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Abstract
Objective  This study aimed to evaluate the efficacy of Peg-interferon (Peg-IFN)–nucleoside analog (NA) sequential opti-
mization therapy (SOT) in HBeAg-positive patients with chronic hepatitis B (CHB).
Methods  In this prospective two-center study, 132 CHB patients were assigned to receive Peg-IFN standard therapy for 
48 weeks (65 patients) or Peg-IFN monotherapy for 12–24 weeks and NA add-on for those without early virological response 
(EVR) (67 patients). Both patient groups were monitored and followed for 24 weeks after treatments stop.
Results  At week 24 after treatments stop, the Peg-IFN–NA SOT group achieved more HBsAg levels drop (− 1.35 vs − 0.67 
log10 IU/mL, p = 0.016), higher HBsAg ≤ 100 IU/mL (32.8% vs 9.2%, p = 0.001), HBV DNA undetectable (79.1% vs 49.2%, 
p < 0.001), and ALT normalization (80.6% vs 38.5%, p < 0.001) rates compared with Peg-IFN monotherapy. At week 24 
after treatments stop, no significant difference was found in HBeAg seroconversion (35.8% vs 27.7%, p = 0.316), HBsAg 
loss (8.9% vs 4.6%, p = 0.323) and HBsAg seroconversion rates (4.5% vs 1.5%, p = 0.325) between Peg-IFN monotherapy 
group and Peg-IFN–NA SOT group.
Conclusion  Starting with Peg-IFN followed by addition of NA achieved more HBsAg levels drop, and higher HBsAg ≤ 100 IU/
mL, HBV DNA undetectable, and ALT normalization rates compared with Peg-IFN monotherapy.
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Introduction

Infection with hepatitis B virus (HBV) remains a global 
health problem affecting over 350 million people [1]. The 
number of HBV-related deaths due to liver cirrhosis and/
or hepatocellular carcinoma increased between 1990 and 
2013 by 33%, relating to 686,000 cases in 2013 worldwide 
[2]. According to the Asian-Pacific clinical guidelines on 
the management of hepatitis B, the ideal endpoint in both 

HBeAg-positive and HBeAg-negative patients is sustained 
off-therapy HBsAg loss, with or without seroconversion 
to anti-HBs [3]. This endpoint, however, is infrequently 
achievable with the currently available anti-HBV agents. 
With 1 year of Peg-interferon (Peg-IFN) therapy, the data 
revealed that HBsAg loss was reported in 4% at 6 months 
post-therapy [4]. Five-year continuous nucleoside analog 
(NA) therapy only achieved HBsAg loss in 10% patients 
[3]. Therefore, Peg-IFN–NA combination therapy could be 
considered to facilitate HBsAg loss in patients with CHB.

There are three approaches for administering Peg-
IFN–NA combination therapy [5]: NA followed by addition 
of Peg-IFN and continuation of NA; starting with Peg-IFN 
followed by addition of NA; or simultaneous administra-
tion of NA and Peg-IFN. For patients with CHB, there is 
no robust evidence that a de novo combination of Peg-IFN 
and NA is superior compared to Peg-IFN or NA alone [6]. 
Previous studies with LAM or ADV combined with Peg-
IFN failed to show an advantage of the de novo combina-
tion therapy [4, 7]. In CHB patients under long-term effec-
tive virological remission by NA treatment, Peg-IFN can 
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be used as a ‘switch to’ or ‘add-on’ strategy. In the OSST 
trial, HBeAg-positive CHB patients who had received ETV 
for 9–36 months, with HBeAg < 100 PEIU/mL and HBV 
DNA < 1000 copies/mL, were randomized 1:1 to receive 
Peg-IFN or ETV for 48 weeks [8]. Patients who switched 
to Peg-IFN achieved higher HBeAg seroconversion rates vs 
those who continued ETV (14.9% vs 6.1%; p = 0.047) [8]. In 
the PEGON trial, patients who were treated with ETV/TDF 
for > 12 months and had an HBV DNA load of < 2000 IU/
mL were randomly assigned in a 1:1 ratio to 48 weeks of 
Peg-IFN add-on therapy or continued NA monotherapy 
[9]. Among 58 Peg-IFN-naive patients, add-on therapy 
led to a greater frequency of HBeAg seroconversion (30% 
vs 7%; p = 0.034) compared with monotherapy [9]. In the 
New Switch Study, HBeAg-positive patients who achieved 
HBeAg loss and HBV DNA < 200 IU/mL with previous NA 
treatment were randomized 1:1 to receive Peg-IFN for 48 or 
96 weeks [10]. At the end of 48 and 96 weeks’ treatment, 
14.4% and 20.7% of patients, respectively, cleared HBsAg 
[10].

