs and IFN throughout
an entire treatment course (Fig. 1). The purpose of dual therapy
is to increase the response rate of HBeAg seroconversion in
IFN-resistant patients.16 Possible synergistic effects of the antiviral activity from both IFN and NUCs are expected, and these
combinations are simple and generally well tolerated. In the observed data, nearly all NUCs were combined with IFN; furthermore, among all NUCs, the most abundant data were provided
for LAM (Table 2).
1. IFN and PegIFN plus lamivudine
A randomized controlled trial (RCT) employed IFN-α2b (9
MU triweekly) plus LAM for 24 weeks and compared it with
LAM monotherapy for 52 weeks in 151 HBeAg-positive patients.17 The combination therapy had a significantly higher rate
of HBeAg seroconversion, with serum HBV DNA <1.6 pg/mL
(33% vs 15%, p=0.014), at 48 weeks after the end of therapy
(EOT) and improvement of hepatic inflammation (46% vs
27%, p=0.021) at the EOT compared with LAM monotherapy.17
The combination therapy was also conducted for 50 HBeAgnegative patients, who were treated with IFN (5 MU triweekly)
plus LAM or LAM monotherapy for 12 months.18 Because of
a high relapse rate after therapy discontinuation, the response
at 6 months after the EOT was similar between the two groups
(17% vs 19%, p>0.05). The combination group developed fewer
YMDD mutations during therapy.18
Subsequent studies have investigated the effect of combination therapy by using PegIFN, which exhibited increased ef-

ficacy compared with conventional IFN. A multinational study
included 814 HBeAg-positive CHB patients randomly assigned
to receive PegIFN-α2a plus either LAM or a placebo, or LAM
monotherapy for 48 weeks.19 Patients who received PegIFNα2a–LAM or PegIFN-α2a monotherapy, compared with those
who received LAM monotherapy, showed significantly greater
HBeAg seroconversion (27% vs 19%, p=0.02; 32% vs 19%,
p<0.001; respectively), with HBV DNA levels lower than 105
copies/mL (34% vs 22%, p=0.003; 32% vs 22%, p=0.01; respectively) at 24 weeks after the EOT. Sixteen patients receiving
PegIFN-α2a, either alone or in combination, exhibited HBsAg
seroconversion, compared with none in the LAM monotherapy
group (p=0.001).19 Another trial recruited 266 HBeAg-positive
patients who were randomly assigned to receive PegIFN-α2b
plus either LAM or a placebo for 52 weeks.20 More patients in
the combination group cleared HBeAg at the EOT compared
with those in the placebo group (44% vs 29%, p=0.01), but they
relapsed during follow-up. The proportion of patients achieving
HBeAg loss was similar in both groups at 26 weeks after the
EOT (35% vs 36%, p=0.91). HBeAg loss rates were higher in patients with HBV genotypes A (47%) and B (44%) compared with
those with genotypes C (28%) and D (25%).20
For HBeAg-negative patients, one multicenter trial included
537 patients randomly assigned to receive PegIFN-α2a plus
either LAM or a placebo, or LAM monotherapy for 48 weeks.21
After 24 weeks of follow-up, the percentage of patients with
normalization of alanine aminotransferase (ALT) or HBV DNA
levels <20,000 copies/mL was significantly higher for those
receiving the PegIFN combination or monotherapy compared
with those receiving LAM monotherapy (60% vs 59% vs 44%,
p<0.01; 44% vs 43% vs 29%, p<0.01). Similarly, the addition of
LAM did not improve response rates.21 A 3-year posttreatment
follow-up showed that PegIFN-based therapy, compared with
LAM monotherapy, demonstrated a significantly higher rate of
ALT normalization (31% vs 18%, p=0.032), with HBV DNA levels ≤10,000 copies/mL (28% vs 15%, p=0.039). Of the patients
who received PegIFN, 8.7% cleared HBsAg.22
2. PegIFN plus adefovir
Adefovir (ADV) monotherapy has been shown to reduce
cccDNA (0.8 log copies/cell) and intracellular total HBV DNA
(1.6 log copies/cell) through a noncytolytic mechanism, possibly
the suppression of the cytoplasmic nucleocapsid pool to replenish nuclear cccDNA.23 Combination therapy with PegIFN-α2b
and ADV for 48 weeks in a pilot study (n=26) led to marked
decreases in serum HBV DNA, as well as intrahepatic total HBV
DNA, and cccDNA (–2.2 and –2.4 log10 reductions, respectively),
which were significantly correlated with reduced HBsAg.24
A multicenter RCT recruited 60 HBeAg-negative patients
receiving either PegIFN-α2a plus ADV or PegIFN-α2a monotherapy for 48 weeks. Although there was a greater ontreatment efficacy for the combination group, the sustained