In conclusion, the main advantages of Peg-IFN are the 
potential for immune-mediated control of HBV infection 
with a chance of HBsAg loss. However, HBsAg loss is 
infrequently achievable with Peg-IFN monotherapy. Accord-
ing to the Asian-Pacific clinical guidelines, 1 year of Peg-
IFN monotherapy resulted in HBsAg seroconversion was 
achieved in 3–5% of patients [3]. In recent years, most clini-
cal investigators have evaluated the efficacy of Peg-IFN–NA 
combination therapy including NA followed by addition of 
Peg-IFN, and simultaneous administration of NA and Peg-
IFN. However, the approach, starting with Peg-IFN followed 
by addition of NA, is rarely evaluated. Therefore, in this 
prospective two-center study, we evaluated the efficacy of 
Peg-IFN–NA sequential optimization therapy in HBeAg-
positive patients with CHB.

Methods

Patients

A total of 132 HBeAg-positive patients with CHB from 
Shanghai Public Health Clinical Center and Huashan Hos-
pital from June 1st, 2015 to April 28th, 2018 were prospec-
tively enrolled. Shanghai Public Health Clinical Center 
and Huashan Hospital are tertiary teaching hospitals in 
Shanghai, China. Inclusion criteria: (1) HBsAg positive 
> 6 months; (2) HBeAg positive; (3) HBV DNA ≥ 5 log10 
IU/mL; and (4) ALT > 2 upper limit of normal (ULN) 
(ULN = 40 IU/mL). Exclusion criteria: (1) alcohol con-
sumption > 20 g/day for more than 5 years, (2) previous or 
current antiviral therapy, (3) hepatitis C virus, hepatitis D 
virus, or human immunodeficiency virus co-infection; (4) 

combined with autoimmune liver disease, non-alcoholic 
fatty liver disease, hereditary metabolic liver disease, and 
other chronic liver disease; and (5) pregnant female.

Definition

Early virological response (EVR): HBV DNA drop ≥ 2 
log10 IU/mL at week 12, and HBsAg drop ≥ 1 log10 IU/
mL or HBsAg ≤ 1500 IU/mL at week 24. Partial response 
at week 48 (48  W PR): 1.0 ≤ HBeAg ≤ 10 S/CO or 
HBeAg > 10 S/CO but HBsAg < 1000 IU/mL. The clini-
cal outcomes included the rates for HBV DNA undetect-
able, ALT normalization, HBeAg seroconversion, and 
HBsAg ≤ 100 IU/mL.

Study design

Patients were randomly assigned to two groups: Peg-IFN 
standard treatment (ST) group (n = 65) and Peg-IFN–NA 
sequential optimization therapy (SOT) group (n = 67). 
In Peg-IFN ST group, patients received Peg-IFN-α for 
48 weeks. In Peg-IFN–NA SOT group, patients received 
Peg-IFN for 12–24 weeks and ETV or TDF add-on for 
patients without EVR. Similarly, in Peg-IFN–NA SOT 
group, Peg-IFN stop was based on the response to treat-
ment (48 W PR). Patients without 48 W PR stopped Peg-IFN 
at week 48, but those with 48 W PR continued to receive 
therapy (Peg-IFN for patients with EVR; Peg-IFN + TDF/
ETV for patients without EVR) for further 24 weeks. The 
flow chart of the study design is shown in Fig. 1. Both 
patient groups were monitored and followed for 24 weeks 
after treatment stop.

According to the Asian-Pacific clinical guidelines, NA 
(ETV or TDF) represents the first-line treatment options for 
CHB patients [3]. However, TDF and ETV had some differ-
ences in drug prices, medical insurances, and adverse side 
effects. Therefore, in this study, TDF or ETV was selected 
based on patients’ will, comorbidities, medical insurances, 
and economic conditions.

Laboratory testing

Serum HBV DNA levels were quantified by the real-time 
polymerase chain reaction assay (DAAN Diagnostics, 
Guangzhou, China) with a lower detection limit of 500 IU/
mL. The serological markers of HBV were detected with 
enzyme-linked immune-sorbent assay kits (ARCHITECT 
i2000 SR; Abbott Architect, USA). The biochemical param-
eters including liver function were measured by a biochem-
istry analyzer (7600 Series; Hitachi, Tokyo, Japan).



53Hepatology International (2021) 15:51–59	

1 3

Statistical analysis

The normality test was performed for continuous vari-
ables using the Kolmogorov–Smirnov test. Normal dis-
tribution variables, non-normal distribution continu-
ous variables, and categorical variables, were shown as 
means and standard deviations, medians and interquartile 
ranges (IQR), and counts and percentage, respectively. 
T tests, Mann–Whitney tests, and Chi-square tests were 
applied to normal distribution variables, non-normal dis-
tribution continuous variables, and categorical variables, 
respectively. The univariable and multivariable analyses 
were performed to identify the independent predictors of 
clinical outcomes. For all statistical tests, we consider a 
two-sided p value of less than 0.05 to be statistically sig-
nificant. Statistical Package for Social Sciences (SPSS) 
19.0 (SPSS Inc., Chicago, IL) and Graphpad Prism 8.0 
(Inc., La Jolla, CA) were used for statistical analyses. 

Efficacy analyses were conducted using intent-to-treat 
(ITT) analysis.

Results

Baseline characteristics of patients

The baseline characteristics of patients are shown in Table 1. 
The median age of patients was 33 years, 76.5% were male, 
44.7% were HBV genotype B, and 55.3% were HBV geno-
type C. The median HBV DNA, ALT, and HBeAg levels 
were 7.1 log10 IU/mL, 175 IU/L, and 2.9 log10 IU/mL, 
respectively. The mean HBsAg levels were 3.9 log10 IU/
mL. There were no significant differences found in age, gen-
der, HBsAg, HBeAg, HBV DNA, ALT, and HBV genotype 
between Peg-IFN ST group and Peg-IFN–NA SOT group 
(all p > 0.05).

Fig. 1   Flow chart of the study design. 132 patients were randomly 
assigned to two groups: Peg-IFN standard treatment (ST) group 
(n = 65) and Peg-IFN–NA sequential optimization therapy (SOT) 
group (n = 67). For Peg-IFN ST group, patients received Peg-IFN-α 
for 48  weeks. In Peg-IFN–NA SOT group, patients received Peg-
IFN for 12–24 weeks and ETV or TDF add-on for patients without 

EVR. Similarly, in Peg-IFN–NA SOT group, Peg-IFN stop was based 
on the response to treatment (48 W PR). Patients without 48 W PR 
stopped Peg-IFN at week 48, but those with 48 W PR continued to 
receive therapy (Peg-IFN for patients with EVR; Peg-IFN + TDF/
ETV for patients without EVR) for further 24 weeks
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Follow‑up results of patients

In Peg-IFN ST group, 62 patients finished the treatment 
and follow-up; among them, 17 patients achieved EVR and 
45 patients did not achieve EVR. In Peg-IFN–NA SOT 
group, 24 patients achieved EVR, and 43 patients did 
not achieve EVR. Among 24 patients with EVR in Peg-
IFN–NA SOT group, 14 patients achieved 48 W PR, and 
8 patients did not achieve 48 W PR. Among 43 patients 
without EVR in Peg-IFN–NA SOT group, 7 patients 

achieved 48 W PR, and 31 patients did not achieve 48 W 
PR.