LAM 12 mo

2 IFN/LAM 12 mo

PegIFN-α2b 52 wk

(D) PegIFN-α2a 48 wk

(C) TDF 120 wk

16 wk+TDF 32 wk

(B) PegIFN-α2a/TDF

PegIFN
740, pos/neg

158, pos

92, pos/neg

60, neg

537, neg*

266, pos

814, pos

50, neg*

151, pos

No., HBeAg

RCT

47%–52% Asian,

53% Asian, RCT

37% Asian

Italy, RCT

61% Asian, RCT

74% White, RCT

87% Asian, RCT

Italy, RCT

Italy, RCT

Setting/genotype

(A) vs (D), p=0.003

2. HBsAg loss (72 wk): 9.1% vs 2.8% vs 0% vs 2.8%. (A) vs (C), p<0.001;

1. HBsAg decline (48 wk): 1.1 vs 0.5 vs 0.3 vs 0.8 log (all p<0.05 vs [A])

2. Significant peripheral neuropathy

1. HBsAg decline (>/= 0.5 log10 IU/mL, 24 wk): 63% vs 41% vs 31%, p=0.03

2. HBsAg loss (EOT 2 yr): 11%–17%

1. HBeAg loss (EOT 2 yr): 41%

1. HBV DNA<2,000 IU/mL (EOT 24w): 23.3% vs 20%, p=0.75

4. HBV DNA<10,000 cps/mL (EOT 3 yr, n=315): (A+B) 28% vs (C) 15%, p=0.039

3. ALT normalization (EOT 3 yr, n=315): (A+B) 31% vs (C) 18%, p=0.032

2. HBV DNA<20,000 cps/mL (EOT 24 wk): 44% vs 43% vs 29%, p<0.01

1. ALT normalization (EOT 24 wk): 60% vs 59% vs 44%, p<0.01

3. HBeAg loss rate: genotype A (47%), B (44%), C (28%), D (25%) (p=0.01)

2. HBV DNA negativity, HBsAg loss, ALT normalization (EOT 26 wk): p>0.05

1. HBeAg loss (EOT): 44% vs 29%, p=0.01; (EOT 26 wk): 35% vs 36%, p=0.91

3. HBsAg seroconversion (EOT 24 wk): (A+B) vs (C), p=0.001

(B) vs (C), p=0.01

2. HBV DNA<10 cps/mL (EOT 24 wk): 34% vs. 32% vs. 22%. (A) vs (C), p=0.003;

5

(A) vs (C), p=0.02; (B) vs (C), p<0.001

1. HBeAg seroconversion (EOT 24 wk): 27% vs 32% vs 19%. (A) vs (B), p=0.23;

2. YMDD mutation: 0% vs 19%

1. Normal ALT+HBV DNA<5 pg/mL (EOT 6 mo): 17% vs 19% (p>0.05)

2. Hepatic inflammation improvement (EOT): 46% vs 27%, p=0.021

1. HBeAg seroconversion+HBV DNA<1.6 pg/mL (EOT 48 wk): 33% vs 15%, p=0.014

Results of study

(2016)28

Marcellin et al .

(2015)27

Marcellin et al .

(2013)26

Takkenberg et al .

(2009)25

Piccolo et al .

(2009)22

Marcellin et al .

(2004)21

Marcellin et al .

(2005)20

Janssen et al .

(2005)19

Lau et al .

(2002)18

Santantonio et al .

(2001)17

Barbaro et al .

Reference

HBeAg, hepatitis B e antigen; IFN, interferon; LAM, lamivudine; pos, positive; RCT, randomized controlled trial; HBV, hepatitis B virus; EOT 48 wk, 48 weeks after the end of therapy; neg, negative; ALT,
alanine aminotransferase; EOT 6 mo, 6 months after the EOT; PegIFN, pegylated IFN; HBsAg, hepatitis B surface antigen; EOT 3 yr, 3 years after the EOT; ADV, adefovir; LdT, telbivudine; TDF, tenofovir.
*Anti-HBe, positive.

9 (A) PegIFN-α2a/TDF 48 wk

Tenofovir

8 PegIFN-α2a/LdT

LdT

-

7 PegIFN-α2a/ADV 48 wk

Telbivudine

PegIFN-α2a 48 wk

6 PegIFN-α2a/ADV 48 wk

Adefovir

(C) LAM 48 wk

5 (A) PegIFN-α2a/LAM 48 wk (B) PegIFN-α2a 48 wk

4 PegIFN-α2b/LAM 52 wk

(B) PegIFN-α2a 48 wk

3 (A) PegIFN-α2a/LAM 48 wk (C) LAM 48 wk

LAM 52 wk

Control arm

1 IFN-α2b/LAM 24 wk

Lamivudine

Treatment arm

Table 2. Summary of Dual Therapies for Chronic Hepatitis B
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virological response (SVR) defined as HBV DNA <2,000 IU/mL
was similar (23.3% vs 20%, p=0.75) at week 72.25 A single-arm
study recruited 92 CHB patients receiving PegIFN plus ADV for
48 weeks with a follow-up of 2 years. The rates of HBeAg loss
and HBsAg loss (2 years after the EOT) in the HBeAg-positive
patients were 41% (18/44) and 11% (5/44), respectively. In the
HBeAg-negative patients, the rates of combined response (HBV
DNA ≤2,000 IU/mL and ALT normalization) and HBsAg loss
were 25% (12/48) and 17% (8/48), respectively.26
3. PegIFN plus telbivudine
The combination therapy of PegIFN-α2a plus LdT was evaluated in an RCT enrolling HBeAg-positive CHB patients. A rapid
decline of HBsAg (≥0.5 log10 IU/mL) was observed in the combination group, compared with the LdT and PegIFN monotherapy
groups (63% vs 41% vs 31%, p=0.03). However, the study was
terminated prematurely because of a high rate of peripheral
neuropathy in the combination group compared with the LdT
and PegIFN-α2a monotherapy groups. Therefore, the combination of PegIFN plus LdT should not be used, despite the rapid
and profound reduction in HBV DNA levels compared with
those of the two monotherapy groups.27
4. PegIFN plus tenofovir
A major challenge in previous dual therapies was the emergence of NUC resistance over time, especially in therapies using drugs with a relatively low genetic barrier to resistance.
Tenofovir (TDF) is a potent NUC without documented resistance
in naïve patients. In an open-label, active-controlled study,
740 CHB patients were randomly assigned to receive TDF plus
PegIFN-α2a for 48 weeks (group A), TDF plus PegIFN-α2a for
16 weeks followed by TDF for 32 weeks (group B), TDF for 120
weeks (group C), or PegIFN-α2a for 48 weeks (group D).28 Mean
HBsAg reduction from the baseline to week 48 was significantly
greater in group A (1.1 log10 IU/mL) than in groups B, C, and D
(0.5, 0.3, and 0.8 log10 IU/mL, respectively; p<0.05 for all groups
vs group A). At week 72, the HBsAg loss rates were 9.1%, 2.8%,
0%, and 2.8% in groups A, B, C, and D, respectively (group A vs
group C, p<0.001; group A vs group D, p=0.003). Group A and
genotype A were two baseline predictors associated with HBsAg
loss.28
5. Summary of dual therapy studies
The findings of the aforementioned heterogeneous studies
should be carefully interpreted concerning the various study
designs, inclusion of control groups, definition of treatment
outcome, timing of outcome measurement, detection limit of
HBV DNA in earlier studies, and HBV genotypes and HBeAg
status of enrolled patients. According to these studies, compared
with LAM monotherapy, dual therapy has a significantly higher
HBeAg loss or seroconversion rate in HBeAg-positive patients.
The inferiority of NUC monotherapy may be because of its in-