Evaluation of efficacy for Peg‑IFN ST and Peg‑IFN–
NA SOT

Evaluation of efficacy for Peg-IFN ST and Peg-IFN–NA 
SOT is shown in Table  2. At the end of treatment, the 
Peg-IFN–NA SOT group achieved more HBsAg levels 
drop (− 1.26 vs − 0.72 log10 IU/mL, p = 0.018), higher 

Table 1   Clinical characteristics 
of patients

The p values indicate differences between ST and SOT group. p < 0.05 was considered statistically signifi-
cant
ALT alanine aminotransferase, ST group, Peg-IFN standard therapy group, SOT group Peg-IFN–NA 
sequential optimization therapy group

Total (n = 132) ST group (n = 65) SOT group (n = 67) p value

Age (years) 33 (30–41) 32 (30–41) 32 (35–41) 0.176
Male 101 (76.5%) 52 (77.6%) 49 (74.2%) 0.649
HBsAg (log10 IU/mL) 3.9 ± 0.6 3.8 ± 0.7 4.0 ± 0.5 0.108
HBsAg ≤ 100 IU/mL 0 0 0 /
HBV DNA (log10 IU/mL) 7.1 (6.4–7.6) 7.0 (6.0–7.6) 7.2 (6.8–7.5) 0.169
ALT (U/L) 175 (96–266) 165 (88–256) 185 (104–271) 0.671
HBeAg (log10 S/CO) 2.9 (2.4–3.1) 2.8 (2.4–3.1) 3.0 (2.5–3.1) 0.125
HBV genotype, n (%)
 B 59 (44.7%) 31 (47.7%) 28 (41.8%) 0.495
 C 73 (55.3%) 34 (52.3%) 39 (58.2%) 0.495

Table 2   Evaluation of efficacy 
for Peg-IFN ST and Peg-IFN–
NA SOT

The p values indicate differences between ST group and SOT group. p < 0.05 was considered statistically 
significant
Peg-IFN ST Peg-IFN standard therapy, Peg-IFN–NA SOT Peg-IFN–NA sequential optimization therapy

ST group (n = 65) SOT group (n = 67) p value

At the end of treatment
 HBsAg ≤ 100 IU/mL 6 (9.2%) 18 (26.9%) 0.009
 HBsAg loss 3 (4.6%) 5 (7.5%) 0.493
 HBsAg seroconversion 1 (1.5%) 2 (3.0%) 0.586
 HBsAg drop (log10 IU/mL) 0.72 ± 1.21 1.26 ± 1.60 0.018
 HBeAg loss 17 (26.2%) 26 (38.8%) 0.121
 HBeAg seroconversion 16 (24.6%) 23 (34.3%) 0.221
 HBV DNA undetectable 35 (53.9%) 55 (82.1%) < 0.001
 ALT normalization 25 (38.5%) 53 (79.1%) < 0.001

At week 24 after treatments end
 HBsAg ≤ 100 IU/mL 6 (9.2%) 22 (32.8%) 0.001
 HBsAg loss 3 (4.6%) 6 (8.9%) 0.323
 HBsAg seroconversion 1 (1.5%) 3 (4.5%) 0.325
 HBsAg drop (log10 IU/mL) 0.67 ± 0.26 1.35 ± 0.43 0.016
 HBeAg loss 21 (32.3%) 27 (40.3%) 0.340
 HBeAg seroconversion 18 (27.7%) 24 (35.8%) 0.316
 HBV DNA undetectable 32 (49.2%) 53 (79.1%) < 0.001
 ALT normalization 25 (38.5%) 54 (80.6%) < 0.001
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HBsAg ≤ 100 IU/mL (26.9% vs 9.2%, p = 0.009), HBV DNA 
undetectable (82.1% vs 53.9%, p < 0.001), and ALT normali-
zation (79.1% vs 38.5%, p < 0.001) rates compared with the 
Peg-IFN ST group. No significant difference was found in 
HBeAg seroconversion (34.3% vs 24.6%, p = 0.221), HBsAg 
loss (7.5% vs 4.6%, p = 0.493) and HBsAg seroconversion 

rates (3.0% vs 1.5%, p = 0.586) between Peg-IFN ST group 
and Peg-IFN–NA SOT group.

At week 24 after treatments end, the Peg-IFN–NA SOT 
group achieved more HBsAg levels drop (− 1.35 vs − 0.67 
log10 IU/mL, p = 0.016), higher HBsAg ≤ 100 IU/mL (32.8% 
vs 9.2%, p = 0.001), HBV DNA undetectable (79.1% vs 
49.2%, p < 0.001), and ALT normalization (80.6% vs 38.5%, 
p < 0.001) rates compared with the Peg-IFN ST group. From 
week 48 to week 72, the HBsAg levels drop was more sig-
nificant in Peg-IFN–NA SOT group compared with Peg-
IFN ST group (p < 0.05) (Fig. 2). No significant difference 
was found in HBeAg seroconversion (35.8% vs 27.7%, 
p = 0.316), HBsAg loss (8.9% vs 4.6%, p = 0.323) and 
HBsAg seroconversion (4.5% vs 1.5%, p = 0.325) rates 
between Peg-IFN ST group and Peg-IFN–NA SOT group.