adequate treatment duration (i.e., only 1 year) as well as withdrawal hepatitis without a consolidation period.
Compared with PegIFN monotherapy, dual therapy with LAM
can improve the on-treatment viral suppression; however, there
is no additional benefit in SVR after treatment cessation, or in
the HBeAg loss or seroconversion rate. Combination with a NUC
(e.g., ADV) appears to more effectively reduce cccDNA or intrahepatic HBV DNA compared with monotherapy. This is further
verified by data regarding the dual therapy PegIFN-TDF. Given
an endpoint of HBsAg reduction, PegIFN-TDF has significantly
greater efficacy compared with TDF or PegIFN monotherapy.

ADD-ON THERAPY
The second studied combination strategy is add-on therapy,
which is a sequential combination of NUCs and PegIFN, with
a lead-in phase of either NUCs or PegIFN. The period during
which the agents are combined is defined as greater than 12
weeks. We reviewed two types of sequential combinations:
NUC-based therapy with add-on PegIFN, and PegIFN-based
therapy with add-on NUCs. Because low HBV DNA levels are
associated with a favorable response to IFN, one objective of
add-on therapy starting with NUCs is to lower the viral load
before IFN therapy is initiated, thereby restoring treatment
sensitivity to IFN. Another objective of sequential therapy is to
prevent the relapse of hepatitis following the discontinuation of
NUC therapy through the use of IFN.29 NUC add-on therapy may
increase the viral control in PegIFN-poor virological responders
(Table 3).
1. NUC-based therapy plus add-on PegIFN
The first reviewed add-on therapy trial enrolled 230 treatment-naïve HBeAg-positive patients receiving LAM treatment
for 8 weeks, followed by LAM plus IFN-α2b (10 MU triweekly)
for 16 weeks; IFN-α2b monotherapy for 16 weeks; or LAM
monotherapy for 52 weeks. The HBeAg seroconversion rate at
week 52 was similar among the three groups (29%, 19%, and
18%, respectively, all p>0.05).30 Several smaller studies investigating LAM therapy with add-on IFN have been conducted with
inconsistent results.29 One RCT enrolled 100 HBeAg-positive
Chinese patients who received either PegIFN-α2b (weeks 1 to
32) and LAM (weeks 9 to 60), or LAM monotherapy for 52
weeks.31 Patients receiving the combination therapy exhibited
a greater reduction of HBV DNA and fewer LAM-resistant mutants at the EOT compared with the LAM monotherapy group
(21% vs 40%). The SVR rate (HBeAg seroconversion and HBV
DNA <500,000 copies/mL) at 24 weeks after the EOT was significantly higher for the combination treatment group (36% vs
14%, p=0.011).31 A follow-up report showed that the combination group had a higher SVR than did the LAM monotherapy
group for up to 3 years after treatment (29% vs 9%, log-rank
test, p=0.0015).32

PegIFN-α2a 24 wk (if early responder)§+
(A) PegIFN-α2a 24 wk

(A) PegIFN-α2a/LAM 48 wk+
PegIFN-α2a (135μg) 48 wk

11

12

85, pos

32, pos

168, pos

183, neg

100*, pos

175, pos

24, pos/neg

100, pos

230, pos

No., HBeAg

Gt D, RCT

China, RCT

China, RCT

China

China

Taiwan, RCT

France, RCT

China

61% Asian
(ARES study), RCT

Gt B : 31%, C : 64%
RCT

63% Caucasian, RCT

Setting/genotype

Schalm et al.
(2000)30
Chan et al.
(2005)31
Chan et al.
(2005)32
Lutgehetmann et al.
(2008)33
Brouwer et al.
(2015)34

Reference

1. HBV DNA<3,400 IU/mL+ALT normalization (EOT 48 wk): (A) 20% vs
(B) 12% vs (C) 25%, p=0.08
2. HBV DNA <2,000 IU/mL (EOT 48 wk): (B) 12% vs (C) 29%, p=0.03

Overall: HBV DNA <500 copies/mL, HBeAg seroconversion, HBsAg loss and
ALT normalization rate (EOT 24 wk): 56%, 44%, 3%, 69%
1. HBV DNA<1,000 cps/mL, ALT normalization (EOT 6 mo): 73.5% vs 31.4%
(p<0.001); 85.3% vs 39.2% (p<0.001)
2. HBeAg loss and HBeAg seroconversion (EOT 6 mo): 55.9% vs 19.6%
(p=0.001); 41.2% vs 13.7% (p=0.004)
1. HBeAg decline (48 wk): greater in (A) vs (B), p=0.04
2. HBeAg seroconversion (EOT 24 wk): (A) 25% vs (B) 31% vs (C) 26%
(p>0.05)
1. HBsAg decline (EOT 24 wk): (A) 1.15 vs (B) 0.67 vs (C) 0.71 vs
(D) 0.64 log IU/mL
2. No significant difference in reduction of HBV DNA, HBeAg, HBeAg
seroconversion, HBsAg loss, ALT normalization among arm B, C, D

Lampertico et al.
(2013)42

Hou et al.
(2014)41

Xie et al.
(2014)40

Huang et al.
(2013)38
Wang et al.
(2013)39

1. HBeAg seroconversion+HBV DNA <500,000 cps/mL (VR) (EOT 24 wk):
36% vs 14%, p=0.011
2. LAM-resistance (EOT): 21% vs 40%
3. Long-term VR (EOT 76 wk): 29% vs 9%, log rank test, p=0.0015
1. HBeAg loss (EOT): 80%
2. ALT normalization (EOT): 96%
1. HBeAg loss and HBV DNA <200 IU/mL (after ETV discontinuation):
11% vs 2%, p=0.023
2. HBeAg seroconversion (96 wk): 26% vs 13%, p=0.036
3. Add-on group: greater decline HBsAg, HBeAg and HBV DNA (all p<0.001)
1. HBeAg seroconversion (48 wk): 44% vs 6%, p<0.0001
Li et al.
(2015)35
1. HBsAg loss (48 wk): 8% vs 1% (p=0.032); (96 wk): 8% vs 3% (p>0.05)
Bourliere et al.
(2015)36
1. HBeAg seroconversion (EOT): 40% vs 39% (n=53, interim report)
Liu et al.
(2013)37

1. HBeAg seroconversion (52 wk): 29% vs 19% vs 18% (all p>0.05)

Results of study

HBeAg, hepatitis B e antigen; NUC, nucleos(t)ide analogue; IFN, interferon; LAM, lamivudine; pos, positive; RCT, randomized controlled trial; PegIFN, pegylated IFN; Gt, genotype; HBV, hepatitis B virus;
VR, virologic response; EOT 24 wk, 24 weeks after the end of therapy; ADV, adefovir; neg, negative; ALT, alanine aminotransferase; ETV, entecavir; HBsAg, hepatitis B surface antigen; EOT 6 mo, 6 months
after the EOT.
*By 1:1 matching in both groups; †If HBV DNA ≥10,000 copies/mL and HBeAg-positive; ‡In patients with HBV DNA >1,000 copies/mL; §Early responder: HBsAg <1,500 IU/mL+HBV DNA <105 cps/mL.

(B) PegIFN-α2a 48 wk
218, pos
(C) ETV 24w+PegIFN-α2a
21–68 wk (ETV lead-in)
PegIFN-α2a 24 wk+
264, pos
(B) PegIFN-α2a 24 wk
(C) PegIFN-α2a 72 wk
(D) PegIFN-α2a 72 wk+
ADV (29–64 wk)
(B) PegIFN-α2a 48 wk
128, neg
(C) PegIFN-α2a 48 wk+
PegIFN-α2a (135 μg) 48 wk

(A) PegIFN-α2a 48 wk+ETV 13–36 wk
(ETV add-on)