Evaluation of efficacy for Peg‑IFN ST by EVR

Evaluation of efficacy for Peg-IFN ST by EVR is shown 
in Table 3. At the end of treatment, patients with EVR 
achieved more HBsAg levels drop (− 1.66 vs − 0.44 log10 
IU/mL, p < 0.001), higher HBsAg ≤ 100 IU/mL (20% vs 4%, 
p = 0.046) compared with those without EVR. No signifi-
cant difference was found in HBsAg loss, HBsAg serocon-
version, HBeAg loss, HBeAg seroconversion, HBV DNA 
undetectable, and ALT normalization rates between EVR 
group and non-EVR group (all p > 0.05).

Fig. 2   HBsAg levels drop following the treatments. From week 48 to 
week 72, the  HBsAg levels  drop  was  more  significant in Peg-IFN–
NA SOT group compared with Peg-IFN ST group (p < 0.05)

Table 3   Evaluation of efficacy 
for Peg-IFN ST by EVR

The p values indicate differences between EVR group and non-EVR group. p < 0.05 was considered statis-
tically significant
Peg-IFN ST Peg-IFN standard therapy, EVR early virological response

EVR group (n = 20) Non-EVR group 
(n = 45)

p value

At the end of treatment
 HBsAg ≤ 100 IU/mL 4 (20%) 2 (4%) 0.046
 HBsAg loss 2 (10%) 1 (2%) 0.168
 HBsAg seroconversion 1 (5%) 0 0.131
 HBsAg drop (log10 IU/mL) 1.66 ± 0.32 0.44 ± 0.21 < 0.001
 HBeAg loss 8 (40%) 9 (20%) 0.090
 HBeAg seroconversion 7 (35%) 9 (20%) 0.195
 HBV DNA undetectable 13 (65%) 22 (49%) 0.229
 ALT normalization 10 (50%) 15 (33%) 0.202

At week 24 after treatments end
 HBsAg ≤ 100 IU/mL 5 (25%) 1 (2%) 0.003
 HBsAg loss 2 (10%) 1 (2%) 0.168
 HBsAg seroconversion 1 (5%) 0 0.131
 HBsAg drop (log10 IU/mL) 1.39 ± 0.43 0.40 ± 0.18 0.006
 HBeAg loss 11 (55%) 10 (22%) 0.009
 HBeAg seroconversion 9 (45%) 9 (20%) 0.038
 HBV DNA undetectable 11 (55%) 21 (47%) 0.535
 ALT normalization 10 (50%) 15 (33%) 0.202
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At week 24 after treatments end, patients with EVR 
achieved more HBsAg levels drop (− 1.39 vs − 0.40 log10 
IU/mL, p = 0.006), higher HBsAg ≤ 100  IU/mL (25% 
vs 2%, p = 0.003), HBeAg loss (55% vs 22%, p = 0.009), 
and HBeAg seroconversion (45% vs 20%, p = 0.038) rates 
compared with those without EVR (Table 3). No signifi-
cant difference was found in HBsAg loss, HBsAg serocon-
version, HBV DNA undetectable, and ALT normalization 
rates between EVR group and non-EVR group (all p > 0.05) 
(Table 3).

Evaluation of efficacy for Peg‑IFN–NA SOT by EVR

Evaluation of efficacy for Peg-IFN–NA SOT by EVR is 
shown in Table 4. At the end of treatment, patients with 
EVR achieved more HBsAg levels drop (− 1.87 vs − 0.78 
log10 IU/mL, p < 0.001), higher HBeAg loss (58% vs 28%, 
p = 0.014), and HBeAg seroconversion (50% vs 26%, 
p = 0.044) rates compared with those without EVR. No sig-
nificant  difference was found in HBsAg ≤ 100  IU/mL, 
HBsAg loss, HBsAg seroconversion, HBV DNA undetect-
able, and ALT normalization rates between EVR group and 
non-EVR group (all p > 0.05).