ETV 144 wk

10

ETV/PegIFN-α2a 24 wk+ETV 120 wk

7

NUC>1 yr+NUC 48 wk

PegIFN-α2a 6 mo‡+
PegIFN-α2a 6 mo

NUC>1 yr+NUC/PegIFN-α2a 48 wk

6

ETV>2 yr+ETV 48w

PegIFN-α2a 6 mo‡+PegIFN-α2a/ADV
6 mo

ETV>2 yr+ETV/PegIFN-α2a 48 wk

5

ETV 24 wk+ETV 24 wk
+response-guided ETV
24 wk or 48 wk

9

ETV 24 wk+ETV/PegIFN-α2a 24 wk
+response-guided ETV 24 wk or
48 wk

4

-

PegIFN-α2a 52 wk

ADV/PegIFN-α2b 48 wk+ADV 96 wk

3

IFN-α2b 16 wk
LAM 52 wk
LAM 52 wk

Control arm

IFN-based, add-on NUC
8
PegIFN-α2a 52 wk+LAM 13–24 wk†

PegIFN-α2b 1–32 wk+LAM 9–60 wk

2

NUC-based, add-on IFN
1
LAM 8 wk+LAM/IFN-α2b 16 wk

Treatment arm

Table 3. Summary of Add-on Therapies for Chronic Hepatitis B
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In an extension study of 26 CHB patients receiving a PegIFN24
α2b–ADV combination for 48 weeks, 24 patients continued
treatment with 96 weeks of ADV monotherapy. At week 144,
80% (12/15) of HBeAg-positive patients lost HBeAg, and ALT
levels normalized in 23 patients (96%). The reduction of intrahepatic HBV DNA was maintained in the patients receiving the
additional 96 weeks of ADV monotherapy.33
The ARES study was a multicenter, randomized, open-label
study; 175 HBeAg-positive patients received entecavir (ETV)
lead-in therapy for 24 weeks and were subsequently randomized
to either receive PegIFN-α2a plus ETV for 24 weeks (n=85) or
continue ETV for 24 weeks (n=90).34 For both arms, responders
at week 48 (HBeAg loss with HBV DNA <200 IU/mL) received
ETV consolidation therapy for 24 weeks, whereas nonresponders
continued ETV monotherapy for an additional 48 weeks (through
week 96). There was a nonsignificant increase in the response
rate of the add-on group compared with that of the monotherapy group at week 48 (19% vs 10%, p=0.095); the difference
between the responses became significant after discontinuation
of ETV (11% vs 2%, p=0.023). The HBeAg seroconversion rate
was greater in the add-on group (26% vs 13%, p=0.036) at week
96. The add-on therapy resulted in a greater decline in HBsAg,
HBeAg, and HBV DNA, and appeared to prevent relapse after
discontinuation of ETV at week 96.34
A retrospective study included 100 match-paired HBeAgpositive patients undergoing ETV therapy for more than 2 years
without HBeAg seroconversion who received add-on PegIFNα2a or continued ETV monotherapy for 48 weeks. The HBeAg
seroconversion rate at week 48 was significantly increased in
the add-on group (44% vs 6%, p<0.0001).35 There were no offtherapy responses available.
Another multicenter RCT enrolled 183 HBeAg-negative patients who had had an undetectable HBV DNA load for greater
than 1 year.36 The patients were randomly assigned to receive
either NUC therapy plus add-on PegIFN-α2a or NUC monotherapy for 48 weeks. At week 48, HBsAg clearance was observed in
seven patients (8%) in the add-on group and one patient in the
NUC group (p=0.032); however, this difference was nonsignificant at week 96. Adherence to this combination regimen was
poor, and treatment was discontinued owing to adverse events
occurring in 20% of the patients.36
One multicenter RCT in Taiwan enrolled 168 HBeAg-positive
patients who received PegIFN-α2a plus ETV for 24 weeks followed by ETV alone for 120 weeks, or ETV monotherapy for
144 weeks. The interim report showed that 40% (n=25) of patients in the combination group and 39% (n=28) in the ETV
monotherapy group achieved HBeAg seroconversion at week
144.37 The final results are pending.
2. PegIFN-based therapy plus add-on NUCs
A response-guided add-on therapy was evaluated in a study
of 32 HBeAg-positive CHB patients receiving PegIFN-α2a at

135 µg/week for 52 weeks. If HBV DNA was ≥10,000 copies/
mL and HBeAg was still positive at 12 weeks of treatment, LAM
was added on for 12 weeks (weeks 13 to 24). For this responseguided strategy, the sustained HBV DNA loss (<500 copies/mL),
HBeAg seroconversion, HBsAg loss, and ALT normalization
rates (24 weeks after the EOT) were 56% (18/32), 44% (14/32), 3%
(1/32), and 69% (22/32), respectively.38
The NUC add-on therapy improved the response rate in PegIFN-poor virological responders. A total of 85 HBeAg-positive
patients who had HBV DNA >1,000 copies/mL after receiving
PegIFN-α2a at 180 µg/week for 6 months chose to continue PegIFN (n=51) or begin add-on ADV (n=34) for another 6 months
of therapy; respectively, at 6 months after the EOT, the rates of
HBV DNA <1,000 copies/mL were 31.4% and 73.5% (p<0.001),
the ALT normalization rates were 39.2% and 85.3% (p<0.001),
the HBeAg loss rates were 19.6% and 55.9% (p=0.001), and the
HBeAg seroconversion rates were 13.7%, and 41.2% (p=0.004).39
In another RCT, a total of 218 treatment-naïve HBeAgpositive patients received PegIFN-α2a for 48 weeks; they were
divided into three groups: PegIFN monotherapy; ETV add-on,
receiving ETV for 24 weeks during weeks 13 to 36; and ETV
pretreatment, receiving ETV for 24 weeks, starting 21 weeks
before PegIFN treatment.40 The add-on group showed a significant on-treatment HBeAg decline compared with the PegIFN
monotherapy group at week 48 (p=0.04); however, the rates of
HBeAg seroconversion at 24 weeks after the EOT were similar
among the treatment groups (31% vs 25% vs 26%, all p>0.05).40
In another trial, 264 HBeAg-positive CHB patients were enrolled in a response-guided therapy. After 24 weeks of PegIFNα2a therapy, early responders (HBsAg <1,500 IU/mL and HBV
DNA <105 copies/mL) were administered PegIFN-α2a treatment
for 24 weeks (group A); other patients were randomized into
groups receiving PegIFN-α2a for 24 weeks (group B), PegIFNα2a for 72 weeks (group C), or PegIFN-α2a for 72 weeks plus
add-on ADV (at weeks 29 to 64) (group D).41 A greater HBsAg
decline was noted in group A, compared with the other groups
(1.15 log, 0.67 log, 0.71 log, and 0.64 log in groups A, B, C, and D,
respectively). No significant difference in response rates for any
other efficacy endpoints (i.e., HBsAg loss, ALT normalization, or
reduction of HBV DNA, HBeAg, or HBeAg seroconversion) were
observed among groups B, C, and D.41
For HBeAg-negative patients, the extension of PegIFN
therapy to 96 weeks was evaluated. In an RCT, 128 HBeAgnegative genotype D CHB patients were randomly assigned to
receive PegIFN-α2a for 48 weeks, PegIFN-α2a for 48 weeks
followed by PegIFN-α2a (135 μg weekly) for another 48 weeks,
or PegIFN-α2a plus LAM for 48 weeks followed by PegIFN-α2a
(135 μg weekly) for 48 weeks;42 the rates of primary endpoint
achievement (HBV DNA <3,400 IU/mL and ALT normalization)
at 48 weeks after the EOT were 12%, 25%, and 20% (p=0.08).
Extended treatment with PegIFN-α2a for 96 weeks compared
with 48 weeks resulted in a higher percentage of patients with
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HBV DNA <2,000 IU/mL (29% vs 12%, p=0.03), but the rates of
ALT normalization were similar. The combination with LAM did
not improve the response rate.42
3. Summary of add-on therapy studies
As in the dual therapy studies, the problems with the add-on
therapy studies were the heterogeneous patient populations and
therapeutic regimens, causing difficulty in demonstrating the
benefit of add-on therapy. Compared with 1-year NUC monotherapy, add-on PegIFN leads to higher rates of virologic response during treatment and SVR after treatment. The off-therapy response of add-on PegIFN regarding HBsAg, HBeAg, and
HBV DNA decline remains evident; therefore, PegIFN add-on
therapy may facilitate the discontinuation of NUCs. The efficacy
of add-on PegIFN concerning HBsAg loss is associated with low
baseline HBsAg and the overall dosage of and compliance with
PegIFN.36 However, if long-term (3-year) potent NUC therapy is
used for comparison, it appears that add-on PegIFN provides no
additional benefit.37 According to the Japanese Study Group of
the Standardization of Treatment of Viral Hepatitis, in patients
with HBV DNA ≥7 log copies/mL who are aged <35 years, sequential treatment with ETV followed by IFN is recommended
as the first-line therapy for those who are HBeAg negative and
as the second-line therapy for those who are HBeAg positive.43
However, add-on NUCs in PegIFN-based therapy seem to provide no additional benefit compared with PegIFN monotherapy,
regardless of the NUC add-on or lead-in regimen. Furthermore,
the addition of ADV, which may reduce cccDNAs, appears to
have no benefit. Moreover, in HBeAg-positive patients without
an early response to PegIFN-α2a, a 48-week extension therapy
with PegIFN has no additional efficacy, regardless of the addition of ADV. Only in HBeAg-negative genotype D patients, extended treatment with PegIFN to 96 weeks safely improves SVR
compared with the current 48-week standard of care.
Previous studies have not shown the beneficial effects of addon therapy, likely because of the usage of insufficiently potent
agents, the short duration of NUC combinations (up to 1 year),
and immediate stopping of both antiviral agents after 1 year
of treatment.44 NUC therapy typically requires several months
to achieve complete suppression of viral replication. Because it
takes time for T cells to restore their CD8+ function after NUC
therapy, incorporating a late add-on therapy with PegIFN-α
into an ongoing NUC therapy might be beneficial. The added
PegIFN may accelerate the decline of circulating and intrahepatic viral antigens and promote the expansion of antiviral NK
cells.13 This concept has been explored in switch therapy.

SWITCH THERAPY
The third studied combination strategy is switch therapy: after a long-term NUC therapy with suboptimal response, the NUC
therapy is switched to PegIFN therapy, with or without a short
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period (≤12 weeks) of overlap of both agents; alternatively, PegIFN therapy can be switched to NUC therapy. This approach is
effective because a high HBV DNA load is associated with an
inefficient T cell response to HBV-related antigens such as HBsAg. Long-term treatment with NUC therapy recovers the T cell
immune response and increases the efficacy of immunomodulator therapy.45 In addition, low HBV DNA levels or HBeAg titers
after long-term NUC therapy are efficient predictors for subsequent IFN therapy.
Switching to NUCs from PegIFN therapy is beneficial regarding reduced treatment-related adverse events and treatment costs
because of the shortened duration of PegIFN therapy (Table 4).
1. Switching from NUCs to PegIFN therapy
The first study on switch therapy was conducted by Sarin et
al .46 In this study, 66 HBeAg-positive patients were assigned to
receive LAM or a placebo for 4 weeks, followed by PegIFN at 1.0
µg/kg/wk for 24 weeks; respectively, at 24 weeks after the EOT,
the HBeAg loss rates were 38.9% and 14.8% (p=0.05), whereas
the HBV DNA undetectability rates were 50% and 14.8%
(p=0.028). This pilot study indicated that a lead-in NUC therapy
for reducing the HBV DNA level before immunomodulator
therapy increases the SVR.46
The NEED study was a randomized, placebo-controlled,
double-blind study on PegIFN-α2a plus ADV or ETV in HBeAgpositive CHB patients. The patients were randomized into groups
receiving ADV, ETV, or a placebo in a 1:1:1 ratio (weeks 1 to
6), followed by PegIFN-α2a (weeks 5 to 52); the interim report
showed similar HBeAg seroconversion at 24 weeks after the
EOT (23%, 28%, and 36%, respectively, all pairwise p>0.05).47
The final report is still pending.
In the OSST trial, 192 HBeAg-positive patients receiving 9
to 36 months of ETV therapy without HBeAg seroconversion
(HBeAg <100 PEIU/mL and HBV DNA ≤1,000 copies/mL) were
randomized in a 1:1 ratio (51% to 55% HBeAg negative) to
receive ETV monotherapy for 48 weeks or switch to PegIFN48
α2a 48 weeks with an ETV overlap of 8 weeks. A significantly
higher number of patients receiving PegIFN-α2a therapy, compared with those receiving ETV monotherapy, achieved HBeAg
seroconversion (14.9% vs 6.1%, p=0.0467) or HBsAg loss (8.5%
vs 0%, p=0.0028), as determined by a modified intention-totreat analysis at the EOT. The crucial finding of this study is that
patients who lose HBeAg and have HBsAg levels <1,500 IU/mL
with ETV may consider switching from ETV to PegIFN therapy
because of its reasonable efficacy in HBsAg loss (22.2%) and
HBeAg seroconversion (33.3%).48
The NEW SWITCH study involved HBeAg-positive CHB patients who achieved HBV DNA <200 IU/mL and HBeAg loss
through NUC therapy for 1 to 3 years. All participants were
switched to PegIFN-α2a treatment (1:1) for 48 or 96 weeks (with
NUC overlap for the first 12 weeks). A total of 17.3% of the
patients (47/271) who completed 48 weeks of therapy achieved