At week 24 after treatments end, patients with EVR 
achieved more HBsAg levels drop (− 1.92 vs − 1.05 log10 
IU/mL, p = 0.017), higher HBsAg ≤ 100 IU/mL (50% vs 
23%, p = 0.025), HBeAg loss (63% vs 28%, p = 0.006), and 
HBeAg seroconversion (58% vs 23%, p = 0.004) rates com-
pared with those without EVR (Table 4). No significant dif-
ference was found in HBsAg loss, HBsAg seroconversion, 
and HBV DNA undetectable rates between EVR group and 
non-EVR group (all p > 0.05) (Table 4).

The independent predictors of clinical outcome

The independent predictors of clinical outcome are shown 
in Table 5. Univariate analysis showed that age, HBV DNA 
(≤ 8 vs > 8 log10 IU/mL), HBsAg (≤ 25,000 vs > 25,000 IU/
mL), ALT (2–5 ULN vs > 5ULN), type of treatment (ST 
vs SOT), and type of analogs (ETV vs TDF) were associ-
ated with HBsAg ≤ 100 IU/mL at week 24 after treatments 
end (all p < 0.05). Multivariable analysis identified HBV 
DNA [OR (95% CI) 2.40 (1.27–4.78); p = 0.004], HBsAg 
[OR (95% CI) 6.88 (2.33–9.10); p < 0.001], ALT [OR (95% 
CI) 1.71 (1.37–3.02); p < 0.001], and type of treatment [OR 
(95% CI) 4.60 (2.36–11.23); p < 0.001] as the independent 
predictors of HBsAg ≤ 100 IU/mL at week 24 after treat-
ments end.

Table 4   Evaluation of efficacy 
for Peg-IFN–NA SOT by EVR

The p values indicate differences between EVR group and non-EVR group. p < 0.05 was considered statis-
tically significant
Peg-IFN–NA SOT Peg-IFN–NA sequential optimization therapy, EVR early virological response

EVR group (n = 24) Non-EVR group 
(n = 43)

p value

At the end of treatment
 HBsAg ≤ 100 IU/mL 9 (38%) 9 (21%) 0.142
 HBsAg loss 3 (13%) 2 (5%) 0.241
 HBsAg seroconversion 1 (4%) 1 (2%) 0.671
 HBsAg drop (log10 IU/mL) 1.87 ± 0.41 0.78 ± 0.27 < 0.001
 HBeAg loss 14 (58%) 12 (28%) 0.014
 HBeAg seroconversion 12 (50%) 11 (26%) 0.044
 HBV DNA undetectable 19 (79%) 36 (84%) 0.641
 ALT normalization 16 (67%) 37 (86%) 0.061

At week 24 after treatments end
 HBsAg ≤ 100 IU/mL 12 (50%) 10 (23%) 0.025
 HBsAg loss 3 (13%) 3 (7%) 0.448
 HBsAg seroconversion 2 (8%) 1 (2%) 0.254
 HBsAg drop (log10 IU/mL) 1.92 ± 0.59 1.05 ± 0.49 0.017
 HBeAg loss 15 (63%) 12 (28%) 0.006
 HBeAg seroconversion 14 (58%) 10 (23%) 0.004
 HBV DNA undetectable 19 (79%) 34 (79%) 0.993
 ALT normalization 16 (67%) 38 (88%) 0.031
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Discussion

In this study, at week 24 after treatment ends, the Peg-
IFN–NA SOT group achieved more HBsAg ≤ 100 IU/mL 
(32.8% vs 9.2%, p = 0.001) compared with Peg-IFN ST 
group (Table 2). From week 48 to week 72, the HBsAg lev-
els drop was more significant in Peg-IFN–NA SOT group 
compared with Peg-IFN ST group (Fig. 2). The results were 
consistent with a recent open-label study, a total of 740 CHB 
patients were randomly assigned to receive TDF + Peg-
IFN for 48 weeks, TDF + Peg-IFN for 16 weeks, continu-
ing on TDF alone through week 48, TDF monotherapy for 
120 weeks or Peg-IFN monotherapy for 48 weeks [11]. 
At the end of treatment, HBsAg levels declined most in 
the 48-week TDF + Peg-IFN arm (− 1.1 log10), followed 
by Peg-IFN monotherapy (− 0.8 log10), the 16-week 
TDF + Peg-IFN regimen (− 0.5 log10) and TDF monother-
apy (− 0.3 log10) [11]. Our study suggested starting with 
Peg-IFN followed by addition of NA may lead to signifi-
cantly more decline in HBsAg compared to patients treated 
with Peg-IFN monotherapy.