ETV 9–36 mo +ETV/PegIFN-α2a 8 wk+

3

PegIFN-α2a 36 wk

NUC 1–3 yr+NUC/PegIFN-α2a12 wk+

PegIFN 24 wk+LdT 24 wk

6

LdT 24 wk+PegIFN 24 wk

PegIFN 48 wk*+LdT 48 wk

PegIFN-α2a 84 wk

NUC/PegIFN-α2a 12 wk+

NUC 1–3 yr+

ETV 48 wk

ETV 9–36 mo+

PegIFN-α2a 5–52 wk

Placebo 1–6 wk+

PegIFN-α2b 24 wk

Control arm

30, neg

36, pos

271, pos

192, pos

280, pos

63, pos

No., HBeAg

Italy

China

(NEW SWITCH)

China

(OSST trial)

China

study), RCT

Taiwan (NEED

India

Setting/genotype

2. ALT (EOT 24 wk): 3.2×ULN vs 1.3×ULN (p=0.03)

1. HBV DNA <2,000 IU/mL (EOT 24 wk): 13.3% vs 46.7% (p=0.046)

(2013)51

Piccolo et al .

(2013)50
3. ALT normalization: 61% (EOT 48 wk) vs 100% (EOT)

Huang et al .

2. HBV DNA <100 IU/mL: 50% (EOT 48 wk) vs 100% (EOT)

(2015)49

Hu et al .

(2014)48

Ning et al .

(2014)47

Su et al .

(2007)46

Sarin et al .

Reference

1. HBeAg seroconversion: 28% (EOT 48 wk) vs 61% (EOT)

(PPV 51.35%, NPV 100%)

<200 IU/mL at wk 24 had the highest response rate

2. The combination of HBsAg <1,500 IU/mL at baseline and HBsAg

1. HBsAg loss (48 wk): 17.3%

3. HBsAg levels <1,000 IU/mL (EOT): 52.4% vs 30.4%, p=0.0032

2. HBsAg loss (EOT): 8.5% vs 0%, p=0.0028

1. HBeAg seroconversion (EOT): 14.9% vs 6.1%, p=0.0467

2. HBeAg seroconversion (EOT 24 wk): 23% vs 28% vs 36% (all p>0.05)

1. HBeAg seroconversion (EOT): 21% vs 22% vs 27% (all p>0.05)

2. HBeAg loss (EOT 24 wk): 38.9% vs 14.8% (p=0.05)

1. HBV DNA <4,700 cps/mL (EOT 24 wk): 50% vs 14.8% (p=0.028)

Results of study

HBeAg, hepatitis B e antigen; PegIFN, pegylated interferon; LAM, lamivudine; pos, positive; HBV, hepatitis B virus; EOT 24 wk, 24 weeks after the end of therapy; ADV, adefovir; ETV, entecavir; RCT, randomized controlled trial; HBsAg, hepatitis B surface antigen; NUC, nucleos(t)ide analogue; PPV, positive predictive value; NPV, negative predictive value; LdT, telbivudine; ALT, alanine aminotransferase;
neg, negative; ULN, upper limit of normal.
*Partial responder: HBV DNA decline greater than 2 log, and HBeAg decline is without complete response at week 48.

PegIFN 48 wk*+stop

5

Switch to NUC

4

ADV/ETV 1–6 wk+PegIFN-α2a 5–52 wk

2

PegIFN-α2a 40 wk

LAM 4 wk+PegIFN-α2b 24 wk

1

Switch to PegIFN

Treatment arm

Table 4. Summary of Switch Therapies for Chronic Hepatitis B
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HBsAg loss at week 48. Patients with baseline HBsAg <1,500
IU/mL (vs ≥1,500 IU/mL) and on-treatment HBsAg levels <200
IU/mL (vs ≥200 IU/mL) at week 24 achieved a higher HBsAg
loss rate (33.3% vs 4.1%, p<0.0001; 48.4% vs 0.6%, p< 0.0001;
respectively).49
2. Switching from PegIFN to NUC therapy
It is unknown whether reducing viral load with NUCs before
PegIFN therapy is more effective than starting NUCs after PegIFN treatment. Two previous studies have investigated switch
therapy from PegIFN to NUCs. A small-scale study conducted in
China enrolled 36 HBeAg-positive patients undergoing PegIFN
therapy with partial response (i.e., HBV DNA decline greater
than 2 log and HBeAg decline without complete response at
week 48). The patients were divided into two groups receiving
either PegIFN monotherapy (group A) or PegIFN switching to
LdT (group B) for 48 weeks.50 Group B exhibited numerically
higher rates of HBeAg seroconversion, HBV DNA <100 IU/mL,
and ALT normalization at week 96 (end of LdT therapy) compared with group A (48 weeks after the end of PegIFN therapy).
However, there were no off-therapy results from group B and
the study was not randomized. Another small-scale study included 30 HBeAg-negative patients randomized in a 1:1 ratio
into groups receiving PegIFN-α2a for 24 weeks followed by
LdT for 24 weeks (i.e., PegIFN first) or vice versa (i.e., LdT first);
respectively, the rates of HBV DNA <2,000 IU/mL at 24 weeks
after the EOT were 13.3% and 46.7% (p=0.046). The ALT level at
24 weeks after the EOT was significantly lower in the LdT-first
group (1.3×upper limit of normal [ULN] vs 3.2×ULN, p=0.03).51
Patients who received PegIFN followed by LdT showed a greater
rebound of HBV DNA after LdT suspension.51
3. Summary of switch therapy studies
Switch therapy involving a switch to a NUCs achieves greater
virological suppression compared with continual NUC monotherapy. However, the problem of the switch studies is that the
off-therapy findings have not been reported, and patients were
highly selected; additional studies regarding switch therapy are
required. Another crucial issue regarding the switch from Peg
IFN to NUCs is the rebound of HBV DNA after the discontinuation of the NUCs. Therefore, PegIFN should be used before the
cessation of combination therapy to prevent off-therapy relapse.
Combination therapy provides potential to cure CHB, primarily because of the addition of PegIFN for its immunomodulatory
effects. Several strategies have been proposed for improving the
therapeutic outcomes of combination therapies. For example,
pretreatment or on-treatment biomarkers may predict the
responses to IFN-based therapy. Response-guided therapy according to short-term or mid-term endpoints also increases the
chances of an optimal therapeutic outcome and reduces the adverse reactions to PegIFN therapy. The findings for these strategies indicate that physicians should adopt individualized plans

599

for their patients to increase the chance of cure.