Marcellin et  al. reported that a significantly greater 
proportion of patients receiving TDF plus Peg-IFN had 
HBsAg loss than those receiving TDF or Peg-IFN alone 
[11]. The ARES study reported that Peg-IFN add-on may 
lead to significantly more decline in HBsAg compared with 
patients treated with ETV monotherapy [12]. Although 
previous reports showed that Peg-IFN–NA combina-
tion therapy can have a benefit for achieving HBsAg loss, 
this study has some innovation. First, simultaneous admin-
istration of NA and Peg-IFN was used in the study by Mar-
cellin et al. [11]; NA followed by addition of Peg-IFN and 
continuation of NA was used in the ARES study [12]; but 
starting with Peg-IFN followed by addition of NA was used 

in this study. Second, in this study, response-guided therapy 
(RGT) was used for Peg-IFN–NA SOT. TDF/ETV add-on 
was based on the response to Peg-IFN (EVR). Peg-IFN stop 
was also based on the response to treatment (48 W PR). 
Patients without 48 W PR stopped Peg-IFN at week 48, but 
those with 48 W PR continued to receive therapy for fur-
ther 24 weeks. As a results, in Peg-IFN–NA SOT group, 
patients with EVR achieved more HBeAg seroconversion 
(58% vs 23%, p = 0.004) and HBsAg ≤ 100 IU/mL (50% vs 
23%, p = 0.025) compared with those without EVR at week 
24 after treatments end (Table 4).

Previous studies showed that HBV genotype, qHBsAg, 
and HBV DNA levels may be useful for selecting patients 
to be treated with Peg-IFN offering prognostic informa-
tion for the probability of response to Peg-IFN therapy. In 
HBeAg-positive CHB patients, a decline of HBsAg levels 
below 1500 IU/mL at 12 weeks is a reasonable predictor of 
HBeAg seroconversion, while HBsAg levels > 20,000 IU/
mL for HBV genotype B and C or no decline of HBsAg 
levels for HBV genotype A and D are associated with a very 
low probability of subsequent HBeAg seroconversion [13]. 
In HBeAg-negative CHB patients, a combination of a lack 
of decrease in HBsAg levels and < 2 log10 IU/mL decline in 
HBV DNA at 12 weeks of Peg-IFN predicts a no response 
in genotype D patients [14, 15]. For Peg-IFN–NA combina-
tion therapy, HBV genotype is also an important predictor 
of response to treatment HBeAg loss: genotype A, 47%; B, 
44%; C, 28%; and D, 25% [16]. In this study, all patients 
were infected with HBV genotype B (59 patients, 44.7%) 
or C (73 patients, 55.3%). There was no significant differ-
ence in HBV genotype (B, 47.7% vs 41.8%, p = 0.495; C, 
52.3% vs 58.2%, p = 0.495) between Peg-IFN ST group and 
Peg-IFN–NA SOT group (Table 1). Univariate analysis indi-
cated the HBV genotype is not of relevance for treatment 

Table 5   The independent 
predictors of clinical outcome 
(HBsAg ≤ 100 IU/mL)

Multivariate analysis were fitted by including the factors associated with clinical outcomes in the univari-
able analyses (p < 0.05)
ALT alanine aminotransferase, ULN upper limit of normal, ST, Peg-IFN standard therapy, SOT, Peg-IFN–
NA sequential optimization therapy

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age (years) 1.02 (0.97–1.07) 0.019 1.22 (0.99–1.71) 0.376
Gender (male vs female) 0.96 (0.40–2.31) 0.924
HBV DNA (log10 IU/mL)
 ≤ 8 vs > 8 2.12 (1.12–3.51) 0.019 2.40 (1.27–4.78) 0.004

HBsAg (IU/mL)
 ≤ 25,000 vs > 25,000 6.35 (1.70–8.42) 0.001 6.88 (2.33–9.10) < 0.001

ALT (2–5 ULN vs > 5ULN) 1.24 (1.10–1.99) 0.002 1.71 (1.37–3.02) < 0.001
Type of treatment (ST vs SOT) 4.19 (2.07–9.51) 0.001 4.60 (2.36–11.23) < 0.001
Type of analogs (ETV vs TDF) 1.03 (0.36–2.94) 0.958
HBV genotype (B vs C) 0.16 (0.02–1.22) 0.077
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outcomes in this study (OR 0.16, 95% CI 0.02–1.22, 
p = 0.077) (Table 5). The relatively small sample size (65 
in ST group, 67 in SOT group) and relatively low response 
rates (9.2% in ST group, 32.8% in SOT group) might lead to 
no statistically significant differences between HBV geno-
type B and C (Table 2).

Previous evidences are available about the role of sequen-
tial therapy only in patients with higher viremia [17]. The 
opinion is consistent with the results in this study. In this 
study, the baseline levels of HBV DNA were high both in 
Peg-IFN ST group and Peg-IFN–NA SOT group (median, 
7.0 log10 IU/mL and 7.2 log10 IU/mL, respectively). Accord-
ing to the Asian-Pacific clinical guidelines, compared with 
the baseline levels of HBV DNA, using HBV DNA reduc-
tion would be more appropriate to guide Peg-IFN optimi-
zation strategies [3]. Therefore, in this study, adding TDF/
ETV depended on whether patients achieved EVR (includ-
ing HBV DNA reduction ≥ 2 log10 IU/mL at week 12), rather 
than the baseline levels of HBV DNA.

In this study, the clinical outcomes were not com-
pletely referred at clinical guidelines, in which, serological 
responses for HBsAg are HBsAg loss and HBsAg serocon-
version [3]. However, in this study, HBsAg < 100 IU/mL was 
used as one of the clinical outcomes. First, HBsAg loss and 
HBsAg seroconversion were only achieved in rare patients 
(3–9%) using Peg-IFN/NA monotherapy or combination 
therapy. In an open-label, active-controlled study of 740 
patients with CHB, by 72 weeks, the rate of HBsAg loss 
rose to 9.0% in the 48-week TDF plus Peg-IFN group [11]. 
Considering the small sample size (65 in ST group, 67 in 
SOT group) and consequently rare HBsAg loss (3 patients 
in ST group, 6 patients in SOT group), the p values might 
be untrusted if we used HBsAg loss and HBsAg serocon-
version as the clinical outcomes. For example, at week 24 
after treatments end, no significant difference was found in 
HBsAg loss (8.9% vs 4.6%, p = 0.323) and HBsAg sero-
conversion (4.5% vs 1.5%, p = 0.325) between Peg-IFN–NA 
SOT group and Peg-IFN ST group (Table 2). Second, a sys-
tematic review reported that HBsAg level < 100 IU/mL at 
the end of treatment seems to be a useful marker for deciding 
when to discontinue NA therapy [18]. When the HBsAg 
levels were < 100 IU/mL and > 100 IU/mL, the respective 
off-therapy virological relapse rates were 9.1%–19.6% and 
31.4%–86.8% at > / = 12 months off-therapy, regardless of 
HBeAg status [18]. Based on these two points, we used 
HBsAg < 100 IU/mL as an alternative endpoint of HBsAg 
loss or seroconversion in this study.

This study has some limitations. First, using 
HBsAg ≤ 100 IU/mL as the clinical outcome may be sub-
optimal. Second, compared with Peg-IFN ST group (3 
patients lost, 4.6%), the dropout rate is relatively higher in 
Peg-IFN–NA SOT group (3 patients lost, 10.4%). Third, this 
study had relatively small sample sizes.

Despite its limitations, the study provides clinical evi-
dence for starting with Peg-IFN followed by addition of 
NA. We found that Peg-IFN–NA sequential optimization 
therapy achieved more HBsAg levels drop, and higher 
HBsAg ≤ 100 IU/mL, HBV DNA undetectable, and ALT 
normalization rates compared with Peg-IFN monotherapy. 
Patients with EVR achieved higher HBeAg seroconversion 
and HBsAg ≤ 100 IU/mL compared with those without EVR 
in Peg-IFN–NA sequential optimization therapy group. 
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