VIRAL PREDICTORS OF COMBINATION THERAPY
HBV serological markers have shown clinical implications
in the management of CHB, including HBsAg, HBeAg, antiHBc, and hepatitis B core-related antigen (HBcrAg). The HBsAg
level may reflect the transcription activity of HBV cccDNA. The
quantitative HBsAg level pedicts disease activity, HBsAg loss,
and development of HCC in the natural history,52-57 as well as
the responses to treatment.58-60 Several cross-sectional studies
have revealed a dynamic change of HBsAg levels during the
natural course of HBV infection.61-64 Another study showed that
among HBeAg-negative carriers, an on-treatment HBsAg decline greater than 0.5 log at week 12, or an on-treatment HBsAg
decline greater than 1 log at week 24 can predict SVR.60 If these
HBeAg-negative patients received 48 weeks of PegIFN therapy,
an EOT HBsAg reduction greater than 1 log or HBsAg <10 IU/
mL was highly associated with HBsAg seroclearance 3 years
posttreatment.58
Quantitative HBeAg testing has been used less frequently
because of the lack of commercially available assays. Fried et
al .65 demonstrated a moderately significant relationship between
baseline HBeAg levels and subsequent HBeAg seroconversion
in patients receiving PegIFN. A baseline HBeAg level of ≤31 PE
IU/mL was associated with a >50% chance of HBeAg seroconversion. The on-treatment HBeAg levels were also negatively
predictive of HBeAg seroconversion; if the HBeAg level was
still >100 PE IU/mL at weeks 12 and 24, only 14% and 4% of
patients achieved HBeAg seroconversion at week 72, respectively.65 In a recent study on 65 HBeAg-positive CHB patients
receiving ETV, quantification of HBeAg at the baseline and 24
weeks during therapy showed a higher predictive value than
that of HBV DNA for HBeAg seroconversion. A >65% decrease
in serum HBeAg levels at week 24 may be a useful early ontreatment marker for predicting HBeAg seroconversion.66
These data suggest the potential role of quantitative HBsAg
and HBeAg levels in prediction of the therapeutic response to
combination therapy. In a study investigating the combination therapy of PegIFN plus LAM, a pretreatment HBsAg level
<10,000 IU/mL or an EOT HBsAg level <1,500 IU/mL predicted
HBV DNA <10,000 copies/mL at 1 year after treatment.67 The
combination of baseline HBeAg <200 signal to cutoff, HBsAg <1,000 IU/mL, and an HBsAg decline at week 12 of >0.5
log10 IU/mL predicts the highest rate of HBeAg seroconversion
(92.31%) and HBsAg loss (83.3%) at week 48 of PegIFN-ETV
therapy.35 A recent study suggested that patients with baseline
HBsAg <1,500 IU/mL and HBsAg <200 IU/mL at week 24 had
the highest response rate to PegIFN switch therapy from NUCs
(positive predictive value, 51.35%; negative predictive value,
100%). Therefore, the combination of baseline and 24-week HBsAg levels may predict HBsAg loss at week 48 in HBeAg-posi-
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tive CHB patients who switched to PegIFN-α2a after achieving
partial responses in NUC treatment.49
In a recent study, a quantitative anti-HBc antibody indicated
host immunity against the hepatitis B core protein.68 HBcrAg,
consisting of HBV core antigen, HBeAg, and the 22-kDa precore protein (p22cr), was suggested as an additional marker of
CHB.69 The role of this antigen in the prediction of combination
therapy should be further explored.
Combination therapy may represent a potential cure for CHB.
Currently, the combination of PegIFN and TDF and switch
therapy from NUCs to PegIFN appear to be the most promising
forms of therapy in this regard. A debate remains concerning
the superiority of the add-on or switch strategy. Moreover, the
reduction of HBV replication by potent NUCs prolongs the early
immunological response to PegIFN therapy.70 Combination
therapy might prevent the replenishment of nuclear cccDNA after PegIFN-induced degradation.71 The optimal timing, duration,
and indications of combination therapy remain to be explored
in larger clinical trials.
In addition to NUCs and PegIFN, new agents for combination
have been investigated. The combination of IFN and ribavirin
was evaluated in an RCT examining HBeAg-positive patients.
However, adding ribavirin did not increase the efficacy of IFN.72
New therapeutic agents targeting cccDNA or immunotherapy
for CHB are under active investigation.73 For example, Myrcludex targets HBV entry receptors and inhibits the amplification
of intrahepatic cccDNA as well as intrahepatic viral spread.
Myrcludex may be combined with current HBV drugs to improve patient treatment outcomes.74
An optimal combination therapy course should employ longterm potent NUC therapy to suppress viral replication and regain the HBV-specific T cell activity, followed by a sequential
late add-on of or switch to immunomodulatory PegIFN treatment. This strategy can preferably be applied in patients with
low quantitative HBsAg and HBeAg titers after long-term NUC
therapy, indicating a robust immune control similar to the late
stage of the immune clearance phase. High compliance with PegIFN is crucial to therapy success, and whether a lower dose of
PegIFN can be used for prolonged therapy awaits further evaluation.
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